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\begin{abstract}
This paper examines the frequency, pervasiveness and determinants of product
switching by U.S. manufacturing firms. We find that one-half of firms alter
their mix of five-digit SIC products every five years, that product
switching is correlated with both firm- and firm-product attributes, and
that product adding and dropping induce large changes in firm scope. The
behavior we observe is consistent with a natural generalization of existing
theories of industry dynamics that incorporates endogenous product selection
within firms. Our findings suggest that product switching contributes to a
reallocation of resources within firms towards their most efficient
use.\bigskip
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The extent to which resources are allocated to their best use is a core
issue of economics. Until now, research into industry dynamics has addressed
this issue by focusing almost exclusively on the contribution of firm entry
and exit to resource reallocation, that is, whether newly created firms or
plants are more productive than the dying firms and plants they replace.%
\footnote{%
There is a large empirical literature in macroeconomics on firm creation and
destruction and its implications for industry dynamics and the firm-size
distribution. See, for example, Martin N. Baily, Charles Hulten and David
Campbell (1992), Timothy Dunne, Mark J. Roberts and Larry Samuelson
(1989a,b), Lucia Foster, John Haltiwanger and C. J. Krizan (2001), Foster,
Haltiwanger and Chad Syverson (2008), and Esteban Rossi-Hansberg and Mark J.
Wright (2007) among others.} This paper examines a new, \textquotedblleft
extensive\textquotedblright\ margin of firm adjustment, the reassignment of
resources that takes place within surviving firms as they add and drop
(i.e., \textquotedblleft switch\textquotedblright ) products.

Our analysis of product switching makes use of a unique longitudinal dataset
that tracks U.S. firms' product-level manufacturing output across
quinquennial U.S. Manufacturing Censuses from 1987 to 1997. In this dataset,
a \textquotedblleft product\textquotedblright\ is one of approximately
fifteen hundred five-digit Standard Industrial Classification (SIC)\
categories, e.g., \textquotedblleft Passenger Cars\textquotedblright .%
\footnote{%
We refer to two-, four- and five-digit SIC\ categories as \textquotedblleft
sectors\textquotedblright , \textquotedblleft industries\textquotedblright\
and \textquotedblleft products\textquotedblright , respectively.} We observe
the set of products each manufacturing firm produces in each census year and
analyze how incumbent firms' mix of products evolves from one census year to
the next. To our knowledge, these are the most comprehensive data on
multiple-product production yet assembled. Standard manufacturing censuses,
for example, typically record just the primary industry of each
establishment.\footnote{%
Existing empirical work on multiple-product firms typically examines product
diversification at a point in time. See, for example, Frank M. Gollop and
James L.Monahan (1991) and John Baldwin and Wulong Gu (2009). Dunne et al.
(1988, 1989b) examine product diversification as a mode of market entry
distinct from plant birth, while Dunne, Shawn D. Klimek and Roberts (2005)
investigate the empirical relationship between the mode of market entry and
plant death.}

We find product switching to be frequent, widespread and influential in
determining both aggregate and firm outcomes.\emph{\ }On average, recently
added and about-to-be dropped products each account for roughly one sixth of
a product's output, amounts that rival the shares represented by recently
created and about-to-exit firms. At the firm level, we find that more than
one half of U.S. manufacturing firms alter their mix of products between
censuses, and that one half of those firms change their mix of products by 
\textit{both} adding and dropping at least one product every five years.
Product adding and dropping also exert considerable influence on the scope
of firms, with an average of 40 percent of firms adding products outside
their existing set of four-digit SIC industries between census years. Given
the unobserved changes firms presumably make to their product mix at lower
levels of aggregation, our estimates of product switching likely
underestimate the true importance of firms' adjustments to their extensive
margins.\footnote{%
One of the attractions of our data is that information is available for the
entire manufacturing sector. Scanner data, such as those used by Judith A.
Chevalier, Anil K. Kashyap and Peter E. Rossi (2003) and Christian Broda and
David E. Weinstein (2007), offer the potential to measure products at finer
levels of disaggregation, although they are typically only available for
specific categories of goods.}

Our empirical analysis is guided by a model of endogenous product selection
that builds on existing theories of industry dynamics by Boyan Jovanovic
(1982), Hugo A. Hopenhayn (1992), Richard Ericson and Ariel Pakes (1995),
Marc J. Melitz\ (2003) and Bernard, Redding and Schott (2007).\footnote{%
These models receive empirical support from studies of firm creation and
destruction by Baily et al. (1992), Dunne et al. (1989a,b)\ and Foster et
al. (2001, 2008).} In these existing models, firms that are heterogeneous in
productivity are assumed to produce a single product, with the result that
firm and product-market entry and exit are equivalent. Here, we develop a
natural extension of such models in which firms choose to produce an
endogenous range of products in response to evolving firm and firm-product
characteristics.\footnote{%
Existing theoretical research on multiple-product firms focuses on issues
associated with managing a given range of products at a particular point in
time, e.g. William J. Baumol (1977), John C. Panzar and Robert D. Willig
(1977), James A. Brander and Jonathan Eaton (1984), Avner Shaked and John
Sutton (1990) and B. Curtis Eaton and Nicolas Schmitt (1994). More recently,
Tor Jakob Klette and Samuel Kortum (2004), Erzo G. J. Luttmer (2008) and
Satyajit Chatterjee and Rossi-Hansberg (2008) have explored the role of
innovation in determining firm scope, as discussed further below.} In our
model, firms differ in innate productivity while firms' products vary in
their attractiveness to consumers \textit{vis-a-vis} other producers of the
same product. The overall profitability of a firm depends on the interaction
of these attributes. Higher values of consumer tastes for a firm's product
raise the firm's profitability in that product, while higher values of firm
productivity increase a firm's profitability in \textit{all} products. In
equilibrium, the most productive firms manufacture the largest ranges of
products because they earn greater revenue per product for given values of
consumer tastes and can therefore cover the fixed costs of a wider set of
products.

Our framework provides a basis for understanding many of the empirical
regularities discernible in U.S. census data. In the data, we find that
multiple-product firms have higher measured revenue-based productivity than
single-product firms. In the model, this difference is due to
high-productivity firms' ability to cover the fixed costs of a greater
number of products. In the data, we find product switching and firm creation
and destruction to be commonplace and pervasive across sectors. In the
model, interactions of stochastic shocks to firm productivity and stochastic
shocks to consumer tastes fosters steady-state product adding and dropping
as well as steady-state firm creation and destruction. In the data, we
observe a positive correlation between products' add and drop rates. In the
model, this correlation arises because firms that receive positive demand
shocks add the product at the same time that some incumbent producers
drawing negative demand shocks drop it. In the data we find that the
probability that a firm drops a product declines with firm-product shipments
and firm-product tenure. In the model, this scale and age dependence arises
as a result of serial correlation in idiosyncratic shocks to firm-product
profitability. Firms' lower-volume and recently-added products are more
likely to be dropped as a result of a negative shock.

Our results also emphasize the central role of the firm in mediating product
adding and dropping. In the data, we find that product adding is positively
correlated with firms' measured revenue productivity, and that product
dropping is influenced by firm as well as firm-product attributes. In the
model, decisions to add or drop products are interdependent given the
contribution of the firm-level productivity draw to the profitability of all
of a firm's products. We also find product switching to be related to firm
outcomes, with net adding and net dropping of products being positively and
negatively correlated with measured revenue productivity, respectively. In
the model, such contemporaneous responses are driven by shocks to
productivity: firms receiving positive shocks earn greater revenue per
existing product and expand, while firms receiving negative shocks
contract.\ 

Though our model serves as a useful guide for our empirical analysis, in its
current form it is too stylized to provide an explanation for all of the
facts that we uncover. We find, for example, that some pairs of products are
more likely to be coproduced within firms than others, and that mergers and
acquisitions account for a relatively small share of the number of products
added and dropped but a larger share of their value. While these facts
transcend our basic setup, we describe how the model might be extended to
incorporate them.

The remainder of the paper is structured as follows. Sections I and II
outline our theoretical framework and describe our dataset. Sections III and
IV report our main empirical findings andtheir consistency with our
theoretical framework. Section V concludes with suggestions for future
research.

\section{Theoretical Framework}

In this section we outline a simple model of multiple-product firms and
product switching that is a natural extension of standard models of industry
dynamics by Jovanovic (1982), Hopenhayn (1992), Ericson and Pakes (1995),
Melitz (2003), and Bernard, Redding and Schott (2007). Our goal is to
introduce the simplest model necessary for useful data analysis, i.e., one
that captures the essence of a broad class of models featuring product
selection. Toward that end, we employ a number of simplifying assumptions,
for example ruling out supply- or demand-driven complementarities across
products. We return to a discussion of how the model might be generalized
and discuss alternative potential approaches after presenting our main
empirical findings. We note that a more detailed discussion of the model and
a more formal analysis of its implications is available in a web-based
technical appendix.\footnote{%
Available from http://***.}

\subsection{Endowments and Preferences}

Labor is the sole factor of production and is assumed to be in inelastic
supply $L$ (which also indexes the size of the economy). The representative
consumer's preferences are a constant elasticity of substitution (CES)
function of the consumption of a continuum of products $i\in \lbrack 0,1]$:%
\begin{equation}
U=\left[ \int_{0}^{1}\left( a_{i}C_{i}\right) ^{\nu }di\right] ^{\frac{1}{%
\nu }},\qquad 0<\nu <1,  \label{utility}
\end{equation}%
where $a_{i}>0$ is a demand parameter that allows the relative importance of
products in utility to vary. Firms are assumed to produce differentiated
varieties of products, so that $C_{i}$ is a consumption index, which also
takes the CES form:%
\begin{equation}
C_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \lambda _{i}\left( \omega
\right) c_{i}\left( \omega \right) \right) ^{\rho }d\omega \right] ^{\frac{1%
}{\rho }},\quad P_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \frac{%
p_{i}\left( \omega \right) }{\lambda _{i}\left( \omega \right) }\right)
^{1-\sigma }d\omega \right] ^{\frac{1}{1-\sigma }},\quad 0<\rho <1,
\label{cindex}
\end{equation}%
where $\omega $ indexes firm varieties within products, $\Omega _{i}$ is the
(endogenous) set of firm varieties produced within product $i$, and $P_{i}$
is the price index dual to $C_{i}$ for product $i$.

The demand parameter $\lambda _{i}\left( \omega \right) \geq 0$ determines
the representative consumer's relative demand for the varieties of different
firms within each product.\footnote{%
One interpretation of the parameter $\lambda _{i}\left( \omega \right) $ is
product quality, though this parameter also captures other more subjective
characteristics of a firm's variety that influence consumer tastes.}
Although not central to our results, we make the natural assumption that the
elasticity of substitution across varieties within products is greater than
the elasticity of substitution across products: $\sigma =\frac{1}{1-\rho }%
>\kappa =\frac{1}{1-\nu }>1$. Similarly, we assume for simplicity that the
elasticity of substitution across varieties within products, $\sigma =\frac{1%
}{1-\rho }$, is the same for all products.

\subsection{Production Technology}

Firms from a competitive fringe may enter by incurring a sunk entry cost of $%
f_{e}>0$ units of labor. Incurring the sunk entry cost creates a firm brand
and a blueprint for one horizontally differentiated variety of every
product. Only once the sunk cost has been incurred does the firm observe its
initial\emph{\ }productivity, $\varphi \in \lbrack \underline{\varphi },\bar{%
\varphi}]$, and consumer tastes for the characteristics embodied in its
blueprint for every product, $\lambda _{i}\in \lbrack \underline{\lambda },%
\bar{\lambda}]$. Productivity $\varphi $ is firm-specific but is common
across products within firms, whereas consumer tastes $\lambda _{i}$ are
firm-product specific and are therefore idiosyncratic to a particular
product made by a particular firm.\footnote{\label{footaltlambda}With CES
demand and monopolistic competition, differences in productivity across
firms have identical effects on equilibrium revenue and profits to
differences in consumer tastes. While we have modelled the component of
profitability that is firm-product specific ($\lambda _{i}$) as consumer
tastes, we could have equivalently introduced a productivity parameter that
is firm-product specific. While consumer tastes are a plausible source of
idiosyncratic shocks to firm-product profitability, the important point for
our analysis is that the profitability of a product for a firm has both a
firm and a firm-product component.}

Productivity and consumer tastes evolve stochastically over time and we
choose a specification for their evolution that is both tractable and
sufficiently general to match key features of the firm-product data.%
\footnote{%
Bernard, Redding and Schott (2006) introduce a static model of multi-product
firms without equilibrium product switching to examine the impact of trade
liberalization on firms'\ product scope.} Upon entry, productivity and
consumer tastes are drawn from the continuous distributions $g_{e}\left(
\varphi \right) $ and $z_{ei}\left( \lambda _{i}\right) $ respectively, with
cumulative distributions $G_{e}\left( \varphi \right) $ and $Z_{ei}\left(
\lambda _{i}\right) $. Once a firm observes its initial values of
productivity and consumer tastes, it decides whether to produce or exit. If
the firm exits, its production knowledge is lost, and the sunk cost must be
incurred again in order for the firm to re-enter. If the firm enters, it
faces a Poisson probability $\theta >0$ of a shock to productivity $\varphi $%
, in which case a new value for productivity $\varphi ^{\prime }$ is drawn
from the continuous conditional distribution $g_{c}\left( \varphi ^{\prime
}|\varphi \right) $, with cumulative distribution $G_{c}\left( \varphi
^{\prime }|\varphi \right) $. Similarly, the firm faces a Poisson
probability $\varepsilon _{i}>0$ of an idiosyncratic shock to consumer
tastes for its variety $\lambda _{i}$, in which case a new value for
consumer tastes $\lambda _{i}^{\prime }$ is drawn from a continuous
conditional distribution $z_{ci}\left( \lambda _{i}^{\prime }|\lambda
_{i}\right) $, with cumulative distribution $Z_{ci}\left( \lambda
_{i}^{\prime }|\lambda _{i}\right) $.\footnote{%
While the model could be extended to allow firms to make endogenous
investments in improving productivity and enhancing consumer tastes, these
extensions are not central to the model's key predictions, which are driven
by selection, and so we do not pursue them here.}

Consistent with the serial correlation in firm and firm-product shipments
observed in our data, we assume that consumer tastes and productivity are
positively serially correlated, which corresponds to the following
assumption about their conditional distributions: $\partial Z_{ci}\left(
\lambda _{i}^{\prime }|\lambda _{i}\right) /\partial \lambda _{i}<0$ and $%
\partial G_{c}\left( \varphi ^{\prime }|\varphi \right) /\partial \varphi <0$
for $\lambda _{i}^{\prime }\in \lbrack \underline{\lambda },\bar{\lambda}]$
and $\varphi ^{\prime }\in \lbrack \underline{\varphi },\bar{\varphi}]$.
Thus the probability of drawing a new value for consumer tastes
(productivity) less than $\lambda _{i}^{\prime }$\ ($\varphi ^{\prime }$) is
decreasing in the existing value of consumer tastes (productivity). To make
use of law of large numbers results, we assume that the distributions of
consumer tastes and productivity are independent across firms. For the same
reason, we also assume that the distributions of consumer tastes are
independent across products and that the distributions of consumer tastes
and firm productivity are independent of one another.\footnote{%
While the consumer taste and firm productivity distributions are independent
of one another, there is interdependence in a firm's profitability across
products, because firm productivity is common across products. We discuss
extending the model to introduce other forms of interdependence in Section
IV below.} Firms also face a Poisson probability of death $\delta >0$ due to 
\textit{force majeure} events unrelated to profitability.

The production technology takes the following form. There is a fixed
corporate headquarters cost of $f_{h}>0$ units of labor, which the firm must
incur irrespective of the number of products that it chooses to produce, and
a fixed production cost of $f_{pi}>0$ units of labor for each product $i$
that is produced. In addition, there is a constant marginal cost for each
product, which depends upon the firm's productivity. Total labor employed by
a firm with productivity $\varphi $\ is thus:%
\begin{equation}
l\left( \varphi \right) =f_{h}+\int_{0}^{1}I_{i}\left[ f_{pi}+\frac{%
q_{i}\left( \varphi ,\lambda _{i}\right) }{\varphi }\right] di,
\label{prodtech}
\end{equation}%
where $I_{i}$ is an indicator variable which equals one if a firm produces
product $i$ and zero otherwise, and $q\left( \varphi ,\lambda _{i}\right) $
denotes output of product $i$ by a firm with productivity $\varphi $ and
demand $\lambda _{i}$.

\subsection{Equilibrium Entry and Production Decisions}

The key economic decisions of a firm in the model are whether to enter or
exit and in which product markets to participate. We begin by considering
the decision of whether to participate in a product market. If a firm
produces a product, it supplies one of a continuum of varieties each with
measure zero relative to the product market as whole. As this is true for
each of the continuum of products, the firm's profit maximization problem
reduces to choosing the price of each product variety separately to maximize
the profits derived from that product variety. This optimization problem
yields the standard result that the equilibrium price of a product variety
is a constant mark-up over marginal cost:%
\begin{equation}
p_{i}\left( \varphi ,\lambda _{i}\right) =\frac{1}{\rho }\frac{w}{\varphi },
\label{varprice}
\end{equation}%
where we choose the wage for the numeraire and so $w=1$.

Under our assumption of CES preferences, equilibrium prices are inversely
related to firm productivity. As $\varphi $\ rises, variable labor input and
output rise, but prices fall, leaving revenue per variable input unchanged.
Nevertheless, the model features dispersion in revenue-based measures of
productivity across firms, as examined in our empirical analysis below,
because of the assumption of fixed production costs. As $\varphi $\ rises,
variable labor input and revenue increase, with the result that the fixed
labor input is spread over more units of revenue.\footnote{%
We follow Foster, Haltiwanger and Chad Syverson (2008) in differentiating
between revenue- and quantity-based measures of productivity. As we show in
the web-based technical appendix, both measures are monotonically related to
the firm productivity draw ($\varphi $) in the model. We note that a
monotonic relationship between $\varphi $\ and revenue-based measures of
productivity can also be achieved via a demand system with a variable
elasticity of substitution, such as the quasi-linear preferences of Melitz
and Gianmarco I. P. Ottaviano (2008). In that setting, equilibrium prices
fall less than proportionately with productivity due to variable mark-ups.}

As there is a fixed production cost for each product, there exists a \textbf{%
zero-profit consumer taste cutoff }$\lambda _{i}^{\ast }\left( \varphi
\right) $ such that a firm with productivity $\varphi $ will only produce
product $i$ if it draws a consumer taste greater than or equal to $\lambda
_{i}^{\ast }\left( \varphi \right) $. The zero-profit consumer taste cutoff
is defined as follows:%
\begin{equation}
\pi _{i}\left( \varphi ,\lambda _{i}^{\ast }\left( \varphi \right) \right) =%
\frac{R_{i}\left( \rho P_{i}\varphi \lambda _{i}^{\ast }\left( \varphi
\right) \right) ^{\sigma -1}}{\sigma }-f_{pi}=0,  \label{zppp}
\end{equation}%
where $\pi _{i}\left( \varphi ,\lambda _{i}\right) $ denotes equilibrium
profits from a variety of product $i$ with consumer taste $\lambda _{i}$ and
firm productivity $\varphi $.

From equation (\ref{zppp}), the higher a firm's productivity $\varphi $, the
lower the zero-profit cutoff for consumer tastes $\lambda _{i}^{\ast }\left(
\varphi \right) $, and so the greater the probability of having a value for
consumer tastes sufficiently high to profitably produce the product. With a
continuum of products and independent distributions for consumer tastes, the
law of large numbers implies that the fraction of products produced by a
firm equals the sum of its probabilities of producing each product.
Therefore, as the probability of producing each product is increasing in
firm productivity, a key implication of the model is that a firm's product
range is increasing in its productivity.

We now consider a firm's decision of whether to enter or exit. With a
continuum of products and independent distributions for consumer tastes, a
firm's expected profits across the continuum of products equals the sum of
its expected profits from each product minus the fixed headquarters costs:

\begin{equation}
\pi \left( \varphi \right) =\int_{0}^{1}\left[ \int_{\lambda _{i}^{\ast
}\left( \varphi \right) }^{\bar{\lambda}}\pi _{i}\left( \varphi ,\lambda
_{i}\right) \gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i}\right]
di-f_{h}.  \label{expfirmprof}
\end{equation}%
where $\gamma _{zi}\left( \lambda _{i}\right) $ is the stationary
distribution for consumer tastes, which as discussed further in the
web-based technical appendix is endogenously determined as a function of the
entry and conditional distributions, $z_{ei}\left( \lambda _{i}\right) $ and 
$z_{ci}\left( \lambda _{i}\right) $ respectively.

Although consumer tastes for a firm's variety of a product are stochastic,
the law of large numbers implies that all firms with the same productivity
experience the same flow of total profits across the continuum of products
in equation (\ref{expfirmprof}). Stochastic shocks to consumer tastes
generate fluctuations in the profitability of individual products, which
lead them to be added and dropped over time. However, these fluctuations in
the profitability of individual products average out at the level of the
firm, so that the evolution of total firm profits over time is determined
solely by stochastic shocks to firm productivity.

The value of a firm with productivity $\varphi $ equals the flow of current
profits plus the expected value of capital gains or losses as a result of a
stochastic productivity shock, discounted by the probability of firm exit:

\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) +\theta \left[ \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\left[ v\left( \varphi ^{\prime }\right) -v\left( \varphi
\right) \right] g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }\right] }{\delta +\theta G_{c}\left( \varphi ^{\ast }|\varphi
\right) }\hspace{0.7in}\text{for }\varphi \geq \varphi ^{\ast } \\ 
0\text{ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
otherwise}%
\end{array}%
\right. ,  \label{bellvalfirm}
\end{equation}%
where the denominator on the right-hand side of equation (\ref{bellvalfirm})
is the probability of firm exit, which equals the exogenous probability of
firm death $\delta $ plus the endogenous probability of experiencing a
productivity shock that induces exit $\theta G_{c}\left( \varphi ^{\ast
}|\varphi \right) $.

The presence of a continuum of products in the model implies that each firm
draws a value for consumer tastes above the zero-profit cutoff $\lambda
_{i}^{\ast }\left( \varphi \right) $ in a positive measure of products.
However, for entry to be profitable, the value of the current profits across
this positive measure of products plus the expected value of capital gains
or losses must exceed the fixed headquarters costs. As total firm profits
across the continuum of products $\pi \left( \varphi \right) $ are
increasing in $\varphi $, and the probability of experiencing a productivity
shock that induces exit $G_{c}\left( \varphi ^{\ast }|\varphi \right) $ is
decreasing in $\varphi $, the value of the firm in equation (\ref%
{bellvalfirm}) is increasing in its productivity. Therefore, there is a
zero-value cutoff productivity $\varphi ^{\ast }$ below which firms exit,
which is defined by $v\left( \varphi ^{\ast }\right) =0$.

In an equilibrium with positive entry, the expected value of entry must
equal the sunk entry cost, which requires the following free entry condition
to hold:%
\begin{equation}
V=\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] \bar{v}=f_{e},\qquad 
\bar{v}\equiv \int_{\varphi ^{\ast }}^{\bar{\varphi}}v\left( \varphi \right)
\left( \frac{g_{e}\left( \varphi \right) }{1-G_{e}\left( \varphi ^{\ast
}\right) }\right) d\varphi ,  \label{freeentry}
\end{equation}%
where $\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] $ is the \textit{%
ex ante} probability of drawing a productivity above the zero-value cutoff $%
\varphi ^{\ast }$ upon entry, $g_{e}\left( \varphi \right) $ is the
probability of drawing productivity $\varphi $\ upon entry, and $v\left(
\varphi \right) $ is the solution to the Bellman equation (\ref{bellvalfirm}%
).

General equilibrium is referenced by the following six variables and
functions: the zero-value cutoff productivity below which firms exit $%
\varphi ^{\ast }$, the zero-profit cutoff consumer taste for each product
for a firm with the zero-value cutoff productivity $\lambda _{i}^{\ast
}\left( \varphi ^{\ast }\right) $, the endogenous stationary distribution
for firm productivity $\gamma _{g}\left( \varphi \right) $, the endogenous
stationary distribution for consumer tastes for each product $\gamma
_{zi}\left( \lambda _{i}\right) $, the price index for each product $P_{i}$,
and aggregate revenue for each product $R_{i}$. As shown in the web-based
technical appendix, these six variables and functions are determined by the
following equilibrium conditions: consumer and producer optimization, goods
and labor market clearing, free entry, the zero-profit cutoff condition for
consumer tastes for each product, the equality of the mass of successful
entrants and the mass of exiting firms, the equality of the outflow and
inflow of firms from each value of consumer tastes, and finally the equality
of the outflow and inflow of firms from each value of productivity.

The general equilibrium of the model features both steady-state product
switching and steady-state firm entry and exit. Each period a measure of new
firms incur the sunk entry cost, and those with productivity draws above the
zero-value cutoff enter, while those with productivity draws below the
zero-value cutoff exit. A surviving firm with unchanged productivity
produces a constant range of products, but idiosyncratic shocks to consumer
tastes for individual products induce surviving firms to drop a measure of
the products previously produced and add an equal measure of products not
previously produced. As stochastic shocks to a surviving firm's productivity
occur, the range of products produced expands with an increase in
productivity and contracts with a decrease in productivity. Firms exit
endogenously when their productivity falls below the zero-value cutoff or
exit exogenously when death occurs as a result of \textit{force majeure}
considerations.

As discussed further below, these and other features of the model are used
to guide our empirical analysis. Before beginning that analysis, we describe
our data.

\section{Data Description\label{s_data}}

As part of its quinquennial Census of Manufactures (CMF), the U.S. Census
Bureau (hereafter \textquotedblleft Census\textquotedblright ) collects
information on the set of Standard Industrial Classification (SIC)
categories produced by U.S. manufacturing establishments (i.e.,
\textquotedblleft plants\textquotedblright ). This information is obtained
from questionnaires plants are required to fill out by law under Title 13 of
the United States Code. Each questionnaire has two parts. The first is
common to all establishments and solicits general information about their
operation, including their overall shipments (i.e., \textquotedblleft
output\textquotedblright ), use of inputs (capital, production and
non-production workers and materials) and wagebills.\footnote{%
CMF questionnaires define shipment value as goods' \textquotedblleft net
selling value f.o.b. plant to the customer after discounts and
allowances,\textquotedblright\ and excluding freight charges and excise
taxes. Questionnaires used as part of the 1997 CMF are available at
www.census.gov/epcd/www/econ97.html. All dollar-value data collected in the
CMF\ are nominal.} We use this information to examine differences between
single- and multiple-product firms, and, along with industry price deflators
provided by Eric J. Bartelsman, Randy A. Becker and Wayne B. Gray (2000), to
compute revenue-based measures of firms' labor and total factor productivity
(TFPR).\footnote{%
We measure firm TFPR\ as the shipment-weighted average TFPR\ of its plants.
Plant TFPR\ in a given census year is measured relative to other plants in
its main industry in percentage terms using the multi-factor superlative
index number of Douglas W. Caves, Laurits R. Christensen, and W. Erwin
Diewert (1982). This index accounts for plants' use of capital, production
workers, non-production workers and materials. Plant shipments, capital and
materials are deflated according to the four-digit SIC deflator of its major
industry using deflators provided by Bartelsman et al. (2000). Wages are
deflated by regional U.S. consumer price indexes available at www.bls.gov. A
plant's main industry is the four-digit SIC\ in which it has the largest
value of shipments.} As noted in Section I.C and discussed further in the
web-based technical appendix, both revenue- and quantity-based measures of
productivity are monotonically related to the firm productivity draw ($%
\varphi $)\ in the model.\footnote{%
We focus on revenue-based measures of productivity because data on physical
units of output is not available for all products and because physical units
of output are not comparable across firms for many products, e.g., cars. We
note that Foster, Haltiwanger and Syverson (2008) find a positive
correlation between revenue- and quantity-based measures of productivity for
a sample of 11 products for which it is possible to compute and compare both
measures across firms.}\emph{\ }

The second part of each questionnaire varies depending upon the industry in
which the establishment operates. It lists the set of products
establishments in the industry typically produce as well as a verbal
description of each product.\footnote{%
Questionnaires also collect information on establishments' \textquotedblleft
other\textquotedblright\ activities, such as \textquotedblleft tasks
performed for others using others' materials\textquotedblright , that cannot
be associated with a particular manufacturing product. We exclude these
categories from our analysis.} Establishments are instructed to record their
total shipments of each product.\footnote{%
We note that the census does not collect information on firms' input use by
product, and also that output deflators for five-digit SIC\ products are not
available. As a result, measurement of establishments' use of inputs or
revenue productivity within individual products is not possible.} In the
event that an establishment also ships products not listed on the form, the
questionnaire provides space for them to record any shipments in additional
product codes. Establishments are assigned to industries according to
information collected from previous censuses as well as other Census
surveys. Very large plants with substantial activity in a number of
industries may receive more than one form. Very small plants, referred to as
\textquotedblleft administrative records\textquotedblright , are not
required to report output at the product level. These establishments
represent a very small share of overall U.S. manufacturing output and are
typically ignored in U.S. microdata research; we drop them here as well.

We analyze product switching in the 1987 through 1997 censuses. We use a
five-digit SIC\ category as our definition of a product and refer to two-
and four-digit SIC\ categories as \textquotedblleft
sectors\textquotedblright\ and \textquotedblleft
industries\textquotedblright , respectively.\footnote{%
Output at the five-digit SIC\ level is the most disaggregate data available
for all plants. While CMF\ questionnaires solicit information at the
seven-digit SIC level, establishments also surveyed for other programs
(e.g., Census' Current Industry Reports) are permitted to report information
at the five-digit level to alleviate their reporting burden.} As described
in United States Department of Commerce (1989), manufacturing encompasses 20
sectors, 455 industries and 1440 products. As product-mix decisions are made
at the level of the firm, we aggregate plants to firms to create a firm by
product by census year dataset.\footnote{%
Firm identifiers are derived from firms' legal identities, and firms can
consist of one or many establishments. Census uses an annual Company
Organization Survey both to determine how new firms are organized and to
keep track of changes in incumbent firms' ownership structure over time,
e.g., the buying and selling of plants, the creation of new plants or the
closing of existing plants.} Using this dataset we track the products that
firms add and drop across census years.\footnote{%
SIC\ categories undergo minor revisions in each census year but experienced
a major revision in 1987. Census uses an internally generated concordance to
map product codes collected in censuses after 1972 to the 1987 revision. We
focus on the 1987 to 1997 censuses because they are less sensitive to this
concordance and exhibit high product-code consistency over time. To be
conservative, we drop the roughly 1 percent of five-digit codes
(representing roughly 5 percent of total value) that do not appear in all
three censuses. We note that our findings are not sensitive to this
procedure, and that we find (but do not report) similar results for other
sample periods, e.g., the 1972 to 1982 censuses, where the concordance of
collected and 1987-revision product codes is less precise.} Given that a
considerable body of research already examines firm creation and
destruction, we focus on the features of product switching by surviving
firms highlighted by our model. In particular, we neither treat exiting
firms as those who drop all their products, nor entering firms as whose who
add all their products. For convenience, we often refer to firms that
produce multiple products as \textquotedblleft MP\ firms\textquotedblright\
and firms that produce a single product as \textquotedblleft SP
firms\textquotedblright .

To provide a sense of the relative level of detail between sectors,
industries and products, consider \textquotedblleft Nonferrous Wiredrawing
and Insulating\textquotedblright\ (SIC\ 3357), which is one industry inside
the \textquotedblleft Primary Metal Industries\textquotedblright\ (SIC\ 33)
sector. The thirteen products in this industry range from copper wire (SIC\
33571) to fiber optic cable (SIC 33579), and are listed in Table A1 of the
web-based technical appendix. Though these products share a grossly similar
end use, they can differ substantially in terms of the materials and
technologies required to manufacture them.

For the manufacturing sector as a whole, the typical two-digit sector has 24
four-digit industries and 76 five-digit products, as reported in Table A2 of
the web-based technical appendix. The number of products per sector ranges
from a low of 12 in Leather (SIC\ 31)\ to a high of 178 in Industrial
Machinery (SIC 35). Similarly, the average number of products per industry
within sectors ranges from a low of 1.1 in Leather to a high of 5.1 in
Printing and\ Publishing (SIC 27).\footnote{%
There is substantial variation in the precision of industry and product
classifications. For example, Passenger Cars (SIC 37111) and Combat Vehicles
(SIC 37114) are examples of products in the Motor Vehicle industry (SIC
3711), while Textbook Binding and Printing (SIC 27323) and Religious Books,
Binding and Printing (SIC 27323) are examples of products in the Book
Printing industry (SIC 2732).} Nonferrous Wiredrawing and Insulating (SIC\
3357), the industry highlighted above, is just one of 26 Primary Metal
Industries, and its products represent 14 percent (13/90) of the total
number of products in that sector. Products vary substantially in terms of
how they are produced both within and across sectors, as shown in the last
four columns of Table A2, which report products' 1997 capital and skill
intensity by sector.\footnote{%
As the CMF\ does not collect information on input usage (or wages) by
product, we measure a product's capital and skill intensity as the
shipment-weighted average of all plants producing it.}

We interpret the Standard Industrial Classification (SIC) categories used to
record U.S. manufacturing output as discrete partitions of the model's
continuum of products, which become coarser as one increases the level of
aggregation. With this interpretation, the model provides a natural
explanation for the coexistence of single- and multiple-product firms. We
think of firms producing a single product as those whose range of products
falls within a single five-digit category. MP firms, on the other hand, are
those whose product range is wide enough to span several five-digit SIC
categories.

Table \ref{t_mpmi} reports an average breakdown of SP\ and MP\ firms across
the 1987 to 1997 census years in our sample, and also reports the average
number of products, industries and sectors MP\ firms produce. As indicated
in the table, MP\ firms dominate:\ though they represent a minority of firms
(39 percent), they account for a strong majority (87 percent) of shipments.
Multiple-industry and multiple-sector firms are similarly influential,
responsible for 28 and 10 percent of firms but 81 and 66 percent of output,
respectively. The final column of Table \ref{t_mpmi} reveals that the
average MP firm produces 3.5 products, that the average multiple-industry
firm manufactures in 2.8 industries and that the average multiple-sector
firm is present in 2.3 sectors.\footnote{%
On average across the census years 1987 to 1997, the share of MP firms with
a single plant is 84 percent compared to a share of 93 percent for all
firms. Therefore, MP firms are more likely to operate several production
facilities than SP firms, but multiple products are frequently produced
within the same production facility.}
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\section{Empirical Evidence}

Our model highlights a number of features of product switching that operate
at the level of firms, products and firm-products. We organize our empirical
investigation of product switching in this section according to these levels
of analysis. We note that the formal derivation of the model's implications
is available in the web-based technical appendix.

\subsection{Firm-Level Evidence}

In the model, firms with higher productivity produce a wider range of
products than firms with lower productivity because their higher revenues
per product allow them to cover the fixed costs of a larger measure of
products. Idiosyncratic shocks to firm-product profitability drive
steady-state adding and dropping of products within firms, while
idiosyncratic shocks to firm productivity induce changes in the measure of
goods firms produce.

\subsubsection{The Relative Productivity of Multiple-Product Firms\emph{\ }}

Table \ref{t_mp} compares the characteristics of single- and
multiple-product firms in the 1997 census, though we note that results are
similar in previous census years. The table reports the results of OLS
regressions of the natural log of the noted firm characteristic on a dummy
variable equal to unity if the firm produces multiple products as well as
main-industry fixed effects. As indicated in the table, MP\ firms are larger
than SP\ firms in the same industry in terms of both shipments (0.66 log
points) and employment (0.58 log points). We also find that MP firms have
higher revenue-based labor and total factor productivity (TFPR)\ than SP\
firms in the same industry.\emph{\ }
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Similar differences are found with respect to firms producing in multiple
industries and in multiple sectors, except for the TFPR\ differential
between single- and multiple-sector firms. That difference is statistically
indistinguishable from zero, perhaps due to the difficulties of measuring
productivity in firms with disparate products that span two-digit sectors.%
\footnote{%
Our model implies that measurement of TFPR for multiple-product firms is
problematic if, as is the case here, data on inputs at the firm-product
level are unavailable. See also Bernard, Redding and Schott (2005) and Jan
De Loecker (2008). \label{foot_tfp}} All remaining differences displayed in
the table are statistically significant at the 1 percent level.

While our analysis is based on U.S. Census data, we note that other datasets
are amenable to analyzing firms' product scope at various levels of
aggregation. The publicly available Amadeus database published by Bureau Van
Dijck, for example, contains information on EU\ firms' primary and secondary
industries. We note that differences among single- and multiple-industry
firms in those data are similar to the results reported in the second column
of Table 4 below. Unfortunately, the manner in which Amadeus tracks changes
in firms' industries over time makes it difficult to undertake comparisons
of product-mix dynamics across U.S. and EU\ firms.

\subsubsection{Product Switching Within Firms}

We examine product switching by dividing surviving firms into four
exhaustive and mutually exclusive groups based on the manner in which they
alter their mix of products between census years. Possible actions are: (1) 
\textit{None} - the firm does not change its mix of products; (2)\ \textit{%
Drop} - the firm only drops products; (3)\ \textit{Add} - the firm only adds
products; and (4)\ \textit{Both} - the firm both adds and drops products,
i.e., \textquotedblleft churns\textquotedblright\ products.

Table \ref{t_nadb} reports firm activity across these dimensions for the
pooled 1987 to 1997 censuses. Cells in the top panel of the table report the
average percent of firms reporting each activity across five-year census
intervals, while cells in the bottom panel report percentages weighted by
firm output.\footnote{%
Though the figures reported in the table correspond to the probabilities of
product switching conditional on firm survival, it is straightforward to
evaluate the unconditional probabilities of product switching for all firms
by multiplying the figures in the table by the average probability of firm
survival, which is roughly two-thirds.} The five columns in each panel
report results for all firms, MP\ firms, firms that export, firms whose
shipments are above the 75th percentile (\textquotedblleft large
firms\textquotedblright ) and firms with more than one manufacturing plant.
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As indicated in the upper panel of the table, an average of 54 percent of
surviving firms alter their mix of products every five years, 15 percent by
dropping at least one product, 14 percent by adding at least one product and
25 percent by both adding and dropping at least one product. Comparing the
results for all firms in the first column with those for MP firms in the
second column, we find implicitly that SP\ firms are more likely to leave
their product mix unchanged than MP\ firms. From the third column of the
table, we find that exporters are more likely to change their product mix
than non-exporters. Finally, from the remaining columns of the table, we see
that large firms and multiple-plant firms also have above-average rates of
product switching.\footnote{%
Results for SP\ firms, non-exporters, \textquotedblleft
small\textquotedblright\ firms and single-plant firms are available upon
request. An alternate decomposition of activity according to whether firms
do not change their product mix, change their mix but do not net add or drop
any products, change their product mix and net add products or change their
product mix and net drop products indicates that these actions on average
occur 46, 12, 22 and 20 percent of the time, respectively, across census
years.}

The frequency and pervasiveness of product switching displayed in the upper
panel of Table \ref{t_nadb} is consistent with our model. In the lower panel
of the table we report output-weighted results, which reveal that firms
accounting for relatively large shares of output are more likely to add and
drop products than smaller firms across columns. This behavior is also
understandable in light of our theoretical framework, as more productive
firms are more likely to have product ranges wide enough to span five-digit
SIC categories, rendering them more likely to add and drop products. Since
more productive firms in the model also produce more of each product and
have larger total output, firms that switch products are likely to account
for a larger share of output than of the number of firms. As indicated in
the table, an average of 89 percent of all manufacturing output is produced
by firms that change their mix of products across census years. Firms that
both add and drop products account for the largest share of output, at 68
percent.

\subsubsection{Product Switching and Firm Characteristics}

We examine the relationship between product switching and firm outcomes via
OLS\ regressions of log changes in firm characteristics between census years
on dummy variables capturing contemporaneous product-switching behavior,%
\emph{\ }%
\begin{equation}
\Delta Z_{jt}=\alpha _{mt}+\beta _{1}NetDrop_{jt}+\beta
_{2}NetAdd_{jt}+\varepsilon _{jt}.  \label{Outcome}
\end{equation}%
where $\Delta Z_{jt}$\ represents the log difference in a firm outcome
between census years $t-5$\ and $t$; $\alpha _{mt}$ represents a full set of
product-mix by year fixed effects; $NetDrop$ is a dummy variable that is
equal to one if a firm reduces its net number of products and zero
otherwise; and $NetAdd$ is a dummy variable that is equal to one if a firm
increases its net number of products and zero otherwise.\footnote{%
The left out category encompasses firms that undertake no product switching
or, if they do switch products, experience no net change in the number of
products they produce. Similar results are obtained if an additional dummy
variable is included for firms that engage in product switching but
experience no net change in products. Though our regression focuses on net
adding and dropping because these relate most closely to the predictions of
the model, we note that an analogous specification using the \textit{Add}, 
\textit{Drop} and \textit{Both} measures defined above also reveals
statistically significant correlations between product switching and changes
in measured firm characteristics.} The firm characteristics we consider are
real output, employment, and real revenue-based labor and total factor
productivity.\footnote{%
Results for nominal output and nominal output per worker are similar. Due to
the unavailability of product-level price indexes, firms' product-level
shipments are deflated by their corresponding industry-level deflators. The
inclusion of product-mix-by-year fixed effects in the regression helps to
alleviate concerns about product-year variation in prices.} The regression
results, reported in Table \ref{t_firmout}, include all surviving firms
between the 1987 to 1992 and 1992 to 1997 censuses. The regression
coefficients therefore capture the correlation between changes in the net
number of products and changes in firm characteristics conditional on firm
survival. Each row of the table reports results for a different firm-outcome
regression. Standard errors adjusted for clustering at the industry level
are reported in parentheses below coefficients. The number of firm-year
observations included in each regression as well as each regression's $R^{2}$%
\ are reported in the final two columns of the table.
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As indicated in the table, we find that product switching is related to
changes in firm characteristics in the way suggested by the model. We find
that net product adding is associated with an increase in firm size (whether
measured by output or employment) as well as revenue-based labor and total
factor productivity (TFPR). Similarly, we find that net product dropping is
associated with a decrease in firm size and TFPR. Although the correlation
between net product dropping and revenue-based labor productivity is
positive rather than negative, the estimated coefficient is roughly an order
of magnitude smaller than those for the other variables. As noted above, the
structure of our model implies that measuring the productivity of
multiple-product firms is problematic when data on inputs are unavailable at
the firm-product level.

While the regression results in Table \ref{t_firmout} establish that product
switching is accompanied by changes in observed firm characteristics, we
emphasize that they are correlations capturing an equilibrium relationship
between endogenous variables. As product choice is endogenous, the
regression coefficients capture both the non-random decision to change the
net number of products and the impact of this decision on observed firm
characteristics.

\subsubsection{Potential Product-Category Mismeasurement}

Census devotes considerable resources to the accurate collection and
verification of establishments' product-shipment data. As noted above, forms
are designed to minimize measurement error by being tailored to the industry
in which establishments operate, by listing the SIC categories (and
descriptions) that establishments in the industry commonly produce, and by
offering establishments space to record output in unlisted categories. After
forms are collected, Census verifies the consistency of current responses
with past responses and re-contacts establishments whose data appears
erroneous. Nevertheless, our analysis of product switching is susceptible to
establishments' inaccurate transcription of SIC codes.

We believe our results to be robust to product-category mismeasurement for
several reasons. First, we note that our use of five-digit SIC categories to
define products requires only that firms correctly record the first five
digits of the seven-digit SIC\ categories listed on the Census
questionnaire. Second, we find little evidence of spurious product switching
in the data:\ less than two percent of firms across the 1987 to 1997
censuses, for example, are observed producing, not producing, and again
producing the same product. Third, the results reported in Table \ref%
{t_firmout} indicate correlations between product-switching behavior and
separately recorded measures of firm characteristics such as size and input
usage that are systematic and consistent with our model. The consistency of
these and other empirical results with the predictions of the model is hard
to square with simple explanations of mismeasurement based on classical
measurement error.

Fourth, we note that we observe similar switching behavior with respect to
even more easily identified four-digit SIC\ industries and two-digit SIC\
sectors. Table \ref{t_nadb_out42} compares firms' extensive-margin
adjustments for products (column 1; reproduced from Table \ref{t_nadb}),
industries (column two) and sectors (column three) using the same typology
of activities as in Table \ref{t_nadb}. The first row of the table records
the average share of firms making no adjustments between census years. Not
surprisingly, product switching (54 percent)\ is more likely than industry
switching (41 percent), and industry switching is more prevalent than sector
switching (16 percent). Even so, product adding induces an average of 27
percent of firms to enter at least one new industry and 9 percent of firms
to break into at least one new sector every five years. To the extent that
adding industries and sectors requires adopting unfamiliar production and
distribution technologies, these findings also suggest that firms'
extensive-margin adjustments involve considerable changes in the nature and
scope of firms.
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As a final check, we also examine how product switching varies depending on
the main two-digit manufacturing sector of a firm. We find that the average
percent of firms that alter their mix of products every five years varies
from a low of 33 percent in Stone \&\ Concrete (SIC\ 32) to a high of 71
percent in Printing \& Publishing (SIC\ 27), as reported in Table A4 in the
web-based technical appendix. Product switching therefore appears to be a
pervasive feature of the U.S.\ manufacturing sector that is not driven by
behavior in a few influential sectors.

\subsection{Product-Level Evidence}

In the model, there is a positive correlation between products' add and drop
rates:\ while some firms not producing a product receive a positive demand
shock and therefore add it, some of the incumbent producers receive a
negative demand shock and hence drop it. Variation in product add and drop
rates is governed by the probability of receiving a shock. \textquotedblleft
Turbulent\textquotedblright\ product markets, where idiosyncratic shocks are
more likely, exhibit more frequent adding and dropping, other things equal,
than \textquotedblleft stable\textquotedblright\ products where shocks are
less prevalent. A related feature of product switching at the product level
concerns gross versus net changes in product output. As idiosyncratic shocks
lead different sets of firms to add and drop the same product
simultaneously, the model has gross changes in product output dominating net
changes.

\subsubsection{Product Add Versus Drop Rates}

Figure \ref{f_adddrop} displays the mean rate at which five-digit SIC\
products are added and dropped by U.S. manufacturing firms across the 1987
to 1997 censuses. A product's add rate in year $t$ is computed as the number
of firms adding the product between census years $t-5$ and $t$ divided by
the average number of firms producing the product in both years. Drop rates
are computed analogously. As shown in the figure, there is a clear positive
correlation between the rates at which products are added and dropped. This
correlation is statistically significant at conventional levels.\footnote{%
Existing research on plant creation and destruction finds a positive
correlation between plant entry and exit rates. See for example Dunne et al.
(1989a) for the United States.}
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The positive correlation between the rates at which U.S. manufacturing
products are added and dropped indicates that the extensive-margin
adjustments we observe in the data cannot be explained solely in terms of a
net reallocation of economic activity from one group of products to another.
Such a net reallocation would imply a negative correlation between the rates
of product adding and dropping, as growing products are frequently added and
infrequently dropped, and declining products are frequently dropped and
infrequently added. Although the fact that add and drop rates do not lie
perfectly along a 45 degree line indicates that there is some net transfer
of output across products in the data, other forces are also clearly at work.%
\footnote{%
In the model, a turbulent product with a high probability of idiosyncratic
shocks to demand not only has high rates of product adding and product
dropping but also displays a high volatility of shipments at firms that
continue to produce it. Consistent with this implication, we find a positive
correlation in the data between a product's rate of adding or dropping and
its mean standard deviation of log shipments over time at firms that
continue to produce the product.}

We note that while the positive correlation in Figure \ref{f_adddrop} is
hard to reconcile with pure net reallocation \textit{across} products, it
does not rule out unobserved net reallocation \textit{within} products.
Indeed, in the model, net reallocation within products occurs because some
firms add a product as other firms drop it.

\subsubsection{Product Switching and Aggregate Output}

Our model points to product switching as a new dimension of resource
reallocation that complements the more widely-studied margin of plant or
firm entry and exit. To assess the relative importance of this new dimension
at the product and aggregate level, we decompose a product's output
according to the type of firm producing it. In our first decomposition, we
look backward in time to divide product output in year $t$ according to
firms that produce the product in both $t$ and $t-5$ (\textquotedblleft
incumbents\textquotedblright ), surviving firms that do not produce the
product in $t-5$ but do produce it in $t$ (\textquotedblleft
adders\textquotedblright ), and firms that do not exist in $t-5$ but produce
the product in $t$ (\textquotedblleft entering firms\textquotedblright ), 
\begin{equation}
Y_{tp}=\sum_{j\in B_{tp}}Y_{tpj}+\sum_{j\in A_{tp}}Y_{tpj}+\sum_{j\in
N_{tp}}Y_{tpj},  \label{a_decomp}
\end{equation}%
where $p$ indexes products; $j$ denotes firms; and $B_{tp}$, $A_{tp}$ and $%
N_{tp}$ represent the set of incumbents, adders and entering firms,
respectively.

Our second decomposition is forward-looking and divides a product's output
in year $t$ according to firms that produce the product in both $t$ and $t+5$
(\textquotedblleft incumbents\textquotedblright ), surviving firms that
produce the product in $t$ but not in $t+5$ (\textquotedblleft
droppers\textquotedblright ), and firms that produce the product in $t$ but
die between $t$ and $t+5$ (\textquotedblleft exiting firms\textquotedblright
),

\begin{equation}
Y_{tp}=\sum_{j\in B_{tp}}Y_{tpj}+\sum_{j\in D_{tp}}Y_{tpj}+\sum_{j\in
X_{tp}}Y_{tpj},  \label{d_decomp}
\end{equation}%
where $D_{tp}$ and $X_{tp}$ denote the sets of dropping and exiting firms,
respectively.

The decompositions in equations (\ref{a_decomp}) and (\ref{d_decomp}) are
attractive for our analysis for two reasons. First, because they are based
on the nominal value of output in year $t$, they do not require
product-level price deflators. Second, they can be converted into percentage
decompositions for each product by dividing through by $Y_{pt}$. As a
result, they do not require comparisons of output value across products and
so avoid the problems associated with such comparisons.

The upper panel of Table \ref{t_newdecomp} reports the mean product-value
decompositions in percentage terms across all products. Each row of the
panel reports the average decomposition for a particular census year, with
the first three columns looking backward (adding versus entering) and the
final three columns looking forward (dropping versus exiting). In both cases
we find that roughly two-thirds of the average product's output is produced
by incumbents. The remaining output is more or less evenly split between
firms adding or dropping the product and entering or exiting firms. In 1992,
the only year of the sample for which both decompositions can be performed,
adders and entrants are responsible for an average of 14 and 19 percent of
products' output, respectively, while droppers and exiters account for 15
and 18 percent, respectively.
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In Table A3 in the web-based technical appendix, we report the results of a
similar decomposition for the share of firms producing a product in a census
year. While incumbents again make the greatest single contribution, their
average share of firms, at 40 to 45 percent, is lower than their average
share of output. Of the remaining 55 to 60 percent of producers, 29 to 37
percent are entering or exiting firms and 23 to 27 percent are adders or
droppers. In Table A4 in the web-based technical appendix, we report the
results of these decompositions by two-digit sector. While there is some
variation across sectors, we find substantial contributions of roughly equal
magnitude from adders and droppers and entering and exiting firms in each
two-digit manufacturing sector.

The breakdowns reported in Table \ref{t_newdecomp} also highlight the fact
that gross changes in product output are substantially larger than the
associated net changes, an \textquotedblleft excess
reallocation\textquotedblright\ that is similar in spirit to the one found
in job creation and destruction by Stephen J. Davis and Haltiwanger (1992).
Indeed, comparison of the forward-looking 1992 decomposition with the
backward-looking 1997 decomposition reveals that 15 percent of the average
product's 1992 output is accounted for by firms that subsequently drop the
product, while 15 percent of 1997 output is due to firms that just added it.
Over the same period, the change in the average share of output represented
by incumbents was just 3 percent (from 67 to 70 percent).\footnote{%
We find a similar dominance of gross versus net product switching in a
decomposition of\ real U.S. manufacturing growth that separates real output
changes according to firm entry and exit, incumbents' product adding and
dropping and incumbents' continuing-product growth and decline. A
disadvantage of that decomposition relative to the one presented here is its
reliance on industry-level price indexes to deflate the output of all
products within the same industry.}

\subsection{Firm-Product Level Evidence}

In the model, a firm's profitability in a particular product is the result
of an interaction between firm-wide productivity and consumers' taste for
particular firm-products. As a result, firms adding products are likely to
have higher values of firm productivity than firms whose product range
remains constant. Likewise, because consumer tastes are serially correlated
and so are positively correlated with firm-product shipments and the length
of time for which a firm has produced a product, firms are more likely to
drop products that are small (scale dependence) or relatively new to the
firm (age dependence). Finally, variation in consumer taste across products
within firms results in differences in the size of shipments across products
within firms.

\subsubsection{Product Adding}

Firms' product adding decisions are systematically related to their
revenue-based productivity in existing products in the way suggested by the
model. We find a positive association between initial firm revenue-based
productivity and subsequent product adding among firms producing the same
initial mix of products. Table \ref{t_fadd} reports the results of OLS\
regressions of a dummy variable indicating product adding by either SP\
(right panel)\ or MP\ firms (left panel) between 1992 and 1997 on firm
revenue-based productivity in 1992,

\begin{equation}
Add_{jt}=\alpha _{m}+\beta _{1}\text{\textit{Productivity}}_{jt}+\varepsilon
_{jt},  \label{fadd}
\end{equation}%
where $\alpha _{m}$ represents a set of product-mix fixed effects and 
\textit{Productivity}$_{jt}$ is measured in terms of either revenue-based
labor productivity or TFPR. We employ a linear probability model so that
product-mix fixed effects, which allow for a comparison of behavior among
firms producing the same initial set of products, can be included in the
regression. Given that we estimate the regression for a single
cross-section, the product-mix fixed effects control for the level and
change of any product-mix-specific characteristic that influences the
probability of adding a product between 1992 and 1997.\footnote{%
We find similar results for earlier census periods. The analogous
specification when census periods are pooled involves including a full set
of interactions between product mix fixed effects and time fixed effects.
This specification also yields similar results.}

As shown in the two panels of Table \ref{t_fadd}, subsequent product adding
is positively and statistically significantly correlated with both initial
TFPR\ and initial revenue-based labor productivity for both SP\ and MP\
firms. As also shown in the table, this positive correlation remains when
controls for firm size (i.e., employment) and age are included in the
regression. These results are subject to the aforementioned caveats about
the problems of measuring firm productivity when separate data on inputs are
not available by product within firms. Nonetheless, they suggest that the
revenue-based productivity advantage of MP\ firms observed above in Table %
\ref{t_mp}\ is due at least in part to selection:\ SP\ firms who
subsequently become MP\ firms have on average higher revenue-based
productivity than other SP\ firms.\footnote{%
Our finding of a positive correlation between a firm's revenue-based
productivity given its existing product mix and its decision to add a new
product is hard to reconcile with a model in which products are randomly
assigned to firms (see for example Roc Armenter and Mikos Koren 2008). Under
random assignment, there would be no correlation between existing producer
characteristics and the addition of a new product.}
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\subsubsection{Product Dropping}

We also find evidence of scale and age dependence in firms' decisions to
drop products in line with the process of selection within firms emphasized
by the model. Table \ref{t_fpdrop} reports OLS\ regressions of a dummy
indicating the dropping of one of a surviving firm's products between census
years 1992 and 1997 on firms' 1992 relative product size (\textit{Size}$%
_{jit}$) and relative product tenure (\textit{Tenure}$_{jit}$) as well as
both firm and product fixed effects:

\begin{equation}
Drop_{jpt}=\alpha _{j}+\alpha _{p}+\beta _{1}\ln (\text{\textit{Size}}%
_{jpt})+\beta _{2}\ln (\text{\textit{Tenure}}_{jpt})+\varepsilon _{jpt},
\end{equation}%
where $j$ and $p$ index firms and products respectively and $\alpha _{j}$
and $\alpha _{p}$ represent firm and product fixed effects, respectively.
The variables \textit{Size}$_{jpt}$ and \textit{Tenure}$_{jpt}$ are defined
in terms of shipments and the length of time for which a firm has produced a
product respectively. Both size and tenure are measured relative to their
averages for the product via log differencing in each census year. As a
result, these variables control for differences across products in output
and tenure, both at a point in time and over time. We note that we examine
the model's firm-product predictions in the context of product dropping
because construction of an analogous adding sample is impractical given the
size of our dataset. Our sample consists of surviving firms and therefore
the estimated coefficients capture the determinants of a firm's decision
whether to drop products conditional on firm survival.

As our regression specification is estimated for a single cross-section of
data based on the decision whether to drop a product between 1992 and 1997,
the firm fixed effects control for any firm characteristic that is common
across products and affects the decision whether to drop a product over this
period (e.g., total firm shipments, the growth of total firm shipments, firm
age, firm productivity, whether a firm is an exporter or enters/exits export
markets, whether a firm has multiple plants). Similarly, the product fixed
effects control for any product characteristic that is common across firms
and influences the decision whether to drop a product (e.g., an aggregate
change in relative demand or supply across products). The coefficients $%
\beta _{1}$\ and $\beta _{2}$ are therefore identified solely from the
variation in shipments and tenure that is idiosyncratic to individual pairs
of firms and products.\footnote{%
We find similar results for earlier census periods. The analogous
specification when census periods are pooled involves including a full set
of interactions between firm and time fixed effects and between product and
time fixed effects. This specification also yields similar results.}

Results are reported with and without firm and firm-plus-product fixed
effects. In all three cases, coefficient estimates indicate that firms are
less likely to drop a product if their shipments and tenure are large
relative to firms producing the same products.\footnote{%
In the model, consumer tastes follow a first-order Markov process, so that
the probability of drawing a new value for consumer tastes depends only on
the current value of consumer tastes. Furthermore, controlling for firm and
product fixed effects, log firm-product shipments are proportional to the
current value of consumer tastes. Therefore, as in much of the firm entry
and exit literature, age or tenure should become insignificant in a
specification that controls appropriately for scale. One natural explanation
for the significance of firm-product tenure in such a specification is that
consumer tastes follow a higher-order Markov process, and the model could be
extended to allow for this possibility.} To the extent that relative
firm-product size and tenure are positively correlated with firm-product
revenue-based productivity, the results in Table \ref{t_fpdrop}~suggest a
systematic reallocation of economic resources within firms towards
activities that generate more revenue per unit of factor input. As a result,
studies of industry dynamics that ignore firms' extensive margins likely
underestimate the role of reallocation in both output and revenue-based
productivity growth.
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\subsubsection{Product Switching and Firm Output}

We find that the process of reallocation within firms captured in the model
is quantitatively important at the firm level as well as at the aggregate
level. To illustrate this, we decompose the output of surviving firms in a
given census year according to whether the products are continuously
produced versus recently added or about to be dropped. These backward- and
forward-looking firm-level decompositions are analogous to those used for
products in equations (\ref{a_decomp}) and (\ref{d_decomp}), respectively,
above. Here, however, there is no contribution from firm entry or exit
because the decompositions are undertaken for surviving firms.\footnote{%
We note that the product-level decompositions reported earlier are not
simple averages of the firm-level decompositions reported here for
additional reasons besides the focus on surviving firms. In particular, the
weight of firms in the product-level decompositions varies substantially
depending on their size, and the firm-level decompositions include a firm's
output across all products.} As shown in Table \ref{t_fdecomp}, we find that
on average 26 and 31 percent of firm output in 1992 and 1997, respectively,
is represented by products firms added within the previous five years. A
comparable average share of firm output, 29 and 26 percent for 1987 and
1992, respectively, is accounted for by about-to-be-dropped products. These
shares suggest that product switching exerts considerable influence on firm
activity, and that gross changes in firm output are substantially larger
than net changes.
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\subsubsection{Distribution of Product Shipments Within Firms}

To provide evidence on the product heterogeneity within firms featured in
the model, Table \ref{t_pvshare} reports the average share of firm output
represented by each of a firm's products, with products sorted from largest
to smallest. To conform with Census disclosure requirements, we report these
average shares for firms producing up to ten products. We note that firms
producing ten or fewer products represent roughly 99 percent of firms and
roughly half of U.S. manufacturing shipments in our sample. As shown in the
table, the distribution of output across products is highly skewed, with the
average share of firm output attributable to a firm's largest product
declining from 80 percent for firms that produce two products to 46 percent
for firms that produce 10 products.
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A commonly used benchmark in the literature on firm size distributions is
the Pareto distribution, which predicts a log linear regression relationship
between the log rank of firm shipments and log firm shipments. To similarly
assess the product-size distribution within firms producing a like number of
products, we estimate an analogous regression of the log rank of
firm-product size on the log of their share of firm shipments.\footnote{%
If the distribution of shipments, $x$, across products within firms shown in
Table \ref{t_pvshare} is Pareto with minimum value $k$ and shape parameter $%
a $, we have Prob$\left( x>x^{\prime }\right) =\left( k/x^{\prime }\right)
^{a} $. Taking logarithms in this expression and rearranging terms yields
the following relationships: $\log \left( Rank_{p}\right) =A-a\log \left(
x_{p}\right) =B-a\log \left( Share_{p}\right) $, where $Rank_{p}$ is the
rank of $x_{p}$, $Share_{p}=x_{p}/X$, and $A$, $B$ and $X=\sum_{p}x_{p}$ are
constants.} We estimate this regression separately for firms producing four,
six, eight and ten products using the data on the average shares of products
in firm output reported in Table \ref{t_pvshare}. The fitted and actual
values for firm-product rank and size in these regressions are displayed in
Figure \ref{fig_withinsize}. As indicated in the figure, actual values lie
above the regression line in the middle of the distribution and below the
regression line in the tails, implying thinner tails than the Pareto
distribution.\footnote{%
Including a quadratic term in log product size in the regression, we find
that a null hypothesis of linearity is strongly rejected at conventional
levels of statistical significance. From a comparison of the tails across
the panels of Figure \ref{fig_withinsize}, the departures from a Pareto
distribution increase with the number of products that firms produce.}
Therefore the heterogeneity across products within firms stressed in our
model displays the same features as the heterogeneity across firms examined
in the firm-size distribution literature (see, for example, Rossi-Hansberg
and Wright 2007).
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\subsection{Alternate Explanations}

Our empirical analysis of product adding and dropping thus far accords well
with features of product switching highlighted by our model of endogenous
product selection. Here, we discuss potential alternate explanations for the
facts we uncover and the extent to which they receive support from the data.

Explanations of product switching fall into three broad categories according
to whether they focus on factors that are specific to products, on factors
that are specific to firms, or on factors that are idiosyncratic to
firm-product pairings. The first category of explanations emphasizes forces
that are product-specific but common to all firms, such as changes in
relative demand (e.g., changing fashions) or relative supply (e.g., changing
technology). Explanations of this form that involve a net reallocation of
economic activity across products, e.g., from \textquotedblleft
cold\textquotedblright\ to \textquotedblleft hot\textquotedblright\
products, are hard to reconcile with the positive correlation between
products' add and drop rates observed in Figure \ref{f_adddrop}.

A second class of explanations for product switching focuses on factors that
are specific to firms but common to products. Positive shocks to a firm's
productivity, for example, might increase the profitability of all products
it could produce, thereby inducing the firm to add previously unprofitable
products. This class of explanations, however, is hard to reconcile with the
fact that firms simultaneously add and drop products across census years.
Such switching suggests that any firm-specific shocks differentially affect
its products, and are therefore firm-product specific. A more fundamental
challenge for both firm- and product-specific explanations of product
switching is our finding that firm-product characteristics are influential
determinants of product switching even after controlling separately for firm
and product characteristics.

The model developed in Section I falls into the third category of
explanations, which concentrates on the role of firm-product attributes in
influencing product switching. In our model, the interaction of
idiosyncratic shocks to firm productivity and firm-product demand fosters
both self-selection of firms and self-selection of products within firms.
Klette and Kortum (2004) -- hereafter KK -- offer an alternate firm-product
approach that emphasizes innovation.\footnote{%
See also Rasmus Lentz and Dale T. Mortenson (2005), Luttmer (2008) and
Chatterjee and Rossi-Hansberg (2008) for other innovation-based models of
firm scope.} In the KK model, products cycle across firms as they exchange
technological dominance. While this model is consistent with some of the
stylized facts we present (e.g., product switching across census years), it
fails to capture others. In KK, for example, the firm-size distribution is
determined entirely by variation in the extensive margin of the number of
products firms produce. In the data, however, we find that the intensive
margin of output per product is quite influential in determining variation
in firm size.\footnote{%
Regressing the log of firm average output per product (the intensive margin)
and the log of firm number of products (the extensive margin) on the log of
firm total output, we find that the intensive margin accounts for around 90
percent of the cross-section variation in firm size.} The KK\ model also
predicts a constant hazard rate -- equal to the economy-wide rate of
creative destruction -- for firms' dropping of products. Here, however, we
find that the probability that a firm drops a product is decreasing in
firm-product shipments and the length of time for which the firm has
produced the product. Though our data motivate the development of the
selection model described above, we believe that extending innovation-based
models to match our new stylized facts is another interesting avenue for
further research.

\section{Extending the Basic Selection Model}

In this section we highlight several dimensions of the data that are less
well captured by either our model or the alternative potential explanations
discussed above, but which point to potentially fruitful lines of future
theoretical and empirical research.

\subsection{Product Coproduction}

Our first set of additional results relates to the types of goods firms tend
to produce together. Table \ref{t_coprod} reports the average annual
frequency, in thousands, with which firms coproduce products within and
across sectors from 1987 to 1997. Dark shading indicates coproduction that
is significantly more frequent than expected based on the individual
probabilities of producing each product, while light shading indicates
significantly less coproduction.\footnote{%
We assess statistical significance by comparing the observed co-production
frequencies to those that would be expected under a null hypothesis that the
decisions to produce row and column product lines are independent. Under
this null, the expected frequency with which a particular pair of major
sectors is co-produced follows an independent Poisson distribution. An
individual cell's deviation from random co-production therefore follows a
standard normal distribution, $\frac{o_{rc}-e_{rc}}{\sqrt{e_{rc}}}\sim
N\left( 0,1\right) ,$ where \thinspace $o_{rc}$ and $e_{rc}$ are the
observed and expected frequencies in row $r\,$\ and column $c$,
respectively. Summing across cells, the statistic for testing whether the
entire matrix of frequencies is generated by random co-production, $%
\dsum\nolimits_{r,c}\frac{\left( o_{rc}-e_{rc}\right) ^{2}}{e_{rc}}$, is
distributed chi-squared.} As shown in the table, the probability that a firm
produces a product in the row sector conditional on production of a product
in the column sector is relatively high within sectors as well as between
sectors that appear related (e.g., Apparel and Textiles, or Electronics and
Industrial Machinery). Furthermore, the matrix of data as a whole rejects
the null hypothesis that the probability a firm produces a product is
independent of the firm's other products (p-value \TEXTsymbol{<} 0.01).
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In developing our model, we assumed for simplicity that consumer tastes $%
\lambda _{i}$ were independently distributed across products. As a result,
the only interdependence in firm sales across products arises from firm
productivity $\varphi $, which raises or reduces a firm's sales across all
products proportionately. However, the findings in Table \ref{t_coprod}
suggest richer forms of interdependence, where some pairs of products are
systematically coproduced within firms, while other pairs of products are
systematically produced in separate firms.\footnote{%
Similarly, the co-production findings in Table \ref{t_coprod} sit awkwardly
with the assumption in the innovation-based model of Klette and Kortum
(2004) that the identity of the product to which a firm's innovation applies
is drawn randomly from the set of potential products.} One way of extending
the model to capture richer forms of interdependence is to allow consumer
tastes (or equivalently a product-specific component of productivity) to be
correlated across products. For example, product characteristics that are
highly valued in one product market (e.g., apparel) may be highly valued in
another product market (e.g., textiles). While such an extension would bring
the model closer to the data, this would come at the cost of making the
model considerably less tractable. Nevertheless, achieving greater
understanding of the sources of interdependence in demand or production
technology across products within firms would be useful.

\subsection{Modes of Product Switching}

Our second set of additional results relates to the mode by which firms add
and drop products. There are a variety of ways in which firms can add a
product:\ at existing facilities, at newly constructed plants, or by
acquiring an existing plant from another firm. Similarly firms can drop
products at continuing plants, by closing plants or by selling plants to
another firm.

Table \ref{t_ma} reports the distribution of product adds (top panel) and
drops (bottom panel)\ according to how they are accomplished. As indicated
in the first column of each panel, roughly 85 percent of added and dropped
products, respectively, are added and dropped at existing plants. The share
of the number of products added and dropped through mergers \& acquisitions
(M\&A) is relatively small: less than 10 percent of both adds and drops
involve plant acquisitions or divestitures whether by themselves or in
combination with another mode of product switching. However, as shown in the
second column of each panel, M\&A activity is substantially more important
as a share of the value of products added and dropped, indicating that the
products added and dropped through plant acquisitions or divestitures are on
average larger than those added and dropped through other modes of product
switching. Columns three and four of each panel show that a similar pattern
is observed for the share of firms that add and drop products.
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A distinct but related issue is the extent to which M\&A is accompanied by
any of the modes of products switching. Comparing product and
sector-switching according to whether or not firms concomitantly acquire or
divest a plant, we find that firms involved in an ownership change are
relatively more likely to change their mix of products, as reported in Table
A5 in the web-based technical appendix. An average of 94 percent of firms
that engage in M\&A\ activity also alter their mix of products, compared
with an average of 53 percent for firms that do not participate in an
acquisition or divestiture. For sector switching, the importance of M\&A\ is
even more stark: the analogous percentages are 67 and 15 percent.

While our finding that product switching frequently occurs within firms'
existing plants motivates the model's abstraction from M\&A and the creation
of new plants, the introduction of these complementary modes of product
switching is an interesting area for further research.

\section{Conclusions}

The extent to which resources are allocated to their best use is a primary
concern of economics. Virtually all empirical research on reallocation as a
source of industry output and measured productivity growth focuses on plant
or firm entry and exit or changes in the composition of output across plants
or firms. This paper identifies product switching as an important source of
reallocation within firms and analyzes its determinants and consequences.

Guided by a natural extension of existing models of industry dynamics that
allows firms to produce an endogenous range of products in response to
evolving firm and product characteristics, we develop a body of evidence
about this new dimension of firm behavior. Using a novel dataset that tracks
U.S.\ manufacturing output at the level of five-digit products within firms,
we find that firms add and drop products with surprising intensity and
frequency. On average, 54 percent of US\ manufacturing firms alter their mix
of five-digit products every five years, and these adjustments lead an
average of 41 percent of firms to enter new or exit existing four-digit
industries, and 16 percent of firms to extend or contract their set of
two-digit sectors. Overall, we find that the gross contributions of product
adding and dropping to the evolution of aggregate manufacturing output are
as large as the gross contributions of firm entry and exit.

We demonstrate that observed patterns of product switching are inconsistent
with explanations based purely on net reallocation across products and are
more generally hard to reconcile with explanations based on firm or product
shocks alone. In contrast, we find support for the central features of our
extended model of industry dynamics, which emphasizes selection within as
well as across firms. In particular, the model accounts for the positive
correlation across products between the rate of product adding and dropping
and the age and scale dependence observed in the probability a product is
dropped.

Though our basic framework is a good match for key features of the census
data, additional empirical analysis reveals areas in which it might be
extended. In the current version of the model, for example, the only source
of dependence in profitability across a firm's products is the firm's
overall productivity: higher firm productivity raises the profitability of
all products. Empirical examination of firms' product mix, however, reveals
that firms are more likely to co-manufacture products within the same
industry, or within \textquotedblleft linked\textquotedblright\ industries,
e.g., lumber and furniture or electronics and instruments. An extended
version of our model might incorporate demand- or supply-side
complementarities that rationalize these links. Similarly, extending the
model to allow firms to endogenously choose between various modes of product
switching, such as plant creation and M\&A, is another interesting avenue
for future research.
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\begin{abstract}
This paper examines the frequency, pervasiveness and determinants of product
switching by U.S. manufacturing firms. We find that one-half of firms alter
their mix of five-digit SIC products every five years, that product
switching is correlated with both firm- and firm-product attributes, and
that product adding and dropping induce large changes in firm scope. The
behavior we observe is consistent with a natural generalization of existing
theories of industry dynamics that incorporates endogenous product selection
within firms. Our findings suggest that product switching contributes to a
reallocation of resources within firms towards their most efficient
use.\bigskip
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The extent to which resources are allocated to their best use is a core
issue of economics. Until now, research into industry dynamics has addressed
this issue by focusing almost exclusively on the contribution of firm entry
and exit to resource reallocation, that is, whether newly created firms or
plants are more productive than the dying firms and plants they replace.%
\footnote{%
There is a large empirical literature in macroeconomics on firm creation and
destruction and its implications for industry dynamics and the firm-size
distribution. See, for example, Martin N. Baily, Charles Hulten and David
Campbell (1992), Timothy Dunne, Mark J. Roberts and Larry Samuelson
(1989a,b), Lucia Foster, John Haltiwanger and C. J. Krizan (2001), Foster,
Haltiwanger and Chad Syverson (2008), and Esteban Rossi-Hansberg and Mark J.
Wright (2007) among others.} This paper examines a new, \textquotedblleft
extensive\textquotedblright\ margin of firm adjustment, the reassignment of
resources that takes place within surviving firms as they add and drop
(i.e., \textquotedblleft switch\textquotedblright ) products.

Our analysis of product switching makes use of a unique longitudinal dataset
that tracks U.S. firms' product-level manufacturing output across
quinquennial U.S. Manufacturing Censuses from 1987 to 1997. In this dataset,
a \textquotedblleft product\textquotedblright\ is one of approximately
fifteen hundred five-digit Standard Industrial Classification (SIC)\
categories, e.g., \textquotedblleft Passenger Cars\textquotedblright .%
\footnote{%
We refer to two-, four- and five-digit SIC\ categories as \textquotedblleft
sectors\textquotedblright , \textquotedblleft industries\textquotedblright\
and \textquotedblleft products\textquotedblright , respectively.} We observe
the set of products each manufacturing firm produces in each census year and
analyze how incumbent firms' mix of products evolves from one census year to
the next. To our knowledge, these are the most comprehensive data on
multiple-product production yet assembled. Standard manufacturing censuses,
for example, typically record just the primary industry of each
establishment.\footnote{%
Existing empirical work on multiple-product firms typically examines product
diversification at a point in time. See, for example, Frank M. Gollop and
James L.Monahan (1991) and John Baldwin and Wulong Gu (2009). Dunne et al.
(1988, 1989b) examine product diversification as a mode of market entry
distinct from plant birth, while Dunne, Shawn D. Klimek and Roberts (2005)
investigate the empirical relationship between the mode of market entry and
plant death.}

We find product switching to be frequent, widespread and influential in
determining both aggregate and firm outcomes.\emph{\ }On average, recently
added and about-to-be dropped products each account for roughly one sixth of
a product's output, amounts that rival the shares represented by recently
created and about-to-exit firms. At the firm level, we find that more than
one half of U.S. manufacturing firms alter their mix of products between
censuses, and that one half of those firms change their mix of products by 
\textit{both} adding and dropping at least one product every five years.
Product adding and dropping also exert considerable influence on the scope
of firms, with an average of 40 percent of firms adding products outside
their existing set of four-digit SIC industries between census years. Given
the unobserved changes firms presumably make to their product mix at lower
levels of aggregation, our estimates of product switching likely
underestimate the true importance of firms' adjustments to their extensive
margins.\footnote{%
One of the attractions of our data is that information is available for the
entire manufacturing sector. Scanner data, such as those used by Judith A.
Chevalier, Anil K. Kashyap and Peter E. Rossi (2003) and Christian Broda and
David E. Weinstein (2007), offer the potential to measure products at finer
levels of disaggregation, although they are typically only available for
specific categories of goods.}

Our empirical analysis is guided by a model of endogenous product selection
that builds on existing theories of industry dynamics by Boyan Jovanovic
(1982), Hugo A. Hopenhayn (1992), Richard Ericson and Ariel Pakes (1995),
Marc J. Melitz\ (2003) and Bernard, Redding and Schott (2007).\footnote{%
These models receive empirical support from studies of firm creation and
destruction by Baily et al. (1992), Dunne et al. (1989a,b)\ and Foster et
al. (2001, 2008).} In these existing models, firms that are heterogeneous in
productivity are assumed to produce a single product, with the result that
firm and product-market entry and exit are equivalent. Here, we develop a
natural extension of such models in which firms choose to produce an
endogenous range of products in response to evolving firm and firm-product
characteristics.\footnote{%
Existing theoretical research on multiple-product firms focuses on issues
associated with managing a given range of products at a particular point in
time, e.g. William J. Baumol (1977), John C. Panzar and Robert D. Willig
(1977), James A. Brander and Jonathan Eaton (1984), Avner Shaked and John
Sutton (1990) and B. Curtis Eaton and Nicolas Schmitt (1994). More recently,
Tor Jakob Klette and Samuel Kortum (2004), Erzo G. J. Luttmer (2008) and
Satyajit Chatterjee and Rossi-Hansberg (2008) have explored the role of
innovation in determining firm scope, as discussed further below.} In our
model, firms differ in innate productivity while firms' products vary in
their attractiveness to consumers \textit{vis-a-vis} other producers of the
same product. The overall profitability of a firm depends on the interaction
of these attributes. Higher values of consumer tastes for a firm's product
raise the firm's profitability in that product, while higher values of firm
productivity increase a firm's profitability in \textit{all} products. In
equilibrium, the most productive firms manufacture the largest ranges of
products because they earn greater revenue per product for given values of
consumer tastes and can therefore cover the fixed costs of a wider set of
products.

Our framework provides a basis for understanding many of the empirical
regularities discernible in U.S. census data. In the data, we find that
multiple-product firms have higher measured revenue-based productivity than
single-product firms. In the model, this difference is due to
high-productivity firms' ability to cover the fixed costs of a greater
number of products. In the data, we find product switching and firm creation
and destruction to be commonplace and pervasive across sectors. In the
model, interactions of stochastic shocks to firm productivity and stochastic
shocks to consumer tastes fosters steady-state product adding and dropping
as well as steady-state firm creation and destruction. In the data, we
observe a positive correlation between products' add and drop rates. In the
model, this correlation arises because firms that receive positive demand
shocks add the product at the same time that some incumbent producers
drawing negative demand shocks drop it. In the data we find that the
probability that a firm drops a product declines with firm-product shipments
and firm-product tenure. In the model, this scale and age dependence arises
as a result of serial correlation in idiosyncratic shocks to firm-product
profitability. Firms' lower-volume and recently-added products are more
likely to be dropped as a result of a negative shock.

Our results also emphasize the central role of the firm in mediating product
adding and dropping. In the data, we find that product adding is positively
correlated with firms' measured revenue productivity, and that product
dropping is influenced by firm as well as firm-product attributes. In the
model, decisions to add or drop products are interdependent given the
contribution of the firm-level productivity draw to the profitability of all
of a firm's products. We also find product switching to be related to firm
outcomes, with net adding and net dropping of products being positively and
negatively correlated with measured revenue productivity, respectively. In
the model, such contemporaneous responses are driven by shocks to
productivity: firms receiving positive shocks earn greater revenue per
existing product and expand, while firms receiving negative shocks
contract.\ 

Though our model serves as a useful guide for our empirical analysis, in its
current form it is too stylized to provide an explanation for all of the
facts that we uncover. We find, for example, that some pairs of products are
more likely to be coproduced within firms than others, and that mergers and
acquisitions account for a relatively small share of the number of products
added and dropped but a larger share of their value. While these facts
transcend our basic setup, we describe how the model might be extended to
incorporate them.

The remainder of the paper is structured as follows. Sections I and II
outline our theoretical framework and describe our dataset. Sections III and
IV report our main empirical findings andtheir consistency with our
theoretical framework. Section V concludes with suggestions for future
research.

\section{Theoretical Framework}

In this section we outline a simple model of multiple-product firms and
product switching that is a natural extension of standard models of industry
dynamics by Jovanovic (1982), Hopenhayn (1992), Ericson and Pakes (1995),
Melitz (2003), and Bernard, Redding and Schott (2007). Our goal is to
introduce the simplest model necessary for useful data analysis, i.e., one
that captures the essence of a broad class of models featuring product
selection. Toward that end, we employ a number of simplifying assumptions,
for example ruling out supply- or demand-driven complementarities across
products. We return to a discussion of how the model might be generalized
and discuss alternative potential approaches after presenting our main
empirical findings. We note that a more detailed discussion of the model and
a more formal analysis of its implications is available in a web-based
technical appendix.\footnote{%
Available from http://***.}

\subsection{Endowments and Preferences}

Labor is the sole factor of production and is assumed to be in inelastic
supply $L$ (which also indexes the size of the economy). The representative
consumer's preferences are a constant elasticity of substitution (CES)
function of the consumption of a continuum of products $i\in \lbrack 0,1]$:%
\begin{equation}
U=\left[ \int_{0}^{1}\left( a_{i}C_{i}\right) ^{\nu }di\right] ^{\frac{1}{%
\nu }},\qquad 0<\nu <1,  \label{utility}
\end{equation}%
where $a_{i}>0$ is a demand parameter that allows the relative importance of
products in utility to vary. Firms are assumed to produce differentiated
varieties of products, so that $C_{i}$ is a consumption index, which also
takes the CES form:%
\begin{equation}
C_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \lambda _{i}\left( \omega
\right) c_{i}\left( \omega \right) \right) ^{\rho }d\omega \right] ^{\frac{1%
}{\rho }},\quad P_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \frac{%
p_{i}\left( \omega \right) }{\lambda _{i}\left( \omega \right) }\right)
^{1-\sigma }d\omega \right] ^{\frac{1}{1-\sigma }},\quad 0<\rho <1,
\label{cindex}
\end{equation}%
where $\omega $ indexes firm varieties within products, $\Omega _{i}$ is the
(endogenous) set of firm varieties produced within product $i$, and $P_{i}$
is the price index dual to $C_{i}$ for product $i$.

The demand parameter $\lambda _{i}\left( \omega \right) \geq 0$ determines
the representative consumer's relative demand for the varieties of different
firms within each product.\footnote{%
One interpretation of the parameter $\lambda _{i}\left( \omega \right) $ is
product quality, though this parameter also captures other more subjective
characteristics of a firm's variety that influence consumer tastes.}
Although not central to our results, we make the natural assumption that the
elasticity of substitution across varieties within products is greater than
the elasticity of substitution across products: $\sigma =\frac{1}{1-\rho }%
>\kappa =\frac{1}{1-\nu }>1$. Similarly, we assume for simplicity that the
elasticity of substitution across varieties within products, $\sigma =\frac{1%
}{1-\rho }$, is the same for all products.

\subsection{Production Technology}

Firms from a competitive fringe may enter by incurring a sunk entry cost of $%
f_{e}>0$ units of labor. Incurring the sunk entry cost creates a firm brand
and a blueprint for one horizontally differentiated variety of every
product. Only once the sunk cost has been incurred does the firm observe its
initial\emph{\ }productivity, $\varphi \in \lbrack \underline{\varphi },\bar{%
\varphi}]$, and consumer tastes for the characteristics embodied in its
blueprint for every product, $\lambda _{i}\in \lbrack \underline{\lambda },%
\bar{\lambda}]$. Productivity $\varphi $ is firm-specific but is common
across products within firms, whereas consumer tastes $\lambda _{i}$ are
firm-product specific and are therefore idiosyncratic to a particular
product made by a particular firm.\footnote{\label{footaltlambda}With CES
demand and monopolistic competition, differences in productivity across
firms have identical effects on equilibrium revenue and profits to
differences in consumer tastes. While we have modelled the component of
profitability that is firm-product specific ($\lambda _{i}$) as consumer
tastes, we could have equivalently introduced a productivity parameter that
is firm-product specific. While consumer tastes are a plausible source of
idiosyncratic shocks to firm-product profitability, the important point for
our analysis is that the profitability of a product for a firm has both a
firm and a firm-product component.}

Productivity and consumer tastes evolve stochastically over time and we
choose a specification for their evolution that is both tractable and
sufficiently general to match key features of the firm-product data.%
\footnote{%
Bernard, Redding and Schott (2006) introduce a static model of multi-product
firms without equilibrium product switching to examine the impact of trade
liberalization on firms'\ product scope.} Upon entry, productivity and
consumer tastes are drawn from the continuous distributions $g_{e}\left(
\varphi \right) $ and $z_{ei}\left( \lambda _{i}\right) $ respectively, with
cumulative distributions $G_{e}\left( \varphi \right) $ and $Z_{ei}\left(
\lambda _{i}\right) $. Once a firm observes its initial values of
productivity and consumer tastes, it decides whether to produce or exit. If
the firm exits, its production knowledge is lost, and the sunk cost must be
incurred again in order for the firm to re-enter. If the firm enters, it
faces a Poisson probability $\theta >0$ of a shock to productivity $\varphi $%
, in which case a new value for productivity $\varphi ^{\prime }$ is drawn
from the continuous conditional distribution $g_{c}\left( \varphi ^{\prime
}|\varphi \right) $, with cumulative distribution $G_{c}\left( \varphi
^{\prime }|\varphi \right) $. Similarly, the firm faces a Poisson
probability $\varepsilon _{i}>0$ of an idiosyncratic shock to consumer
tastes for its variety $\lambda _{i}$, in which case a new value for
consumer tastes $\lambda _{i}^{\prime }$ is drawn from a continuous
conditional distribution $z_{ci}\left( \lambda _{i}^{\prime }|\lambda
_{i}\right) $, with cumulative distribution $Z_{ci}\left( \lambda
_{i}^{\prime }|\lambda _{i}\right) $.\footnote{%
While the model could be extended to allow firms to make endogenous
investments in improving productivity and enhancing consumer tastes, these
extensions are not central to the model's key predictions, which are driven
by selection, and so we do not pursue them here.}

Consistent with the serial correlation in firm and firm-product shipments
observed in our data, we assume that consumer tastes and productivity are
positively serially correlated, which corresponds to the following
assumption about their conditional distributions: $\partial Z_{ci}\left(
\lambda _{i}^{\prime }|\lambda _{i}\right) /\partial \lambda _{i}<0$ and $%
\partial G_{c}\left( \varphi ^{\prime }|\varphi \right) /\partial \varphi <0$
for $\lambda _{i}^{\prime }\in \lbrack \underline{\lambda },\bar{\lambda}]$
and $\varphi ^{\prime }\in \lbrack \underline{\varphi },\bar{\varphi}]$.
Thus the probability of drawing a new value for consumer tastes
(productivity) less than $\lambda _{i}^{\prime }$\ ($\varphi ^{\prime }$) is
decreasing in the existing value of consumer tastes (productivity). To make
use of law of large numbers results, we assume that the distributions of
consumer tastes and productivity are independent across firms. For the same
reason, we also assume that the distributions of consumer tastes are
independent across products and that the distributions of consumer tastes
and firm productivity are independent of one another.\footnote{%
While the consumer taste and firm productivity distributions are independent
of one another, there is interdependence in a firm's profitability across
products, because firm productivity is common across products. We discuss
extending the model to introduce other forms of interdependence in Section
IV below.} Firms also face a Poisson probability of death $\delta >0$ due to 
\textit{force majeure} events unrelated to profitability.

The production technology takes the following form. There is a fixed
corporate headquarters cost of $f_{h}>0$ units of labor, which the firm must
incur irrespective of the number of products that it chooses to produce, and
a fixed production cost of $f_{pi}>0$ units of labor for each product $i$
that is produced. In addition, there is a constant marginal cost for each
product, which depends upon the firm's productivity. Total labor employed by
a firm with productivity $\varphi $\ is thus:%
\begin{equation}
l\left( \varphi \right) =f_{h}+\int_{0}^{1}I_{i}\left[ f_{pi}+\frac{%
q_{i}\left( \varphi ,\lambda _{i}\right) }{\varphi }\right] di,
\label{prodtech}
\end{equation}%
where $I_{i}$ is an indicator variable which equals one if a firm produces
product $i$ and zero otherwise, and $q\left( \varphi ,\lambda _{i}\right) $
denotes output of product $i$ by a firm with productivity $\varphi $ and
demand $\lambda _{i}$.

\subsection{Equilibrium Entry and Production Decisions}

The key economic decisions of a firm in the model are whether to enter or
exit and in which product markets to participate. We begin by considering
the decision of whether to participate in a product market. If a firm
produces a product, it supplies one of a continuum of varieties each with
measure zero relative to the product market as whole. As this is true for
each of the continuum of products, the firm's profit maximization problem
reduces to choosing the price of each product variety separately to maximize
the profits derived from that product variety. This optimization problem
yields the standard result that the equilibrium price of a product variety
is a constant mark-up over marginal cost:%
\begin{equation}
p_{i}\left( \varphi ,\lambda _{i}\right) =\frac{1}{\rho }\frac{w}{\varphi },
\label{varprice}
\end{equation}%
where we choose the wage for the numeraire and so $w=1$.

Under our assumption of CES preferences, equilibrium prices are inversely
related to firm productivity. As $\varphi $\ rises, variable labor input and
output rise, but prices fall, leaving revenue per variable input unchanged.
Nevertheless, the model features dispersion in revenue-based measures of
productivity across firms, as examined in our empirical analysis below,
because of the assumption of fixed production costs. As $\varphi $\ rises,
variable labor input and revenue increase, with the result that the fixed
labor input is spread over more units of revenue.\footnote{%
We follow Foster, Haltiwanger and Chad Syverson (2008) in differentiating
between revenue- and quantity-based measures of productivity. As we show in
the web-based technical appendix, both measures are monotonically related to
the firm productivity draw ($\varphi $) in the model. We note that a
monotonic relationship between $\varphi $\ and revenue-based measures of
productivity can also be achieved via a demand system with a variable
elasticity of substitution, such as the quasi-linear preferences of Melitz
and Gianmarco I. P. Ottaviano (2008). In that setting, equilibrium prices
fall less than proportionately with productivity due to variable mark-ups.}

As there is a fixed production cost for each product, there exists a \textbf{%
zero-profit consumer taste cutoff }$\lambda _{i}^{\ast }\left( \varphi
\right) $ such that a firm with productivity $\varphi $ will only produce
product $i$ if it draws a consumer taste greater than or equal to $\lambda
_{i}^{\ast }\left( \varphi \right) $. The zero-profit consumer taste cutoff
is defined as follows:%
\begin{equation}
\pi _{i}\left( \varphi ,\lambda _{i}^{\ast }\left( \varphi \right) \right) =%
\frac{R_{i}\left( \rho P_{i}\varphi \lambda _{i}^{\ast }\left( \varphi
\right) \right) ^{\sigma -1}}{\sigma }-f_{pi}=0,  \label{zppp}
\end{equation}%
where $\pi _{i}\left( \varphi ,\lambda _{i}\right) $ denotes equilibrium
profits from a variety of product $i$ with consumer taste $\lambda _{i}$ and
firm productivity $\varphi $.

From equation (\ref{zppp}), the higher a firm's productivity $\varphi $, the
lower the zero-profit cutoff for consumer tastes $\lambda _{i}^{\ast }\left(
\varphi \right) $, and so the greater the probability of having a value for
consumer tastes sufficiently high to profitably produce the product. With a
continuum of products and independent distributions for consumer tastes, the
law of large numbers implies that the fraction of products produced by a
firm equals the sum of its probabilities of producing each product.
Therefore, as the probability of producing each product is increasing in
firm productivity, a key implication of the model is that a firm's product
range is increasing in its productivity.

We now consider a firm's decision of whether to enter or exit. With a
continuum of products and independent distributions for consumer tastes, a
firm's expected profits across the continuum of products equals the sum of
its expected profits from each product minus the fixed headquarters costs:

\begin{equation}
\pi \left( \varphi \right) =\int_{0}^{1}\left[ \int_{\lambda _{i}^{\ast
}\left( \varphi \right) }^{\bar{\lambda}}\pi _{i}\left( \varphi ,\lambda
_{i}\right) \gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i}\right]
di-f_{h}.  \label{expfirmprof}
\end{equation}%
where $\gamma _{zi}\left( \lambda _{i}\right) $ is the stationary
distribution for consumer tastes, which as discussed further in the
web-based technical appendix is endogenously determined as a function of the
entry and conditional distributions, $z_{ei}\left( \lambda _{i}\right) $ and 
$z_{ci}\left( \lambda _{i}\right) $ respectively.

Although consumer tastes for a firm's variety of a product are stochastic,
the law of large numbers implies that all firms with the same productivity
experience the same flow of total profits across the continuum of products
in equation (\ref{expfirmprof}). Stochastic shocks to consumer tastes
generate fluctuations in the profitability of individual products, which
lead them to be added and dropped over time. However, these fluctuations in
the profitability of individual products average out at the level of the
firm, so that the evolution of total firm profits over time is determined
solely by stochastic shocks to firm productivity.

The value of a firm with productivity $\varphi $ equals the flow of current
profits plus the expected value of capital gains or losses as a result of a
stochastic productivity shock, discounted by the probability of firm exit:

\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) +\theta \left[ \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\left[ v\left( \varphi ^{\prime }\right) -v\left( \varphi
\right) \right] g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }\right] }{\delta +\theta G_{c}\left( \varphi ^{\ast }|\varphi
\right) }\hspace{0.7in}\text{for }\varphi \geq \varphi ^{\ast } \\ 
0\text{ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
otherwise}%
\end{array}%
\right. ,  \label{bellvalfirm}
\end{equation}%
where the denominator on the right-hand side of equation (\ref{bellvalfirm})
is the probability of firm exit, which equals the exogenous probability of
firm death $\delta $ plus the endogenous probability of experiencing a
productivity shock that induces exit $\theta G_{c}\left( \varphi ^{\ast
}|\varphi \right) $.

The presence of a continuum of products in the model implies that each firm
draws a value for consumer tastes above the zero-profit cutoff $\lambda
_{i}^{\ast }\left( \varphi \right) $ in a positive measure of products.
However, for entry to be profitable, the value of the current profits across
this positive measure of products plus the expected value of capital gains
or losses must exceed the fixed headquarters costs. As total firm profits
across the continuum of products $\pi \left( \varphi \right) $ are
increasing in $\varphi $, and the probability of experiencing a productivity
shock that induces exit $G_{c}\left( \varphi ^{\ast }|\varphi \right) $ is
decreasing in $\varphi $, the value of the firm in equation (\ref%
{bellvalfirm}) is increasing in its productivity. Therefore, there is a
zero-value cutoff productivity $\varphi ^{\ast }$ below which firms exit,
which is defined by $v\left( \varphi ^{\ast }\right) =0$.

In an equilibrium with positive entry, the expected value of entry must
equal the sunk entry cost, which requires the following free entry condition
to hold:%
\begin{equation}
V=\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] \bar{v}=f_{e},\qquad 
\bar{v}\equiv \int_{\varphi ^{\ast }}^{\bar{\varphi}}v\left( \varphi \right)
\left( \frac{g_{e}\left( \varphi \right) }{1-G_{e}\left( \varphi ^{\ast
}\right) }\right) d\varphi ,  \label{freeentry}
\end{equation}%
where $\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] $ is the \textit{%
ex ante} probability of drawing a productivity above the zero-value cutoff $%
\varphi ^{\ast }$ upon entry, $g_{e}\left( \varphi \right) $ is the
probability of drawing productivity $\varphi $\ upon entry, and $v\left(
\varphi \right) $ is the solution to the Bellman equation (\ref{bellvalfirm}%
).

General equilibrium is referenced by the following six variables and
functions: the zero-value cutoff productivity below which firms exit $%
\varphi ^{\ast }$, the zero-profit cutoff consumer taste for each product
for a firm with the zero-value cutoff productivity $\lambda _{i}^{\ast
}\left( \varphi ^{\ast }\right) $, the endogenous stationary distribution
for firm productivity $\gamma _{g}\left( \varphi \right) $, the endogenous
stationary distribution for consumer tastes for each product $\gamma
_{zi}\left( \lambda _{i}\right) $, the price index for each product $P_{i}$,
and aggregate revenue for each product $R_{i}$. As shown in the web-based
technical appendix, these six variables and functions are determined by the
following equilibrium conditions: consumer and producer optimization, goods
and labor market clearing, free entry, the zero-profit cutoff condition for
consumer tastes for each product, the equality of the mass of successful
entrants and the mass of exiting firms, the equality of the outflow and
inflow of firms from each value of consumer tastes, and finally the equality
of the outflow and inflow of firms from each value of productivity.

The general equilibrium of the model features both steady-state product
switching and steady-state firm entry and exit. Each period a measure of new
firms incur the sunk entry cost, and those with productivity draws above the
zero-value cutoff enter, while those with productivity draws below the
zero-value cutoff exit. A surviving firm with unchanged productivity
produces a constant range of products, but idiosyncratic shocks to consumer
tastes for individual products induce surviving firms to drop a measure of
the products previously produced and add an equal measure of products not
previously produced. As stochastic shocks to a surviving firm's productivity
occur, the range of products produced expands with an increase in
productivity and contracts with a decrease in productivity. Firms exit
endogenously when their productivity falls below the zero-value cutoff or
exit exogenously when death occurs as a result of \textit{force majeure}
considerations.

As discussed further below, these and other features of the model are used
to guide our empirical analysis. Before beginning that analysis, we describe
our data.

\section{Data Description\label{s_data}}

As part of its quinquennial Census of Manufactures (CMF), the U.S. Census
Bureau (hereafter \textquotedblleft Census\textquotedblright ) collects
information on the set of Standard Industrial Classification (SIC)
categories produced by U.S. manufacturing establishments (i.e.,
\textquotedblleft plants\textquotedblright ). This information is obtained
from questionnaires plants are required to fill out by law under Title 13 of
the United States Code. Each questionnaire has two parts. The first is
common to all establishments and solicits general information about their
operation, including their overall shipments (i.e., \textquotedblleft
output\textquotedblright ), use of inputs (capital, production and
non-production workers and materials) and wagebills.\footnote{%
CMF questionnaires define shipment value as goods' \textquotedblleft net
selling value f.o.b. plant to the customer after discounts and
allowances,\textquotedblright\ and excluding freight charges and excise
taxes. Questionnaires used as part of the 1997 CMF are available at
www.census.gov/epcd/www/econ97.html. All dollar-value data collected in the
CMF\ are nominal.} We use this information to examine differences between
single- and multiple-product firms, and, along with industry price deflators
provided by Eric J. Bartelsman, Randy A. Becker and Wayne B. Gray (2000), to
compute revenue-based measures of firms' labor and total factor productivity
(TFPR).\footnote{%
We measure firm TFPR\ as the shipment-weighted average TFPR\ of its plants.
Plant TFPR\ in a given census year is measured relative to other plants in
its main industry in percentage terms using the multi-factor superlative
index number of Douglas W. Caves, Laurits R. Christensen, and W. Erwin
Diewert (1982). This index accounts for plants' use of capital, production
workers, non-production workers and materials. Plant shipments, capital and
materials are deflated according to the four-digit SIC deflator of its major
industry using deflators provided by Bartelsman et al. (2000). Wages are
deflated by regional U.S. consumer price indexes available at www.bls.gov. A
plant's main industry is the four-digit SIC\ in which it has the largest
value of shipments.} As noted in Section I.C and discussed further in the
web-based technical appendix, both revenue- and quantity-based measures of
productivity are monotonically related to the firm productivity draw ($%
\varphi $)\ in the model.\footnote{%
We focus on revenue-based measures of productivity because data on physical
units of output is not available for all products and because physical units
of output are not comparable across firms for many products, e.g., cars. We
note that Foster, Haltiwanger and Syverson (2008) find a positive
correlation between revenue- and quantity-based measures of productivity for
a sample of 11 products for which it is possible to compute and compare both
measures across firms.}\emph{\ }

The second part of each questionnaire varies depending upon the industry in
which the establishment operates. It lists the set of products
establishments in the industry typically produce as well as a verbal
description of each product.\footnote{%
Questionnaires also collect information on establishments' \textquotedblleft
other\textquotedblright\ activities, such as \textquotedblleft tasks
performed for others using others' materials\textquotedblright , that cannot
be associated with a particular manufacturing product. We exclude these
categories from our analysis.} Establishments are instructed to record their
total shipments of each product.\footnote{%
We note that the census does not collect information on firms' input use by
product, and also that output deflators for five-digit SIC\ products are not
available. As a result, measurement of establishments' use of inputs or
revenue productivity within individual products is not possible.} In the
event that an establishment also ships products not listed on the form, the
questionnaire provides space for them to record any shipments in additional
product codes. Establishments are assigned to industries according to
information collected from previous censuses as well as other Census
surveys. Very large plants with substantial activity in a number of
industries may receive more than one form. Very small plants, referred to as
\textquotedblleft administrative records\textquotedblright , are not
required to report output at the product level. These establishments
represent a very small share of overall U.S. manufacturing output and are
typically ignored in U.S. microdata research; we drop them here as well.

We analyze product switching in the 1987 through 1997 censuses. We use a
five-digit SIC\ category as our definition of a product and refer to two-
and four-digit SIC\ categories as \textquotedblleft
sectors\textquotedblright\ and \textquotedblleft
industries\textquotedblright , respectively.\footnote{%
Output at the five-digit SIC\ level is the most disaggregate data available
for all plants. While CMF\ questionnaires solicit information at the
seven-digit SIC level, establishments also surveyed for other programs
(e.g., Census' Current Industry Reports) are permitted to report information
at the five-digit level to alleviate their reporting burden.} As described
in United States Department of Commerce (1989), manufacturing encompasses 20
sectors, 455 industries and 1440 products. As product-mix decisions are made
at the level of the firm, we aggregate plants to firms to create a firm by
product by census year dataset.\footnote{%
Firm identifiers are derived from firms' legal identities, and firms can
consist of one or many establishments. Census uses an annual Company
Organization Survey both to determine how new firms are organized and to
keep track of changes in incumbent firms' ownership structure over time,
e.g., the buying and selling of plants, the creation of new plants or the
closing of existing plants.} Using this dataset we track the products that
firms add and drop across census years.\footnote{%
SIC\ categories undergo minor revisions in each census year but experienced
a major revision in 1987. Census uses an internally generated concordance to
map product codes collected in censuses after 1972 to the 1987 revision. We
focus on the 1987 to 1997 censuses because they are less sensitive to this
concordance and exhibit high product-code consistency over time. To be
conservative, we drop the roughly 1 percent of five-digit codes
(representing roughly 5 percent of total value) that do not appear in all
three censuses. We note that our findings are not sensitive to this
procedure, and that we find (but do not report) similar results for other
sample periods, e.g., the 1972 to 1982 censuses, where the concordance of
collected and 1987-revision product codes is less precise.} Given that a
considerable body of research already examines firm creation and
destruction, we focus on the features of product switching by surviving
firms highlighted by our model. In particular, we neither treat exiting
firms as those who drop all their products, nor entering firms as whose who
add all their products. For convenience, we often refer to firms that
produce multiple products as \textquotedblleft MP\ firms\textquotedblright\
and firms that produce a single product as \textquotedblleft SP
firms\textquotedblright .

To provide a sense of the relative level of detail between sectors,
industries and products, consider \textquotedblleft Nonferrous Wiredrawing
and Insulating\textquotedblright\ (SIC\ 3357), which is one industry inside
the \textquotedblleft Primary Metal Industries\textquotedblright\ (SIC\ 33)
sector. The thirteen products in this industry range from copper wire (SIC\
33571) to fiber optic cable (SIC 33579), and are listed in Table A1 of the
web-based technical appendix. Though these products share a grossly similar
end use, they can differ substantially in terms of the materials and
technologies required to manufacture them.

For the manufacturing sector as a whole, the typical two-digit sector has 24
four-digit industries and 76 five-digit products, as reported in Table A2 of
the web-based technical appendix. The number of products per sector ranges
from a low of 12 in Leather (SIC\ 31)\ to a high of 178 in Industrial
Machinery (SIC 35). Similarly, the average number of products per industry
within sectors ranges from a low of 1.1 in Leather to a high of 5.1 in
Printing and\ Publishing (SIC 27).\footnote{%
There is substantial variation in the precision of industry and product
classifications. For example, Passenger Cars (SIC 37111) and Combat Vehicles
(SIC 37114) are examples of products in the Motor Vehicle industry (SIC
3711), while Textbook Binding and Printing (SIC 27323) and Religious Books,
Binding and Printing (SIC 27323) are examples of products in the Book
Printing industry (SIC 2732).} Nonferrous Wiredrawing and Insulating (SIC\
3357), the industry highlighted above, is just one of 26 Primary Metal
Industries, and its products represent 14 percent (13/90) of the total
number of products in that sector. Products vary substantially in terms of
how they are produced both within and across sectors, as shown in the last
four columns of Table A2, which report products' 1997 capital and skill
intensity by sector.\footnote{%
As the CMF\ does not collect information on input usage (or wages) by
product, we measure a product's capital and skill intensity as the
shipment-weighted average of all plants producing it.}

We interpret the Standard Industrial Classification (SIC) categories used to
record U.S. manufacturing output as discrete partitions of the model's
continuum of products, which become coarser as one increases the level of
aggregation. With this interpretation, the model provides a natural
explanation for the coexistence of single- and multiple-product firms. We
think of firms producing a single product as those whose range of products
falls within a single five-digit category. MP firms, on the other hand, are
those whose product range is wide enough to span several five-digit SIC
categories.

Table \ref{t_mpmi} reports an average breakdown of SP\ and MP\ firms across
the 1987 to 1997 census years in our sample, and also reports the average
number of products, industries and sectors MP\ firms produce. As indicated
in the table, MP\ firms dominate:\ though they represent a minority of firms
(39 percent), they account for a strong majority (87 percent) of shipments.
Multiple-industry and multiple-sector firms are similarly influential,
responsible for 28 and 10 percent of firms but 81 and 66 percent of output,
respectively. The final column of Table \ref{t_mpmi} reveals that the
average MP firm produces 3.5 products, that the average multiple-industry
firm manufactures in 2.8 industries and that the average multiple-sector
firm is present in 2.3 sectors.\footnote{%
On average across the census years 1987 to 1997, the share of MP firms with
a single plant is 84 percent compared to a share of 93 percent for all
firms. Therefore, MP firms are more likely to operate several production
facilities than SP firms, but multiple products are frequently produced
within the same production facility.}
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\section{Empirical Evidence}

Our model highlights a number of features of product switching that operate
at the level of firms, products and firm-products. We organize our empirical
investigation of product switching in this section according to these levels
of analysis. We note that the formal derivation of the model's implications
is available in the web-based technical appendix.

\subsection{Firm-Level Evidence}

In the model, firms with higher productivity produce a wider range of
products than firms with lower productivity because their higher revenues
per product allow them to cover the fixed costs of a larger measure of
products. Idiosyncratic shocks to firm-product profitability drive
steady-state adding and dropping of products within firms, while
idiosyncratic shocks to firm productivity induce changes in the measure of
goods firms produce.

\subsubsection{The Relative Productivity of Multiple-Product Firms\emph{\ }}

Table \ref{t_mp} compares the characteristics of single- and
multiple-product firms in the 1997 census, though we note that results are
similar in previous census years. The table reports the results of OLS
regressions of the natural log of the noted firm characteristic on a dummy
variable equal to unity if the firm produces multiple products as well as
main-industry fixed effects. As indicated in the table, MP\ firms are larger
than SP\ firms in the same industry in terms of both shipments (0.66 log
points) and employment (0.58 log points). We also find that MP firms have
higher revenue-based labor and total factor productivity (TFPR)\ than SP\
firms in the same industry.\emph{\ }
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Similar differences are found with respect to firms producing in multiple
industries and in multiple sectors, except for the TFPR\ differential
between single- and multiple-sector firms. That difference is statistically
indistinguishable from zero, perhaps due to the difficulties of measuring
productivity in firms with disparate products that span two-digit sectors.%
\footnote{%
Our model implies that measurement of TFPR for multiple-product firms is
problematic if, as is the case here, data on inputs at the firm-product
level are unavailable. See also Bernard, Redding and Schott (2005) and Jan
De Loecker (2008). \label{foot_tfp}} All remaining differences displayed in
the table are statistically significant at the 1 percent level.

While our analysis is based on U.S. Census data, we note that other datasets
are amenable to analyzing firms' product scope at various levels of
aggregation. The publicly available Amadeus database published by Bureau Van
Dijck, for example, contains information on EU\ firms' primary and secondary
industries. We note that differences among single- and multiple-industry
firms in those data are similar to the results reported in the second column
of Table 4 below. Unfortunately, the manner in which Amadeus tracks changes
in firms' industries over time makes it difficult to undertake comparisons
of product-mix dynamics across U.S. and EU\ firms.

\subsubsection{Product Switching Within Firms}

We examine product switching by dividing surviving firms into four
exhaustive and mutually exclusive groups based on the manner in which they
alter their mix of products between census years. Possible actions are: (1) 
\textit{None} - the firm does not change its mix of products; (2)\ \textit{%
Drop} - the firm only drops products; (3)\ \textit{Add} - the firm only adds
products; and (4)\ \textit{Both} - the firm both adds and drops products,
i.e., \textquotedblleft churns\textquotedblright\ products.

Table \ref{t_nadb} reports firm activity across these dimensions for the
pooled 1987 to 1997 censuses. Cells in the top panel of the table report the
average percent of firms reporting each activity across five-year census
intervals, while cells in the bottom panel report percentages weighted by
firm output.\footnote{%
Though the figures reported in the table correspond to the probabilities of
product switching conditional on firm survival, it is straightforward to
evaluate the unconditional probabilities of product switching for all firms
by multiplying the figures in the table by the average probability of firm
survival, which is roughly two-thirds.} The five columns in each panel
report results for all firms, MP\ firms, firms that export, firms whose
shipments are above the 75th percentile (\textquotedblleft large
firms\textquotedblright ) and firms with more than one manufacturing plant.
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As indicated in the upper panel of the table, an average of 54 percent of
surviving firms alter their mix of products every five years, 15 percent by
dropping at least one product, 14 percent by adding at least one product and
25 percent by both adding and dropping at least one product. Comparing the
results for all firms in the first column with those for MP firms in the
second column, we find implicitly that SP\ firms are more likely to leave
their product mix unchanged than MP\ firms. From the third column of the
table, we find that exporters are more likely to change their product mix
than non-exporters. Finally, from the remaining columns of the table, we see
that large firms and multiple-plant firms also have above-average rates of
product switching.\footnote{%
Results for SP\ firms, non-exporters, \textquotedblleft
small\textquotedblright\ firms and single-plant firms are available upon
request. An alternate decomposition of activity according to whether firms
do not change their product mix, change their mix but do not net add or drop
any products, change their product mix and net add products or change their
product mix and net drop products indicates that these actions on average
occur 46, 12, 22 and 20 percent of the time, respectively, across census
years.}

The frequency and pervasiveness of product switching displayed in the upper
panel of Table \ref{t_nadb} is consistent with our model. In the lower panel
of the table we report output-weighted results, which reveal that firms
accounting for relatively large shares of output are more likely to add and
drop products than smaller firms across columns. This behavior is also
understandable in light of our theoretical framework, as more productive
firms are more likely to have product ranges wide enough to span five-digit
SIC categories, rendering them more likely to add and drop products. Since
more productive firms in the model also produce more of each product and
have larger total output, firms that switch products are likely to account
for a larger share of output than of the number of firms. As indicated in
the table, an average of 89 percent of all manufacturing output is produced
by firms that change their mix of products across census years. Firms that
both add and drop products account for the largest share of output, at 68
percent.

\subsubsection{Product Switching and Firm Characteristics}

We examine the relationship between product switching and firm outcomes via
OLS\ regressions of log changes in firm characteristics between census years
on dummy variables capturing contemporaneous product-switching behavior,%
\emph{\ }%
\begin{equation}
\Delta Z_{jt}=\alpha _{mt}+\beta _{1}NetDrop_{jt}+\beta
_{2}NetAdd_{jt}+\varepsilon _{jt}.  \label{Outcome}
\end{equation}%
where $\Delta Z_{jt}$\ represents the log difference in a firm outcome
between census years $t-5$\ and $t$; $\alpha _{mt}$ represents a full set of
product-mix by year fixed effects; $NetDrop$ is a dummy variable that is
equal to one if a firm reduces its net number of products and zero
otherwise; and $NetAdd$ is a dummy variable that is equal to one if a firm
increases its net number of products and zero otherwise.\footnote{%
The left out category encompasses firms that undertake no product switching
or, if they do switch products, experience no net change in the number of
products they produce. Similar results are obtained if an additional dummy
variable is included for firms that engage in product switching but
experience no net change in products. Though our regression focuses on net
adding and dropping because these relate most closely to the predictions of
the model, we note that an analogous specification using the \textit{Add}, 
\textit{Drop} and \textit{Both} measures defined above also reveals
statistically significant correlations between product switching and changes
in measured firm characteristics.} The firm characteristics we consider are
real output, employment, and real revenue-based labor and total factor
productivity.\footnote{%
Results for nominal output and nominal output per worker are similar. Due to
the unavailability of product-level price indexes, firms' product-level
shipments are deflated by their corresponding industry-level deflators. The
inclusion of product-mix-by-year fixed effects in the regression helps to
alleviate concerns about product-year variation in prices.} The regression
results, reported in Table \ref{t_firmout}, include all surviving firms
between the 1987 to 1992 and 1992 to 1997 censuses. The regression
coefficients therefore capture the correlation between changes in the net
number of products and changes in firm characteristics conditional on firm
survival. Each row of the table reports results for a different firm-outcome
regression. Standard errors adjusted for clustering at the industry level
are reported in parentheses below coefficients. The number of firm-year
observations included in each regression as well as each regression's $R^{2}$%
\ are reported in the final two columns of the table.
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As indicated in the table, we find that product switching is related to
changes in firm characteristics in the way suggested by the model. We find
that net product adding is associated with an increase in firm size (whether
measured by output or employment) as well as revenue-based labor and total
factor productivity (TFPR). Similarly, we find that net product dropping is
associated with a decrease in firm size and TFPR. Although the correlation
between net product dropping and revenue-based labor productivity is
positive rather than negative, the estimated coefficient is roughly an order
of magnitude smaller than those for the other variables. As noted above, the
structure of our model implies that measuring the productivity of
multiple-product firms is problematic when data on inputs are unavailable at
the firm-product level.

While the regression results in Table \ref{t_firmout} establish that product
switching is accompanied by changes in observed firm characteristics, we
emphasize that they are correlations capturing an equilibrium relationship
between endogenous variables. As product choice is endogenous, the
regression coefficients capture both the non-random decision to change the
net number of products and the impact of this decision on observed firm
characteristics.

\subsubsection{Potential Product-Category Mismeasurement}

Census devotes considerable resources to the accurate collection and
verification of establishments' product-shipment data. As noted above, forms
are designed to minimize measurement error by being tailored to the industry
in which establishments operate, by listing the SIC categories (and
descriptions) that establishments in the industry commonly produce, and by
offering establishments space to record output in unlisted categories. After
forms are collected, Census verifies the consistency of current responses
with past responses and re-contacts establishments whose data appears
erroneous. Nevertheless, our analysis of product switching is susceptible to
establishments' inaccurate transcription of SIC codes.

We believe our results to be robust to product-category mismeasurement for
several reasons. First, we note that our use of five-digit SIC categories to
define products requires only that firms correctly record the first five
digits of the seven-digit SIC\ categories listed on the Census
questionnaire. Second, we find little evidence of spurious product switching
in the data:\ less than two percent of firms across the 1987 to 1997
censuses, for example, are observed producing, not producing, and again
producing the same product. Third, the results reported in Table \ref%
{t_firmout} indicate correlations between product-switching behavior and
separately recorded measures of firm characteristics such as size and input
usage that are systematic and consistent with our model. The consistency of
these and other empirical results with the predictions of the model is hard
to square with simple explanations of mismeasurement based on classical
measurement error.

Fourth, we note that we observe similar switching behavior with respect to
even more easily identified four-digit SIC\ industries and two-digit SIC\
sectors. Table \ref{t_nadb_out42} compares firms' extensive-margin
adjustments for products (column 1; reproduced from Table \ref{t_nadb}),
industries (column two) and sectors (column three) using the same typology
of activities as in Table \ref{t_nadb}. The first row of the table records
the average share of firms making no adjustments between census years. Not
surprisingly, product switching (54 percent)\ is more likely than industry
switching (41 percent), and industry switching is more prevalent than sector
switching (16 percent). Even so, product adding induces an average of 27
percent of firms to enter at least one new industry and 9 percent of firms
to break into at least one new sector every five years. To the extent that
adding industries and sectors requires adopting unfamiliar production and
distribution technologies, these findings also suggest that firms'
extensive-margin adjustments involve considerable changes in the nature and
scope of firms.
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As a final check, we also examine how product switching varies depending on
the main two-digit manufacturing sector of a firm. We find that the average
percent of firms that alter their mix of products every five years varies
from a low of 33 percent in Stone \&\ Concrete (SIC\ 32) to a high of 71
percent in Printing \& Publishing (SIC\ 27), as reported in Table A4 in the
web-based technical appendix. Product switching therefore appears to be a
pervasive feature of the U.S.\ manufacturing sector that is not driven by
behavior in a few influential sectors.

\subsection{Product-Level Evidence}

In the model, there is a positive correlation between products' add and drop
rates:\ while some firms not producing a product receive a positive demand
shock and therefore add it, some of the incumbent producers receive a
negative demand shock and hence drop it. Variation in product add and drop
rates is governed by the probability of receiving a shock. \textquotedblleft
Turbulent\textquotedblright\ product markets, where idiosyncratic shocks are
more likely, exhibit more frequent adding and dropping, other things equal,
than \textquotedblleft stable\textquotedblright\ products where shocks are
less prevalent. A related feature of product switching at the product level
concerns gross versus net changes in product output. As idiosyncratic shocks
lead different sets of firms to add and drop the same product
simultaneously, the model has gross changes in product output dominating net
changes.

\subsubsection{Product Add Versus Drop Rates}

Figure \ref{f_adddrop} displays the mean rate at which five-digit SIC\
products are added and dropped by U.S. manufacturing firms across the 1987
to 1997 censuses. A product's add rate in year $t$ is computed as the number
of firms adding the product between census years $t-5$ and $t$ divided by
the average number of firms producing the product in both years. Drop rates
are computed analogously. As shown in the figure, there is a clear positive
correlation between the rates at which products are added and dropped. This
correlation is statistically significant at conventional levels.\footnote{%
Existing research on plant creation and destruction finds a positive
correlation between plant entry and exit rates. See for example Dunne et al.
(1989a) for the United States.}
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The positive correlation between the rates at which U.S. manufacturing
products are added and dropped indicates that the extensive-margin
adjustments we observe in the data cannot be explained solely in terms of a
net reallocation of economic activity from one group of products to another.
Such a net reallocation would imply a negative correlation between the rates
of product adding and dropping, as growing products are frequently added and
infrequently dropped, and declining products are frequently dropped and
infrequently added. Although the fact that add and drop rates do not lie
perfectly along a 45 degree line indicates that there is some net transfer
of output across products in the data, other forces are also clearly at work.%
\footnote{%
In the model, a turbulent product with a high probability of idiosyncratic
shocks to demand not only has high rates of product adding and product
dropping but also displays a high volatility of shipments at firms that
continue to produce it. Consistent with this implication, we find a positive
correlation in the data between a product's rate of adding or dropping and
its mean standard deviation of log shipments over time at firms that
continue to produce the product.}

We note that while the positive correlation in Figure \ref{f_adddrop} is
hard to reconcile with pure net reallocation \textit{across} products, it
does not rule out unobserved net reallocation \textit{within} products.
Indeed, in the model, net reallocation within products occurs because some
firms add a product as other firms drop it.

\subsubsection{Product Switching and Aggregate Output}

Our model points to product switching as a new dimension of resource
reallocation that complements the more widely-studied margin of plant or
firm entry and exit. To assess the relative importance of this new dimension
at the product and aggregate level, we decompose a product's output
according to the type of firm producing it. In our first decomposition, we
look backward in time to divide product output in year $t$ according to
firms that produce the product in both $t$ and $t-5$ (\textquotedblleft
incumbents\textquotedblright ), surviving firms that do not produce the
product in $t-5$ but do produce it in $t$ (\textquotedblleft
adders\textquotedblright ), and firms that do not exist in $t-5$ but produce
the product in $t$ (\textquotedblleft entering firms\textquotedblright ), 
\begin{equation}
Y_{tp}=\sum_{j\in B_{tp}}Y_{tpj}+\sum_{j\in A_{tp}}Y_{tpj}+\sum_{j\in
N_{tp}}Y_{tpj},  \label{a_decomp}
\end{equation}%
where $p$ indexes products; $j$ denotes firms; and $B_{tp}$, $A_{tp}$ and $%
N_{tp}$ represent the set of incumbents, adders and entering firms,
respectively.

Our second decomposition is forward-looking and divides a product's output
in year $t$ according to firms that produce the product in both $t$ and $t+5$
(\textquotedblleft incumbents\textquotedblright ), surviving firms that
produce the product in $t$ but not in $t+5$ (\textquotedblleft
droppers\textquotedblright ), and firms that produce the product in $t$ but
die between $t$ and $t+5$ (\textquotedblleft exiting firms\textquotedblright
),

\begin{equation}
Y_{tp}=\sum_{j\in B_{tp}}Y_{tpj}+\sum_{j\in D_{tp}}Y_{tpj}+\sum_{j\in
X_{tp}}Y_{tpj},  \label{d_decomp}
\end{equation}%
where $D_{tp}$ and $X_{tp}$ denote the sets of dropping and exiting firms,
respectively.

The decompositions in equations (\ref{a_decomp}) and (\ref{d_decomp}) are
attractive for our analysis for two reasons. First, because they are based
on the nominal value of output in year $t$, they do not require
product-level price deflators. Second, they can be converted into percentage
decompositions for each product by dividing through by $Y_{pt}$. As a
result, they do not require comparisons of output value across products and
so avoid the problems associated with such comparisons.

The upper panel of Table \ref{t_newdecomp} reports the mean product-value
decompositions in percentage terms across all products. Each row of the
panel reports the average decomposition for a particular census year, with
the first three columns looking backward (adding versus entering) and the
final three columns looking forward (dropping versus exiting). In both cases
we find that roughly two-thirds of the average product's output is produced
by incumbents. The remaining output is more or less evenly split between
firms adding or dropping the product and entering or exiting firms. In 1992,
the only year of the sample for which both decompositions can be performed,
adders and entrants are responsible for an average of 14 and 19 percent of
products' output, respectively, while droppers and exiters account for 15
and 18 percent, respectively.
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In Table A3 in the web-based technical appendix, we report the results of a
similar decomposition for the share of firms producing a product in a census
year. While incumbents again make the greatest single contribution, their
average share of firms, at 40 to 45 percent, is lower than their average
share of output. Of the remaining 55 to 60 percent of producers, 29 to 37
percent are entering or exiting firms and 23 to 27 percent are adders or
droppers. In Table A4 in the web-based technical appendix, we report the
results of these decompositions by two-digit sector. While there is some
variation across sectors, we find substantial contributions of roughly equal
magnitude from adders and droppers and entering and exiting firms in each
two-digit manufacturing sector.

The breakdowns reported in Table \ref{t_newdecomp} also highlight the fact
that gross changes in product output are substantially larger than the
associated net changes, an \textquotedblleft excess
reallocation\textquotedblright\ that is similar in spirit to the one found
in job creation and destruction by Stephen J. Davis and Haltiwanger (1992).
Indeed, comparison of the forward-looking 1992 decomposition with the
backward-looking 1997 decomposition reveals that 15 percent of the average
product's 1992 output is accounted for by firms that subsequently drop the
product, while 15 percent of 1997 output is due to firms that just added it.
Over the same period, the change in the average share of output represented
by incumbents was just 3 percent (from 67 to 70 percent).\footnote{%
We find a similar dominance of gross versus net product switching in a
decomposition of\ real U.S. manufacturing growth that separates real output
changes according to firm entry and exit, incumbents' product adding and
dropping and incumbents' continuing-product growth and decline. A
disadvantage of that decomposition relative to the one presented here is its
reliance on industry-level price indexes to deflate the output of all
products within the same industry.}

\subsection{Firm-Product Level Evidence}

In the model, a firm's profitability in a particular product is the result
of an interaction between firm-wide productivity and consumers' taste for
particular firm-products. As a result, firms adding products are likely to
have higher values of firm productivity than firms whose product range
remains constant. Likewise, because consumer tastes are serially correlated
and so are positively correlated with firm-product shipments and the length
of time for which a firm has produced a product, firms are more likely to
drop products that are small (scale dependence) or relatively new to the
firm (age dependence). Finally, variation in consumer taste across products
within firms results in differences in the size of shipments across products
within firms.

\subsubsection{Product Adding}

Firms' product adding decisions are systematically related to their
revenue-based productivity in existing products in the way suggested by the
model. We find a positive association between initial firm revenue-based
productivity and subsequent product adding among firms producing the same
initial mix of products. Table \ref{t_fadd} reports the results of OLS\
regressions of a dummy variable indicating product adding by either SP\
(right panel)\ or MP\ firms (left panel) between 1992 and 1997 on firm
revenue-based productivity in 1992,

\begin{equation}
Add_{jt}=\alpha _{m}+\beta _{1}\text{\textit{Productivity}}_{jt}+\varepsilon
_{jt},  \label{fadd}
\end{equation}%
where $\alpha _{m}$ represents a set of product-mix fixed effects and 
\textit{Productivity}$_{jt}$ is measured in terms of either revenue-based
labor productivity or TFPR. We employ a linear probability model so that
product-mix fixed effects, which allow for a comparison of behavior among
firms producing the same initial set of products, can be included in the
regression. Given that we estimate the regression for a single
cross-section, the product-mix fixed effects control for the level and
change of any product-mix-specific characteristic that influences the
probability of adding a product between 1992 and 1997.\footnote{%
We find similar results for earlier census periods. The analogous
specification when census periods are pooled involves including a full set
of interactions between product mix fixed effects and time fixed effects.
This specification also yields similar results.}

As shown in the two panels of Table \ref{t_fadd}, subsequent product adding
is positively and statistically significantly correlated with both initial
TFPR\ and initial revenue-based labor productivity for both SP\ and MP\
firms. As also shown in the table, this positive correlation remains when
controls for firm size (i.e., employment) and age are included in the
regression. These results are subject to the aforementioned caveats about
the problems of measuring firm productivity when separate data on inputs are
not available by product within firms. Nonetheless, they suggest that the
revenue-based productivity advantage of MP\ firms observed above in Table %
\ref{t_mp}\ is due at least in part to selection:\ SP\ firms who
subsequently become MP\ firms have on average higher revenue-based
productivity than other SP\ firms.\footnote{%
Our finding of a positive correlation between a firm's revenue-based
productivity given its existing product mix and its decision to add a new
product is hard to reconcile with a model in which products are randomly
assigned to firms (see for example Roc Armenter and Mikos Koren 2008). Under
random assignment, there would be no correlation between existing producer
characteristics and the addition of a new product.}
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\subsubsection{Product Dropping}

We also find evidence of scale and age dependence in firms' decisions to
drop products in line with the process of selection within firms emphasized
by the model. Table \ref{t_fpdrop} reports OLS\ regressions of a dummy
indicating the dropping of one of a surviving firm's products between census
years 1992 and 1997 on firms' 1992 relative product size (\textit{Size}$%
_{jit}$) and relative product tenure (\textit{Tenure}$_{jit}$) as well as
both firm and product fixed effects:

\begin{equation}
Drop_{jpt}=\alpha _{j}+\alpha _{p}+\beta _{1}\ln (\text{\textit{Size}}%
_{jpt})+\beta _{2}\ln (\text{\textit{Tenure}}_{jpt})+\varepsilon _{jpt},
\end{equation}%
where $j$ and $p$ index firms and products respectively and $\alpha _{j}$
and $\alpha _{p}$ represent firm and product fixed effects, respectively.
The variables \textit{Size}$_{jpt}$ and \textit{Tenure}$_{jpt}$ are defined
in terms of shipments and the length of time for which a firm has produced a
product respectively. Both size and tenure are measured relative to their
averages for the product via log differencing in each census year. As a
result, these variables control for differences across products in output
and tenure, both at a point in time and over time. We note that we examine
the model's firm-product predictions in the context of product dropping
because construction of an analogous adding sample is impractical given the
size of our dataset. Our sample consists of surviving firms and therefore
the estimated coefficients capture the determinants of a firm's decision
whether to drop products conditional on firm survival.

As our regression specification is estimated for a single cross-section of
data based on the decision whether to drop a product between 1992 and 1997,
the firm fixed effects control for any firm characteristic that is common
across products and affects the decision whether to drop a product over this
period (e.g., total firm shipments, the growth of total firm shipments, firm
age, firm productivity, whether a firm is an exporter or enters/exits export
markets, whether a firm has multiple plants). Similarly, the product fixed
effects control for any product characteristic that is common across firms
and influences the decision whether to drop a product (e.g., an aggregate
change in relative demand or supply across products). The coefficients $%
\beta _{1}$\ and $\beta _{2}$ are therefore identified solely from the
variation in shipments and tenure that is idiosyncratic to individual pairs
of firms and products.\footnote{%
We find similar results for earlier census periods. The analogous
specification when census periods are pooled involves including a full set
of interactions between firm and time fixed effects and between product and
time fixed effects. This specification also yields similar results.}

Results are reported with and without firm and firm-plus-product fixed
effects. In all three cases, coefficient estimates indicate that firms are
less likely to drop a product if their shipments and tenure are large
relative to firms producing the same products.\footnote{%
In the model, consumer tastes follow a first-order Markov process, so that
the probability of drawing a new value for consumer tastes depends only on
the current value of consumer tastes. Furthermore, controlling for firm and
product fixed effects, log firm-product shipments are proportional to the
current value of consumer tastes. Therefore, as in much of the firm entry
and exit literature, age or tenure should become insignificant in a
specification that controls appropriately for scale. One natural explanation
for the significance of firm-product tenure in such a specification is that
consumer tastes follow a higher-order Markov process, and the model could be
extended to allow for this possibility.} To the extent that relative
firm-product size and tenure are positively correlated with firm-product
revenue-based productivity, the results in Table \ref{t_fpdrop}~suggest a
systematic reallocation of economic resources within firms towards
activities that generate more revenue per unit of factor input. As a result,
studies of industry dynamics that ignore firms' extensive margins likely
underestimate the role of reallocation in both output and revenue-based
productivity growth.
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\subsubsection{Product Switching and Firm Output}

We find that the process of reallocation within firms captured in the model
is quantitatively important at the firm level as well as at the aggregate
level. To illustrate this, we decompose the output of surviving firms in a
given census year according to whether the products are continuously
produced versus recently added or about to be dropped. These backward- and
forward-looking firm-level decompositions are analogous to those used for
products in equations (\ref{a_decomp}) and (\ref{d_decomp}), respectively,
above. Here, however, there is no contribution from firm entry or exit
because the decompositions are undertaken for surviving firms.\footnote{%
We note that the product-level decompositions reported earlier are not
simple averages of the firm-level decompositions reported here for
additional reasons besides the focus on surviving firms. In particular, the
weight of firms in the product-level decompositions varies substantially
depending on their size, and the firm-level decompositions include a firm's
output across all products.} As shown in Table \ref{t_fdecomp}, we find that
on average 26 and 31 percent of firm output in 1992 and 1997, respectively,
is represented by products firms added within the previous five years. A
comparable average share of firm output, 29 and 26 percent for 1987 and
1992, respectively, is accounted for by about-to-be-dropped products. These
shares suggest that product switching exerts considerable influence on firm
activity, and that gross changes in firm output are substantially larger
than net changes.
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\subsubsection{Distribution of Product Shipments Within Firms}

To provide evidence on the product heterogeneity within firms featured in
the model, Table \ref{t_pvshare} reports the average share of firm output
represented by each of a firm's products, with products sorted from largest
to smallest. To conform with Census disclosure requirements, we report these
average shares for firms producing up to ten products. We note that firms
producing ten or fewer products represent roughly 99 percent of firms and
roughly half of U.S. manufacturing shipments in our sample. As shown in the
table, the distribution of output across products is highly skewed, with the
average share of firm output attributable to a firm's largest product
declining from 80 percent for firms that produce two products to 46 percent
for firms that produce 10 products.
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A commonly used benchmark in the literature on firm size distributions is
the Pareto distribution, which predicts a log linear regression relationship
between the log rank of firm shipments and log firm shipments. To similarly
assess the product-size distribution within firms producing a like number of
products, we estimate an analogous regression of the log rank of
firm-product size on the log of their share of firm shipments.\footnote{%
If the distribution of shipments, $x$, across products within firms shown in
Table \ref{t_pvshare} is Pareto with minimum value $k$ and shape parameter $%
a $, we have Prob$\left( x>x^{\prime }\right) =\left( k/x^{\prime }\right)
^{a} $. Taking logarithms in this expression and rearranging terms yields
the following relationships: $\log \left( Rank_{p}\right) =A-a\log \left(
x_{p}\right) =B-a\log \left( Share_{p}\right) $, where $Rank_{p}$ is the
rank of $x_{p}$, $Share_{p}=x_{p}/X$, and $A$, $B$ and $X=\sum_{p}x_{p}$ are
constants.} We estimate this regression separately for firms producing four,
six, eight and ten products using the data on the average shares of products
in firm output reported in Table \ref{t_pvshare}. The fitted and actual
values for firm-product rank and size in these regressions are displayed in
Figure \ref{fig_withinsize}. As indicated in the figure, actual values lie
above the regression line in the middle of the distribution and below the
regression line in the tails, implying thinner tails than the Pareto
distribution.\footnote{%
Including a quadratic term in log product size in the regression, we find
that a null hypothesis of linearity is strongly rejected at conventional
levels of statistical significance. From a comparison of the tails across
the panels of Figure \ref{fig_withinsize}, the departures from a Pareto
distribution increase with the number of products that firms produce.}
Therefore the heterogeneity across products within firms stressed in our
model displays the same features as the heterogeneity across firms examined
in the firm-size distribution literature (see, for example, Rossi-Hansberg
and Wright 2007).
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\subsection{Alternate Explanations}

Our empirical analysis of product adding and dropping thus far accords well
with features of product switching highlighted by our model of endogenous
product selection. Here, we discuss potential alternate explanations for the
facts we uncover and the extent to which they receive support from the data.

Explanations of product switching fall into three broad categories according
to whether they focus on factors that are specific to products, on factors
that are specific to firms, or on factors that are idiosyncratic to
firm-product pairings. The first category of explanations emphasizes forces
that are product-specific but common to all firms, such as changes in
relative demand (e.g., changing fashions) or relative supply (e.g., changing
technology). Explanations of this form that involve a net reallocation of
economic activity across products, e.g., from \textquotedblleft
cold\textquotedblright\ to \textquotedblleft hot\textquotedblright\
products, are hard to reconcile with the positive correlation between
products' add and drop rates observed in Figure \ref{f_adddrop}.

A second class of explanations for product switching focuses on factors that
are specific to firms but common to products. Positive shocks to a firm's
productivity, for example, might increase the profitability of all products
it could produce, thereby inducing the firm to add previously unprofitable
products. This class of explanations, however, is hard to reconcile with the
fact that firms simultaneously add and drop products across census years.
Such switching suggests that any firm-specific shocks differentially affect
its products, and are therefore firm-product specific. A more fundamental
challenge for both firm- and product-specific explanations of product
switching is our finding that firm-product characteristics are influential
determinants of product switching even after controlling separately for firm
and product characteristics.

The model developed in Section I falls into the third category of
explanations, which concentrates on the role of firm-product attributes in
influencing product switching. In our model, the interaction of
idiosyncratic shocks to firm productivity and firm-product demand fosters
both self-selection of firms and self-selection of products within firms.
Klette and Kortum (2004) -- hereafter KK -- offer an alternate firm-product
approach that emphasizes innovation.\footnote{%
See also Rasmus Lentz and Dale T. Mortenson (2005), Luttmer (2008) and
Chatterjee and Rossi-Hansberg (2008) for other innovation-based models of
firm scope.} In the KK model, products cycle across firms as they exchange
technological dominance. While this model is consistent with some of the
stylized facts we present (e.g., product switching across census years), it
fails to capture others. In KK, for example, the firm-size distribution is
determined entirely by variation in the extensive margin of the number of
products firms produce. In the data, however, we find that the intensive
margin of output per product is quite influential in determining variation
in firm size.\footnote{%
Regressing the log of firm average output per product (the intensive margin)
and the log of firm number of products (the extensive margin) on the log of
firm total output, we find that the intensive margin accounts for around 90
percent of the cross-section variation in firm size.} The KK\ model also
predicts a constant hazard rate -- equal to the economy-wide rate of
creative destruction -- for firms' dropping of products. Here, however, we
find that the probability that a firm drops a product is decreasing in
firm-product shipments and the length of time for which the firm has
produced the product. Though our data motivate the development of the
selection model described above, we believe that extending innovation-based
models to match our new stylized facts is another interesting avenue for
further research.

\section{Extending the Basic Selection Model}

In this section we highlight several dimensions of the data that are less
well captured by either our model or the alternative potential explanations
discussed above, but which point to potentially fruitful lines of future
theoretical and empirical research.

\subsection{Product Coproduction}

Our first set of additional results relates to the types of goods firms tend
to produce together. Table \ref{t_coprod} reports the average annual
frequency, in thousands, with which firms coproduce products within and
across sectors from 1987 to 1997. Dark shading indicates coproduction that
is significantly more frequent than expected based on the individual
probabilities of producing each product, while light shading indicates
significantly less coproduction.\footnote{%
We assess statistical significance by comparing the observed co-production
frequencies to those that would be expected under a null hypothesis that the
decisions to produce row and column product lines are independent. Under
this null, the expected frequency with which a particular pair of major
sectors is co-produced follows an independent Poisson distribution. An
individual cell's deviation from random co-production therefore follows a
standard normal distribution, $\frac{o_{rc}-e_{rc}}{\sqrt{e_{rc}}}\sim
N\left( 0,1\right) ,$ where \thinspace $o_{rc}$ and $e_{rc}$ are the
observed and expected frequencies in row $r\,$\ and column $c$,
respectively. Summing across cells, the statistic for testing whether the
entire matrix of frequencies is generated by random co-production, $%
\dsum\nolimits_{r,c}\frac{\left( o_{rc}-e_{rc}\right) ^{2}}{e_{rc}}$, is
distributed chi-squared.} As shown in the table, the probability that a firm
produces a product in the row sector conditional on production of a product
in the column sector is relatively high within sectors as well as between
sectors that appear related (e.g., Apparel and Textiles, or Electronics and
Industrial Machinery). Furthermore, the matrix of data as a whole rejects
the null hypothesis that the probability a firm produces a product is
independent of the firm's other products (p-value \TEXTsymbol{<} 0.01).
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In developing our model, we assumed for simplicity that consumer tastes $%
\lambda _{i}$ were independently distributed across products. As a result,
the only interdependence in firm sales across products arises from firm
productivity $\varphi $, which raises or reduces a firm's sales across all
products proportionately. However, the findings in Table \ref{t_coprod}
suggest richer forms of interdependence, where some pairs of products are
systematically coproduced within firms, while other pairs of products are
systematically produced in separate firms.\footnote{%
Similarly, the co-production findings in Table \ref{t_coprod} sit awkwardly
with the assumption in the innovation-based model of Klette and Kortum
(2004) that the identity of the product to which a firm's innovation applies
is drawn randomly from the set of potential products.} One way of extending
the model to capture richer forms of interdependence is to allow consumer
tastes (or equivalently a product-specific component of productivity) to be
correlated across products. For example, product characteristics that are
highly valued in one product market (e.g., apparel) may be highly valued in
another product market (e.g., textiles). While such an extension would bring
the model closer to the data, this would come at the cost of making the
model considerably less tractable. Nevertheless, achieving greater
understanding of the sources of interdependence in demand or production
technology across products within firms would be useful.

\subsection{Modes of Product Switching}

Our second set of additional results relates to the mode by which firms add
and drop products. There are a variety of ways in which firms can add a
product:\ at existing facilities, at newly constructed plants, or by
acquiring an existing plant from another firm. Similarly firms can drop
products at continuing plants, by closing plants or by selling plants to
another firm.

Table \ref{t_ma} reports the distribution of product adds (top panel) and
drops (bottom panel)\ according to how they are accomplished. As indicated
in the first column of each panel, roughly 85 percent of added and dropped
products, respectively, are added and dropped at existing plants. The share
of the number of products added and dropped through mergers \& acquisitions
(M\&A) is relatively small: less than 10 percent of both adds and drops
involve plant acquisitions or divestitures whether by themselves or in
combination with another mode of product switching. However, as shown in the
second column of each panel, M\&A activity is substantially more important
as a share of the value of products added and dropped, indicating that the
products added and dropped through plant acquisitions or divestitures are on
average larger than those added and dropped through other modes of product
switching. Columns three and four of each panel show that a similar pattern
is observed for the share of firms that add and drop products.
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A distinct but related issue is the extent to which M\&A is accompanied by
any of the modes of products switching. Comparing product and
sector-switching according to whether or not firms concomitantly acquire or
divest a plant, we find that firms involved in an ownership change are
relatively more likely to change their mix of products, as reported in Table
A5 in the web-based technical appendix. An average of 94 percent of firms
that engage in M\&A\ activity also alter their mix of products, compared
with an average of 53 percent for firms that do not participate in an
acquisition or divestiture. For sector switching, the importance of M\&A\ is
even more stark: the analogous percentages are 67 and 15 percent.

While our finding that product switching frequently occurs within firms'
existing plants motivates the model's abstraction from M\&A and the creation
of new plants, the introduction of these complementary modes of product
switching is an interesting area for further research.

\section{Conclusions}

The extent to which resources are allocated to their best use is a primary
concern of economics. Virtually all empirical research on reallocation as a
source of industry output and measured productivity growth focuses on plant
or firm entry and exit or changes in the composition of output across plants
or firms. This paper identifies product switching as an important source of
reallocation within firms and analyzes its determinants and consequences.

Guided by a natural extension of existing models of industry dynamics that
allows firms to produce an endogenous range of products in response to
evolving firm and product characteristics, we develop a body of evidence
about this new dimension of firm behavior. Using a novel dataset that tracks
U.S.\ manufacturing output at the level of five-digit products within firms,
we find that firms add and drop products with surprising intensity and
frequency. On average, 54 percent of US\ manufacturing firms alter their mix
of five-digit products every five years, and these adjustments lead an
average of 41 percent of firms to enter new or exit existing four-digit
industries, and 16 percent of firms to extend or contract their set of
two-digit sectors. Overall, we find that the gross contributions of product
adding and dropping to the evolution of aggregate manufacturing output are
as large as the gross contributions of firm entry and exit.

We demonstrate that observed patterns of product switching are inconsistent
with explanations based purely on net reallocation across products and are
more generally hard to reconcile with explanations based on firm or product
shocks alone. In contrast, we find support for the central features of our
extended model of industry dynamics, which emphasizes selection within as
well as across firms. In particular, the model accounts for the positive
correlation across products between the rate of product adding and dropping
and the age and scale dependence observed in the probability a product is
dropped.

Though our basic framework is a good match for key features of the census
data, additional empirical analysis reveals areas in which it might be
extended. In the current version of the model, for example, the only source
of dependence in profitability across a firm's products is the firm's
overall productivity: higher firm productivity raises the profitability of
all products. Empirical examination of firms' product mix, however, reveals
that firms are more likely to co-manufacture products within the same
industry, or within \textquotedblleft linked\textquotedblright\ industries,
e.g., lumber and furniture or electronics and instruments. An extended
version of our model might incorporate demand- or supply-side
complementarities that rationalize these links. Similarly, extending the
model to allow firms to endogenously choose between various modes of product
switching, such as plant creation and M\&A, is another interesting avenue
for future research.
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As noted in the paper and the computer code, our analysis relies data gathered and maintained by the U.S. Census Bureau. These data are not available to the general public and can only be accessed by permission of the Census Bureau. Guidelines for gaining such permission are available on the Center for Economic Studies (CES) website, www.ces.census.gov.
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A Introduction


This technical appendix contains a more detailed exposition of the model and additional
supplementary material for the paper. The remainder of the technical appendix is structured
as follows. Section B develops the model. Section C derives the features of product switching
at the �rm, product and �rm-product level that we examine empirically in the paper. For
further economic intuition, Section D considers a particularly tractable special case of the
model that abstracts from serial correlation in consumer tastes and productivity. Though
this setup does not give rise to scale and age dependence in product dropping, it neverthe-
less provides insight into many of the other features of product switching found in the more
general model and observed in our census data. Section E characterizes the model�s implica-
tions for revenue and quantity-based measures of productivity. Section F reports additional
empirical results. An appendix at the end of this document contains technical derivations
and the proofs of propositions.


B Dynamic Firm-Product Selection Model


In this section, we develop in further detail the model of multi-product �rms and product
switching discussed in the paper. The model builds closely on existing theories of industry
dynamics, in which �rms produce a single product and pro�tability varies stochastically
across �rms over time (see for example Jovanovic 1982, Hopenhayn 1992, Ericson and Pakes
1995, andMelitz 2003). In these existing models, �rms that are heterogeneous in productivity
are assumed to produce a single product, with the result that �rm and product-market entry
and exit are equivalent. Here, we develop a natural extension of such models in which �rms
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drew.b.bernard@dartmouth.edu. Redding: Yale School of Management & CEPR, 135 Prospect St., New
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St., New Haven, CT 06520, peter.schott@yale.edu. Bernard and Schott (SES-0241474) and Schott (SES-
0550190) thank the National Science Foundation, and Redding thanks the Centre for Economic Performance,
the Leverhulme Trust and Princeton University for research support. We thank Evan Gill and Justin Pierce
for excellent research assistance, and Jim Davis for timely disclosure. We thank the editor, three anony-
mous referees and Esteban Rossi-Hansberg for insight and suggestions. We are also grateful to Marc Melitz,
Sharon Oster, Peter Neary, John Sutton, John Van Reenen, Stephen Yeaple and seminar participants at
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and conclusions or recommendations expressed in this material are those of the authors and do not neces-
sarily re�ect the views of the NSF, NBER, CEPR, or the U.S. Census Bureau. Results have been screened
to insure that no con�dential data are revealed.
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choose to produce an endogenous range of products in response to evolving �rm and product
characteristics. The model highlights a number of features of product switching at the �rm,
product and �rm-product level that we use to guide our empirical research and that are
derived below.


B1. Preferences and Endowments


The representative consumer�s utility is de�ned over the consumption of a �xed continuum
of products, which we normalize to the interval [0; 1]. Utility is assumed to be a constant
elasticity of substitution function of the consumption of each of the continuum of products:


U =


�Z 1


0


(aiCi)
� di


� 1
�


; 0 < � < 1: (1)


where i indexes products, ai > 0 is a demand parameter that allows the relative importance
of products in utility to vary, and � = 1


1�� > 1 is the elasticity of substitution between
products.
As discussed further below, �rms decide whether or not to participate in each product


market, and if they choose to participate, to supply a horizontally di¤erentiated variety
of a product. Therefore Ci is a consumption index for product i, which is de�ned over
the horizontally di¤erentiated varieties of �rms, and is also assumed to take the constant
elasticity of substitution form:


Ci =


�Z
!2
i


(�i (!) ci (!))
� d!


� 1
�


; 0 < � < 1: (2)


where ! indexes �rm varieties within product i. The demand parameter �i (!) � 0 captures
the representative consumer�s tastes for a �rm�s variety within product i and allows demand
to vary across the varieties of a given product supplied by di¤erent �rms.1 Although not
central to our results, we make the natural assumption that the elasticity of substitution
across varieties within products is greater than the elasticity of substitution across products,
� = 1


1�� > � = 1
1�� > 1. Similarly, we also assume for simplicity that the elasticity of


substitution across varieties within products, � = 1
1�� , is the same for all products. The


price index dual to (2) is:


Pi =


"Z
!2
i


�
pi (!)


�i (!)


�1��
d!


# 1
1��


: (3)


Consumer expenditure minimization implies that revenue for a variety of a product ri (!)
depends upon the own variety price pi (!), consumer tastes �i (!), the product price index
Pi and aggregate product revenue Ri, while aggregate product revenue Ri depends on the
product price indices Pi and aggregate revenue for the economy as whole R:


ri (!) = pi (!)
1�� �i (!)


��1 P ��1i Ri; Ri =


"
(Pi=ai)


1��R 1
0
(Pi=ai)


1�� di


#
R (4)


1One interpretation of the parameter �i (!) is product quality, though it also captures other more subjec-
tive characteristics of a �rm�s variety that in�uence the representative consumer�s demand for that variety.
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Labor is the sole factor of production and is assumed to be in inelastic supply L (which
also indexes the size of the economy).


B2. Production Technology


A �rm is de�ned by its production technology (productivity ') and its product attributes
that in�uence demand (consumer tastes �i).2 Selection across �rms is driven by heterogeneity
in productivity ', while selection within �rms arises as a result of heterogeneity in consumer
tastes across a �rm�s products �i. Productivity and consumer tastes evolve stochastically
over time, and �rms make endogenous decisions whether to enter and exit and whether to
participate in individual product markets as productivity and consumer tastes evolve.
We assume that there is a competitive fringe of potential �rms who are identical prior to


entry. In order to enter, �rms must incur a sunk entry cost of fe > 0 units of labor, which
can be interpreted as an upfront investment in research and development (R&D). Incurring
the sunk entry cost creates a �rm brand and a blueprint for one horizontally di¤erentiated
variety of each product that can be produced using this brand. The �rm�s productivity and
the demand for its variety of each product are uncertain prior to entry. Once the sunk cost
has been incurred, the �rm observes its productivity ' and consumer tastes for its products
�i, and decides whether to enter or exit. If the �rm decides to exit, the knowledge embodied
in its productivity and product blueprints is lost, and the sunk cost must be incurred again
in order for the �rm to re-enter. If the �rm decides to enter, productivity and consumer
tastes evolve over time according to stochastic processes whose properties are known prior
to entry.
We choose a speci�cation for the evolution of productivity and consumer tastes that


is both tractable and su¢ ciently general to match key features of the �rm-product data.
After the sunk entry cost is paid, �rm productivity, ' 2 ['; �'] � [0;1), is drawn from a
continuous distribution ge ('), and consumer tastes for the �rm�s variety, �i 2 [�; ��] � [0;1),
are drawn from a continuous distribution zei (�i) for each product i. The subscript e is
mnemonic for entry and the corresponding cumulative distributions are denoted by Ge (')
and Zei (�i) respectively. To make the �rm�s problem an interesting one, we assume that the
intervals for productivity and consumer tastes are su¢ ciently wide that we have an interior
equilibrium, in which a �rm�s entry decision depends on its productivity and the decision
to participate in individual product markets depends on consumer tastes. To make use of
law of large numbers results, the productivity and consumer taste distributions are assumed
to be independent across �rms, which enables idiosyncratic risk to be perfectly diversi�ed
across �rms. Similarly, we assume that the consumer taste distributions are independent
across products and the consumer taste and �rm productivity distributions are uncorrelated
with one another, which simpli�es the characterization of the equilibrium range of products
produced by a �rm.3


2We follow existing models of industry dynamics in taking a technological approach to the boundaries of
the �rm. As such we refrain from endogenizing the ownership of the knowledge assets that embody tech-
nology, as in the incomplete contracts literature following Grossman and Hart (1986). Implicitly, knowledge
assets are assumed to be intangible so that they cannot be transferred beyond the boundaries of the �rm
using arms-length transactions.


3While the consumer taste and �rm productivity distributions are independent of one another, there
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Following entry, a �rm faces a constant Poisson probability "i > 0 of a shock to consumer
tastes �i for its variety of product i, in which case a new value for consumer tastes �0i
is drawn from a continuous conditional distribution zci (�


0
ij�i). Both the probability of a


consumer taste shock ("i) and the conditional distribution for consumer tastes (zci (�
0
ij�i))


are allowed to vary across products. Following entry, the �rm also faces a constant Poisson
probability � > 0 of a shock to productivity ', in which case a new value for productivity '0


is drawn from a continuous conditional distribution gc ('0j'). The subscript c is mnemonic
for conditional, and we denote the corresponding cumulative distributions by Zci (�


0
ij�i) and


Gc ('
0j') respectively. While the probabilities "i and � are independent across time, our


formulation allows for serial correlation in consumer tastes and �rm productivity, because
the new draws for these variables following a stochastic shock depend on their existing
values through the conditional distributions zci (�


0
ij�i) and gc ('0j'). We make the natural


assumption of positive serial correlation, @Zci (�
0
ij�i) =@�i < 0 and @Gc ('0j') =@' < 0 for


�0i 2
�
�; ��
�
and '0 2


�
'; �'


�
, so that the probability of drawing a new value for consumer


tastes (productivity) below �0i ('
0) is decreasing in the existing value of consumer tastes


(productivity). In addition to stochastic shocks to productivity and consumer tastes, the
�rm faces a constant Poisson probability of death � > 0, which captures force majeure events
unrelated to the pro�tability of the �rm.4


Once the sunk cost has been incurred and productivity and consumer tastes are observed,
the �rm decides whether to enter and which products to produce. We assume that there
is a �xed corporate headquarters cost of fh > 0 units of labor, which the �rm must incur
irrespective of the number of products that it chooses to produce, and a �xed production cost
of fpi > 0 units of labor for each product i that is produced. There is a constant marginal
cost of production for each product, which depends upon the �rm�s productivity. Total labor
employed by a �rm with productivity ' is therefore:


l (') = fh +


Z 1


0


Ii


�
fpi +


qi ('; �i)


'


�
di; (5)


where Ii is an indicator variable which equals one if a �rm produces product i and zero
otherwise, and q ('; �i) denotes output of product i by a �rm with productivity ' and
demand parameter �i.


B3. Firm-Product Pro�tability


Demand for a �rm�s variety of a product depends upon the own variety price, the price
index for the product and the price indices for all other products. If a �rm produces a
product, it supplies only one of a continuum of varieties, and so is unable to in�uence the
price index for the product. Additionally, the price of a �rm�s variety of one product only


is interdependence in a �rm�s pro�tability across products, because �rm productivity is common across
products.


4The model can be extended to allow �rms to make endogenous investments in improving productivity
and enhancing consumer tastes, but these extensions are not central to the model�s key predictions, which
are driven by selection. Our focus on selection within �rms mirrors the emphasis on selection across �rms
in existing industry dynamics models of �rm creation and destruction, such as Hopenhayn (1992), Ericson
and Pakes (1995) and Melitz (2003).
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in�uences the demand for its varieties of other products through the price indices. Therefore,
the �rm�s inability to in�uence the price indices implies that its pro�t maximization problem
reduces to choosing the price of each product variety separately to maximize the pro�ts
derived from that product variety.5 This optimization problem yields the standard result
that the equilibrium price of a product variety is a constant mark-up over marginal cost:


pi ('; �i) =
1


�


w


'
; (6)


where we choose the wage for the numeraire and so w = 1.
From consumer expenditure minimization, substituting for the pricing rule and using the


choice of numeraire, equilibrium revenue and pro�ts from a product variety are:


ri ('; �i) = Ri (�Pi'�i)
��1 ; �i ('; �i) =


ri ('; �i)


�
� fpi; (7)


where Ri denotes aggregate expenditure on product i.
From equation (7), di¤erences in �rm productivity have exactly the same e¤ects on


equilibrium revenue and pro�ts from a product as di¤erences in consumer tastes for the �rm�s
variety, because prices are a constant mark-up over marginal costs and demand exhibits a
constant elasticity of substitution.6 From the expression for equilibrium product revenue,
the ratio of revenue for two varieties of the same product depends solely on the relative
productivities of the �rms producing those varieties and the relative strength of consumer
demand for those varieties:


ri ('
00; �00i ) = ('


00='0)
��1


(�00i =�
0
i)
��1


ri ('
0; �0i) : (8)


The key economic decisions of a �rm in the model are whether to enter or exit and in
which product markets to participate. Under our assumptions, the �rm�s decision whether
or not to produce a product takes a very tractable form. Fixed and marginal production
costs for individual product varieties have no sunk component and consumer tastes for a
�rm�s variety of a product evolve independently of whether the �rm�s variety is actually
produced. The �rm�s decision whether or not to produce its variety of a product thus reduces
to a period-by-period comparison of contemporaneous revenue and production costs.7 The
existence of product �xed production costs implies that there is a zero-pro�t consumer
taste cuto¤ ��i (') for a �rm with productivity ', such that the �rm will produce the


5The structure of our model eliminates strategic interaction within or between �rms. This choice of model
structure enables us to isolate the role of selection within and across �rms from considerations of strategic
interaction.


6Therefore �i has an equivalent interpretation as a component of a �rm�s productivity that is speci�c
to individual products. Under this alternative interpretation, which leaves the determination of general
equilibrium unchanged, stochastic shocks to �i capture changes in �rm productivity that are speci�c to
individual products.


7In contrast, the costs of �rm entry are sunk, which introduces an option value to �rm entry, as discussed
further below. While our analysis can be extended to also allow for sunk costs of entering each product, the
resulting option value to producing each product complicates the analysis without substantively changing
the features of the model that we examine in our empirical work.
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product if consumer tastes �i are equal to or greater than �
�
i ('). From the expression for


equilibrium pro�ts above, the value of ��i (') is de�ned by the following zero-pro�t condition:


ri ('; �
�
i (')) = Ri (�Pi'�


�
i ('))


��1 = �fpi: (9)


Using the expression for relative product variety revenue in equation (8) above, equilib-
rium revenue and pro�ts from a product can be expressed relative to the revenue of a variety
with the zero-pro�t consumer taste:


ri ('; �i (')) =


( �
�i


��i (')


���1
�fpi


0


for �i � ��i (')


otherwise
; (10)


�i ('; �i (')) =


8<:
��


�i
��i (')


���1
� 1
�
fpi


0


for �i � ��i (')


otherwise
:


As consumer tastes for a �rm�s variety of each product change over time, previously
pro�table products become unpro�table and are dropped when �i falls below the zero-pro�t
cuto¤ value ��i ('). Similarly, previously unpro�table products become viable and are added
when �i rises above �


�
i (').


The equilibrium of the model features an endogenous stationary distribution for con-
sumer tastes �i across �rms within each product i, which we denote by zi (�i), and which
is in�uenced by both the entry and conditional distributions for consumer tastes and the
probability of a consumer taste shock. The stationary distribution for consumer tastes is
independent of �rm productivity, since the entry and conditional distributions for consumer
tastes are by assumption independent of the corresponding distributions for �rm produc-
tivity. The stationary distribution of consumer tastes within each product is characterized
by the requirement that the in�ow of �rms to consumer taste �i equals the corresponding
out�ow from consumer taste �i for all �i 2 [�; ��]:


zei (�i) [1�Ge ('
�)]Me+


"Z ��


�


"izic (�ij�0i) zi (�0i) d�0i


#
M = (� + �+ "i) zi (�i)M;(11)


where Me denotes the mass of entrants each period; M denotes the mass of �rms produc-
ing; '� is the zero-value cuto¤ productivity below which a �rm exits as determined below;
� � �


R �'
'�
Gc ('


�j') g (') d' is the aggregate probability of �rm exit due to stochastic pro-
ductivity shocks, which depends on the stationary distribution of �rm productivity g (')
that is characterized below.
The equality of in�ows and out�ows in equation (11) has an intuitive interpretation. The


�rst and second terms on the left-hand side are the in�ow of �rms to consumer taste �i as
a result of �rm entry and consumer taste shocks, respectively. The �rst, second and third
terms on the right-hand side are respectively the out�ow of �rms from consumer taste �i as
a result of �rm death, productivity shocks that induce �rm exit and consumer taste shocks.
The stationary distribution for consumer tastes determined by the equality of in�ows and
out�ows is de�ned over the interval [�; ��], such that


R ��
�
zi (�i) d�i = 1, and we denote the


corresponding cumulative distribution by �zi (�i). There is also a corresponding station-
ary distribution for consumer tastes conditional on a product being produced, which is a
truncation of the distribution zi (�i) at the zero-pro�t cuto¤ �


�
i (').
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B4. Firm Pro�tability


Having characterized a �rm�s decision whether to produce a product, we now examine
�rm pro�tability across the continuum of products as a whole. The total revenue and pro�ts
of a �rm with productivity ' are as follows:


r (') =


Z 1


0


Iiri ('; �i) di; � (') =


Z 1


0


Ii�i ('; �i) di� fh; (12)


where Ii is again the indicator variable which equals one if a �rm produces product i and
zero otherwise.
With a continuum of products and independent distributions for consumer tastes, the


law of large numbers implies that a �rm�s expected revenue across the continuum of products
equals the sum of its expected revenues from each product. Total �rm revenue and pro�ts
across the continuum of products are thus:


r (') =


Z 1


0


"
[1� �zi (��i ('))]


Z ��


��i (')


ri ('; �i)


�
zi (�i)


1� �zi (��i ('))


�
d�i


#
di; (13)


� (') =


Z 1


0


"
[1� �zi (��i ('))]


Z ��


��i (')


�i ('; �i)


�
zi (�i)


1� �zi (��i ('))


�
d�i


#
di� fh:


While consumer tastes for a �rm�s variety of a product are stochastic, the law of large
numbers implies that all �rms with the same productivity experience the same �ow of total
pro�ts across the continuum of products. Stochastic shocks to consumer tastes generate
�uctuations in the pro�tability of individual products, which lead them to be added and
dropped over time. However, these �uctuations in the pro�tability of individual products
average out at the level of the �rm, so that the evolution of total �rm pro�ts over time is
determined solely by stochastic shocks to �rm productivity.
Once a �rm observes its productivity and hence total pro�ts across the continuum of


products, it decides whether or not to enter. The lower a �rm�s productivity ', the higher
the zero-pro�t cuto¤ for product expertise ��i ('), and so the lower the probability of having
a value for consumer taste su¢ ciently high to pro�tably produce a product (1� �zi (��i ('))).
With a continuum of products and independent distributions for consumer tastes, the fraction
of products produced by a �rm with productivity ' equals the sum of the probabilities of
producing each product:


� (') =


Z 1


0


(1� �zi (��i ('))) di (14)


As a �rm with lower productivity has a lower probability of producing each product, it
produces a smaller range of products than another �rm with higher productivity. Therefore,
the range of products produced by a �rm is monotonically increasing in its productivity. Ad-
ditionally, for su¢ ciently low values of a �rm�s productivity, the excess of revenue over �xed
production costs in the small range of pro�table products falls short of the �xed headquar-
ters cost, and the instantaneous �ow of total �rm pro�ts across the continuum of products
is negative.
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The existence of a sunk entry cost combined with stochastic shocks to productivity gen-
erates an option value to �rm entry, so that a �rm�s entry decision does not simply depend
on a comparison of total �rm pro�ts and the �xed headquarters cost. If a �rm chooses to
exit, it forgoes both the net present value of its instantaneous �ow of pro�ts and also the
option of experiencing stochastic productivity shocks. Therefore, with this option value to
�rm entry, the threshold productivity for �rm entry and exit will in general lie below the
productivity at which the instantaneous �ow of total �rm pro�ts is equal to zero. The value
of a �rm with productivity ' is determined according to the following Bellman equation:


v (') =


8><>:
�(')+�[


R �'
'� [v('


0)�v(')]gc('0j')d'0]
�+�Gc('�j')


0


for ' � '�


otherwise


; (15)


where '� is the zero-value cuto¤ productivity below which a �rm exits; � is the exogenous
probability of �rm death; �Gc ('�j') is the endogenous probability of �rm exit, which de-
pends on productivity ', and equals the probability of a stochastic shock to productivity
� times the probability of drawing a new value for productivity below the zero-value cuto¤
G ('�j').
The Bellman equation (15) has an intuitive interpretation. The value of a �rm with


productivity ' is the �ow of current pro�ts plus the expected value of capital gains or losses
as a result of a stochastic productivity shock, discounted by the probability of �rm exit.
To determine the value of a �rm with productivity ', it proves convenient to re-write the
Bellman equation in the following way:


v (') =


8<:
�(')
�+�


+ �
�+�


R �'
'� v ('


0) gc ('
0j') d'0


0


for ' � '�


otherwise


; (16)


which, as shown in the appendix at the end of this document, has the following solution:


v (') =


8<:
�(')
�+�


+ �
�+�


R �'
'� � ('


0)� ('0) gc ('
0j') d'0


0


for ' � '�


otherwise


; (17)


where � (') is determined in the appendix.
The zero-value cuto¤ productivity '� below which exit occurs is de�ned by v ('�) = 0,


which implies:


�� ('�) = �


Z �'


'�
� ('0)� ('0) gc ('


0j'�) d'0; (18)


so that at productivity '� the �ow of current losses exactly equals the probability of a
stochastic shock to productivity times expected pro�ts following a productivity shock.
As well as an endogenous stationary distribution for consumer tastes within each product,


the equilibrium of the model also features an endogenous stationary distribution for �rm
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productivity ', which we denote by g ('). This stationary distribution for �rm productivity
is determined by the requirement that the in�ow of �rms to each productivity equals the
corresponding out�ow from each productivity for all ' � '�:


g (')Me +


Z �'


'�
�gc ('j'0) g ('0) d'0M = (� + �) g (')M (19)


The equality of in�ows and out�ows from each productivity in equation (19) also has an
intuitive interpretation. The �rst and second terms on the left-hand side are the in�ow of
�rms to productivity ' from entry and productivity shocks, respectively. The �rst term on
the right-hand side is the out�ow of �rms from productivity ' due to exogenous �rm death.
The second term on the right-hand side is the out�ow of �rms from productivity ' to other
values of productivity as a result of productivity shocks, including productivity shocks that
induce endogenous �rm exit. We de�ne the stationary distribution for �rm productivity
g (') as conditional upon entry, so that


R �'
'� g (') = 1, and we denote the corresponding


cumulative distribution by �g (').


B5. Firm Entry


The equilibrium zero-value cuto¤ productivity '� is determined by the free entry condi-
tion that requires the expected value of entry to equal the sunk entry cost. The expected
value of entry is equal to the probability of successful entry times the expected value of the
�rm conditional on successful entry:


V = [1�Ge ('
�)] �v = fe; �v �


Z �'


'�
v (')


�
ge (')


1�Ge ('�)


�
d'; (20)


where [1�Ge ('
�)] is the ex ante probability of drawing a productivity above the zero-value


cuto¤'�, and �v is the expected value of the �rm conditional on entry, which depends on the
equilibrium value of the �rm for each productivity from (17) and the ex ante productivity
distribution ge (').
Firms are assumed to �nance the sunk entry cost by issuing equity to the representa-


tive consumer. As there is a continuum of �rms, and the productivity and consumer tastes
distributions are independent across �rms, consumers can perfectly diversify the idiosyn-
cratic risk of stochastic shocks to a �rm�s productivity and consumer tastes. Therefore the
equilibrium rate of return received by the representative consumer on �rm equity is equal
to the aggregate risk of �rm death and exit due to productivity shocks, which is equal to
� + � � � + �


R �'
'�
Gc ('


�j') g (') d'.


B6. Goods and Labor Markets


While the analysis so far has characterized �rm-level decisions about entry and produc-
tion, we now turn to the determination of aggregate variables, such as the price indices and
product revenue, which depend on the mass of �rms. The stationary equilibrium of the
model is characterized by a constant mass of �rms entering each period, Me, and a constant
mass of �rms producing, M . Each of the �rms producing is active in a subset of product







Technical Appendix to Multi-Product Firms and Product Switching 10


markets, with the steady-state mass of �rms producing a given product, Mpi, equal to a
constant fraction of the mass of �rms producing.
To determine the mass of �rms producing a given product, we note that of the mass of


�rms with productivity ', a fraction [1� �zi (��i ('))] produce product i. Therefore the total
mass of �rms producing product i can be determined from this fraction by integrating over
values for productivity using the stationary productivity distribution:


Mpi =


�Z �'


'�
[1� �zi (��i ('))] g (') d'


�
M; (21)


The mass of �rms producing, M , can be in turn determined from aggregate revenue, R,
and the expected revenue of a �rm conditional on production, �r:


M =
R


�r
; �r =


Z �'


'�
r (') g (') d' (22)


where revenue across the continuum of products for a �rm with productivity ', r ('), is
given by (13).
The mass of �rms entering each period, Me, can be determined from the mass of �rms


producing, M . With a constant mass of �rms producing in the stationary equilibrium, the
mass of �rms that enter and draw a productivity above the zero-value cuto¤must equal the
mass of �rms that exit, which equals the mass of �rms that die or draw a new productivity
below the zero-value cuto¤:


[1�Ge ('
�)]Me = (� + �)M: (23)


where � � �
R �'
'�
Gc ('


�j') g (') d'.
The price indices for each product, Pi, can be determined from the mass of �rms producing


each product, Mpi. From the equilibrium pricing rule (6), the price index for a product can
be written as a function of the mass of �rms producing the product and the price of a variety
with a weighted average of �rm productivity and consumer tastes:


Pi =M
1


1��
pi


1


�~'i
; (24)


where the weighted average ~'i depends on the stationary distributions of �rm productivity
and consumer tastes and is de�ned in the appendix at the end of this document.
Aggregate revenue for each product, Ri, can be in turn determined from the price indices,


Pi, and aggregate revenue, R, using equation (4). Finally, labor market clearing requires that
the demand for labor in production and entry equals the economy�s supply of labor:


Lq + Le = �L; (25)


where the subscripts q and e denote labor used in production and entry respectively.


B7. General Equilibrium


General equilibrium is referenced by the quadruple {'�, ��i ('
�), Pi, Ri}, together with a


stationary distribution for �rm productivity g (') for ' � '�, and a stationary distribution
for consumer tastes zi (�i) for �i 2


�
�; ��
�
. We begin by characterizing the stationary dis-


tributions of �rm productivity and consumer tastes, before turning to consider the elements
of the quadruple {'�, ��i ('


�), Pi, Ri}.
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B7.1. Stationary Distributions for Consumer Tastes and Productivity


The stationary distributions for �rm productivity and consumer tastes are determined
by the requirements of an equality of in�ows to and out�ows from each value of productivity
and consumer tastes in equations (19) and (11). These equations imply that the stationary
distributions of �rm productivity and consumer tastes depend on the distributions from
which these variables are drawn upon entry and the conditional distributions from which
they are drawn following a stochastic shock. Since the entry and conditional distributions
are continuous and have bounded support, there exist unique stationary distributions for
�rm productivity and consumer tastes, as long as the probabilities of a stochastic shock to
consumer tastes and productivity do not exceed the thresholds speci�ed in the proofs below.


Proposition 1 For � < ��, there exists a unique stationary distribution of �rm productivity
conditional upon entry, g ('), for each value of the aggregate variables fMe, M , '�g.


Proof. See the appendix below.


Proposition 2 For "i < �", there exists a unique stationary distribution of consumer tastes,
zi (�i), for each product i for each value of the aggregate variables fMe, M , '�g.


Proof. See the appendix below.


The stationary distributions of �rm productivity and consumer tastes characterized in the
proofs of the propositions are weighted averages of the entry and conditional distributions,
with the weights depending on the equilibrium values of the mass of entrantsMe, the mass of
�rms M , the zero-value cuto¤ productivity below which �rms exit '�, and the probabilities
� and "i of a stochastic shock to �rm productivity and consumer tastes respectively.


B7.2. Zero-pro�t Consumer Taste Cuto¤s


Having characterized the stationary distribution of �rm productivity and consumer tastes,
we now turn to consider the equilibrium value of the zero-pro�t consumer taste cuto¤ for
each product, ��i ('), which determines the equilibrium range of products produced by �rms.
As discussed above, the zero-pro�t consumer taste cuto¤��i (') for each product varies across
�rms depending on their productivity '. Using the expression for the relative revenues of
product varieties in equation (8), the zero-pro�t consumer taste cuto¤ for each �rm produc-
tivity can be expressed relative to that of a �rm with the zero-value cuto¤ productivity:


��i (') =


�
'�


'


�
��i ('


�) : (26)


The above relationship has an intuitive interpretation. The zero-pro�t consumer taste
cuto¤��i (') is decreasing in �rm productivity ' because the revenue derived from a product
variety is increasing in �rm productivity. Therefore, as a �rm�s productivity increases,
it generates su¢ cient revenue to cover product �xed production costs at a lower value of
consumer tastes. In contrast, the zero-pro�t consumer taste cuto¤ ��i (') is increasing in the
zero-value cuto¤ productivity '�. A higher value of '� increases the average productivity
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of rival �rms, which intensi�es product market competition and reduces product variety
revenue, so that a higher value of consumer tastes is required to generate su¢ cient revenue
to cover product �xed production costs. Similarly, an increase in the zero-pro�t consumer
taste cuto¤ for the lowest productivity �rm ��i ('


�) increases ��i (') for all �rm productivities,
because it raises the average consumer tastes of rival �rms, which intensi�es product market
competition and reduces product variety revenue.
The zero-pro�t consumer taste cuto¤ ��i ('


�) for a �rm with the zero-value cuto¤ pro-
ductivity '� on the right-hand side of (26) can be determined from the zero-pro�t consumer
taste cuto¤ condition (9) for productivity '�:


Ri (�Pi'
���i ('


�))��1 = �fpi: (27)


Together equations (26) and (27) determine the zero-pro�t consumer taste cuto¤ ��i (')
for �rms of all productivities as a function of {'�, Pi, Ri}. Since the zero-pro�t consumer
taste cuto¤s ��i (') determine the probability that each product is produced [1� �zi (��i ('))],
these equations also determine the equilibrium range of products produced by �rms of all
productivities.


B7.3. Zero-value Productivity Cuto¤


To determine the zero-value cuto¤ productivity below which �rms exit, '�, we use the
free entry condition (20) that requires the expected value of entry to equal the sunk entry
cost. Substituting for the value of a �rm from (17), the free entry condition can be re-written
as follows:


V =


�
1


� + �


�Z �'


'�


�
� (') + �


Z �'


'�
� ('0)� ('0) gc ('


0j') d'0
�
ge (') d' = fe; (28)


where the expected value of entry depends on the entry and conditional distributions for
productivity and �rm pro�ts as a function of productivity.


B7.4. Product Price Indices and Revenues


The two remaining elements of the quadruple {'�, ��i ('
�), Pi, Ri} are the price indices,


Pi, and aggregate revenues, Ri, for each product. To characterize the equilibrium values of
these variables for each product, we combine consumer and producer optimization with the
free entry, steady-state stability and labor market clearing conditions.
We begin with the product price indices in equation (24), which depend on a weighted


average of �rm productivity and consumer tastes, ~'i, and the mass of �rms that produce a
product, Mpi. The weighted average, ~'i, can be determined from the zero-pro�t consumer
taste cuto¤, ��i ('), the zero-value productivity cuto¤, '


�, and the stationary distributions
for consumer tastes, zi (�i), and productivity, g ('), as shown in the appendix. The mass
of �rms that produce a product, Mpi, is a constant fraction of the mass of active �rms, M ,
as shown in equation (21). The mass of active �rms, M , can be determined from aggregate
economy-wide revenue, R, and average �rm revenue conditional upon entry, �r, as shown in
equation (22).
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Average �rm revenue conditional upon entry, �r, is solely a function of the zero-value
cuto¤productivity, '�, the zero-pro�t consumer taste cuto¤ for a �rm with this productivity,
��i ('


�), and the stationary distributions for �rm productivity and consumer tastes, zi (�i)
and g ('), as can be seen from equations (10), (13) and (26). Aggregate economy-wide
revenue, R, can be determined by combining the free entry, steady-state stability and labor
market clearing conditions. To do so, we solve for payments to labor used in entry and
payments to labor used in production, and show that these sum to aggregate economy-wide
revenue. Using the steady-state stability condition (23) to substitute for the probability
of successful entry [1�Ge ('


�)] in the free entry condition (20), we obtain the following
relationship between payments to labor used in entry and the expected value of the �rm
conditional on successful entry:


Le =Mefe = (� + �)M�v (29)


where � � �
R �'
'�
Gc ('


�j') g (') d' is the aggregate probability of �rm exit due to produc-
tivity shocks.
Equation (29) has an intuitive interpretation. Payments to labor used in entry on the left-


hand side equal the �ow rate of return received by the representative consumer on the average
value of the �rm conditional on entry on the right-hand side. Only when this condition is
satis�ed will the representative consumer break even on the equity issued by �rms to �nance
the sunk costs of entry.
Payments to labor used in production equal aggregate economy-wide revenue minus the


�ow rate of return received by the representative consumer on the average equity value of
the �rm conditional on entry:


Lp = R� (� + �)M�v (30)


Substituting the expressions for labor used in entry and production in equations (29) and
(30) into the labor market clearing condition (25), aggregate economy-wide revenue equals
the economy�s labor endowment, R = L, and the labor market clears. Therefore, as we have
characterized R; �r, M , Mpi and ~'i, we have characterized the equilibrium price indices Pi in
equation (24).
The �nal element of the quadruple {'�, ��i ('


�), Pi, Ri} is aggregate product revenue Ri,
which can be determined from consumer expenditure minimization, using the equilibrium
price indices Pi and aggregate economy-wide revenue R:


Ri =
R (Pi=ai)


1��R 1
0
(Pi=ai)


1�� di
(31)


B7.5. Existence and Uniqueness


The equilibrium quadruple {'�, ��i ('
�), Pi, Ri} and the stationary distributions for


�rm productivity g (') and consumer tastes zi (�i) are determined by the following six
equations: the equality of in�ows and out�ows for productivity and consumer tastes ((19)
and (11)), the free entry condition (28), the zero-pro�t consumer taste condition for the
lowest productivity �rm (27), the equilibrium price index (24), and equilibrium product
revenue (31).
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Proposition 3 For � < �� and "i < �", there exists a unique equilibrium referenced by the
quadruple {'�, ��i ('


�), Pi, Ri}, a stationary distribution for productivity g (') for ' � '�,
and a stationary distribution for consumer tastes zi (�i) for �i 2


�
�; ��
�
.


Proof. See the appendix below.


The general equilibrium of the model features steady-state product switching by surviving
�rms and steady-state �rm creation and destruction. Each period a measure of new �rms
incur the sunk entry cost. Of these new �rms, those with a productivity draw above the
zero-value cuto¤ enter, while those with a productivity draw below the zero-value cuto¤
exit. Among existing �rms, a �rm with unchanged productivity produces a constant range
of products, but idiosyncratic shocks to consumer tastes for individual products induce the
�rm to drop a measure of the products previously produced and add an equal measure of the
products not previously produced. As stochastic shocks to an existing �rm�s productivity
occur, the range of products produced expands with rises in productivity and contracts
with declines in productivity. An existing �rm exits endogenously when productivity falls
below the zero-value cuto¤ or exogenously when death occurs as a result of force majeure
considerations beyond the control of the �rm.


C Empirical Patterns of Product Switching


The model highlights a number of features of product switching at the �rm, product and
�rm-product level, which we use to guide our empirical research. In this section, we show
how these features of product switching can be derived from the model.


C1. Firm-level Evidence


The model features steady-state adding and dropping of products within �rms as a result
of idiosyncratic shocks to the pro�tability of a �rm�s products. To determine the magnitude
of steady-state product adding, consider the measure of products not currently produced
by a �rm with productivity ', which depends on the stationary distribution of consumer
tastes zi (�i) over the interval �i 2 [�; ��i (')). The probability that a product not currently
produced is added by a �rm with productivity ' equals the probability of drawing a new
value for consumer tastes above the zero-pro�t cuto¤ "i (1� Zci (�


�
i (') j�i)). Integrating


over products and the interval [�; ��i (')), the measure of products added by a �rm with
productivity ' is:


�a (') =


Z 1


0


"Z ��i (')


�


"i [1� Zci (�
�
i (') j�i)] zi (�i) d�i


#
di: (32)


Similarly, the measure of products dropped by a �rm with productivity ' is:


�d (') =


Z 1


0


"Z ��


��i (')


"iZci (�
�
i (') j�i) zi (�i) d�i


#
di: (33)


As SIC codes can be interpreted as discrete partitions of the model�s continuum of prod-
ucts, product adding in the data re�ects �rm production in a new �ve-digit SIC category,
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while product dropping in the data represents abandonment of production in one of the
�rms�existing �ve-digit SIC categories. Simultaneous adding and dropping of products oc-
curs when both of these actions take place. The interpretation of industry and sector adding
and dropping is analogous.


C2. Product-level Evidence


One of the key features of product switching at the product level is a positive correlation
between the rate of adding and dropping across products. To determine the measure of
surviving �rms that add and drop a product, we begin by considering the measure of �rms
with a particular value of productivity and consumer tastes for a product: zi (�i) g (')M .
The probability that each of these �rms survives after a unit interval of time depends on
the probability of �rm death, �, and the probability that a �rm draws a new value for
productivity below the zero-value cuto¤, �Gc ('�j'). The measure of �rms with a particular
value of productivity and consumer tastes for a product that survive after a unit interval of
time is therefore:


�i ('; �i) � [1� � � �Gc ('
�j')] zi (�i) g (')M: (34)


Among this measure of surviving �rms with productivity ', those with consumer tastes
in the interval


�
��i (') ;


��
�
currently produce the product. The probability that the product


is dropped by each of these �rms equals the probability of drawing a new value for consumer
tastes below the zero-pro�t cuto¤ "iZci (�


�
i (') j�i). Integrating over the interval of produc-


tivities for which �rms enter and the interval of values for consumer tastes for which the
product is produced, the total measure of surviving �rms that drop the product after a unit
interval of time is as follows:


�di =


Z �'


'�


"Z ��


��i (')


"iZci (�
�
i (') j�i) �i ('; �i) d�i


#
d': (35)


Similarly, the total measure of surviving �rms that add the product after a unit interval of
time is as follows:


�ai =


Z �'


'�


"Z ��i (')


�


"i [1� Zci (�
�
i (') j�i) �i ('; �i)] d�i


#
d': (36)


Comparing equations (35) and (36), it is clear that �turbulent�products with high proba-
bilities of idiosyncratic shocks "i are added and dropped more frequently, other things equal,
than �stable�products with less frequent idiosyncratic shocks. Therefore, di¤erences across
products in the degree of turbulence (the probability of idiosyncratic shocks "i) induce a
positive correlation between the rate at which a product is added and the rate at which it is
dropped. As these idiosyncratic shocks lead some �rms to add a product while other �rms
simultaneously drop the same product, the gross changes in output of a product as a result
of product switching are systematically larger than the net changes in output.
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C3. Firm-Product Level Evidence


One of the central features of the model is selection within �rms across products as well
as selection across �rms. The presence of selection within �rms can be seen from the zero-
pro�t cuto¤ condition for a product to be produced, which requires variable pro�ts to cover
the �xed production costs:


ri ('; �
�
i (')) = Ri (�Pi'�


�
i ('))


��1 = �fpi:


From this zero-pro�t condition, the decision whether to add or drop a product depends
not only on characteristics of the �rm (productivity ') but also on characteristics that are
speci�c to the �rm-product pair (consumer tastes �i). Selection therefore operates within
�rms and depends on considerations that are idiosyncratic to individual �rm-product pairs.
The process of selection within �rms displays scale and age dependence as a result of


the assumption that �rm productivity and consumer tastes are positively serially correlated.
Therefore a high existing value for productivity or consumer tastes reduces the probability
of drawing a low new value for productivity or consumer tastes and dropping a product. As
higher values of productivity and consumer tastes increase a �rm�s shipments of a product
(from equation (4)), the model implies that the probability a �rm drops a product is decreas-
ing in the �rm�s shipments of the product (scale dependence). Additionally, as productivity
and consumer tastes are serially correlated, the longer the length of time for which a �rm
has produced a product, the higher the �rm�s expected productivity and consumer tastes,
and hence the lower the probability of the �rm dropping the product. Therefore the model
also implies that the probability a �rm drops a product is decreasing in the length of time
for which the �rm has produced the product (tenure or age dependence).8


D A Simple Special Case


To provide further economic intuition for the workings of the model, this section considers
a simple special case of the more general framework developed above. This special case
makes a number of simplifying assumptions in order to achieve greater tractability and
derive closed form solutions. The most important of these simpli�cations is to abstract from
serial correlation in �rm productivity and consumer tastes. While this abstraction implies
that the special case of the model does not capture scale and tenure dependence in the
probability that a product is dropped by a �rm, it remains consistent with the other features
of product switching examined in our empirical work.
The additional simplifying assumptions made in the special case of the model are as


follows: (a) all products i receive the same weight in consumer utility (ai = 1 for all i), though
consumer tastes for a �rm�s variety ! of each product still vary (in general �i (!00) 6= �i (!


0)


8In the model, consumer tastes follow a �rst-order Markov process, so that the probability of drawing a
new value for consumer tastes depends only on the current value of consumer tastes. Furthermore, control-
ling for �rm and product �xed e¤ects, log �rm-product shipments are proportional to the current value of
consumer tastes. Therefore, as in much of the �rm entry and exit literature, age or tenure should become
insigni�cant in a speci�cation that controls appropriately for scale. One natural explanation for the signif-
icance of �rm-product tenure in such a speci�cation is that consumer tastes follow a higher-order Markov
process, and the model could be extended to allow for this possibility.
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for !00 6= !0); (b) all products have the same �xed production costs (fpi = fp for all i); (c)
the probability of a stochastic shock to consumer tastes is the same across products ("i = "
for all i); (d) the distribution from which consumer tastes are drawn following a stochastic
shock is the same as upon entry (zei (�i) = zci (�ij�0i) = z (�i) for all i and �i 2 [�; ��]); and
(e) the distribution from which �rm productivity is drawn following a stochastic shock is the
same as upon entry (ge (') = gc ('j'0) = g (') for ' 2 ['; �']).
Since the distributions from which consumer tastes and �rm productivity are drawn


following stochastic shocks are the same as the distributions from which they are drawn upon
entry, the stationary distributions for consumer tastes and productivity take a particularly
simple form. The stationary distribution for consumer tastes is the same as the distribution
upon entry:


zi (�i) = z (�i) ; (37)


while the stationary distribution for consumer tastes conditional on a product being produced
is a truncation of z (�i) at the zero-pro�t cuto¤ for consumer tastes �


�
i (').


The stationary distribution for �rm productivity conditional upon entry is a truncation
of the distribution g (') at the zero-value cuto¤ productivity below which �rms exit:


g (') =


(
g(')


1�G('�) for ' � '�


0 otherwise
: (38)


With symmetric products and independently and identically distributed consumer tastes,
the total pro�ts of a �rm with productivity ' across the unit continuum of products equal
its expected pro�ts from each product:


� (') =


Z ��


��(')


 �
�


�� (')


���1
� 1
!
fpz (�) d�� fh: (39)


where we have used r ('; �� (')) = �fp and r ('; �) = (�=�
� ('))��1 r ('; �� (')).


A �rm with productivity ' draws a consumer taste above the zero-pro�t cuto¤ �� (')
with probability [1� Z (�� ('))], and so the range of products produced by a �rm with
productivity ' equals [1� Z (�� ('))], which is monotonically increasing in '. Firms with
higher productivity generate su¢ cient revenue to cover the �xed costs of producing a product
at a lower value for consumer tastes, and therefore manufacture a larger range of products
than �rms with lower productivity.
The Bellman equation for the value of a �rm with productivity ' takes the same form


as above:


v (') =
� (')


� + �
+


�
�


� + �


�Z �'


'�
v ('0) g ('0) d'0; (40)


Since the distribution from which a new value of productivity is drawn following a sto-
chastic shock is the same as upon entry and is independent of a �rm�s existing value of
productivity, the solution to the Bellman equation takes a particularly simple form in this
special case of the model. Substituting for v ('0) on the right-hand side of (40) using the
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trial solution v (') = �� (') + �
R �'
'� � ('


0) g ('0) d'0, and solving for � and �, yields the
equilibrium value of a �rm:


v (') =
� (')


� + �
+


�
�


� + �


��
1


� + �G ('�)


��Z �'


'�
� ('0) g ('0) d'0


�
; (41)


Therefore the equilibrium value of a �rm with productivity ' is a weighted average of
the current �ow of �rm pro�ts and the expected �ow of �rm pro�ts following a stochastic
productivity shock, where the weights depend on the probability of �rm death, the prob-
ability of a productivity shock and the probability that a �rm remains active following a
productivity shock. Substituting the expression for the equilibrium value of a �rm into the
free entry condition, and rearranging, the free entry condition can be re-written as follows:


V = [1�G ('�)]


Z �'


'�


"
� (') +


�
�
�+�


� R �'
'� [� ('


0)� � (')] g ('0) d'0


� + �G ('�)


#�
g (')


1�G ('�)


�
d' = fe;(42)


which can be simpli�ed to yield the following expression:


V =


Z �'


'�


�
� (')


� + �G ('�)


�
g (') d' = fe; (43)


where we have used
R �'
'�


hR �'
'� � ('


0) g ('0) d'0
i
g (') d' =


R �'
'�


hR �'
'� � (') g ('


0) d'0
i
g (') d'


= [1�G ('�)]
hR �'
'� � ('


0) g ('0) d'0
i
= [1�G ('�)]


hR �'
'� � (') g (') d'


i
, which implies that


the second term in the numerator of the expression inside the square parentheses in equation
(42) is equal to zero.
The expression for the expected value of entry in the free entry condition (43) has an


intuitive interpretation. In the special case of the model considered here, the distribution
from which a new value of productivity is drawn following a stochastic shock is the same as
upon entry and independent of a �rm�s existing value of productivity. Therefore the expected
value of entry is equal to expected �rm pro�ts discounted by the sum of the probability of
�rm death and the probability that a �rm remains active following a productivity shock.
Using the expression for �rm pro�ts from equation (39), and noting from the analysis of


the general model above that �� (') = ('�=')�� ('�), the free entry condition (43) can be
written solely in terms of parameters and two unknowns: the zero-value cuto¤ productivity
'� and the zero-pro�t consumer taste cuto¤ for a �rm with this productivity �� ('�),


V =


�
1


� + �Gc ('�)


�Z �'


'�


"Z ��


('�=')��('�)


 �
'


'�
�


�� ('�)


���1
� 1
!
fpz (�) d�� fh


#
g (') d' = fe: (44)


The free entry condition (44) provides one of two equations that together pin down the
zero-value cuto¤ productivity '� and the zero-pro�t consumer taste cuto¤ for a �rm with
this productivity �� ('�). The second of the two equations is obtained from the requirement
that the value of a �rm with the zero-value cuto¤productivity '� is equal to zero: v ('�) = 0.
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Using the expression for �rm pro�ts from (39) in the expression for the equilibrium value of
a �rm in (41), the requirement that v ('�) = 0 can be written as follows:


�
"Z ��


��('�)


 �
�


�� ('�)


���1
� 1
!
fpz (�) d�� fh


#
(45)


=


�
�


� + �G ('�)


�Z �'


'�


"Z ��


('�=')��('�)


 �
'


'�
�


�� ('�)


���1
� 1
!
fpz (�) d�� fh


#
g (') d'


The free entry condition (44) is monotonically decreasing in '� for a given value of
�� ('�). Similarly, for a given value of '�, the left-hand side of equation (45) is monotonically
increasing in �� ('�), while the right-hand side of equation (45) is monotonically decreasing
in �� ('�). Therefore equations (44) and (45) together determine unique equilibrium values
of {'�, �� ('�)}.
In the special case of the model, general equilibrium is again referenced by the quadruple


{'�, ��i ('
�), Pi, Ri}, together with a stationary distribution for �rm productivity g (')


for ' � '�, and a stationary distribution for consumer tastes zi (�i) for �i 2
�
�; ��
�
. As


products are symmetric, we have ��i ('
�) = �� ('�), Pi = P , Ri = R and zi (�i) = z (�) for


all i. The stationary distributions of consumer tastes and �rm productivity {z (�), g (')}
were determined above in equations (37) and (38). The equilibrium values of {'�, �� ('�)}
can be determined from equations (44) and (45) as discussed above. Finally, the equilibrium
values of the price indices, P , and product revenue, R, can be determined in the same way as
for the general model in section B7.4. above. Therefore this completes the characterization
of general equilibrium in the special case of the model.
Despite its simplifying assumptions, the special case of the model still captures a number


of the key features of product switching examined in our empirical work. Steady-state prod-
uct switching is driven by idiosyncratic shocks to consumer tastes, while steady-state �rm
creation and destruction is the result of stochastic shocks to �rm productivity. The special
case of the model features selection both within and across �rms. There is selection within
�rms because �rms have systematically higher values of consumer tastes in the products that
they choose to produce than in the products they choose not to produce. There is selection
across �rms because �rms that draw values of productivity below the zero-value cuto¤ '�


exit.
In the special case of the model, however, a �rm�s new values for consumer tastes and


productivity following a stochastic shock are by assumption uncorrelated with its existing
values: ge (') = gc ('j'0) = g (') and zei (�i) = zci (�ij�0i) = z (�i). Therefore the special
case of the model does not capture the empirical �nding that surviving �rms that drop a
product have systematically smaller shipments of the product than surviving �rms that retain
the product. To capture this empirical �nding, one requires serial correlation in consumer
tastes, as in the general model, so that zei (�i) 6= zci (�ij�0i). The special case of the model
also does not capture the empirical �nding that exiting �rms have smaller total shipments
than surviving �rms, because conditional upon entry the probability that a �rm subsequently
exits is independent of total shipments. To capture this second empirical �nding, one requires
serial correlation in productivity, as in the general model, so that ge (') 6= gc ('j'0).
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E Measured Quantity and Revenue-based Productivity


This section examines the relationship between the productivity draw in our model (')
and empirical measures of productivity used in the literature. Following Foster, Haltiwanger
and Syverson (2008), we distinguish between quantity and revenue-based measures of produc-
tivity and show that both are monotonically related to '. We start with labor productivity,
move on to index numbers of total factor productivity and conclude with productivity mea-
sures based on production function estimation. In each case, we �rst examine measured
productivity for a product, before aggregating across products to derive measured produc-
tivity for the �rm as a whole.


E1. Measured Quantity-based Labor Productivity


For simplicity, our model assumes that labor is the sole factor of production and therefore
yields direct implications for measured labor productivity. A �rm�s measured quantity-based
labor productivity for product i (�Qi ) equals its quantity of output of the product per unit of
labor employed:


�Qi �
qi ('; �i)


li ('; �i)
= '


�
1� fpi


li ('; �i)


�
; (46)


where we have used qi ('; �i) = ' (li ('; �i)� fpi).
Equilibrium employment for the product (li ('; �i)) is monotonically increasing in the


productivity draw (') given consumer tastes (�i), as can be shown by combining the CES
revenue function from equation (4) above, the equilibrium pricing rule from equation (6)
above, and the production technology for the product:


li ('; �i) = �� ('�i)
��1 P ��1i Ri + fpi; (47)


Together equations (46) and (47) can be used to characterize the relationship between
measured quantity-based labor productivity for a product (�Qi ) and the �rm productivity
draw '. As product market conditions (Pi, Ri) are the same for all �rms producing the
product, measured quantity-based productivity for a product (�Qi ) only varies across �rms
because of variation in the �rm productivity draw (') and consumer tastes (�i). From
equations (46) and (47), a �rm�s measured quantity-based labor productivity for a product
is positively related to its productivity draw ' for two reasons. First, as ' rises, a given
variable labor input generates more units of output. Second, as ' rises, variable labor input
and output increase, and therefore the �xed labor input is spread over more units of output.
Following standard empirical methods for productivity aggregation, we de�ne measured


productivity for the �rm as a whole as the revenue-share weighted average of measured
productivity for each product. Therefore measured quantity-based labor productivity for
the �rm as a whole is:


�Q �
Z 1


0


�Qi
ri ('; �)


r (')
di; (48)


where, as ri ('; �i) = Ri (�Pi'�i)
��1, a change in ' has the same proportionate e¤ect on the


revenue of all products, and hence leaves revenue shares unchanged.
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While at the product level (from (46) and (47)) measured quantity-based labor pro-
ductivity depends on both the �rm productivity draw (') and consumer tastes (�i), the
independence of the entry and conditional distributions of ' and �i implies that the station-
ary distribution of consumer tastes (zi (�i)) is the same for each �rm productivity draw.
Therefore, at the �rm level in (48), measured quantity-based labor productivity depends
solely on ' and is monotonically increasing in '.


E2. Measured Revenue-based Labor Productivity


A �rm�s measured revenue-based labor productivity for product i (�Ri ) equals its revenue
from the product per unit of labor employed:


�Ri �
pi ('; �i) qi ('; �i)


li ('; �i)
=
1


�


�
1� fpi


li ('; �i)


�
; (49)


where we have used qi ('; �i) = ' (li ('; �i)� fpi), the equilibrium pricing rule in equation
(6) above, and our choice of numeraire (w = 1).
From equations (47) and (49), a �rm�s measured revenue-based labor productivity for a


product is also positively related to ', but now for only one of the two reasons discussed
above. As ' rises, a given variable labor input generates more units of output, but the
equilibrium pricing rule (6) implies that prices are inversely proportional to productivity.
Therefore, as ' rises, the increase in the number of units of output generated by a given
variable labor input is o¤set by proportionately lower prices, which leaves the revenue gener-
ated by a given variable labor input unchanged. Nevertheless, measured revenue-based labor
productivity is still increasing in ', because of the presence of �xed costs of production. As '
rises, variable labor input and revenue increase, and therefore the �xed labor input is spread
over more units of revenue.
Measured productivity for the �rm as a whole is again de�ned as the revenue-share


weighted average of measured productivity for each product:


�R �
Z 1


0


�Ri
ri ('; �)


r (')
di; (50)


where, as ri ('; �i) = Ri (�Pi'�i)
��1, a change in ' has the same proportionate e¤ect on the


revenue of all products, and hence leaves revenue shares unchanged.
At the product level measured revenue-based labor productivity depends on both the �rm


productivity draw (') and consumer tastes (�i), since from (47) and (49) higher values of '
and �i increase variable labor input and hence the revenue over which the �xed labor input
is spread. However, the independence of the entry and conditional distributions of ' and
�i implies that the stationary distribution of consumer tastes (zi (�i)) is the same for each
�rm productivity draw. Therefore, at the �rm level in (50), measured revenue-based labor
productivity depends solely on ' and is monotonically increasing in '.


E3. Relationship Between Quantity and Revenue-based Labor Productivity


The model features dispersion in both measured revenue and quantity-based labor pro-
ductivity as a result of variation in productivity draws across �rms. The two productivity
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measures are related at the product level as follows:


�Qi = '��Ri :


Since measured revenue-based labor productivity (�Ri ) is positively related to the �rm pro-
ductivity draw ('), cov


�
'; �Ri


�
> 0, which implies the following two results. First, measured


quantity and revenue-based labor productivity are positively correlated: cov
�
�Qi ; �


R
i


�
> 0.


Second, the variance of log measured quantity-based labor productivity is strictly greater
than the variance of log measured revenue-based labor productivity:


var
�
log �Qi


�
= var (log') + var


�
log �Ri


�
+ 2cov


�
'; �Ri


�
> var


�
log �Ri


�
> 0:


The intuition for this second result is that measured revenue-based labor productivity de-
pends on both prices and measured quantity-based labor productivity, and prices are nega-
tively correlated with measured quantity-based labor productivity, which implies that mea-
sured revenue-based labor productivity has a lower variance than measured quantity-based
labor productivity.
While these results relate to a �rm�s measured quantity and revenue-based labor pro-


ductivity for a product, they are consistent with the empirical �ndings for plants in Foster,
Haltiwanger and Syverson (2008). Considering eleven products in the manufacturing sector
for which separate data on plants�revenue and physical quantity of output are available,
they �nd that measured quantity and revenue-based labor productivity are indeed positively
correlated, and the variance of log measured quantity-based labor productivity is indeed
greater than the variance of log measured revenue-based labor productivity.
The relationship between measured quantity and revenue-based labor productivity in our


model is the same as that in the benchmark model of �rm heterogeneity (Melitz 2003). As
both models have constant elasticity of substitution preferences, prices are inversely propor-
tional to the productivity draw ', and dispersion in measured revenue-based productivity
occurs because of �xed costs of production. In contrast, in other demand systems with
variable elasticities of substitution, such as the quasi-linear preferences considered by Melitz
and Ottaviano (2008), prices fall less than proportionately with the productivity draw ' be-
cause of endogenous changes in mark-ups. These endogenous changes in mark-ups therefore
provide an additional source of dispersion in measured revenue-based productivity.


E4. Measured Total Factor Productivity


While our model assumes for simplicity that labor is the sole factor of production, it can
be extended to incorporate additional factors of production. For example, suppose that both
the �xed and variable costs use two factors of production (labor and capital) according to a
Cobb-Douglas technology.9 Therefore the production technology for product i becomes:


fpi +
qi ('; �i)


'
= xi ('; �i) ;


9The production technology here takes the same form as that considered in the single-product �rm
model of Bernard, Redding and Schott (2007). While to simplify the exposition we consider two factors of
production, the analysis generalizes in a straightforward way to more factors of production.
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where xi ('; �i) is a Cobb-Douglas composite factor input composed of labor and capital:


xi ('; �i) = li ('; �i)
# ki ('; �i)


1�# ; 0 < # < 1:


Given this production technology for a product, standard index number measures of total
factor productivity (TFP) can be constructed. Quantity and revenue-based measures of TFP
can be de�ned, which are analogous to the measures of labor productivity in equations (46)
and (49) above, but are based on the composite factor input (xi ('; �i)) rather than labor
input (li ('; �i)). Since the quantity and revenue-based measures of TFP take the same form
as those for labor productivity above, the same analysis continues to apply.


E5. Productivity Measures from Production Function Estimation


Quantity and revenue-based measures of productivity can also be constructed using pro-
duction function estimation. To simplify the exposition, we return to the case where labor
is the sole factor of production. Assuming that the physical quantity of output and factor
inputs can be observed by �rm and product, and supposing that the functional form of
the production technology is known and appropriate instruments for labor input are avail-
able, a �rm�s quantity-based productivity for a product can be estimated from the following
regression:


log qi ('; �i) = log (li ('; �)� fpi) + log'; (51)


which yields the following measure of quantity-based productivity for the product:


log �̂
Q


i = log': (52)


Given data on revenue by �rm and product, an analogous measure of revenue-based produc-
tivity can be estimated following the standard approach for production function estimation
using revenue data in di¤erentiated product markets (see for example Klette and Griliches
1996, Levinsohn and Melitz 2006, and De Loecker 2008). De�ating a �rm�s revenue for
product i by the aggregate price index for that product, Pi, yields:


~ri ('; �i) �
ri ('; �i)


Pi
=
pi ('; �i) qi ('; �i)


Pi
;


Using the inverse CES demand curve to substitute for pi ('; �i) on the right-hand side in
terms of qi ('; �i), we obtain:


~ri ('; �i) = �
��1
�
i qi ('; �i)


��1
�


�
Ri
Pi


� 1
�


;


Using the production technology (qi ('; �i) = ' (li ('; �i)� fpi)) and taking logarithms, we
obtain the following �revenue production function�for a product:


log ~ri ('; �i) =
� � 1
�


log (li ('; �)� fpi) +
1


�
log


�
Ri
Pi


�
+
� � 1
�


log ('�i) ; (53)
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where with constant elasticity of substitution demand, aggregate product market conditions
(Ri=Pi) shift the revenue production function for each �rm equi-proportionately.
Assuming that the functional form of the revenue production function is known, and


given appropriate instruments for labor input and controls for aggregate product market
conditions, a �rm�s revenue-based productivity for a product can be estimated from the
regression (53):


log �̂
R


i =


�
1� 1


�


�
log ('�i) ; � > 1: (54)


While quantity-based productivity for a product (52) coincides with the �rm productiv-
ity draw ('), revenue-based productivity for the product (54) depends on both the �rm
productivity draw (') and consumer tastes (�i). The measures of productivity from the
production function estimation again feature dispersion in both revenue and quantity-based
productivity. The two measures of a �rm�s productivity for a product are related as follows:


log �̂
R


i =


�
1� 1


�


�
log �̂


Q


i +


�
1� 1


�


�
log �i; (55)


which implies that measured revenue-based productivity is again positively correlated with
measured quantity-based productivity. Furthermore, as the distributions of �rm productivity
and consumer tastes are assumed to be independent of one another, we obtain the following
result for the two measures of a �rm�s productivity for a product:


var
�
log �̂


R


i


�
=


�
1� 1


�


�2
var
�
log �̂


Q


i


�
+


�
1� 1


�


�2
var (log �i) :


Since 0 < 1 � 1
�
< 1 and var(log �i) > 0, measures of revenue-based productivity from the


production function estimation can exhibit more or less dispersion at the product level than
those of quantity-based productivity, depending on the elasticity of substitution and the
relative variance of consumer tastes and technical e¢ ciency.10


While revenue-based productivity at the product level (54) depends on both the �rm
productivity draw (') and consumer tastes (�i), revenue-based productivity at the �rm level
again depends solely on ' and is monotonically increasing in '. Following the same logic as
above, the entry and conditional distributions of consumer tastes and �rm productivity are
independently distributed, and hence the stationary distribution of consumer tastes (zi (�i))
is the same for each �rm productivity. As a result, integrating over the continuum of products
in equation (54), the term in consumer tastes becomes a constant. Therefore the variance
of measured revenue-based productivity at the �rm level is strictly less than the variance of
measured quantity-based productivity, since 0 < 1� 1


�
< 1.


F Additional Empirical Results


Tables A1-A4 report additional empirical results. To provide a sense of the relative
level of detail between sectors, industries and products, Table A1 lists the thirteen �ve-digit
10A key reason for this di¤erence between the measures of productivity based on production function


estimation and those considered above is that the coe¢ cient on labor input is allowed to vary between the
regressions with physical quantity and revenue data in equations (51) and (53) respectively.
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products in the four-digit industry �Nonferrous Wiredrawing and Insulating�(SIC 3357). In
Table A2, we report the number of �ve-digit products and four-digit industries by two-digit
sector, as well as the mean and standard deviation of product capital and skill intensity
for each two-digit sector.11 In Table A3, we present decompositions that are analogous to
those reported in Table 6 in the paper, but are for the share of �rms rather the share of
output of a product. In Table A4, we summarize several of our main �ndings by two-digit
sector. The table in the paper to which each set of results relates is noted at the top of
each column. Column 1 reports the mean share of multi-product �rms across the 1987 to
1997 censuses. Column 2 reports the mean share of �rms reporting any product switching
activity across the 1987 to 1997 censuses. Columns 3 and 4 report mean product add and
drop rates. Columns 5 and 7 report the mean share of products�1992 output due to �rms
that recently entered or are about to exit, respectively. Columns 6 and 8 report the mean
share of products� 1992 output accounted for by �rms that recently added or are about
to drop the product, respectively. Columns 9 through 12 report decompositions similar to
Columns 6 to 8 but with respect to the average share of �rms producing a product in year
t. Finally, in Table A5, we compare product and sector-switching according to whether or
not �rms concomitantly acquire or divest a plant.


G Appendix to Technical Appendix


G1. Weighted Average of Firm Productivity and Consumer Tastes


The aggregate weighted-average of �rm productivity and consumer tastes is:


~'i �
�Z '


'�


~�i (') g (') d'


� 1
��1


; (56)


where the weights are given by the stationary distribution of �rm productivity conditional
upon entry g ('). The function ~�i (') is a weighted-average of consumer tastes for a �rm
with productivity ':


~�i (') =
1


1� �zi (��i ('))


Z �


��i (')


('�i)
��1 zi (�i) d�i; (57)


where the weights given by the stationary distribution of consumer tastes conditional on a
product being produced zi (�i) = [1� �zi (��i ('))], and where ��i (') = ('�=')��i ('�).


G2. Derivation of the Solution to the Bellman Equation in the General Model


Consider the following trial solution to the Bellman equation (16):


v (') = �� (') + �


Z �'


'�
� ('0)� ('0) gc ('


0j') d'0; (58)


11As discussed in the paper, the CMF does not collect information on plant input usage (or wages) by
product, and therefore we measure a product�s capital and skill intensity as the shipment-weighted average
of all plants producing it.
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where �, � and � (') are parameters and functions to be determined below. Using the trial
solution to substitute for v ('0) on the right-hand side of the Bellman equation (16) gives:


v (') =
� (')


� + �
+


�
�


� + �


�Z �'


'�


"
�� ('0) + �


R �'
'� � ( )� ( ) gc ( j'


0) d 


� ('0)


#
� ('0) gc ('


0j') d'0;(59)


which yields the following solution:


� =
1


� + �
; � =


�


� + �
; � ('0) =


� ('0) + �
R �'
'� � ( )� ( ) gc ( j'


0) d 


(� + �)� ('0)
: (60)


De�ne the following variables and functions: x � '0, y �  , f (x) � � ('0)� ('0), f (y) �
� ( )� ( ), K (x; y) � gc ( j'0), a (x) � � ('0) = (� + �), and � � �= (� + �). Using these
de�nitions, the expression for � ('0)� ('0) implied by equation (60) can be re-written as
follows:


f (x) = (
 (f) (x)) � a (x) + �


Z �'


'�
f (y)K (x; y) dy; (61)


which takes the form of a Fredholm integral equation. The continuous functions K (x; y)
and a (x) are known. For all x and y in the intervals '� � x � �', '� � y � �', we
have jK (x; y)j � �K < 1, as K (x; y) is a continuous probability density function. Under
the assumption � �K j�'� '�j < 1, the mapping 
 is a contraction, since (see for example
Marsden and Ho¤man 1974):


d (
 (f1) ;
 (f2)) = sup
x


�����Z �'


'�
K (x; y) [f1 (y)� f2 (y)] dy


���� � � �K j�'� '�j d (f1; f2) ;(62)


where � �K j�'� '�j < 1 is satis�ed for � < ��, where �� is implicitly de�ned by ��
�+��


� 1
�Kj�'�'�j .


In determining the stationary distribution of �rm productivity below, we will assume that
the parameter condition � < �� is satis�ed. Therefore, the Fredholm equation (61) has a
unique solution, which determines the equilibrium value of f (x) � � ('0)� ('0). Since � ('0)
is a known function, we have determined the unique equilibrium value of � ('0).


G3. Proof of Proposition 1


Proof. The equality of in�ows and out�ows for each productivity in (19) can be re-written
as follows:


g (') =
ge (')Me


(� + �)M
+


�
�


� + �


�Z �'


'�
gc ('j'0) g ('0) d'0 (63)


where {Me, M , '�} are aggregate variables.
De�ne the following variables and functions: x � ', y � '0, f (x) � g ('), f (y) �
g ('


0), K (x; y) � gc ('j'0), a (x) � ge (')Me= ((� + �)M), � � (�= (� + �)). Using these
de�nitions, equation (63) can be re-expressed in the following way:


f (x) = (
 (f) (x)) � a (x) + �


Z �'


'�
K (x; y) f (y) dy; (64)
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which takes the form of a Fredholm integral equation. The continuous functions K (x; y)
and a (x) are known. For all x and y in the intervals '� � x � �', '� � y � �', we
have jK (x; y)j � �K < 1, as K (x; y) is a continuous probability density function. Under
the assumption � �K j�'� '�j < 1, the mapping 
 is a contraction, since (see for example
Marsden and Ho¤man 1974):


d (
 (f1) ;
 (f2)) = sup
x


�����Z �'


'�
K (x; y) [f1 (y)� f2 (y)] dy


���� � � �K j�'� '�j d (f1; f2) ;(65)


where, from the above, � �K j�'� '�j < 1 is satis�ed for � < ��, where �� is implicitly de�ned by
��
�+��


� 1
�Kj�'�'�j . For parameters satisfying this condition, the Fredholm equation (64) has a


unique solution, which de�nes the unique stationary distribution of productivity conditional
upon entry, f (x) � g ('), for each value of fMe, M , '�g.


G4. Proof of Proposition 2


Proof. The equality of in�ows and out�ows for each value of consumer tastes in (11) can
be re-written as follows:


zi (�i) =
zei (�i) [1�Ge ('


�)]Me


(� + �+ "i)M
(66)


+


�
"i


� + �+ "i


�"Z ��


�


zic (�ij�0i) zi (�0i) d�0i


#
where {Me, M , '�} are again aggregate variables and the functions {Ge ('�), zei (�i),
zic (�ij�0i)} are known. The function � � �


R �'
'�
Gc ('


�j') g (') d' depends upon Gc ('�j'),
which is known, and g ('), which is determined in the proof of Proposition 1 above.
De�ne the following variables and functions: x � �i, y � �0i, f (x) � zi (�i), f (y) � zi (�


0
i),


K (x; y) � zic (�ij�0i), a (x) � zei (�i) [1�Ge ('
�)]Me= ((� + �+ "i)M), � � "i= (� + �+ "i).


Using these de�nitions, equation (66) can be re-expressed as follows:


f (x) = (
 (f) (x)) � a (x) + �


Z ��


�


K (x; y) f (y) dy (67)


which again takes the form of a Fredholm integral equation. The continuous functions
K (x; y) and a (x) are known. For all x and y in the intervals � � x � ��, � � y � ��, we
have jK (x; y)j � �K < 1, as K (x; y) is a continuous probability density function. Under the
assumption � �K


���� ���� < 1, the mapping 
 is a contraction (see for example Marsden and
Ho¤man 1974). The condition � �K


���� ���� < 1 is satis�ed for "i < �", where �" is implicitly
de�ned by �"


�+�+�"
� 1


�Kj����j . For parameters satisfying this condition, the Fredholm equation
(67) has a unique solution, which de�nes a unique stationary distribution of consumer tastes,
f (x) � zi (�i), for each value of fMe, M , '�g.
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G5. Proof of Proposition 3


Proof. We �rst determine the equilibrium values of {Pi, Ri} given {'�, �
�
i ('


�)} and given
the stationary distributions {g ('), zi (�i)}. The product price indices Pi in equation (24)
depend on weighted average productivity ~'i and the mass of �rms producing the product
Mpi. From equations (26), (56) and (57), ~'i is uniquely determined by {'


�, ��i ('
�), g ('),


zi (�i)}. Similarly, it can be shown that Mpi is uniquely determined by {'�, �
�
i ('


�), g ('),
zi (�i)}. To do so, note that Mpi is a constant fraction of the mass of �rms producing M .
From equation (21), this constant fraction depends only on {'�, ��i ('


�), g ('), zi (�i)}, and
from (22) M = R=�r. From equations (10), (13), (26) and (22), �r is uniquely determined by
{'�, ��i ('


�), g ('), zi (�i)}, and we have shown that R = L. Therefore the product price
indices Pi are uniquely determined by {'�, �


�
i ('


�), g ('), zi (�i)}. With the product price
indices determined, aggregate revenue for each product Ri can be solved for from equation
(31) using R = L.
We next determine the stationary distributions {g ('), zi (�i)}. From the proof of Propo-
sitions 1 and 2, for � < �� and "i < �", there exist unique stationary distributions for �rm
productivity, g ('), and consumer tastes, zi (�i), for each value of the aggregate variables
fMe, M , '�g. The equilibrium value of M = R=�r was determined above, and the equilib-
rium value of Me can be determined from M using equation (23).
Finally, we determine the equilibrium values of {'�, ��i ('


�)}. The equilibrium value of
��i ('


�) can be determined given '� from equation (27), where Pi and Ri were determined
above. The equilibrium value of '� can be determined given ��i ('


�) and the stationary
distributions {g ('), zi (�i)} from the free entry condition (28). Note that ��i (') =
('�=')��i ('


�). Therefore, from equation (13), � (') ! 1 as '� ! 0 and � (') ! 0 as
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where Term A = 0 since v ('�) = 0; Term B < 0 since @� (') =@'� < 0 from equation
(13); and Term F < 0. Term D < 0 since @� (') =@'� < 0 from equation (13). In Term E,
@g ('0j') =@'� = 0 for ' 6= '�, and so Term E is of measure zero relative to Term D. Finally,
as � ! 0, � ('0)! 1=�, @� ('0) =@'� ! 0, and Term C! 0. Therefore, for su¢ ciently small
� < ��, V is monotonically decreasing in '�, and there exists a unique equilibrium value of
'�.
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Table 1: Five-Digit SIC Products in Four-Digit SIC Industry 3357
SIC Description
33 Primary Metal Industries
3357 Nonferrous Wiredrawing and Insulating
33571 Aluminum Wire
33572 Copper Wire
33573 Other Nonferrous Metal Wire
33575 Nonferrous Wire Cloth
33576 Apparatus Wire and Cord Sets
33577 Magnet Wire
33578 Power Wire
3357A Electronic Wire
3357B Telephone Wire
3357C Control Wire
3357D Building Wire
3357E Other Wire NES
33579 Fiber Optic Cable
Source:  U.S. Census Bureau (1989).
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Table 2: 1997 Products per Industry and Product Characteristics, by Sector


Sector Mean Std Dev Mean Std Dev
20 Food 49 156 3.2 169 127 0.21 0.11
22 Textile 23 82 3.4 171 220 0.18 0.11
23 Apparel 31 76 2.4 74 70 0.19 0.13
24 Lumber 17 59 3.5 273 158 0.19 0.06
25 Furniture 13 37 2.8 52 39 0.20 0.09
26 Paper 17 55 3.2 293 145 0.21 0.06
27 Printing & Publishing 14 70 5.1 102 97 0.48 0.27
28 Chemicals 29 100 3.5 438 359 0.34 0.13
29 Petroleum 5 16 3.0 878 418 0.34 0.08
30 Rubber & Plastics 15 61 4.2 185 205 0.26 0.10
31 Leather 11 12 1.1 52 23 0.20 0.10
32 Stone & Concrete 26 47 1.8 206 169 0.21 0.10
33 Primary Metal 26 90 3.4 176 109 0.22 0.08
34 Fabricated Metal 38 131 3.6 125 95 0.26 0.13
35 Industrial Machinery 51 178 3.7 123 80 0.29 0.16
36 Electronic 37 111 3.0 140 153 0.30 0.16
37 Transportation 18 61 3.6 128 70 0.31 0.18
38 Instruments 17 45 2.6 142 96 0.35 0.17
39 Miscellaneous 18 53 2.9 103 76 0.28 0.11
Total or average 455 1440 3.2
Notes: Table reports the number of fourdigit SIC industries and fivedigit SIC products within the
noted twodigit SIC major group, respectively, according to the 1987 revision of the SIC (Census
1989). Data on product capital and skill intensity are for 1997. Capital and skill intensity are the book
value ($000) of buildings and equipment per worker, and nonproduction workers per total
employment, respectively. Mean and standard deviation input intensities are computed across all
plants producing a product within the relevant sector. Means are weighted by plantproduct output.
Results for Tobacco (SIC 21) are excluded due to Census disclosure guidelines.


Capital Intensity Skill Intensity
Products


per
IndustryProductsIndustries


Table 3: Average Share of Firms by Type of Production, 1987 to 1997


Firms Producing
Product in Years t


5 and t


Firms that Add
the Product


Betweend Years t
5 and t


Firms Born
Between Years t


5 and t


Firms Producing
Product in Years t


and t+5


Firms that Drop
the Product


Between Years t
and t+5


Firms that Die
Between Years t


and t+5
1987 . . . 44 27 29
1992 40 23 37 44 25 32
1997 45 26 29 . . .


BackwardLooking ForwardLooking
Average Share (%) of Firms Producing a Product in Year t by:


Notes: Table reports average year t decomposition of number of firms producing a product according to firm activity. Left
panel summarizes backwardlooking firm activities while right panel summarizes forwardlooking firm activities. Each row
represents the average across all fivedigit SIC products in the noted year. Decompositions cover the 1987 to 1997
censuses.
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Table 4: Two-digit SIC Sector Results


Sector
20 Food 48 51 8 8 12 10 13 12 30 20 28 20
22 Textile 33 53 9 9 16 23 21 20 32 26 35 24
23 Apparel 22 47 8 7 25 16 29 18 44 20 48 18
24 Lumber 38 53 9 10 28 17 20 16 43 22 35 22
25 Furniture 42 60 9 9 22 12 20 18 48 21 44 22
26 Paper 32 42 8 9 14 10 16 13 27 19 24 22
27 Printing & Publishing 60 71 11 10 21 16 25 15 45 26 36 30
28 Chemicals 46 59 10 10 13 12 11 14 30 23 26 27
29 Petroleum 28 34 6 7 14 7 9 7 27 14 24 16
30 Rubber & Plastics 42 65 11 10 18 23 16 16 36 28 28 26
31 Leather 26 39 5 6 22 7 31 12 44 11 45 14
32 Stone & Concrete 22 33 7 8 18 12 14 15 38 17 31 18
33 Primary Metal 46 53 9 9 19 14 17 13 30 25 26 25
34 Fabricated Metal 37 52 11 11 22 17 19 17 38 26 29 30
35 Industrial Machinery 30 49 10 10 23 14 18 18 39 24 30 29
36 Electronic 33 52 10 10 16 16 14 14 37 25 30 28
37 Transportation 40 59 9 10 18 11 17 20 37 24 31 28
38 Instruments 28 52 8 9 16 15 16 16 43 22 35 26
39 Miscellaneous 34 46 7 7 24 13 24 11 43 16 39 18
All 38 54 8 9 19 14 18 15 37 23 32 25


Entering
Firms'
Output
Share


(Table 6)


Adding
Firms'
Output
Share


(Table 6)


Exiting
Firms'
Output
Share


(Table 6)


Dropping
Firms'
Output
Share


(Table 6)


Note:  This table summarizes the paper's main findings across twodigit SIC industries. Table in which main results can be found is noted in parentheses at the top of
each column. Column 1 reports the mean share of multiproduct firms across the 1987 to 1997 censuses. Column 2 reports the mean share of firms reporting any
product switching activity across the 1987 to 1997 censuses. Columns 3 and 4 report mean product add and drop rates. Columns 5 and 7 report the mean share of
products' 1992 output due to firms that recently entered or are about to exit, respectively. Columns 6 and 8 repot the mean share of products' 1992 output accounted
for by firms that recently added or are about to drop the product, respectively. Columns 9 through 12 report decompositions similar to columns 6 to 8 but with respect
to the average share of firms producing a product in year t.


Product
Switching
(Table 3)


Adding
Firms (%)
(Table A3)


Dropping
Firms (%)
(Table A3)


Entering
Firms (%)
(Table A3)


Exiting
Firms (%)
(Table A3)


MP Firms
(Table 1)


Add Rate
(Figure 1)


Drop Rate
(Figure 1)


Table 5: Product Switching and Concurrent Merger and Acquisition Activity, 1987 to 1997


Firm Activity No M&A With M&A No M&A With M&A
None 47 6 85 33
Drop Only 15 20 6 25
Add Only 14 14 6 26
Both Add and Drop 24 60 3 17


Product Switching Sector Switching


Notes: Table displays average percent of surviving U.S. manufacturing firms
engaging in each type of product (left panel) or sector (right panel) changing
activity across fiveyear intervals from 1987 to 1997 according to whether or not
they concomitantly engage in any M&A activity (i.e., acquire or divest plants).
Products refer to fivedigit SIC categories while sectors refer to twodigit SIC
categories. The four firm activities are mutually exclusive.
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\section{Introduction}

This technical appendix contains a more detailed exposition of the model and
additional supplementary material for the paper. The remainder of the
technical appendix is structured as follows. Section B develops the model.
Section C derives the features of product switching at the firm, product and
firm-product level that we examine empirically in the paper. For further
economic intuition, Section D considers a particularly tractable special
case of the model that abstracts from serial correlation in consumer tastes
and productivity. Though this setup does not give rise to scale and age
dependence in product dropping, it nevertheless provides insight into many
of the other features of product switching found in the more general model
and observed in our census data. Section E characterizes the model's
implications for revenue and quantity-based measures of productivity.
Section F reports additional empirical results. An appendix at the end of
this document contains technical derivations and the proofs of propositions.

\section{Dynamic Firm-Product Selection Model}

In this section, we develop in further detail the model of multi-product
firms and product switching discussed in the paper. The model builds closely
on existing theories of industry dynamics, in which firms produce a single
product and profitability varies stochastically across firms over time (see
for example Jovanovic 1982, Hopenhayn 1992, Ericson and Pakes 1995, and
Melitz 2003). In these existing models, firms that are heterogeneous in
productivity are assumed to produce a single product, with the result that
firm and product-market entry and exit are equivalent. Here, we develop a
natural extension of such models in which firms choose to produce an
endogenous range of products in response to evolving firm and product
characteristics. The model highlights a number of features of product
switching at the firm, product and firm-product level that we use to guide
our empirical research and that are derived below.

\subsection{Preferences and Endowments}

The representative consumer's utility is defined over the consumption of a
fixed continuum of products, which we normalize to the interval $[0,1]$.
Utility is assumed to be a constant elasticity of substitution function of
the consumption of each of the continuum of products:%
\begin{equation}
U=\left[ \int_{0}^{1}\left( a_{i}C_{i}\right) ^{\nu }di\right] ^{\frac{1}{%
\nu }},\qquad 0<\nu <1.  \label{utility}
\end{equation}%
where $i$ indexes products, $a_{i}>0$ is a demand parameter that allows the
relative importance of products in utility to vary, and $\kappa =\frac{1}{%
1-\nu }>1$ is the elasticity of substitution between products.

As discussed further below, firms decide whether or not to participate in
each product market, and if they choose to participate, to supply a
horizontally differentiated variety of a product. Therefore $C_{i}$ is a
consumption index for product $i$, which is defined over the horizontally
differentiated varieties of firms, and is also assumed to take the constant
elasticity of substitution form:%
\begin{equation}
C_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \lambda _{i}\left( \omega
\right) c_{i}\left( \omega \right) \right) ^{\rho }d\omega \right] ^{\frac{1%
}{\rho }},\qquad 0<\rho <1.  \label{cindex}
\end{equation}%
where $\omega $ indexes firm varieties within product $i$. The demand
parameter $\lambda _{i}\left( \omega \right) \geq 0$ captures the
representative consumer's tastes for a firm's variety within product $i$ and
allows demand to vary across the varieties of a given product supplied by
different firms.\footnote{%
One interpretation of the parameter $\lambda _{i}\left( \omega \right) $ is
product quality, though it also captures other more subjective
characteristics of a firm's variety that influence the representative
consumer's demand for that variety.} Although not central to our results, we
make the natural assumption that the elasticity of substitution across
varieties within products is greater than the elasticity of substitution
across products, $\sigma =\frac{1}{1-\rho }>\kappa =\frac{1}{1-\nu }>1$.
Similarly, we also assume for simplicity that the elasticity of substitution
across varieties within products, $\sigma =\frac{1}{1-\rho }$, is the same
for all products. The price index dual to (\ref{cindex}) is:%
\begin{equation}
P_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \frac{p_{i}\left( \omega
\right) }{\lambda _{i}\left( \omega \right) }\right) ^{1-\sigma }d\omega %
\right] ^{\frac{1}{1-\sigma }}.  \label{pindex}
\end{equation}

Consumer expenditure minimization implies that revenue for a variety of a
product $r_{i}\left( \omega \right) $ depends upon the own variety price $%
p_{i}\left( \omega \right) $, consumer tastes $\lambda _{i}\left( \omega
\right) $, the product price index $P_{i}$ and aggregate product revenue $%
R_{i}$, while aggregate product revenue $R_{i}$ depends on the product price
indices $P_{i}$ and aggregate revenue for the economy as whole $R$:%
\begin{equation}
r_{i}\left( \omega \right) =p_{i}\left( \omega \right) ^{1-\sigma }\lambda
_{i}\left( \omega \right) ^{\sigma -1}P_{i}^{\sigma -1}R_{i},\qquad R_{i}= 
\left[ \frac{\left( P_{i}/a_{i}\right) ^{1-\kappa }}{\int_{0}^{1}\left(
P_{i}/a_{i}\right) ^{1-\kappa }di}\right] R  \label{consrev}
\end{equation}

Labor is the sole factor of production and is assumed to be in inelastic
supply $L$ (which also indexes the size of the economy).

\subsection{Production Technology}

A firm is defined by its production technology (productivity $\varphi $) and
its product attributes that influence demand (consumer tastes $\lambda _{i}$%
).\footnote{%
We follow existing models of industry dynamics in taking a technological
approach to the boundaries of the firm. As such we refrain from endogenizing
the ownership of the knowledge assets that embody technology, as in the
incomplete contracts literature following Grossman and Hart (1986).
Implicitly, knowledge assets are assumed to be intangible so that they
cannot be transferred beyond the boundaries of the firm using arms-length
transactions.} Selection across firms is driven by heterogeneity in
productivity $\varphi $, while selection within firms arises as a result of
heterogeneity in consumer tastes across a firm's products $\lambda _{i}$.
Productivity and consumer tastes evolve stochastically over time, and firms
make endogenous decisions whether to enter and exit and whether to
participate in individual product markets as productivity and consumer
tastes evolve.

We assume that there is a competitive fringe of potential firms who are
identical prior to entry. In order to enter, firms must incur a sunk entry
cost of $f_{e}>0$ units of labor, which can be interpreted as an upfront
investment in research and development (R\&D). Incurring the sunk entry cost
creates a firm brand and a blueprint for one horizontally differentiated
variety of each product that can be produced using this brand. The firm's
productivity and the demand for its variety of each product are uncertain
prior to entry. Once the sunk cost has been incurred, the firm observes its
productivity $\varphi $ and consumer tastes for its products $\lambda _{i}$,
and decides whether to enter or exit. If the firm decides to exit, the
knowledge embodied in its productivity and product blueprints is lost, and
the sunk cost must be incurred again in order for the firm to re-enter. If
the firm decides to enter, productivity and consumer tastes evolve over time
according to stochastic processes whose properties are known prior to entry.

We choose a specification for the evolution of productivity and consumer
tastes that is both tractable and sufficiently general to match key features
of the firm-product data. After the sunk entry cost is paid, firm
productivity, $\varphi \in \lbrack \underline{\varphi },\bar{\varphi}%
]\subset \lbrack 0,\infty )$, is drawn from a continuous distribution $%
g_{e}\left( \varphi \right) $, and consumer tastes for the firm's variety, $%
\lambda _{i}\in \lbrack \underline{\lambda },\bar{\lambda}]\subset \lbrack
0,\infty )$, are drawn from a continuous distribution $z_{ei}\left( \lambda
_{i}\right) $ for each product $i$. The subscript $e$ is mnemonic for entry
and the corresponding cumulative distributions are denoted by $G_{e}\left(
\varphi \right) $ and $Z_{ei}\left( \lambda _{i}\right) $ respectively. To
make the firm's problem an interesting one, we assume that the intervals for
productivity and consumer tastes are sufficiently wide that we have an
interior equilibrium, in which a firm's entry decision depends on its
productivity and the decision to participate in individual product markets
depends on consumer tastes. To make use of law of large numbers results, the
productivity and consumer taste distributions are assumed to be independent
across firms, which enables idiosyncratic risk to be perfectly diversified
across firms. Similarly, we assume that the consumer taste distributions are
independent across products and the consumer taste and firm productivity
distributions are uncorrelated with one another, which simplifies the
characterization of the equilibrium range of products produced by a firm.%
\footnote{%
While the consumer taste and firm productivity distributions are independent
of one another, there is interdependence in a firm's profitability across
products, because firm productivity is common across products.}

Following entry, a firm faces a constant Poisson probability $\varepsilon
_{i}>0$ of a shock to consumer tastes $\lambda _{i}$ for its variety of
product $i$, in which case a new value for consumer tastes $\lambda
_{i}^{\prime }$ is drawn from a continuous conditional distribution $%
z_{ci}\left( \lambda _{i}^{\prime }|\lambda _{i}\right) $. Both the
probability of a consumer taste shock ($\varepsilon _{i}$) and the
conditional distribution for consumer tastes ($z_{ci}\left( \lambda
_{i}^{\prime }|\lambda _{i}\right) $) are allowed to vary across products.
Following entry, the firm also faces a constant Poisson probability $\theta
>0$ of a shock to productivity $\varphi $, in which case a new value for
productivity $\varphi ^{\prime }$ is drawn from a continuous conditional
distribution $g_{c}\left( \varphi ^{\prime }|\varphi \right) $. The
subscript $c$ is mnemonic for conditional, and we denote the corresponding
cumulative distributions by $Z_{ci}\left( \lambda _{i}^{\prime }|\lambda
_{i}\right) $ and $G_{c}\left( \varphi ^{\prime }|\varphi \right) $
respectively. While the probabilities $\varepsilon _{i}$ and $\theta $ are
independent across time, our formulation allows for serial correlation in
consumer tastes and firm productivity, because the new draws for these
variables following a stochastic shock depend on their existing values
through the conditional distributions $z_{ci}\left( \lambda _{i}^{\prime
}|\lambda _{i}\right) $ and $g_{c}\left( \varphi ^{\prime }|\varphi \right) $%
. We make the natural assumption of positive serial correlation, $\partial
Z_{ci}\left( \lambda _{i}^{\prime }|\lambda _{i}\right) /\partial \lambda
_{i}<0$ and $\partial G_{c}\left( \varphi ^{\prime }|\varphi \right)
/\partial \varphi <0$ for $\lambda _{i}^{\prime }\in \left[ \underline{%
\lambda },\bar{\lambda}\right] $ and $\varphi ^{\prime }\in \left[ 
\underline{\varphi },\bar{\varphi}\right] $, so that the probability of
drawing a new value for consumer tastes (productivity) below $\lambda
_{i}^{\prime }$ ($\varphi ^{\prime }$) is decreasing in the existing value
of consumer tastes (productivity). In addition to stochastic shocks to
productivity and consumer tastes, the firm faces a constant Poisson
probability of death $\delta >0$, which captures \textit{force majeure}
events unrelated to the profitability of the firm.\footnote{%
The model can be extended to allow firms to make endogenous investments in
improving productivity and enhancing consumer tastes, but these extensions
are not central to the model's key predictions, which are driven by
selection. Our focus on selection within firms mirrors the emphasis on
selection across firms in existing industry dynamics models of firm creation
and destruction, such as Hopenhayn (1992), Ericson and Pakes (1995) and
Melitz (2003).}

Once the sunk cost has been incurred and productivity and consumer tastes
are observed, the firm decides whether to enter and which products to
produce. We assume that there is a fixed corporate headquarters cost of $%
f_{h}>0$ units of labor, which the firm must incur irrespective of the
number of products that it chooses to produce, and a fixed production cost
of $f_{pi}>0$ units of labor for each product $i$ that is produced. There is
a constant marginal cost of production for each product, which depends upon
the firm's productivity. Total labor employed by a firm with productivity $%
\varphi $\ is therefore:%
\begin{equation}
l\left( \varphi \right) =f_{h}+\int_{0}^{1}I_{i}\left[ f_{pi}+\frac{%
q_{i}\left( \varphi ,\lambda _{i}\right) }{\varphi }\right] di,
\label{prodtech}
\end{equation}%
where $I_{i}$ is an indicator variable which equals one if a firm produces
product $i$ and zero otherwise, and $q\left( \varphi ,\lambda _{i}\right) $
denotes output of product $i$ by a firm with productivity $\varphi $ and
demand parameter $\lambda _{i}$.

\subsection{Firm-Product Profitability}

Demand for a firm's variety of a product depends upon the own variety price,
the price index for the product and the price indices for all other
products. If a firm produces a product, it supplies only one of a continuum
of varieties, and so is unable to influence the price index for the product.
Additionally, the price of a firm's variety of one product only influences
the demand for its varieties of other products through the price indices.
Therefore, the firm's inability to influence the price indices implies that
its profit maximization problem reduces to choosing the price of each
product variety separately to maximize the profits derived from that product
variety.\footnote{%
The structure of our model eliminates strategic interaction within or
between firms. This choice of model structure enables us to isolate the role
of selection within and across firms from considerations of strategic
interaction.} This optimization problem yields the standard result that the
equilibrium price of a product variety is a constant mark-up over marginal
cost:

\begin{equation}
p_{i}\left( \varphi ,\lambda _{i}\right) =\frac{1}{\rho }\frac{w}{\varphi },
\label{varprice}
\end{equation}%
where we choose the wage for the numeraire and so $w=1$.

From consumer expenditure minimization, substituting for the pricing rule
and using the choice of numeraire, equilibrium revenue and profits from a
product variety are:%
\begin{equation}
r_{i}\left( \varphi ,\lambda _{i}\right) =R_{i}\left( \rho P_{i}\varphi
\lambda _{i}\right) ^{\sigma -1},\qquad \pi _{i}\left( \varphi ,\lambda
_{i}\right) =\frac{r_{i}\left( \varphi ,\lambda _{i}\right) }{\sigma }%
-f_{pi},  \label{varrev}
\end{equation}%
where $R_{i}$ denotes aggregate expenditure on product $i$.

From equation (\ref{varrev}), differences in firm productivity have exactly
the same effects on equilibrium revenue and profits from a product as
differences in consumer tastes for the firm's variety, because prices are a
constant mark-up over marginal costs and demand exhibits a constant
elasticity of substitution.\footnote{%
Therefore $\lambda _{i}$ has an equivalent interpretation as a component of
a firm's productivity that is specific to individual products. Under this
alternative interpretation, which leaves the determination of general
equilibrium unchanged, stochastic shocks to $\lambda _{i}$ capture changes
in firm productivity that are specific to individual products.} From the
expression for equilibrium product revenue, the ratio of revenue for two
varieties of the same product depends solely on the relative productivities
of the firms producing those varieties and the relative strength of consumer
demand for those varieties:%
\begin{equation}
r_{i}\left( \varphi ^{\prime \prime },\lambda _{i}^{\prime \prime }\right)
=\left( \varphi ^{\prime \prime }/\varphi ^{\prime }\right) ^{\sigma
-1}\left( \lambda _{i}^{\prime \prime }/\lambda _{i}^{\prime }\right)
^{\sigma -1}r_{i}\left( \varphi ^{\prime },\lambda _{i}^{\prime }\right) .
\label{relvarrev}
\end{equation}

The key economic decisions of a firm in the model are whether to enter or
exit and in which product markets to participate. Under our assumptions, the
firm's decision whether or not to produce a product takes a very tractable
form. Fixed and marginal production costs for individual product varieties
have no sunk component and consumer tastes for a firm's variety of a product
evolve independently of whether the firm's variety is actually produced. The
firm's decision whether or not to produce its variety of a product thus
reduces to a period-by-period comparison of contemporaneous revenue and
production costs.\footnote{%
In contrast, the costs of firm entry are sunk, which introduces an option
value to firm entry, as discussed further below. While our analysis can be
extended to also allow for sunk costs of entering each product, the
resulting option value to producing each product complicates the analysis
without substantively changing the features of the model that we examine in
our empirical work.} The existence of product fixed production costs implies
that there is a \textbf{zero-profit consumer taste cutoff }$\lambda
_{i}^{\ast }\left( \varphi \right) $ for a firm with productivity $\varphi $%
, such that the firm will produce the product if consumer tastes $\lambda
_{i}$ are equal to or greater than $\lambda _{i}^{\ast }\left( \varphi
\right) $. From the expression for equilibrium profits above, the value of $%
\lambda _{i}^{\ast }\left( \varphi \right) $ is defined by the following
zero-profit condition:%
\begin{equation}
r_{i}\left( \varphi ,\lambda _{i}^{\ast }\left( \varphi \right) \right)
=R_{i}\left( \rho P_{i}\varphi \lambda _{i}^{\ast }\left( \varphi \right)
\right) ^{\sigma -1}=\sigma f_{pi}.  \label{zppp}
\end{equation}

Using the expression for relative product variety revenue in equation (\ref%
{relvarrev}) above, equilibrium revenue and profits from a product can be
expressed relative to the revenue of a variety with the zero-profit consumer
taste:%
\begin{eqnarray}
r_{i}\left( \varphi ,\lambda _{i}\left( \varphi \right) \right) &=&\left\{ 
\begin{array}{l}
\left( \frac{\lambda _{i}}{\lambda _{i}^{\ast }\left( \varphi \right) }%
\right) ^{\sigma -1}\sigma f_{pi} \\ 
0%
\end{array}%
\right. \qquad \left. 
\begin{array}{l}
\text{for}\qquad \lambda _{i}\geq \lambda _{i}^{\ast }\left( \varphi \right)
\smallskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{eqvarrev} \\
\pi _{i}\left( \varphi ,\lambda _{i}\left( \varphi \right) \right)
&=&\left\{ 
\begin{array}{l}
\left[ \left( \frac{\lambda _{i}}{\lambda _{i}^{\ast }\left( \varphi \right) 
}\right) ^{\sigma -1}-1\right] f_{pi} \\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for}\qquad \lambda _{i}\geq \lambda _{i}^{\ast }\left( \varphi \right)
\smallskip \\ 
\text{otherwise}%
\end{array}%
\right. .  \notag
\end{eqnarray}

As consumer tastes for a firm's variety of each product change over time,
previously profitable products become unprofitable and are dropped when $%
\lambda _{i}$ falls below the zero-profit cutoff value $\lambda _{i}^{\ast
}\left( \varphi \right) $. Similarly, previously unprofitable products
become viable and are added when $\lambda _{i}$ rises above $\lambda
_{i}^{\ast }\left( \varphi \right) $.

The equilibrium of the model features an endogenous stationary distribution
for consumer tastes $\lambda _{i}$ across firms within each product $i$,
which we denote by $\gamma _{zi}\left( \lambda _{i}\right) $, and which is
influenced by both the entry and conditional distributions for consumer
tastes and the probability of a consumer taste shock. The stationary
distribution for consumer tastes is independent of firm productivity, since
the entry and conditional distributions for consumer tastes are by
assumption independent of the corresponding distributions for firm
productivity. The stationary distribution of consumer tastes within each
product is characterized by the requirement that the inflow of firms to
consumer taste $\lambda _{i}$ equals the corresponding outflow from consumer
taste $\lambda _{i}$ for all $\lambda _{i}\in \lbrack \underline{\lambda },%
\bar{\lambda}]$:%
\begin{equation}
z_{ei}\left( \lambda _{i}\right) \left[ 1-G_{e}\left( \varphi ^{\ast
}\right) \right] M_{e}+\left[ \int_{\underline{\lambda }}^{\bar{\lambda}%
}\varepsilon _{i}z_{ic}\left( \lambda _{i}|\lambda _{i}^{\prime }\right)
\gamma _{zi}\left( \lambda _{i}^{\prime }\right) d\lambda _{i}^{\prime }%
\right] M=\left( \delta +\chi +\varepsilon _{i}\right) \gamma _{zi}\left(
\lambda _{i}\right) M,  \label{invarianttaste}
\end{equation}%
where $M_{e}$ denotes the mass of entrants each period; $M$ denotes the mass
of firms producing; $\varphi ^{\ast }$ is the zero-value cutoff productivity
below which a firm exits as determined below; $\chi \equiv \theta
\int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left( \varphi ^{\ast }|\varphi
\right) \gamma _{g}\left( \varphi \right) d\varphi $ is the aggregate
probability of firm exit due to stochastic productivity shocks, which
depends on the stationary distribution of firm productivity $\gamma
_{g}\left( \varphi \right) $ that is characterized below.

The equality of inflows and outflows in equation (\ref{invarianttaste}) has
an intuitive interpretation. The first and second terms on the left-hand
side are the inflow of firms to consumer taste $\lambda _{i}$ as a result of
firm entry and consumer taste shocks, respectively. The first, second and
third terms on the right-hand side are respectively the outflow of firms
from consumer taste $\lambda _{i}$ as a result of firm death, productivity
shocks that induce firm exit and consumer taste shocks. The stationary
distribution for consumer tastes determined by the equality of inflows and
outflows is defined over the interval $[\underline{\lambda },\bar{\lambda}]$%
, such that $\int_{\underline{\lambda }}^{\bar{\lambda}}\gamma _{zi}\left(
\lambda _{i}\right) d\lambda _{i}=1$, and we denote the corresponding
cumulative distribution by $\Gamma _{zi}\left( \lambda _{i}\right) $. There
is also a corresponding stationary distribution for consumer tastes
conditional on a product being produced, which is a truncation of the
distribution $\gamma _{zi}\left( \lambda _{i}\right) $ at the zero-profit
cutoff $\lambda _{i}^{\ast }\left( \varphi \right) $.

\subsection{Firm Profitability}

Having characterized a firm's decision whether to produce a product, we now
examine firm profitability across the continuum of products as a whole. The
total revenue and profits of a firm with productivity $\varphi $ are as
follows:%
\begin{equation}
r\left( \varphi \right) =\int_{0}^{1}I_{i}r_{i}\left( \varphi ,\lambda
_{i}\right) di,\qquad \pi \left( \varphi \right) =\int_{0}^{1}I_{i}\pi
_{i}\left( \varphi ,\lambda _{i}\right) di-f_{h},  \label{firmrevprof}
\end{equation}%
where $I_{i}$ is again the indicator variable which equals one if a firm
produces product $i$ and zero otherwise.

With a continuum of products and independent distributions for consumer
tastes, the law of large numbers implies that a firm's expected revenue
across the continuum of products equals the sum of its expected revenues
from each product. Total firm revenue and profits across the continuum of
products are thus:

\begin{eqnarray}
r\left( \varphi \right) &=&\int_{0}^{1}\left[ \left[ 1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) \right] \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}r_{i}\left( \varphi
,\lambda _{i}\right) \left( \frac{\gamma _{zi}\left( \lambda _{i}\right) }{%
1-\Gamma _{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) }%
\right) d\lambda _{i}\right] di,  \label{expfirmrevprof} \\
\pi \left( \varphi \right) &=&\int_{0}^{1}\left[ \left[ 1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) \right] \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}\pi _{i}\left( \varphi
,\lambda _{i}\right) \left( \frac{\gamma _{zi}\left( \lambda _{i}\right) }{%
1-\Gamma _{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) }%
\right) d\lambda _{i}\right] di-f_{h}.  \notag
\end{eqnarray}

While consumer tastes for a firm's variety of a product are stochastic, the
law of large numbers implies that all firms with the same productivity
experience the same flow of total profits across the continuum of products.
Stochastic shocks to consumer tastes generate fluctuations in the
profitability of individual products, which lead them to be added and
dropped over time. However, these fluctuations in the profitability of
individual products average out at the level of the firm, so that the
evolution of total firm profits over time is determined solely by stochastic
shocks to firm productivity.

Once a firm observes its productivity and hence total profits across the
continuum of products, it decides whether or not to enter. The lower a
firm's productivity $\varphi $, the higher the zero-profit cutoff for
product expertise $\lambda _{i}^{\ast }\left( \varphi \right) $, and so the
lower the probability of having a value for consumer taste sufficiently high
to profitably produce a product $\left( 1-\Gamma _{zi}\left( \lambda
_{i}^{\ast }\left( \varphi \right) \right) \right) $. With a continuum of
products and independent distributions for consumer tastes, the fraction of
products produced by a firm with productivity $\varphi $ equals the sum of
the probabilities of producing each product:%
\begin{equation}
\Lambda \left( \varphi \right) =\int_{0}^{1}\left( 1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) \right) di
\label{productscope}
\end{equation}

As a firm with lower productivity has a lower probability of producing each
product, it produces a smaller range of products than another firm with
higher productivity. Therefore, the range of products produced by a firm is
monotonically increasing in its productivity. Additionally, for sufficiently
low values of a firm's productivity, the excess of revenue over fixed
production costs in the small range of profitable products falls short of
the fixed headquarters cost, and the instantaneous flow of total firm
profits across the continuum of products is negative.

The existence of a sunk entry cost combined with stochastic shocks to
productivity generates an option value to firm entry, so that a firm's entry
decision does not simply depend on a comparison of total firm profits and
the fixed headquarters cost. If a firm chooses to exit, it forgoes both the
net present value of its instantaneous flow of profits and also the option
of experiencing stochastic productivity shocks. Therefore, with this option
value to firm entry, the threshold productivity for firm entry and exit will
in general lie below the productivity at which the instantaneous flow of
total firm profits is equal to zero. The value of a firm with productivity $%
\varphi $ is determined according to the following Bellman equation:

\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) +\theta \left[ \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\left[ v\left( \varphi ^{\prime }\right) -v\left( \varphi
\right) \right] g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }\right] }{\delta +\theta G_{c}\left( \varphi ^{\ast }|\varphi
\right) }\qquad \\ 
\\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for }\varphi \geq \varphi ^{\ast } \\ 
\bigskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{bellvalfirm}
\end{equation}%
where $\varphi ^{\ast }$ is the zero-value cutoff productivity below which a
firm exits; $\delta $ is the exogenous probability of firm death; $\theta
G_{c}\left( \varphi ^{\ast }|\varphi \right) $ is the endogenous probability
of firm exit, which depends on productivity $\varphi $, and equals the
probability of a stochastic shock to productivity $\theta $ times the
probability of drawing a new value for productivity below the zero-value
cutoff $G\left( \varphi ^{\ast }|\varphi \right) $.

The Bellman equation (\ref{bellvalfirm}) has an intuitive interpretation.
The value of a firm with productivity $\varphi $ is the flow of current
profits plus the expected value of capital gains or losses as a result of a
stochastic productivity shock, discounted by the probability of firm exit.
To determine the value of a firm with productivity $\varphi $, it proves
convenient to re-write the Bellman equation in the following way:%
\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) }{\delta +\theta }+\frac{\theta }{\delta
+\theta }\int_{\varphi ^{\ast }}^{\bar{\varphi}}v\left( \varphi ^{\prime
}\right) g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi ^{\prime
}\qquad \\ 
\\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for }\varphi \geq \varphi ^{\ast } \\ 
\bigskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{bellvalfirmalt}
\end{equation}%
which, as shown in the appendix at the end of this document, has the
following solution:%
\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) }{\delta +\theta }+\frac{\theta }{\delta
+\theta }\int_{\varphi ^{\ast }}^{\bar{\varphi}}\eta \left( \varphi ^{\prime
}\right) \pi \left( \varphi ^{\prime }\right) g_{c}\left( \varphi ^{\prime
}|\varphi \right) d\varphi ^{\prime }\qquad \\ 
\\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for }\varphi \geq \varphi ^{\ast } \\ 
\bigskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{bellvalfirmsol}
\end{equation}%
where $\eta \left( \varphi \right) $ is determined in the appendix.

The zero-value cutoff productivity $\varphi ^{\ast }$ below which exit
occurs is defined by $v\left( \varphi ^{\ast }\right) =0$, which implies:%
\begin{equation}
-\pi \left( \varphi ^{\ast }\right) =\theta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi ^{\prime
}\right) g_{c}\left( \varphi ^{\prime }|\varphi ^{\ast }\right) d\varphi
^{\prime },  \label{zerovalcut}
\end{equation}%
so that at productivity $\varphi ^{\ast }$\ the flow of current losses
exactly equals the probability of a stochastic shock to productivity times
expected profits following a productivity shock.

As well as an endogenous stationary distribution for consumer tastes within
each product, the equilibrium of the model also features an endogenous
stationary distribution for firm productivity $\varphi $, which we denote by 
$\gamma _{g}\left( \varphi \right) $. This stationary distribution for firm
productivity is determined by the requirement that the inflow of firms to
each productivity equals the corresponding outflow from each productivity
for all $\varphi \geq \varphi ^{\ast }$:

\begin{equation}
g\left( \varphi \right) M_{e}+\int_{\varphi ^{\ast }}^{\bar{\varphi}}\theta
g_{c}\left( \varphi |\varphi ^{\prime }\right) \gamma _{g}\left( \varphi
^{\prime }\right) d\varphi ^{\prime }M=\left( \delta +\theta \right) \gamma
_{g}\left( \varphi \right) M\quad  \label{invariantprod}
\end{equation}

The equality of inflows and outflows from each productivity in equation (\ref%
{invariantprod}) also has an intuitive interpretation. The first and second
terms on the left-hand side are the inflow of firms to productivity $\varphi 
$ from entry and productivity shocks, respectively. The first term on the
right-hand side is the outflow of firms from productivity $\varphi $ due to
exogenous firm death. The second term on the right-hand side is the outflow
of firms from productivity $\varphi $\ to other values of productivity as a
result of productivity shocks, including productivity shocks that induce
endogenous firm exit. We define the stationary distribution for firm
productivity $\gamma _{g}\left( \varphi \right) $ as conditional upon entry,
so that $\int_{\varphi ^{\ast }}^{\bar{\varphi}}\gamma _{g}\left( \varphi
\right) =1$, and we denote the corresponding cumulative distribution by $%
\Gamma _{g}\left( \varphi \right) $.

\subsection{Firm Entry}

The equilibrium zero-value cutoff productivity $\varphi ^{\ast }$ is
determined by the free entry condition that requires the expected value of
entry to equal the sunk entry cost. The expected value of entry is equal to
the probability of successful entry times the expected value of the firm
conditional on successful entry:%
\begin{equation}
V=\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] \bar{v}=f_{e},\qquad 
\bar{v}\equiv \int_{\varphi ^{\ast }}^{\bar{\varphi}}v\left( \varphi \right)
\left( \frac{g_{e}\left( \varphi \right) }{1-G_{e}\left( \varphi ^{\ast
}\right) }\right) d\varphi ,  \label{freeentry}
\end{equation}%
where $\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] $ is the \textit{%
ex ante} probability of drawing a productivity above the zero-value cutoff $%
\varphi ^{\ast }$, and $\bar{v}$ is the expected value of the firm
conditional on entry, which depends on the equilibrium value of the firm for
each productivity from (\ref{bellvalfirmsol}) and the \textit{ex ante}
productivity distribution $g_{e}\left( \varphi \right) $.

Firms are assumed to finance the sunk entry cost by issuing equity to the
representative consumer. As there is a continuum of firms, and the
productivity and consumer tastes distributions are independent across firms,
consumers can perfectly diversify the idiosyncratic risk of stochastic
shocks to a firm's productivity and consumer tastes. Therefore the
equilibrium rate of return received by the representative consumer on firm
equity is equal to the aggregate risk of firm death and exit due to
productivity shocks, which is equal to $\delta +\chi \equiv \delta +\theta
\int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left( \varphi ^{\ast }|\varphi
\right) \gamma _{g}\left( \varphi \right) d\varphi $.

\subsection{Goods and Labor Markets}

While the analysis so far has characterized firm-level decisions about entry
and production, we now turn to the determination of aggregate variables,
such as the price indices and product revenue, which depend on the mass of
firms. The stationary equilibrium of the model is characterized by a
constant mass of firms entering each period, $M_{e}$, and a constant mass of
firms producing, $M$. Each of the firms producing is active in a subset of
product markets, with the steady-state mass of firms producing a given
product, $M_{pi}$, equal to a constant fraction of the mass of firms
producing.

To determine the mass of firms producing a given product, we note that of
the mass of firms with productivity $\varphi $, a fraction $\left[ 1-\Gamma
_{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) \right] $
produce product $i$. Therefore the total mass of firms producing product $i$
can be determined from this fraction by integrating over values for
productivity using the stationary productivity distribution:%
\begin{equation}
M_{pi}=\left[ \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ 1-\Gamma
_{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) \right]
\gamma _{g}\left( \varphi \right) d\varphi \right] M,  \label{massproduct}
\end{equation}

The mass of firms producing, $M$, can be in turn determined from aggregate
revenue, $R$, and the expected revenue of a firm conditional on production, $%
\bar{r}$:%
\begin{equation}
M=\frac{R}{\bar{r}},\qquad \bar{r}=\int_{\varphi ^{\ast }}^{\bar{\varphi}%
}r\left( \varphi \right) \gamma _{g}\left( \varphi \right) d\varphi
\label{massfirms}
\end{equation}%
where revenue across the continuum of products for a firm with productivity $%
\varphi $, $r\left( \varphi \right) $, is given by (\ref{expfirmrevprof}).

The mass of firms entering each period, $M_{e}$, can be determined from the
mass of firms producing, $M$. With a constant mass of firms producing in the
stationary equilibrium, the mass of firms that enter and draw a productivity
above the zero-value cutoff must equal the mass of firms that exit, which
equals the mass of firms that die or draw a new productivity below the
zero-value cutoff:%
\begin{equation}
\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] M_{e}=\left( \delta
+\chi \right) M.  \label{sss}
\end{equation}%
where $\chi \equiv \theta \int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left(
\varphi ^{\ast }|\varphi \right) \gamma _{g}\left( \varphi \right) d\varphi $%
.

The price indices for each product, $P_{i}$, can be determined from the mass
of firms producing each product, $M_{pi}$. From the equilibrium pricing rule
(\ref{varprice}), the price index for a product can be written as a function
of the mass of firms producing the product and the price of a variety with a
weighted average of firm productivity and consumer tastes:%
\begin{equation}
P_{i}=M_{pi}^{\frac{1}{1-\sigma }}\frac{1}{\rho \tilde{\varphi}_{i}},
\label{eqpindex}
\end{equation}%
where the weighted average $\tilde{\varphi}_{i}$ depends on the stationary
distributions of firm productivity and consumer tastes and is defined in the
appendix at the end of this document.

Aggregate revenue for each product, $R_{i}$, can be in turn determined from
the price indices, $P_{i}$, and aggregate revenue, $R$, using equation (\ref%
{consrev}). Finally, labor market clearing requires that the demand for
labor in production and entry equals the economy's supply of labor:%
\begin{equation}
L_{q}+L_{e}=\bar{L},  \label{labmktclear}
\end{equation}%
where the subscripts $q$ and $e$ denote labor used in production and entry
respectively.

\subsection{General Equilibrium}

General equilibrium is referenced by the quadruple \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\},
together with a stationary distribution for firm productivity $\gamma
_{g}\left( \varphi \right) $ for $\varphi \geq \varphi ^{\ast }$, and a
stationary distribution for consumer tastes $\gamma _{zi}\left( \lambda
_{i}\right) $ for $\lambda _{i}\in \left[ \underline{\lambda },\bar{\lambda}%
\right] $. We begin by characterizing the stationary distributions of firm
productivity and consumer tastes, before turning to consider the elements of
the quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $, $P_{i}$, $R_{i}$\}.

\subsubsection{Stationary Distributions for Consumer Tastes and Productivity 
\label{geexistence}}

The stationary distributions for firm productivity and consumer tastes are
determined by the requirements of an equality of inflows to and outflows
from each value of productivity and consumer tastes in equations (\ref%
{invariantprod}) and (\ref{invarianttaste}). These equations imply that the
stationary distributions of firm productivity and consumer tastes depend on
the distributions from which these variables are drawn upon entry and the
conditional distributions from which they are drawn following a stochastic
shock. Since the entry and conditional distributions are continuous and have
bounded support, there exist unique stationary distributions for firm
productivity and consumer tastes, as long as the probabilities of a
stochastic shock to consumer tastes and productivity do not exceed the
thresholds specified in the proofs below.

\begin{proposition}
\label{PropInvProd}For $\theta <\bar{\theta}$, there exists a unique
stationary distribution of firm productivity conditional upon entry, $\gamma
_{g}\left( \varphi \right) $, for each value of the aggregate variables $%
\left\{ M_{e}\text{, }M\text{, }\varphi ^{\ast }\right\} $.
\end{proposition}

\begin{proof}
See the appendix below.
\end{proof}

\begin{proposition}
\label{PropInvTaste}For $\varepsilon _{i}<\bar{\varepsilon}$, there exists a
unique stationary distribution of consumer tastes, $\gamma _{zi}\left(
\lambda _{i}\right) $, for each product $i$ for each value of the aggregate
variables $\left\{ M_{e}\text{, }M\text{, }\varphi ^{\ast }\right\} $.
\end{proposition}

\begin{proof}
See the appendix below.\bigskip
\end{proof}

The stationary distributions of firm productivity and consumer tastes
characterized in the proofs of the propositions are weighted averages of the
entry and conditional distributions, with the weights depending on the
equilibrium values of the mass of entrants $M_{e}$, the mass of firms $M$,
the zero-value cutoff productivity below which firms exit $\varphi ^{\ast }$%
, and the probabilities $\theta $ and $\varepsilon _{i}$ of a stochastic
shock to firm productivity and consumer tastes respectively.

\subsubsection{Zero-profit Consumer Taste Cutoffs\label{gemp}}

Having characterized the stationary distribution of firm productivity and
consumer tastes, we now turn to consider the equilibrium value of the
zero-profit consumer taste cutoff for each product, $\lambda _{i}^{\ast
}\left( \varphi \right) $, which determines the equilibrium range of
products produced by firms. As discussed above, the zero-profit consumer
taste cutoff $\lambda _{i}^{\ast }\left( \varphi \right) $ for each product
varies across firms depending on their productivity $\varphi $. Using the
expression for the relative revenues of product varieties in equation (\ref%
{relvarrev}), the zero-profit consumer taste cutoff for each firm
productivity can be expressed relative to that of a firm with the zero-value
cutoff productivity:%
\begin{equation}
\lambda _{i}^{\ast }\left( \varphi \right) =\left( \frac{\varphi ^{\ast }}{%
\varphi }\right) \lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) .
\label{rel_lambdas}
\end{equation}

The above relationship has an intuitive interpretation. The zero-profit
consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi \right) $ is
decreasing in firm productivity $\varphi $ because the revenue derived from
a product variety is increasing in firm productivity. Therefore, as a firm's
productivity increases, it generates sufficient revenue to cover product
fixed production costs at a lower value of consumer tastes. In contrast, the
zero-profit consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi
\right) $ is increasing in the zero-value cutoff productivity $\varphi
^{\ast }$. A higher value of $\varphi ^{\ast }$ increases the average
productivity of rival firms, which intensifies product market competition
and reduces product variety revenue, so that a higher value of consumer
tastes is required to generate sufficient revenue to cover product fixed
production costs. Similarly, an increase in the zero-profit consumer taste
cutoff for the lowest productivity firm $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $ increases $\lambda _{i}^{\ast }\left( \varphi \right) $
for all firm productivities, because it raises the average consumer tastes
of rival firms, which intensifies product market competition and reduces
product variety revenue.

The zero-profit consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $ for a firm with the zero-value cutoff productivity $%
\varphi ^{\ast }$\ on the right-hand side of (\ref{rel_lambdas}) can be
determined from the zero-profit consumer taste cutoff condition (\ref{zppp})
for productivity $\varphi ^{\ast }$:%
\begin{equation}
R_{i}\left( \rho P_{i}\varphi ^{\ast }\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) \right) ^{\sigma -1}=\sigma f_{pi}.  \label{eqprodscope}
\end{equation}

Together equations (\ref{rel_lambdas}) and (\ref{eqprodscope}) determine the
zero-profit consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi
\right) $\ for firms of all productivities as a function of \{$\varphi
^{\ast }$, $P_{i}$, $R_{i}$\}. Since the zero-profit consumer taste cutoffs $%
\lambda _{i}^{\ast }\left( \varphi \right) $ determine the probability that
each product is produced $\left[ 1-\Gamma _{zi}\left( \lambda _{i}^{\ast
}\left( \varphi \right) \right) \right] $, these equations also determine
the equilibrium range of products produced by firms of all productivities.

\subsubsection{Zero-value Productivity Cutoff\label{gefe}}

To determine the zero-value cutoff productivity below which firms exit, $%
\varphi ^{\ast }$, we use the free entry condition (\ref{freeentry}) that
requires the expected value of entry to equal the sunk entry cost.
Substituting for the value of a firm from (\ref{bellvalfirmsol}), the free
entry condition can be re-written as follows:

\begin{equation}
V=\left( \frac{1}{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\left[ \pi \left( \varphi \right) +\theta \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi
^{\prime }\right) g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }\right] g_{e}\left( \varphi \right) d\varphi =f_{e},
\label{eqfreeentry}
\end{equation}%
where the expected value of entry depends on the entry and conditional
distributions for productivity and firm profits as a function of
productivity.

\subsubsection{Product Price Indices and Revenues\label{gegl}}

The two remaining elements of the quadruple \{$\varphi ^{\ast }$, $\lambda
_{i}^{\ast }\left( \varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\} are the
price indices, $P_{i}$, and aggregate revenues, $R_{i}$, for each product.
To characterize the equilibrium values of these variables for each product,
we combine consumer and producer optimization with the free entry,
steady-state stability and labor market clearing conditions.

We begin with the product price indices in equation (\ref{eqpindex}), which
depend on a weighted average of firm productivity and consumer tastes, $%
\tilde{\varphi}_{i}$, and the mass of firms that produce a product, $M_{pi}$%
. The weighted average, $\tilde{\varphi}_{i}$, can be determined from the
zero-profit consumer taste cutoff, $\lambda _{i}^{\ast }\left( \varphi
\right) $, the zero-value productivity cutoff, $\varphi ^{\ast }$, and the
stationary distributions for consumer tastes, $\gamma _{zi}\left( \lambda
_{i}\right) $, and productivity, $\gamma _{g}\left( \varphi \right) $, as
shown in the appendix. The mass of firms that produce a product, $M_{pi}$,
is a constant fraction of the mass of active firms, $M$, as shown in
equation (\ref{massproduct}). The mass of active firms, $M$, can be
determined from aggregate economy-wide revenue, $R$, and average firm
revenue conditional upon entry, $\bar{r}$, as shown in equation (\ref%
{massfirms}).

Average firm revenue conditional upon entry, $\bar{r}$, is solely a function
of the zero-value cutoff productivity, $\varphi ^{\ast }$, the zero-profit
consumer taste cutoff for a firm with this productivity, $\lambda _{i}^{\ast
}\left( \varphi ^{\ast }\right) $, and the stationary distributions for firm
productivity and consumer tastes, $\gamma _{zi}\left( \lambda _{i}\right) $
and $\gamma _{g}\left( \varphi \right) $, as can be seen from equations (\ref%
{eqvarrev}), (\ref{expfirmrevprof}) and (\ref{rel_lambdas}). Aggregate
economy-wide revenue, $R$, can be determined by combining the free entry,
steady-state stability and labor market clearing conditions. To do so, we
solve for payments to labor used in entry and payments to labor used in
production, and show that these sum to aggregate economy-wide revenue. Using
the steady-state stability condition (\ref{sss}) to substitute for the
probability of successful entry $\left[ 1-G_{e}\left( \varphi ^{\ast
}\right) \right] $ in the free entry condition (\ref{freeentry}), we obtain
the following relationship between payments to labor used in entry and the
expected value of the firm conditional on successful entry:%
\begin{equation}
L_{e}=M_{e}f_{e}=\left( \delta +\chi \right) M\bar{v}  \label{labentry}
\end{equation}%
where $\chi \equiv \theta \int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left(
\varphi ^{\ast }|\varphi \right) \gamma _{g}\left( \varphi \right) d\varphi $
is the aggregate probability of firm exit due to productivity shocks.

Equation (\ref{labentry}) has an intuitive interpretation. Payments to labor
used in entry on the left-hand side equal the flow rate of return received
by the representative consumer on the average value of the firm conditional
on entry on the right-hand side. Only when this condition is satisfied will
the representative consumer break even on the equity issued by firms to
finance the sunk costs of entry.

Payments to labor used in production equal aggregate economy-wide revenue
minus the flow rate of return received by the representative consumer on the
average equity value of the firm conditional on entry:%
\begin{equation}
L_{p}=R-\left( \delta +\chi \right) M\bar{v}  \label{labprod}
\end{equation}

Substituting the expressions for labor used in entry and production in
equations (\ref{labentry}) and (\ref{labprod}) into the labor market
clearing condition (\ref{labmktclear}), aggregate economy-wide revenue
equals the economy's labor endowment, $R=L$, and the labor market clears.
Therefore, as we have characterized $R,$ $\bar{r}$, $M$, $M_{pi}$ and $%
\tilde{\varphi}_{i}$, we have characterized the equilibrium price indices $%
P_{i}$ in equation (\ref{eqpindex}).

The final element of the quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast
}\left( \varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\} is aggregate product
revenue $R_{i}$, which can be determined from consumer expenditure
minimization, using the equilibrium price indices $P_{i}$ and aggregate
economy-wide revenue $R$:%
\begin{equation}
R_{i}=\frac{R\left( P_{i}/a_{i}\right) ^{1-\kappa }}{\int_{0}^{1}\left(
P_{i}/a_{i}\right) ^{1-\kappa }di}  \label{prodaggrev}
\end{equation}

\subsubsection{Existence and Uniqueness}

The equilibrium quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left(
\varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\} and the stationary
distributions for firm productivity $\gamma _{g}\left( \varphi \right) $\
and consumer tastes $\gamma _{zi}\left( \lambda _{i}\right) $ are determined
by the following six equations: the equality of inflows and outflows for
productivity and consumer tastes ((\ref{invariantprod}) and (\ref%
{invarianttaste})), the free entry condition (\ref{eqfreeentry}), the
zero-profit consumer taste condition for the lowest productivity firm (\ref%
{eqprodscope}), the equilibrium price index (\ref{eqpindex}), and
equilibrium product revenue (\ref{prodaggrev}).

\begin{proposition}
\label{Prop1}For $\theta <\bar{\theta}$ and $\varepsilon _{i}<\bar{%
\varepsilon}$, there exists a unique equilibrium referenced by the quadruple
\{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, 
$P_{i}$, $R_{i}$\}, a stationary distribution for productivity $\gamma
_{g}\left( \varphi \right) $ for $\varphi \geq \varphi ^{\ast }$, and a
stationary distribution for consumer tastes $\gamma _{zi}\left( \lambda
_{i}\right) $ for $\lambda _{i}\in \left[ \underline{\lambda },\bar{\lambda}%
\right] $.
\end{proposition}

\begin{proof}
See the appendix below.\bigskip
\end{proof}

The general equilibrium of the model features steady-state product switching
by surviving firms and steady-state firm creation and destruction. Each
period a measure of new firms incur the sunk entry cost. Of these new firms,
those with a productivity draw above the zero-value cutoff enter, while
those with a productivity draw below the zero-value cutoff exit. Among
existing firms, a firm with unchanged productivity produces a constant range
of products, but idiosyncratic shocks to consumer tastes for individual
products induce the firm to drop a measure of the products previously
produced and add an equal measure of the products not previously produced.
As stochastic shocks to an existing firm's productivity occur, the range of
products produced expands with rises in productivity and contracts with
declines in productivity. An existing firm exits endogenously when
productivity falls below the zero-value cutoff or exogenously when death
occurs as a result of force majeure considerations beyond the control of the
firm.

\section{Empirical Patterns of Product Switching}

The model highlights a number of features of product switching at the firm,
product and firm-product level, which we use to guide our empirical
research. In this section, we show how these features of product switching
can be derived from the model.

\subsection{Firm-level Evidence}

The model features steady-state adding and dropping of products within firms
as a result of idiosyncratic shocks to the profitability of a firm's
products. To determine the magnitude of steady-state product adding,
consider the measure of products not currently produced by a firm with
productivity $\varphi $, which depends on the stationary distribution of
consumer tastes $\gamma _{zi}\left( \lambda _{i}\right) $ over the interval $%
\lambda _{i}\in \left[ \underline{\lambda },\lambda _{i}^{\ast }\left(
\varphi \right) \right) $. The probability that a product not currently
produced is added by a firm with productivity $\varphi $ equals the
probability of drawing a new value for consumer tastes above the zero-profit
cutoff $\varepsilon _{i}\left( 1-Z_{ci}\left( \lambda _{i}^{\ast }\left(
\varphi \right) |\lambda _{i}\right) \right) $. Integrating over products
and the interval $\left[ \underline{\lambda },\lambda _{i}^{\ast }\left(
\varphi \right) \right) $, the measure of products added by a firm with
productivity $\varphi $ is:%
\begin{equation}
\Lambda ^{a}\left( \varphi \right) =\int_{0}^{1}\left[ \int_{\underline{%
\lambda }}^{\lambda _{i}^{\ast }\left( \varphi \right) }\varepsilon _{i}%
\left[ 1-Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \right] \gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i}%
\right] di.  \label{mseadd}
\end{equation}%
Similarly, the measure of products dropped by a firm with productivity $%
\varphi $ is:%
\begin{equation}
\Lambda ^{d}\left( \varphi \right) =\int_{0}^{1}\left[ \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}\varepsilon
_{i}Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i}\right] di.
\label{msedrop}
\end{equation}

As SIC\ codes can be interpreted as discrete partitions of the model's
continuum of products, product adding in the data reflects firm production
in a new five-digit SIC category, while product dropping in the data
represents abandonment of production in one of the firms' existing
five-digit SIC categories. Simultaneous adding and dropping of products
occurs when both of these actions take place. The interpretation of industry
and sector adding and dropping is analogous.

\subsection{Product-level Evidence}

One of the key features of product switching at the product level is a
positive correlation between the rate of adding and dropping across
products. To determine the measure of surviving firms that add and drop a
product, we begin by considering the measure of firms with a particular
value of productivity and consumer tastes for a product: $\gamma _{zi}\left(
\lambda _{i}\right) \gamma _{g}\left( \varphi \right) M$. The probability
that each of these firms survives after a unit interval of time depends on
the probability of firm death, $\delta $, and the probability that a firm
draws a new value for productivity below the zero-value cutoff, $\theta
G_{c}\left( \varphi ^{\ast }|\varphi \right) $. The measure of firms with a
particular value of productivity and consumer tastes for a product that
survive after a unit interval of time is therefore: 
\begin{equation}
\xi _{i}\left( \varphi ,\lambda _{i}\right) \equiv \left[ 1-\delta -\theta
G_{c}\left( \varphi ^{\ast }|\varphi \right) \right] \gamma _{zi}\left(
\lambda _{i}\right) \gamma _{g}\left( \varphi \right) M.  \label{survive}
\end{equation}

Among this measure of surviving firms with productivity $\varphi $, those
with consumer tastes in the interval $\left[ \lambda _{i}^{\ast }\left(
\varphi \right) ,\bar{\lambda}\right] $ currently produce the product. The
probability that the product is dropped by each of these firms equals the
probability of drawing a new value for consumer tastes below the zero-profit
cutoff $\varepsilon _{i}Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi
\right) |\lambda _{i}\right) $. Integrating over the interval of
productivities for which firms enter and the interval of values for consumer
tastes for which the product is produced, the total measure of surviving
firms that drop the product after a unit interval of time is as follows:

\begin{equation}
\xi _{i}^{d}=\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}\varepsilon
_{i}Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \xi _{i}\left( \varphi ,\lambda _{i}\right) d\lambda _{i}\right]
d\varphi .  \label{measuredrop}
\end{equation}%
Similarly, the total measure of surviving firms that add the product after a
unit interval of time is as follows:%
\begin{equation}
\xi _{i}^{a}=\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\underline{%
\lambda }}^{\lambda _{i}^{\ast }\left( \varphi \right) }\varepsilon _{i}%
\left[ 1-Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \xi _{i}\left( \varphi ,\lambda _{i}\right) \right] d\lambda _{i}%
\right] d\varphi .  \label{measureadd}
\end{equation}

Comparing equations (\ref{measuredrop}) and (\ref{measureadd}), it is clear
that \textquotedblleft turbulent\textquotedblright\ products with high
probabilities of idiosyncratic shocks $\varepsilon _{i}$ are added and
dropped more frequently, other things equal, than \textquotedblleft
stable\textquotedblright\ products with less frequent idiosyncratic shocks.
Therefore, differences across products in the degree of turbulence (the
probability of idiosyncratic shocks $\varepsilon _{i}$) induce a positive
correlation between the rate at which a product is added and the rate at
which it is dropped. As these idiosyncratic shocks lead some firms to add a
product while other firms simultaneously drop the same product, the gross
changes in output of a product as a result of product switching are
systematically larger than the net changes in output.

\subsection{Firm-Product Level Evidence}

One of the central features of the model is selection within firms across
products as well as selection across firms. The presence of selection within
firms can be seen from the zero-profit cutoff condition for a product to be
produced, which requires variable profits to cover the fixed production
costs:%
\begin{equation*}
r_{i}\left( \varphi ,\lambda _{i}^{\ast }\left( \varphi \right) \right)
=R_{i}\left( \rho P_{i}\varphi \lambda _{i}^{\ast }\left( \varphi \right)
\right) ^{\sigma -1}=\sigma f_{pi}.
\end{equation*}%
From this zero-profit condition, the decision whether to add or drop a
product depends not only on characteristics of the firm (productivity $%
\varphi $) but also on characteristics that are specific to the firm-product
pair (consumer tastes $\lambda _{i}$). Selection therefore operates within
firms and depends on considerations that are idiosyncratic to individual
firm-product pairs.

The process of selection within firms displays scale and age dependence as a
result of the assumption that firm productivity and consumer tastes are
positively serially correlated. Therefore a high existing value for
productivity or consumer tastes reduces the probability of drawing a low new
value for productivity or consumer tastes and dropping a product. As higher
values of productivity and consumer tastes increase a firm's shipments of a
product (from equation (\ref{consrev})), the model implies that the
probability a firm drops a product is decreasing in the firm's shipments of
the product (scale dependence). Additionally, as productivity and consumer
tastes are serially correlated, the longer the length of time for which a
firm has produced a product, the higher the firm's expected productivity and
consumer tastes, and hence the lower the probability of the firm dropping
the product. Therefore the model also implies that the probability a firm
drops a product is decreasing in the length of time for which the firm has
produced the product (tenure or age dependence).\footnote{%
In the model, consumer tastes follow a first-order Markov process, so that
the probability of drawing a new value for consumer tastes depends only on
the current value of consumer tastes. Furthermore, controlling for firm and
product fixed effects, log firm-product shipments are proportional to the
current value of consumer tastes. Therefore, as in much of the firm entry
and exit literature, age or tenure should become insignificant in a
specification that controls appropriately for scale. One natural explanation
for the significance of firm-product tenure in such a specification is that
consumer tastes follow a higher-order Markov process, and the model could be
extended to allow for this possibility.}

\section{A Simple Special Case}

To provide further economic intuition for the workings of the model, this
section considers a simple special case of the more general framework
developed above. This special case makes a number of simplifying assumptions
in order to achieve greater tractability and derive closed form solutions.
The most important of these simplifications is to abstract from serial
correlation in firm productivity and consumer tastes. While this abstraction
implies that the special case of the model does not capture scale and tenure
dependence in the probability that a product is dropped by a firm, it
remains consistent with the other features of product switching examined in
our empirical work.

The additional simplifying assumptions made in the special case of the model
are as follows: (a) all products $i$ receive the same weight in consumer
utility ($a_{i}=1$ for all $i$), though consumer tastes for a firm's variety 
$\omega $ of each product still vary (in general $\lambda _{i}\left( \omega
^{\prime \prime }\right) \neq \lambda _{i}\left( \omega ^{\prime }\right) $
for $\omega ^{\prime \prime }\neq \omega ^{\prime }$); (b) all products have
the same fixed production costs ($f_{pi}=f_{p}$ for all $i$); (c) the
probability of a stochastic shock to consumer tastes is the same across
products ($\varepsilon _{i}=\varepsilon $ for all $i$); (d) the distribution
from which consumer tastes are drawn following a stochastic shock is the
same as upon entry ($z_{ei}\left( \lambda _{i}\right) =z_{ci}\left( \lambda
_{i}|\lambda _{i}^{\prime }\right) =z\left( \lambda _{i}\right) $ for all $i$
and $\lambda _{i}\in \lbrack \underline{\lambda },\bar{\lambda}]$); and (e)
the distribution from which firm productivity is drawn following a
stochastic shock is the same as upon entry ($g_{e}\left( \varphi \right)
=g_{c}\left( \varphi |\varphi ^{\prime }\right) =g\left( \varphi \right) $
for $\varphi \in \lbrack \underline{\varphi },\bar{\varphi}]$).

Since the distributions from which consumer tastes and firm productivity are
drawn following stochastic shocks are the same as the distributions from
which they are drawn upon entry, the stationary distributions for consumer
tastes and productivity take a particularly simple form. The stationary
distribution for consumer tastes is the same as the distribution upon entry:%
\begin{equation}
\gamma _{zi}\left( \lambda _{i}\right) =z\left( \lambda _{i}\right) ,
\label{eg_stattaste}
\end{equation}%
while the stationary distribution for consumer tastes conditional on a
product being produced is a truncation of $z\left( \lambda _{i}\right) $ at
the zero-profit cutoff for consumer tastes $\lambda _{i}^{\ast }\left(
\varphi \right) $.

The stationary distribution for firm productivity conditional upon entry is
a truncation of the distribution $g\left( \varphi \right) $ at the
zero-value cutoff productivity below which firms exit:%
\begin{equation}
\gamma _{g}\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{g\left( \varphi \right) }{1-G\left( \varphi ^{\ast }\right) }\qquad
\qquad \text{for}\qquad \varphi \geq \varphi ^{\ast } \\ 
0\hspace{1in}\text{otherwise}%
\end{array}%
\right. .  \label{eg_statprod}
\end{equation}

With symmetric products and independently and identically distributed
consumer tastes, the total profits of a firm with productivity $\varphi $
across the unit continuum of products equal its expected profits from each
product:%
\begin{equation}
\pi \left( \varphi \right) =\int_{\lambda ^{\ast }\left( \varphi \right) }^{%
\bar{\lambda}}\left( \left( \frac{\lambda }{\lambda ^{\ast }\left( \varphi
\right) }\right) ^{\sigma -1}-1\right) f_{p}z\left( \lambda \right) d\lambda
-f_{h}.  \label{eg_firmprof}
\end{equation}%
where we have used $r\left( \varphi ,\lambda ^{\ast }\left( \varphi \right)
\right) =\sigma f_{p}$ and $r\left( \varphi ,\lambda \right) =\left( \lambda
/\lambda ^{\ast }\left( \varphi \right) \right) ^{\sigma -1}r\left( \varphi
,\lambda ^{\ast }\left( \varphi \right) \right) $.

A firm with productivity $\varphi $ draws a consumer taste above the
zero-profit cutoff $\lambda ^{\ast }\left( \varphi \right) $ with
probability $\left[ 1-Z\left( \lambda ^{\ast }\left( \varphi \right) \right) %
\right] $, and so the range of products produced by a firm with productivity 
$\varphi $ equals $\left[ 1-Z\left( \lambda ^{\ast }\left( \varphi \right)
\right) \right] $, which is monotonically increasing in $\varphi $. Firms
with higher productivity generate sufficient revenue to cover the fixed
costs of producing a product at a lower value for consumer tastes, and
therefore manufacture a larger range of products than firms with lower
productivity.

The Bellman equation for the value of a firm with productivity $\varphi $
takes the same form as above: 
\begin{equation}
v\left( \varphi \right) =\frac{\pi \left( \varphi \right) }{\delta +\theta }%
+\left( \frac{\theta }{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}v\left( \varphi ^{\prime }\right) g\left( \varphi ^{\prime }\right)
d\varphi ^{\prime },  \label{eg_bellman}
\end{equation}

Since the distribution from which a new value of productivity is drawn
following a stochastic shock is the same as upon entry and is independent of
a firm's existing value of productivity, the solution to the Bellman
equation takes a particularly simple form in this special case of the model.
Substituting for $v\left( \varphi ^{\prime }\right) $ on the right-hand side
of (\ref{eg_bellman}) using the trial solution $v\left( \varphi \right)
=\alpha \pi \left( \varphi \right) +\beta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\pi \left( \varphi ^{\prime }\right) g\left( \varphi ^{\prime
}\right) d\varphi ^{\prime }$, and solving for $\alpha $ and $\beta $,
yields the equilibrium value of a firm:

\begin{equation}
v\left( \varphi \right) =\frac{\pi \left( \varphi \right) }{\delta +\theta }%
+\left( \frac{\theta }{\delta +\theta }\right) \left( \frac{1}{\delta
+\theta G\left( \varphi ^{\ast }\right) }\right) \left[ \int_{\varphi ^{\ast
}}^{\bar{\varphi}}\pi \left( \varphi ^{\prime }\right) g\left( \varphi
^{\prime }\right) d\varphi ^{\prime }\right] ,  \label{eg_solbellman}
\end{equation}

Therefore the equilibrium value of a firm with productivity $\varphi $ is a
weighted average of the current flow of firm profits and the expected flow
of firm profits following a stochastic productivity shock, where the weights
depend on the probability of firm death, the probability of a productivity
shock and the probability that a firm remains active following a
productivity shock. Substituting the expression for the equilibrium value of
a firm into the free entry condition, and rearranging, the free entry
condition can be re-written as follows:%
\begin{equation}
V=\left[ 1-G\left( \varphi ^{\ast }\right) \right] \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\left[ \frac{\pi \left( \varphi \right) +\left( \frac{\theta }{%
\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \pi
\left( \varphi ^{\prime }\right) -\pi \left( \varphi \right) \right] g\left(
\varphi ^{\prime }\right) d\varphi ^{\prime }}{\delta +\theta G\left(
\varphi ^{\ast }\right) }\right] \left( \frac{g\left( \varphi \right) }{%
1-G\left( \varphi ^{\ast }\right) }\right) d\varphi =f_{e},
\label{eg_freeentry}
\end{equation}%
which can be simplified to yield the following expression:%
\begin{equation}
V=\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left( \frac{\pi \left( \varphi
\right) }{\delta +\theta G\left( \varphi ^{\ast }\right) }\right) g\left(
\varphi \right) d\varphi =f_{e},  \label{eg_simpfreeentry}
\end{equation}%
where we have used $\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\pi \left( \varphi ^{\prime }\right)
g\left( \varphi ^{\prime }\right) d\varphi ^{\prime }\right] g\left( \varphi
\right) d\varphi $ $=$ $\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\pi \left( \varphi \right) g\left(
\varphi ^{\prime }\right) d\varphi ^{\prime }\right] g\left( \varphi \right)
d\varphi $ \newline
$=$ $\left[ 1-G\left( \varphi ^{\ast }\right) \right] \left[ \int_{\varphi
^{\ast }}^{\bar{\varphi}}\pi \left( \varphi ^{\prime }\right) g\left(
\varphi ^{\prime }\right) d\varphi ^{\prime }\right] $ $=$ $\left[ 1-G\left(
\varphi ^{\ast }\right) \right] \left[ \int_{\varphi ^{\ast }}^{\bar{\varphi}%
}\pi \left( \varphi \right) g\left( \varphi \right) d\varphi \right] $,
which implies that the second term in the numerator of the expression inside
the square parentheses in equation (\ref{eg_freeentry}) is equal to zero.

The expression for the expected value of entry in the free entry condition (%
\ref{eg_simpfreeentry}) has an intuitive interpretation. In the special case
of the model considered here, the distribution from which a new value of
productivity is drawn following a stochastic shock is the same as upon entry
and independent of a firm's existing value of productivity. Therefore the
expected value of entry is equal to expected firm profits discounted by the
sum of the probability of firm death and the probability that a firm remains
active following a productivity shock.

Using the expression for firm profits from equation (\ref{eg_firmprof}), and
noting from the analysis of the general model above that $\lambda ^{\ast
}\left( \varphi \right) =\left( \varphi ^{\ast }/\varphi \right) \lambda
^{\ast }\left( \varphi ^{\ast }\right) $, the free entry condition (\ref%
{eg_simpfreeentry}) can be written solely in terms of parameters and two
unknowns: the zero-value cutoff productivity $\varphi ^{\ast }$ and the
zero-profit consumer taste cutoff for a firm with this productivity $\lambda
^{\ast }\left( \varphi ^{\ast }\right) $,

\begin{equation}
V=\left( \frac{1}{\delta +\theta G_{c}\left( \varphi ^{\ast }\right) }%
\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\left( \varphi
^{\ast }/\varphi \right) \lambda ^{\ast }\left( \varphi ^{\ast }\right) }^{%
\bar{\lambda}}\left( \left( \frac{\varphi }{\varphi ^{\ast }}\frac{\lambda }{%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) }\right) ^{\sigma
-1}-1\right) f_{p}z\left( \lambda \right) d\lambda -f_{h}\right] g\left(
\varphi \right) d\varphi =f_{e}.\quad  \label{eg_eqfe}
\end{equation}

The free entry condition (\ref{eg_eqfe}) provides one of two equations that
together pin down the zero-value cutoff productivity $\varphi ^{\ast }$ and
the zero-profit consumer taste cutoff for a firm with this productivity $%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) $. The second of the two
equations is obtained from the requirement that the value of a firm with the
zero-value cutoff productivity $\varphi ^{\ast }$ is equal to zero: $v\left(
\varphi ^{\ast }\right) =0$. Using the expression for firm profits from (\ref%
{eg_firmprof}) in the expression for the equilibrium value of a firm in (\ref%
{eg_solbellman}), the requirement that $v\left( \varphi ^{\ast }\right) =0$
can be written as follows:%
\begin{gather}
-\left[ \int_{\lambda ^{\ast }\left( \varphi ^{\ast }\right) }^{\bar{\lambda}%
}\left( \left( \frac{\lambda }{\lambda ^{\ast }\left( \varphi ^{\ast
}\right) }\right) ^{\sigma -1}-1\right) f_{p}z\left( \lambda \right)
d\lambda -f_{h}\right] \hspace{3.6in}  \label{eg_zvcut} \\
=\left( \frac{\theta }{\delta +\theta G\left( \varphi ^{\ast }\right) }%
\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\left( \varphi
^{\ast }/\varphi \right) \lambda ^{\ast }\left( \varphi ^{\ast }\right) }^{%
\bar{\lambda}}\left( \left( \frac{\varphi }{\varphi ^{\ast }}\frac{\lambda }{%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) }\right) ^{\sigma
-1}-1\right) f_{p}z\left( \lambda \right) d\lambda -f_{h}\right] g\left(
\varphi \right) d\varphi  \notag
\end{gather}

The free entry condition (\ref{eg_eqfe}) is monotonically decreasing in $%
\varphi ^{\ast }$ for a given value of $\lambda ^{\ast }\left( \varphi
^{\ast }\right) $. Similarly, for a given value of $\varphi ^{\ast }$, the
left-hand side of equation (\ref{eg_zvcut}) is monotonically increasing in $%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) $, while the right-hand side
of equation (\ref{eg_zvcut}) is monotonically decreasing in $\lambda ^{\ast
}\left( \varphi ^{\ast }\right) $. Therefore equations (\ref{eg_eqfe}) and (%
\ref{eg_zvcut}) together determine unique equilibrium values of \{$\varphi
^{\ast }$, $\lambda ^{\ast }\left( \varphi ^{\ast }\right) $\}.

In the special case of the model, general equilibrium is again referenced by
the quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $, $P_{i}$, $R_{i}$\}, together with a stationary
distribution for firm productivity $\gamma _{g}\left( \varphi \right) $ for $%
\varphi \geq \varphi ^{\ast }$, and a stationary distribution for consumer
tastes $\gamma _{zi}\left( \lambda _{i}\right) $ for $\lambda _{i}\in \left[ 
\underline{\lambda },\bar{\lambda}\right] $. As products are symmetric, we
have $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) =\lambda ^{\ast
}\left( \varphi ^{\ast }\right) $, $P_{i}=P$, $R_{i}=R$ and $\gamma
_{zi}\left( \lambda _{i}\right) =\gamma _{z}\left( \lambda \right) $ for all 
$i$. The stationary distributions of consumer tastes and firm productivity \{%
$\gamma _{z}\left( \lambda \right) $, $\gamma _{g}\left( \varphi \right) $\}
were determined above in equations (\ref{eg_stattaste}) and (\ref%
{eg_statprod}). The equilibrium values of \{$\varphi ^{\ast }$, $\lambda
^{\ast }\left( \varphi ^{\ast }\right) $\} can be determined from equations (%
\ref{eg_eqfe}) and (\ref{eg_zvcut}) as discussed above. Finally, the
equilibrium values of the price indices, $P$, and product revenue, $R$, can
be determined in the same way as for the general model in section \ref{gegl}
above. Therefore this completes the characterization of general equilibrium
in the special case of the model.

Despite its simplifying assumptions, the special case of the model still
captures a number of the key features of product switching examined in our
empirical work. Steady-state product switching is driven by idiosyncratic
shocks to consumer tastes, while steady-state firm creation and destruction
is the result of stochastic shocks to firm productivity. The special case of
the model features selection both within and across firms. There is
selection within firms because firms have systematically higher values of
consumer tastes in the products that they choose to produce than in the
products they choose not to produce. There is selection across firms because
firms that draw values of productivity below the zero-value cutoff $\varphi
^{\ast }$ exit.

In the special case of the model, however, a firm's new values for consumer
tastes and productivity following a stochastic shock are by assumption
uncorrelated with its existing values: $g_{e}\left( \varphi \right)
=g_{c}\left( \varphi |\varphi ^{\prime }\right) =g\left( \varphi \right) $\
and $z_{ei}\left( \lambda _{i}\right) =z_{ci}\left( \lambda _{i}|\lambda
_{i}^{\prime }\right) =z\left( \lambda _{i}\right) $. Therefore the special
case of the model does not capture the empirical finding that surviving
firms that drop a product have systematically smaller shipments of the
product than surviving firms that retain the product. To capture this
empirical finding, one requires serial correlation in consumer tastes, as in
the general model, so that $z_{ei}\left( \lambda _{i}\right) \neq
z_{ci}\left( \lambda _{i}|\lambda _{i}^{\prime }\right) $. The special case
of the model also does not capture the empirical finding that exiting firms
have smaller total shipments than surviving firms, because \textit{%
conditional upon entry} the probability that a firm subsequently exits is
independent of total shipments. To capture this second empirical finding,
one requires serial correlation in productivity, as in the general model, so
that $g_{e}\left( \varphi \right) \neq g_{c}\left( \varphi |\varphi ^{\prime
}\right) $.

\section{Measured Quantity and Revenue-based Productivity}

This section examines the relationship between the productivity draw in our
model ($\varphi $)\ and empirical measures of productivity used in the
literature. Following Foster, Haltiwanger and Syverson (2008), we
distinguish between quantity and revenue-based measures of productivity and
show that both are monotonically related to $\varphi $. We start with labor
productivity, move on to index numbers of total factor productivity and
conclude with productivity measures based on production function estimation.
In each case, we first examine measured productivity for a product, before
aggregating across products to derive measured productivity for the firm as
a whole.

\subsection{Measured Quantity-based Labor Productivity}

For simplicity, our model assumes that labor is the sole factor of
production and therefore yields direct implications for measured labor
productivity. A firm's measured \textit{quantity-based} labor productivity
for \textit{product} $i$ ($\theta _{i}^{Q}$) equals its quantity of output
of the product per unit of labor employed:%
\begin{equation}
\theta _{i}^{Q}\equiv \frac{q_{i}\left( \varphi ,\lambda _{i}\right) }{%
l_{i}\left( \varphi ,\lambda _{i}\right) }=\varphi \left( 1-\frac{f_{pi}}{%
l_{i}\left( \varphi ,\lambda _{i}\right) }\right) ,  \label{physprod_p}
\end{equation}%
where we have used $q_{i}\left( \varphi ,\lambda _{i}\right) =\varphi \left(
l_{i}\left( \varphi ,\lambda _{i}\right) -f_{pi}\right) $.

Equilibrium employment for the product ($l_{i}\left( \varphi ,\lambda
_{i}\right) $) is monotonically increasing in the productivity draw ($%
\varphi $) given consumer tastes ($\lambda _{i}$), as can be shown by
combining the CES revenue function from equation (\ref{consrev}) above, the
equilibrium pricing rule from equation (\ref{varprice}) above, and the
production technology for the product:%
\begin{equation}
l_{i}\left( \varphi ,\lambda _{i}\right) =\rho ^{\sigma }\left( \varphi
\lambda _{i}\right) ^{\sigma -1}P_{i}^{\sigma -1}R_{i}+f_{pi},
\label{employ_p}
\end{equation}

Together equations (\ref{physprod_p}) and (\ref{employ_p}) can be used to
characterize the relationship between measured quantity-based labor
productivity for a product ($\theta _{i}^{Q}$) and the firm productivity
draw $\varphi $. As product market conditions ($P_{i}$, $R_{i}$) are the
same for all firms producing the product, measured quantity-based
productivity for a product ($\theta _{i}^{Q}$) only varies across firms
because of variation in the firm productivity draw ($\varphi $) and consumer
tastes ($\lambda _{i}$). From equations (\ref{physprod_p}) and (\ref%
{employ_p}), a firm's measured quantity-based labor productivity for a
product is positively related to its productivity draw $\varphi $ for two
reasons. First, as $\varphi $ rises, a given variable labor input generates
more units of output. Second, as $\varphi $ rises, variable labor input and
output increase, and therefore the fixed labor input is spread over more
units of output.

Following standard empirical methods for productivity aggregation, we define
measured productivity for the firm as a whole as the revenue-share weighted
average of measured productivity for each product. Therefore measured
quantity-based labor productivity for the firm as a whole is:%
\begin{equation}
\Theta ^{Q}\equiv \int_{0}^{1}\theta _{i}^{Q}\frac{r_{i}\left( \varphi
,\lambda \right) }{r\left( \varphi \right) }di,  \label{physprod}
\end{equation}%
where, as $r_{i}\left( \varphi ,\lambda _{i}\right) =R_{i}\left( \rho
P_{i}\varphi \lambda _{i}\right) ^{\sigma -1}$, a change in $\varphi $ has
the same proportionate effect on the revenue of all products, and hence
leaves revenue shares unchanged.

While at the \textit{product} level (from (\ref{physprod_p}) and (\ref%
{employ_p})) measured quantity-based labor productivity depends on both the
firm productivity draw ($\varphi $) and consumer tastes ($\lambda _{i}$),
the independence of the entry and conditional distributions of $\varphi $
and $\lambda _{i}$ implies that the stationary distribution of consumer
tastes ($\gamma _{zi}\left( \lambda _{i}\right) $) is the same for each firm
productivity draw. Therefore, at the \textit{firm} level in (\ref{physprod}%
), measured quantity-based labor productivity depends solely on $\varphi $
and is monotonically increasing in $\varphi $.

\subsection{Measured Revenue-based Labor Productivity}

A firm's measured \textit{revenue-based} labor productivity for \textit{%
product} $i$ ($\theta _{i}^{R}$) equals its revenue from the product per
unit of labor employed:%
\begin{equation}
\theta _{i}^{R}\equiv \frac{p_{i}\left( \varphi ,\lambda _{i}\right)
q_{i}\left( \varphi ,\lambda _{i}\right) }{l_{i}\left( \varphi ,\lambda
_{i}\right) }=\frac{1}{\rho }\left( 1-\frac{f_{pi}}{l_{i}\left( \varphi
,\lambda _{i}\right) }\right) ,  \label{revprod_p}
\end{equation}%
where we have used $q_{i}\left( \varphi ,\lambda _{i}\right) =\varphi \left(
l_{i}\left( \varphi ,\lambda _{i}\right) -f_{pi}\right) $, the equilibrium
pricing rule in equation (\ref{varprice}) above, and our choice of numeraire
($w=1$).

From equations (\ref{employ_p}) and (\ref{revprod_p}), a firm's measured
revenue-based labor productivity for a product is also positively related to 
$\varphi $, but now for only one of the two reasons discussed above. As $%
\varphi $ rises, a given variable labor input generates more units of
output, but the equilibrium pricing rule (\ref{varprice}) implies that
prices are inversely proportional to productivity. Therefore, as $\varphi $
rises, the increase in the number of units of output generated by a given
variable labor input is offset by proportionately lower prices, which leaves
the revenue generated by a given variable labor input unchanged.
Nevertheless, measured revenue-based labor productivity is still increasing
in $\varphi $, because of the presence of fixed costs of production. As $%
\varphi $ rises, variable labor input and revenue increase, and therefore
the fixed labor input is spread over more units of revenue.

Measured productivity for the firm as a whole is again defined as the
revenue-share weighted average of measured productivity for each product:%
\begin{equation}
\Theta ^{R}\equiv \int_{0}^{1}\theta _{i}^{R}\frac{r_{i}\left( \varphi
,\lambda \right) }{r\left( \varphi \right) }di,  \label{revprod}
\end{equation}%
where, as $r_{i}\left( \varphi ,\lambda _{i}\right) =R_{i}\left( \rho
P_{i}\varphi \lambda _{i}\right) ^{\sigma -1}$, a change in $\varphi $ has
the same proportionate effect on the revenue of all products, and hence
leaves revenue shares unchanged.

At the \textit{product} level measured revenue-based labor productivity
depends on both the firm productivity draw ($\varphi $) and consumer tastes (%
$\lambda _{i}$), since from (\ref{employ_p}) and (\ref{revprod_p}) higher
values of $\varphi $ and $\lambda _{i}$ increase variable labor input and
hence the revenue over which the fixed labor input is spread. However, the
independence of the entry and conditional distributions of $\varphi $ and $%
\lambda _{i}$ implies that the stationary distribution of consumer tastes ($%
\gamma _{zi}\left( \lambda _{i}\right) $) is the same for each firm
productivity draw. Therefore, at the \textit{firm} level in (\ref{revprod}),
measured revenue-based labor productivity depends solely on $\varphi $ and
is monotonically increasing in $\varphi $.

\subsection{Relationship Between Quantity and Revenue-based Labor
Productivity}

The model features dispersion in both measured revenue and quantity-based
labor productivity as a result of variation in productivity draws across
firms. The two productivity measures are related at the product level as
follows:%
\begin{equation*}
\theta _{i}^{Q}=\varphi \rho \theta _{i}^{R}.
\end{equation*}%
Since measured revenue-based labor productivity ($\theta _{i}^{R}$) is
positively related to the firm productivity draw ($\varphi $), cov$\left(
\varphi ,\theta _{i}^{R}\right) >0$, which implies the following two
results. First, measured quantity and revenue-based labor productivity are
positively correlated: cov$\left( \theta _{i}^{Q},\theta _{i}^{R}\right) >0$%
. Second, the variance of log measured quantity-based labor productivity is
strictly greater than the variance of log measured revenue-based labor
productivity:%
\begin{equation*}
\text{var}\left( \log \theta _{i}^{Q}\right) =\text{var}\left( \log \varphi
\right) +\text{var}\left( \log \theta _{i}^{R}\right) +2\text{cov}\left(
\varphi ,\theta _{i}^{R}\right) >\text{var}\left( \log \theta
_{i}^{R}\right) >0.
\end{equation*}%
The intuition for this second result is that measured revenue-based labor
productivity depends on both prices and measured quantity-based labor
productivity, and prices are negatively correlated with measured
quantity-based labor productivity, which implies that measured revenue-based
labor productivity has a lower variance than measured quantity-based labor
productivity.

While these results relate to a firm's measured quantity and revenue-based
labor productivity for a product, they are consistent with the empirical
findings for plants in Foster, Haltiwanger and Syverson (2008). Considering
eleven products in the manufacturing sector for which separate data on
plants' revenue and physical quantity of output are available, they find
that measured quantity and revenue-based labor productivity are indeed
positively correlated, and the variance of log measured quantity-based labor
productivity is indeed greater than the variance of log measured
revenue-based labor productivity.

The relationship between measured quantity and revenue-based labor
productivity in our model is the same as that in the benchmark model of firm
heterogeneity (Melitz 2003). As both models have constant elasticity of
substitution preferences, prices are inversely proportional to the
productivity draw $\varphi $, and dispersion in measured revenue-based
productivity occurs because of fixed costs of production. In contrast, in
other demand systems with variable elasticities of substitution, such as the
quasi-linear preferences considered by Melitz and Ottaviano (2008), prices
fall less than proportionately with the productivity draw $\varphi $ because
of endogenous changes in mark-ups. These endogenous changes in mark-ups
therefore provide an additional source of dispersion in measured
revenue-based productivity.

\subsection{Measured Total Factor Productivity}

While our model assumes for simplicity that labor is the sole factor of
production, it can be extended to incorporate additional factors of
production. For example, suppose that both the fixed and variable costs use
two factors of production (labor and capital) according to a Cobb-Douglas
technology.\footnote{%
The production technology here takes the same form as that considered in the
single-product firm model of Bernard, Redding and Schott (2007). While to
simplify the exposition we consider two factors of production, the analysis
generalizes in a straightforward way to more factors of production.}
Therefore the production technology for product $i$ becomes:%
\begin{equation*}
f_{pi}+\frac{q_{i}\left( \varphi ,\lambda _{i}\right) }{\varphi }%
=x_{i}\left( \varphi ,\lambda _{i}\right) ,
\end{equation*}%
where $x_{i}\left( \varphi ,\lambda _{i}\right) $ is a Cobb-Douglas
composite factor input composed of labor and capital:%
\begin{equation*}
x_{i}\left( \varphi ,\lambda _{i}\right) =l_{i}\left( \varphi ,\lambda
_{i}\right) ^{\vartheta }k_{i}\left( \varphi ,\lambda _{i}\right)
^{1-\vartheta },\qquad 0<\vartheta <1.
\end{equation*}%
Given this production technology for a product, standard index number
measures of total factor productivity (TFP) can be constructed. Quantity and
revenue-based measures of TFP can be defined, which are analogous to the
measures of labor productivity in equations (\ref{physprod_p}) and (\ref%
{revprod_p}) above, but are based on the composite factor input ($%
x_{i}\left( \varphi ,\lambda _{i}\right) $) rather than labor input ($%
l_{i}\left( \varphi ,\lambda _{i}\right) $). Since the quantity and
revenue-based measures of TFP take the same form as those for labor
productivity above, the same analysis continues to apply.

\subsection{Productivity Measures from Production Function Estimation}

Quantity and revenue-based measures of productivity can also be constructed
using production function estimation. To simplify the exposition, we return
to the case where labor is the sole factor of production. Assuming that the
physical quantity of output and factor inputs can be observed by firm and
product, and supposing that the functional form of the production technology
is known and appropriate instruments for labor input are available, a firm's
quantity-based productivity for a product can be estimated from the
following regression:%
\begin{equation}
\log q_{i}\left( \varphi ,\lambda _{i}\right) =\log \left( l_{i}\left(
\varphi ,\lambda \right) -f_{pi}\right) +\log \varphi ,  \label{qntyprodfn}
\end{equation}%
which yields the following measure of quantity-based productivity for the
product:%
\begin{equation}
\log \hat{\theta}_{i}^{Q}=\log \varphi .  \label{aphysprod_p}
\end{equation}%
Given data on revenue by firm and product, an analogous measure of
revenue-based productivity can be estimated following the standard approach
for production function estimation using revenue data in differentiated
product markets (see for example Klette and Griliches 1996, Levinsohn and
Melitz 2006, and De Loecker 2008). Deflating a firm's revenue for product $i$
by the aggregate price index for that product, $P_{i}$, yields:%
\begin{equation*}
\tilde{r}_{i}\left( \varphi ,\lambda _{i}\right) \equiv \frac{r_{i}\left(
\varphi ,\lambda _{i}\right) }{P_{i}}=\frac{p_{i}\left( \varphi ,\lambda
_{i}\right) q_{i}\left( \varphi ,\lambda _{i}\right) }{P_{i}},
\end{equation*}%
Using the inverse CES demand curve to substitute for $p_{i}\left( \varphi
,\lambda _{i}\right) $ on the right-hand side in terms of $q_{i}\left(
\varphi ,\lambda _{i}\right) $, we obtain:%
\begin{equation*}
\tilde{r}_{i}\left( \varphi ,\lambda _{i}\right) =\lambda _{i}^{\frac{\sigma
-1}{\sigma }}q_{i}\left( \varphi ,\lambda _{i}\right) ^{\frac{\sigma -1}{%
\sigma }}\left( \frac{R_{i}}{P_{i}}\right) ^{\frac{1}{\sigma }},
\end{equation*}%
Using the production technology ($q_{i}\left( \varphi ,\lambda _{i}\right)
=\varphi \left( l_{i}\left( \varphi ,\lambda _{i}\right) -f_{pi}\right) $)
and taking logarithms, we obtain the following \textquotedblleft revenue
production function\textquotedblright\ for a product:%
\begin{equation}
\log \tilde{r}_{i}\left( \varphi ,\lambda _{i}\right) =\frac{\sigma -1}{%
\sigma }\log \left( l_{i}\left( \varphi ,\lambda \right) -f_{pi}\right) +%
\frac{1}{\sigma }\log \left( \frac{R_{i}}{P_{i}}\right) +\frac{\sigma -1}{%
\sigma }\log \left( \varphi \lambda _{i}\right) ,  \label{revprodfn}
\end{equation}%
where with constant elasticity of substitution demand, aggregate product
market conditions ($R_{i}/P_{i}$) shift the revenue production function for
each firm equi-proportionately.

Assuming that the functional form of the revenue production function is
known, and given appropriate instruments for labor input and controls for
aggregate product market conditions, a firm's revenue-based productivity for
a product can be estimated from the regression (\ref{revprodfn}):%
\begin{equation}
\log \hat{\theta}_{i}^{R}=\left( 1-\frac{1}{\sigma }\right) \log \left(
\varphi \lambda _{i}\right) ,\qquad \sigma >1.  \label{arevprod_p}
\end{equation}%
While quantity-based productivity for a product (\ref{aphysprod_p})
coincides with the firm productivity draw ($\varphi $), revenue-based
productivity for the product (\ref{arevprod_p}) depends on both the firm
productivity draw ($\varphi $) and consumer tastes ($\lambda _{i}$). The
measures of productivity from the production function estimation again
feature dispersion in both revenue and quantity-based productivity. The two
measures of a firm's productivity for a product are related as follows:%
\begin{equation}
\log \hat{\theta}_{i}^{R}=\left( 1-\frac{1}{\sigma }\right) \log \hat{\theta}%
_{i}^{Q}+\left( 1-\frac{1}{\sigma }\right) \log \lambda _{i},
\label{prodfn_revphys}
\end{equation}%
which implies that measured revenue-based productivity is again positively
correlated with measured quantity-based productivity. Furthermore, as the
distributions of firm productivity and consumer tastes are assumed to be
independent of one another, we obtain the following result for the two
measures of a firm's productivity for a product:%
\begin{equation*}
\text{var}\left( \log \hat{\theta}_{i}^{R}\right) =\left( 1-\frac{1}{\sigma }%
\right) ^{2}\text{var}\left( \log \hat{\theta}_{i}^{Q}\right) +\left( 1-%
\frac{1}{\sigma }\right) ^{2}\text{var}\left( \log \lambda _{i}\right) .
\end{equation*}%
Since $0<1-\frac{1}{\sigma }<1$ and var$\left( \log \lambda _{i}\right) >0$,
measures of revenue-based productivity from the production function
estimation can exhibit more or less dispersion at the \textit{product} level
than those of quantity-based productivity, depending on the elasticity of
substitution and the relative variance of consumer tastes and technical
efficiency.\footnote{%
A key reason for this difference between the measures of productivity based
on production function estimation and those considered above is that the
coefficient on labor input is allowed to vary between the regressions with
physical quantity and revenue data in equations (\ref{qntyprodfn}) and (\ref%
{revprodfn}) respectively.}

While revenue-based productivity at the \textit{product} level (\ref%
{arevprod_p}) depends on both the firm productivity draw ($\varphi $) and
consumer tastes ($\lambda _{i}$), revenue-based productivity at the \textit{%
firm} level again depends solely on $\varphi $ and is monotonically
increasing in $\varphi $. Following the same logic as above, the entry and
conditional distributions of consumer tastes and firm productivity are
independently distributed, and hence the stationary distribution of consumer
tastes ($\gamma _{zi}\left( \lambda _{i}\right) $) is the same for each firm
productivity. As a result, integrating over the continuum of products in
equation (\ref{arevprod_p}), the term in consumer tastes becomes a constant.
Therefore the variance of measured revenue-based productivity at the \textit{%
firm} level is strictly less than the variance of measured quantity-based
productivity, since $0<1-\frac{1}{\sigma }<1$.

\section{Additional Empirical Results}

Tables A1-A4 report additional empirical results. To provide a sense of the
relative level of detail between sectors, industries and products, Table A1
lists the thirteen five-digit products in the four-digit industry
\textquotedblleft Nonferrous Wiredrawing and Insulating\textquotedblright\
(SIC 3357). In Table A2, we report the number of five-digit products and
four-digit industries by two-digit sector, as well as the mean and standard
deviation of product capital and skill intensity for each two-digit sector.%
\footnote{%
As discussed in the paper, the CMF\ does not collect information on plant
input usage (or wages) by product, and therefore we measure a product's
capital and skill intensity as the shipment-weighted average of all plants
producing it.} In Table A3, we present decompositions that are analogous to
those reported in Table 6 in the paper, but are for the share of firms
rather the share of output of a product. In Table A4, we summarize several
of our main findings by two-digit sector.\ The table in the paper to which
each set of results relates is noted at the top of each column. Column 1
reports the mean share of multi-product firms across the 1987 to 1997
censuses. Column 2 reports the mean share of firms reporting any product
switching activity across the 1987 to 1997 censuses. Columns 3 and 4 report
mean product add and drop rates. Columns 5 and 7 report the mean share of
products' 1992 output due to firms that recently entered or are about to
exit, respectively. Columns 6 and 8 report the mean share of products' 1992
output accounted for by firms that recently added or are about to drop the
product, respectively. Columns 9 through 12 report decompositions similar to
Columns 6 to 8 but with respect to the average share of firms producing a
product in year $t$. Finally, in Table A5, we compare product and
sector-switching according to whether or not firms concomitantly acquire or
divest a plant.

\section{Appendix to Technical Appendix}

\subsection{Weighted Average of Firm Productivity and Consumer Tastes}

\noindent The aggregate weighted-average of firm productivity and consumer
tastes is:

\begin{equation}
\tilde{\varphi}_{i}\equiv \left[ \int_{\varphi ^{\ast }}^{\overline{\varphi }%
}\tilde{\lambda}_{i}\left( \varphi \right) \gamma _{g}\left( \varphi \right)
d\varphi \right] ^{\frac{1}{\sigma -1}},  \label{phitilde}
\end{equation}%
where the weights are given by the stationary distribution of firm
productivity conditional upon entry $\gamma _{g}\left( \varphi \right) $.
The function $\tilde{\lambda}_{i}\left( \varphi \right) $ is a
weighted-average of consumer tastes for a firm with productivity $\varphi $:%
\begin{equation}
\tilde{\lambda}_{i}\left( \varphi \right) =\frac{1}{1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) }\int_{\lambda _{i}^{\ast
}\left( \varphi \right) }^{\overline{\lambda }}\left( \varphi \lambda
_{i}\right) ^{\sigma -1}\gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i},
\label{firmphitilde}
\end{equation}%
where the weights given by the stationary distribution of consumer tastes
conditional on a product being produced $\gamma _{zi}\left( \lambda
_{i}\right) /\left[ 1-\Gamma _{zi}\left( \lambda _{i}^{\ast }\left( \varphi
\right) \right) \right] $, and where $\lambda _{i}^{\ast }\left( \varphi
\right) =\left( \varphi ^{\ast }/\varphi \right) \lambda _{i}^{\ast }\left(
\varphi ^{\ast }\right) $.

\subsection{Derivation of the Solution to the Bellman Equation in the
General Model}

Consider the following trial solution to the Bellman equation (\ref%
{bellvalfirmalt}):%
\begin{equation}
v\left( \varphi \right) =\alpha \pi \left( \varphi \right) +\beta
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\eta \left( \varphi ^{\prime }\right)
\pi \left( \varphi ^{\prime }\right) g_{c}\left( \varphi ^{\prime }|\varphi
\right) d\varphi ^{\prime },  \label{appbell1}
\end{equation}%
where $\alpha $, $\beta $ and $\eta \left( \varphi \right) $ are parameters
and functions to be determined below. Using the trial solution to substitute
for $v\left( \varphi ^{\prime }\right) $ on the right-hand side of the
Bellman equation (\ref{bellvalfirmalt}) gives:%
\begin{equation}
v\left( \varphi \right) =\frac{\pi \left( \varphi \right) }{\delta +\theta }%
+\left( \frac{\theta }{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\left[ \frac{\alpha \pi \left( \varphi ^{\prime }\right) +\beta
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\eta \left( \psi \right) \pi \left(
\psi \right) g_{c}\left( \psi |\varphi ^{\prime }\right) d\psi }{\pi \left(
\varphi ^{\prime }\right) }\right] \pi \left( \varphi ^{\prime }\right)
g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi ^{\prime },
\label{appbell2}
\end{equation}%
which yields the following solution:%
\begin{equation}
\alpha =\frac{1}{\delta +\theta },\qquad \beta =\frac{\theta }{\delta
+\theta },\qquad \eta \left( \varphi ^{\prime }\right) =\frac{\pi \left(
\varphi ^{\prime }\right) +\theta \int_{\varphi ^{\ast }}^{\bar{\varphi}%
}\eta \left( \psi \right) \pi \left( \psi \right) g_{c}\left( \psi |\varphi
^{\prime }\right) d\psi }{\left( \delta +\theta \right) \pi \left( \varphi
^{\prime }\right) }.  \label{appbell3}
\end{equation}%
Define the following variables and functions: $x\equiv \varphi ^{\prime }$, $%
y\equiv \psi $, $f\left( x\right) \equiv \eta \left( \varphi ^{\prime
}\right) \pi \left( \varphi ^{\prime }\right) $, $f\left( y\right) \equiv
\eta \left( \psi \right) \pi \left( \psi \right) $, $K\left( x,y\right)
\equiv g_{c}\left( \psi |\varphi ^{\prime }\right) $, $a\left( x\right)
\equiv \pi \left( \varphi ^{\prime }\right) /\left( \delta +\theta \right) $%
, and $\mu \equiv \theta /\left( \delta +\theta \right) $. Using these
definitions, the expression for $\eta \left( \varphi ^{\prime }\right) \pi
\left( \varphi ^{\prime }\right) $ implied by equation (\ref{appbell3}) can
be re-written as follows:%
\begin{equation}
f\left( x\right) =\left( \Omega \left( f\right) \left( x\right) \right)
\equiv a\left( x\right) +\mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}f\left(
y\right) K\left( x,y\right) dy,  \label{appbell4}
\end{equation}%
which takes the form of a \textit{Fredholm }integral equation. The
continuous functions $K\left( x,y\right) $ and $a\left( x\right) $ are
known. For all $x$ and $y$ in the intervals $\varphi ^{\ast }\leq x\leq \bar{%
\varphi}$, $\varphi ^{\ast }\leq y\leq \bar{\varphi}$, we have $\left\vert
K\left( x,y\right) \right\vert \leq \bar{K}<1$, as $K\left( x,y\right) $\ is
a continuous probability density function. Under the assumption $\mu \bar{K}%
\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert <1$, the mapping $%
\Omega $ is a contraction, since (see for example Marsden and Hoffman 1974):%
\begin{equation}
d\left( \Omega \left( f_{1}\right) ,\Omega \left( f_{2}\right) \right)
=\sup_{x}\left\vert \mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}K\left(
x,y\right) \left[ f_{1}\left( y\right) -f_{2}\left( y\right) \right]
dy\right\vert \leq \mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast
}\right\vert d\left( f_{1},f_{2}\right) ,  \label{appbell5}
\end{equation}%
where $\mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert <1$
is satisfied for $\theta <\bar{\theta}$, where $\bar{\theta}$ is implicitly
defined by $\frac{\bar{\theta}}{\delta +\bar{\theta}}\equiv \frac{1}{\bar{K}%
\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert }$. In determining the
stationary distribution of firm productivity below, we will assume that the
parameter condition $\theta <\bar{\theta}$ is satisfied. Therefore, the
Fredholm equation (\ref{appbell4}) has a unique solution, which determines
the equilibrium value of $f\left( x\right) \equiv \eta \left( \varphi
^{\prime }\right) \pi \left( \varphi ^{\prime }\right) $. Since $\pi \left(
\varphi ^{\prime }\right) $ is a known function, we have determined the
unique equilibrium value of $\eta \left( \varphi ^{\prime }\right) $.

\subsection{Proof of Proposition \protect\ref{PropInvProd}}

\begin{proof}
The equality of inflows and outflows for each productivity in (\ref%
{invariantprod}) can be re-written as follows:%
\begin{equation}
\gamma _{g}\left( \varphi \right) =\frac{g_{e}\left( \varphi \right) M_{e}}{%
\left( \delta +\theta \right) M}+\left( \frac{\theta }{\delta +\theta }%
\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}g_{c}\left( \varphi |\varphi
^{\prime }\right) \gamma _{g}\left( \varphi ^{\prime }\right) d\varphi
^{\prime }  \label{prop_invprod1}
\end{equation}%
where \{$M_{e}$, $M$, $\varphi ^{\ast }$\} are aggregate variables.\newline
Define the following variables and functions: $x\equiv \varphi $, $y\equiv
\varphi ^{\prime }$, $f\left( x\right) \equiv \gamma _{g}\left( \varphi
\right) $, $f\left( y\right) \equiv \gamma _{g}\left( \varphi ^{\prime
}\right) $, $K\left( x,y\right) \equiv g_{c}\left( \varphi |\varphi ^{\prime
}\right) $, $a\left( x\right) \equiv g_{e}\left( \varphi \right)
M_{e}/\left( \left( \delta +\theta \right) M\right) $, $\mu \equiv \left(
\theta /\left( \delta +\theta \right) \right) $. Using these definitions,
equation (\ref{prop_invprod1}) can be re-expressed in the following way:%
\begin{equation}
f\left( x\right) =\left( \Omega \left( f\right) \left( x\right) \right)
\equiv a\left( x\right) +\mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}K\left(
x,y\right) f\left( y\right) dy,  \label{prop_invprod2}
\end{equation}%
which takes the form of a \textit{Fredholm }integral equation. The
continuous functions $K\left( x,y\right) $ and $a\left( x\right) $ are
known. For all $x$ and $y$ in the intervals $\varphi ^{\ast }\leq x\leq \bar{%
\varphi}$, $\varphi ^{\ast }\leq y\leq \bar{\varphi}$, we have $\left\vert
K\left( x,y\right) \right\vert \leq \bar{K}<1$, as $K\left( x,y\right) $ is
a continuous probability density function. Under the assumption $\mu \bar{K}%
\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert <1$, the mapping $%
\Omega $ is a contraction, since (see for example Marsden and Hoffman 1974):%
\begin{equation}
d\left( \Omega \left( f_{1}\right) ,\Omega \left( f_{2}\right) \right)
=\sup_{x}\left\vert \mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}K\left(
x,y\right) \left[ f_{1}\left( y\right) -f_{2}\left( y\right) \right]
dy\right\vert \leq \mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast
}\right\vert d\left( f_{1},f_{2}\right) ,  \label{prop_invprod3}
\end{equation}%
where, from the above, $\mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast
}\right\vert <1$ is satisfied for $\theta <\bar{\theta}$, where $\bar{\theta}
$ is implicitly defined by $\frac{\bar{\theta}}{\delta +\bar{\theta}}\equiv 
\frac{1}{\bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert }$. For
parameters satisfying this condition, the Fredholm equation (\ref%
{prop_invprod2}) has a unique solution, which defines the unique stationary
distribution of productivity conditional upon entry, $f\left( x\right)
\equiv \gamma _{g}\left( \varphi \right) $, for each value of $\left\{ M_{e}%
\text{, }M\text{, }\varphi ^{\ast }\right\} $.
\end{proof}

\subsection{Proof of Proposition \protect\ref{PropInvTaste}}

\begin{proof}
The equality of inflows and outflows for each value of consumer tastes in (%
\ref{invarianttaste}) can be re-written as follows:%
\begin{eqnarray}
\gamma _{zi}\left( \lambda _{i}\right) &=&\frac{z_{ei}\left( \lambda
_{i}\right) \left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] M_{e}}{%
\left( \delta +\chi +\varepsilon _{i}\right) M}  \label{prop_invtaste1} \\
&&+\left( \frac{\varepsilon _{i}}{\delta +\chi +\varepsilon _{i}}\right) %
\left[ \int_{\underline{\lambda }}^{\bar{\lambda}}z_{ic}\left( \lambda
_{i}|\lambda _{i}^{\prime }\right) \gamma _{zi}\left( \lambda _{i}^{\prime
}\right) d\lambda _{i}^{\prime }\right]  \notag
\end{eqnarray}%
where \{$M_{e}$, $M$, $\varphi ^{\ast }$\} are again aggregate variables and
the functions \{$G_{e}\left( \varphi ^{\ast }\right) $, $z_{ei}\left(
\lambda _{i}\right) $, $z_{ic}\left( \lambda _{i}|\lambda _{i}^{\prime
}\right) $\} are known. The function $\chi \equiv \theta \int_{\varphi
_{\ast }}^{\bar{\varphi}}G_{c}\left( \varphi ^{\ast }|\varphi \right) \gamma
_{g}\left( \varphi \right) d\varphi $ depends upon $G_{c}\left( \varphi
^{\ast }|\varphi \right) $, which is known, and $\gamma _{g}\left( \varphi
\right) $, which is determined in the proof of Proposition \ref{PropInvProd}
above.\newline
Define the following variables and functions: $x\equiv \lambda _{i}$, $%
y\equiv \lambda _{i}^{\prime }$, $f\left( x\right) \equiv \gamma _{zi}\left(
\lambda _{i}\right) $, $f\left( y\right) \equiv \gamma _{zi}\left( \lambda
_{i}^{\prime }\right) $, $K\left( x,y\right) \equiv z_{ic}\left( \lambda
_{i}|\lambda _{i}^{\prime }\right) $, $a\left( x\right) \equiv z_{ei}\left(
\lambda _{i}\right) \left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right]
M_{e}/\left( \left( \delta +\chi +\varepsilon _{i}\right) M\right) $, $\mu
\equiv \varepsilon _{i}/\left( \delta +\chi +\varepsilon _{i}\right) $.
Using these definitions, equation (\ref{prop_invtaste1}) can be re-expressed
as follows:%
\begin{equation}
f\left( x\right) =\left( \Omega \left( f\right) \left( x\right) \right)
\equiv a\left( x\right) +\mu \int_{\underline{\lambda }}^{\bar{\lambda}%
}K\left( x,y\right) f\left( y\right) dy  \label{prop_invtaste2}
\end{equation}%
which again takes the form of a \textit{Fredholm }integral equation. The
continuous functions $K\left( x,y\right) $ and $a\left( x\right) $ are
known. For all $x$ and $y$ in the intervals $\underline{\lambda }\leq x\leq 
\bar{\lambda}$, $\underline{\lambda }\leq y\leq \bar{\lambda}$, we have $%
\left\vert K\left( x,y\right) \right\vert \leq \bar{K}<1$, as $K\left(
x,y\right) $ is a continuous probability density function. Under the
assumption $\mu \bar{K}\left\vert \underline{\lambda }-\bar{\lambda}%
\right\vert <1$, the mapping $\Omega $ is a contraction (see for example
Marsden and Hoffman 1974). The condition $\mu \bar{K}\left\vert \underline{%
\lambda }-\bar{\lambda}\right\vert <1$ is satisfied for $\varepsilon _{i}<%
\bar{\varepsilon}$, where $\bar{\varepsilon}$ is implicitly defined by $%
\frac{\bar{\varepsilon}}{\delta +\chi +\bar{\varepsilon}}\equiv \frac{1}{%
\bar{K}\left\vert \underline{\lambda }-\bar{\lambda}\right\vert }$. For
parameters satisfying this condition, the Fredholm equation (\ref%
{prop_invtaste2}) has a unique solution, which defines a unique stationary
distribution of consumer tastes, $f\left( x\right) \equiv \gamma _{zi}\left(
\lambda _{i}\right) $, for each value of $\left\{ M_{e}\text{, }M\text{, }%
\varphi ^{\ast }\right\} $.
\end{proof}

\subsection{Proof of Proposition \protect\ref{Prop1}}

\begin{proof}
We first determine the equilibrium values of \{$P_{i}$, $R_{i}$\} given \{$%
\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $\}
and given the stationary distributions \{$\gamma _{g}\left( \varphi \right) $%
, $\gamma _{zi}\left( \lambda _{i}\right) $\}. The product price indices $%
P_{i}$ in equation (\ref{eqpindex}) depend on weighted average productivity $%
\tilde{\varphi}_{i}$ and the mass of firms producing the product $M_{pi}$.
From equations (\ref{rel_lambdas}), (\ref{phitilde}) and (\ref{firmphitilde}%
), $\tilde{\varphi}_{i}$ is uniquely determined by \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $\gamma _{g}\left(
\varphi \right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}. Similarly,
it can be shown that $M_{pi}$ is uniquely determined by \{$\varphi ^{\ast }$%
, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $\gamma _{g}\left(
\varphi \right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}. To do so,
note that $M_{pi}$ is a constant fraction of the mass of firms producing $M$%
. From equation (\ref{massproduct}), this constant fraction depends only on
\{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, 
$\gamma _{g}\left( \varphi \right) $, $\gamma _{zi}\left( \lambda
_{i}\right) $\}, and from (\ref{massfirms}) $M=R/\bar{r}$. From equations (%
\ref{eqvarrev}), (\ref{expfirmrevprof}), (\ref{rel_lambdas}) and (\ref%
{massfirms}), $\bar{r}$ is uniquely determined by \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $\gamma _{g}\left(
\varphi \right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}, and we have
shown that $R=L$. Therefore the product price indices $P_{i}$ are uniquely
determined by \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $, $\gamma _{g}\left( \varphi \right) $, $\gamma _{zi}\left(
\lambda _{i}\right) $\}. With the product price indices determined,
aggregate revenue for each product $R_{i}$ can be solved for from equation (%
\ref{prodaggrev}) using $R=L$.\newline
We next determine the stationary distributions \{$\gamma _{g}\left( \varphi
\right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}. From the proof of
Propositions \ref{PropInvProd} and \ref{PropInvTaste}, for $\theta <\bar{%
\theta}$ and $\varepsilon _{i}<\bar{\varepsilon}$, there exist unique
stationary distributions for firm productivity, $\gamma _{g}\left( \varphi
\right) $, and consumer tastes, $\gamma _{zi}\left( \lambda _{i}\right) $,
for each value of the aggregate variables $\left\{ M_{e}\text{, }M\text{, }%
\varphi ^{\ast }\right\} $. The equilibrium value of $M=R/\bar{r}$ was
determined above, and the equilibrium value of $M_{e}$ can be determined
from $M$ using equation (\ref{sss}).\newline
Finally, we determine the equilibrium values of \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $\}. The equilibrium
value of $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $ can be
determined given $\varphi ^{\ast }$ from equation (\ref{eqprodscope}), where 
$P_{i}$ and $R_{i}$ were determined above. The equilibrium value of $\varphi
^{\ast }$ can be determined given $\lambda _{i}^{\ast }\left( \varphi ^{\ast
}\right) $ and the stationary distributions \{$\gamma _{g}\left( \varphi
\right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\} from the free entry
condition (\ref{eqfreeentry}). Note that $\lambda _{i}^{\ast }\left( \varphi
\right) =\left( \varphi ^{\ast }/\varphi \right) \lambda _{i}^{\ast }\left(
\varphi ^{\ast }\right) $. Therefore, from equation (\ref{expfirmrevprof}), $%
\pi \left( \varphi \right) \rightarrow \infty $ as $\varphi ^{\ast
}\rightarrow 0$ and $\pi \left( \varphi \right) \rightarrow 0$ as $\varphi
^{\ast }\rightarrow \infty $. Hence, in the free entry condition (\ref%
{eqfreeentry}), $V\rightarrow \infty $ as $\varphi ^{\ast }\rightarrow 0$,
and $V\rightarrow 0$ as $\varphi ^{\ast }\rightarrow \infty $. Since $V$ is
continuous in $\varphi ^{\ast }$, it follows that there exists an
equilibrium value of $\varphi ^{\ast }$ for which the expected value of
entry $V$ equals the sunk entry cost $f_{e}$. Differentiating $V$ with
respect to $\varphi ^{\ast }$ given $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $ and \{$\gamma _{g}\left( \varphi \right) $, $\gamma
_{zi}\left( \lambda _{i}\right) $\} yields:%
\begin{eqnarray*}
\frac{\partial V}{\partial \varphi ^{\ast }} &=&\text{ \ }\underset{\text{%
Term A}}{\underbrace{-\left( \frac{1}{\delta +\theta }\right) \left[ \pi
\left( \varphi ^{\ast }\right) +\theta \int_{\varphi ^{\ast }}^{\bar{\varphi}%
}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi ^{\prime }\right)
g_{c}\left( \varphi ^{\prime }|\varphi ^{\ast }\right) d\varphi ^{\prime }%
\right] g_{e}\left( \varphi ^{\ast }\right) }} \\
&&+\left( \frac{1}{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\left[ 
\begin{array}{c}
\underset{\text{Term B}}{\underbrace{\frac{\partial \pi \left( \varphi
\right) }{\partial \varphi ^{\ast }}}}\ \underset{\text{Term C}}{\underbrace{%
+\theta \int_{\varphi ^{\ast }}^{\bar{\varphi}}\frac{\partial \eta \left(
\varphi ^{\prime }\right) }{\partial \varphi ^{\ast }}\pi \left( \varphi
^{\prime }\right) g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }}} \\ 
\underset{\text{Term D}}{\underbrace{+\theta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\eta \left( \varphi ^{\prime }\right) \frac{\partial \pi \left(
\varphi ^{\prime }\right) }{\partial \varphi ^{\ast }}g_{c}\left( \varphi
^{\prime }|\varphi \right) d\varphi ^{\prime }}} \\ 
\underset{\text{Term E}}{\underbrace{+\theta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi ^{\prime
}\right) \frac{\partial g_{c}\left( \varphi ^{\prime }|\varphi \right) }{%
\partial \varphi ^{\ast }}d\varphi ^{\prime }}} \\ 
\underset{\text{Term F}}{\underbrace{-\theta \eta \left( \varphi ^{\ast
}\right) \pi \left( \varphi ^{\ast }\right) g_{c}\left( \varphi ^{\ast
}|\varphi \right) }}%
\end{array}%
\right] g_{e}\left( \varphi \right) d\varphi
\end{eqnarray*}%
where Term A = 0 since $v\left( \varphi ^{\ast }\right) =0$; Term B 
\TEXTsymbol{<} 0 since $\partial \pi \left( \varphi \right) /\partial
\varphi ^{\ast }<0$ from equation (\ref{expfirmrevprof}); and Term F 
\TEXTsymbol{<} 0. Term D \TEXTsymbol{<} 0 since $\partial \pi \left( \varphi
\right) /\partial \varphi ^{\ast }<0$ from equation (\ref{expfirmrevprof}).
In Term E, $\partial g\left( \varphi ^{\prime }|\varphi \right) /\partial
\varphi ^{\ast }=0$ for $\varphi \neq \varphi ^{\ast }$, and so Term E is of
measure zero relative to Term D. Finally, as $\theta \rightarrow 0$, $\eta
\left( \varphi ^{\prime }\right) \rightarrow 1/\delta $, $\partial \eta
\left( \varphi ^{\prime }\right) /\partial \varphi ^{\ast }\rightarrow 0$,
and Term C $\rightarrow $ 0. Therefore, for sufficiently small $\theta <\bar{%
\theta}$, $V$ is monotonically decreasing in $\varphi ^{\ast }$, and there
exists a unique equilibrium value of $\varphi ^{\ast }$.
\end{proof}
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\section{Introduction}

This technical appendix contains a more detailed exposition of the model and
additional supplementary material for the paper. The remainder of the
technical appendix is structured as follows. Section B develops the model.
Section C derives the features of product switching at the firm, product and
firm-product level that we examine empirically in the paper. For further
economic intuition, Section D considers a particularly tractable special
case of the model that abstracts from serial correlation in consumer tastes
and productivity. Though this setup does not give rise to scale and age
dependence in product dropping, it nevertheless provides insight into many
of the other features of product switching found in the more general model
and observed in our census data. Section E characterizes the model's
implications for revenue and quantity-based measures of productivity.
Section F reports additional empirical results. An appendix at the end of
this document contains technical derivations and the proofs of propositions.

\section{Dynamic Firm-Product Selection Model}

In this section, we develop in further detail the model of multi-product
firms and product switching discussed in the paper. The model builds closely
on existing theories of industry dynamics, in which firms produce a single
product and profitability varies stochastically across firms over time (see
for example Jovanovic 1982, Hopenhayn 1992, Ericson and Pakes 1995, and
Melitz 2003). In these existing models, firms that are heterogeneous in
productivity are assumed to produce a single product, with the result that
firm and product-market entry and exit are equivalent. Here, we develop a
natural extension of such models in which firms choose to produce an
endogenous range of products in response to evolving firm and product
characteristics. The model highlights a number of features of product
switching at the firm, product and firm-product level that we use to guide
our empirical research and that are derived below.

\subsection{Preferences and Endowments}

The representative consumer's utility is defined over the consumption of a
fixed continuum of products, which we normalize to the interval $[0,1]$.
Utility is assumed to be a constant elasticity of substitution function of
the consumption of each of the continuum of products:%
\begin{equation}
U=\left[ \int_{0}^{1}\left( a_{i}C_{i}\right) ^{\nu }di\right] ^{\frac{1}{%
\nu }},\qquad 0<\nu <1.  \label{utility}
\end{equation}%
where $i$ indexes products, $a_{i}>0$ is a demand parameter that allows the
relative importance of products in utility to vary, and $\kappa =\frac{1}{%
1-\nu }>1$ is the elasticity of substitution between products.

As discussed further below, firms decide whether or not to participate in
each product market, and if they choose to participate, to supply a
horizontally differentiated variety of a product. Therefore $C_{i}$ is a
consumption index for product $i$, which is defined over the horizontally
differentiated varieties of firms, and is also assumed to take the constant
elasticity of substitution form:%
\begin{equation}
C_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \lambda _{i}\left( \omega
\right) c_{i}\left( \omega \right) \right) ^{\rho }d\omega \right] ^{\frac{1%
}{\rho }},\qquad 0<\rho <1.  \label{cindex}
\end{equation}%
where $\omega $ indexes firm varieties within product $i$. The demand
parameter $\lambda _{i}\left( \omega \right) \geq 0$ captures the
representative consumer's tastes for a firm's variety within product $i$ and
allows demand to vary across the varieties of a given product supplied by
different firms.\footnote{%
One interpretation of the parameter $\lambda _{i}\left( \omega \right) $ is
product quality, though it also captures other more subjective
characteristics of a firm's variety that influence the representative
consumer's demand for that variety.} Although not central to our results, we
make the natural assumption that the elasticity of substitution across
varieties within products is greater than the elasticity of substitution
across products, $\sigma =\frac{1}{1-\rho }>\kappa =\frac{1}{1-\nu }>1$.
Similarly, we also assume for simplicity that the elasticity of substitution
across varieties within products, $\sigma =\frac{1}{1-\rho }$, is the same
for all products. The price index dual to (\ref{cindex}) is:%
\begin{equation}
P_{i}=\left[ \int_{\omega \in \Omega _{i}}\left( \frac{p_{i}\left( \omega
\right) }{\lambda _{i}\left( \omega \right) }\right) ^{1-\sigma }d\omega %
\right] ^{\frac{1}{1-\sigma }}.  \label{pindex}
\end{equation}

Consumer expenditure minimization implies that revenue for a variety of a
product $r_{i}\left( \omega \right) $ depends upon the own variety price $%
p_{i}\left( \omega \right) $, consumer tastes $\lambda _{i}\left( \omega
\right) $, the product price index $P_{i}$ and aggregate product revenue $%
R_{i}$, while aggregate product revenue $R_{i}$ depends on the product price
indices $P_{i}$ and aggregate revenue for the economy as whole $R$:%
\begin{equation}
r_{i}\left( \omega \right) =p_{i}\left( \omega \right) ^{1-\sigma }\lambda
_{i}\left( \omega \right) ^{\sigma -1}P_{i}^{\sigma -1}R_{i},\qquad R_{i}= 
\left[ \frac{\left( P_{i}/a_{i}\right) ^{1-\kappa }}{\int_{0}^{1}\left(
P_{i}/a_{i}\right) ^{1-\kappa }di}\right] R  \label{consrev}
\end{equation}

Labor is the sole factor of production and is assumed to be in inelastic
supply $L$ (which also indexes the size of the economy).

\subsection{Production Technology}

A firm is defined by its production technology (productivity $\varphi $) and
its product attributes that influence demand (consumer tastes $\lambda _{i}$%
).\footnote{%
We follow existing models of industry dynamics in taking a technological
approach to the boundaries of the firm. As such we refrain from endogenizing
the ownership of the knowledge assets that embody technology, as in the
incomplete contracts literature following Grossman and Hart (1986).
Implicitly, knowledge assets are assumed to be intangible so that they
cannot be transferred beyond the boundaries of the firm using arms-length
transactions.} Selection across firms is driven by heterogeneity in
productivity $\varphi $, while selection within firms arises as a result of
heterogeneity in consumer tastes across a firm's products $\lambda _{i}$.
Productivity and consumer tastes evolve stochastically over time, and firms
make endogenous decisions whether to enter and exit and whether to
participate in individual product markets as productivity and consumer
tastes evolve.

We assume that there is a competitive fringe of potential firms who are
identical prior to entry. In order to enter, firms must incur a sunk entry
cost of $f_{e}>0$ units of labor, which can be interpreted as an upfront
investment in research and development (R\&D). Incurring the sunk entry cost
creates a firm brand and a blueprint for one horizontally differentiated
variety of each product that can be produced using this brand. The firm's
productivity and the demand for its variety of each product are uncertain
prior to entry. Once the sunk cost has been incurred, the firm observes its
productivity $\varphi $ and consumer tastes for its products $\lambda _{i}$,
and decides whether to enter or exit. If the firm decides to exit, the
knowledge embodied in its productivity and product blueprints is lost, and
the sunk cost must be incurred again in order for the firm to re-enter. If
the firm decides to enter, productivity and consumer tastes evolve over time
according to stochastic processes whose properties are known prior to entry.

We choose a specification for the evolution of productivity and consumer
tastes that is both tractable and sufficiently general to match key features
of the firm-product data. After the sunk entry cost is paid, firm
productivity, $\varphi \in \lbrack \underline{\varphi },\bar{\varphi}%
]\subset \lbrack 0,\infty )$, is drawn from a continuous distribution $%
g_{e}\left( \varphi \right) $, and consumer tastes for the firm's variety, $%
\lambda _{i}\in \lbrack \underline{\lambda },\bar{\lambda}]\subset \lbrack
0,\infty )$, are drawn from a continuous distribution $z_{ei}\left( \lambda
_{i}\right) $ for each product $i$. The subscript $e$ is mnemonic for entry
and the corresponding cumulative distributions are denoted by $G_{e}\left(
\varphi \right) $ and $Z_{ei}\left( \lambda _{i}\right) $ respectively. To
make the firm's problem an interesting one, we assume that the intervals for
productivity and consumer tastes are sufficiently wide that we have an
interior equilibrium, in which a firm's entry decision depends on its
productivity and the decision to participate in individual product markets
depends on consumer tastes. To make use of law of large numbers results, the
productivity and consumer taste distributions are assumed to be independent
across firms, which enables idiosyncratic risk to be perfectly diversified
across firms. Similarly, we assume that the consumer taste distributions are
independent across products and the consumer taste and firm productivity
distributions are uncorrelated with one another, which simplifies the
characterization of the equilibrium range of products produced by a firm.%
\footnote{%
While the consumer taste and firm productivity distributions are independent
of one another, there is interdependence in a firm's profitability across
products, because firm productivity is common across products.}

Following entry, a firm faces a constant Poisson probability $\varepsilon
_{i}>0$ of a shock to consumer tastes $\lambda _{i}$ for its variety of
product $i$, in which case a new value for consumer tastes $\lambda
_{i}^{\prime }$ is drawn from a continuous conditional distribution $%
z_{ci}\left( \lambda _{i}^{\prime }|\lambda _{i}\right) $. Both the
probability of a consumer taste shock ($\varepsilon _{i}$) and the
conditional distribution for consumer tastes ($z_{ci}\left( \lambda
_{i}^{\prime }|\lambda _{i}\right) $) are allowed to vary across products.
Following entry, the firm also faces a constant Poisson probability $\theta
>0$ of a shock to productivity $\varphi $, in which case a new value for
productivity $\varphi ^{\prime }$ is drawn from a continuous conditional
distribution $g_{c}\left( \varphi ^{\prime }|\varphi \right) $. The
subscript $c$ is mnemonic for conditional, and we denote the corresponding
cumulative distributions by $Z_{ci}\left( \lambda _{i}^{\prime }|\lambda
_{i}\right) $ and $G_{c}\left( \varphi ^{\prime }|\varphi \right) $
respectively. While the probabilities $\varepsilon _{i}$ and $\theta $ are
independent across time, our formulation allows for serial correlation in
consumer tastes and firm productivity, because the new draws for these
variables following a stochastic shock depend on their existing values
through the conditional distributions $z_{ci}\left( \lambda _{i}^{\prime
}|\lambda _{i}\right) $ and $g_{c}\left( \varphi ^{\prime }|\varphi \right) $%
. We make the natural assumption of positive serial correlation, $\partial
Z_{ci}\left( \lambda _{i}^{\prime }|\lambda _{i}\right) /\partial \lambda
_{i}<0$ and $\partial G_{c}\left( \varphi ^{\prime }|\varphi \right)
/\partial \varphi <0$ for $\lambda _{i}^{\prime }\in \left[ \underline{%
\lambda },\bar{\lambda}\right] $ and $\varphi ^{\prime }\in \left[ 
\underline{\varphi },\bar{\varphi}\right] $, so that the probability of
drawing a new value for consumer tastes (productivity) below $\lambda
_{i}^{\prime }$ ($\varphi ^{\prime }$) is decreasing in the existing value
of consumer tastes (productivity). In addition to stochastic shocks to
productivity and consumer tastes, the firm faces a constant Poisson
probability of death $\delta >0$, which captures \textit{force majeure}
events unrelated to the profitability of the firm.\footnote{%
The model can be extended to allow firms to make endogenous investments in
improving productivity and enhancing consumer tastes, but these extensions
are not central to the model's key predictions, which are driven by
selection. Our focus on selection within firms mirrors the emphasis on
selection across firms in existing industry dynamics models of firm creation
and destruction, such as Hopenhayn (1992), Ericson and Pakes (1995) and
Melitz (2003).}

Once the sunk cost has been incurred and productivity and consumer tastes
are observed, the firm decides whether to enter and which products to
produce. We assume that there is a fixed corporate headquarters cost of $%
f_{h}>0$ units of labor, which the firm must incur irrespective of the
number of products that it chooses to produce, and a fixed production cost
of $f_{pi}>0$ units of labor for each product $i$ that is produced. There is
a constant marginal cost of production for each product, which depends upon
the firm's productivity. Total labor employed by a firm with productivity $%
\varphi $\ is therefore:%
\begin{equation}
l\left( \varphi \right) =f_{h}+\int_{0}^{1}I_{i}\left[ f_{pi}+\frac{%
q_{i}\left( \varphi ,\lambda _{i}\right) }{\varphi }\right] di,
\label{prodtech}
\end{equation}%
where $I_{i}$ is an indicator variable which equals one if a firm produces
product $i$ and zero otherwise, and $q\left( \varphi ,\lambda _{i}\right) $
denotes output of product $i$ by a firm with productivity $\varphi $ and
demand parameter $\lambda _{i}$.

\subsection{Firm-Product Profitability}

Demand for a firm's variety of a product depends upon the own variety price,
the price index for the product and the price indices for all other
products. If a firm produces a product, it supplies only one of a continuum
of varieties, and so is unable to influence the price index for the product.
Additionally, the price of a firm's variety of one product only influences
the demand for its varieties of other products through the price indices.
Therefore, the firm's inability to influence the price indices implies that
its profit maximization problem reduces to choosing the price of each
product variety separately to maximize the profits derived from that product
variety.\footnote{%
The structure of our model eliminates strategic interaction within or
between firms. This choice of model structure enables us to isolate the role
of selection within and across firms from considerations of strategic
interaction.} This optimization problem yields the standard result that the
equilibrium price of a product variety is a constant mark-up over marginal
cost:

\begin{equation}
p_{i}\left( \varphi ,\lambda _{i}\right) =\frac{1}{\rho }\frac{w}{\varphi },
\label{varprice}
\end{equation}%
where we choose the wage for the numeraire and so $w=1$.

From consumer expenditure minimization, substituting for the pricing rule
and using the choice of numeraire, equilibrium revenue and profits from a
product variety are:%
\begin{equation}
r_{i}\left( \varphi ,\lambda _{i}\right) =R_{i}\left( \rho P_{i}\varphi
\lambda _{i}\right) ^{\sigma -1},\qquad \pi _{i}\left( \varphi ,\lambda
_{i}\right) =\frac{r_{i}\left( \varphi ,\lambda _{i}\right) }{\sigma }%
-f_{pi},  \label{varrev}
\end{equation}%
where $R_{i}$ denotes aggregate expenditure on product $i$.

From equation (\ref{varrev}), differences in firm productivity have exactly
the same effects on equilibrium revenue and profits from a product as
differences in consumer tastes for the firm's variety, because prices are a
constant mark-up over marginal costs and demand exhibits a constant
elasticity of substitution.\footnote{%
Therefore $\lambda _{i}$ has an equivalent interpretation as a component of
a firm's productivity that is specific to individual products. Under this
alternative interpretation, which leaves the determination of general
equilibrium unchanged, stochastic shocks to $\lambda _{i}$ capture changes
in firm productivity that are specific to individual products.} From the
expression for equilibrium product revenue, the ratio of revenue for two
varieties of the same product depends solely on the relative productivities
of the firms producing those varieties and the relative strength of consumer
demand for those varieties:%
\begin{equation}
r_{i}\left( \varphi ^{\prime \prime },\lambda _{i}^{\prime \prime }\right)
=\left( \varphi ^{\prime \prime }/\varphi ^{\prime }\right) ^{\sigma
-1}\left( \lambda _{i}^{\prime \prime }/\lambda _{i}^{\prime }\right)
^{\sigma -1}r_{i}\left( \varphi ^{\prime },\lambda _{i}^{\prime }\right) .
\label{relvarrev}
\end{equation}

The key economic decisions of a firm in the model are whether to enter or
exit and in which product markets to participate. Under our assumptions, the
firm's decision whether or not to produce a product takes a very tractable
form. Fixed and marginal production costs for individual product varieties
have no sunk component and consumer tastes for a firm's variety of a product
evolve independently of whether the firm's variety is actually produced. The
firm's decision whether or not to produce its variety of a product thus
reduces to a period-by-period comparison of contemporaneous revenue and
production costs.\footnote{%
In contrast, the costs of firm entry are sunk, which introduces an option
value to firm entry, as discussed further below. While our analysis can be
extended to also allow for sunk costs of entering each product, the
resulting option value to producing each product complicates the analysis
without substantively changing the features of the model that we examine in
our empirical work.} The existence of product fixed production costs implies
that there is a \textbf{zero-profit consumer taste cutoff }$\lambda
_{i}^{\ast }\left( \varphi \right) $ for a firm with productivity $\varphi $%
, such that the firm will produce the product if consumer tastes $\lambda
_{i}$ are equal to or greater than $\lambda _{i}^{\ast }\left( \varphi
\right) $. From the expression for equilibrium profits above, the value of $%
\lambda _{i}^{\ast }\left( \varphi \right) $ is defined by the following
zero-profit condition:%
\begin{equation}
r_{i}\left( \varphi ,\lambda _{i}^{\ast }\left( \varphi \right) \right)
=R_{i}\left( \rho P_{i}\varphi \lambda _{i}^{\ast }\left( \varphi \right)
\right) ^{\sigma -1}=\sigma f_{pi}.  \label{zppp}
\end{equation}

Using the expression for relative product variety revenue in equation (\ref%
{relvarrev}) above, equilibrium revenue and profits from a product can be
expressed relative to the revenue of a variety with the zero-profit consumer
taste:%
\begin{eqnarray}
r_{i}\left( \varphi ,\lambda _{i}\left( \varphi \right) \right) &=&\left\{ 
\begin{array}{l}
\left( \frac{\lambda _{i}}{\lambda _{i}^{\ast }\left( \varphi \right) }%
\right) ^{\sigma -1}\sigma f_{pi} \\ 
0%
\end{array}%
\right. \qquad \left. 
\begin{array}{l}
\text{for}\qquad \lambda _{i}\geq \lambda _{i}^{\ast }\left( \varphi \right)
\smallskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{eqvarrev} \\
\pi _{i}\left( \varphi ,\lambda _{i}\left( \varphi \right) \right)
&=&\left\{ 
\begin{array}{l}
\left[ \left( \frac{\lambda _{i}}{\lambda _{i}^{\ast }\left( \varphi \right) 
}\right) ^{\sigma -1}-1\right] f_{pi} \\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for}\qquad \lambda _{i}\geq \lambda _{i}^{\ast }\left( \varphi \right)
\smallskip \\ 
\text{otherwise}%
\end{array}%
\right. .  \notag
\end{eqnarray}

As consumer tastes for a firm's variety of each product change over time,
previously profitable products become unprofitable and are dropped when $%
\lambda _{i}$ falls below the zero-profit cutoff value $\lambda _{i}^{\ast
}\left( \varphi \right) $. Similarly, previously unprofitable products
become viable and are added when $\lambda _{i}$ rises above $\lambda
_{i}^{\ast }\left( \varphi \right) $.

The equilibrium of the model features an endogenous stationary distribution
for consumer tastes $\lambda _{i}$ across firms within each product $i$,
which we denote by $\gamma _{zi}\left( \lambda _{i}\right) $, and which is
influenced by both the entry and conditional distributions for consumer
tastes and the probability of a consumer taste shock. The stationary
distribution for consumer tastes is independent of firm productivity, since
the entry and conditional distributions for consumer tastes are by
assumption independent of the corresponding distributions for firm
productivity. The stationary distribution of consumer tastes within each
product is characterized by the requirement that the inflow of firms to
consumer taste $\lambda _{i}$ equals the corresponding outflow from consumer
taste $\lambda _{i}$ for all $\lambda _{i}\in \lbrack \underline{\lambda },%
\bar{\lambda}]$:%
\begin{equation}
z_{ei}\left( \lambda _{i}\right) \left[ 1-G_{e}\left( \varphi ^{\ast
}\right) \right] M_{e}+\left[ \int_{\underline{\lambda }}^{\bar{\lambda}%
}\varepsilon _{i}z_{ic}\left( \lambda _{i}|\lambda _{i}^{\prime }\right)
\gamma _{zi}\left( \lambda _{i}^{\prime }\right) d\lambda _{i}^{\prime }%
\right] M=\left( \delta +\chi +\varepsilon _{i}\right) \gamma _{zi}\left(
\lambda _{i}\right) M,  \label{invarianttaste}
\end{equation}%
where $M_{e}$ denotes the mass of entrants each period; $M$ denotes the mass
of firms producing; $\varphi ^{\ast }$ is the zero-value cutoff productivity
below which a firm exits as determined below; $\chi \equiv \theta
\int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left( \varphi ^{\ast }|\varphi
\right) \gamma _{g}\left( \varphi \right) d\varphi $ is the aggregate
probability of firm exit due to stochastic productivity shocks, which
depends on the stationary distribution of firm productivity $\gamma
_{g}\left( \varphi \right) $ that is characterized below.

The equality of inflows and outflows in equation (\ref{invarianttaste}) has
an intuitive interpretation. The first and second terms on the left-hand
side are the inflow of firms to consumer taste $\lambda _{i}$ as a result of
firm entry and consumer taste shocks, respectively. The first, second and
third terms on the right-hand side are respectively the outflow of firms
from consumer taste $\lambda _{i}$ as a result of firm death, productivity
shocks that induce firm exit and consumer taste shocks. The stationary
distribution for consumer tastes determined by the equality of inflows and
outflows is defined over the interval $[\underline{\lambda },\bar{\lambda}]$%
, such that $\int_{\underline{\lambda }}^{\bar{\lambda}}\gamma _{zi}\left(
\lambda _{i}\right) d\lambda _{i}=1$, and we denote the corresponding
cumulative distribution by $\Gamma _{zi}\left( \lambda _{i}\right) $. There
is also a corresponding stationary distribution for consumer tastes
conditional on a product being produced, which is a truncation of the
distribution $\gamma _{zi}\left( \lambda _{i}\right) $ at the zero-profit
cutoff $\lambda _{i}^{\ast }\left( \varphi \right) $.

\subsection{Firm Profitability}

Having characterized a firm's decision whether to produce a product, we now
examine firm profitability across the continuum of products as a whole. The
total revenue and profits of a firm with productivity $\varphi $ are as
follows:%
\begin{equation}
r\left( \varphi \right) =\int_{0}^{1}I_{i}r_{i}\left( \varphi ,\lambda
_{i}\right) di,\qquad \pi \left( \varphi \right) =\int_{0}^{1}I_{i}\pi
_{i}\left( \varphi ,\lambda _{i}\right) di-f_{h},  \label{firmrevprof}
\end{equation}%
where $I_{i}$ is again the indicator variable which equals one if a firm
produces product $i$ and zero otherwise.

With a continuum of products and independent distributions for consumer
tastes, the law of large numbers implies that a firm's expected revenue
across the continuum of products equals the sum of its expected revenues
from each product. Total firm revenue and profits across the continuum of
products are thus:

\begin{eqnarray}
r\left( \varphi \right) &=&\int_{0}^{1}\left[ \left[ 1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) \right] \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}r_{i}\left( \varphi
,\lambda _{i}\right) \left( \frac{\gamma _{zi}\left( \lambda _{i}\right) }{%
1-\Gamma _{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) }%
\right) d\lambda _{i}\right] di,  \label{expfirmrevprof} \\
\pi \left( \varphi \right) &=&\int_{0}^{1}\left[ \left[ 1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) \right] \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}\pi _{i}\left( \varphi
,\lambda _{i}\right) \left( \frac{\gamma _{zi}\left( \lambda _{i}\right) }{%
1-\Gamma _{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) }%
\right) d\lambda _{i}\right] di-f_{h}.  \notag
\end{eqnarray}

While consumer tastes for a firm's variety of a product are stochastic, the
law of large numbers implies that all firms with the same productivity
experience the same flow of total profits across the continuum of products.
Stochastic shocks to consumer tastes generate fluctuations in the
profitability of individual products, which lead them to be added and
dropped over time. However, these fluctuations in the profitability of
individual products average out at the level of the firm, so that the
evolution of total firm profits over time is determined solely by stochastic
shocks to firm productivity.

Once a firm observes its productivity and hence total profits across the
continuum of products, it decides whether or not to enter. The lower a
firm's productivity $\varphi $, the higher the zero-profit cutoff for
product expertise $\lambda _{i}^{\ast }\left( \varphi \right) $, and so the
lower the probability of having a value for consumer taste sufficiently high
to profitably produce a product $\left( 1-\Gamma _{zi}\left( \lambda
_{i}^{\ast }\left( \varphi \right) \right) \right) $. With a continuum of
products and independent distributions for consumer tastes, the fraction of
products produced by a firm with productivity $\varphi $ equals the sum of
the probabilities of producing each product:%
\begin{equation}
\Lambda \left( \varphi \right) =\int_{0}^{1}\left( 1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) \right) di
\label{productscope}
\end{equation}

As a firm with lower productivity has a lower probability of producing each
product, it produces a smaller range of products than another firm with
higher productivity. Therefore, the range of products produced by a firm is
monotonically increasing in its productivity. Additionally, for sufficiently
low values of a firm's productivity, the excess of revenue over fixed
production costs in the small range of profitable products falls short of
the fixed headquarters cost, and the instantaneous flow of total firm
profits across the continuum of products is negative.

The existence of a sunk entry cost combined with stochastic shocks to
productivity generates an option value to firm entry, so that a firm's entry
decision does not simply depend on a comparison of total firm profits and
the fixed headquarters cost. If a firm chooses to exit, it forgoes both the
net present value of its instantaneous flow of profits and also the option
of experiencing stochastic productivity shocks. Therefore, with this option
value to firm entry, the threshold productivity for firm entry and exit will
in general lie below the productivity at which the instantaneous flow of
total firm profits is equal to zero. The value of a firm with productivity $%
\varphi $ is determined according to the following Bellman equation:

\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) +\theta \left[ \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\left[ v\left( \varphi ^{\prime }\right) -v\left( \varphi
\right) \right] g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }\right] }{\delta +\theta G_{c}\left( \varphi ^{\ast }|\varphi
\right) }\qquad \\ 
\\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for }\varphi \geq \varphi ^{\ast } \\ 
\bigskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{bellvalfirm}
\end{equation}%
where $\varphi ^{\ast }$ is the zero-value cutoff productivity below which a
firm exits; $\delta $ is the exogenous probability of firm death; $\theta
G_{c}\left( \varphi ^{\ast }|\varphi \right) $ is the endogenous probability
of firm exit, which depends on productivity $\varphi $, and equals the
probability of a stochastic shock to productivity $\theta $ times the
probability of drawing a new value for productivity below the zero-value
cutoff $G\left( \varphi ^{\ast }|\varphi \right) $.

The Bellman equation (\ref{bellvalfirm}) has an intuitive interpretation.
The value of a firm with productivity $\varphi $ is the flow of current
profits plus the expected value of capital gains or losses as a result of a
stochastic productivity shock, discounted by the probability of firm exit.
To determine the value of a firm with productivity $\varphi $, it proves
convenient to re-write the Bellman equation in the following way:%
\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) }{\delta +\theta }+\frac{\theta }{\delta
+\theta }\int_{\varphi ^{\ast }}^{\bar{\varphi}}v\left( \varphi ^{\prime
}\right) g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi ^{\prime
}\qquad \\ 
\\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for }\varphi \geq \varphi ^{\ast } \\ 
\bigskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{bellvalfirmalt}
\end{equation}%
which, as shown in the appendix at the end of this document, has the
following solution:%
\begin{equation}
v\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{\pi \left( \varphi \right) }{\delta +\theta }+\frac{\theta }{\delta
+\theta }\int_{\varphi ^{\ast }}^{\bar{\varphi}}\eta \left( \varphi ^{\prime
}\right) \pi \left( \varphi ^{\prime }\right) g_{c}\left( \varphi ^{\prime
}|\varphi \right) d\varphi ^{\prime }\qquad \\ 
\\ 
0%
\end{array}%
\right. \left. 
\begin{array}{l}
\text{for }\varphi \geq \varphi ^{\ast } \\ 
\bigskip \\ 
\text{otherwise}%
\end{array}%
\right. ,  \label{bellvalfirmsol}
\end{equation}%
where $\eta \left( \varphi \right) $ is determined in the appendix.

The zero-value cutoff productivity $\varphi ^{\ast }$ below which exit
occurs is defined by $v\left( \varphi ^{\ast }\right) =0$, which implies:%
\begin{equation}
-\pi \left( \varphi ^{\ast }\right) =\theta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi ^{\prime
}\right) g_{c}\left( \varphi ^{\prime }|\varphi ^{\ast }\right) d\varphi
^{\prime },  \label{zerovalcut}
\end{equation}%
so that at productivity $\varphi ^{\ast }$\ the flow of current losses
exactly equals the probability of a stochastic shock to productivity times
expected profits following a productivity shock.

As well as an endogenous stationary distribution for consumer tastes within
each product, the equilibrium of the model also features an endogenous
stationary distribution for firm productivity $\varphi $, which we denote by 
$\gamma _{g}\left( \varphi \right) $. This stationary distribution for firm
productivity is determined by the requirement that the inflow of firms to
each productivity equals the corresponding outflow from each productivity
for all $\varphi \geq \varphi ^{\ast }$:

\begin{equation}
g\left( \varphi \right) M_{e}+\int_{\varphi ^{\ast }}^{\bar{\varphi}}\theta
g_{c}\left( \varphi |\varphi ^{\prime }\right) \gamma _{g}\left( \varphi
^{\prime }\right) d\varphi ^{\prime }M=\left( \delta +\theta \right) \gamma
_{g}\left( \varphi \right) M\quad  \label{invariantprod}
\end{equation}

The equality of inflows and outflows from each productivity in equation (\ref%
{invariantprod}) also has an intuitive interpretation. The first and second
terms on the left-hand side are the inflow of firms to productivity $\varphi 
$ from entry and productivity shocks, respectively. The first term on the
right-hand side is the outflow of firms from productivity $\varphi $ due to
exogenous firm death. The second term on the right-hand side is the outflow
of firms from productivity $\varphi $\ to other values of productivity as a
result of productivity shocks, including productivity shocks that induce
endogenous firm exit. We define the stationary distribution for firm
productivity $\gamma _{g}\left( \varphi \right) $ as conditional upon entry,
so that $\int_{\varphi ^{\ast }}^{\bar{\varphi}}\gamma _{g}\left( \varphi
\right) =1$, and we denote the corresponding cumulative distribution by $%
\Gamma _{g}\left( \varphi \right) $.

\subsection{Firm Entry}

The equilibrium zero-value cutoff productivity $\varphi ^{\ast }$ is
determined by the free entry condition that requires the expected value of
entry to equal the sunk entry cost. The expected value of entry is equal to
the probability of successful entry times the expected value of the firm
conditional on successful entry:%
\begin{equation}
V=\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] \bar{v}=f_{e},\qquad 
\bar{v}\equiv \int_{\varphi ^{\ast }}^{\bar{\varphi}}v\left( \varphi \right)
\left( \frac{g_{e}\left( \varphi \right) }{1-G_{e}\left( \varphi ^{\ast
}\right) }\right) d\varphi ,  \label{freeentry}
\end{equation}%
where $\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] $ is the \textit{%
ex ante} probability of drawing a productivity above the zero-value cutoff $%
\varphi ^{\ast }$, and $\bar{v}$ is the expected value of the firm
conditional on entry, which depends on the equilibrium value of the firm for
each productivity from (\ref{bellvalfirmsol}) and the \textit{ex ante}
productivity distribution $g_{e}\left( \varphi \right) $.

Firms are assumed to finance the sunk entry cost by issuing equity to the
representative consumer. As there is a continuum of firms, and the
productivity and consumer tastes distributions are independent across firms,
consumers can perfectly diversify the idiosyncratic risk of stochastic
shocks to a firm's productivity and consumer tastes. Therefore the
equilibrium rate of return received by the representative consumer on firm
equity is equal to the aggregate risk of firm death and exit due to
productivity shocks, which is equal to $\delta +\chi \equiv \delta +\theta
\int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left( \varphi ^{\ast }|\varphi
\right) \gamma _{g}\left( \varphi \right) d\varphi $.

\subsection{Goods and Labor Markets}

While the analysis so far has characterized firm-level decisions about entry
and production, we now turn to the determination of aggregate variables,
such as the price indices and product revenue, which depend on the mass of
firms. The stationary equilibrium of the model is characterized by a
constant mass of firms entering each period, $M_{e}$, and a constant mass of
firms producing, $M$. Each of the firms producing is active in a subset of
product markets, with the steady-state mass of firms producing a given
product, $M_{pi}$, equal to a constant fraction of the mass of firms
producing.

To determine the mass of firms producing a given product, we note that of
the mass of firms with productivity $\varphi $, a fraction $\left[ 1-\Gamma
_{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) \right] $
produce product $i$. Therefore the total mass of firms producing product $i$
can be determined from this fraction by integrating over values for
productivity using the stationary productivity distribution:%
\begin{equation}
M_{pi}=\left[ \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ 1-\Gamma
_{zi}\left( \lambda _{i}^{\ast }\left( \varphi \right) \right) \right]
\gamma _{g}\left( \varphi \right) d\varphi \right] M,  \label{massproduct}
\end{equation}

The mass of firms producing, $M$, can be in turn determined from aggregate
revenue, $R$, and the expected revenue of a firm conditional on production, $%
\bar{r}$:%
\begin{equation}
M=\frac{R}{\bar{r}},\qquad \bar{r}=\int_{\varphi ^{\ast }}^{\bar{\varphi}%
}r\left( \varphi \right) \gamma _{g}\left( \varphi \right) d\varphi
\label{massfirms}
\end{equation}%
where revenue across the continuum of products for a firm with productivity $%
\varphi $, $r\left( \varphi \right) $, is given by (\ref{expfirmrevprof}).

The mass of firms entering each period, $M_{e}$, can be determined from the
mass of firms producing, $M$. With a constant mass of firms producing in the
stationary equilibrium, the mass of firms that enter and draw a productivity
above the zero-value cutoff must equal the mass of firms that exit, which
equals the mass of firms that die or draw a new productivity below the
zero-value cutoff:%
\begin{equation}
\left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] M_{e}=\left( \delta
+\chi \right) M.  \label{sss}
\end{equation}%
where $\chi \equiv \theta \int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left(
\varphi ^{\ast }|\varphi \right) \gamma _{g}\left( \varphi \right) d\varphi $%
.

The price indices for each product, $P_{i}$, can be determined from the mass
of firms producing each product, $M_{pi}$. From the equilibrium pricing rule
(\ref{varprice}), the price index for a product can be written as a function
of the mass of firms producing the product and the price of a variety with a
weighted average of firm productivity and consumer tastes:%
\begin{equation}
P_{i}=M_{pi}^{\frac{1}{1-\sigma }}\frac{1}{\rho \tilde{\varphi}_{i}},
\label{eqpindex}
\end{equation}%
where the weighted average $\tilde{\varphi}_{i}$ depends on the stationary
distributions of firm productivity and consumer tastes and is defined in the
appendix at the end of this document.

Aggregate revenue for each product, $R_{i}$, can be in turn determined from
the price indices, $P_{i}$, and aggregate revenue, $R$, using equation (\ref%
{consrev}). Finally, labor market clearing requires that the demand for
labor in production and entry equals the economy's supply of labor:%
\begin{equation}
L_{q}+L_{e}=\bar{L},  \label{labmktclear}
\end{equation}%
where the subscripts $q$ and $e$ denote labor used in production and entry
respectively.

\subsection{General Equilibrium}

General equilibrium is referenced by the quadruple \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\},
together with a stationary distribution for firm productivity $\gamma
_{g}\left( \varphi \right) $ for $\varphi \geq \varphi ^{\ast }$, and a
stationary distribution for consumer tastes $\gamma _{zi}\left( \lambda
_{i}\right) $ for $\lambda _{i}\in \left[ \underline{\lambda },\bar{\lambda}%
\right] $. We begin by characterizing the stationary distributions of firm
productivity and consumer tastes, before turning to consider the elements of
the quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $, $P_{i}$, $R_{i}$\}.

\subsubsection{Stationary Distributions for Consumer Tastes and Productivity 
\label{geexistence}}

The stationary distributions for firm productivity and consumer tastes are
determined by the requirements of an equality of inflows to and outflows
from each value of productivity and consumer tastes in equations (\ref%
{invariantprod}) and (\ref{invarianttaste}). These equations imply that the
stationary distributions of firm productivity and consumer tastes depend on
the distributions from which these variables are drawn upon entry and the
conditional distributions from which they are drawn following a stochastic
shock. Since the entry and conditional distributions are continuous and have
bounded support, there exist unique stationary distributions for firm
productivity and consumer tastes, as long as the probabilities of a
stochastic shock to consumer tastes and productivity do not exceed the
thresholds specified in the proofs below.

\begin{proposition}
\label{PropInvProd}For $\theta <\bar{\theta}$, there exists a unique
stationary distribution of firm productivity conditional upon entry, $\gamma
_{g}\left( \varphi \right) $, for each value of the aggregate variables $%
\left\{ M_{e}\text{, }M\text{, }\varphi ^{\ast }\right\} $.
\end{proposition}

\begin{proof}
See the appendix below.
\end{proof}

\begin{proposition}
\label{PropInvTaste}For $\varepsilon _{i}<\bar{\varepsilon}$, there exists a
unique stationary distribution of consumer tastes, $\gamma _{zi}\left(
\lambda _{i}\right) $, for each product $i$ for each value of the aggregate
variables $\left\{ M_{e}\text{, }M\text{, }\varphi ^{\ast }\right\} $.
\end{proposition}

\begin{proof}
See the appendix below.\bigskip
\end{proof}

The stationary distributions of firm productivity and consumer tastes
characterized in the proofs of the propositions are weighted averages of the
entry and conditional distributions, with the weights depending on the
equilibrium values of the mass of entrants $M_{e}$, the mass of firms $M$,
the zero-value cutoff productivity below which firms exit $\varphi ^{\ast }$%
, and the probabilities $\theta $ and $\varepsilon _{i}$ of a stochastic
shock to firm productivity and consumer tastes respectively.

\subsubsection{Zero-profit Consumer Taste Cutoffs\label{gemp}}

Having characterized the stationary distribution of firm productivity and
consumer tastes, we now turn to consider the equilibrium value of the
zero-profit consumer taste cutoff for each product, $\lambda _{i}^{\ast
}\left( \varphi \right) $, which determines the equilibrium range of
products produced by firms. As discussed above, the zero-profit consumer
taste cutoff $\lambda _{i}^{\ast }\left( \varphi \right) $ for each product
varies across firms depending on their productivity $\varphi $. Using the
expression for the relative revenues of product varieties in equation (\ref%
{relvarrev}), the zero-profit consumer taste cutoff for each firm
productivity can be expressed relative to that of a firm with the zero-value
cutoff productivity:%
\begin{equation}
\lambda _{i}^{\ast }\left( \varphi \right) =\left( \frac{\varphi ^{\ast }}{%
\varphi }\right) \lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) .
\label{rel_lambdas}
\end{equation}

The above relationship has an intuitive interpretation. The zero-profit
consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi \right) $ is
decreasing in firm productivity $\varphi $ because the revenue derived from
a product variety is increasing in firm productivity. Therefore, as a firm's
productivity increases, it generates sufficient revenue to cover product
fixed production costs at a lower value of consumer tastes. In contrast, the
zero-profit consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi
\right) $ is increasing in the zero-value cutoff productivity $\varphi
^{\ast }$. A higher value of $\varphi ^{\ast }$ increases the average
productivity of rival firms, which intensifies product market competition
and reduces product variety revenue, so that a higher value of consumer
tastes is required to generate sufficient revenue to cover product fixed
production costs. Similarly, an increase in the zero-profit consumer taste
cutoff for the lowest productivity firm $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $ increases $\lambda _{i}^{\ast }\left( \varphi \right) $
for all firm productivities, because it raises the average consumer tastes
of rival firms, which intensifies product market competition and reduces
product variety revenue.

The zero-profit consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $ for a firm with the zero-value cutoff productivity $%
\varphi ^{\ast }$\ on the right-hand side of (\ref{rel_lambdas}) can be
determined from the zero-profit consumer taste cutoff condition (\ref{zppp})
for productivity $\varphi ^{\ast }$:%
\begin{equation}
R_{i}\left( \rho P_{i}\varphi ^{\ast }\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) \right) ^{\sigma -1}=\sigma f_{pi}.  \label{eqprodscope}
\end{equation}

Together equations (\ref{rel_lambdas}) and (\ref{eqprodscope}) determine the
zero-profit consumer taste cutoff $\lambda _{i}^{\ast }\left( \varphi
\right) $\ for firms of all productivities as a function of \{$\varphi
^{\ast }$, $P_{i}$, $R_{i}$\}. Since the zero-profit consumer taste cutoffs $%
\lambda _{i}^{\ast }\left( \varphi \right) $ determine the probability that
each product is produced $\left[ 1-\Gamma _{zi}\left( \lambda _{i}^{\ast
}\left( \varphi \right) \right) \right] $, these equations also determine
the equilibrium range of products produced by firms of all productivities.

\subsubsection{Zero-value Productivity Cutoff\label{gefe}}

To determine the zero-value cutoff productivity below which firms exit, $%
\varphi ^{\ast }$, we use the free entry condition (\ref{freeentry}) that
requires the expected value of entry to equal the sunk entry cost.
Substituting for the value of a firm from (\ref{bellvalfirmsol}), the free
entry condition can be re-written as follows:

\begin{equation}
V=\left( \frac{1}{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\left[ \pi \left( \varphi \right) +\theta \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi
^{\prime }\right) g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }\right] g_{e}\left( \varphi \right) d\varphi =f_{e},
\label{eqfreeentry}
\end{equation}%
where the expected value of entry depends on the entry and conditional
distributions for productivity and firm profits as a function of
productivity.

\subsubsection{Product Price Indices and Revenues\label{gegl}}

The two remaining elements of the quadruple \{$\varphi ^{\ast }$, $\lambda
_{i}^{\ast }\left( \varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\} are the
price indices, $P_{i}$, and aggregate revenues, $R_{i}$, for each product.
To characterize the equilibrium values of these variables for each product,
we combine consumer and producer optimization with the free entry,
steady-state stability and labor market clearing conditions.

We begin with the product price indices in equation (\ref{eqpindex}), which
depend on a weighted average of firm productivity and consumer tastes, $%
\tilde{\varphi}_{i}$, and the mass of firms that produce a product, $M_{pi}$%
. The weighted average, $\tilde{\varphi}_{i}$, can be determined from the
zero-profit consumer taste cutoff, $\lambda _{i}^{\ast }\left( \varphi
\right) $, the zero-value productivity cutoff, $\varphi ^{\ast }$, and the
stationary distributions for consumer tastes, $\gamma _{zi}\left( \lambda
_{i}\right) $, and productivity, $\gamma _{g}\left( \varphi \right) $, as
shown in the appendix. The mass of firms that produce a product, $M_{pi}$,
is a constant fraction of the mass of active firms, $M$, as shown in
equation (\ref{massproduct}). The mass of active firms, $M$, can be
determined from aggregate economy-wide revenue, $R$, and average firm
revenue conditional upon entry, $\bar{r}$, as shown in equation (\ref%
{massfirms}).

Average firm revenue conditional upon entry, $\bar{r}$, is solely a function
of the zero-value cutoff productivity, $\varphi ^{\ast }$, the zero-profit
consumer taste cutoff for a firm with this productivity, $\lambda _{i}^{\ast
}\left( \varphi ^{\ast }\right) $, and the stationary distributions for firm
productivity and consumer tastes, $\gamma _{zi}\left( \lambda _{i}\right) $
and $\gamma _{g}\left( \varphi \right) $, as can be seen from equations (\ref%
{eqvarrev}), (\ref{expfirmrevprof}) and (\ref{rel_lambdas}). Aggregate
economy-wide revenue, $R$, can be determined by combining the free entry,
steady-state stability and labor market clearing conditions. To do so, we
solve for payments to labor used in entry and payments to labor used in
production, and show that these sum to aggregate economy-wide revenue. Using
the steady-state stability condition (\ref{sss}) to substitute for the
probability of successful entry $\left[ 1-G_{e}\left( \varphi ^{\ast
}\right) \right] $ in the free entry condition (\ref{freeentry}), we obtain
the following relationship between payments to labor used in entry and the
expected value of the firm conditional on successful entry:%
\begin{equation}
L_{e}=M_{e}f_{e}=\left( \delta +\chi \right) M\bar{v}  \label{labentry}
\end{equation}%
where $\chi \equiv \theta \int_{\varphi _{\ast }}^{\bar{\varphi}}G_{c}\left(
\varphi ^{\ast }|\varphi \right) \gamma _{g}\left( \varphi \right) d\varphi $
is the aggregate probability of firm exit due to productivity shocks.

Equation (\ref{labentry}) has an intuitive interpretation. Payments to labor
used in entry on the left-hand side equal the flow rate of return received
by the representative consumer on the average value of the firm conditional
on entry on the right-hand side. Only when this condition is satisfied will
the representative consumer break even on the equity issued by firms to
finance the sunk costs of entry.

Payments to labor used in production equal aggregate economy-wide revenue
minus the flow rate of return received by the representative consumer on the
average equity value of the firm conditional on entry:%
\begin{equation}
L_{p}=R-\left( \delta +\chi \right) M\bar{v}  \label{labprod}
\end{equation}

Substituting the expressions for labor used in entry and production in
equations (\ref{labentry}) and (\ref{labprod}) into the labor market
clearing condition (\ref{labmktclear}), aggregate economy-wide revenue
equals the economy's labor endowment, $R=L$, and the labor market clears.
Therefore, as we have characterized $R,$ $\bar{r}$, $M$, $M_{pi}$ and $%
\tilde{\varphi}_{i}$, we have characterized the equilibrium price indices $%
P_{i}$ in equation (\ref{eqpindex}).

The final element of the quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast
}\left( \varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\} is aggregate product
revenue $R_{i}$, which can be determined from consumer expenditure
minimization, using the equilibrium price indices $P_{i}$ and aggregate
economy-wide revenue $R$:%
\begin{equation}
R_{i}=\frac{R\left( P_{i}/a_{i}\right) ^{1-\kappa }}{\int_{0}^{1}\left(
P_{i}/a_{i}\right) ^{1-\kappa }di}  \label{prodaggrev}
\end{equation}

\subsubsection{Existence and Uniqueness}

The equilibrium quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left(
\varphi ^{\ast }\right) $, $P_{i}$, $R_{i}$\} and the stationary
distributions for firm productivity $\gamma _{g}\left( \varphi \right) $\
and consumer tastes $\gamma _{zi}\left( \lambda _{i}\right) $ are determined
by the following six equations: the equality of inflows and outflows for
productivity and consumer tastes ((\ref{invariantprod}) and (\ref%
{invarianttaste})), the free entry condition (\ref{eqfreeentry}), the
zero-profit consumer taste condition for the lowest productivity firm (\ref%
{eqprodscope}), the equilibrium price index (\ref{eqpindex}), and
equilibrium product revenue (\ref{prodaggrev}).

\begin{proposition}
\label{Prop1}For $\theta <\bar{\theta}$ and $\varepsilon _{i}<\bar{%
\varepsilon}$, there exists a unique equilibrium referenced by the quadruple
\{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, 
$P_{i}$, $R_{i}$\}, a stationary distribution for productivity $\gamma
_{g}\left( \varphi \right) $ for $\varphi \geq \varphi ^{\ast }$, and a
stationary distribution for consumer tastes $\gamma _{zi}\left( \lambda
_{i}\right) $ for $\lambda _{i}\in \left[ \underline{\lambda },\bar{\lambda}%
\right] $.
\end{proposition}

\begin{proof}
See the appendix below.\bigskip
\end{proof}

The general equilibrium of the model features steady-state product switching
by surviving firms and steady-state firm creation and destruction. Each
period a measure of new firms incur the sunk entry cost. Of these new firms,
those with a productivity draw above the zero-value cutoff enter, while
those with a productivity draw below the zero-value cutoff exit. Among
existing firms, a firm with unchanged productivity produces a constant range
of products, but idiosyncratic shocks to consumer tastes for individual
products induce the firm to drop a measure of the products previously
produced and add an equal measure of the products not previously produced.
As stochastic shocks to an existing firm's productivity occur, the range of
products produced expands with rises in productivity and contracts with
declines in productivity. An existing firm exits endogenously when
productivity falls below the zero-value cutoff or exogenously when death
occurs as a result of force majeure considerations beyond the control of the
firm.

\section{Empirical Patterns of Product Switching}

The model highlights a number of features of product switching at the firm,
product and firm-product level, which we use to guide our empirical
research. In this section, we show how these features of product switching
can be derived from the model.

\subsection{Firm-level Evidence}

The model features steady-state adding and dropping of products within firms
as a result of idiosyncratic shocks to the profitability of a firm's
products. To determine the magnitude of steady-state product adding,
consider the measure of products not currently produced by a firm with
productivity $\varphi $, which depends on the stationary distribution of
consumer tastes $\gamma _{zi}\left( \lambda _{i}\right) $ over the interval $%
\lambda _{i}\in \left[ \underline{\lambda },\lambda _{i}^{\ast }\left(
\varphi \right) \right) $. The probability that a product not currently
produced is added by a firm with productivity $\varphi $ equals the
probability of drawing a new value for consumer tastes above the zero-profit
cutoff $\varepsilon _{i}\left( 1-Z_{ci}\left( \lambda _{i}^{\ast }\left(
\varphi \right) |\lambda _{i}\right) \right) $. Integrating over products
and the interval $\left[ \underline{\lambda },\lambda _{i}^{\ast }\left(
\varphi \right) \right) $, the measure of products added by a firm with
productivity $\varphi $ is:%
\begin{equation}
\Lambda ^{a}\left( \varphi \right) =\int_{0}^{1}\left[ \int_{\underline{%
\lambda }}^{\lambda _{i}^{\ast }\left( \varphi \right) }\varepsilon _{i}%
\left[ 1-Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \right] \gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i}%
\right] di.  \label{mseadd}
\end{equation}%
Similarly, the measure of products dropped by a firm with productivity $%
\varphi $ is:%
\begin{equation}
\Lambda ^{d}\left( \varphi \right) =\int_{0}^{1}\left[ \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}\varepsilon
_{i}Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i}\right] di.
\label{msedrop}
\end{equation}

As SIC\ codes can be interpreted as discrete partitions of the model's
continuum of products, product adding in the data reflects firm production
in a new five-digit SIC category, while product dropping in the data
represents abandonment of production in one of the firms' existing
five-digit SIC categories. Simultaneous adding and dropping of products
occurs when both of these actions take place. The interpretation of industry
and sector adding and dropping is analogous.

\subsection{Product-level Evidence}

One of the key features of product switching at the product level is a
positive correlation between the rate of adding and dropping across
products. To determine the measure of surviving firms that add and drop a
product, we begin by considering the measure of firms with a particular
value of productivity and consumer tastes for a product: $\gamma _{zi}\left(
\lambda _{i}\right) \gamma _{g}\left( \varphi \right) M$. The probability
that each of these firms survives after a unit interval of time depends on
the probability of firm death, $\delta $, and the probability that a firm
draws a new value for productivity below the zero-value cutoff, $\theta
G_{c}\left( \varphi ^{\ast }|\varphi \right) $. The measure of firms with a
particular value of productivity and consumer tastes for a product that
survive after a unit interval of time is therefore: 
\begin{equation}
\xi _{i}\left( \varphi ,\lambda _{i}\right) \equiv \left[ 1-\delta -\theta
G_{c}\left( \varphi ^{\ast }|\varphi \right) \right] \gamma _{zi}\left(
\lambda _{i}\right) \gamma _{g}\left( \varphi \right) M.  \label{survive}
\end{equation}

Among this measure of surviving firms with productivity $\varphi $, those
with consumer tastes in the interval $\left[ \lambda _{i}^{\ast }\left(
\varphi \right) ,\bar{\lambda}\right] $ currently produce the product. The
probability that the product is dropped by each of these firms equals the
probability of drawing a new value for consumer tastes below the zero-profit
cutoff $\varepsilon _{i}Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi
\right) |\lambda _{i}\right) $. Integrating over the interval of
productivities for which firms enter and the interval of values for consumer
tastes for which the product is produced, the total measure of surviving
firms that drop the product after a unit interval of time is as follows:

\begin{equation}
\xi _{i}^{d}=\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\lambda
_{i}^{\ast }\left( \varphi \right) }^{\bar{\lambda}}\varepsilon
_{i}Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \xi _{i}\left( \varphi ,\lambda _{i}\right) d\lambda _{i}\right]
d\varphi .  \label{measuredrop}
\end{equation}%
Similarly, the total measure of surviving firms that add the product after a
unit interval of time is as follows:%
\begin{equation}
\xi _{i}^{a}=\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\underline{%
\lambda }}^{\lambda _{i}^{\ast }\left( \varphi \right) }\varepsilon _{i}%
\left[ 1-Z_{ci}\left( \lambda _{i}^{\ast }\left( \varphi \right) |\lambda
_{i}\right) \xi _{i}\left( \varphi ,\lambda _{i}\right) \right] d\lambda _{i}%
\right] d\varphi .  \label{measureadd}
\end{equation}

Comparing equations (\ref{measuredrop}) and (\ref{measureadd}), it is clear
that \textquotedblleft turbulent\textquotedblright\ products with high
probabilities of idiosyncratic shocks $\varepsilon _{i}$ are added and
dropped more frequently, other things equal, than \textquotedblleft
stable\textquotedblright\ products with less frequent idiosyncratic shocks.
Therefore, differences across products in the degree of turbulence (the
probability of idiosyncratic shocks $\varepsilon _{i}$) induce a positive
correlation between the rate at which a product is added and the rate at
which it is dropped. As these idiosyncratic shocks lead some firms to add a
product while other firms simultaneously drop the same product, the gross
changes in output of a product as a result of product switching are
systematically larger than the net changes in output.

\subsection{Firm-Product Level Evidence}

One of the central features of the model is selection within firms across
products as well as selection across firms. The presence of selection within
firms can be seen from the zero-profit cutoff condition for a product to be
produced, which requires variable profits to cover the fixed production
costs:%
\begin{equation*}
r_{i}\left( \varphi ,\lambda _{i}^{\ast }\left( \varphi \right) \right)
=R_{i}\left( \rho P_{i}\varphi \lambda _{i}^{\ast }\left( \varphi \right)
\right) ^{\sigma -1}=\sigma f_{pi}.
\end{equation*}%
From this zero-profit condition, the decision whether to add or drop a
product depends not only on characteristics of the firm (productivity $%
\varphi $) but also on characteristics that are specific to the firm-product
pair (consumer tastes $\lambda _{i}$). Selection therefore operates within
firms and depends on considerations that are idiosyncratic to individual
firm-product pairs.

The process of selection within firms displays scale and age dependence as a
result of the assumption that firm productivity and consumer tastes are
positively serially correlated. Therefore a high existing value for
productivity or consumer tastes reduces the probability of drawing a low new
value for productivity or consumer tastes and dropping a product. As higher
values of productivity and consumer tastes increase a firm's shipments of a
product (from equation (\ref{consrev})), the model implies that the
probability a firm drops a product is decreasing in the firm's shipments of
the product (scale dependence). Additionally, as productivity and consumer
tastes are serially correlated, the longer the length of time for which a
firm has produced a product, the higher the firm's expected productivity and
consumer tastes, and hence the lower the probability of the firm dropping
the product. Therefore the model also implies that the probability a firm
drops a product is decreasing in the length of time for which the firm has
produced the product (tenure or age dependence).\footnote{%
In the model, consumer tastes follow a first-order Markov process, so that
the probability of drawing a new value for consumer tastes depends only on
the current value of consumer tastes. Furthermore, controlling for firm and
product fixed effects, log firm-product shipments are proportional to the
current value of consumer tastes. Therefore, as in much of the firm entry
and exit literature, age or tenure should become insignificant in a
specification that controls appropriately for scale. One natural explanation
for the significance of firm-product tenure in such a specification is that
consumer tastes follow a higher-order Markov process, and the model could be
extended to allow for this possibility.}

\section{A Simple Special Case}

To provide further economic intuition for the workings of the model, this
section considers a simple special case of the more general framework
developed above. This special case makes a number of simplifying assumptions
in order to achieve greater tractability and derive closed form solutions.
The most important of these simplifications is to abstract from serial
correlation in firm productivity and consumer tastes. While this abstraction
implies that the special case of the model does not capture scale and tenure
dependence in the probability that a product is dropped by a firm, it
remains consistent with the other features of product switching examined in
our empirical work.

The additional simplifying assumptions made in the special case of the model
are as follows: (a) all products $i$ receive the same weight in consumer
utility ($a_{i}=1$ for all $i$), though consumer tastes for a firm's variety 
$\omega $ of each product still vary (in general $\lambda _{i}\left( \omega
^{\prime \prime }\right) \neq \lambda _{i}\left( \omega ^{\prime }\right) $
for $\omega ^{\prime \prime }\neq \omega ^{\prime }$); (b) all products have
the same fixed production costs ($f_{pi}=f_{p}$ for all $i$); (c) the
probability of a stochastic shock to consumer tastes is the same across
products ($\varepsilon _{i}=\varepsilon $ for all $i$); (d) the distribution
from which consumer tastes are drawn following a stochastic shock is the
same as upon entry ($z_{ei}\left( \lambda _{i}\right) =z_{ci}\left( \lambda
_{i}|\lambda _{i}^{\prime }\right) =z\left( \lambda _{i}\right) $ for all $i$
and $\lambda _{i}\in \lbrack \underline{\lambda },\bar{\lambda}]$); and (e)
the distribution from which firm productivity is drawn following a
stochastic shock is the same as upon entry ($g_{e}\left( \varphi \right)
=g_{c}\left( \varphi |\varphi ^{\prime }\right) =g\left( \varphi \right) $
for $\varphi \in \lbrack \underline{\varphi },\bar{\varphi}]$).

Since the distributions from which consumer tastes and firm productivity are
drawn following stochastic shocks are the same as the distributions from
which they are drawn upon entry, the stationary distributions for consumer
tastes and productivity take a particularly simple form. The stationary
distribution for consumer tastes is the same as the distribution upon entry:%
\begin{equation}
\gamma _{zi}\left( \lambda _{i}\right) =z\left( \lambda _{i}\right) ,
\label{eg_stattaste}
\end{equation}%
while the stationary distribution for consumer tastes conditional on a
product being produced is a truncation of $z\left( \lambda _{i}\right) $ at
the zero-profit cutoff for consumer tastes $\lambda _{i}^{\ast }\left(
\varphi \right) $.

The stationary distribution for firm productivity conditional upon entry is
a truncation of the distribution $g\left( \varphi \right) $ at the
zero-value cutoff productivity below which firms exit:%
\begin{equation}
\gamma _{g}\left( \varphi \right) =\left\{ 
\begin{array}{l}
\frac{g\left( \varphi \right) }{1-G\left( \varphi ^{\ast }\right) }\qquad
\qquad \text{for}\qquad \varphi \geq \varphi ^{\ast } \\ 
0\hspace{1in}\text{otherwise}%
\end{array}%
\right. .  \label{eg_statprod}
\end{equation}

With symmetric products and independently and identically distributed
consumer tastes, the total profits of a firm with productivity $\varphi $
across the unit continuum of products equal its expected profits from each
product:%
\begin{equation}
\pi \left( \varphi \right) =\int_{\lambda ^{\ast }\left( \varphi \right) }^{%
\bar{\lambda}}\left( \left( \frac{\lambda }{\lambda ^{\ast }\left( \varphi
\right) }\right) ^{\sigma -1}-1\right) f_{p}z\left( \lambda \right) d\lambda
-f_{h}.  \label{eg_firmprof}
\end{equation}%
where we have used $r\left( \varphi ,\lambda ^{\ast }\left( \varphi \right)
\right) =\sigma f_{p}$ and $r\left( \varphi ,\lambda \right) =\left( \lambda
/\lambda ^{\ast }\left( \varphi \right) \right) ^{\sigma -1}r\left( \varphi
,\lambda ^{\ast }\left( \varphi \right) \right) $.

A firm with productivity $\varphi $ draws a consumer taste above the
zero-profit cutoff $\lambda ^{\ast }\left( \varphi \right) $ with
probability $\left[ 1-Z\left( \lambda ^{\ast }\left( \varphi \right) \right) %
\right] $, and so the range of products produced by a firm with productivity 
$\varphi $ equals $\left[ 1-Z\left( \lambda ^{\ast }\left( \varphi \right)
\right) \right] $, which is monotonically increasing in $\varphi $. Firms
with higher productivity generate sufficient revenue to cover the fixed
costs of producing a product at a lower value for consumer tastes, and
therefore manufacture a larger range of products than firms with lower
productivity.

The Bellman equation for the value of a firm with productivity $\varphi $
takes the same form as above: 
\begin{equation}
v\left( \varphi \right) =\frac{\pi \left( \varphi \right) }{\delta +\theta }%
+\left( \frac{\theta }{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}v\left( \varphi ^{\prime }\right) g\left( \varphi ^{\prime }\right)
d\varphi ^{\prime },  \label{eg_bellman}
\end{equation}

Since the distribution from which a new value of productivity is drawn
following a stochastic shock is the same as upon entry and is independent of
a firm's existing value of productivity, the solution to the Bellman
equation takes a particularly simple form in this special case of the model.
Substituting for $v\left( \varphi ^{\prime }\right) $ on the right-hand side
of (\ref{eg_bellman}) using the trial solution $v\left( \varphi \right)
=\alpha \pi \left( \varphi \right) +\beta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\pi \left( \varphi ^{\prime }\right) g\left( \varphi ^{\prime
}\right) d\varphi ^{\prime }$, and solving for $\alpha $ and $\beta $,
yields the equilibrium value of a firm:

\begin{equation}
v\left( \varphi \right) =\frac{\pi \left( \varphi \right) }{\delta +\theta }%
+\left( \frac{\theta }{\delta +\theta }\right) \left( \frac{1}{\delta
+\theta G\left( \varphi ^{\ast }\right) }\right) \left[ \int_{\varphi ^{\ast
}}^{\bar{\varphi}}\pi \left( \varphi ^{\prime }\right) g\left( \varphi
^{\prime }\right) d\varphi ^{\prime }\right] ,  \label{eg_solbellman}
\end{equation}

Therefore the equilibrium value of a firm with productivity $\varphi $ is a
weighted average of the current flow of firm profits and the expected flow
of firm profits following a stochastic productivity shock, where the weights
depend on the probability of firm death, the probability of a productivity
shock and the probability that a firm remains active following a
productivity shock. Substituting the expression for the equilibrium value of
a firm into the free entry condition, and rearranging, the free entry
condition can be re-written as follows:%
\begin{equation}
V=\left[ 1-G\left( \varphi ^{\ast }\right) \right] \int_{\varphi ^{\ast }}^{%
\bar{\varphi}}\left[ \frac{\pi \left( \varphi \right) +\left( \frac{\theta }{%
\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \pi
\left( \varphi ^{\prime }\right) -\pi \left( \varphi \right) \right] g\left(
\varphi ^{\prime }\right) d\varphi ^{\prime }}{\delta +\theta G\left(
\varphi ^{\ast }\right) }\right] \left( \frac{g\left( \varphi \right) }{%
1-G\left( \varphi ^{\ast }\right) }\right) d\varphi =f_{e},
\label{eg_freeentry}
\end{equation}%
which can be simplified to yield the following expression:%
\begin{equation}
V=\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left( \frac{\pi \left( \varphi
\right) }{\delta +\theta G\left( \varphi ^{\ast }\right) }\right) g\left(
\varphi \right) d\varphi =f_{e},  \label{eg_simpfreeentry}
\end{equation}%
where we have used $\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\pi \left( \varphi ^{\prime }\right)
g\left( \varphi ^{\prime }\right) d\varphi ^{\prime }\right] g\left( \varphi
\right) d\varphi $ $=$ $\int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\pi \left( \varphi \right) g\left(
\varphi ^{\prime }\right) d\varphi ^{\prime }\right] g\left( \varphi \right)
d\varphi $ \newline
$=$ $\left[ 1-G\left( \varphi ^{\ast }\right) \right] \left[ \int_{\varphi
^{\ast }}^{\bar{\varphi}}\pi \left( \varphi ^{\prime }\right) g\left(
\varphi ^{\prime }\right) d\varphi ^{\prime }\right] $ $=$ $\left[ 1-G\left(
\varphi ^{\ast }\right) \right] \left[ \int_{\varphi ^{\ast }}^{\bar{\varphi}%
}\pi \left( \varphi \right) g\left( \varphi \right) d\varphi \right] $,
which implies that the second term in the numerator of the expression inside
the square parentheses in equation (\ref{eg_freeentry}) is equal to zero.

The expression for the expected value of entry in the free entry condition (%
\ref{eg_simpfreeentry}) has an intuitive interpretation. In the special case
of the model considered here, the distribution from which a new value of
productivity is drawn following a stochastic shock is the same as upon entry
and independent of a firm's existing value of productivity. Therefore the
expected value of entry is equal to expected firm profits discounted by the
sum of the probability of firm death and the probability that a firm remains
active following a productivity shock.

Using the expression for firm profits from equation (\ref{eg_firmprof}), and
noting from the analysis of the general model above that $\lambda ^{\ast
}\left( \varphi \right) =\left( \varphi ^{\ast }/\varphi \right) \lambda
^{\ast }\left( \varphi ^{\ast }\right) $, the free entry condition (\ref%
{eg_simpfreeentry}) can be written solely in terms of parameters and two
unknowns: the zero-value cutoff productivity $\varphi ^{\ast }$ and the
zero-profit consumer taste cutoff for a firm with this productivity $\lambda
^{\ast }\left( \varphi ^{\ast }\right) $,

\begin{equation}
V=\left( \frac{1}{\delta +\theta G_{c}\left( \varphi ^{\ast }\right) }%
\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\left( \varphi
^{\ast }/\varphi \right) \lambda ^{\ast }\left( \varphi ^{\ast }\right) }^{%
\bar{\lambda}}\left( \left( \frac{\varphi }{\varphi ^{\ast }}\frac{\lambda }{%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) }\right) ^{\sigma
-1}-1\right) f_{p}z\left( \lambda \right) d\lambda -f_{h}\right] g\left(
\varphi \right) d\varphi =f_{e}.\quad  \label{eg_eqfe}
\end{equation}

The free entry condition (\ref{eg_eqfe}) provides one of two equations that
together pin down the zero-value cutoff productivity $\varphi ^{\ast }$ and
the zero-profit consumer taste cutoff for a firm with this productivity $%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) $. The second of the two
equations is obtained from the requirement that the value of a firm with the
zero-value cutoff productivity $\varphi ^{\ast }$ is equal to zero: $v\left(
\varphi ^{\ast }\right) =0$. Using the expression for firm profits from (\ref%
{eg_firmprof}) in the expression for the equilibrium value of a firm in (\ref%
{eg_solbellman}), the requirement that $v\left( \varphi ^{\ast }\right) =0$
can be written as follows:%
\begin{gather}
-\left[ \int_{\lambda ^{\ast }\left( \varphi ^{\ast }\right) }^{\bar{\lambda}%
}\left( \left( \frac{\lambda }{\lambda ^{\ast }\left( \varphi ^{\ast
}\right) }\right) ^{\sigma -1}-1\right) f_{p}z\left( \lambda \right)
d\lambda -f_{h}\right] \hspace{3.6in}  \label{eg_zvcut} \\
=\left( \frac{\theta }{\delta +\theta G\left( \varphi ^{\ast }\right) }%
\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}\left[ \int_{\left( \varphi
^{\ast }/\varphi \right) \lambda ^{\ast }\left( \varphi ^{\ast }\right) }^{%
\bar{\lambda}}\left( \left( \frac{\varphi }{\varphi ^{\ast }}\frac{\lambda }{%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) }\right) ^{\sigma
-1}-1\right) f_{p}z\left( \lambda \right) d\lambda -f_{h}\right] g\left(
\varphi \right) d\varphi  \notag
\end{gather}

The free entry condition (\ref{eg_eqfe}) is monotonically decreasing in $%
\varphi ^{\ast }$ for a given value of $\lambda ^{\ast }\left( \varphi
^{\ast }\right) $. Similarly, for a given value of $\varphi ^{\ast }$, the
left-hand side of equation (\ref{eg_zvcut}) is monotonically increasing in $%
\lambda ^{\ast }\left( \varphi ^{\ast }\right) $, while the right-hand side
of equation (\ref{eg_zvcut}) is monotonically decreasing in $\lambda ^{\ast
}\left( \varphi ^{\ast }\right) $. Therefore equations (\ref{eg_eqfe}) and (%
\ref{eg_zvcut}) together determine unique equilibrium values of \{$\varphi
^{\ast }$, $\lambda ^{\ast }\left( \varphi ^{\ast }\right) $\}.

In the special case of the model, general equilibrium is again referenced by
the quadruple \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $, $P_{i}$, $R_{i}$\}, together with a stationary
distribution for firm productivity $\gamma _{g}\left( \varphi \right) $ for $%
\varphi \geq \varphi ^{\ast }$, and a stationary distribution for consumer
tastes $\gamma _{zi}\left( \lambda _{i}\right) $ for $\lambda _{i}\in \left[ 
\underline{\lambda },\bar{\lambda}\right] $. As products are symmetric, we
have $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) =\lambda ^{\ast
}\left( \varphi ^{\ast }\right) $, $P_{i}=P$, $R_{i}=R$ and $\gamma
_{zi}\left( \lambda _{i}\right) =\gamma _{z}\left( \lambda \right) $ for all 
$i$. The stationary distributions of consumer tastes and firm productivity \{%
$\gamma _{z}\left( \lambda \right) $, $\gamma _{g}\left( \varphi \right) $\}
were determined above in equations (\ref{eg_stattaste}) and (\ref%
{eg_statprod}). The equilibrium values of \{$\varphi ^{\ast }$, $\lambda
^{\ast }\left( \varphi ^{\ast }\right) $\} can be determined from equations (%
\ref{eg_eqfe}) and (\ref{eg_zvcut}) as discussed above. Finally, the
equilibrium values of the price indices, $P$, and product revenue, $R$, can
be determined in the same way as for the general model in section \ref{gegl}
above. Therefore this completes the characterization of general equilibrium
in the special case of the model.

Despite its simplifying assumptions, the special case of the model still
captures a number of the key features of product switching examined in our
empirical work. Steady-state product switching is driven by idiosyncratic
shocks to consumer tastes, while steady-state firm creation and destruction
is the result of stochastic shocks to firm productivity. The special case of
the model features selection both within and across firms. There is
selection within firms because firms have systematically higher values of
consumer tastes in the products that they choose to produce than in the
products they choose not to produce. There is selection across firms because
firms that draw values of productivity below the zero-value cutoff $\varphi
^{\ast }$ exit.

In the special case of the model, however, a firm's new values for consumer
tastes and productivity following a stochastic shock are by assumption
uncorrelated with its existing values: $g_{e}\left( \varphi \right)
=g_{c}\left( \varphi |\varphi ^{\prime }\right) =g\left( \varphi \right) $\
and $z_{ei}\left( \lambda _{i}\right) =z_{ci}\left( \lambda _{i}|\lambda
_{i}^{\prime }\right) =z\left( \lambda _{i}\right) $. Therefore the special
case of the model does not capture the empirical finding that surviving
firms that drop a product have systematically smaller shipments of the
product than surviving firms that retain the product. To capture this
empirical finding, one requires serial correlation in consumer tastes, as in
the general model, so that $z_{ei}\left( \lambda _{i}\right) \neq
z_{ci}\left( \lambda _{i}|\lambda _{i}^{\prime }\right) $. The special case
of the model also does not capture the empirical finding that exiting firms
have smaller total shipments than surviving firms, because \textit{%
conditional upon entry} the probability that a firm subsequently exits is
independent of total shipments. To capture this second empirical finding,
one requires serial correlation in productivity, as in the general model, so
that $g_{e}\left( \varphi \right) \neq g_{c}\left( \varphi |\varphi ^{\prime
}\right) $.

\section{Measured Quantity and Revenue-based Productivity}

This section examines the relationship between the productivity draw in our
model ($\varphi $)\ and empirical measures of productivity used in the
literature. Following Foster, Haltiwanger and Syverson (2008), we
distinguish between quantity and revenue-based measures of productivity and
show that both are monotonically related to $\varphi $. We start with labor
productivity, move on to index numbers of total factor productivity and
conclude with productivity measures based on production function estimation.
In each case, we first examine measured productivity for a product, before
aggregating across products to derive measured productivity for the firm as
a whole.

\subsection{Measured Quantity-based Labor Productivity}

For simplicity, our model assumes that labor is the sole factor of
production and therefore yields direct implications for measured labor
productivity. A firm's measured \textit{quantity-based} labor productivity
for \textit{product} $i$ ($\theta _{i}^{Q}$) equals its quantity of output
of the product per unit of labor employed:%
\begin{equation}
\theta _{i}^{Q}\equiv \frac{q_{i}\left( \varphi ,\lambda _{i}\right) }{%
l_{i}\left( \varphi ,\lambda _{i}\right) }=\varphi \left( 1-\frac{f_{pi}}{%
l_{i}\left( \varphi ,\lambda _{i}\right) }\right) ,  \label{physprod_p}
\end{equation}%
where we have used $q_{i}\left( \varphi ,\lambda _{i}\right) =\varphi \left(
l_{i}\left( \varphi ,\lambda _{i}\right) -f_{pi}\right) $.

Equilibrium employment for the product ($l_{i}\left( \varphi ,\lambda
_{i}\right) $) is monotonically increasing in the productivity draw ($%
\varphi $) given consumer tastes ($\lambda _{i}$), as can be shown by
combining the CES revenue function from equation (\ref{consrev}) above, the
equilibrium pricing rule from equation (\ref{varprice}) above, and the
production technology for the product:%
\begin{equation}
l_{i}\left( \varphi ,\lambda _{i}\right) =\rho ^{\sigma }\left( \varphi
\lambda _{i}\right) ^{\sigma -1}P_{i}^{\sigma -1}R_{i}+f_{pi},
\label{employ_p}
\end{equation}

Together equations (\ref{physprod_p}) and (\ref{employ_p}) can be used to
characterize the relationship between measured quantity-based labor
productivity for a product ($\theta _{i}^{Q}$) and the firm productivity
draw $\varphi $. As product market conditions ($P_{i}$, $R_{i}$) are the
same for all firms producing the product, measured quantity-based
productivity for a product ($\theta _{i}^{Q}$) only varies across firms
because of variation in the firm productivity draw ($\varphi $) and consumer
tastes ($\lambda _{i}$). From equations (\ref{physprod_p}) and (\ref%
{employ_p}), a firm's measured quantity-based labor productivity for a
product is positively related to its productivity draw $\varphi $ for two
reasons. First, as $\varphi $ rises, a given variable labor input generates
more units of output. Second, as $\varphi $ rises, variable labor input and
output increase, and therefore the fixed labor input is spread over more
units of output.

Following standard empirical methods for productivity aggregation, we define
measured productivity for the firm as a whole as the revenue-share weighted
average of measured productivity for each product. Therefore measured
quantity-based labor productivity for the firm as a whole is:%
\begin{equation}
\Theta ^{Q}\equiv \int_{0}^{1}\theta _{i}^{Q}\frac{r_{i}\left( \varphi
,\lambda \right) }{r\left( \varphi \right) }di,  \label{physprod}
\end{equation}%
where, as $r_{i}\left( \varphi ,\lambda _{i}\right) =R_{i}\left( \rho
P_{i}\varphi \lambda _{i}\right) ^{\sigma -1}$, a change in $\varphi $ has
the same proportionate effect on the revenue of all products, and hence
leaves revenue shares unchanged.

While at the \textit{product} level (from (\ref{physprod_p}) and (\ref%
{employ_p})) measured quantity-based labor productivity depends on both the
firm productivity draw ($\varphi $) and consumer tastes ($\lambda _{i}$),
the independence of the entry and conditional distributions of $\varphi $
and $\lambda _{i}$ implies that the stationary distribution of consumer
tastes ($\gamma _{zi}\left( \lambda _{i}\right) $) is the same for each firm
productivity draw. Therefore, at the \textit{firm} level in (\ref{physprod}%
), measured quantity-based labor productivity depends solely on $\varphi $
and is monotonically increasing in $\varphi $.

\subsection{Measured Revenue-based Labor Productivity}

A firm's measured \textit{revenue-based} labor productivity for \textit{%
product} $i$ ($\theta _{i}^{R}$) equals its revenue from the product per
unit of labor employed:%
\begin{equation}
\theta _{i}^{R}\equiv \frac{p_{i}\left( \varphi ,\lambda _{i}\right)
q_{i}\left( \varphi ,\lambda _{i}\right) }{l_{i}\left( \varphi ,\lambda
_{i}\right) }=\frac{1}{\rho }\left( 1-\frac{f_{pi}}{l_{i}\left( \varphi
,\lambda _{i}\right) }\right) ,  \label{revprod_p}
\end{equation}%
where we have used $q_{i}\left( \varphi ,\lambda _{i}\right) =\varphi \left(
l_{i}\left( \varphi ,\lambda _{i}\right) -f_{pi}\right) $, the equilibrium
pricing rule in equation (\ref{varprice}) above, and our choice of numeraire
($w=1$).

From equations (\ref{employ_p}) and (\ref{revprod_p}), a firm's measured
revenue-based labor productivity for a product is also positively related to 
$\varphi $, but now for only one of the two reasons discussed above. As $%
\varphi $ rises, a given variable labor input generates more units of
output, but the equilibrium pricing rule (\ref{varprice}) implies that
prices are inversely proportional to productivity. Therefore, as $\varphi $
rises, the increase in the number of units of output generated by a given
variable labor input is offset by proportionately lower prices, which leaves
the revenue generated by a given variable labor input unchanged.
Nevertheless, measured revenue-based labor productivity is still increasing
in $\varphi $, because of the presence of fixed costs of production. As $%
\varphi $ rises, variable labor input and revenue increase, and therefore
the fixed labor input is spread over more units of revenue.

Measured productivity for the firm as a whole is again defined as the
revenue-share weighted average of measured productivity for each product:%
\begin{equation}
\Theta ^{R}\equiv \int_{0}^{1}\theta _{i}^{R}\frac{r_{i}\left( \varphi
,\lambda \right) }{r\left( \varphi \right) }di,  \label{revprod}
\end{equation}%
where, as $r_{i}\left( \varphi ,\lambda _{i}\right) =R_{i}\left( \rho
P_{i}\varphi \lambda _{i}\right) ^{\sigma -1}$, a change in $\varphi $ has
the same proportionate effect on the revenue of all products, and hence
leaves revenue shares unchanged.

At the \textit{product} level measured revenue-based labor productivity
depends on both the firm productivity draw ($\varphi $) and consumer tastes (%
$\lambda _{i}$), since from (\ref{employ_p}) and (\ref{revprod_p}) higher
values of $\varphi $ and $\lambda _{i}$ increase variable labor input and
hence the revenue over which the fixed labor input is spread. However, the
independence of the entry and conditional distributions of $\varphi $ and $%
\lambda _{i}$ implies that the stationary distribution of consumer tastes ($%
\gamma _{zi}\left( \lambda _{i}\right) $) is the same for each firm
productivity draw. Therefore, at the \textit{firm} level in (\ref{revprod}),
measured revenue-based labor productivity depends solely on $\varphi $ and
is monotonically increasing in $\varphi $.

\subsection{Relationship Between Quantity and Revenue-based Labor
Productivity}

The model features dispersion in both measured revenue and quantity-based
labor productivity as a result of variation in productivity draws across
firms. The two productivity measures are related at the product level as
follows:%
\begin{equation*}
\theta _{i}^{Q}=\varphi \rho \theta _{i}^{R}.
\end{equation*}%
Since measured revenue-based labor productivity ($\theta _{i}^{R}$) is
positively related to the firm productivity draw ($\varphi $), cov$\left(
\varphi ,\theta _{i}^{R}\right) >0$, which implies the following two
results. First, measured quantity and revenue-based labor productivity are
positively correlated: cov$\left( \theta _{i}^{Q},\theta _{i}^{R}\right) >0$%
. Second, the variance of log measured quantity-based labor productivity is
strictly greater than the variance of log measured revenue-based labor
productivity:%
\begin{equation*}
\text{var}\left( \log \theta _{i}^{Q}\right) =\text{var}\left( \log \varphi
\right) +\text{var}\left( \log \theta _{i}^{R}\right) +2\text{cov}\left(
\varphi ,\theta _{i}^{R}\right) >\text{var}\left( \log \theta
_{i}^{R}\right) >0.
\end{equation*}%
The intuition for this second result is that measured revenue-based labor
productivity depends on both prices and measured quantity-based labor
productivity, and prices are negatively correlated with measured
quantity-based labor productivity, which implies that measured revenue-based
labor productivity has a lower variance than measured quantity-based labor
productivity.

While these results relate to a firm's measured quantity and revenue-based
labor productivity for a product, they are consistent with the empirical
findings for plants in Foster, Haltiwanger and Syverson (2008). Considering
eleven products in the manufacturing sector for which separate data on
plants' revenue and physical quantity of output are available, they find
that measured quantity and revenue-based labor productivity are indeed
positively correlated, and the variance of log measured quantity-based labor
productivity is indeed greater than the variance of log measured
revenue-based labor productivity.

The relationship between measured quantity and revenue-based labor
productivity in our model is the same as that in the benchmark model of firm
heterogeneity (Melitz 2003). As both models have constant elasticity of
substitution preferences, prices are inversely proportional to the
productivity draw $\varphi $, and dispersion in measured revenue-based
productivity occurs because of fixed costs of production. In contrast, in
other demand systems with variable elasticities of substitution, such as the
quasi-linear preferences considered by Melitz and Ottaviano (2008), prices
fall less than proportionately with the productivity draw $\varphi $ because
of endogenous changes in mark-ups. These endogenous changes in mark-ups
therefore provide an additional source of dispersion in measured
revenue-based productivity.

\subsection{Measured Total Factor Productivity}

While our model assumes for simplicity that labor is the sole factor of
production, it can be extended to incorporate additional factors of
production. For example, suppose that both the fixed and variable costs use
two factors of production (labor and capital) according to a Cobb-Douglas
technology.\footnote{%
The production technology here takes the same form as that considered in the
single-product firm model of Bernard, Redding and Schott (2007). While to
simplify the exposition we consider two factors of production, the analysis
generalizes in a straightforward way to more factors of production.}
Therefore the production technology for product $i$ becomes:%
\begin{equation*}
f_{pi}+\frac{q_{i}\left( \varphi ,\lambda _{i}\right) }{\varphi }%
=x_{i}\left( \varphi ,\lambda _{i}\right) ,
\end{equation*}%
where $x_{i}\left( \varphi ,\lambda _{i}\right) $ is a Cobb-Douglas
composite factor input composed of labor and capital:%
\begin{equation*}
x_{i}\left( \varphi ,\lambda _{i}\right) =l_{i}\left( \varphi ,\lambda
_{i}\right) ^{\vartheta }k_{i}\left( \varphi ,\lambda _{i}\right)
^{1-\vartheta },\qquad 0<\vartheta <1.
\end{equation*}%
Given this production technology for a product, standard index number
measures of total factor productivity (TFP) can be constructed. Quantity and
revenue-based measures of TFP can be defined, which are analogous to the
measures of labor productivity in equations (\ref{physprod_p}) and (\ref%
{revprod_p}) above, but are based on the composite factor input ($%
x_{i}\left( \varphi ,\lambda _{i}\right) $) rather than labor input ($%
l_{i}\left( \varphi ,\lambda _{i}\right) $). Since the quantity and
revenue-based measures of TFP take the same form as those for labor
productivity above, the same analysis continues to apply.

\subsection{Productivity Measures from Production Function Estimation}

Quantity and revenue-based measures of productivity can also be constructed
using production function estimation. To simplify the exposition, we return
to the case where labor is the sole factor of production. Assuming that the
physical quantity of output and factor inputs can be observed by firm and
product, and supposing that the functional form of the production technology
is known and appropriate instruments for labor input are available, a firm's
quantity-based productivity for a product can be estimated from the
following regression:%
\begin{equation}
\log q_{i}\left( \varphi ,\lambda _{i}\right) =\log \left( l_{i}\left(
\varphi ,\lambda \right) -f_{pi}\right) +\log \varphi ,  \label{qntyprodfn}
\end{equation}%
which yields the following measure of quantity-based productivity for the
product:%
\begin{equation}
\log \hat{\theta}_{i}^{Q}=\log \varphi .  \label{aphysprod_p}
\end{equation}%
Given data on revenue by firm and product, an analogous measure of
revenue-based productivity can be estimated following the standard approach
for production function estimation using revenue data in differentiated
product markets (see for example Klette and Griliches 1996, Levinsohn and
Melitz 2006, and De Loecker 2008). Deflating a firm's revenue for product $i$
by the aggregate price index for that product, $P_{i}$, yields:%
\begin{equation*}
\tilde{r}_{i}\left( \varphi ,\lambda _{i}\right) \equiv \frac{r_{i}\left(
\varphi ,\lambda _{i}\right) }{P_{i}}=\frac{p_{i}\left( \varphi ,\lambda
_{i}\right) q_{i}\left( \varphi ,\lambda _{i}\right) }{P_{i}},
\end{equation*}%
Using the inverse CES demand curve to substitute for $p_{i}\left( \varphi
,\lambda _{i}\right) $ on the right-hand side in terms of $q_{i}\left(
\varphi ,\lambda _{i}\right) $, we obtain:%
\begin{equation*}
\tilde{r}_{i}\left( \varphi ,\lambda _{i}\right) =\lambda _{i}^{\frac{\sigma
-1}{\sigma }}q_{i}\left( \varphi ,\lambda _{i}\right) ^{\frac{\sigma -1}{%
\sigma }}\left( \frac{R_{i}}{P_{i}}\right) ^{\frac{1}{\sigma }},
\end{equation*}%
Using the production technology ($q_{i}\left( \varphi ,\lambda _{i}\right)
=\varphi \left( l_{i}\left( \varphi ,\lambda _{i}\right) -f_{pi}\right) $)
and taking logarithms, we obtain the following \textquotedblleft revenue
production function\textquotedblright\ for a product:%
\begin{equation}
\log \tilde{r}_{i}\left( \varphi ,\lambda _{i}\right) =\frac{\sigma -1}{%
\sigma }\log \left( l_{i}\left( \varphi ,\lambda \right) -f_{pi}\right) +%
\frac{1}{\sigma }\log \left( \frac{R_{i}}{P_{i}}\right) +\frac{\sigma -1}{%
\sigma }\log \left( \varphi \lambda _{i}\right) ,  \label{revprodfn}
\end{equation}%
where with constant elasticity of substitution demand, aggregate product
market conditions ($R_{i}/P_{i}$) shift the revenue production function for
each firm equi-proportionately.

Assuming that the functional form of the revenue production function is
known, and given appropriate instruments for labor input and controls for
aggregate product market conditions, a firm's revenue-based productivity for
a product can be estimated from the regression (\ref{revprodfn}):%
\begin{equation}
\log \hat{\theta}_{i}^{R}=\left( 1-\frac{1}{\sigma }\right) \log \left(
\varphi \lambda _{i}\right) ,\qquad \sigma >1.  \label{arevprod_p}
\end{equation}%
While quantity-based productivity for a product (\ref{aphysprod_p})
coincides with the firm productivity draw ($\varphi $), revenue-based
productivity for the product (\ref{arevprod_p}) depends on both the firm
productivity draw ($\varphi $) and consumer tastes ($\lambda _{i}$). The
measures of productivity from the production function estimation again
feature dispersion in both revenue and quantity-based productivity. The two
measures of a firm's productivity for a product are related as follows:%
\begin{equation}
\log \hat{\theta}_{i}^{R}=\left( 1-\frac{1}{\sigma }\right) \log \hat{\theta}%
_{i}^{Q}+\left( 1-\frac{1}{\sigma }\right) \log \lambda _{i},
\label{prodfn_revphys}
\end{equation}%
which implies that measured revenue-based productivity is again positively
correlated with measured quantity-based productivity. Furthermore, as the
distributions of firm productivity and consumer tastes are assumed to be
independent of one another, we obtain the following result for the two
measures of a firm's productivity for a product:%
\begin{equation*}
\text{var}\left( \log \hat{\theta}_{i}^{R}\right) =\left( 1-\frac{1}{\sigma }%
\right) ^{2}\text{var}\left( \log \hat{\theta}_{i}^{Q}\right) +\left( 1-%
\frac{1}{\sigma }\right) ^{2}\text{var}\left( \log \lambda _{i}\right) .
\end{equation*}%
Since $0<1-\frac{1}{\sigma }<1$ and var$\left( \log \lambda _{i}\right) >0$,
measures of revenue-based productivity from the production function
estimation can exhibit more or less dispersion at the \textit{product} level
than those of quantity-based productivity, depending on the elasticity of
substitution and the relative variance of consumer tastes and technical
efficiency.\footnote{%
A key reason for this difference between the measures of productivity based
on production function estimation and those considered above is that the
coefficient on labor input is allowed to vary between the regressions with
physical quantity and revenue data in equations (\ref{qntyprodfn}) and (\ref%
{revprodfn}) respectively.}

While revenue-based productivity at the \textit{product} level (\ref%
{arevprod_p}) depends on both the firm productivity draw ($\varphi $) and
consumer tastes ($\lambda _{i}$), revenue-based productivity at the \textit{%
firm} level again depends solely on $\varphi $ and is monotonically
increasing in $\varphi $. Following the same logic as above, the entry and
conditional distributions of consumer tastes and firm productivity are
independently distributed, and hence the stationary distribution of consumer
tastes ($\gamma _{zi}\left( \lambda _{i}\right) $) is the same for each firm
productivity. As a result, integrating over the continuum of products in
equation (\ref{arevprod_p}), the term in consumer tastes becomes a constant.
Therefore the variance of measured revenue-based productivity at the \textit{%
firm} level is strictly less than the variance of measured quantity-based
productivity, since $0<1-\frac{1}{\sigma }<1$.

\section{Additional Empirical Results}

Tables A1-A4 report additional empirical results. To provide a sense of the
relative level of detail between sectors, industries and products, Table A1
lists the thirteen five-digit products in the four-digit industry
\textquotedblleft Nonferrous Wiredrawing and Insulating\textquotedblright\
(SIC 3357). In Table A2, we report the number of five-digit products and
four-digit industries by two-digit sector, as well as the mean and standard
deviation of product capital and skill intensity for each two-digit sector.%
\footnote{%
As discussed in the paper, the CMF\ does not collect information on plant
input usage (or wages) by product, and therefore we measure a product's
capital and skill intensity as the shipment-weighted average of all plants
producing it.} In Table A3, we present decompositions that are analogous to
those reported in Table 6 in the paper, but are for the share of firms
rather the share of output of a product. In Table A4, we summarize several
of our main findings by two-digit sector.\ The table in the paper to which
each set of results relates is noted at the top of each column. Column 1
reports the mean share of multi-product firms across the 1987 to 1997
censuses. Column 2 reports the mean share of firms reporting any product
switching activity across the 1987 to 1997 censuses. Columns 3 and 4 report
mean product add and drop rates. Columns 5 and 7 report the mean share of
products' 1992 output due to firms that recently entered or are about to
exit, respectively. Columns 6 and 8 report the mean share of products' 1992
output accounted for by firms that recently added or are about to drop the
product, respectively. Columns 9 through 12 report decompositions similar to
Columns 6 to 8 but with respect to the average share of firms producing a
product in year $t$. Finally, in Table A5, we compare product and
sector-switching according to whether or not firms concomitantly acquire or
divest a plant.

\section{Appendix to Technical Appendix}

\subsection{Weighted Average of Firm Productivity and Consumer Tastes}

\noindent The aggregate weighted-average of firm productivity and consumer
tastes is:

\begin{equation}
\tilde{\varphi}_{i}\equiv \left[ \int_{\varphi ^{\ast }}^{\overline{\varphi }%
}\tilde{\lambda}_{i}\left( \varphi \right) \gamma _{g}\left( \varphi \right)
d\varphi \right] ^{\frac{1}{\sigma -1}},  \label{phitilde}
\end{equation}%
where the weights are given by the stationary distribution of firm
productivity conditional upon entry $\gamma _{g}\left( \varphi \right) $.
The function $\tilde{\lambda}_{i}\left( \varphi \right) $ is a
weighted-average of consumer tastes for a firm with productivity $\varphi $:%
\begin{equation}
\tilde{\lambda}_{i}\left( \varphi \right) =\frac{1}{1-\Gamma _{zi}\left(
\lambda _{i}^{\ast }\left( \varphi \right) \right) }\int_{\lambda _{i}^{\ast
}\left( \varphi \right) }^{\overline{\lambda }}\left( \varphi \lambda
_{i}\right) ^{\sigma -1}\gamma _{zi}\left( \lambda _{i}\right) d\lambda _{i},
\label{firmphitilde}
\end{equation}%
where the weights given by the stationary distribution of consumer tastes
conditional on a product being produced $\gamma _{zi}\left( \lambda
_{i}\right) /\left[ 1-\Gamma _{zi}\left( \lambda _{i}^{\ast }\left( \varphi
\right) \right) \right] $, and where $\lambda _{i}^{\ast }\left( \varphi
\right) =\left( \varphi ^{\ast }/\varphi \right) \lambda _{i}^{\ast }\left(
\varphi ^{\ast }\right) $.

\subsection{Derivation of the Solution to the Bellman Equation in the
General Model}

Consider the following trial solution to the Bellman equation (\ref%
{bellvalfirmalt}):%
\begin{equation}
v\left( \varphi \right) =\alpha \pi \left( \varphi \right) +\beta
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\eta \left( \varphi ^{\prime }\right)
\pi \left( \varphi ^{\prime }\right) g_{c}\left( \varphi ^{\prime }|\varphi
\right) d\varphi ^{\prime },  \label{appbell1}
\end{equation}%
where $\alpha $, $\beta $ and $\eta \left( \varphi \right) $ are parameters
and functions to be determined below. Using the trial solution to substitute
for $v\left( \varphi ^{\prime }\right) $ on the right-hand side of the
Bellman equation (\ref{bellvalfirmalt}) gives:%
\begin{equation}
v\left( \varphi \right) =\frac{\pi \left( \varphi \right) }{\delta +\theta }%
+\left( \frac{\theta }{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\left[ \frac{\alpha \pi \left( \varphi ^{\prime }\right) +\beta
\int_{\varphi ^{\ast }}^{\bar{\varphi}}\eta \left( \psi \right) \pi \left(
\psi \right) g_{c}\left( \psi |\varphi ^{\prime }\right) d\psi }{\pi \left(
\varphi ^{\prime }\right) }\right] \pi \left( \varphi ^{\prime }\right)
g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi ^{\prime },
\label{appbell2}
\end{equation}%
which yields the following solution:%
\begin{equation}
\alpha =\frac{1}{\delta +\theta },\qquad \beta =\frac{\theta }{\delta
+\theta },\qquad \eta \left( \varphi ^{\prime }\right) =\frac{\pi \left(
\varphi ^{\prime }\right) +\theta \int_{\varphi ^{\ast }}^{\bar{\varphi}%
}\eta \left( \psi \right) \pi \left( \psi \right) g_{c}\left( \psi |\varphi
^{\prime }\right) d\psi }{\left( \delta +\theta \right) \pi \left( \varphi
^{\prime }\right) }.  \label{appbell3}
\end{equation}%
Define the following variables and functions: $x\equiv \varphi ^{\prime }$, $%
y\equiv \psi $, $f\left( x\right) \equiv \eta \left( \varphi ^{\prime
}\right) \pi \left( \varphi ^{\prime }\right) $, $f\left( y\right) \equiv
\eta \left( \psi \right) \pi \left( \psi \right) $, $K\left( x,y\right)
\equiv g_{c}\left( \psi |\varphi ^{\prime }\right) $, $a\left( x\right)
\equiv \pi \left( \varphi ^{\prime }\right) /\left( \delta +\theta \right) $%
, and $\mu \equiv \theta /\left( \delta +\theta \right) $. Using these
definitions, the expression for $\eta \left( \varphi ^{\prime }\right) \pi
\left( \varphi ^{\prime }\right) $ implied by equation (\ref{appbell3}) can
be re-written as follows:%
\begin{equation}
f\left( x\right) =\left( \Omega \left( f\right) \left( x\right) \right)
\equiv a\left( x\right) +\mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}f\left(
y\right) K\left( x,y\right) dy,  \label{appbell4}
\end{equation}%
which takes the form of a \textit{Fredholm }integral equation. The
continuous functions $K\left( x,y\right) $ and $a\left( x\right) $ are
known. For all $x$ and $y$ in the intervals $\varphi ^{\ast }\leq x\leq \bar{%
\varphi}$, $\varphi ^{\ast }\leq y\leq \bar{\varphi}$, we have $\left\vert
K\left( x,y\right) \right\vert \leq \bar{K}<1$, as $K\left( x,y\right) $\ is
a continuous probability density function. Under the assumption $\mu \bar{K}%
\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert <1$, the mapping $%
\Omega $ is a contraction, since (see for example Marsden and Hoffman 1974):%
\begin{equation}
d\left( \Omega \left( f_{1}\right) ,\Omega \left( f_{2}\right) \right)
=\sup_{x}\left\vert \mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}K\left(
x,y\right) \left[ f_{1}\left( y\right) -f_{2}\left( y\right) \right]
dy\right\vert \leq \mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast
}\right\vert d\left( f_{1},f_{2}\right) ,  \label{appbell5}
\end{equation}%
where $\mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert <1$
is satisfied for $\theta <\bar{\theta}$, where $\bar{\theta}$ is implicitly
defined by $\frac{\bar{\theta}}{\delta +\bar{\theta}}\equiv \frac{1}{\bar{K}%
\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert }$. In determining the
stationary distribution of firm productivity below, we will assume that the
parameter condition $\theta <\bar{\theta}$ is satisfied. Therefore, the
Fredholm equation (\ref{appbell4}) has a unique solution, which determines
the equilibrium value of $f\left( x\right) \equiv \eta \left( \varphi
^{\prime }\right) \pi \left( \varphi ^{\prime }\right) $. Since $\pi \left(
\varphi ^{\prime }\right) $ is a known function, we have determined the
unique equilibrium value of $\eta \left( \varphi ^{\prime }\right) $.

\subsection{Proof of Proposition \protect\ref{PropInvProd}}

\begin{proof}
The equality of inflows and outflows for each productivity in (\ref%
{invariantprod}) can be re-written as follows:%
\begin{equation}
\gamma _{g}\left( \varphi \right) =\frac{g_{e}\left( \varphi \right) M_{e}}{%
\left( \delta +\theta \right) M}+\left( \frac{\theta }{\delta +\theta }%
\right) \int_{\varphi ^{\ast }}^{\bar{\varphi}}g_{c}\left( \varphi |\varphi
^{\prime }\right) \gamma _{g}\left( \varphi ^{\prime }\right) d\varphi
^{\prime }  \label{prop_invprod1}
\end{equation}%
where \{$M_{e}$, $M$, $\varphi ^{\ast }$\} are aggregate variables.\newline
Define the following variables and functions: $x\equiv \varphi $, $y\equiv
\varphi ^{\prime }$, $f\left( x\right) \equiv \gamma _{g}\left( \varphi
\right) $, $f\left( y\right) \equiv \gamma _{g}\left( \varphi ^{\prime
}\right) $, $K\left( x,y\right) \equiv g_{c}\left( \varphi |\varphi ^{\prime
}\right) $, $a\left( x\right) \equiv g_{e}\left( \varphi \right)
M_{e}/\left( \left( \delta +\theta \right) M\right) $, $\mu \equiv \left(
\theta /\left( \delta +\theta \right) \right) $. Using these definitions,
equation (\ref{prop_invprod1}) can be re-expressed in the following way:%
\begin{equation}
f\left( x\right) =\left( \Omega \left( f\right) \left( x\right) \right)
\equiv a\left( x\right) +\mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}K\left(
x,y\right) f\left( y\right) dy,  \label{prop_invprod2}
\end{equation}%
which takes the form of a \textit{Fredholm }integral equation. The
continuous functions $K\left( x,y\right) $ and $a\left( x\right) $ are
known. For all $x$ and $y$ in the intervals $\varphi ^{\ast }\leq x\leq \bar{%
\varphi}$, $\varphi ^{\ast }\leq y\leq \bar{\varphi}$, we have $\left\vert
K\left( x,y\right) \right\vert \leq \bar{K}<1$, as $K\left( x,y\right) $ is
a continuous probability density function. Under the assumption $\mu \bar{K}%
\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert <1$, the mapping $%
\Omega $ is a contraction, since (see for example Marsden and Hoffman 1974):%
\begin{equation}
d\left( \Omega \left( f_{1}\right) ,\Omega \left( f_{2}\right) \right)
=\sup_{x}\left\vert \mu \int_{\varphi ^{\ast }}^{\bar{\varphi}}K\left(
x,y\right) \left[ f_{1}\left( y\right) -f_{2}\left( y\right) \right]
dy\right\vert \leq \mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast
}\right\vert d\left( f_{1},f_{2}\right) ,  \label{prop_invprod3}
\end{equation}%
where, from the above, $\mu \bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast
}\right\vert <1$ is satisfied for $\theta <\bar{\theta}$, where $\bar{\theta}
$ is implicitly defined by $\frac{\bar{\theta}}{\delta +\bar{\theta}}\equiv 
\frac{1}{\bar{K}\left\vert \bar{\varphi}-\varphi ^{\ast }\right\vert }$. For
parameters satisfying this condition, the Fredholm equation (\ref%
{prop_invprod2}) has a unique solution, which defines the unique stationary
distribution of productivity conditional upon entry, $f\left( x\right)
\equiv \gamma _{g}\left( \varphi \right) $, for each value of $\left\{ M_{e}%
\text{, }M\text{, }\varphi ^{\ast }\right\} $.
\end{proof}

\subsection{Proof of Proposition \protect\ref{PropInvTaste}}

\begin{proof}
The equality of inflows and outflows for each value of consumer tastes in (%
\ref{invarianttaste}) can be re-written as follows:%
\begin{eqnarray}
\gamma _{zi}\left( \lambda _{i}\right) &=&\frac{z_{ei}\left( \lambda
_{i}\right) \left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right] M_{e}}{%
\left( \delta +\chi +\varepsilon _{i}\right) M}  \label{prop_invtaste1} \\
&&+\left( \frac{\varepsilon _{i}}{\delta +\chi +\varepsilon _{i}}\right) %
\left[ \int_{\underline{\lambda }}^{\bar{\lambda}}z_{ic}\left( \lambda
_{i}|\lambda _{i}^{\prime }\right) \gamma _{zi}\left( \lambda _{i}^{\prime
}\right) d\lambda _{i}^{\prime }\right]  \notag
\end{eqnarray}%
where \{$M_{e}$, $M$, $\varphi ^{\ast }$\} are again aggregate variables and
the functions \{$G_{e}\left( \varphi ^{\ast }\right) $, $z_{ei}\left(
\lambda _{i}\right) $, $z_{ic}\left( \lambda _{i}|\lambda _{i}^{\prime
}\right) $\} are known. The function $\chi \equiv \theta \int_{\varphi
_{\ast }}^{\bar{\varphi}}G_{c}\left( \varphi ^{\ast }|\varphi \right) \gamma
_{g}\left( \varphi \right) d\varphi $ depends upon $G_{c}\left( \varphi
^{\ast }|\varphi \right) $, which is known, and $\gamma _{g}\left( \varphi
\right) $, which is determined in the proof of Proposition \ref{PropInvProd}
above.\newline
Define the following variables and functions: $x\equiv \lambda _{i}$, $%
y\equiv \lambda _{i}^{\prime }$, $f\left( x\right) \equiv \gamma _{zi}\left(
\lambda _{i}\right) $, $f\left( y\right) \equiv \gamma _{zi}\left( \lambda
_{i}^{\prime }\right) $, $K\left( x,y\right) \equiv z_{ic}\left( \lambda
_{i}|\lambda _{i}^{\prime }\right) $, $a\left( x\right) \equiv z_{ei}\left(
\lambda _{i}\right) \left[ 1-G_{e}\left( \varphi ^{\ast }\right) \right]
M_{e}/\left( \left( \delta +\chi +\varepsilon _{i}\right) M\right) $, $\mu
\equiv \varepsilon _{i}/\left( \delta +\chi +\varepsilon _{i}\right) $.
Using these definitions, equation (\ref{prop_invtaste1}) can be re-expressed
as follows:%
\begin{equation}
f\left( x\right) =\left( \Omega \left( f\right) \left( x\right) \right)
\equiv a\left( x\right) +\mu \int_{\underline{\lambda }}^{\bar{\lambda}%
}K\left( x,y\right) f\left( y\right) dy  \label{prop_invtaste2}
\end{equation}%
which again takes the form of a \textit{Fredholm }integral equation. The
continuous functions $K\left( x,y\right) $ and $a\left( x\right) $ are
known. For all $x$ and $y$ in the intervals $\underline{\lambda }\leq x\leq 
\bar{\lambda}$, $\underline{\lambda }\leq y\leq \bar{\lambda}$, we have $%
\left\vert K\left( x,y\right) \right\vert \leq \bar{K}<1$, as $K\left(
x,y\right) $ is a continuous probability density function. Under the
assumption $\mu \bar{K}\left\vert \underline{\lambda }-\bar{\lambda}%
\right\vert <1$, the mapping $\Omega $ is a contraction (see for example
Marsden and Hoffman 1974). The condition $\mu \bar{K}\left\vert \underline{%
\lambda }-\bar{\lambda}\right\vert <1$ is satisfied for $\varepsilon _{i}<%
\bar{\varepsilon}$, where $\bar{\varepsilon}$ is implicitly defined by $%
\frac{\bar{\varepsilon}}{\delta +\chi +\bar{\varepsilon}}\equiv \frac{1}{%
\bar{K}\left\vert \underline{\lambda }-\bar{\lambda}\right\vert }$. For
parameters satisfying this condition, the Fredholm equation (\ref%
{prop_invtaste2}) has a unique solution, which defines a unique stationary
distribution of consumer tastes, $f\left( x\right) \equiv \gamma _{zi}\left(
\lambda _{i}\right) $, for each value of $\left\{ M_{e}\text{, }M\text{, }%
\varphi ^{\ast }\right\} $.
\end{proof}

\subsection{Proof of Proposition \protect\ref{Prop1}}

\begin{proof}
We first determine the equilibrium values of \{$P_{i}$, $R_{i}$\} given \{$%
\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $\}
and given the stationary distributions \{$\gamma _{g}\left( \varphi \right) $%
, $\gamma _{zi}\left( \lambda _{i}\right) $\}. The product price indices $%
P_{i}$ in equation (\ref{eqpindex}) depend on weighted average productivity $%
\tilde{\varphi}_{i}$ and the mass of firms producing the product $M_{pi}$.
From equations (\ref{rel_lambdas}), (\ref{phitilde}) and (\ref{firmphitilde}%
), $\tilde{\varphi}_{i}$ is uniquely determined by \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $\gamma _{g}\left(
\varphi \right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}. Similarly,
it can be shown that $M_{pi}$ is uniquely determined by \{$\varphi ^{\ast }$%
, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $\gamma _{g}\left(
\varphi \right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}. To do so,
note that $M_{pi}$ is a constant fraction of the mass of firms producing $M$%
. From equation (\ref{massproduct}), this constant fraction depends only on
\{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, 
$\gamma _{g}\left( \varphi \right) $, $\gamma _{zi}\left( \lambda
_{i}\right) $\}, and from (\ref{massfirms}) $M=R/\bar{r}$. From equations (%
\ref{eqvarrev}), (\ref{expfirmrevprof}), (\ref{rel_lambdas}) and (\ref%
{massfirms}), $\bar{r}$ is uniquely determined by \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $, $\gamma _{g}\left(
\varphi \right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}, and we have
shown that $R=L$. Therefore the product price indices $P_{i}$ are uniquely
determined by \{$\varphi ^{\ast }$, $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $, $\gamma _{g}\left( \varphi \right) $, $\gamma _{zi}\left(
\lambda _{i}\right) $\}. With the product price indices determined,
aggregate revenue for each product $R_{i}$ can be solved for from equation (%
\ref{prodaggrev}) using $R=L$.\newline
We next determine the stationary distributions \{$\gamma _{g}\left( \varphi
\right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\}. From the proof of
Propositions \ref{PropInvProd} and \ref{PropInvTaste}, for $\theta <\bar{%
\theta}$ and $\varepsilon _{i}<\bar{\varepsilon}$, there exist unique
stationary distributions for firm productivity, $\gamma _{g}\left( \varphi
\right) $, and consumer tastes, $\gamma _{zi}\left( \lambda _{i}\right) $,
for each value of the aggregate variables $\left\{ M_{e}\text{, }M\text{, }%
\varphi ^{\ast }\right\} $. The equilibrium value of $M=R/\bar{r}$ was
determined above, and the equilibrium value of $M_{e}$ can be determined
from $M$ using equation (\ref{sss}).\newline
Finally, we determine the equilibrium values of \{$\varphi ^{\ast }$, $%
\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $\}. The equilibrium
value of $\lambda _{i}^{\ast }\left( \varphi ^{\ast }\right) $ can be
determined given $\varphi ^{\ast }$ from equation (\ref{eqprodscope}), where 
$P_{i}$ and $R_{i}$ were determined above. The equilibrium value of $\varphi
^{\ast }$ can be determined given $\lambda _{i}^{\ast }\left( \varphi ^{\ast
}\right) $ and the stationary distributions \{$\gamma _{g}\left( \varphi
\right) $, $\gamma _{zi}\left( \lambda _{i}\right) $\} from the free entry
condition (\ref{eqfreeentry}). Note that $\lambda _{i}^{\ast }\left( \varphi
\right) =\left( \varphi ^{\ast }/\varphi \right) \lambda _{i}^{\ast }\left(
\varphi ^{\ast }\right) $. Therefore, from equation (\ref{expfirmrevprof}), $%
\pi \left( \varphi \right) \rightarrow \infty $ as $\varphi ^{\ast
}\rightarrow 0$ and $\pi \left( \varphi \right) \rightarrow 0$ as $\varphi
^{\ast }\rightarrow \infty $. Hence, in the free entry condition (\ref%
{eqfreeentry}), $V\rightarrow \infty $ as $\varphi ^{\ast }\rightarrow 0$,
and $V\rightarrow 0$ as $\varphi ^{\ast }\rightarrow \infty $. Since $V$ is
continuous in $\varphi ^{\ast }$, it follows that there exists an
equilibrium value of $\varphi ^{\ast }$ for which the expected value of
entry $V$ equals the sunk entry cost $f_{e}$. Differentiating $V$ with
respect to $\varphi ^{\ast }$ given $\lambda _{i}^{\ast }\left( \varphi
^{\ast }\right) $ and \{$\gamma _{g}\left( \varphi \right) $, $\gamma
_{zi}\left( \lambda _{i}\right) $\} yields:%
\begin{eqnarray*}
\frac{\partial V}{\partial \varphi ^{\ast }} &=&\text{ \ }\underset{\text{%
Term A}}{\underbrace{-\left( \frac{1}{\delta +\theta }\right) \left[ \pi
\left( \varphi ^{\ast }\right) +\theta \int_{\varphi ^{\ast }}^{\bar{\varphi}%
}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi ^{\prime }\right)
g_{c}\left( \varphi ^{\prime }|\varphi ^{\ast }\right) d\varphi ^{\prime }%
\right] g_{e}\left( \varphi ^{\ast }\right) }} \\
&&+\left( \frac{1}{\delta +\theta }\right) \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\left[ 
\begin{array}{c}
\underset{\text{Term B}}{\underbrace{\frac{\partial \pi \left( \varphi
\right) }{\partial \varphi ^{\ast }}}}\ \underset{\text{Term C}}{\underbrace{%
+\theta \int_{\varphi ^{\ast }}^{\bar{\varphi}}\frac{\partial \eta \left(
\varphi ^{\prime }\right) }{\partial \varphi ^{\ast }}\pi \left( \varphi
^{\prime }\right) g_{c}\left( \varphi ^{\prime }|\varphi \right) d\varphi
^{\prime }}} \\ 
\underset{\text{Term D}}{\underbrace{+\theta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\eta \left( \varphi ^{\prime }\right) \frac{\partial \pi \left(
\varphi ^{\prime }\right) }{\partial \varphi ^{\ast }}g_{c}\left( \varphi
^{\prime }|\varphi \right) d\varphi ^{\prime }}} \\ 
\underset{\text{Term E}}{\underbrace{+\theta \int_{\varphi ^{\ast }}^{\bar{%
\varphi}}\eta \left( \varphi ^{\prime }\right) \pi \left( \varphi ^{\prime
}\right) \frac{\partial g_{c}\left( \varphi ^{\prime }|\varphi \right) }{%
\partial \varphi ^{\ast }}d\varphi ^{\prime }}} \\ 
\underset{\text{Term F}}{\underbrace{-\theta \eta \left( \varphi ^{\ast
}\right) \pi \left( \varphi ^{\ast }\right) g_{c}\left( \varphi ^{\ast
}|\varphi \right) }}%
\end{array}%
\right] g_{e}\left( \varphi \right) d\varphi
\end{eqnarray*}%
where Term A = 0 since $v\left( \varphi ^{\ast }\right) =0$; Term B 
\TEXTsymbol{<} 0 since $\partial \pi \left( \varphi \right) /\partial
\varphi ^{\ast }<0$ from equation (\ref{expfirmrevprof}); and Term F 
\TEXTsymbol{<} 0. Term D \TEXTsymbol{<} 0 since $\partial \pi \left( \varphi
\right) /\partial \varphi ^{\ast }<0$ from equation (\ref{expfirmrevprof}).
In Term E, $\partial g\left( \varphi ^{\prime }|\varphi \right) /\partial
\varphi ^{\ast }=0$ for $\varphi \neq \varphi ^{\ast }$, and so Term E is of
measure zero relative to Term D. Finally, as $\theta \rightarrow 0$, $\eta
\left( \varphi ^{\prime }\right) \rightarrow 1/\delta $, $\partial \eta
\left( \varphi ^{\prime }\right) /\partial \varphi ^{\ast }\rightarrow 0$,
and Term C $\rightarrow $ 0. Therefore, for sufficiently small $\theta <\bar{%
\theta}$, $V$ is monotonically decreasing in $\varphi ^{\ast }$, and there
exists a unique equilibrium value of $\varphi ^{\ast }$.
\end{proof}
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20060523_create_data.do
/*

Multiple-Product Firms and Product Switching
This Stata .do file inputs raw census files and outputs datasets used to generate the results in the paper.
See the accompanying .do file 20060523_create_results.do for the code used to generate the results.
v2009.2.4

This program has the following sections/steps
1 Create firm-ssic5-year dataset from the cmf_base## files
2 Create a full firm x product x year dataset for all firm-prod combinations in the 
3 Create version of the above full dataset that excludes ssic5 that do not show up in every year of sample
4 Compute index TFP measures based on firms' major industry (msic) by sample:
	c8797: only includes ssic5 that are common to 1987, 1992 and 1997 censuses
	c7282: only includes ssic5 that are common to 1972, 1977 and 1982 censuses
	c7297: only includes ssic5 that are common to 1972 - 1997 censuses 
5 Create product mix dummies by sample
6 Create firms major industry code

Note on variable names 
	lrd names 
	ppn     = plant identifier
      curpc   = product code from trailer file
	firmid  = firm id 
	        = alpha+0000 for multi-unit firms 
	        = 0+ein      for single unit firms
	tvs     = total value of shipments $000 (I think) 
	va      = value added 
	tae     = total assets ending (k) -- $000 (I think) 
	mr      = machinery and equip rental 
	br      = building rental 
	cm      = total cost of materials 
	numprods= number of products 
	exp     = value of export shipments  
	te      = total employment 
	pw      = production workers 
	oe      = other workers 
	sw      = total salaries and wages -- $000 (I think) 
	ww      = production worker salaries and wages -- $000 (I think) 
	ow      = other (non-prod) workers wages -- $000 (I think) 
	xxx     = region variable used to deflating wages by region cpi 
	censt   = census state; 11-96; first digit is a census region; ca=93 
	fipst   = state code; alphabetical; 1-56 

Census Data
As noted in the paper, our analysis relies data gathered and maintained by the U.S. Census Bureau. These data are not available to the general public and can only be accessed by permission of the Census Bureau. Guidelines for gaining such permission are available on the Center for Economic Studies (CES) website, www.ces.census.gov. 

Other Data Files
1. bbg96_87.dta is available on the nber website at http://www.nber.org/nberces/nbprod96.htm
2. region_state_cpi.dta (CPI of plant's BLS region; see www.bls.gov)
3. cmf_base`y'.dta are the census of manufactures base files for census year y from the census server (converted from SAS to stata). note that into the base files we have merged the raw product trailer files by ppn and year
4. cmf`yr'prod.dta are the census of manufactures product trailer files for census year y from the census server (converted from SAS to stata).

If you spot any problems with this code, please email peter.schott@yale.edu

*/ 


**0 Preliminaries
clear
set more off
set mem 2700m


**1 Create firm-ssic5-year dataset from the cmf_base## files
capture log close
log using ps4_basic_part1, replace text

*first prep the deflators in the nber database and from the regional cpis to be base year 1997
use bbg96_87.dta, clear
keep sic year piship piinv pimat
foreach xxx in piship pimat {
	gen t1 = year==1997
	gen t2 = t1*`xxx'
	replace t2=. if t2==0
	egen t3 = mean(t2), by(sic)
	gen `xxx'97 = `xxx'/t3
	drop t1-t3
}
sort sic year
gen lag_piinv = piinv[_n-1]
replace piinv = lag_piinv if year==1997
foreach xxx in piinv {
	gen t1 = year==1996
	gen t2 = t1*`xxx'
	replace t2=. if t2==0
	egen t3 = mean(t2), by(sic)
	gen `xxx'97 = `xxx'/t3
	drop t1-t3
}
rename sic pt_ind
sort pt_ind year
save ps4_bbg_deflators, replace
rename pt_ind sic4
sort sic4 year
save ps4_bbg_deflators_pv, replace

use region_state_cpi, clear
rename state censt
gen t1=year==97
gen t2=t1*rcpi
egen t3=max(t2), by(region)
gen rcpi97=rcpi/t3*100
drop t1 t2 t3
replace year=year+1900
sort censt year
save ps4_region_state_cpi_base97, replace

*check total value in base file, by year, deflate and create firm- and plantchars files
forvalues y=72(5)97 {
	use cmf_base`y', clear

	rename frmnu t1
	destring t1, force g(frmnu)
	rename censt t2
	destring t2, force g(censt)
	drop t1 t2

	collapse (max) ar (mean) tvs numprods te pw oe sw ww ow tae mr br cm exp censt frmnu pt_ind, by(ppn firmid year)

	*deflate wages
	sort censt year
	merge censt year using ps4_region_state_cpi_base97, keep(rcpi97)
	tab _merge
	drop if _merge==2
	drop _merge
	gen rsw = sw/(rcpi97/100)
	gen row = ow/(rcpi97/100)
	gen rww = ww/(rcpi97/100)

	*deflate other inputs
	sort pt_ind year
	merge pt_ind year using ps4_bbg_deflators, keep(piship97 piinv97 pimat97)
	tab _merge 
	drop if _merge==2
	drop _merge
	gen rtvs = tvs/(piship97)
	gen rcm  = cm/(pimat97)
	gen rtae = tae/(piinv97)

	tab pt_ind if piship97==.
	gen i = piship97~=.
	table i, c(sum tvs) f(%20.0fc)

	table year, c(sum tvs count tvs sum rtvs count rtvs) f(%12.0fc)

	save ps4_plantchars`y', replace

	collapse (max) ar (sum) tvs numprods te pw oe sw ww ow tae mr br cm exp rsw row rww rtvs rcm rtae, by(firmid year)

	table year, c(sum tvs count tvs sum rtvs count rtvs) f(%12.0fc)
	sort firmid year
	save ps4_firmchars`y', replace
}

*put together firm- and plantchar files
use ps4_firmchars72, clear
forvalues y=77(5)97 {
	append using ps4_firmchars`y'
}
sort firmid year
save ps4_firmchars, replace

use ps4_plantchars72, clear
forvalues y=77(5)97 {
	append using ps4_plantchars`y'
}
sort ppn year
save ps4_plantchars, replace

forvalues y=72(5)97 {
	use cmf_base`y', clear
	keep firmid ppn year tvs curpc pt_pv ar frmnu censt
	gen str3 suffix3 = substr(curpc,5,3)
	gen str1 prefix1 = substr(curpc,1,1)
	gen str5 ssic5 = substr(curpc,1,5)

	**drop obs based on ar, balance codes, etc
	gen obsdrop = 0
	replace obsdrop = 1 if ar==1
	replace obsdrop = 2 if ~(prefix1=="2" | prefix=="3")
	replace obsdrop = 3 if pt_pv==.
	replace obsdrop = 4 if pt_pv==0

	*check out how many obs get dropped
	table obsdrop year, c(count ar)
	keep if obsdrop==0
	tab prefix1

	rename frmnu t1
	destring t1, force g(frmnu)
	rename censt t2
	destring t2, force g(censt)
	drop t1 t2

	*collapse to ppn-ssic5-year 
	collapse (sum) pt_pv (mean) tvs ar frmnu censt, by(firmid ppn ssic5 year)

	*deflate for plant file
	gen ssic4 = substr(ssic5,1,4)
	destring ssic4, force g(sic4)
	sort sic4 year
	merge sic4 year using ps4_bbg_deflators_pv, keep(piship97)
	tab _merge
	drop if _merge==2
	drop _merge
	gen rpt_pv = pt_pv/piship97
	compare rpt_pv pt_pv
	drop piship97 ssic4 sic4
	save ps4_plantlevel`y', replace  

	*collapse to firmid-ssic5-year 
	collapse (sum) pt_pv ar, by(firmid ssic5 year)

	save fp`y', replace
} 


use fp72, clear
forvalues y=77(5)97 {
	append using fp`y'
}
sort firmid year
merge firmid year using ps4_firmchars
tab _merge
drop if _merge==2
drop _merge

*deflate product shipment values
gen ssic4 = substr(ssic5,1,4)
destring ssic4, force g(sic4)
sort sic4 year
merge sic4 year using ps4_bbg_deflators_pv, keep(piship97)
tab _merge
drop if _merge==2
drop _merge
gen rpt_pv = pt_pv/piship97
compare rpt_pv pt_pv
drop piship97 ssic4 sic4

sort firmid ssic5 year
save fp_01, replace

**check how much is left in sample now
use fp_01, clear
keep firmid tvs year
collapse (mean) tvs, by(firmid year)	
gen v=tvs/1000000
table year                , c(sum v count v)

use ps4_plantlevel72, clear
forvalues y=77(5)97 {
	append using ps4_plantlevel`y'
}
sort ppn ssic5 year
save ps4_plantlevel, replace

*create pre-winnowed birthdeath for firmage purposes
use fp_01, clear
collapse (mean) tvs, by(firmid year)
drop if tvs==0 | tvs==.
egen born = min(year), by(firmid)
egen died = max(year), by(firmid)
gen birthyear = born==year
gen t1  = birthyear*year
replace t1=. if birthyear==0
egen t2 = mean(t1), by(firmid)
gen age = year-t2
replace age=age+5      /*so logs can be taken below*/
sort firmid year
save ps4_firmage, replace	


log close



**2 Create a full firm x product x year dataset for all firm-prod combinations in the 
**  actual data. Then merge in the actual data, with missing values for obs that are not
**  actually in the dataset.
capture log close
log using ps4_basic_part2, text replace

*pre file for years
clear
set obs 6
gen year=1
replace year = 1972 in 1
replace year = 1977 in 2
replace year = 1982 in 3
replace year = 1987 in 4
replace year = 1992 in 5
replace year = 1997 in 6
sort year
save year, replace

use fp_01, clear
collapse (sum) pt_pv, by(firmid ssic5)
drop pt_pv
cross using year
sort firmid ssic5 year
merge firmid ssic5 year using fp_01
tab _merge
sort firmid ssic5 year
rename _merge dataflag
keep if year>=1972 & year<=1997
label var dataflag "_3=original data; _1=from fillin"

gen neg=pt_pv<0
tab neg year
replace pt_pv=0 if pt_pv<0 
*drop neg

save fp5_02, replace

log close




**3. Create versions of fp5_02 that exclude ssic5 that do not show up in every year of sample
**   Call these samples _c8797, c7282 and c7297
**
**   First, create the lists of common products
**   Second, exclude extraneous ssic5 from samples 
**
**   Note that these common lists have dropped any five digit ending in 0 unless it was the only 5 digit
**   in the four digit industry
**

**3a.  create the common lists
capture log close 
log using yr_to_yr_curpc_02.log, replace 
**Create Unique List of curpc5 for each year 
foreach yr in 72 77 82 87 92 97 { 
	use cmf`yr'prod, clear 
	keep curpc 
	gen curpc5=substr(curpc,1,5) 
	gen curpc1=substr(curpc,1,1) 
	destring curpc1, replace 
	drop if curpc1<2 
	drop if curpc1>3 
	drop curpc1 
	sort curpc5 
	drop if curpc5==curpc5[_n-1] 
	*tab curpc5 
	keep curpc5
	sort curpc5 
	save curpc5_`yr', replace 
	drop _all 
} 


*by year, look for codes that end in zero 
foreach yr in 97 92 87 82 77 72   { 
	use curpc5_`yr', clear 
	gen last0  = substr(curpc5,5,1)=="0" 
	gen curpc4 = substr(curpc5,1,4) 
	egen n5    = count(last0), by(curpc4) 
	egen n5_0  = total(last0), by(curpc4) 
	gen i      = n5==1 & n5_0==1 
	tab i     

} 

**create common list for all years 
use curpc5_72, clear 
sort curpc5 
foreach yr in 77 82 87 92 97 { 
	merge curpc5 using curpc5_`yr' 
	tab _merge 
	keep if _merge==3 
	drop _merge 
	sort curpc5 
	gen year=`yr' 
	tab year 
	drop year 
} 
*drop codes ending in 0 if it is not the only 5 in a 4 
sum  
gen last0  = substr(curpc5,5,1)=="0" 
gen curpc4 = substr(curpc5,1,4) 
egen n5    = count(last0), by(curpc4) 
egen n5_0  = total(last0), by(curpc4) 
gen i      = n5==1 & n5_0==1 
tab last0 i     
drop if last0==1 & i==0 
tab last0 i 
drop last0-i 
save curpc5_c7297, replace 



**create common list for 72-82 
use curpc5_72, clear 
sort curpc5 
foreach yr in 77 82 { 
	merge curpc5 using curpc5_`yr' 
	tab _merge 
	keep if _merge==3 
	drop _merge 
	sort curpc5 
	gen year=`yr' 
	tab year 
	drop year 
}	 
*drop codes ending in 0 if it is not the only 5 in a 4 
sum  
gen last0  = substr(curpc5,5,1)=="0" 
gen curpc4 = substr(curpc5,1,4) 
egen n5    = count(last0), by(curpc4) 
egen n5_0  = total(last0), by(curpc4) 
gen i      = n5==1 & n5_0==1 
tab last0 i     
drop if last0==1 & i==0 
tab last0 i 
drop last0-i 
save curpc5_c7282, replace 


**create common list for 87-97 
use curpc5_87, clear 
sort curpc5 
foreach yr in 92 97 { 
	merge curpc5 using curpc5_`yr' 
	tab _merge 
	keep if _merge==3 
	drop _merge 
	sort curpc5 
	gen year=`yr' 
	tab year 
	drop year 
}	 
*drop codes ending in 0 if it is not the only 5 in a 4 
sum  
gen last0  = substr(curpc5,5,1)=="0" 
gen curpc4 = substr(curpc5,1,4) 
egen n5    = count(last0), by(curpc4) 
egen n5_0  = total(last0), by(curpc4) 
gen i      = n5==1 & n5_0==1 
tab last0 i     
drop if last0==1 & i==0 
tab last0 i 
drop last0-i 
save curpc5_c8797, replace 
log close 




**3b Create a basic data files that are specific to constant set of goods for each sample:
**	
**   _c8797
**   _c7282
**   _c7297
**
**
**   Also create files needed for tfp routine
**
capture log close
log using ps4_drop_uncommon_ssic5.log, text replace
foreach xxx in 8797 7282 7297 {	


	use curpc5_c`xxx', clear
	*drop curpc
	rename curpc5 ssic5
	sort ssic5
	save curpc5_c`xxx'_01, replace



	use fp5_02, clear
	if `xxx'==7282 {
		drop if year>=1987
	}
	if `xxx'==8797 {
		drop if year<=1982
	}	
	sort ssic5
	merge ssic5 using curpc5_c`xxx'_01, keep(ssic5)
	table year _merge, c(sum pt_pv count pt_pv) f(%20.0fc)
	keep if _merge==3
	drop _merge
	
	*get rid of firms not from these years
	*added 2007.11.8
	egen t1=total(pt_pv), by(firmid)
	drop if t1==0
	
	save fp5_02_c`xxx', replace


	use ps4_plantlevel, clear
	if `xxx'==7282 {
		drop if year>=1987
	}
	if `xxx'==8797 {
		drop if year<=1982
	}	
	sort ssic5
	merge ssic5 using curpc5_c`xxx'_01, keep(ssic5)
	table year _merge, c(sum pt_pv count pt_pv) f(%20.0fc)
	keep if _merge==3
	drop _merge
	save ps4_plantlevel_c`xxx', replace


	**create plant-level deflators
	use ps4_plantlevel_c`xxx', clear 
	gen ssic4 = substr(ssic5,1,4) 
	drop if pt_pv==0 | pt_pv==. | pt_pv<0
	collapse (sum) pt_pv, by(ppn ssic4 year) 
 
	destring ssic4, force g(sic4) 
	sort sic4 year 
	merge sic4 year using ps4_bbg_deflators_pv, keep(piship97 piinv97 pimat97) 
	tab _merge 
	drop if _merge==2 
	drop _merge
	collapse (mean) pi* [aw=pt_pv], by(ppn year)
	rename piship97 ppiship97
	rename piinv97 ppiinv97
	rename pimat97 ppimat97

	sort ppn year
	save ps4_pdeflator_c`xxx', replace


	*Create plant-level raw-data-tfp files to be used in the TFP routine below

	*First, use plants' major-industry to deflate
	use ps4_plantchars, clear
	sort ppn year
	rename pt_ind msic 
	*destring pt_ind, force g(msic)
	sort ppn year
	save ps4_02_ptfp1_c`xxx', replace

	*create birthdeath file
	use fp_01, clear
	if `xxx'==7282 {
		drop if year>=1987
	}
	if `xxx'==8797 {
		drop if year<=1982
	}	
	sort ssic5
	merge ssic5 using curpc5_c`xxx'_01, keep(ssic5)
	table year _merge, c(sum pt_pv count pt_pv) f(%20.0fc)
	keep if _merge==3
	drop _merge
	collapse (mean) tvs, by(firmid year)

	drop if tvs==0 | tvs==.
	egen born = min(year), by(firmid)
	egen died = max(year), by(firmid)
	gen birthyear = born==year
	gen deathyear = died==year
	keep if birthyear==1 | deathyear==1
	sort firmid year
	save ps4_birthdeath_c`xxx', replace	


	**create multi-plant indicator
	use ps4_plantlevel_c`xxx', replace

	collapse (sum) pt_pv, by(firmid ppn year)
	gen nplant = 1	
	collapse (sum) nplant, by(firmid year)
	gen mplant = nplant>1 & nplant~=.
	sort firmid year
	save ps4_mplant_c`xxx', replace	

}


log close




**4 Compute Index TFP based on msic BY SAMPLE
**
clear
set more off
set mem 2700m
capture log close
log using ps4_basic_tfp.txt, replace text
local nyear = 1997

foreach xxx in 8797 7282 7297 {	

	*set directory

	**create locals here because year vector changes by sample below
	if `xxx'==7297 {
		local ylist1 = "1972 1977 1982 1987 1992 1997"
		local ylist2 = "1977 1982 1987 1992 1997"
		local ylist3 = "1972"
	}
	if `xxx'==8797 {
		local ylist1 = "1987 1992 1997"
		local ylist2 = "1992 1997"
		local ylist3 = "1987"
	}
	if `xxx'==7282 {
		local ylist1 = "1972 1977 1982"
		local ylist2 = "1977 1982"
		local ylist3 = "1972"
	}


	***************************************************************************************
	*1. FIRST plant file 
	use ps4_02_ptfp1_c`xxx', clear
	foreach yyy in pw oe rcm rtvs rww row rtae {
		gen l`yyy' = ln(`yyy')
	}
	
	**screens
	drop if rtvs==0  | pw==0  | oe==0  | rcm==0  | rtae==0 
	drop if lrtvs==. | lpw==. | loe==. | lrcm==. | lrtae==. 
	
	gen suminputs=rcm+rww+row 
	drop if suminputs>rtvs
	sum te pw oe rsw rww row rcm rtvs  
	
	**compute cost shares
	foreach yyy in rww row rcm {
	      gen s_`yyy' = `yyy'/rtvs
	}
	gen s_rtae = 1-s_rcm-s_rww-s_row
	
	**compute mean costshares
	foreach yyy in s_row s_rww s_rcm s_rtae {
		egen m`yyy' = mean(`yyy'), by(msic year)
	}
	
	**compute mean i/o
	foreach yyy in lrtvs lpw loe lrtae lrcm {
		egen m`yyy' = mean(`yyy'), by(msic year)
	}
	
	**distribute 'nyear' mean shares and i/o to all years
	foreach yyy in rww row rcm rtae {
		*Added year in by() b/c we will now have data for multiple years--not just 1977
		egen msyear_`yyy' = mean(ms_`yyy'), by(msic year) 
	}
	foreach yyy in lrtvs lpw loe lrtae lrcm {
		*Added year in by() b/c we will now have data for multiple years--not just 1977
		egen myear_`yyy' = mean(m`yyy'), by(msic year) 
	}
	
	* following sections added by JRP on 10/30/07
	save ps4_acrtfp_interim_c`xxx', replace
	
	foreach yyy in `ylist1' {
		use ps4_acrtfp_interim_c`xxx', clear
		keep if year==`yyy'
		save `yyy'_1_c`xxx', replace
	}
	
	foreach yyy in `ylist1' {
		use `yyy'_1_c`xxx'
		egen ms`yyy'_rww=mean(msyear_rww)
		egen ms`yyy'_row=mean(msyear_row)
		egen ms`yyy'_rcm=mean(msyear_rcm)
		egen ms`yyy'_rtae=mean(msyear_rtae) 
		egen m`yyy'_lrtvs=mean(myear_lrtvs)
		egen m`yyy'_lpw=mean(myear_lpw)
		egen m`yyy'_loe=mean(myear_loe)
		egen m`yyy'_lrtae=mean(myear_lrtae)
		egen m`yyy'_lrcm=mean(myear_lrcm)
		save `yyy'_2_c`xxx', replace
	}
	
	use `ylist3'_2_c`xxx'
	foreach yyy in `ylist2' {
		append using `yyy'_2_c`xxx'
	}
	
	foreach yyy in `ylist1' {
		egen ms`yyy'_rww2=mean(ms`yyy'_rww)
		egen ms`yyy'_row2=mean(ms`yyy'_row)
		egen ms`yyy'_rcm2=mean(ms`yyy'_rcm)
		egen ms`yyy'_rtae2=mean(ms`yyy'_rtae) 
		egen m`yyy'_lrtvs2=mean(m`yyy'_lrtvs)
		egen m`yyy'_lpw2=mean(m`yyy'_lpw)
		egen m`yyy'_loe2=mean(m`yyy'_loe)
		egen m`yyy'_lrtae2=mean(m`yyy'_lrtae)
		egen m`yyy'_lrcm2=mean(m`yyy'_lrcm)
	}
		
	* compute components of productivity measure	
	if `xxx'==7297 {
		gen tc1972=0
		gen tc1977=(ms1977_rcm2+ms1972_rcm2)*(m1977_lrcm2-m1972_lrcm2)+(ms1977_rtae2+ms1972_rtae2)*(m1977_lrtae2-m1972_lrtae2)+(ms1977_row2+ms1972_row2)*(m1977_loe2-m1972_loe2)+(ms1977_rww2+ms1972_rww2)*(m1977_lpw2-m1972_lpw2)
		gen tc1982=(ms1982_rcm2+ms1977_rcm2)*(m1982_lrcm2-m1977_lrcm2)+(ms1982_rtae2+ms1977_rtae2)*(m1982_lrtae2-m1977_lrtae2)+(ms1982_row2+ms1977_row2)*(m1982_loe2-m1977_loe2)+(ms1982_rww2+ms1977_rww2)*(m1982_lpw2-m1977_lpw2)
		gen tc1987=(ms1987_rcm2+ms1982_rcm2)*(m1987_lrcm2-m1982_lrcm2)+(ms1987_rtae2+ms1982_rtae2)*(m1987_lrtae2-m1982_lrtae2)+(ms1987_row2+ms1982_row2)*(m1987_loe2-m1982_loe2)+(ms1987_rww2+ms1982_rww2)*(m1987_lpw2-m1982_lpw2)
		gen tc1992=(ms1992_rcm2+ms1987_rcm2)*(m1992_lrcm2-m1987_lrcm2)+(ms1992_rtae2+ms1987_rtae2)*(m1992_lrtae2-m1987_lrtae2)+(ms1992_row2+ms1987_row2)*(m1992_loe2-m1987_loe2)+(ms1992_rww2+ms1987_rww2)*(m1992_lpw2-m1987_lpw2)
		gen tc1997=(ms1997_rcm2+ms1992_rcm2)*(m1997_lrcm2-m1992_lrcm2)+(ms1997_rtae2+ms1992_rtae2)*(m1997_lrtae2-m1992_lrtae2)+(ms1997_row2+ms1992_row2)*(m1997_loe2-m1992_loe2)+(ms1997_rww2+ms1992_rww2)*(m1997_lpw2-m1992_lpw2)	
		gen tc=.
		replace tc=tc1972 if year==1972
		replace tc=tc1972+tc1977 if year==1977
		replace tc=tc1972+tc1977+tc1982 if year==1982
		replace tc=tc1972+tc1977+tc1982+tc1987 if year==1987
		replace tc=tc1972+tc1977+tc1982+tc1987+tc1992 if year==1992
		replace tc=tc1972+tc1977+tc1982+tc1987+tc1992+tc1997 if year==1997
		replace tc=tc/2

		**compute components of productivity measure
		gen ta  = (lrtvs-mlrtvs) + (mlrtvs-m1972_lrtvs2)
		gen tb = ((s_rcm+ms_rcm)*(lrcm-mlrcm) + (s_rtae+ms_rtae)*(lrtae-mlrtae) + (s_row+ms_row)*(loe-mloe) + (s_rww+ms_rww)*(lpw-mlpw) )/2
	}
	if `xxx'==7282 {
		gen tc1972=0
		gen tc1977=(ms1977_rcm2+ms1972_rcm2)*(m1977_lrcm2-m1972_lrcm2)+(ms1977_rtae2+ms1972_rtae2)*(m1977_lrtae2-m1972_lrtae2)+(ms1977_row2+ms1972_row2)*(m1977_loe2-m1972_loe2)+(ms1977_rww2+ms1972_rww2)*(m1977_lpw2-m1972_lpw2)
		gen tc1982=(ms1982_rcm2+ms1977_rcm2)*(m1982_lrcm2-m1977_lrcm2)+(ms1982_rtae2+ms1977_rtae2)*(m1982_lrtae2-m1977_lrtae2)+(ms1982_row2+ms1977_row2)*(m1982_loe2-m1977_loe2)+(ms1982_rww2+ms1977_rww2)*(m1982_lpw2-m1977_lpw2)
		gen tc=.
		replace tc=tc1972 if year==1972
		replace tc=tc1972+tc1977 if year==1977
		replace tc=tc1972+tc1977+tc1982 if year==1982
		replace tc=tc/2

		**compute components of productivity measure
		gen ta  = (lrtvs-mlrtvs) + (mlrtvs-m1972_lrtvs2)
		gen tb = ((s_rcm+ms_rcm)*(lrcm-mlrcm) + (s_rtae+ms_rtae)*(lrtae-mlrtae) + (s_row+ms_row)*(loe-mloe) + (s_rww+ms_rww)*(lpw-mlpw) )/2
	}
	if `xxx'==8797 {
		gen tc1987=0
		gen tc1992=(ms1992_rcm2+ms1987_rcm2)*(m1992_lrcm2-m1987_lrcm2)+(ms1992_rtae2+ms1987_rtae2)*(m1992_lrtae2-m1987_lrtae2)+(ms1992_row2+ms1987_row2)*(m1992_loe2-m1987_loe2)+(ms1992_rww2+ms1987_rww2)*(m1992_lpw2-m1987_lpw2)
		gen tc1997=(ms1997_rcm2+ms1992_rcm2)*(m1997_lrcm2-m1992_lrcm2)+(ms1997_rtae2+ms1992_rtae2)*(m1997_lrtae2-m1992_lrtae2)+(ms1997_row2+ms1992_row2)*(m1997_loe2-m1992_loe2)+(ms1997_rww2+ms1992_rww2)*(m1997_lpw2-m1992_lpw2)	
		gen tc=.
		replace tc=tc1987 if year==1987
		replace tc=tc1987+tc1992 if year==1992
		replace tc=tc1987+tc1992+tc1997 if year==1997
		replace tc=tc/2

		**compute components of productivity measure
		gen ta  = (lrtvs-mlrtvs) + (mlrtvs-m1987_lrtvs2)
		gen tb = ((s_rcm+ms_rcm)*(lrcm-mlrcm) + (s_rtae+ms_rtae)*(lrtae-mlrtae) + (s_row+ms_row)*(loe-mloe) + (s_rww+ms_rww)*(lpw-mlpw) )/2
	}
	gen acrtfp_p1 = ta - tb - tc
	sum ppn year tc-acrtfp_p1
	sort ppn year

	merge ppn year using ps4_plantchars, keep(firmid tvs)
	tab _merge
	drop if _merge==2
	drop _merge

	*take tvs weighted mean across plants in firm
	collapse (mean) acrtfp_p1 msic [aweight=int(tvs)], by(firmid year)
	sort firmid year
	save ps4_acrtfp`nyear'_c`xxx'_p1, replace
	***************************************************************************************

}


**combine measures
foreach xxx in 8797 7282 7297 {	
local nyear = 1997
	use ps4_acrtfp`nyear'_c`xxx'_p1, clear
	keep firmid year acrtfp_p1 msic
	sort firmid year
	sum acrtfp*
	save ps4_acrtfp`nyear'_c`xxx', replace
}

log close






**5  Create product mix dummies by sample
clear
set mem 2600m
set more off
capture log close
log using ps4_basic_prodmix.log, replace text

foreach xxx in 8797 7282 7297 {	

	**1  Create background datasets listed below.  For the first three, include a column
	**   which is the binary weight needed to construct the base 10 representation. 
	**

	**create list of all product, etc lines (there are 1923 ssic5, xxx ssic4 and xxx ssic2)
	use fp5_02_c`xxx', clear
	keep ssic5
	duplicates drop ssic5, force
	sort ssic5
	save ps4_ssic5list_c`xxx', replace

	use fp5_02_c`xxx', clear
	gen ssic4=substr(ssic5,1,4)
	keep ssic4
	duplicates drop ssic4, force
	sort ssic4
	save ps4_ssic4list_c`xxx', replace	

	use fp5_02_c`xxx', clear
	gen ssic2=substr(ssic5,1,2)
	keep ssic2
	duplicates drop ssic2, force
	sort ssic2
	save ps4_ssic2list_c`xxx', replace			

	**chop up ssic5 lists:  stata no allow numbers greater than 10^323<2^2000, so need
	**  to do ssic5 binary encoding in stages
	local xx = 50
	local c = 1
	while `c'<=39 {
		local l = (`c'-1)*`xx'
		local u = `c'*`xx'
		display [`l'] " " [`u']		

		use ps4_ssic5list_c`xxx', clear
		keep if _n>`l' & _n<=`u'
		gen junk=1	
		gen temp=sum(junk)
		gen double binary`c'=2^temp
		keep ssic5 binary`c'
		sort ssic5
		save ps4_ssic5list_binary_0`c'_c`xxx', replace

		local c = `c' + 1
	}

	**append all together
	use ps4_ssic5list_binary_01_c`xxx', clear
	forvalues x=2/39  {
		append using ps4_ssic5list_binary_0`x'_c`xxx'
	}
	sort ssic5
	save ps4_ssic5list_binary_c`xxx', replace


	**chop up ssic4 lists:  stata no allow numbers greater than 10^323<2^2000, so need
	**  to do ssic4 binary encoding in stages
	local xx = 25
	local c = 1
	while `c'<=19 {
		local l = (`c'-1)*`xx'
		local u = `c'*`xx'
		display [`l'] " " [`u']

		use ps4_ssic4list_c`xxx', clear
		keep if _n>`l' & _n<=`u'
		gen junk=1	
		gen temp=sum(junk)
		gen double binary`c'=2^temp
		keep ssic4 binary`c'
		sort ssic4
		save ps4_ssic4list_binary_0`c'_c`xxx', replace

		local c = `c' + 1
	}

	**append all together
	use ps4_ssic5list_binary_01_c`xxx', clear
	forvalues x=2/19  {
		append using ps4_ssic4list_binary_0`x'_c`xxx'
	}
	sort ssic4
	save ps4_ssic4list_binary_c`xxx', replace



	**2  Create product mix datasets
	**
	**

	**collapse to firm ssic5 pv
	use fp5_02_c`xxx', clear
	drop if pt_pv==.

	**read in binary weights for each product
	sort ssic5
	merge ssic5 using ps4_ssic5list_binary_c`xxx'
	tab _merge
	drop _merge	

	**compute base 10 representation for subgroup
	drop if pt_pv==0 | pt_pv==. | pt_pv<0
	forvalues x=1/39  {
		gen double binprodmix`x' = binary`x'
	}
	save ps4_prodmix_interim1_c`xxx', replace

	**check whether any of the binprodmixes sum to more than 10^300.  If so, they will
	**be incorret.  did not find any...
	use ps4_prodmix_interim1_c`xxx', clear
	forvalues x=1/39  {
		gen logcheck`x' = log10(binprodmix`x')
	}
	gen nprod=1	
	collapse (sum) binprodmix* logcheck* nprod, by(firm year)
	sum logcheck*
	forvalues x=1/39  {
		rename binprodmix`x' p`x'
		label var p`x' "unique product mix identifier for subgroup `x'"
	}
	sort firm year		
	save ps4_prodmix_interim2_c`xxx', replace

	**now create groups for prod mix
	use ps4_prodmix_interim2_c`xxx', clear
	sort p1-p39
	des
	forvalues x=1/39 {
	gen i`x' = p`x'==p`x'[_n-1]
	}
	gen i = i1+i2+i3+i4+i5+i6+i7+i8+i9+i10+i11+i12+i13+i14+i15+i16+i17+i18+i19+i20+i21+i22+i23+i24+i25+i26+i27+i28+i29+i30+i31+i32+i33+i34+i35+i36+i37+i38+i39
	tab i
	gen idx=1
	replace idx=0 if i==39
	gen prodmix = sum(idx)
	drop i1-i39
	order firm year prodmix p1-p39
	sort firmid year 
	save ps4_prodmix_c`xxx', replace



	**3  Create ind4 mix datasets
	**
	**
	clear
	set mem 2000m	

	**collapse to firm ssic4 pv
	use fp5_02_c`xxx', clear
	gen str4 ssic4 = substr(ssic5,1,4)		
	collapse (sum) pt_pv, by(firm year ssic4)

	**read in binary weights for each product
	sort ssic4
	merge ssic4 using ps4_ssic4list_binary_c`xxx'
	tab _merge
	drop _merge

	**compute base 10 representation for subgroup
	gen idx = pt_pv>0 & pt_pv~=.
	drop if idx==0
	forvalues x=1/19  {
		gen double binprodmix`x' = idx*binary`x'
	}
	save ps4_ind4mix_interim1_c`xxx', replace

	**check whether any of the binprodmixes sum to more than 10^300.  If so, they will
	**be incorret.  did not find any...
	forvalues x=1/19  {
		gen logcheck`x' = log10(binprodmix`x')
	}	
	collapse (sum) binprodmix* logcheck*, by(firm year)
	sum logcheck*

	forvalues x=1/19  {
		rename binprodmix`x' p`x'
		label var p`x' "unique ind4 identifier for subgroup `x'"
	}
	sort firm year		
	save ps4_ind4mix_interim2_c`xxx', replace

	**now create groups for prod mix
	use ps4_ind4mix_interim2_c`xxx', replace
	sort p1-p19
	des
	forvalues x=1/19 {
		gen i`x' = p`x'==p`x'[_n-1]
	}
	gen i = i1+i2+i3+i4+i5+i6+i7+i8+i9+i10+i11+i12+i13+i14+i15+i16+i17+i18+i19
	gen idx=1
	replace idx=0 if i==19
	gen ind4mix = sum(idx)
	drop i1-i19
	order firm year ind4mix p1-p19
	sort ind4mix
	save ps4_ind4mix_c`xxx', replace

}

log close



**6 Use Plant's Major Industry Code to Create Firm MSIC
**  Do this by finding out firm's predominant four digit SIC root
use fp5_02_c8797, clear 
gen ssic4 = substr(ssic5,1,4) 
collapse (sum) tvs pt_pv, by(firmid ssic4 year)
drop if pt_pv==. 
destring ssic4, force g(sic4) 
egen t1 = rank(pt_pv), field by(firmid year) 
gen t2  = sic4 if t1==1 
replace t2=. if t1~=1 
egen msic=mean(t2), by(firmid year) 
collapse (mean) msic, by(firmid year) 
sort firmid year 
save ps4_msic_c8797, replace










20060523_create_results.do
/*

Multiple-Product Firms and Product Switching
This Stata .do file uses datasets created by the accompanying .do file 20060523_create_data.do to generate the results in the paper.
Note that a mapping of sections of the code to the tables and footnotes of the paper is listed below
v2009.2.4

This program has the following sections
4: Look for firm-products gaps (Discussed in section "Potential P-C Mismeasurement")
5: Compute share of MP, MI and MS firms (Table 1)
7: Compute product, industry and sector switching by year (Tables 3,5, Footnote 21,27)  
8: Distribution of within-firm output shares (Table 10, Figure 2)
9: Mean differences between SP and MP firms in 1997 (Table 2, Footnote 29)
10: Average output share of recently added and dropped products, industries and sectors (Table 9,A3)
11: Product attributes in 1997 (Table A2)
12: Activity and concomitant attribute changes (Table 4, Footnote 28)
13: Firm-product drop regressions for 1992to1997 (Table 8, Footnote 35)
14: Product add and drop rates (Figure 1)
16: Count firms births and deaths each year (Footnote 26)
17: Add regression (Table 7, Footnote 33)
18: Intensive, extensive regressions (Footnote 41)
20: Crosstab of MP vs mplant by year (Footnote 24)
21: Old Decomp (Footnote 32)
22: New Decomp (Table 6)
23: Turbulence (Footnote 31)
25: Coproduction (Table 11)
26: Difference between r8797 and c8797 (Footnote 21)
28: M&A (Table 12,A5)
30: Shares of codes and value lost when moving from the raw to c8797 sample (Footnote 21)

For variable names see accompanying stata .do file 20060523_create_data.do.

Census Data
As noted in the paper, our analysis uses datasets created from data gathered and maintained by the U.S. Census Bureau. These data are not available to the general public and can only be accessed by permission of the Census Bureau. Guidelines for gaining such permission are available on the Center for Economic Studies (CES) website, www.ces.census.gov. 

If you spot any problems with this code, please email peter.schott@yale.edu

*/ 



**0 Preliminaries
clear
set more off
set mem 2700m



**4 Look for firmid-product gaps, i.e., where firm-product is produced, then not, then again
**
** Note: additional anomolies can be checked for as needed
capture log close
log using ps4_basic_part4, text replace

use fp5_02_c8797, clear
replace pt_pv=0 if pt_pv<0

*see how many years in this sample
levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

**look for gaps in the 7282, 8797 and 7297 samples
if `ynum'==3 & `y0'==1987 {
	gen j=pt_pv~=.
	tostring j, g(i) 
	keep firmid ssic5 year i pt_pv
	reshape wide i pt_pv, i(firmid ssic5) j(year)
	gen str10 pstring = i1987+i1992+i1997
	local c=1
	gen gap_length = 0
	foreach x in 101 {
		 replace gap_length=`c' if strpos(pstring,"`x'")~=0
		local c=`c'+1
	} 
	tab gap_length
	tab gap_length [fw=int(pt_pv1997/1000)]
}

if `ynum'==3 & `y0'==1972 {

	gen j=pt_pv~=.
	tostring j, g(i) 
	keep firmid ssic5 year i pt_pv
	reshape wide i pt_pv, i(firmid ssic5) j(year)
	gen str10 pstring = i1972+i1977+i1982
	local c=1
	gen gap_length = 0
	foreach x in 101 {
		 replace gap_length=`c' if strpos(pstring,"`x'")~=0
		local c=`c'+1
	} 
	tab gap_length
	tab gap_length [fw=int(pt_pv/1000)]
	
	
}

if `ynum'==6 & `y0'==1972 {
	gen j=pt_pv~=.
	tostring j, g(i) 
	keep firmid ssic5 year i pt_pv
	reshape wide i pt_pv, i(firmid ssic5) j(year)
	gen str10 pstring = i1972+i1977+i1982
	gen anomoly = 0

	local a1 = "101010 100101 100010 100001 010101 010010 010001 001010 001001 000101"
	local a2 = "110101 110010 110001 011010 011001 001101 111010 111001 011101 111101"

	foreach x in `a1' `a2' {
		replace anomoly=`x' if pstring=="`x'"
	}
	tab anomoly
	tab anomoly [fw=int(pt_pv1997/1000)]
}

drop i*
sort firmid ssic5
save ps4_inout_c8797, replace

log close






**5 Compute MP firm distribution for sic5,4,2
**
**  NOTE: create fp4_02 and fp2_02 here for use down below
**
capture log close
log using ps4_basic_part5, text replace

*5 digit
use fp5_02_c8797, clear

*see how many years in this sample
levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

gen nprod5=(pt_pv~=. & pt_pv~=0)
collapse (sum) pt_pv rpt_pv nprod5 (mean) tvs rtvs, by(firmid year)
gen mp5=nprod5>1 
replace mp5=. if nprod5==0
gen rv=rtvs/1000000
table mp5                 , c(count pt_pv sum rv mean nprod5) f(%15.1fc) 
*table mp5 if year==`ylast', c(count pt_pv sum rv mean nprod5) f(%15.1fc) 
keep firmid year tvs mp5 nprod5
sort firmid year
save d5_5, replace

*4 digit
use fp5_02_c8797, clear

gen ssic4 = substr(ssic5,1,4)
collapse (mean) ar tvs numprods te pw oe sw ww ow tae mr br cm exp rtvs rtae rww row rsw (sum) rpt_pv pt_pv, by(firmid ssic4 year)
replace pt_pv=. if pt_pv==0
replace rpt_pv=. if rpt_pv==0
save fp4_02_c8797, replace
gen nprod4=(pt_pv~=. & pt_pv~=0)
collapse (sum) pt_pv rpt_pv nprod4 (mean) tvs rtvs, by(firmid year)
gen mp4=nprod4>1 
replace mp4=. if nprod4==0
gen rv=rtvs/1000000
table mp4                 , c(count pt_pv sum rv mean nprod4) f(%20.1fc) 
*table mp4 if year==`ylast', c(count pt_pv sum rv mean nprod4) f(%20.1fc) 
keep firmid year tvs mp4 nprod4
sort firmid year
save d5_4, replace

*2 digit
use fp5_02_c8797, clear

gen ssic2 = substr(ssic5,1,2)
collapse (mean) ar tvs numprods te pw oe sw ww ow tae mr br cm exp rtvs rtae rww row rsw (sum) rpt_pv pt_pv, by(firmid ssic2 year)
replace pt_pv=. if pt_pv==0
replace rpt_pv=. if rpt_pv==0
save fp2_02_c8797, replace
gen nprod2=(pt_pv~=. & pt_pv~=0)
collapse (sum) pt_pv rpt_pv nprod2 (mean) tvs rtvs, by(firmid year)
gen mp2=nprod2>1 
replace mp2=. if nprod2==0
gen rv=rtvs/1000000
table mp2                 , c(count pt_pv sum rv mean nprod2) f(%20.1fc) 
*table mp2 if year==`ylast', c(count pt_pv sum rv mean nprod2) f(%20.1fc) 
keep firmid year tvs mp2 nprod2
sort firmid year
save d5_2, replace

*combine mp flags into one file
*note this file will have mp#=. for any year in which the firm is not active
use d5_5, clear

merge firmid year using d5_4
tab _merge
drop _merge
sort firmid year 
merge firmid year using d5_2
tab _merge
drop _merge
*table year, c(sum mp5 sum mp4 sum mp2)
sort firmid year
save ps4_mpdummies_c8797, replace


**Now display distribution of MP5 firms by 2digit msic for 1997
use ps4_mpdummies_c8797, clear
keep if year==1997

sort firmid year
merge firmid year using ps4_msic_c8797, keep(msic)
tab _merge
drop if _merge==2
drop _merge

gen msic2 = int(msic/100)
gen v     = tvs/1000000
gen mpv   = mp5*v
table msic2, c(count mp5 sum mp5 sum v sum mpv) format(%20.0fc)

save d5_msic, replace

log close








**7 Compute product switching activity by year and sic 5,4,2

**make datasets
foreach x in 5 4 2 {
	use fp`x'_02_c8797, clear
	
	capture drop _merge

	*add birthdeath info: note that born, died are in years, birthyear, deathyear are flags
	*note that firm,years are only in the suing file if it is their birth or death year
	sort firmid year
	merge firmid year using ps4_birthdeath_c8797
	tab _merge
	drop if _merge==2
	drop _merge

	*confirm that above merge results in missing obs
	inspect birthyear
	inspect deathyear
	egen bornyr=mean(born), by(firmid)
	egen diedyr=mean(died), by(firmid)

	*birthdeath file only has birthyear, deathyear obs in those years
	*will be missing otherwise, so here set them to zero to prevent problems below
	replace birthyear=0 if birthyear~=1
	replace deathyear=0 if deathyear~=1

	*create wasadded and dropped variables
	*note that can't be wasadded if firm is new or wasdropped if firm died
	*note that his is a "full" dataset, so the replace commands should be fine
	keep firmid year ssic`x' pt_pv tvs birthyear deathyear rtvs born died bornyr diedyr 
	sort firmid ssic`x' year
	gen wasadded`x'   = firmid[_n]==firmid[_n-1] & ssic`x'[_n]==ssic`x'[_n-1] & pt_pv[_n-1]==. & pt_pv[_n]~=.
	replace wasadded`x'=0 if birthyear==1
	gen wasdropped`x' = firmid[_n]==firmid[_n-1] & ssic`x'[_n]==ssic`x'[_n-1] & pt_pv[_n-1]~=. & pt_pv[_n]==.
	replace wasdropped`x'=0 if deathyear[_n-1]==1 & firmid==firmid[_n-1]

	*table year, c(sum wasadded`x' sum wasdropped`x' count wasadded`x')	

	save ps4_wasadded_wasdropped_`x'_c8797, replace

	*the birth death vars are all firm-year, so they should be fine in the collapse
	*note that born,died are zero unless it is they year they happen
	collapse (sum) wasadded`x' wasdropped`x' (mean) bornyr diedyr birthyear deathyear tvs rtvs born died, by(firmid year)
	
	sum wasadded`x' wasdropped`x'
	gen netadded`x' = wasadded`x' - wasdropped`x'

	*add in firms major industry code
	sort firmid year
	merge firmid year using ps4_msic_c8797, keep(msic)	
	tab _merge
	drop _merge

	*see how many firms,value in sample and how much is lost by if statements below
	gen rv=rtvs/1000000
	table year                , c(sum rv count rv)
	table year if birthyear==1, c(sum rv count rv)

	*merge in mp dummies from above
	sort firmid year
	merge firmid year using ps4_mpdummies_c8797
	tab _merge
	keep if _merge==3
	drop _merge

	*note: some firms have years where they appear inactive between active years. set mp=0 for those
	*years
	replace mp5=0 if mp5==.
	replace mp4=0 if mp4==.
	replace mp2=0 if mp2==.

	sort firmid year
	foreach z in mp5 mp4 mp2 tvs {
		gen lag_`z' = `z'[_n-1] if firmid==firmid[_n-1] & year==year[_n-1]+5
	}

	save nadb`x'temp_c8797, replace

	*create indicator for activity
	*Note: when a firm has a gap in its production, it will have tvs==. even though it will show up again in a 
	*      later census. when firms with a single product drop only this can be a problem -- they don't die, but 
	*      the patter of their tvs makes it look like they do. thus the reason for the drop command below. can't 
	*      just drop if tvs==. need to allow for the fact that the droponly's are there.
	*
	*Note: the above means that these firms get no weight when we sum rv.
	*
	**drop if tvs==. & (wasadded`x'==0 & wasdropped`x'==0)
	**drop if 

	gen nadb`x' = ""
	replace nadb`x' = "1. neither"   if wasadded`x'==0 & wasdropped`x'==0 
	replace nadb`x' = "2. add only"  if wasadded`x'> 0 & wasdropped`x'==0
	replace nadb`x' = "3. drop only" if wasadded`x'==0 & wasdropped`x'> 0
	replace nadb`x' = "4. both"      if wasadded`x'> 0 & wasdropped`x'> 0
	replace nadb`x' = "" if wasadded`x'==.
	replace nadb`x' = "" if wasdropped`x'==.

	*next should show that netadded = 0 for nadb==1
	tab netadded`x' if nadb`x'=="1. neither"

	*gen netadd dummy
	gen na`x' =""
	replace na`x' = "1. no activity" if nadb`x'=="1. neither"
	replace na`x' = "2. no change"   if netadded==0 & nadb`x'~="1. neither" & nadb`x'~=""
	replace na`x' = "3. net added"   if netadded>0
	replace na`x' = "4. net dropped" if netadded<0
	
	*gen index for use in table section below
	gen idx = year~=1987 & birthyear~=1 & tvs~=. & lag_tvs~=.

	sort firmid year
	merge firmid year using ps4_mplant_c8797, keep(mplant)
	tab _merge
	drop if _merge==2
	drop _merge

	sort firmid  year 
	merge firmid year using /rdcprojects/br00544/data/pswitch4/ps4_firmchars
	tab _merge
	drop if _merge==2
	drop _merge

	replace tvs=. if tvs==0
	replace te=.  if te==0

	sort firmid year
	save ps4_nadb`x'_c8797, replace

}

**make tables
capture log close
log using ps4_basic_part7, text replace

foreach x in 5 4 2 {
	use ps4_nadb`x'_c8797, clear

	*correction for sp droponly and survive	
	*replace nadb`x' = "1. neither" if nadb`x'=="3. drop only" & lag_mp`x'==0

	keep if idx
	drop if nadb`x'==""

	egen p75tvs    = pctile(tvs), p(75) by(year)
	gen exporter   = exp>0 & exp~=.
	gen bigtvs     = tvs>p75tvs
	sort firmid
	merge firmid using ps4_dormant_c8797, keep(dormant)
	tab _merge
	drop if _merge==2
	drop _merge
	
	display ["ALL"]	
	table nadb`x' if dormant==0 & idx               , c(count wasadded) f(%10.0fc)
	display ["MP"]	
	table nadb`x' if dormant==0 & idx & lag_mp`x'==1, c(count wasadded) f(%15.0fc)
	display ["EXP"]	
	table nadb`x' if dormant==0 & idx & exporter    , c(count wasadded) f(%10.0fc)
	display ["BIGTVS"]	
	table nadb`x' if dormant==0 & idx & bigtvs      , c(count wasadded) f(%10.0fc)
	display ["MPLANT"]	
	table nadb`x' if dormant==0 & idx & mplant      , c(count wasadded) f(%10.0fc)
	
	display ["ALL"]	
	table nadb`x' if dormant==0 & idx               , c(sum rv) f(%10.0fc)
	display ["MP"]	
	table nadb`x' if dormant==0 & idx & lag_mp`x'==1, c(sum rv) f(%15.0fc)
	display ["EXP"]	
	table nadb`x' if dormant==0 & idx & exporter    , c(sum rv) f(%10.0fc)
	display ["BIGTVS"]	
	table nadb`x' if dormant==0 & idx & bigtvs      , c(sum rv) f(%10.0fc)
	display ["MPLANT"]	
	table nadb`x' if dormant==0 & idx & mplant      , c(sum rv) f(%10.0fc)

	display ["ALL"]	
	table na`x' if dormant==0 & idx               , c(count wasadded) f(%10.0fc)
	display ["MP"]	
	table na`x' if dormant==0 & idx & lag_mp`x'==1, c(count wasadded) f(%15.0fc)
	display ["EXP"]	
	table na`x' if dormant==0 & idx & exporter    , c(count wasadded) f(%10.0fc)
	display ["BIGTVS"]	
	table na`x' if dormant==0 & idx & bigtvs      , c(count wasadded) f(%10.0fc)
	display ["MPLANT"]	
	table na`x' if dormant==0 & idx & mplant      , c(count wasadded) f(%10.0fc)
	
	display ["ALL"]	
	table na`x' if dormant==0 & idx               , c(sum rv) f(%10.0fc)
	display ["MP"]	
	table na`x' if dormant==0 & idx & lag_mp`x'==1, c(sum rv) f(%15.0fc)
	display ["EXP"]	
	table na`x' if dormant==0 & idx & exporter    , c(sum rv) f(%10.0fc)
	display ["BIGTVS"]	
	table na`x' if dormant==0 & idx & bigtvs      , c(sum rv) f(%10.0fc)
	display ["MPLANT"]	
	table na`x' if dormant==0 & idx & mplant      , c(sum rv) f(%10.0fc)
}


*2-digit msic in the prior year (before switching occurred)
*check above nadb trends by 2-digit sic sector, placing firms in a sector according to their 
*don't report sic 21 and only want neither and total
use ps4_nadb5_c8797, replace
gen msic2 = int(msic/100)
sort firmid year
gen lag_msic2 = msic2[_n-1] if firmid==firmid[_n-1] & year==year[_n-1]+5
drop if lag_msic2==21
table lag_msic2 nadb5 if idx & nadb5=="1. neither", c(count wasadded) f(%10.0fc)
table lag_msic2       if idx & nadb5~=""          , c(count wasadded) f(%10.0fc)

log close




**8 Distribution of within-firm output shares
capture log close
log using ps4_basic_part8, text replace

use fp5_02_c8797, clear
drop t1 
gen t1      = (pt_pv~=. & pt_pv~=0)
egen nprod5 = total(t1), by(firmid year)
drop t1
sort firmid year pt_pv
egen sumpv  = total(pt_pv), by(firmid year)
gen pvshare = pt_pv/sumpv
drop if pt_pv==.
egen r=rank(pvshare), field by(firmid year)
table r nprod if nprod5<=10, c(mean pvshare) f(%9.3fc)


gen maxshare1=pvshare if r==1
egen maxshare=mean(maxshare1), by(firmid year)
gen maxsharerat=pvshare/maxshare

gen lmaxsharerat=ln(maxsharerat)
gen lr=ln(r)

reg lr lmaxsharerat if nprod==4
reg lr lmaxsharerat if nprod==6
reg lr lmaxsharerat if nprod==8
reg lr lmaxsharerat if nprod==10

save d8, replace

collapse (mean) te (sum) pt_pv, by(firmid year)
gsort -pt_pv
egen pt_pv_rank=rank(pt_pv), field
gen lpt_pv_rank=ln(pt_pv_rank)
gen lpt_pv=ln(pt_pv)
reg lpt_pv_rank lpt_pv
sort te
egen te_rank=rank(te), field
gen lte_rank=ln(te_rank)
gen lte=ln(te)
reg lte_rank lte

log close




**9 Mean Differences between SP and MP firms in 1997
use ps4_acrtfp1997_c8797, clear
sort firmid year
save, replace

use fp5_02_c8797, clear
drop if tvs==.	
collapse (mean) tvs te tae sw ww pw ow oe exp, by(firmid year)

*create vars
gen ltvs     = ln(tvs)
gen lte      = ln(te)
gen ltvste   = ln(tvs/te)
gen lkl      = ln(tae/te)
gen lwage    = ln(sw/te)
gen lpwage   = ln(ww/pw)
gen lnwage   = ln(ow/oe)
gen exporter = exp>0 & exp~=.

sort firmid year 
merge firmid year using ps4_acrtfp1997_c8797, keep(acrtfp_p1)
tab _merge
drop _merge

sort firmid year
merge firmid year using ps4_msic_c8797, keep(msic)
tab _merge
drop _merge

sort firmid year
merge firmid year using ps4_mpdummies_c8797
tab _merge
drop _merge

**create index for constant obs
gen idx = ltvs~=. & lte~=. & ltvste~=. & lkl~=. & lwage~=. & lpwage~=. & lnwage~=. & exporter~=. & acrtfp_p1~=. & mp5~=. & mp4~=. & mp2~=. & msic~=.
tab idx
tab idx year
sort firmid year
keep if idx==1
save d9, replace


capture log close
log using ps4_basic_part9, text replace

use d9, clear	

*see how many years in this sample
levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

quietly {
  foreach x in 5 4 2 {
  
  	
 	foreach r in ltvs lte ltvste lkl lwage lpwage lnwage exporter acrtfp_p1 {
		areg `r' mp`x', a(msic)
		noisily display "MP Pooled" [`x'] "  coef: " %5.3fc _b[mp`x'] "  se: " %5.3fc _se[mp`x'] "  N: " e(N) "  R2: " %5.3fc e(r2) "  var: " ["`r'"]
	}
	

	
	foreach r in ltvs lte ltvste lkl lwage lpwage lnwage exporter acrtfp_p1 {
		areg `r' mp`x' if year==`ylast', a(msic)
		noisily display "MP LastYr" [`x'] "  coef: " %5.3fc _b[mp`x'] "  se: " %5.3fc _se[mp`x'] "  N: " e(N) "  R2: " %5.3fc e(r2) "  var: " ["`r'"]			
	}
	
	noisily display " "
	noisily display " "
	
  }
}
log close





**10 Average output share of recently added and dropped
capture log close
log using ps4_basic_part10, text replace

*prep lag tvs and sumpv
use fp5_02_c8797, clear

keep firmid year tvs pt_pv rpt_pv rtvs
rename pt_pv sumpv 
rename rpt_pv rsumpv
collapse (mean) tvs rtvs (sum) sumpv rsumpv, by(firmid year)
sort firmid year
gen lag_tvs    = tvs[_n-1]   if firmid[_n]==firmid[_n-1]
gen lag_sumpv  = sumpv[_n-1] if firmid[_n]==firmid[_n-1]
gen lag_rtvs   = rtvs[_n-1]   if firmid[_n]==firmid[_n-1]
gen lag_rsumpv = rsumpv[_n-1] if firmid[_n]==firmid[_n-1]
rename tvs check_tvs
rename sumpv check_sumpv
rename rtvs check_rtvs
rename rsumpv check_rsumpv
save ps4_lagtvs, replace

*compute wasadded and wasdropped as share of prior year sumpv
quietly {  
  foreach x in 5 4 2 {
	
	use fp`x'_02_c8797, clear

	keep firmid ssic`x' year pt_pv rpt_pv

	*compute lag pt_pv
	sort firmid ssic`x' year
	gen lag_pt_pv  = pt_pv[_n-1] if firmid[_n]==firmid[_n-1] & ssic`x'[_n]==ssic`x'[_n-1]
	gen lag_rpt_pv = rpt_pv[_n-1] if firmid[_n]==firmid[_n-1] & ssic`x'[_n]==ssic`x'[_n-1]

	*retreive lag total output
	sort firmid year 
	merge firmid year using ps4_lagtvs, keep(lag_tvs lag_sumpv lag_rtvs lag_rsumpv)
	
	tab _merge
	drop _merge

	*add birthdeath info
	sort firmid year
	merge firmid year using ps4_birthdeath_c8797
	
	tab _merge
	drop _merge

	sort firmid ssic`x' year
	gen wasadded`x'   = firmid[_n]==firmid[_n-1] & ssic`x'[_n]==ssic`x'[_n-1] & pt_pv[_n-1]==. & pt_pv[_n]~=.
	replace wasadded`x'=0 if birthyear==1
	gen wasdropped`x' = firmid[_n]==firmid[_n-1] & ssic`x'[_n]==ssic`x'[_n-1] & pt_pv[_n-1]~=. & pt_pv[_n]==.
	replace wasdropped`x'=0 if deathyear[_n-1]==1

	*first nominal	
	gen t1   = wasadded`x'*pt_pv
	egen vwa = total(t1), by(firmid year)
 	gen t2 = wasdropped`x'*lag_pt_pv
	egen vwd = total(t2), by(firmid year)
	egen sumpv = total(pt_pv), by(firmid year)
	drop t1 t2
	gen svwa_lag = vwa/lag_sumpv
	gen svwd_lag = vwd/lag_sumpv
	gen svwa = vwa/sumpv
	gen svwd = vwd/sumpv
	noisily display [`x']
	noisily table year if year~=1972 & svwa~= 0 & svwa~=., c(mean svwa mean svwa_lag)
	noisily table year if year~=1972 & svwd~= 0 & svwd~=., c(mean svwd mean svwd_lag)

	*now real
	gen t1   = wasadded`x'*rpt_pv
	egen rvwa = total(t1), by(firmid year)
 	gen t2 = wasdropped`x'*lag_rpt_pv
	egen rvwd = total(t2), by(firmid year)
	egen rsumpv = total(rpt_pv), by(firmid year)
	drop t1 t2
	gen srvwa_lag = rvwa/lag_rsumpv
	gen srvwd_lag = rvwd/lag_rsumpv
	gen srvwa = rvwa/rsumpv
	gen srvwd = rvwd/rsumpv	
	noisily display [`x']
	noisily table year if year~=1972 & srvwa~= 0 & srvwa~=., c(mean srvwa mean srvwa_lag)
	noisily table year if year~=1972 & srvwd~= 0 & srvwd~=., c(mean srvwd mean srvwd_lag)
	save d10_`x', replace
  }
}

log close




**11 Product attributes
**
**  NOTE: uses only 1997 data so no need to make real
capture log close
log using ps4_basic_part11, text replace

use fp5_02_c8797, clear

*see how many years in this sample
levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

*create vars
gen kl      = tae/te
gen nl      = oe/te
gen temp    = tae/tvs
egen sunk   = median(temp), by(ssic5 year)
gen lsunk   = ln(sunk)

*table
gen ssic2   = substr(ssic5,1,2)
*table ssic2 if year==`ylast'              , c(mean kl sd kl mean nl sd nl)
*table ssic2 if year==`ylast'              , c(mean sunk sd sunk)
table ssic2 if year==`ylast' [fw=int(tvs)], c(mean kl sd kl mean nl sd nl)
table ssic2 if year==`ylast' [fw=int(tvs)], c(mean sunk sd sunk)

collapse (mean) kl nl sunk lsunk [fw=int(tvs)], by(ssic5 year)
sort ssic5 year

save ps4_prodattributes_c8797, replace


**count sevens in each 5 by year (for constant sample)
use fp5_02_c8797, clear
levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

foreach l in `ylist' {
 
 	local y = `l'-1900
 
	use /rdcprojects/br00544/data/pswitch4/cmf_base`y', clear 
	keep curpc  
	rename curpc ssic7
	duplicates drop ssic7, force
	gen str5 ssic5 = substr(ssic7,1,5)
	gen str2 ssic2 = substr(ssic7,1,2)
	gen str3 suffix3 = substr(ssic7,5,3)
	destring ssic2, force g(sic2)
	save temp_ssic7_`l', replace
}

use  temp_ssic7_`y0'
foreach l in `ylist' {
	append using temp_ssic7_`l'

}
save temp_ssic7_c8798, replace

*drop superfluous and also use constant sample sic5's 
use temp_ssic7_c8798, clear
duplicates drop ssic7, force
*drop if suffix3=="00N" | suffix3=="00P" | suffix3=="00-" | suffix3=="000" | suffix3=="002"
drop if suffix3=="00N" | suffix3=="00P" | suffix3=="00-" | suffix3=="002"
drop if sic2<20 | sic2>39
gen n7 = 1
collapse (sum) n7, by(ssic5)

sort ssic5 
merge ssic5 using /rdcprojects/br00544/data/pswitch4/curpc5_c8797_01, keep(ssic5) 
tab _merge
keep if _merge==3 
drop _merge

gen str2 ssic2 = substr(ssic5,1,2)
table ssic2, c(mean n7)

sort ssic5
save ps4_7in5_c8797, replace

log close







**12 Concomitant activity and attribute changes
use fp5_02_c8797, clear

collapse (mean) rtvs tvs te rsw sw, by(firmid year)

*add major industry code
sort firmid year
merge firmid year using ps4_msic_c8797, keep(msic)
tab _merge
drop _merge

*add prodmix dummies
*note merge codes should be 1 & 3 but no 2's
*merge==1 is due to fact that fp5_02 is a "full" firm x ssic5 x year dataset, and therefore includes
*  ssic5-year before the firm becomes active
sort firmid year
merge firmid year using ps4_prodmix_c8797, keep(prodmix)
tab _merge
drop _merge

*add back in tfp and indicators of activity
sort firmid year
merge firmid year using ps4_nadb5_c8797, keep(nadb5 na5 netadded5)
tab _merge
drop _merge

*add tfp
sort firmid year
merge firmid year using ps4_acrtfp1997_c8797, keep(acrtfp_p1)
tab _merge
drop _merge

*compute changes
gen lrtvs   = ln(rtvs)
gen lte     = ln(te)
gen lrwage  = ln(rsw/te)
gen lrtvste = ln(rtvs/te) 
gen ltvs   = ln(tvs)
gen lwage  = ln(sw/te)
gen ltvste = ln(tvs/te)

sort firmid year
foreach zzz in lrtvs lte lrwage lrtvste ltvs lwage ltvste acrtfp_p1 {
	gen d`zzz' = `zzz'[_n] - `zzz'[_n-1] if firmid[_n]==firmid[_n-1] & year[_n]==year[_n-1]+5
	gen ad`zzz' = abs(d`zzz')
}

*gen activity vars
drop if nadb5==""
gen add  = nadb5=="2. add only"
gen drop = nadb5=="3. drop only"
gen both = nadb5=="4. both"
gen none = nadb5=="1. neither"

*gen netadd, netdrop vars where left out category is no change
*this variable should only be defined if nadb5 is defined
gen netadd  = na5=="3. net added"
gen netdrop = na5=="4. net dropped"
gen netnone = na5=="2. no change"

*gen number added or dropped where left out category is no change
*this variable should only be defined if nadb5 is defined
gen numadd  = netadded * (netadded>0)
gen numdrop = netadded * (netadded<0)

gen idx = dlrtvs~=. & dlte~=. & dlrwage~=. & dlrtvste~=. & dacrtfp_p1~=. & msic~=. & prodmix~=.
tab idx

save d12, replace


capture log close
log using ps4_basic_part12, text replace
use  d12, replace

levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

keep if idx==1
egen ypm=group(year prodmix)

quietly {

  noisily display "2a na, nd msic "
  foreach zzz in dlrtvs dlte dlrwage dlrtvste dltvs dlwage dltvste dacrtfp_p1 {
	xi: areg `zzz' netadd netdrop i.year, a(msic) cl(msic)
	noisily display "nd " %6.4fc _b[netdrop] " " %5.3fc _se[netdrop] " na " %6.4fc _b[netadd] " "  %6.4fc _se[netadd]  "  N: " e(N) "  R2: " %5.3fc e(r2) " " ["`zzz'"]  
  }
  noisily display ""
  
}

log close





**13 Firm-product drop regressions for 1992->1997
**  Run on MP firms only
**  Firm vars are relative to firms with same product mix
**  Firm-product vars are relative to firms in same product
capture log close
log using ps4_basic_part13_details, replace

use fp5_02_c8797, clear

sort firmid year
merge firmid year using ps4_birthdeath_c8797
tab _merge
drop if _merge==2
drop _merge

sort firmid  year 
merge firmid year using /rdcprojects/br00544/data/pswitch4/ps4_firmchars
tab _merge
*keep if _merge==3
drop _merge
gen ltvste = ln(tvs/te)

sort firmid  year 
merge firmid year using ps4_acrtfp1997_c8797, keep(acrtfp_p1)
tab _merge
*keep if _merge==3
drop _merge

*add prodmix dummies
sort firmid year
merge firmid year using ps4_prodmix_c8797, keep(prodmix)
drop if _merge==2
tab _merge
drop _merge

keep firmid year ssic5 pt_pv tvs birthyear deathyear prodmix acrtfp* ltvste
sort firmid ssic5 year
gen tbd = firmid[_n+1]==firmid[_n] & ssic`x'[_n+1]==ssic5[_n] & pt_pv[_n+1]==. & pt_pv[_n]~=.
replace tbd=0 if deathyear==1
replace tbd=. if pt_pv==.

*compute product tenure for each firm
gen t1  = pt_pv~=. & pt_pv~=0
gen t2  = t1*year
replace t2=. if t2==0
egen t3 = min(t2), by(firmid ssic5)
gen tenure = year-t3
replace tenure=. if tvs==.
replace tenure=tenure+5      /*so logs can be taken below*/
tab tenure
drop t1-t3

*compute firm age
gen t1  = birthyear*year
replace t1=. if birthyear==0
egen t2 = mean(t1), by(firmid)
gen age = year-t2
replace age=. if tvs==.
replace age=age+5      /*so logs can be taken below*/
tab age
drop t1 t2

*compute mean product-level tenure and size and mean firm-level age and size
egen meanpt_pv  = mean(pt_pv), by(ssic5 year)
egen meantenure = mean(tenure), by(ssic5 year)
egen t1         = tag(firmid year)
replace t1=. if t1==0
gen t2          = t1*age
gen t3          = t1*tvs
egen meanage    = mean(t2), by(prodmix year)
egen meantvs    = mean(t3), by(prodmix year)
drop t1-t3

*compute relative numbers
foreach zzz in pt_pv tenure age tvs {
	gen d`zzz'     = ln(`zzz') - ln(mean`zzz')
}

egen nprod5 = count(pt_pv), by(firmid year)
gen lnprod5 = ln(nprod5)

sort firmid year
merge firmid year using ps4_mplant_c8797, keep(mplant)
tab _merge
drop if _merge==2
drop _merge

gen idx  = deathyear~=1 & year==1992 & dage~=. & dtvs~=. & nprod5>1 & nprod5~=. & dpt_pv~=. & acrtfp_p1~=. & ltvste~=.
gen idx2 = deathyear~=1 & year==1987 & dage~=. & dtvs~=. & nprod5>1 & nprod5~=. & dpt_pv~=. & acrtfp_p1~=. & ltvste~=.

gen ssic4    = substr(ssic5,1,4)
gen ssic2    = substr(ssic5,1,2)
gen t1       = pt_pv~=0 & pt_pv~=.
egen n_in_4  = total(t1), by(firmid ssic4 year)
egen n_in_2  = total(t1), by(firmid ssic4 year)
gen ln_in_4  = ln(n_in_4)
gen ln_in_2  = ln(n_in_2)

*demean each var by ssic5 for next reg
foreach x in tbd dpt_pv dtenure {
	egen m`x' = mean(`x'), by(ssic5 year)
	egen m1`x' = mean(`x'), by(firmid year)
	gen  n`x' = `x'-m`x'
	gen  n1`x' = `x'-m1`x'
	gen  n2`x' = `x'-m`x'-m1`x'
}

save ps4_dropreg, replace
log close


capture log close
log using ps4_basic_part13.log, replace

use  ps4_dropreg, clear
reg tbd  dpt_pv  dtenure     if idx==1, cl(firmid)
reg n1tbd n1dpt_pv n1dtenure if idx==1, cl(firmid)
reg n2tbd n2dpt_pv n2dtenure if idx==1, cl(firmid)


log close





**14 Product Add and Drop Rates
**   Uses pre-collapse file created in nadb routine above

capture log close
log using ps4_basic_part14, text replace

use ps4_wasadded_wasdropped_5_c8797, clear

**read in firmgrowth variable from section 12
sort firmid year
merge firmid year using d12, keep(dlrtvs)
tab _merge
drop if _merge==2
drop _merge


*create vars for counts of producers in each period
gen n     = pt_pv~=0
gen nlag  = pt_pv[_n-1]~=0
replace nlag = 0 if firmid~=firmid[_n-1] & ssic5~=ssic5[_n-1]
gen nadd  = wasadded5
gen ndrop = wasdropped5

gen n_pos     = n     & dlrtvs>0 & dlrtvs~=.
gen nlag_pos  = nlag  & dlrtvs>0 & dlrtvs~=.
gen nadd_pos  = nadd  & dlrtvs>0 & dlrtvs~=.
gen ndrop_pos = ndrop & dlrtvs>0 & dlrtvs~=.

gen n_neg     = n     & dlrtvs<0 & dlrtvs~=.
gen nlag_neg  = nlag  & dlrtvs<0 & dlrtvs~=.
gen nadd_neg  = nadd  & dlrtvs<0 & dlrtvs~=.
gen ndrop_neg = ndrop & dlrtvs<0 & dlrtvs~=.

save d14, replace

collapse (sum) n nlag nadd ndrop *_pos *_neg, by(ssic5 year)

save ps4_adddroprate, replace

use ps4_adddroprate, clear

levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}
drop if year==`y0'

gen addrate      = nadd      / ((n     + nlag    )/2)
gen addrate_pos  = nadd_pos  / ((n_pos + nlag_pos)/2)
gen addrate_neg  = nadd_neg  / ((n_neg + nlag_neg)/2)
gen droprate     = ndrop     / ((n     + nlag    )/2)
gen droprate_pos = ndrop_pos / ((n_pos + nlag_pos)/2)
gen droprate_neg = ndrop_neg / ((n_neg + nlag_neg)/2)
gen den          = (n + nlag)/2

bysort year: pwcorr addrate     droprate    , sig
bysort year: pwcorr addrate_pos droprate_pos, sig
bysort year: pwcorr addrate_neg droprate_neg, sig

**gen ssic2    = substr(ssic5,1,2)
**table ssic2, c(mean addrate mean droprate)
**bysort ssic2: pwcorr addrate droprate, sig

**create graphs
gen idx = 1
DEFINE SECTORS THAT VIOLATE DISCLOSURE
foreach x in `slist1' {	
	replace idx=0 if ssic5=="`x'"
}

keep if idx==1
collapse addrate droprate den idx, by(ssic5)
label var addrate "Mean Add Rate"
label var droprate "Mean Drop Rate"
scatter addrate droprate if idx==1              , xlabel(0(.1).5) ylabel(0(.1).5)                  saving(ps4_adscatter7, replace)
scatter addrate droprate if idx==1 [fw=int(den)], xlabel(0(.1).5) ylabel(0(.1).5)                  saving(ps4_adscatter8, replace)
scatter addrate droprate if idx==1 			, xlabel(0(.1).5) ylabel(0(.1).5) m(i) mlab(ssic5) saving(ps4_adscatter9, replace)

log close


 
 



**16 count firm births and deaths each year
capture log close 
log using ps4_basic_part16, text replace 

use fp5_02_c8797, clear 
collapse (mean) tvs, by(firmid year)
drop if tvs==.
drop if tvs==0
sort firmid year
merge firmid year using ps4_birthdeath_c8797
tab _merge
save d_16, replace
table year, c(count tvs sum birthyear sum deathyear)

log close





**17 Add regression 
use ps4_acrtfp1997_c8797, clear
sort firmid year
save, replace


use ps4_nadb5_c8797, clear
	
sort firmid  year 
merge firmid year using /rdcprojects/br00544/data/pswitch4/ps4_firmchars
tab _merge
*keep if _merge==3
drop _merge

sort firmid  year 
merge firmid year using ps4_acrtfp1997_c8797, keep(acrtfp_p1)
tab _merge
*keep if _merge==3
drop _merge

sort firmid  year 
merge firmid year using /rdcprojects/br00544/data/pswitch4/ps4_firmage, keep(age)
tab _merge
*keep if _merge==3
drop _merge

sort firmid year
merge firmid year using ps4_prodmix_c8797, keep(prodmix)
*drop if _merge==2
tab _merge
drop _merge

gen ltvste = ln(tvs/te)
gen lte    = ln(te)
gen lage   = ln(age)

sort firmid year
foreach s in prodmix ltvste lte lage acrtfp_p1 {
	gen lag_`s' = `s'[_n-1] if firmid==firmid[_n-1] & year==year[_n-1]+5
} 

*drops
drop if nadb==""

xi i.year
drop if wasadded==.
gen add = wasadded>0
capture drop idx
gen idx = lag_prodmix~=. & add~=. & lag_acrtfp_p1~=. & lag_ltvste~=. & lag_lte~=. & lag_lage~=. & lag_mp5~=.

save ps4_addreg_c8797, replace


capture log close 
log using ps4_basic_part17, text replace 
use ps4_addreg_c8797, clear

keep if idx==1

foreach zzz in lag_acrtfp_p1 {
	areg add `zzz'                  if lag_mp5==0, a(lag_prodmix)
	areg add `zzz' lag_lte lag_lage if lag_mp5==0, a(lag_prodmix)
	
}

foreach zzz in lag_acrtfp_p1 {
	areg add `zzz'                  if lag_mp5==1, a(lag_prodmix)
	areg add `zzz' lag_lte lag_lage if lag_mp5==1, a(lag_prodmix)
	
}

log close






**18 Intensive/extensive stuff
**  (New)
capture log close
log using ps4_basic_part18, text replace

**A. restricted sample
use fp5_02_c8797, clear

levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}


gen nprod=1
replace nprod=0 if pt_pv==. | pt_pv==0
collapse (sum) nprod pt_pv rpt_pv, by(firmid year)
drop if nprod==0
gen lpv     = ln(pt_pv)
gen avg     = pt_pv/nprod
replace avg = . if nprod==0 | rpt_pv==0
gen lavg    = ln(avg)
gen lnprod  = ln(nprod)
gen idx     = lnprod~=. & lavg~=. & lpv~=. 

reg lnprod lpv if year==1997 & idx==1
reg lavg   lpv if year==1997 & idx==1 
pwcorr lavg lnprod if nprod!=1, sig
pwcorr lavg lnprod if nprod!=1 & year==1987, sig
pwcorr lavg lnprod if nprod!=1 & year==1992, sig
pwcorr lavg lnprod if nprod!=1 & year==1997, sig
reg lavg lnprod if nprod!=1
reg lavg lnprod if nprod!=1 & year==1987
reg lavg lnprod if nprod!=1 & year==1992
reg lavg lnprod if nprod!=1 & year==1997

log close


**B. raw all-years sample
use /rdcprojects/br00544/data/pswitch4/fp5_02, clear

levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

**count number of prods
gen nprod = pt_pv~=. & pt_pv~=0
collapse (sum) nprod pt_pv rpt_pv, by(firmid year)
gen lpv     = ln(pt_pv)
gen avg     = pt_pv/nprod
replace avg = . if nprod==0 | rpt_pv==0
gen lavg    = ln(avg)
gen lnprod  = ln(nprod)

**run decomposition
reg lnprod lpv if year==`ylast'
reg lavg   lpv if year==`ylast' 

pwcorr lavg lnprod if nprod!=1, sig
pwcorr lavg lnprod if nprod!=1 & year==1972, sig
pwcorr lavg lnprod if nprod!=1 & year==1977, sig
pwcorr lavg lnprod if nprod!=1 & year==1982, sig
pwcorr lavg lnprod if nprod!=1 & year==1987, sig
pwcorr lavg lnprod if nprod!=1 & year==1992, sig
pwcorr lavg lnprod if nprod!=1 & year==1997, sig
reg lavg lnprod if nprod!=1
reg lavg lnprod if nprod!=1 & year==1972
reg lavg lnprod if nprod!=1 & year==1977
reg lavg lnprod if nprod!=1 & year==1982
reg lavg lnprod if nprod!=1 & year==1987
reg lavg lnprod if nprod!=1 & year==1992
reg lavg lnprod if nprod>1 & year==1997

save d_18r, replace


log close





**20 Breakdown of mplant vs mp
capture log close
log using ps4_basic_part20, text replace

*use plant data to determine number of plants per firm
use ps4_mpdummies_c8797, clear
keep firmid year mp5 

levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

sort firmid year
merge firmid year using ps4_mplant_c8797, keep(mplant)
tab _merge
drop _merge
save d_20, replace

foreach x in `ylist' {
	display [`x']
	tab mplant mp5 if year==`x'
}

log close




**21 Aggregate decomposition -- no break and two subperiods
capture log close
log using ps4_basic_part21, text replace

use /rdcprojects/br00544/data/pswitch4/fp5_02, clear
keep if year>=1987
save /rdcprojects/br00544/data/pswitch4/r8797/fp5_02_r8797, replace

use /rdcprojects/br00544/data/pswitch4//ps4_firmage, clear
keep if year>=1987
gen deathyear = year==died
save /rdcprojects/br00544/data/pswitch4/r8797/ps4_birthdeath_r8797, replace


foreach xxx in c8797 r8797 {

	display ["   "]
	display [" OLD DECOMP FOR SAMPLE `xxx'  "]
	display ["   "]

	use /rdcprojects/br00544/data/pswitch4/`xxx'/fp5_02_`xxx', clear

	keep firmid year tvs pt_pv rtvs rpt_pv
	rename pt_pv sumpv
	rename rpt_pv rsumpv
	collapse (mean) rtvs tvs (sum) rsumpv sumpv, by(firmid year)
	sort firmid year
	gen lag_tvs    = tvs[_n-1]   if firmid[_n]==firmid[_n-1]
	gen lag_sumpv  = sumpv[_n-1] if firmid[_n]==firmid[_n-1]
	gen lag_rtvs   = rtvs[_n-1]   if firmid[_n]==firmid[_n-1]
	gen lag_rsumpv = rsumpv[_n-1] if firmid[_n]==firmid[_n-1]
	rename tvs check_tvs
	rename sumpv check_sumpv
	rename rtvs check_rtvs
	rename rsumpv check_rsumpv
	save /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_lagtvs_`xxx', replace

	*first, decomposition for post-balance code drop sample
	use /rdcprojects/br00544/data/pswitch4/`xxx'/fp5_02_`xxx', clear

	*drop pt_pv tvs 

	*compute current sum pv and retreive lag total output from file computed above
	egen rsumpv = total(rpt_pv), by(firmid year)
	sort firmid year 
	merge firmid year using /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_lagtvs_`xxx', keep(lag_rtvs lag_rsumpv)
	tab _merge
	drop _merge

	*compute lag pt_pv and intensive marging change
	sort firmid ssic5 year
	gen lag_rpt_pv     = rpt_pv[_n-1] if firmid[_n]==firmid[_n-1] & ssic5[_n]==ssic5[_n-1]
	gen intensive      = rpt_pv-lag_rpt_pv
	gen intensive_pos  = intensive if intensive>0
	gen intensive_neg  = intensive if intensive<=0

	*add birthdeath info and compute change due to extensive margin
	*note that since we are still at the firmid-sic5 level, extensive_add and _drop can't both be nonzero
	*thus the reason for the replace commands in defining them; otherwise extensive is always zero 
	sort firmid year
	merge firmid year using /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_birthdeath_`xxx'
	tab _merge
	*keep if _merge==3
	drop _merge

	sort firmid ssic5 year
	gen wasadded5   = firmid[_n]==firmid[_n-1] & ssic5[_n]==ssic5[_n-1] & rpt_pv[_n-1]==. & rpt_pv[_n]~=.
	replace wasadded5=0 if birthyear==1
	gen wasdropped5 = firmid[_n]==firmid[_n-1] & ssic5[_n]==ssic5[_n-1] & rpt_pv[_n-1]~=. & rpt_pv[_n]==.
	replace wasdropped5=0 if deathyear[_n-1]==1
	
	gen extensive_add  = rpt_pv*wasadded5
	replace extensive_add=0 if extensive_add==.
	gen extensive_drop = -lag_rpt_pv*wasdropped5
	replace extensive_drop=0 if extensive_drop==.
	gen extensive      = extensive_add+extensive_drop

	save /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_aggdecomp_01_`xxx', replace
	*use /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_aggdecomp_01_`xxx', clear
	
	*sum the intensive and extensive margins to the firmid-year level before accountring for entry exit
	collapse (sum) intensive* extensive* (mean) rsumpv lag_rsumpv rtvs lag_rtvs deathyear birthyear, by(firmid year)

	*compute changes due to entry and exit
	*note that since we entry and exit can't both be nonzero
	*thus the reason for the replace commands in defining them; otherwise entryexit is always zero
	sort firmid year
	gen exit           = -lag_rsumpv*deathyear[_n-1]
	replace exit=0 if exit==.
	gen entry          = rsumpv*birthyear
	replace entry=0 if entry==.
	gen entryexit      = entry + exit

	*here are values; shares after next collapse
	table year, c(sum rsumpv    sum entryexit     sum extensive sum intensive) f(%15.0fc)
	table year, c(sum entryexit sum entry         sum exit)                    f(%15.0fc)
	table year, c(sum extensive sum extensive_add sum extensive_drop)          f(%15.0fc)
	table year, c(sum intensive sum intensive_pos sum intensive_neg)           f(%15.0fc)

	save /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_aggdecomp_02_`xxx', replace

	*collapse to compute shares
	collapse (sum) lag_rsumpv entryexit extensive* intensive* entry exit,   by(year)
	foreach zzz in entryexit entry exit extensive extensive_add extensive_drop intensive intensive_pos intensive_neg {
		gen sh_`zzz' = `zzz'/lag_rsumpv*100
	}
	
	table year, c(sum sh_entryexit sum sh_extensive sum sh_intensive) f(%15.2fc)
	table year, c(sum sh_entryexit sum sh_entry sum sh_exit) f(%5.2fc)
	table year, c(sum sh_extensive sum sh_extensive_add sum sh_extensive_drop) f(%5.2fc)
	table year, c(sum sh_intensive sum sh_intensive_pos sum sh_intensive_neg) f(%5.2fc)

	*check the shares across all years
	gen t=1
	gen t1=year==1977
	gen t2 = t1*lag_rsumpv
	rename t2 rsumpv_1972
	replace entryexit = 0 if year==1972
	replace entry=0 if year==1972
	collapse (sum) rsumpv_1972 entryexit extensive* intensive* entry exit,   by(t)
	foreach zzz in entryexit entry exit extensive extensive_add extensive_drop intensive intensive_pos intensive_neg {
		gen sh_`zzz' = `zzz'/rsumpv_1972*100
	}
	table t, c(sum sh_entryexit sum sh_extensive sum sh_intensive) f(%15.2fc)
	table t, c(sum sh_entryexit sum sh_entry sum sh_exit) f(%5.2fc)
	table t, c(sum sh_extensive sum sh_extensive_add sum sh_extensive_drop) f(%5.2fc)
	table t, c(sum sh_intensive sum sh_intensive_pos sum sh_intensive_neg) f(%5.2fc)

	save /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_aggdecomp_03_`xxx', replace
}

log close






**22 New decomposition:
**
**   For each year-ssic5 what fraction of output is by:
**		a. Entirely new firms
**		b. Firms new to this product
**		c. Firms that were in this product in year t-5
**   For each year-ssic5 what fraction of output is by:
**		a. Firms that will die by t+5
**		b. Firms that will exit the product but not die by t+5
**		c. Firms that will remain in the product by year t+5
**
**   NOTE: also break down above in terms of counts
**
**   NOTE: start with ps4_aggdecomp from above, which is a firm x product x year
**         dataset
**
**
**  (NEW)
capture log close
log using ps4_basic_part22, text replace

foreach xxx in c8797 {

	*generate file with total employment by product-year
	use /rdcprojects/br00544/data/pswitch4/`xxx'/fp5_02_`xxx', clear
	collapse (sum) te, by(ssic5 year)
	rename te sumte
	drop if ssic5==""
	sort ssic5 year
	save /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_te, replace
	

	*first do add version
	use /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_aggdecomp_01_`xxx', clear
	
	
	*see how many years in this sample
	levelsof year, local(ylist)
	local ynum=0
	foreach l in `ylist' {
		local y`ynum' = `l'
		local ynum = `ynum'+1
		local ylast = `l'
	}
	
	gen type       = ""
	replace type   = "continuer" if rpt_pv~=. & rpt_pv[_n-1]~=. & firmid==firmid[_n-1] & ssic5==ssic5[_n-1]
	replace type   = "adder"     if rpt_pv~=. & rpt_pv[_n-1]==. & firmid==firmid[_n-1] & ssic5==ssic5[_n-1]
	replace type   = "entrant"   if type=="adder" & birthyear==1
	
	*for value
	gen vcontinuer = pt_pv if type=="continuer"
	gen ventrant   = pt_pv if type=="entrant"
	gen vadder     = pt_pv if type=="adder"
	
	*for count
	gen ncontinuer = 1     if type=="continuer"
	gen nentrant   = 1     if type=="entrant"
	gen nadder     = 1     if type=="adder"
	gen n          = 1     if type~=""

	save /rdcprojects/br00544/data/pswitch4/`xxx'/d_22_a_`xxx', replace

	collapse (sum) ncontinuer nentrant nadder vcontinuer ventrant vadder pt_pv n, by(ssic5 year)
	
	*merge in total employment data for weighting in tables
	
	sort ssic5 year
	merge ssic5 year using /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_te, keep(sumte)
	tab _merge
	keep if _merge==3
	drop _merge

	rename pt_pv sumpv
	gen ssic2        = substr(ssic5,1,2)
	gen sh_continuer = vcontinuer/sumpv*100
	gen sh_entrant   = ventrant/sumpv*100
	gen sh_adder     = vadder/sumpv*100

	gen sh_ncontinuer = ncontinuer/n*100
	gen sh_nentrant   = nentrant/n*100
	gen sh_nadder     = nadder/n*100

	gen vtest         = sh_continuer + sh_entrant + sh_adder
	sum vtest
	gen ntest         = sh_ncontinuer + sh_nentrant + sh_nadder
	sum ntest
	
	*mean and sd of values
	table year               , c(mean sh_continuer mean sh_entrant mean sh_adder) f(%15.0fc)
	table year [fw=int(sumpv)]  , c(mean sh_continuer mean sh_entrant mean sh_adder) f(%15.0fc)
	table year [fw=int(sumte)]  , c(mean sh_continuer mean sh_entrant mean sh_adder) f(%15.0fc)
	table ssic2 if year==1992, c(mean sh_continuer mean sh_entrant mean sh_adder) f(%15.0fc)
	table ssic2 [fw=int(sumpv)] if year==1992, c(mean sh_continuer mean sh_entrant mean sh_adder) f(%15.0fc)
	table ssic2 [fw=int(sumte)] if year==1992, c(mean sh_continuer mean sh_entrant mean sh_adder) f(%15.0fc)
	*table year, c(sd   sh_continuer sd   sh_entrant sd   sh_adder) f(%15.0fc)	

	table year               , c(mean sh_ncontinuer mean sh_nentrant mean sh_nadder) f(%15.0fc)
	table ssic2 if year==1992, c(mean sh_ncontinuer mean sh_nentrant mean sh_nadder) f(%15.0fc)
	*table year, c(sd   sh_continuer sd   sh_entrant sd   sh_adder) f(%15.0fc)		
	
}


	*second do drop version
	use /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_aggdecomp_01_`xxx', clear
	
	sort firmid ssic5 year
	gen type = "" 
	replace type = "continuer" if rpt_pv~=. & rpt_pv[_n+1]~=. & firmid==firmid[_n+1] & ssic5==ssic5[_n+1]
	replace type = "dropper"   if rpt_pv~=. & rpt_pv[_n+1]==. & firmid==firmid[_n+1] & ssic5==ssic5[_n+1]
	replace type = "exiter"  if type=="dropper" & deathyear==1
	
	gen vcontinuer = pt_pv if type=="continuer"
	gen vexiter    = pt_pv if type=="exiter"
	gen vdropper   = pt_pv if type=="dropper"

	gen ncontinuer = 1     if type=="continuer"
	gen nexiter    = 1     if type=="exiter"
	gen ndropper   = 1     if type=="dropper"
	gen n          = 1     if type~=""
	
	save /rdcprojects/br00544/data/pswitch4/`xxx'/d_22_d_`xxx', replace
	
	collapse (sum) ncontinuer nexiter ndropper vcontinuer vexiter vdropper pt_pv n, by(ssic5 year)
	
	*merge in total employment data for weighting in tables
	
	sort ssic5 year
	merge ssic5 year using /rdcprojects/br00544/data/pswitch4/`xxx'/ps4_te, keep(sumte)
	tab _merge
	keep if _merge==3
	drop _merge

	rename pt_pv sumpv
	gen ssic2        = substr(ssic5,1,2)

	gen sh_continuer = vcontinuer/sumpv*100
	gen sh_exiter    = vexiter/sumpv*100
	gen sh_dropper   = vdropper/sumpv*100

	gen sh_ncontinuer = ncontinuer/n*100
	gen sh_nexiter    = nexiter/n*100
	gen sh_ndropper   = ndropper/n*100

	gen vtest = sh_continuer + sh_exiter + sh_dropper
	sum vtest
	gen ntest = sh_ncontinuer + sh_nexiter + sh_ndropper
	sum ntest

	*mean and sd
	table year               , c(mean sh_continuer mean sh_exiter mean sh_dropper) f(%15.0fc)
	table year [fw=int(sumpv)]  , c(mean sh_continuer mean sh_exiter mean sh_dropper) f(%15.0fc)
	table year [fw=int(sumte)]  , c(mean sh_continuer mean sh_exiter mean sh_dropper) f(%15.0fc)
	table ssic2 if year==1992, c(mean sh_continuer mean sh_exiter mean sh_dropper) f(%15.0fc)
	table ssic2 [fw=int(sumpv)] if year==1992, c(mean sh_continuer mean sh_exiter mean sh_dropper) f(%15.0fc)
	table ssic2 [fw=int(sumte)] if year==1992, c(mean sh_continuer mean sh_exiter mean sh_dropper) f(%15.0fc)
	*table year, c(sd   sh_continuer sd   sh_exiter sd   sh_dropper) f(%15.0fc)

	table year               , c(mean sh_ncontinuer mean sh_nexiter mean sh_ndropper) f(%15.0fc)
	table ssic2 if year==1992, c(mean sh_ncontinuer mean sh_nexiter mean sh_ndropper) f(%15.0fc)
	*table year, c(sd   sh_continuer sd   sh_exiter sd   sh_dropper) f(%15.0fc)
	

}
log close





**23 Turbulence
**  (NEW)

use ps4_aggdecomp_01_c8797, clear

gen  lintensive   = ln(intensive)
egen mlintensive  = mean(lintensive), by(ssic5 year)
egen sdlintensive = sd(lintensive), by(ssic5 year)

collapse (mean) mlintensive sdlintensive, by(ssic5 year)
sort ssic5 year
save ps4_turbulence_c8797, replace


capture log close
log using ps4_basic_part23, text replace

use  ps4_adddroprate, clear

levelsof year, local(ylist)
local ynum=0
foreach l in `ylist' {
	local y`ynum' = `l'
	local ynum    = `ynum'+1
	local ylast   = `l'
}

drop if year==`y0'

gen addrate  = nadd  / ((n+nlag)/2)
gen droprate = ndrop / ((n+nlag)/2)
gen ssic2    = substr(ssic5,1,2)

sort ssic5 year
merge ssic5 year using ps4_turbulence_c8797, keep(mlintensive sdlintensive)
tab _merge
drop _merge

sort ssic5
merge ssic5 using ps4_7in5_c8797, keep(n7)
tab _merge
drop _merge

sort ssic5 year
merge ssic5 year using ps4_prodattributes_c8797
tab _merge
drop _merge

local ylast=1997
egen minrate=rowmin(addrate droprate)
gen la  = ln(addrate/(1-addrate))
gen ld  = ln(droprate/(1-droprate))
gen lm  = ln(minrate/(1-minrate))
gen ln7 = ln(n7)
gen lsd = ln(sdlintensive) 

foreach l in addrate droprate {
	reg   `l' sd           if year==`ylast'
	reg   `l' sd lsunk ln7 if year==`ylast'
	tobit `l' sd           if year==`ylast', ll(0) ul(1)
	tobit `l' sd lsunk ln7 if year==`ylast', ll(0) ul(1)
}

log close








**25 Co-production
**
** a Create co-prod matrix
**
**    a1. Read in firm-product dataset. 
**    a2. Drop SP firms 
**    a3. within-firm cross with same (as in mna)
**
** b Summarize co-prod at the two-digit level.
**
**    Number in each cell is the number of firms with that pattern even if they have more than one
**    combination of products that fits it. 
**
**
** c Summarize co-adding at the two digit level
**
**    i is the year t production
**    j is the year t+5 production
**

capture log close
log using ps4_basic_part25, text replace

use fp5_02_c8797, clear

gen i=pt_pv~=0 & pt_pv~=1
egen nprod = sum(i), by(firmid year)
sum nprod
drop if nprod==1
keep firmid ssic5 year tvs
rename ssic5 ssic5i
sort ssic5i
egen gi=group(ssic5i)
sort firmid year
save junk_coprodi_c8797, replace

rename ssic5i ssic5j
rename gi gj
sort firmid year
save junk_coprodj_c8797, replace
joinby firmid year using junk_coprodi_c8797
sort firmid year ssic5i ssic5j
order firmid year ssic5i ssic5j

**drop dups & opposites
drop if ssic5i==ssic5j
drop if gi<gj

save ps4_coprod5_c8797, replace

**b
use ps4_coprod5_c8797, clear

gen ssic2i = substr(ssic5i,1,2)
gen ssic2j = substr(ssic5j,1,2)
destring ssic2i, force g(s2i)
destring ssic2j, force g(s2j)
gen ncombs=1
collapse (sum) ncombs, by(firmid year ssic2i ssic2j)
sum ncombs


table ssic2i ssic2j if ssic2i~="21" & ssic2j~="21", c(sum ncombs)

save d_25, replace


log close




**26  Difference between r8797 and c8797
**    Compare number of ssic5 and total value of ssic5 in r8797 v c8797 samples

capture log close
log using ps4_basic_part26, text replace

use /rdcprojects/br00544/data/pswitch4/r8797/fp5_02_r8797, clear
codebook ssic5
sort ssic5
save /rdcprojects/br00544/data/pswitch4/r8797/fp5_02_r8797, replace

use /rdcprojects/br00544/data/pswitch4/curpc5_87, clear 
sort curpc5 
foreach yr in 92 97 { 
	merge curpc5 using /rdcprojects/br00544/data/pswitch4/curpc5_`yr' 
	tab _merge  
	keep if _merge==3
	drop _merge 
	sort curpc5 
	gen year=`yr' 
	tab year 
	drop year 
}	 
codebook curpc5
rename curpc5 ssic5
sort ssic5
merge ssic5 using /rdcprojects/br00544/data/pswitch4/r8797/fp5_02_r8797
keep if _merge==3
sort firmid ssic5 year
save contemp, replace

use /rdcprojects/br00544/data/pswitch4/r8797/fp5_02_r8797, clear
replace pt_pv=. if pt_pv==0
drop if pt_pv==.
keep firmid ssic5 year pt_pv
replace pt_pv=. if pt_pv==0
rename pt_pv raw_pv
sort firmid ssic5 year
merge firmid ssic5 year using contemp, keep(pt_pv)
tab _merge
replace pt_pv=. if pt_pv==0
rename pt_pv constant_pv

**examine value
gen rawv = raw_pv/1000000
gen v    = constant_pv/1000000
table year, c(sum rawv sum v)
table year, c(count rawv count v)
save d26, replace

**examine number of ssic5
collapse (sum) raw_pv constant_pv, by(ssic5 year)
replace raw_pv=. if raw_pv==0
replace constant_pv=. if constant_pv==0
gen x=1
sort year
by year: table x, c(count raw_pv count constant_pv)

log close






**Section 27: check section 26

foreach yr in 87 92 97 { 
	use /rdcprojects/br00544/jense002/FTDPROJ/Justin/AD/cmf`yr'prod, clear 
	keep curpc pv ppn
	gen curpc5=substr(curpc,1,5)
	gen beg=substr(curpc,1,1)
	keep if beg=="2" | beg=="3"
	sort ppn
	merge ppn using /rdcprojects/br00544/data/pswitch4/ps4_plantchars, keep(firmid)
	save /rdcprojects/br00544/data/pswitch4/d27_`yr', replace
	collapse (sum) pv, by(curpc5)
	sort curpc5
	save /rdcprojects/br00544/data/pswitch4/testraw_`yr', replace
	 
} 

capture log close
log using ps4_basic_part27, text replace

use /rdcprojects/br00544/data/pswitch4/testraw_87, clear
sort curpc
replace pv=pv/1000000
rename pv pv87
merge curpc using /rdcprojects/br00544/data/pswitch4/testraw_92
rename _merge _merge92
replace pv=pv/1000000
rename pv pv92
sort curpc
merge curpc using /rdcprojects/br00544/data/pswitch4/testraw_97
rename _merge _merge97
replace pv=pv/1000000
rename pv pv97
sort curpc
gen end = substr(curpc,5,5)
gen idx = pv87~=. & pv92~=. & pv97~=.
table idx, c(sum pv87 sum pv92 sum pv97) f(%9.0fc)
table idx, c(count pv87 count pv92 count pv97) f(%9.0fc)
table idx if end~="0", c(count pv87 count pv92 count pv97) f(%9.0fc)

log close





**Section 28: M&A Check

capture log close
log using ps4_basic_part28_details, text replace


**a Create plant birth/death indicators as well as firm-plant-year tvs for merging in below
**   
**  Note: This readin file contains pt_pv,tvs,ar,frmnu,censt and has already dropped based on balance codes 
**
**  Note: Birth year is the **first** year the plant id appears in the CMF
**  Note: Death year is the **last**  year the plant id appears
**
use ps4_plantlevel_c8797, clear 
drop if ar==1
collapse (mean) tvs, by(ppn year) 
drop if tvs==0 | tvs==. 
egen born = min(year), by(ppn) 
egen died = max(year), by(ppn) 
gen pbirthyear = born==year 
gen pdeathyear = died==year 
keep if pbirthyear==1 | pdeathyear==1 
sort ppn year 
save ps4_pbirthdeath_c8797, replace 

use ps4_plantlevel_c8797, clear 
drop if ar==1
collapse (mean) tvs, by(firmid ppn year)  
sort firmid ppn year
save ps4_fptvs_c8797, replace 

  
**b Create indicators for plants that are: opened, added, closed, divested
**
**  Start with plantlevel data, find out which firms-plants ever appear together
**  Create junkfillin which contains all possible firm-plant-year matches
**  Add in info about plant births and deaths and firm-plant tvs
**  Create activity vars
**
use ps4_plantlevel_c8797, clear 
collapse (mean) tvs, by(firmid ppn year) 
 
*create full firmid-ppn-year dataset but only cross firmid x ppn for combinations that appear together 
*at least once; save mapping of group variable to firmid ppn for merging in in a second 
egen temp = group(firmid ppn) 
sort temp 
save junk_temp_c8797, replace 
drop firmid ppn tvs
fillin temp year 
 
*merge in group var's firmids and ppns 
*verify that _merge only equals 3
sort temp 
merge temp using junk_temp_c8797, keep(firmid ppn) 
tab _merge 
drop if _merge==2 
drop _merge 
sort firmid ppn year 

*merge in plant birth and death 
*note that this merge has to be done at the plant year level so we know plant birth and death irrespective of the firm with which it is paired
*verify that _merge does not equal 2
sort ppn year 
merge ppn year using ps4_pbirthdeath_c8797, keep(pbirthyear pdeathyear) 
tab _merge 
drop if _merge==2  
drop _merge 
 
*merge in plant tvs 
*note that this merge has to be done at the firmdid plant year level so we only see plant activity with non-counter-factual pairings
*verify that _merge does not equal 2 and that replace command is not binding
*note that this merge will result in tvs=. for firmid--ppn--year combinations before the firm and ppn meet, and after they part
sort firmid ppn year 
merge firmid ppn year using ps4_fptvs_c8797, keep(tvs) 
tab _merge 
drop if _merge==2  
drop _merge 
replace tvs=. if tvs==0
replace tvs=. if _fillin==1

save junkfillin, replace

*generate flags for plants that are acquired or dropped and opened or closed
*basic idea: if firm-plant has tvs this year but not last year then it must have been acquired unless it was born
use junkfillin, clear
sort firmid ppn year  
gen p_wasacquired = tvs~=. & tvs[_n-1]==. & ppn==ppn[_n-1] & firmid==firmid[_n-1] & year==year[_n-1]+5 
gen p_wasopened   = p_wasacquired==1 & pbirthyear==1
replace p_wasacquired=0 if pbirthyear==1 

gen p_wasdivested = tvs==. & tvs[_n-1]~=. & ppn==ppn[_n-1] & firmid==firmid[_n-1] & year==year[_n-1]+5 
gen p_wasclosed   = p_wasdivested==1 & pdeathyear[_n-1]==1
replace p_wasdivested=0 if pdeathyear[_n-1]==1 & p_wasdivested==1 
 
gen p_incumbent   = tvs~=. & tvs[_n-1]~=. & ppn==ppn[_n-1] & firmid==firmid[_n-1] & year==year[_n-1]+5

*verify that when p_incumbent==1, all others ~=1 (verified by JRP 01/03/07)
*verify that cases of all 5 equaling zero are possible (hand check) (verified by JRP 01/03/07)
*verify that none of these categories have missing values (verified by JRP 01/03/07)
codebook p_*
foreach x in p_wasacquired p_wasopened p_wasclosed p_wasdivested {
	tab p_incumbent `x'
}

sort firmid ppn year 
drop temp 
save ps4_plantstatus_c8797, replace

**c collapse plant status indicators to firm-x-year level

*create firmid-ppn-ssic5-year dataset for loop below 
foreach x in 2 5 {
	use ps4_plantlevel_c8797, clear 
	gen ssic2=substr(ssic5,1,2) 
	collapse (mean) tvs pt_pv rpt_pv, by(firmid ssic`x' ppn year) 
	egen temp = group(firmid ppn ssic`x') 
	sort temp 
	save junk_temp`x'_c8797, replace 
	drop firmid ppn ssic`x' tvs
	fillin temp year 

	*merge in group var's firmids and ppns
	*verify that _merge only equals 3 
	sort temp 
	merge temp using junk_temp`x'_c8797, keep(firmid ppn ssic`x') 
	tab _merge 
	drop if _merge==2 
	drop _merge 
	sort firmid ppn ssic`x' year
	
 
	*merge in plant-type dummies from last section
	display ["merge in plant-type dummies from last section"]
	*verify that _merge ~=2
	sort firmid ppn year 
	merge firmid ppn year using ps4_plantstatus_c8797, keep(p_wasacquired p_wasopened p_wasclosed p_wasdivested p_incumbent) 
	tab _merge 
	drop if _merge==2  
	drop _merge 

	*collapse to firm-ssic5-year dataset, but count plants of each type
	collapse (sum) p_incumbent p_wasacquired p_wasopened p_wasdivested p_wasclosed pt_pv rpt_pv, by(firmid ssic`x' year)
	sort firmid ssic`x' year
	save ps4_plantstatus`x'_c8797, replace
}


**d Merge the plant status indicators into the section 7 dataset
foreach x in 5 2 {

	*read in firm-ssic`x'-year wasadded/dropped indicator from section 7 and compare
	*justin -- i need to know the results of this merge and compare
	display ["compare wasadded`x' from section to fwasadded here"]
	use ps4_wasadded_wasdropped_`x'_c8797, clear
	sort firmid ssic`x' year
	merge firmid ssic`x' year using ps4_plantstatus`x'_c8797, keep (p_* pt_pv rpt_pv)
	tab _merge 
	drop if _merge==2
	drop _merge
	
	*create activity vars based on count; use vars from section 7 to be consistent
	sort firmid ssic`x' year
	gen add_incumbent  = wasadded`x'==1 & p_incumbent>0 
	gen add_acquired   = wasadded`x'==1 & p_wasacquired>0 & p_wasacquired~=.
	gen add_opened     = wasadded`x'==1 & p_wasopened>0 & p_wasopened~=.
	gen drop_incumbent = wasdropped`x'==1 & p_incumbent>0
	gen drop_divested  = wasdropped`x'==1 & p_wasdivested>0 & p_wasdivested~=.
	gen drop_closed    = wasdropped`x'==1 & p_wasclosed>0 & p_wasclosed~=.
	
	*fix for missing plant status info
	replace add_incumbent=1 if wasadded`x'==1 & p_incumbent==0 & p_wasacquired==0 & p_wasopened==0
	replace drop_incumbent=1 if wasdropped`x'==1 & p_incumbent==0 & p_wasdivested==0 & p_wasclosed==0
	
	*check the two activity vars
	gen add_test  = add_incumbent + add_acquired + add_opened 
	gen drop_test = drop_incumbent + drop_divested + drop_closed
	tab wasadded`x' add_test if year>1987
	tab wasdropped`x' drop_test if year>1987

	save ps4_mnacount`x'_1_c8797, replace	
}

capture log close
log using ps4_basic_part28.log, replace

*e
*ssic`x' level add/droptype
foreach x in  5 2 { 

	*first report count and value at product level 
	*1 - existing only
	*2 - add/divest only 
	*3 - open/close only
	*4 - combination with M&A
	*5 - combinateion with no M&A

 	use ps4_mnacount`x'_1_c8797, clear
	
	sort firm ssic`x' year

	gen addtype`x'=. 
	replace addtype`x' = 5 if add_acquired==0 & (add_incumbent~=0 | add_opened~=0)
	replace addtype`x' = 4 if add_acquired~=0 & (add_incumbent~=0 | add_opened~=0)
	replace addtype`x' = 1 if add_incumbent~=0 & add_acquired==0 & add_opened==0
	replace addtype`x' = 2 if add_incumbent==0 & add_acquired~=0 & add_opened==0
	replace addtype`x' = 3 if add_incumbent==0 & add_acquired==0 & add_opened~=0

	gen droptype`x'=.
	replace droptype`x' = 5 if drop_divested==0 & (drop_incumbent~=0 | drop_closed~=0)
	replace droptype`x' = 4 if drop_divested~=0 & (drop_incumbent~=0 | drop_closed~=0)
	replace droptype`x' = 1 if drop_incumbent~=0 & drop_divested==0 & drop_closed==0
	replace droptype`x' = 2 if drop_incumbent==0 & drop_divested~=0 & drop_closed==0
	replace droptype`x' = 3 if drop_incumbent==0 & drop_divested==0 & drop_closed~=0
 

	**create indicator for firms that are in the secton 7 sample
	sort firmid year
	merge firmid year using ps4_nadb`x'_c8797, keep(nadb`x' na`x' idx)
	tab _merge
	gen sect7firm = _merge==2 | _merge==3
	rename idx sect7idx
	rename nadb`x' sect7nadb`x'
	rename na`x' sect7na`x'
	drop _merge 

	*create dormancy dummy for dropping below because we have no info about their behavior
 	sort firmid 
 	merge firmid using ps4_dormant_c8797, keep(dormant)
 	tab _merge
 	drop if _merge==2
 	drop _merge
	replace addtype`x'=. if dormant~=0
	replace droptype`x'=. if dormant~=0

	*results
 	sort firmid ssic`x' year
 	replace rpt_pv=0 if rpt_pv<0 | rpt_pv==.
	gen rv=rpt_pv/1000000
	gen rvlag = rpt_pv[_n-1]/1000000
	
	tab addtype`x'    if sect7idx==1 & dormant==0
	table addtype`x'  if sect7idx==1 & dormant==0, c(sum rv) f(%5.2fc)
	tab droptype`x'   if sect7idx==1 & dormant==0
	table droptype`x' if sect7idx==1 & dormant==0, c(sum rvlag) f(%5.2fc)

	save ps4_mnacount`x'_2_c8797, replace

}

*f
*firm level add/droptype
foreach x in 5 2 {

	use ps4_mnacount`x'_2_c8797, clear

	*now report count and value at firm level 
	collapse (sum) pt_pv add_* drop_* wasadded`x' wasdropped`x' p_wasacquired p_wasdivested (mean) dormant sect7firm sect7idx /*birthyear deathyear*/, by(firmid year sect7nadb`x') 
	sum
 	sort firmid year
 	merge firmid year using /rdcprojects/br00544/data/pswitch4/ps4_firmchars, keep(rtvs tvs)
 	tab _merge

 	drop if _merge==2
 	drop _merge 
 	 
 	gen addtype`x'=. 
	replace addtype`x' = 5 if add_acquired==0 & (add_incumbent~=0 | add_opened~=0)
	replace addtype`x' = 4 if add_acquired~=0 & (add_incumbent~=0 | add_opened~=0)
	replace addtype`x' = 1 if add_incumbent~=0 & add_acquired==0 & add_opened==0
	replace addtype`x' = 2 if add_incumbent==0 & add_acquired~=0 & add_opened==0
	replace addtype`x' = 3 if add_incumbent==0 & add_acquired==0 & add_opened~=0
	
	gen droptype`x'=.
	replace droptype`x' = 5 if drop_divested==0 & (drop_incumbent~=0 | drop_closed~=0)
	replace droptype`x' = 4 if drop_divested~=0 & (drop_incumbent~=0 | drop_closed~=0)
	replace droptype`x' = 1 if drop_incumbent~=0 & drop_divested==0 & drop_closed==0
	replace droptype`x' = 2 if drop_incumbent==0 & drop_divested~=0 & drop_closed==0
	replace droptype`x' = 3 if drop_incumbent==0 & drop_divested==0 & drop_closed~=0

	*correct for dormancy, which adds ~3k obs to type2
	gen rv=rtvs/1000000
	tab addtype`x'    if sect7idx==1 & dormant==0
	table addtype`x'  if sect7idx==1 & dormant==0, c(sum rv) f(%9.2fc)
	tab droptype`x'   if sect7idx==1 & dormant==0
	table droptype`x' if sect7idx==1 & dormant==0, c(sum rv) f(%9.2fc)

	/*
	*correct for 2 digit data
	replace addtype`x'=1 if (sect7nadb`x'=="2. add only" | sect7nadb`x'=="4. both") & dormant==0 & sect7idx==1 & addtype`x'==.
	replace droptype`x'=1 if (sect7nadb`x'=="3. drop only" | sect7nadb`x'=="4. both") & dormant==0 & sect7idx==1 & droptype`x'==.

	tab addtype`x'    if sect7idx==1 & dormant==0 & (sect7nadb`x'=="2. add only" | sect7nadb`x'=="4. both")
	table addtype`x'  if sect7idx==1 & dormant==0 & (sect7nadb`x'=="2. add only" | sect7nadb`x'=="4. both"), c(sum rv) f(%9.2fc) 
	tab droptype`x'   if sect7idx==1 & dormant==0 & (sect7nadb`x'=="3. drop only" | sect7nadb`x'=="4. both")
	table droptype`x' if sect7idx==1 & dormant==0 & (sect7nadb`x'=="3. drop only" | sect7nadb`x'=="4. both"), c(sum rv) f(%9.2fc) 
	*/

	*correct for dormancy, which adds ~3k obs to type2
	/*
	tab addtype`x'    if sect7firm==1
	table addtype`x'  if sect7firm==1, c(sum rv) f(%9.2fc)
	tab droptype`x'   if sect7firm==1
	table droptype`x' if sect7firm==1, c(sum rv) f(%9.2fc)
	*/
	sort firmid year
	save ps4_mnacount`x'_3_c8797, replace	
} 



*g
*look at nadb for mna vs non mna firms
foreach x in 5 2 {

	use ps4_mnacount`x'_3_c8797, clear

	sort firmid year
	merge firmid year using ps4_nadb`x'_c8797, keep(nadb`x')
	tab _merge 
	drop _merge
	
	gen active = p_wasacquired>1 | p_wasdivested>1
	
	table nadb`x' if dormant==0 & sect7idx & active==1, c(count wasadded) f(%10.0fc)
	table nadb`x' if dormant==0 & sect7idx & active==0, c(count wasadded) f(%10.0fc)

	save ps4_mnacount`x'_4_c8797, replace	
} 

log close





**29 Firm-level new decomposition

capture log close
log using ps4_basic_part29, text replace

*identify was added and to-be-dropped products
quietly {
	foreach x in 5 4 2 {
		use fp`x'_02_c8797, clear
		
		keep firmid ssic`x' year pt_pv
		
		*add birthdeath info
		sort firmid year
		merge firmid year using ps4_birthdeath_c8797
		tab _merge
		drop _merge
		
		sort firmid ssic`x' year
		gen wasadded`x' = firmid[_n]==firmid[_n-1] & ssic`x'[_n]==ssic`x'[_n-1] & pt_pv[_n-1]==. & pt_pv[_n]~=.
		replace wasadded`x' = 0 if birthyear==1
		gen willdrop`x' = firmid[_n]==firmid[_n+1] & ssic`x'[_n]==ssic`x'[_n+1] & pt_pv[_n+1]==. & pt_pv[_n]~=.
		replace willdrop`x'=0 if deathyear[_n]==1
		
		**compute shares
		gen av = wasadded`x'*pt_pv
		gen dv = willdrop`x'*pt_pv
		egen sumpv = total(pt_pv), by(firmid year)
		egen sumav = total(av), by(firmid year)
		egen sumdv = total(dv), by(firmid year)
		gen as = av/sumpv*100
		gen ds = dv/sumpv*100
		
		noisily display [`x']
		noisily table year if birthyear~=1 & as~=0, c(mean as)
		noisily table year if deathyear~=1 & ds~=0, c(mean ds)
	}
}






**30 Generate shares of codes and value lost when moving from the raw sample to the constant sample and then dropping trailing zeros

** Create Unique List of curpc5 for each year
** Also generates the number of sic5s for each year
** Also generates sum(pv) for each year

log using ps4_basic_part30.log, replace

foreach yr in 72 77 82 87 92 97 {
	use /rdcprojects/br00544/jense002/FTDPROJ/Justin/AD/cmf`yr'prod, clear
	keep ppn curpc pv year
	gen curpc5=substr(curpc,1,5)
	gen curpc1=substr(curpc,1,1)
	destring curpc1, replace
	drop if curpc1<2
	drop if curpc1>3
	egen value=sum(pv)
	display [`yr']
	sum value, det
	codebook value
	drop curpc1
	codebook curpc5
	drop value
	sort curpc5
	save curpc5_val_`yr', replace
	keep curpc5
	duplicates drop curpc5, force
	sort curpc5
	save curpc5_`yr', replace
}

** Create constant list of sic5s for 7297 sample

use curpc5_72
sort curpc5
foreach yr in 77 82 87 92 97 {
	merge using curpc5_`yr'
	tab _merge
	keep if _merge==3
	drop _merge
	save curpc5_7297, replace
}

use curpc5_7297, clear
duplicates drop curpc5, force
drop if curpc5==""
display ["Constant 7297 sample"]
codebook curpc5
sort curpc5
save curpc5_7297, replace

** Create constant list of sic5s for 7282 sample

use curpc5_72
sort curpc5
foreach yr in 77 82 {
	merge using curpc5_`yr'
	tab _merge
	keep if _merge==3
	drop _merge
	save curpc5_7282, replace
}

use curpc5_7282, clear
duplicates drop curpc5, force
drop if curpc5==""
display ["Constant 7282 sample"]
codebook curpc5
sort curpc5
save curpc5_7282, replace


** Create constant list of sic5s for 8797 sample

use curpc5_87
sort curpc5
foreach yr in 92 97 {
	merge using curpc5_`yr'
	tab _merge
	keep if _merge==3
	drop _merge
	save curpc5_8797, replace
}

use curpc5_8797, clear
duplicates drop curpc5, force
drop if curpc5==""
display ["Constant 8797 sample"]
codebook curpc5
sort curpc5
save curpc5_8797, replace

** Create dataset that drops zeros with no additional information from each of the constant samples created above

foreach xxx in 7297 7282 8797 {
	use curpc5_`xxx', clear
	gen last0  = substr(curpc5,5,1)=="0" 
	gen curpc4 = substr(curpc5,1,4) 
	egen n5    = count(last0), by(curpc4) 
	egen n5_0  = total(last0), by(curpc4) 
	gen i      = n5==1 & n5_0==1 
	tab last0 i     
	drop if last0==1 & i==0 
	tab last0 i 
	drop last0-i 
	display [`xxx']
	duplicates drop curpc5, force
	codebook curpc5
	save curpc5_`xxx'_no0, replace
}


**Calculate Values for each year based on "constant" samples

**7282 sample

foreach yr in 72 77 82 87 92 97 {
	use curpc5_val_`yr', clear
	sort curpc5
	merge curpc5 using curpc5_7282
	keep if _merge==3
	egen value=sum(pv)
	display [`yr']
	codebook value
	codebook curpc5
	save curpc5_`yr'_c7282, replace
}

foreach yr in 72 77 82 87 92 97 {
	use curpc5_val_`yr', clear
	sort curpc5
	merge curpc5 using curpc5_7282_no0
	keep if _merge==3
	egen value=sum(pv)
	display [`yr']
	codebook value
	codebook curpc5
	save curpc5_`yr'_c7282_no0, replace
}

**8797 sample

foreach yr in 72 77 82 87 92 97 {
	use curpc5_val_`yr', clear
	sort curpc5
	merge curpc5 using curpc5_8797
	keep if _merge==3
	egen value=sum(pv)
	display [`yr']
	codebook value
	codebook curpc5
	save curpc5_`yr'_c8797, replace
}

foreach yr in 72 77 82 87 92 97 {
	use curpc5_val_`yr', clear
	sort curpc5
	merge curpc5 using curpc5_8797_no0
	keep if _merge==3
	egen value=sum(pv)
	display [`yr']
	codebook value
	codebook curpc5
	save curpc5_`yr'_c8797_no0, replace
}

**7297 sample

foreach yr in 72 77 82 87 92 97 {
	use curpc5_val_`yr', clear
	sort curpc5
	merge curpc5 using curpc5_7297
	keep if _merge==3
	egen value=sum(pv)
	display [`yr']
	codebook value
	codebook curpc5
	save curpc5_`yr'_c7297, replace
}

foreach yr in 72 77 82 87 92 97 {
	use curpc5_val_`yr', clear
	sort curpc5
	merge curpc5 using curpc5_7297_no0
	keep if _merge==3
	egen value=sum(pv)
	display [`yr']
	codebook value
	codebook curpc5
	save curpc5_`yr'_c7297_no0, replace
}


log close
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Table 1: Prevalence of Firms Producing Multiple Products, Industries and Sectors in 1997

[image: image1.emf]Type of FirmPercent of Percent of Mean Products, 


Multiple Product 39873.5


Multiple-Industry 28812.8


Multiple-Sector 10662.3




Notes:  Table categorizes firms according to whether they produce multiple products (five-digit SIC categories), industries (four-digit SIC categories) or sectors (two-digit SIC categories). Columns one and two summarize the distribution of firms and output, respectively. Final column reports the mean number of products, industries and sectors across firms producing more than one of each. 

Table 2: 1997 Multiple-Product versus Single-Product Firm Characteristics

[image: image2.emf]Firm Characteristic


Multiple ProductMultiple IndustryMultiple Sector


Output 0.660.670.92


Employment 0.580.610.86


Probability of Export 0.120.120.16


Labor Productivity 0.080.060.06


TFPR 0.020.020.00




Notes:  Results are from OLS regressions of log characteristics on a dummy variable indicating the firms' status as well as main industry fixed effects, i.e., the industry in which firms have the highest value of shipments. Regressions are restricted to the 110,414 observations for which all firm characteristics are available. All differences are statistically significant at the 1 percent level based on standard errors clustered by main industry except for multiple-sector firms’ TFPR.

Table 3: Product Switching by U.S. Manufacturing Firms, 1987 to 1997

[image: image3.emf]Firm Activity


All FirmsMulti-Product ExportersLarge FirmsMulti-Plant 


None 4620383925


Drop Product(s) Only 1512181721


Add Product(s) Only 1432141615


Both Add and Drop  2536312838


Firm Activity


All FirmsMulti-Product ExportersLarge FirmsMulti-Plant 


None 1166105


Drop Product(s) Only 10891010


Add Product(s) Only 10129109


Both Add and Drop  6875767077


Percent of Firms


Output-Weighted Percent of Firms




Notes:  Top panel displays average percent of surviving U.S. manufacturing firms engaging in each type of product-changing activity across five-year intervals from 1987 to 1997.  Bottom panel provides a similar breakdown but weighting each firm by its output.  Products refer to five-digit SIC categories. The four firm activities are mutually exclusive.  "Large Firms" are defined as firms whose output is above the seventy-fifth percentile.

Table 4: Product Switching and Changes in Firm Characteristics, 1987 to 1997

[image: image4.emf]Obs


R


2


Log Change in Real Output -0.078***0.096***94,0120.05


(0.0093)(0.0076)


Log Change in Employment -0.085***0.078***94,0120.03


(0.0100)(0.0075)


Log Change in Real Output/Worker 0.007**0.018***94,0120.03


(0.0038)(0.0043)


Change in TFPR -0.041***0.031***94,0120.08


(0.0070)(0.0076)


Net DropNet Add




Notes:  Table summarizes OLS regression results of log change in firm characteristics over five-year intervals according to whether firms net add or net drop products. Each row summarizes the regression for the noted dependent variable. Standard errors in parentheses are adjusted for clustering by product-mix. Regressions include product mix by year fixed effects. ***, **, and * represent statistical significance at the 1 percent, 5 percent and 10 percent levels, respectively.

Table 5: Sector and Industry Switching by U.S. Manufacturing Firms, 1987 to 1997

[image: image5.emf]Firm Activity


Product ActivityIndustry ActivitySector Actvivity


None 465984


Drop Only 15146


Add Only 14136


Both Add and Drop  25143


Percent of Firms




Notes:  Table displays the average percentage of surviving firms that engage in product, industry and sector switching across five-year intervals from 1987 to 1997. Product, industry and sector activity refers to the adding and/or dropping of five-digit, four-digit and two-digit SIC categories, respectively. The four firm activities are mutually exclusive.

Table 6: Decomposition of Product Output by Producer Type, 1987 to 1997
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1987...651619
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Backward-Looking Forward-Looking




Notes: Table reports the average percentage decomposition of product output (upper panel) according to firm activity. Left-panel summarizes backward-looking firm activities while right panel summarizes forward-looking firm activities. Each row represents the average across all five-digit SIC products in the noted year. 

Table 7: 1992 to 1997 Product Adding OLS Regressions
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0.0140***0.0150*** 0.0020***0.0026***
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Notes:  Table summarizes OLS regression results of a dummy variable indicating product adding by single-product (left panel) and multi-product (right panel) firms between years t and t+5 on year t covariates. Sample covers five-year intervals between 1987 and 1997. Regressions include product-mix and year fixed effects. Robust standard errors in parentheses are adjusted for clustering by product mix. ***, **, and * represent statistical significance at the 1 percent, 5 percent and 10 percent levels, respectively.

Table 8: 1992 to 1997 Firm-Product OLS Drop Regressions

[image: image8.emf]Relative Product Size
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-0.059***-0.086***-0.077***


(0.001)(0.001)(0.001)


Relative Product Tenure


t


-0.189***-0.219***-0.223***


(0.006)(0.008)(0.008)


Constant 0.256***-0.001***-0.071***


(0.003)(0.001)(0.002)
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Notes:  Table summarizes OLS regression results of a dummy variable indicating a firm-product drop between 1992 and 1997 on 1992 firm-product attributes and fixed effects. Firm-product size and tenure are relative to their average values across firms for the product in a given year. The regression sample is surviving multiple-product firms. Robust standard errors in parentheses are adjusted for clustering by product. ***, **, and * represent statistical significance at the 1 percent, 5 percent and 10 percent levels, respectively.

Table 9: Average Decomposition of Firm Output by Type of Product, 1987 to 1997
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Notes: Table reports the average percentage decomposition of firm output according to whether products were previously (right panel) or subsequently (left panel) produced. Each row represents the average across all adding or dropping firms in the noted year.

Table 10: Mean Distribution of Within-Firm Output Shares, 1987 to 1997
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Notes: Columns indicate the number of products produced by the firm. Rows indicate the share of the products in firm output, in descending order of size. Each cell is the average across the relevant set of firm-products in the sample. Sample includes all firms producing at least ten products in the 1987 to 1997 Censuses.

Table 11: Product Co-Production Within Firms, 1987 to 1997

[image: image11.emf]Sector20313022233924262520 Food 158295165696


31 Leather211131111


30 Rubber & Plastic91478978106


22 Textile51825183343


23 Apparel163918646666


39 Miscellaneous5173610332


24 Lumber618363791616


26 Paper911046316193


25 Furniture61636216323


27 Printing & Pub11164995233


28 Chemicals42124111269134


29 Petroleum302110110


32 Stone & Concrete406231431


33 Primary Metal6113473554


34 Fabricated Metal1523382010161212


35 Industrial Mach161418219101210


36 Electronic8122596667


37 Transportation5012353323


38 Instruments4011353343




Notes:  Table summarizes co-production of five-digit SIC categories across multiple-product firms.  Cells reports count (in 000s) of the average number of firms producing two products in the noted sectors across 1987 to 1997. Dark (light) shading indicates co-production that is statistically significantly higher (lower) at the one percent significance level than is implied by a null hypothesis of random co-production (see text). Sectors have been sorted to maximize dark shading along the diagonal (see text).

Table 11: continued

[image: image12.emf]Sector2728293233343536373820 Food 11423461516854


31 Leather1100121100


30 Rubber & Plastic62426133341221211


22 Textile41112488533


23 Apparel9121372021955


39 Miscellaneous96013109633


24 Lumber591451610633


26 Paper23131351212624


25 Furniture340141210733


27 Printing & Pub4011012513151045


28 Chemicals10741310162529201018


29 Petroleum11342343211


32 Stone & Concrete21021061111733


33 Primary Metal51636274847291510


34 Fabricated Metal132541148124117533022


35 Industrial Mach152931147117119723831


36 Electronic102027295372702537


37 Transportation41013153038251810


38 Instruments51813102231371014




Table 12: How Products are Added and Dropped, 1987 to 1997

[image: image13.emf]Method of Product Adding


UnweightedValue-WeightedUnweightedValue-Weighted


Existing Plant(s) Only 0.8620.4120.8990.259


Acquired Plant(s) Only 0.0550.2590.0130.048


New Plant(s) Only 0.0600.1200.0300.044


Combination with M&A 0.0130.1470.0310.488


Combination without M&A 0.0110.0610.0270.161


Method of Product Dropping


UnweightedValue-WeightedUnweightedValue-Weighted


Existing Plant(s) Only 0.8350.3200.8980.213


Divested Plant(s) Only 0.0520.2820.0070.018


Closed Plants Only 0.0840.1230.0370.042


Combination with M&A 0.0150.2310.0260.538


Combination without M&A 0.0130.0450.0330.189


Share of Products Share of Firms


Share of Products Share of Firms




Notes: Table reports the mode by which firms add (top panel) and drop (bottom panel) five-digit SIC products. The first two columns report the distribution with respect to products; the second two columns report the distribution with respect to firms. Figures shown are averages across the pooled 1987 to 1997 sample.

Figure 1: Average Product Add and Drop Rates, 1987 to 1997


[image: image14.emf]Notes: Figure displays average rates at which five-digit SIC products are added and 



dropped from 1987 to 1997. A product's add (drop) rate is defined as the number of firms 
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firms producing the product in both years. 
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Notes: Figure displays average rates at which five-digit SIC products are added and 


dropped from 1987 to 1997. A product's add (drop) rate is defined as the number of firms 


adding (dropping) the product between census years divided by the average number of 


firms producing the product in both years. 
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Notes: Add (drop) rate are defined as the number of firms adding (dropping) the product between census years divided by the average number of firms producing the product in both years.

Figure 2: Distribution of Product Shipments Within Firms, 1987 to 1997


[image: image15.emf]Notes: Vertical and horiztonal axes use log scales. The solid line in each panel plots within-



firm product rank against within-firm product size. Each panel is for the set of firms with 



the noted number of products. The largest product has a rank of one. A product's size is 



defined as its mean percent of firm shipments, as noted in Table 11. Fitted lines are the 



result of an ordinary-least-squares regression of log product rank on log product size. 
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Notes: Vertical and horiztonal axes use log scales. The solid line in each panel plots within-


firm product rank against within-firm product size. Each panel is for the set of firms with 


the noted number of products. The largest product has a rank of one. A product's size is 


defined as its mean percent of firm shipments, as noted in Table 11. Fitted lines are the 


result of an ordinary-least-squares regression of log product rank on log product size. 
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Notes: The solid line plots within-firm product rank against within-firm product size. Dashed lines are the result of an OLS regression of log product rank on log product size.
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Multiple-Product Firms and Product Switching


By ANDREW BERNARD, STEPHEN J. REDDING, AND PETER K. SCHOTT�


This paper examines the frequency, pervasiveness and determinants of prod-
uct switching by U.S. manufacturing �rms. We �nd that one-half of �rms alter
their mix of �ve-digit SIC products every �ve years, that product switching is
correlated with both �rm- and �rm-product attributes, and that product adding
and dropping induce large changes in �rm scope. The behavior we observe is
consistent with a natural generalization of existing theories of industry dynam-
ics that incorporates endogenous product selection within �rms. Our �ndings
suggest that product switching contributes to a reallocation of resources within
�rms towards their most ef�cient use.


JEL: D21, E23, L11, L60
Keywords: heterogeneous �rms, product differentiation, product market entry
and exit


The extent to which resources are allocated to their best use is a core issue of economics. Until
now, research into industry dynamics has addressed this issue by focusing almost exclusively on
the contribution of �rm entry and exit to resource reallocation, that is, whether newly created
�rms or plants are more productive than the dying �rms and plants they replace.1 This paper
examines a new, �extensive� margin of �rm adjustment, the reassignment of resources that takes
place within surviving �rms as they add and drop (i.e., �switch�) products.
Our analysis of product switching makes use of a unique longitudinal dataset that tracks U.S.


�rms' product-level manufacturing output across quinquennial U.S. Manufacturing Censuses
from 1987 to 1997. In this dataset, a �product� is one of approximately �fteen hundred �ve-
digit Standard Industrial Classi�cation (SIC) categories, e.g., �Passenger Cars�.2 We observe the
set of products each manufacturing �rm produces in each census year and analyze how incumbent
�rms' mix of products evolves from one census year to the next. To our knowledge, these are the
most comprehensive data on multiple-product production yet assembled. Standard manufacturing
censuses, for example, typically record just the primary industry of each establishment.3


� Bernard: Tuck School at Dartmouth & NBER, 100 Tuck Hall, Hanover, NH 03755, an-
drew.b.bernard@dartmouth.edu. Redding: Yale School of Management & CEPR, 135 Prospect St., New Haven,
CT 06520, stephen.redding@yale.edu. Schott: Yale School of Management & NBER, 135 Prospect St., New Haven,
CT 06520, peter.schott@yale.edu. Bernard and Schott (SES-0241474) and Schott (SES-0550190) thank the National
Science Foundation, and Redding thanks the Centre for Economic Performance, the Leverhulme Trust and Princeton
University for research support. We thank Evan Gill and Justin Pierce for excellent research assistance, and Jim Davis
for timely disclosure. We thank the editor, three anonymous referees and Esteban Rossi-Hansberg for insight and
suggestions. We are also grateful to Marc Melitz, Sharon Oster, Peter Neary, John Sutton, John Van Reenen, Stephen
Yeaple and seminar participants at AEA, CEPR, Dartmouth, LSE, Princeton, Stanford and Yale for helpful comments.
Any opinions, �ndings, and conclusions or recommendations expressed in this material are those of the authors and do
not necessarily re�ect the views of the NSF, NBER, CEPR, or the U.S. Census Bureau. Results have been screened to
insure that no con�dential data are revealed.


1There is a large empirical literature in macroeconomics on �rm creation and destruction and its implications for
industry dynamics and the �rm-size distribution. See, for example, Martin N. Baily, Charles Hulten and David Campbell
(1992), Timothy Dunne, Mark J. Roberts and Larry Samuelson (1989a,b), Lucia Foster, John Haltiwanger and C. J.
Krizan (2001), Foster, Haltiwanger and Chad Syverson (2008), and Esteban Rossi-Hansberg and Mark J. Wright (2007)
among others.


2We refer to two-, four- and �ve-digit SIC categories as �sectors�, �industries� and �products�, respectively.
3Existing empirical work on multiple-product �rms typically examines product diversi�cation at a point in time. See,


for example, Frank M. Gollop and James L.Monahan (1991) and John Baldwin and Wulong Gu (2009). Dunne et al.
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We �nd product switching to be frequent, widespread and in�uential in determining both ag-
gregate and �rm outcomes. On average, recently added and about-to-be dropped products each
account for roughly one sixth of a product's output, amounts that rival the shares represented by
recently created and about-to-exit �rms. At the �rm level, we �nd that more than one half of U.S.
manufacturing �rms alter their mix of products between censuses, and that one half of those �rms
change their mix of products by both adding and dropping at least one product every �ve years.
Product adding and dropping also exert considerable in�uence on the scope of �rms, with an av-
erage of 40 percent of �rms adding products outside their existing set of four-digit SIC industries
between census years. Given the unobserved changes �rms presumably make to their product
mix at lower levels of aggregation, our estimates of product switching likely underestimate the
true importance of �rms' adjustments to their extensive margins.4
Our empirical analysis is guided by a model of endogenous product selection that builds on


existing theories of industry dynamics by Boyan Jovanovic (1982), Hugo A. Hopenhayn (1992),
Richard Ericson and Ariel Pakes (1995), Marc J. Melitz (2003) and Bernard, Redding and Schott
(2007).5 In these existing models, �rms that are heterogeneous in productivity are assumed to
produce a single product, with the result that �rm and product-market entry and exit are equiv-
alent. Here, we develop a natural extension of such models in which �rms choose to produce
an endogenous range of products in response to evolving �rm and �rm-product characteristics.6
In our model, �rms differ in innate productivity while �rms' products vary in their attractive-
ness to consumers vis-a-vis other producers of the same product. The overall pro�tability of a
�rm depends on the interaction of these attributes. Higher values of consumer tastes for a �rm's
product raise the �rm's pro�tability in that product, while higher values of �rm productivity in-
crease a �rm's pro�tability in all products. In equilibrium, the most productive �rms manufacture
the largest ranges of products because they earn greater revenue per product for given values of
consumer tastes and can therefore cover the �xed costs of a wider set of products.
Our framework provides a basis for understanding many of the empirical regularities dis-


cernible in U.S. census data. In the data, we �nd that multiple-product �rms have higher mea-
sured revenue-based productivity than single-product �rms. In the model, this difference is due
to high-productivity �rms' ability to cover the �xed costs of a greater number of products. In
the data, we �nd product switching and �rm creation and destruction to be commonplace and
pervasive across sectors. In the model, interactions of stochastic shocks to �rm productivity and
stochastic shocks to consumer tastes fosters steady-state product adding and dropping as well as
steady-state �rm creation and destruction. In the data, we observe a positive correlation between
products' add and drop rates. In the model, this correlation arises because �rms that receive
positive demand shocks add the product at the same time that some incumbent producers draw-
ing negative demand shocks drop it. In the data we �nd that the probability that a �rm drops a
product declines with �rm-product shipments and �rm-product tenure. In the model, this scale
and age dependence arises as a result of serial correlation in idiosyncratic shocks to �rm-product
pro�tability. Firms' lower-volume and recently-added products are more likely to be dropped as


(1988, 1989b) examine product diversi�cation as a mode of market entry distinct from plant birth, while Dunne, Shawn
D. Klimek and Roberts (2005) investigate the empirical relationship between the mode of market entry and plant death.


4One of the attractions of our data is that information is available for the entire manufacturing sector. Scanner data,
such as those used by Judith A. Chevalier, Anil K. Kashyap and Peter E. Rossi (2003) and Christian Broda and David
E. Weinstein (2007), offer the potential to measure products at �ner levels of disaggregation, although they are typically
only available for speci�c categories of goods.


5These models receive empirical support from studies of �rm creation and destruction by Baily et al. (1992), Dunne
et al. (1989a,b) and Foster et al. (2001, 2008).


6Existing theoretical research on multiple-product �rms focuses on issues associated with managing a given range of
products at a particular point in time, e.g. William J. Baumol (1977), John C. Panzar and Robert D. Willig (1977), James
A. Brander and Jonathan Eaton (1984), Avner Shaked and John Sutton (1990) and B. Curtis Eaton and Nicolas Schmitt
(1994). More recently, Tor Jakob Klette and Samuel Kortum (2004), Erzo G. J. Luttmer (2008) and Satyajit Chatterjee
and Rossi-Hansberg (2008) have explored the role of innovation in determining �rm scope, as discussed further below.
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a result of a negative shock.
Our results also emphasize the central role of the �rm in mediating product adding and drop-


ping. In the data, we �nd that product adding is positively correlated with �rms' measured
revenue productivity, and that product dropping is in�uenced by �rm as well as �rm-product at-
tributes. In the model, decisions to add or drop products are interdependent given the contribution
of the �rm-level productivity draw to the pro�tability of all of a �rm's products. We also �nd
product switching to be related to �rm outcomes, with net adding and net dropping of products
being positively and negatively correlated with measured revenue productivity, respectively. In
the model, such contemporaneous responses are driven by shocks to productivity: �rms receiv-
ing positive shocks earn greater revenue per existing product and expand, while �rms receiving
negative shocks contract.
Though our model serves as a useful guide for our empirical analysis, in its current form it is


too stylized to provide an explanation for all of the facts that we uncover. We �nd, for example,
that some pairs of products are more likely to be coproduced within �rms than others, and that
mergers and acquisitions account for a relatively small share of the number of products added
and dropped but a larger share of their value. While these facts transcend our basic setup, we
describe how the model might be extended to incorporate them.
The remainder of the paper is structured as follows. Sections I and II outline our theoretical


framework and describe our dataset. Sections III and IV report our main empirical �ndings
andtheir consistency with our theoretical framework. Section V concludes with suggestions for
future research.


I. Theoretical Framework


In this section we outline a simple model of multiple-product �rms and product switching that
is a natural extension of standard models of industry dynamics by Jovanovic (1982), Hopenhayn
(1992), Ericson and Pakes (1995), Melitz (2003), and Bernard, Redding and Schott (2007). Our
goal is to introduce the simplest model necessary for useful data analysis, i.e., one that captures
the essence of a broad class of models featuring product selection. Toward that end, we employ
a number of simplifying assumptions, for example ruling out supply- or demand-driven comple-
mentarities across products. We return to a discussion of how the model might be generalized
and discuss alternative potential approaches after presenting our main empirical �ndings. We
note that a more detailed discussion of the model and a more formal analysis of its implications
is available in a web-based technical appendix.7


A. Endowments and Preferences


Labor is the sole factor of production and is assumed to be in inelastic supply L (which also
indexes the size of the economy). The representative consumer's preferences are a constant
elasticity of substitution (CES) function of the consumption of a continuum of products i 2 [0; 1]:


(1) U D


"Z 1


0
.aiCi /� di


# 1
�


; 0 < � < 1;


where ai > 0 is a demand parameter that allows the relative importance of products in utility to
vary. Firms are assumed to produce differentiated varieties of products, so that Ci is a consump-


7Available from http://***.
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tion index, which also takes the CES form:
(2)


Ci D
�Z
!2�i


.�i .!/ ci .!//� d!
� 1
�


; Pi D


"Z
!2�i


�
pi .!/
�i .!/


�1��
d!


# 1
1��


; 0 < � < 1;


where ! indexes �rm varieties within products, �i is the (endogenous) set of �rm varieties pro-
duced within product i , and Pi is the price index dual to Ci for product i .
The demand parameter �i .!/ � 0 determines the representative consumer's relative demand


for the varieties of different �rms within each product.8 Although not central to our results, we
make the natural assumption that the elasticity of substitution across varieties within products is
greater than the elasticity of substitution across products: � D 1


1�� > � D
1
1�� > 1. Similarly,


we assume for simplicity that the elasticity of substitution across varieties within products, � D
1
1�� , is the same for all products.


B. Production Technology


Firms from a competitive fringe may enter by incurring a sunk entry cost of fe > 0 units
of labor. Incurring the sunk entry cost creates a �rm brand and a blueprint for one horizontally
differentiated variety of every product. Only once the sunk cost has been incurred does the �rm
observe its initial productivity, ' 2 ['; N'], and consumer tastes for the characteristics embodied in
its blueprint for every product, �i 2 [�; N�]. Productivity ' is �rm-speci�c but is common across
products within �rms, whereas consumer tastes �i are �rm-product speci�c and are therefore
idiosyncratic to a particular product made by a particular �rm.9
Productivity and consumer tastes evolve stochastically over time and we choose a speci�cation


for their evolution that is both tractable and suf�ciently general to match key features of the �rm-
product data.10 Upon entry, productivity and consumer tastes are drawn from the continuous
distributions ge .'/ and zei .�i / respectively, with cumulative distributions Ge .'/ and Zei .�i /.
Once a �rm observes its initial values of productivity and consumer tastes, it decides whether to
produce or exit. If the �rm exits, its production knowledge is lost, and the sunk cost must be
incurred again in order for the �rm to re-enter. If the �rm enters, it faces a Poisson probability
� > 0 of a shock to productivity ', in which case a new value for productivity '0 is drawn
from the continuous conditional distribution gc


�
'0j'


�
, with cumulative distribution Gc


�
'0j'


�
.


Similarly, the �rm faces a Poisson probability "i > 0 of an idiosyncratic shock to consumer tastes
for its variety �i , in which case a new value for consumer tastes �0i is drawn from a continuous
conditional distribution zci


�
�0i j�i


�
, with cumulative distribution Zci


�
�0i j�i


�
.11


Consistent with the serial correlation in �rm and �rm-product shipments observed in our data,
we assume that consumer tastes and productivity are positively serially correlated, which corre-


8One interpretation of the parameter �i .!/ is product quality, though this parameter also captures other more subjec-
tive characteristics of a �rm's variety that in�uence consumer tastes.


9With CES demand and monopolistic competition, differences in productivity across �rms have identical effects on
equilibrium revenue and pro�ts to differences in consumer tastes. While we have modelled the component of pro�tability
that is �rm-product speci�c (�i ) as consumer tastes, we could have equivalently introduced a productivity parameter that
is �rm-product speci�c. While consumer tastes are a plausible source of idiosyncratic shocks to �rm-product pro�tability,
the important point for our analysis is that the pro�tability of a product for a �rm has both a �rm and a �rm-product
component.
10Bernard, Redding and Schott (2006) introduce a static model of multi-product �rms without equilibrium product


switching to examine the impact of trade liberalization on �rms' product scope.
11While the model could be extended to allow �rms to make endogenous investments in improving productivity and


enhancing consumer tastes, these extensions are not central to the model's key predictions, which are driven by selection,
and so we do not pursue them here.
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sponds to the following assumption about their conditional distributions: @Zci
�
�0i j�i


�
=@�i < 0


and @Gc
�
'0j'


�
=@' < 0 for �0i 2 [�; N�] and '


0 2 ['; N']. Thus the probability of drawing a new
value for consumer tastes (productivity) less than �0i ('


0) is decreasing in the existing value of
consumer tastes (productivity). To make use of law of large numbers results, we assume that the
distributions of consumer tastes and productivity are independent across �rms. For the same rea-
son, we also assume that the distributions of consumer tastes are independent across products and
that the distributions of consumer tastes and �rm productivity are independent of one another.12
Firms also face a Poisson probability of death � > 0 due to force majeure events unrelated to
pro�tability.
The production technology takes the following form. There is a �xed corporate headquarters


cost of fh > 0 units of labor, which the �rm must incur irrespective of the number of products
that it chooses to produce, and a �xed production cost of f pi > 0 units of labor for each product
i that is produced. In addition, there is a constant marginal cost for each product, which depends
upon the �rm's productivity. Total labor employed by a �rm with productivity ' is thus:


(3) l .'/ D fh C
Z 1


0
Ii
�
f pi C


qi .'; �i /
'


�
di;


where Ii is an indicator variable which equals one if a �rm produces product i and zero otherwise,
and q .'; �i / denotes output of product i by a �rm with productivity ' and demand �i .


C. Equilibrium Entry and Production Decisions


The key economic decisions of a �rm in the model are whether to enter or exit and in which
product markets to participate. We begin by considering the decision of whether to participate
in a product market. If a �rm produces a product, it supplies one of a continuum of varieties
each with measure zero relative to the product market as whole. As this is true for each of the
continuum of products, the �rm's pro�t maximization problem reduces to choosing the price of
each product variety separately to maximize the pro�ts derived from that product variety. This
optimization problem yields the standard result that the equilibrium price of a product variety is
a constant mark-up over marginal cost:


(4) pi .'; �i / D
1
�


w


'
;


where we choose the wage for the numeraire and so w D 1.
Under our assumption of CES preferences, equilibrium prices are inversely related to �rm pro-


ductivity. As ' rises, variable labor input and output rise, but prices fall, leaving revenue per
variable input unchanged. Nevertheless, the model features dispersion in revenue-based mea-
sures of productivity across �rms, as examined in our empirical analysis below, because of the
assumption of �xed production costs. As ' rises, variable labor input and revenue increase, with
the result that the �xed labor input is spread over more units of revenue.13


12While the consumer taste and �rm productivity distributions are independent of one another, there is interdependence
in a �rm's pro�tability across products, because �rm productivity is common across products. We discuss extending the
model to introduce other forms of interdependence in Section IV below.
13We follow Foster, Haltiwanger and Chad Syverson (2008) in differentiating between revenue- and quantity-based


measures of productivity. As we show in the web-based technical appendix, both measures are monotonically related
to the �rm productivity draw (') in the model. We note that a monotonic relationship between ' and revenue-based
measures of productivity can also be achieved via a demand system with a variable elasticity of substitution, such as the
quasi-linear preferences of Melitz and Gianmarco I. P. Ottaviano (2008). In that setting, equilibrium prices fall less than
proportionately with productivity due to variable mark-ups.
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As there is a �xed production cost for each product, there exists a zero-pro�t consumer taste
cutoff ��i .'/ such that a �rm with productivity ' will only produce product i if it draws a con-
sumer taste greater than or equal to ��i .'/. The zero-pro�t consumer taste cutoff is de�ned as
follows:


(5) � i
�
'; ��i .'/


�
D
Ri
�
�Pi'��i .'/


���1
�


� f pi D 0;


where � i .'; �i / denotes equilibrium pro�ts from a variety of product i with consumer taste �i
and �rm productivity '.
From equation (5), the higher a �rm's productivity ', the lower the zero-pro�t cutoff for con-


sumer tastes ��i .'/, and so the greater the probability of having a value for consumer tastes suf-
�ciently high to pro�tably produce the product. With a continuum of products and independent
distributions for consumer tastes, the law of large numbers implies that the fraction of products
produced by a �rm equals the sum of its probabilities of producing each product. Therefore, as
the probability of producing each product is increasing in �rm productivity, a key implication of
the model is that a �rm's product range is increasing in its productivity.
We now consider a �rm's decision of whether to enter or exit. With a continuum of products


and independent distributions for consumer tastes, a �rm's expected pro�ts across the continuum
of products equals the sum of its expected pro�ts from each product minus the �xed headquarters
costs:


(6) � .'/ D


Z 1


0


"Z N�


��i .'/
� i .'; �i /  zi .�i / d�i


#
di � fh :


where  zi .�i / is the stationary distribution for consumer tastes, which as discussed further in
the web-based technical appendix is endogenously determined as a function of the entry and
conditional distributions, zei .�i / and zci .�i / respectively.
Although consumer tastes for a �rm's variety of a product are stochastic, the law of large


numbers implies that all �rms with the same productivity experience the same �ow of total pro�ts
across the continuum of products in equation (6). Stochastic shocks to consumer tastes generate
�uctuations in the pro�tability of individual products, which lead them to be added and dropped
over time. However, these �uctuations in the pro�tability of individual products average out at
the level of the �rm, so that the evolution of total �rm pro�ts over time is determined solely by
stochastic shocks to �rm productivity.
The value of a �rm with productivity ' equals the �ow of current pro�ts plus the expected


value of capital gains or losses as a result of a stochastic productivity shock, discounted by the
probability of �rm exit:


(7) v .'/ D


(
�.'/C�


hR N'
'� [v.'0/�v.'/]gc.'0j'/d'0


i
�C�Gc.'�j'/ for ' � '�


0 otherwise
;


where the denominator on the right-hand side of equation (7) is the probability of �rm exit, which
equals the exogenous probability of �rm death � plus the endogenous probability of experiencing
a productivity shock that induces exit �Gc .'�j'/.
The presence of a continuum of products in the model implies that each �rm draws a value for


consumer tastes above the zero-pro�t cutoff ��i .'/ in a positive measure of products. However,
for entry to be pro�table, the value of the current pro�ts across this positive measure of products







VOL. VOL NO. ISSUE MULTIPLE-PRODUCT FIRMS AND PRODUCT SWITCHING 7


plus the expected value of capital gains or losses must exceed the �xed headquarters costs. As
total �rm pro�ts across the continuum of products � .'/ are increasing in ', and the probability
of experiencing a productivity shock that induces exit Gc .'�j'/ is decreasing in ', the value of
the �rm in equation (7) is increasing in its productivity. Therefore, there is a zero-value cutoff
productivity '� below which �rms exit, which is de�ned by v .'�/ D 0.
In an equilibrium with positive entry, the expected value of entry must equal the sunk entry


cost, which requires the following free entry condition to hold:


(8) V D
�
1� Ge


�
'�
��
Nv D fe; Nv �


Z N'


'�
v .'/


�
ge .'/


1� Ge .'�/


�
d';


where
�
1� Ge .'�/


�
is the ex ante probability of drawing a productivity above the zero-value


cutoff '� upon entry, ge .'/ is the probability of drawing productivity ' upon entry, and v .'/ is
the solution to the Bellman equation (7).
General equilibrium is referenced by the following six variables and functions: the zero-value


cutoff productivity below which �rms exit '�, the zero-pro�t cutoff consumer taste for each
product for a �rm with the zero-value cutoff productivity ��i .'


�/, the endogenous stationary
distribution for �rm productivity  g .'/, the endogenous stationary distribution for consumer
tastes for each product  zi .�i /, the price index for each product Pi , and aggregate revenue for
each product Ri . As shown in the web-based technical appendix, these six variables and functions
are determined by the following equilibrium conditions: consumer and producer optimization,
goods and labor market clearing, free entry, the zero-pro�t cutoff condition for consumer tastes
for each product, the equality of the mass of successful entrants and the mass of exiting �rms, the
equality of the out�ow and in�ow of �rms from each value of consumer tastes, and �nally the
equality of the out�ow and in�ow of �rms from each value of productivity.
The general equilibrium of the model features both steady-state product switching and steady-


state �rm entry and exit. Each period a measure of new �rms incur the sunk entry cost, and
those with productivity draws above the zero-value cutoff enter, while those with productivity
draws below the zero-value cutoff exit. A surviving �rm with unchanged productivity produces
a constant range of products, but idiosyncratic shocks to consumer tastes for individual prod-
ucts induce surviving �rms to drop a measure of the products previously produced and add an
equal measure of products not previously produced. As stochastic shocks to a surviving �rm's
productivity occur, the range of products produced expands with an increase in productivity and
contracts with a decrease in productivity. Firms exit endogenously when their productivity falls
below the zero-value cutoff or exit exogenously when death occurs as a result of force majeure
considerations.
As discussed further below, these and other features of the model are used to guide our empir-


ical analysis. Before beginning that analysis, we describe our data.


II. Data Description


As part of its quinquennial Census of Manufactures (CMF), the U.S. Census Bureau (hereafter
�Census�) collects information on the set of Standard Industrial Classi�cation (SIC) categories
produced by U.S. manufacturing establishments (i.e., �plants�). This information is obtained
from questionnaires plants are required to �ll out by law under Title 13 of the United States
Code. Each questionnaire has two parts. The �rst is common to all establishments and solicits
general information about their operation, including their overall shipments (i.e., �output�), use
of inputs (capital, production and non-production workers and materials) and wagebills.14 We


14CMF questionnaires de�ne shipment value as goods' �net selling value f.o.b. plant to the customer after discounts
and allowances,� and excluding freight charges and excise taxes. Questionnaires used as part of the 1997 CMF are
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use this information to examine differences between single- and multiple-product �rms, and,
along with industry price de�ators provided by Eric J. Bartelsman, Randy A. Becker and Wayne
B. Gray (2000), to compute revenue-based measures of �rms' labor and total factor productivity
(TFPR).15 As noted in Section I.C and discussed further in the web-based technical appendix,
both revenue- and quantity-based measures of productivity are monotonically related to the �rm
productivity draw (') in the model.16
The second part of each questionnaire varies depending upon the industry in which the estab-


lishment operates. It lists the set of products establishments in the industry typically produce as
well as a verbal description of each product.17 Establishments are instructed to record their total
shipments of each product.18 In the event that an establishment also ships products not listed
on the form, the questionnaire provides space for them to record any shipments in additional
product codes. Establishments are assigned to industries according to information collected from
previous censuses as well as other Census surveys. Very large plants with substantial activity in
a number of industries may receive more than one form. Very small plants, referred to as �ad-
ministrative records�, are not required to report output at the product level. These establishments
represent a very small share of overall U.S. manufacturing output and are typically ignored in
U.S. microdata research; we drop them here as well.
We analyze product switching in the 1987 through 1997 censuses. We use a �ve-digit SIC


category as our de�nition of a product and refer to two- and four-digit SIC categories as �sec-
tors� and �industries�, respectively.19 As described in United States Department of Commerce
(1989), manufacturing encompasses 20 sectors, 455 industries and 1440 products. As product-
mix decisions are made at the level of the �rm, we aggregate plants to �rms to create a �rm by
product by census year dataset.20 Using this dataset we track the products that �rms add and drop
across census years.21 Given that a considerable body of research already examines �rm creation


available at www.census.gov/epcd/www/econ97.html. All dollar-value data collected in the CMF are nominal.
15We measure �rm TFPR as the shipment-weighted average TFPR of its plants. Plant TFPR in a given census year is


measured relative to other plants in its main industry in percentage terms using the multi-factor superlative index number
of Douglas W. Caves, Laurits R. Christensen, and W. Erwin Diewert (1982). This index accounts for plants' use of
capital, production workers, non-production workers and materials. Plant shipments, capital and materials are de�ated
according to the four-digit SIC de�ator of its major industry using de�ators provided by Bartelsman et al. (2000). Wages
are de�ated by regional U.S. consumer price indexes available at www.bls.gov. A plant's main industry is the four-digit
SIC in which it has the largest value of shipments.
16We focus on revenue-based measures of productivity because data on physical units of output is not available for


all products and because physical units of output are not comparable across �rms for many products, e.g., cars. We note
that Foster, Haltiwanger and Syverson (2008) �nd a positive correlation between revenue- and quantity-based measures
of productivity for a sample of 11 products for which it is possible to compute and compare both measures across �rms.
17Questionnaires also collect information on establishments' �other� activities, such as �tasks performed for others


using others' materials�, that cannot be associated with a particular manufacturing product. We exclude these categories
from our analysis.
18We note that the census does not collect information on �rms' input use by product, and also that output de�ators for


�ve-digit SIC products are not available. As a result, measurement of establishments' use of inputs or revenue productivity
within individual products is not possible.
19Output at the �ve-digit SIC level is the most disaggregate data available for all plants. While CMF questionnaires


solicit information at the seven-digit SIC level, establishments also surveyed for other programs (e.g., Census' Current
Industry Reports) are permitted to report information at the �ve-digit level to alleviate their reporting burden.
20Firm identi�ers are derived from �rms' legal identities, and �rms can consist of one or many establishments. Census


uses an annual Company Organization Survey both to determine how new �rms are organized and to keep track of changes
in incumbent �rms' ownership structure over time, e.g., the buying and selling of plants, the creation of new plants or the
closing of existing plants.
21SIC categories undergo minor revisions in each census year but experienced a major revision in 1987. Census uses an


internally generated concordance to map product codes collected in censuses after 1972 to the 1987 revision. We focus on
the 1987 to 1997 censuses because they are less sensitive to this concordance and exhibit high product-code consistency
over time. To be conservative, we drop the roughly 1 percent of �ve-digit codes (representing roughly 5 percent of total
value) that do not appear in all three censuses. We note that our �ndings are not sensitive to this procedure, and that we
�nd (but do not report) similar results for other sample periods, e.g., the 1972 to 1982 censuses, where the concordance
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and destruction, we focus on the features of product switching by surviving �rms highlighted by
our model. In particular, we neither treat exiting �rms as those who drop all their products, nor
entering �rms as whose who add all their products. For convenience, we often refer to �rms that
produce multiple products as �MP �rms� and �rms that produce a single product as �SP �rms�.
To provide a sense of the relative level of detail between sectors, industries and products,


consider �Nonferrous Wiredrawing and Insulating� (SIC 3357), which is one industry inside the
�Primary Metal Industries� (SIC 33) sector. The thirteen products in this industry range from
copper wire (SIC 33571) to �ber optic cable (SIC 33579), and are listed in Table A1 of the web-
based technical appendix. Though these products share a grossly similar end use, they can differ
substantially in terms of the materials and technologies required to manufacture them.
For the manufacturing sector as a whole, the typical two-digit sector has 24 four-digit industries


and 76 �ve-digit products, as reported in Table A2 of the web-based technical appendix. The
number of products per sector ranges from a low of 12 in Leather (SIC 31) to a high of 178 in
Industrial Machinery (SIC 35). Similarly, the average number of products per industry within
sectors ranges from a low of 1.1 in Leather to a high of 5.1 in Printing and Publishing (SIC 27).22
Nonferrous Wiredrawing and Insulating (SIC 3357), the industry highlighted above, is just one
of 26 Primary Metal Industries, and its products represent 14 percent (13/90) of the total number
of products in that sector. Products vary substantially in terms of how they are produced both
within and across sectors, as shown in the last four columns of Table A2, which report products'
1997 capital and skill intensity by sector.23
We interpret the Standard Industrial Classi�cation (SIC) categories used to record U.S. man-


ufacturing output as discrete partitions of the model's continuum of products, which become
coarser as one increases the level of aggregation. With this interpretation, the model provides a
natural explanation for the coexistence of single- and multiple-product �rms. We think of �rms
producing a single product as those whose range of products falls within a single �ve-digit cate-
gory. MP �rms, on the other hand, are those whose product range is wide enough to span several
�ve-digit SIC categories.
Table 1 reports an average breakdown of SP andMP �rms across the 1987 to 1997 census years


in our sample, and also reports the average number of products, industries and sectors MP �rms
produce. As indicated in the table, MP �rms dominate: though they represent a minority of �rms
(39 percent), they account for a strong majority (87 percent) of shipments. Multiple-industry and
multiple-sector �rms are similarly in�uential, responsible for 28 and 10 percent of �rms but 81
and 66 percent of output, respectively. The �nal column of Table 1 reveals that the average MP
�rm produces 3.5 products, that the average multiple-industry �rm manufactures in 2.8 industries
and that the average multiple-sector �rm is present in 2.3 sectors.24


TABLE 1 ABOUT HERE


III. Empirical Evidence


Our model highlights a number of features of product switching that operate at the level of
�rms, products and �rm-products. We organize our empirical investigation of product switching


of collected and 1987-revision product codes is less precise.
22There is substantial variation in the precision of industry and product classi�cations. For example, Passenger Cars


(SIC 37111) and Combat Vehicles (SIC 37114) are examples of products in the Motor Vehicle industry (SIC 3711), while
Textbook Binding and Printing (SIC 27323) and Religious Books, Binding and Printing (SIC 27323) are examples of
products in the Book Printing industry (SIC 2732).
23As the CMF does not collect information on input usage (or wages) by product, we measure a product's capital and


skill intensity as the shipment-weighted average of all plants producing it.
24On average across the census years 1987 to 1997, the share of MP �rms with a single plant is 84 percent compared


to a share of 93 percent for all �rms. Therefore, MP �rms are more likely to operate several production facilities than SP
�rms, but multiple products are frequently produced within the same production facility.
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in this section according to these levels of analysis. We note that the formal derivation of the
model's implications is available in the web-based technical appendix.


A. Firm-Level Evidence


In the model, �rms with higher productivity produce a wider range of products than �rms
with lower productivity because their higher revenues per product allow them to cover the �xed
costs of a larger measure of products. Idiosyncratic shocks to �rm-product pro�tability drive
steady-state adding and dropping of products within �rms, while idiosyncratic shocks to �rm
productivity induce changes in the measure of goods �rms produce.


THE RELATIVE PRODUCTIVITY OF MULTIPLE-PRODUCT FIRMS


Table 2 compares the characteristics of single- and multiple-product �rms in the 1997 census,
though we note that results are similar in previous census years. The table reports the results of
OLS regressions of the natural log of the noted �rm characteristic on a dummy variable equal to
unity if the �rm produces multiple products as well as main-industry �xed effects. As indicated
in the table, MP �rms are larger than SP �rms in the same industry in terms of both shipments
(0.66 log points) and employment (0.58 log points). We also �nd that MP �rms have higher
revenue-based labor and total factor productivity (TFPR) than SP �rms in the same industry.


TABLE 2 ABOUT HERE


Similar differences are found with respect to �rms producing in multiple industries and in mul-
tiple sectors, except for the TFPR differential between single- and multiple-sector �rms. That
difference is statistically indistinguishable from zero, perhaps due to the dif�culties of measur-
ing productivity in �rms with disparate products that span two-digit sectors.25 All remaining
differences displayed in the table are statistically signi�cant at the 1 percent level.
While our analysis is based on U.S. Census data, we note that other datasets are amenable to


analyzing �rms' product scope at various levels of aggregation. The publicly available Amadeus
database published by Bureau Van Dijck, for example, contains information on EU �rms' pri-
mary and secondary industries. We note that differences among single- and multiple-industry
�rms in those data are similar to the results reported in the second column of Table 4 below. Un-
fortunately, the manner in which Amadeus tracks changes in �rms' industries over time makes it
dif�cult to undertake comparisons of product-mix dynamics across U.S. and EU �rms.


PRODUCT SWITCHING WITHIN FIRMS


We examine product switching by dividing surviving �rms into four exhaustive and mutually
exclusive groups based on the manner in which they alter their mix of products between census
years. Possible actions are: (1) None - the �rm does not change its mix of products; (2) Drop -
the �rm only drops products; (3) Add - the �rm only adds products; and (4) Both - the �rm both
adds and drops products, i.e., �churns� products.
Table 3 reports �rm activity across these dimensions for the pooled 1987 to 1997 censuses.


Cells in the top panel of the table report the average percent of �rms reporting each activity
across �ve-year census intervals, while cells in the bottom panel report percentages weighted by


25Our model implies that measurement of TFPR for multiple-product �rms is problematic if, as is the case here, data
on inputs at the �rm-product level are unavailable. See also Bernard, Redding and Schott (2005) and Jan De Loecker
(2008).
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�rm output.26 The �ve columns in each panel report results for all �rms, MP �rms, �rms that
export, �rms whose shipments are above the 75th percentile (�large �rms�) and �rms with more
than one manufacturing plant.


TABLE 3 ABOUT HERE


As indicated in the upper panel of the table, an average of 54 percent of surviving �rms alter
their mix of products every �ve years, 15 percent by dropping at least one product, 14 percent
by adding at least one product and 25 percent by both adding and dropping at least one product.
Comparing the results for all �rms in the �rst column with those for MP �rms in the second
column, we �nd implicitly that SP �rms are more likely to leave their product mix unchanged than
MP �rms. From the third column of the table, we �nd that exporters are more likely to change
their product mix than non-exporters. Finally, from the remaining columns of the table, we see
that large �rms and multiple-plant �rms also have above-average rates of product switching.27
The frequency and pervasiveness of product switching displayed in the upper panel of Table 3


is consistent with our model. In the lower panel of the table we report output-weighted results,
which reveal that �rms accounting for relatively large shares of output are more likely to add and
drop products than smaller �rms across columns. This behavior is also understandable in light of
our theoretical framework, as more productive �rms are more likely to have product ranges wide
enough to span �ve-digit SIC categories, rendering them more likely to add and drop products.
Since more productive �rms in the model also produce more of each product and have larger
total output, �rms that switch products are likely to account for a larger share of output than of
the number of �rms. As indicated in the table, an average of 89 percent of all manufacturing
output is produced by �rms that change their mix of products across census years. Firms that
both add and drop products account for the largest share of output, at 68 percent.


PRODUCT SWITCHING AND FIRM CHARACTERISTICS


We examine the relationship between product switching and �rm outcomes via OLS regres-
sions of log changes in �rm characteristics between census years on dummy variables capturing
contemporaneous product-switching behavior,


(9) 1Z j t D �mt C �1NetDrop j t C �2Net Add j t C " j t :


where 1Z j t represents the log difference in a �rm outcome between census years t � 5 and t ;
�mt represents a full set of product-mix by year �xed effects; NetDrop is a dummy variable
that is equal to one if a �rm reduces its net number of products and zero otherwise; and Net Add
is a dummy variable that is equal to one if a �rm increases its net number of products and zero
otherwise.28 The �rm characteristics we consider are real output, employment, and real revenue-


26Though the �gures reported in the table correspond to the probabilities of product switching conditional on �rm
survival, it is straightforward to evaluate the unconditional probabilities of product switching for all �rms by multiplying
the �gures in the table by the average probability of �rm survival, which is roughly two-thirds.
27Results for SP �rms, non-exporters, �small� �rms and single-plant �rms are available upon request. An alternate


decomposition of activity according to whether �rms do not change their product mix, change their mix but do not net add
or drop any products, change their product mix and net add products or change their product mix and net drop products
indicates that these actions on average occur 46, 12, 22 and 20 percent of the time, respectively, across census years.
28The left out category encompasses �rms that undertake no product switching or, if they do switch products, ex-


perience no net change in the number of products they produce. Similar results are obtained if an additional dummy
variable is included for �rms that engage in product switching but experience no net change in products. Though our
regression focuses on net adding and dropping because these relate most closely to the predictions of the model, we note
that an analogous speci�cation using the Add, Drop and Both measures de�ned above also reveals statistically signi�cant
correlations between product switching and changes in measured �rm characteristics.
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based labor and total factor productivity.29 The regression results, reported in Table 4, include all
surviving �rms between the 1987 to 1992 and 1992 to 1997 censuses. The regression coef�cients
therefore capture the correlation between changes in the net number of products and changes
in �rm characteristics conditional on �rm survival. Each row of the table reports results for a
different �rm-outcome regression. Standard errors adjusted for clustering at the industry level
are reported in parentheses below coef�cients. The number of �rm-year observations included in
each regression as well as each regression's R2 are reported in the �nal two columns of the table.


TABLE 4 ABOUT HERE


As indicated in the table, we �nd that product switching is related to changes in �rm charac-
teristics in the way suggested by the model. We �nd that net product adding is associated with an
increase in �rm size (whether measured by output or employment) as well as revenue-based labor
and total factor productivity (TFPR). Similarly, we �nd that net product dropping is associated
with a decrease in �rm size and TFPR. Although the correlation between net product dropping
and revenue-based labor productivity is positive rather than negative, the estimated coef�cient
is roughly an order of magnitude smaller than those for the other variables. As noted above,
the structure of our model implies that measuring the productivity of multiple-product �rms is
problematic when data on inputs are unavailable at the �rm-product level.
While the regression results in Table 4 establish that product switching is accompanied by


changes in observed �rm characteristics, we emphasize that they are correlations capturing an
equilibrium relationship between endogenous variables. As product choice is endogenous, the
regression coef�cients capture both the non-random decision to change the net number of prod-
ucts and the impact of this decision on observed �rm characteristics.


POTENTIAL PRODUCT-CATEGORY MISMEASUREMENT


Census devotes considerable resources to the accurate collection and veri�cation of establish-
ments' product-shipment data. As noted above, forms are designed to minimize measurement
error by being tailored to the industry in which establishments operate, by listing the SIC cate-
gories (and descriptions) that establishments in the industry commonly produce, and by offering
establishments space to record output in unlisted categories. After forms are collected, Census
veri�es the consistency of current responses with past responses and re-contacts establishments
whose data appears erroneous. Nevertheless, our analysis of product switching is susceptible to
establishments' inaccurate transcription of SIC codes.
We believe our results to be robust to product-category mismeasurement for several reasons.


First, we note that our use of �ve-digit SIC categories to de�ne products requires only that �rms
correctly record the �rst �ve digits of the seven-digit SIC categories listed on the Census ques-
tionnaire. Second, we �nd little evidence of spurious product switching in the data: less than
two percent of �rms across the 1987 to 1997 censuses, for example, are observed producing, not
producing, and again producing the same product. Third, the results reported in Table 4 indi-
cate correlations between product-switching behavior and separately recorded measures of �rm
characteristics such as size and input usage that are systematic and consistent with our model.
The consistency of these and other empirical results with the predictions of the model is hard to
square with simple explanations of mismeasurement based on classical measurement error.
Fourth, we note that we observe similar switching behavior with respect to even more easily


identi�ed four-digit SIC industries and two-digit SIC sectors. Table 5 compares �rms' extensive-
margin adjustments for products (column 1; reproduced from Table 3), industries (column two)


29Results for nominal output and nominal output per worker are similar. Due to the unavailability of product-level
price indexes, �rms' product-level shipments are de�ated by their corresponding industry-level de�ators. The inclusion
of product-mix-by-year �xed effects in the regression helps to alleviate concerns about product-year variation in prices.
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and sectors (column three) using the same typology of activities as in Table 3. The �rst row of
the table records the average share of �rms making no adjustments between census years. Not
surprisingly, product switching (54 percent) is more likely than industry switching (41 percent),
and industry switching is more prevalent than sector switching (16 percent). Even so, product
adding induces an average of 27 percent of �rms to enter at least one new industry and 9 percent
of �rms to break into at least one new sector every �ve years. To the extent that adding industries
and sectors requires adopting unfamiliar production and distribution technologies, these �ndings
also suggest that �rms' extensive-margin adjustments involve considerable changes in the nature
and scope of �rms.


TABLE 5 ABOUT HERE


As a �nal check, we also examine how product switching varies depending on the main two-
digit manufacturing sector of a �rm. We �nd that the average percent of �rms that alter their mix
of products every �ve years varies from a low of 33 percent in Stone & Concrete (SIC 32) to a
high of 71 percent in Printing & Publishing (SIC 27), as reported in Table A4 in the web-based
technical appendix. Product switching therefore appears to be a pervasive feature of the U.S.
manufacturing sector that is not driven by behavior in a few in�uential sectors.


B. Product-Level Evidence


In the model, there is a positive correlation between products' add and drop rates: while some
�rms not producing a product receive a positive demand shock and therefore add it, some of the
incumbent producers receive a negative demand shock and hence drop it. Variation in product
add and drop rates is governed by the probability of receiving a shock. �Turbulent� product
markets, where idiosyncratic shocks are more likely, exhibit more frequent adding and dropping,
other things equal, than �stable� products where shocks are less prevalent. A related feature of
product switching at the product level concerns gross versus net changes in product output. As
idiosyncratic shocks lead different sets of �rms to add and drop the same product simultaneously,
the model has gross changes in product output dominating net changes.


PRODUCT ADD VERSUS DROP RATES


Figure 1 displays the mean rate at which �ve-digit SIC products are added and dropped by U.S.
manufacturing �rms across the 1987 to 1997 censuses. A product's add rate in year t is computed
as the number of �rms adding the product between census years t�5 and t divided by the average
number of �rms producing the product in both years. Drop rates are computed analogously. As
shown in the �gure, there is a clear positive correlation between the rates at which products are
added and dropped. This correlation is statistically signi�cant at conventional levels.30


FIGURE 1 ABOUT HERE


The positive correlation between the rates at which U.S. manufacturing products are added
and dropped indicates that the extensive-margin adjustments we observe in the data cannot be
explained solely in terms of a net reallocation of economic activity from one group of products to
another. Such a net reallocation would imply a negative correlation between the rates of product
adding and dropping, as growing products are frequently added and infrequently dropped, and
declining products are frequently dropped and infrequently added. Although the fact that add and


30Existing research on plant creation and destruction �nds a positive correlation between plant entry and exit rates.
See for example Dunne et al. (1989a) for the United States.
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drop rates do not lie perfectly along a 45 degree line indicates that there is some net transfer of
output across products in the data, other forces are also clearly at work.31
We note that while the positive correlation in Figure 1 is hard to reconcile with pure net reallo-


cation across products, it does not rule out unobserved net reallocation within products. Indeed,
in the model, net reallocation within products occurs because some �rms add a product as other
�rms drop it.


PRODUCT SWITCHING AND AGGREGATE OUTPUT


Our model points to product switching as a new dimension of resource reallocation that com-
plements the more widely-studied margin of plant or �rm entry and exit. To assess the relative
importance of this new dimension at the product and aggregate level, we decompose a product's
output according to the type of �rm producing it. In our �rst decomposition, we look backward
in time to divide product output in year t according to �rms that produce the product in both t and
t � 5 (�incumbents�), surviving �rms that do not produce the product in t � 5 but do produce it
in t (�adders�), and �rms that do not exist in t�5 but produce the product in t (�entering �rms�),


(10) Ytp D
X
j2Btp


Ytpj C
X
j2Atp


Ytpj C
X
j2Ntp


Ytpj ;


where p indexes products; j denotes �rms; and Btp, Atp and Ntp represent the set of incumbents,
adders and entering �rms, respectively.
Our second decomposition is forward-looking and divides a product's output in year t accord-


ing to �rms that produce the product in both t and t C 5 (�incumbents�), surviving �rms that
produce the product in t but not in t C 5 (�droppers�), and �rms that produce the product in t but
die between t and t C 5 (�exiting �rms�),


(11) Ytp D
X
j2Btp


Ytpj C
X
j2Dtp


Ytpj C
X
j2X tp


Ytpj ;


where Dtp and X tp denote the sets of dropping and exiting �rms, respectively.
The decompositions in equations (10) and (11) are attractive for our analysis for two reasons.


First, because they are based on the nominal value of output in year t , they do not require product-
level price de�ators. Second, they can be converted into percentage decompositions for each
product by dividing through by Ypt . As a result, they do not require comparisons of output value
across products and so avoid the problems associated with such comparisons.
The upper panel of Table 6 reports the mean product-value decompositions in percentage terms


across all products. Each row of the panel reports the average decomposition for a particular
census year, with the �rst three columns looking backward (adding versus entering) and the �nal
three columns looking forward (dropping versus exiting). In both cases we �nd that roughly two-
thirds of the average product's output is produced by incumbents. The remaining output is more
or less evenly split between �rms adding or dropping the product and entering or exiting �rms.
In 1992, the only year of the sample for which both decompositions can be performed, adders
and entrants are responsible for an average of 14 and 19 percent of products' output, respectively,
while droppers and exiters account for 15 and 18 percent, respectively.


31In the model, a turbulent product with a high probability of idiosyncratic shocks to demand not only has high rates of
product adding and product dropping but also displays a high volatility of shipments at �rms that continue to produce it.
Consistent with this implication, we �nd a positive correlation in the data between a product's rate of adding or dropping
and its mean standard deviation of log shipments over time at �rms that continue to produce the product.
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TABLE 6 ABOUT HERE


In Table A3 in the web-based technical appendix, we report the results of a similar decompo-
sition for the share of �rms producing a product in a census year. While incumbents again make
the greatest single contribution, their average share of �rms, at 40 to 45 percent, is lower than
their average share of output. Of the remaining 55 to 60 percent of producers, 29 to 37 percent
are entering or exiting �rms and 23 to 27 percent are adders or droppers. In Table A4 in the
web-based technical appendix, we report the results of these decompositions by two-digit sector.
While there is some variation across sectors, we �nd substantial contributions of roughly equal
magnitude from adders and droppers and entering and exiting �rms in each two-digit manufac-
turing sector.
The breakdowns reported in Table 6 also highlight the fact that gross changes in product output


are substantially larger than the associated net changes, an �excess reallocation� that is similar in
spirit to the one found in job creation and destruction by Stephen J. Davis and Haltiwanger (1992).
Indeed, comparison of the forward-looking 1992 decomposition with the backward-looking 1997
decomposition reveals that 15 percent of the average product's 1992 output is accounted for by
�rms that subsequently drop the product, while 15 percent of 1997 output is due to �rms that
just added it. Over the same period, the change in the average share of output represented by
incumbents was just 3 percent (from 67 to 70 percent).32


C. Firm-Product Level Evidence


In the model, a �rm's pro�tability in a particular product is the result of an interaction be-
tween �rm-wide productivity and consumers' taste for particular �rm-products. As a result, �rms
adding products are likely to have higher values of �rm productivity than �rms whose product
range remains constant. Likewise, because consumer tastes are serially correlated and so are
positively correlated with �rm-product shipments and the length of time for which a �rm has
produced a product, �rms are more likely to drop products that are small (scale dependence) or
relatively new to the �rm (age dependence). Finally, variation in consumer taste across products
within �rms results in differences in the size of shipments across products within �rms.


PRODUCT ADDING


Firms' product adding decisions are systematically related to their revenue-based productivity
in existing products in the way suggested by the model. We �nd a positive association between
initial �rm revenue-based productivity and subsequent product adding among �rms producing the
same initial mix of products. Table 7 reports the results of OLS regressions of a dummy variable
indicating product adding by either SP (right panel) or MP �rms (left panel) between 1992 and
1997 on �rm revenue-based productivity in 1992,


(12) Add j t D �m C �1Productivity j t C " j t ;


where �m represents a set of product-mix �xed effects and Productivity j t is measured in terms of
either revenue-based labor productivity or TFPR. We employ a linear probability model so that
product-mix �xed effects, which allow for a comparison of behavior among �rms producing the


32We �nd a similar dominance of gross versus net product switching in a decomposition of real U.S. manufacturing
growth that separates real output changes according to �rm entry and exit, incumbents' product adding and dropping and
incumbents' continuing-product growth and decline. A disadvantage of that decomposition relative to the one presented
here is its reliance on industry-level price indexes to de�ate the output of all products within the same industry.
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same initial set of products, can be included in the regression. Given that we estimate the re-
gression for a single cross-section, the product-mix �xed effects control for the level and change
of any product-mix-speci�c characteristic that in�uences the probability of adding a product be-
tween 1992 and 1997.33
As shown in the two panels of Table 7, subsequent product adding is positively and statistically


signi�cantly correlated with both initial TFPR and initial revenue-based labor productivity for
both SP and MP �rms. As also shown in the table, this positive correlation remains when controls
for �rm size (i.e., employment) and age are included in the regression. These results are subject to
the aforementioned caveats about the problems of measuring �rm productivity when separate data
on inputs are not available by product within �rms. Nonetheless, they suggest that the revenue-
based productivity advantage of MP �rms observed above in Table 2 is due at least in part to
selection: SP �rms who subsequently become MP �rms have on average higher revenue-based
productivity than other SP �rms.34


TABLE 7 ABOUT HERE


PRODUCT DROPPING


We also �nd evidence of scale and age dependence in �rms' decisions to drop products in
line with the process of selection within �rms emphasized by the model. Table 8 reports OLS
regressions of a dummy indicating the dropping of one of a surviving �rm's products between
census years 1992 and 1997 on �rms' 1992 relative product size (Size j i t ) and relative product
tenure (Tenure j i t ) as well as both �rm and product �xed effects:


(13) Drop j pt D � j C � p C �1 ln.Size j pt /C �2 ln.Tenure j pt /C " j pt ;


where j and p index �rms and products respectively and � j and � p represent �rm and product
�xed effects, respectively. The variables Size j pt and Tenure j pt are de�ned in terms of shipments
and the length of time for which a �rm has produced a product respectively. Both size and tenure
are measured relative to their averages for the product via log differencing in each census year.
As a result, these variables control for differences across products in output and tenure, both at a
point in time and over time. We note that we examine the model's �rm-product predictions in the
context of product dropping because construction of an analogous adding sample is impractical
given the size of our dataset. Our sample consists of surviving �rms and therefore the estimated
coef�cients capture the determinants of a �rm's decision whether to drop products conditional on
�rm survival.
As our regression speci�cation is estimated for a single cross-section of data based on the


decision whether to drop a product between 1992 and 1997, the �rm �xed effects control for
any �rm characteristic that is common across products and affects the decision whether to drop a
product over this period (e.g., total �rm shipments, the growth of total �rm shipments, �rm age,
�rm productivity, whether a �rm is an exporter or enters/exits export markets, whether a �rm has
multiple plants). Similarly, the product �xed effects control for any product characteristic that is
common across �rms and in�uences the decision whether to drop a product (e.g., an aggregate


33We �nd similar results for earlier census periods. The analogous speci�cation when census periods are pooled
involves including a full set of interactions between product mix �xed effects and time �xed effects. This speci�cation
also yields similar results.
34Our �nding of a positive correlation between a �rm's revenue-based productivity given its existing product mix and


its decision to add a new product is hard to reconcile with a model in which products are randomly assigned to �rms (see
for example Roc Armenter and Mikos Koren 2008). Under random assignment, there would be no correlation between
existing producer characteristics and the addition of a new product.
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change in relative demand or supply across products). The coef�cients �1 and �2 are therefore
identi�ed solely from the variation in shipments and tenure that is idiosyncratic to individual
pairs of �rms and products.35
Results are reported with and without �rm and �rm-plus-product �xed effects. In all three


cases, coef�cient estimates indicate that �rms are less likely to drop a product if their shipments
and tenure are large relative to �rms producing the same products.36 To the extent that relative
�rm-product size and tenure are positively correlated with �rm-product revenue-based produc-
tivity, the results in Table 8 suggest a systematic reallocation of economic resources within �rms
towards activities that generate more revenue per unit of factor input. As a result, studies of in-
dustry dynamics that ignore �rms' extensive margins likely underestimate the role of reallocation
in both output and revenue-based productivity growth.


TABLE 8 ABOUT HERE


PRODUCT SWITCHING AND FIRM OUTPUT


We �nd that the process of reallocation within �rms captured in the model is quantitatively im-
portant at the �rm level as well as at the aggregate level. To illustrate this, we decompose the out-
put of surviving �rms in a given census year according to whether the products are continuously
produced versus recently added or about to be dropped. These backward- and forward-looking
�rm-level decompositions are analogous to those used for products in equations (10) and (11),
respectively, above. Here, however, there is no contribution from �rm entry or exit because the
decompositions are undertaken for surviving �rms.37 As shown in Table 9, we �nd that on aver-
age 26 and 31 percent of �rm output in 1992 and 1997, respectively, is represented by products
�rms added within the previous �ve years. A comparable average share of �rm output, 29 and
26 percent for 1987 and 1992, respectively, is accounted for by about-to-be-dropped products.
These shares suggest that product switching exerts considerable in�uence on �rm activity, and
that gross changes in �rm output are substantially larger than net changes.


TABLE 9 ABOUT HERE


DISTRIBUTION OF PRODUCT SHIPMENTS WITHIN FIRMS


To provide evidence on the product heterogeneity within �rms featured in the model, Table 10
reports the average share of �rm output represented by each of a �rm's products, with products
sorted from largest to smallest. To conform with Census disclosure requirements, we report these
average shares for �rms producing up to ten products. We note that �rms producing ten or fewer
products represent roughly 99 percent of �rms and roughly half of U.S. manufacturing shipments
in our sample. As shown in the table, the distribution of output across products is highly skewed,


35We �nd similar results for earlier census periods. The analogous speci�cation when census periods are pooled
involves including a full set of interactions between �rm and time �xed effects and between product and time �xed
effects. This speci�cation also yields similar results.
36In the model, consumer tastes follow a �rst-order Markov process, so that the probability of drawing a new value for


consumer tastes depends only on the current value of consumer tastes. Furthermore, controlling for �rm and product �xed
effects, log �rm-product shipments are proportional to the current value of consumer tastes. Therefore, as in much of the
�rm entry and exit literature, age or tenure should become insigni�cant in a speci�cation that controls appropriately for
scale. One natural explanation for the signi�cance of �rm-product tenure in such a speci�cation is that consumer tastes
follow a higher-order Markov process, and the model could be extended to allow for this possibility.
37We note that the product-level decompositions reported earlier are not simple averages of the �rm-level decompo-


sitions reported here for additional reasons besides the focus on surviving �rms. In particular, the weight of �rms in the
product-level decompositions varies substantially depending on their size, and the �rm-level decompositions include a
�rm's output across all products.
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with the average share of �rm output attributable to a �rm's largest product declining from 80
percent for �rms that produce two products to 46 percent for �rms that produce 10 products.


TABLE 10 ABOUT HERE


A commonly used benchmark in the literature on �rm size distributions is the Pareto distribu-
tion, which predicts a log linear regression relationship between the log rank of �rm shipments
and log �rm shipments. To similarly assess the product-size distribution within �rms producing
a like number of products, we estimate an analogous regression of the log rank of �rm-product
size on the log of their share of �rm shipments.38 We estimate this regression separately for �rms
producing four, six, eight and ten products using the data on the average shares of products in
�rm output reported in Table 10. The �tted and actual values for �rm-product rank and size in
these regressions are displayed in Figure 2. As indicated in the �gure, actual values lie above
the regression line in the middle of the distribution and below the regression line in the tails,
implying thinner tails than the Pareto distribution.39 Therefore the heterogeneity across products
within �rms stressed in our model displays the same features as the heterogeneity across �rms
examined in the �rm-size distribution literature (see, for example, Rossi-Hansberg and Wright
2007).


FIGURE 2 ABOUT HERE


D. Alternate Explanations


Our empirical analysis of product adding and dropping thus far accords well with features of
product switching highlighted by our model of endogenous product selection. Here, we discuss
potential alternate explanations for the facts we uncover and the extent to which they receive
support from the data.
Explanations of product switching fall into three broad categories according to whether they


focus on factors that are speci�c to products, on factors that are speci�c to �rms, or on factors
that are idiosyncratic to �rm-product pairings. The �rst category of explanations emphasizes
forces that are product-speci�c but common to all �rms, such as changes in relative demand
(e.g., changing fashions) or relative supply (e.g., changing technology). Explanations of this
form that involve a net reallocation of economic activity across products, e.g., from �cold� to
�hot� products, are hard to reconcile with the positive correlation between products' add and
drop rates observed in Figure 1.
A second class of explanations for product switching focuses on factors that are speci�c to


�rms but common to products. Positive shocks to a �rm's productivity, for example, might
increase the pro�tability of all products it could produce, thereby inducing the �rm to add previ-
ously unpro�table products. This class of explanations, however, is hard to reconcile with the fact
that �rms simultaneously add and drop products across census years. Such switching suggests
that any �rm-speci�c shocks differentially affect its products, and are therefore �rm-product spe-
ci�c. A more fundamental challenge for both �rm- and product-speci�c explanations of product
switching is our �nding that �rm-product characteristics are in�uential determinants of product
switching even after controlling separately for �rm and product characteristics.


38If the distribution of shipments, x , across products within �rms shown in Table 10 is Pareto with minimum value k
and shape parameter a, we have Prob


�
x > x 0


�
D
�
k=x 0


�a . Taking logarithms in this expression and rearranging terms
yields the following relationships: log


�
Rankp


�
D A � a log


�
xp
�
D B � a log


�
Sharep


�
, where Rankp is the rank of


xp , Sharep D xp=X , and A, B and X D
P
p xp are constants.


39Including a quadratic term in log product size in the regression, we �nd that a null hypothesis of linearity is strongly
rejected at conventional levels of statistical signi�cance. From a comparison of the tails across the panels of Figure 2, the
departures from a Pareto distribution increase with the number of products that �rms produce.
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The model developed in Section I falls into the third category of explanations, which con-
centrates on the role of �rm-product attributes in in�uencing product switching. In our model,
the interaction of idiosyncratic shocks to �rm productivity and �rm-product demand fosters both
self-selection of �rms and self-selection of products within �rms. Klette and Kortum (2004) �
hereafter KK � offer an alternate �rm-product approach that emphasizes innovation.40 In the KK
model, products cycle across �rms as they exchange technological dominance. While this model
is consistent with some of the stylized facts we present (e.g., product switching across census
years), it fails to capture others. In KK, for example, the �rm-size distribution is determined en-
tirely by variation in the extensive margin of the number of products �rms produce. In the data,
however, we �nd that the intensive margin of output per product is quite in�uential in determin-
ing variation in �rm size.41 The KK model also predicts a constant hazard rate � equal to the
economy-wide rate of creative destruction � for �rms' dropping of products. Here, however, we
�nd that the probability that a �rm drops a product is decreasing in �rm-product shipments and
the length of time for which the �rm has produced the product. Though our data motivate the
development of the selection model described above, we believe that extending innovation-based
models to match our new stylized facts is another interesting avenue for further research.


IV. Extending the Basic Selection Model


In this section we highlight several dimensions of the data that are less well captured by either
our model or the alternative potential explanations discussed above, but which point to potentially
fruitful lines of future theoretical and empirical research.


A. Product Coproduction


Our �rst set of additional results relates to the types of goods �rms tend to produce together.
Table 11 reports the average annual frequency, in thousands, with which �rms coproduce prod-
ucts within and across sectors from 1987 to 1997. Dark shading indicates coproduction that is
signi�cantly more frequent than expected based on the individual probabilities of producing each
product, while light shading indicates signi�cantly less coproduction.42 As shown in the table,
the probability that a �rm produces a product in the row sector conditional on production of a
product in the column sector is relatively high within sectors as well as between sectors that ap-
pear related (e.g., Apparel and Textiles, or Electronics and Industrial Machinery). Furthermore,
the matrix of data as a whole rejects the null hypothesis that the probability a �rm produces a
product is independent of the �rm's other products (p-value < 0.01).


TABLE 11 ABOUT HERE


In developing our model, we assumed for simplicity that consumer tastes �i were indepen-
dently distributed across products. As a result, the only interdependence in �rm sales across


40See also Rasmus Lentz and Dale T. Mortenson (2005), Luttmer (2008) and Chatterjee and Rossi-Hansberg (2008)
for other innovation-based models of �rm scope.
41Regressing the log of �rm average output per product (the intensive margin) and the log of �rm number of products


(the extensive margin) on the log of �rm total output, we �nd that the intensive margin accounts for around 90 percent of
the cross-section variation in �rm size.
42We assess statistical signi�cance by comparing the observed co-production frequencies to those that would be ex-


pected under a null hypothesis that the decisions to produce row and column product lines are independent. Under this
null, the expected frequency with which a particular pair of major sectors is co-produced follows an independent Poisson
distribution. An individual cell's deviation from random co-production therefore follows a standard normal distribution,
orc�ercperc


� N .0; 1/ ; where orc and erc are the observed and expected frequencies in row r and column c, respec-
tively. Summing across cells, the statistic for testing whether the entire matrix of frequencies is generated by random
co-production,


X
r;c


.orc�erc/2
erc , is distributed chi-squared.
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products arises from �rm productivity ', which raises or reduces a �rm's sales across all prod-
ucts proportionately. However, the �ndings in Table 11 suggest richer forms of interdependence,
where some pairs of products are systematically coproduced within �rms, while other pairs of
products are systematically produced in separate �rms.43 One way of extending the model to
capture richer forms of interdependence is to allow consumer tastes (or equivalently a product-
speci�c component of productivity) to be correlated across products. For example, product char-
acteristics that are highly valued in one product market (e.g., apparel) may be highly valued in
another product market (e.g., textiles). While such an extension would bring the model closer to
the data, this would come at the cost of making the model considerably less tractable. Neverthe-
less, achieving greater understanding of the sources of interdependence in demand or production
technology across products within �rms would be useful.


B. Modes of Product Switching


Our second set of additional results relates to the mode by which �rms add and drop products.
There are a variety of ways in which �rms can add a product: at existing facilities, at newly
constructed plants, or by acquiring an existing plant from another �rm. Similarly �rms can drop
products at continuing plants, by closing plants or by selling plants to another �rm.
Table 12 reports the distribution of product adds (top panel) and drops (bottom panel) accord-


ing to how they are accomplished. As indicated in the �rst column of each panel, roughly 85
percent of added and dropped products, respectively, are added and dropped at existing plants.
The share of the number of products added and dropped through mergers & acquisitions (M&A)
is relatively small: less than 10 percent of both adds and drops involve plant acquisitions or
divestitures whether by themselves or in combination with another mode of product switching.
However, as shown in the second column of each panel, M&A activity is substantially more im-
portant as a share of the value of products added and dropped, indicating that the products added
and dropped through plant acquisitions or divestitures are on average larger than those added and
dropped through other modes of product switching. Columns three and four of each panel show
that a similar pattern is observed for the share of �rms that add and drop products.


TABLE 12 ABOUT HERE


A distinct but related issue is the extent to which M&A is accompanied by any of the modes of
products switching. Comparing product and sector-switching according to whether or not �rms
concomitantly acquire or divest a plant, we �nd that �rms involved in an ownership change are
relatively more likely to change their mix of products, as reported in Table A5 in the web-based
technical appendix. An average of 94 percent of �rms that engage in M&A activity also alter
their mix of products, compared with an average of 53 percent for �rms that do not participate in
an acquisition or divestiture. For sector switching, the importance of M&A is even more stark:
the analogous percentages are 67 and 15 percent.
While our �nding that product switching frequently occurs within �rms' existing plants moti-


vates the model's abstraction from M&A and the creation of new plants, the introduction of these
complementary modes of product switching is an interesting area for further research.


V. Conclusions


The extent to which resources are allocated to their best use is a primary concern of economics.
Virtually all empirical research on reallocation as a source of industry output and measured pro-
ductivity growth focuses on plant or �rm entry and exit or changes in the composition of output


43Similarly, the co-production �ndings in Table 11 sit awkwardly with the assumption in the innovation-based model
of Klette and Kortum (2004) that the identity of the product to which a �rm's innovation applies is drawn randomly from
the set of potential products.
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across plants or �rms. This paper identi�es product switching as an important source of reallo-
cation within �rms and analyzes its determinants and consequences.
Guided by a natural extension of existing models of industry dynamics that allows �rms to


produce an endogenous range of products in response to evolving �rm and product characteris-
tics, we develop a body of evidence about this new dimension of �rm behavior. Using a novel
dataset that tracks U.S. manufacturing output at the level of �ve-digit products within �rms, we
�nd that �rms add and drop products with surprising intensity and frequency. On average, 54
percent of US manufacturing �rms alter their mix of �ve-digit products every �ve years, and
these adjustments lead an average of 41 percent of �rms to enter new or exit existing four-digit
industries, and 16 percent of �rms to extend or contract their set of two-digit sectors. Overall,
we �nd that the gross contributions of product adding and dropping to the evolution of aggregate
manufacturing output are as large as the gross contributions of �rm entry and exit.
We demonstrate that observed patterns of product switching are inconsistent with explanations


based purely on net reallocation across products and are more generally hard to reconcile with
explanations based on �rm or product shocks alone. In contrast, we �nd support for the central
features of our extended model of industry dynamics, which emphasizes selection within as well
as across �rms. In particular, the model accounts for the positive correlation across products
between the rate of product adding and dropping and the age and scale dependence observed in
the probability a product is dropped.
Though our basic framework is a good match for key features of the census data, additional


empirical analysis reveals areas in which it might be extended. In the current version of the
model, for example, the only source of dependence in pro�tability across a �rm's products is
the �rm's overall productivity: higher �rm productivity raises the pro�tability of all products.
Empirical examination of �rms' product mix, however, reveals that �rms are more likely to co-
manufacture products within the same industry, or within �linked� industries, e.g., lumber and
furniture or electronics and instruments. An extended version of our model might incorporate
demand- or supply-side complementarities that rationalize these links. Similarly, extending the
model to allow �rms to endogenously choose between various modes of product switching, such
as plant creation and M&A, is another interesting avenue for future research.
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Table 4: Product Switching and Changes in Firm Characteristics, 1987 to 1997 


Obs R2


Log Change in Real Output -0.078 *** 0.096 *** 94,012 0.05


(0.0093) (0.0076)


Log Change in Employment -0.085 *** 0.078 *** 94,012 0.03


(0.0100) (0.0075)


Log Change in Real Output/Worker0.007 ** 0.018 *** 94,012 0.03


(0.0038) (0.0043)


Change in TFPR -0.041 *** 0.031 *** 94,012 0.08


(0.0070) (0.0076)


Net Drop Net Add


 
Notes:  Table summarizes OLS regression results of log change in firm characteristics over five-


year intervals according to whether firms net add or net drop products. Each row summarizes the 


regression for the noted dependent variable. Standard errors in parentheses are adjusted for 


clustering by product-mix. Regressions include product mix by year fixed effects. ***, **, and * 


represent statistical significance at the 1 percent, 5 percent and 10 percent levels, respectively. 







 
 


 


Table 5: Sector and Industry Switching by U.S. Manufacturing Firms, 1987 to 1997 


Firm Activity Product Activity Industry Activity Sector Actvivity
None 46 59 84


Drop Only 15 14 6


Add Only 14 13 6


Both Add and Drop 25 14 3


Percent of Firms


 
Notes:  Table displays the average percentage of surviving firms that engage in product, industry 


and sector switching across five-year intervals from 1987 to 1997. Product, industry and sector 


activity refers to the adding and/or dropping of five-digit, four-digit and two-digit SIC 


categories, respectively. The four firm activities are mutually exclusive. 
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Table 9: Average Decomposition of Firm Output by Type of Product, 1987 to 1997 


Products Produced in 
Years t-5 and t


Products Added 
Between Years t-5 and t


Products Produced in 
Years t and t+5


Products Dropped 
Between Years t and 


1987 . . 71 29


1992 74 26 74 26


1997 69 31 . .


Average Share (%) of Firm Output in Year t Accounted for by:
Backward-Looking Forward-Looking


 
Notes: Table reports the average percentage decomposition of firm output according to whether 


products were previously (right panel) or subsequently (left panel) produced. Each row 


represents the average across all adding or dropping firms in the noted year. 







 
 


 


 


Table 10: Mean Distribution of Within-Firm Output Shares, 1987 to 1997 


1 2 3 4 5 6 7 8 9 10
1 100 80 70 63 58 54 52 50 48 46


2 19 21 22 21 21 21 20 20 20


3 7 9 10 11 11 11 11 12


4 4 5 6 7 7 7 7


5 2 3 4 4 5 5


6 2 2 3 3 3


7 1 2 2 2


8 1 1 2


9 1 1


10 1


Number of Products Produced by the Firm
A


ve
ra


ge
 P


er
ce


nt
 o


f O
ut


pu
t


 
Notes: Columns indicate the number of products produced by the firm. Rows indicate the share 


of the products in firm output, in descending order of size. Each cell is the average across the 


relevant set of firm-products in the sample. Sample includes all firms producing at least ten 


products in the 1987 to 1997 Censuses. 


 







 
 


Table 11: Product Co-Production Within Firms, 1987 to 1997 
Sector 20 31 30 22 23 39 24 26 25


20 Food 158 2 9 5 16 5 6 9 6


31 Leather 2 1 1 1 3 1 1 1 1


30 Rubber & Plastic 9 1 47 8 9 7 8 10 6


22 Textile 5 1 8 25 18 3 3 4 3


23 Apparel 16 3 9 18 64 6 6 6 6


39 Miscellaneous 5 1 7 3 6 10 3 3 2


24 Lumber 6 1 8 3 6 3 79 16 16


26 Paper 9 1 10 4 6 3 16 19 3


25 Furniture 6 1 6 3 6 2 16 3 23


27 Printing & Pub 11 1 6 4 9 9 5 23 3


28 Chemicals 42 1 24 11 12 6 9 13 4


29 Petroleum 3 0 2 1 1 0 1 1 0


32 Stone & Concrete 4 0 6 2 3 1 4 3 1


33 Primary Metal 6 1 13 4 7 3 5 5 4


34 Fabricated Metal 15 2 33 8 20 10 16 12 12


35 Industrial Mach 16 1 41 8 21 9 10 12 10


36 Electronic 8 1 22 5 9 6 6 6 7


37 Transportation 5 0 12 3 5 3 3 2 3


38 Instruments 4 0 11 3 5 3 3 4 3  
Notes:  Table summarizes co-production of five-digit SIC categories across multiple-product 


firms.  Cells reports count (in 000s) of the average number of firms producing two products in 


the noted sectors across 1987 to 1997. Dark (light) shading indicates co-production that is 


statistically significantly higher (lower) at the one percent significance level than is implied by a 


null hypothesis of random co-production (see text). Sectors have been sorted to maximize dark 


shading along the diagonal (see text). 







 
 


Table 11: continued 
Sector 27 28 29 32 33 34 35 36 37 38


20 Food 11 42 3 4 6 15 16 8 5 4


31 Leather 1 1 0 0 1 2 1 1 0 0


30 Rubber & Plastic 6 24 2 6 13 33 41 22 12 11


22 Textile 4 11 1 2 4 8 8 5 3 3


23 Apparel 9 12 1 3 7 20 21 9 5 5


39 Miscellaneous 9 6 0 1 3 10 9 6 3 3


24 Lumber 5 9 1 4 5 16 10 6 3 3


26 Paper 23 13 1 3 5 12 12 6 2 4


25 Furniture 3 4 0 1 4 12 10 7 3 3


27 Printing & Pub 401 10 1 2 5 13 15 10 4 5


28 Chemicals 10 74 13 10 16 25 29 20 10 18


29 Petroleum 1 13 4 2 3 4 3 2 1 1


32 Stone & Concrete 2 10 2 10 6 11 11 7 3 3


33 Primary Metal 5 16 3 6 27 48 47 29 15 10


34 Fabricated Metal 13 25 4 11 48 124 117 53 30 22


35 Industrial Mach 15 29 3 11 47 117 119 72 38 31


36 Electronic 10 20 2 7 29 53 72 70 25 37


37 Transportation 4 10 1 3 15 30 38 25 18 10


38 Instruments 5 18 1 3 10 22 31 37 10 14  
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Figure 1: Average Product Add and Drop Rates, 1987 to 1997 
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Notes: Add (drop) rate are defined as the number of firms adding (dropping) the product between 


census years divided by the average number of firms producing the product in both years. 







 
 


 


 
Figure 2: Distribution of Product Shipments Within Firms, 1987 to 1997 
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Notes: The solid line plots within-firm product rank against within-firm product size. Dashed 


lines are the result of an OLS regression of log product rank on log product size. 
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table 1

		march 2008 disclosure

		Type of Firm		Percent of Firms		Percent of Output		Mean Products, Industries or Sectors per Firm

		Multiple Product		39		87		3.5

		Multiple-Industry		28		81		2.8

		Multiple-Sector		10		66		2.3

		Notes:  Table displays a breakdown of firms according to whether they produce multiple products (five-digit SIC categories), multiple industries (four-digit SIC categories) and multiple sectors (two-digit SIC categories). Columns two and three summarize the distribution of firms and output, respectively. Column four reports the mean number of products for multiple-product firms, the mean number of industries for multiple-industry firms and the mean number of sectors for for multiple-sector firms. Results are based on the pooled 1987 to 1997 sample.





table 2

		

		Firm Characteristic		Multiple Product		Multiple Industry		Multiple Sector

		Output		0.66		0.67		0.92

		Employment		0.58		0.61		0.86

		Probability of Export		0.12		0.12		0.16

		Labor Productivity		0.08		0.06		0.06

		TFPR		0.02		0.02		0.00

		Notes:  Table summarizes mean log differences in 1997 between firms that produce multiple products, industries and sectors versus those that produce a single product, industry and sector, respectively. Results are obtained by OLS regressions of the log of the noted firm characteristic on a dummy variable indicating the firms' status as well as industry fixed effects. A firm's industry is defined as the four-digit SIC in which it has the highest value of shipments. Regression standard errors are adjusted for clustering at the industry level. All regressions are restricted to the 110,414 observations for which all firm characteristics are available. All differences are statistically significant at the 1 percent level except for TFP premia for multi-sector firms.





table 3

		

				Percent of Firms

		Firm Activity		All Firms		Multi-Product Firms		Exporters		Large Firms		Multi-Plant Firms

		None		46		20		38		39		25

		Drop Product(s) Only		15		12		18		17		21

		Add Product(s) Only		14		32		14		16		15

		Both Add and Drop		25		36		31		28		38

				Output-Weighted Percent of Firms

		Firm Activity		All Firms		Multi-Product Firms		Exporters		Large Firms		Multi-Plant Firms

		None		11		6		6		10		5

		Drop Product(s) Only		10		8		9		10		10

		Add Product(s) Only		10		12		9		10		9

		Both Add and Drop		68		75		76		70		77

		Note:  Top panel displays average percent of surviving U.S. manufacturing firms engaging in each type of product-changing activity across five-year intervals from 1987 to 1997.  Bottom panel provides a similar breakdown but weighting each firm by its output.  Products refer to five-digit SIC categories. The four firm activities are mutually exclusive.  "Large Firms" are defined as firms whose output is above the seventy-fifth percentile.





table 4

		

				Net Drop				Net Add				Obs		R2

		Log Change in Real Output		-0.078		***		0.096		***		94,012		0.05

				(0.0093)				(0.0076)

		Log Change in Employment		-0.085		***		0.078		***		94,012		0.03

				(0.0100)				(0.0075)

		Log Change in Real Output/Worker		0.007		**		0.018		***		94,012		0.03

				(0.0038)				(0.0043)

		Change in TFPR		-0.041		***		0.031		***		94,012		0.08

				(0.0070)				(0.0076)

		Notes:  Table summarizes OLS regression results of log change in firm characteristics from 1987 to 1997 on dummy variables indicating whether firms net add or net drop products. The left out category is firms that undertake no product switching or, if they do switch products, experience no net change in the number of products they produce. Each row summarizes the regression for a different dependent variable. Columns report the two regression coefficients and their standard errors, the number of observations and the R-squared of the regression. Standard errors are adjusted for clustering at the product-mix level. Regressions include product mix by year fixed effects; coefficients for fixed effects and the constant are suppressed. Each regression is restricted to the set of observations for which all data are available. ***, **, and * represent statistical significance at the 1, 5 and 10 percent levels, respectively.





table 5

		

				Percent of Firms

		Firm Activity		Product Activity		Industry Activity		Sector Actvivity

		None		46		59		84

		Drop Only		15		14		6

		Add Only		14		13		6

		Both Add and Drop		25		14		3

		Note:  Table displays average share of surviving firms who engage in product, industry and sector switching across five-year intervals from 1987 to 1997. Product, industry and sector activity refers to the adding and/or dropping of five-digit, four-digit and two-digit SIC categories, respectively. The four firm activities are mutually exclusive.





table 6

		march 2008 disclosure

				Average Share (%) of Product Output in Year t Produced by:

				Backward-Looking						Forward-Looking

				Firms Producing Product in Years t-5 and t		Firms that Add the Product Betweend Years t-5 and t		Firms Born Between Years t-5 and t		Firms Producing Product in Years t and t+5		Firms that Drop the Product Between Years t and t+5		Firms that Die Between Years t and t+5

		1987		.		.		.		65		16		19

		1992		67		14		19		67		15		18

		1997		70		15		15		.		.		.

				Average Share (%) of Firms Producing a Product in Year t by:

				Backward-Looking						Forward-Looking

				Firms Producing Product in Years t-5 and t		Firms that Add the Product Betweend Years t-5 and t		Firms Born Between Years t-5 and t		Firms Producing Product in Years t and t+5		Firms that Drop the Product Between Years t and t+5		Firms that Die Between Years t and t+5

		1987		.		.		.		44		27		29

		1992		40		23		37		44		25		32

		1997		45		26		29		.		.		.

		Notes: Table reports average year t decomposition of product output (upper panel) and number of firms producing a product (lower panel) according to firm activity. Left-panel summarizes backward-looking firm activities while right panel summarizes forward-looking firm activities. Each row represents the average across all five-digit SIC products in the noted year. Decompositions cover the 1987 to 1997 censuses.

																																						Average Percent of Product Output Produced by												Average Percent of Firms Producing the Product by

																																		s		Sector		Incumbents		Just Born		Just Added		Incumbents		About to Die		About to Drop		Incumbents		Just Born		Just Added		Incumbents		About to Die		About to Drop

																																		20		20 Food		77		12		10		75		13		12		50		30		20		52		28		20

																																		22		22 Textile		61		16		23		59		21		20		42		32		26		41		35		24

																																		23		23 Apparel		59		25		16		53		29		18		36		44		20		34		48		18

																																		24		24 Lumber		54		28		17		63		20		16		35		43		22		43		35		22

																																		25		25 Furniture		66		22		12		62		20		18		31		48		21		34		44		22

																																		26		26 Paper		76		14		10		71		16		13		55		27		19		55		24		22

																																		27		27 Printing		63		21		16		59		25		15		29		45		26		34		36		30

																																		28		28 Chemicals		75		13		12		75		11		14		46		30		23		47		26		27

																																		29		29 Petroleum		79		14		7		83		9		7		59		27		14		60		24		16

																																		30		30 Rubber		59		18		23		68		16		16		35		36		28		46		28		26

																																		31		31 Leather		71		22		7		57		31		12		46		44		11		41		45		14

																																		32		32 Stone		70		18		12		71		14		15		45		38		17		51		31		18

																																		33		33 Primary Metal		68		19		14		70		17		13		45		30		25		49		26		25

																																		34		34 Fabricated Metal		61		22		17		64		19		17		35		38		26		42		29		30

																																		35		35 Industrial Machinery		63		23		14		64		18		18		37		39		24		41		30		29

																																		36		36 Electronic		68		16		16		72		14		14		38		37		25		43		30		28

																																		37		37 Transportation		70		18		11		64		17		20		39		37		24		41		31		28

																																		38		38 Instruments		68		16		15		68		16		16		34		43		22		39		35		26

																																		39		39 Miscellaneous		63		24		13		64		24		11		41		43		16		43		39		18





table 7

		

				Single-Product Firms																Multiple-Product Firms

				Addt:t+5				Addt:t+5				Addt:t+5				Addt:t+5				Addt:t+5				Addt:t+5				Addt:t+5				Addt:t+5

		TFPRt		0.0140		***		0.0150		***										0.0020		***		0.0026		***

				(0.0031)				(0.0031)												(0.0049)				(0.0049)

		ln(Output/Worker)t										0.0099		***		0.0114		***										0.0178		***		0.0137		***

												(0.0023)				(0.0023)												(0.0044)				(0.0044)

		ln(Employment)t						0.0269		***						0.0271		***						0.0268		***						0.0265		***

								(0.0012)								(0.0013)								(0.0022)								(0.0022)

		ln(Age)t						0.0057		***						0.0053		***						0.0228		***						0.0224		***

								(0.0021)								(0.0021)								(0.0036)								(0.0036)

		R-Squared		0.07				0.07				0.07				0.07				0.51				0.52				0.51				0.52

		Observations		105,035				105,035				105,035				105,035				74,976				74,976				74,976				74,976

		Notes:  Table summarizes OLS regression results of noted dummy variable indicating product adding by single-product (left panel) and multi-product (right panel) firms between years t and t+5 on noted year t covariates. Sample covers five-year intervals between 1987 and 1992. Robust standard errors are noted below each coefficient; standard errors are adjusted for clustering at the year t product-mix level. Coefficients for product and year fixed effects as well as constant are suppressed.  ***, **, and * represent statistical significance at the 1%, 5% and 10% levels, respectively.





table 8

		

				Dropt:t+5				Dropt:t+5				Dropt:t+5

		Relative Product Sizet		-0.059		***		-0.086		***		-0.077		***

				(0.001)				(0.001)				(0.001)

		Relative Product Tenuret		-0.189		***		-0.219		***		-0.223		***

				(0.006)				(0.008)				(0.008)

		Constant		0.256		***		-0.001		***		-0.071		***

				(0.003)				(0.001)				(0.002)

		Fixed Effects		None				Firm				Firm, Product

		R-Squared		0.48				0.48				0.47

		Observations		80,371				80,371				80,371

		Notes:  Table summarizes OLS regression results of dummy variable indicating a firm-product drop between 1992 and 1997 on 1992 firm-product attributes and firm and/or firm and product fixed effects. Firm-product size and tenure are relative to firms with the same mix of products. Regression restricted to surviving multiple-product firms. Robust standard errors are noted below each coefficient; standard errors are adjusted for clustering at the product level. Coefficients for fixed effects are suppressed. R-squared for final two columns is the "within" R-squared.  ***, **, and * represent statistical significance at the 1%, 5% and 10% levels, respectively.





table 9

		

				Average Share (%) of Firm Output in Year t Accounted for by:

				Backward-Looking				Forward-Looking

				Products Produced in Years t-5 and t		Products Added Between Years t-5 and t		Products Produced in Years t and t+5		Products Dropped Between Years t and t+5

		1987		.		.		71		29

		1992		74		26		74		26

		1997		69		31		.		.

		Notes: Table reports average year t decomposition of firm output according to whether products were previously (right panel) or subsequently (left panel) produced. Each row represents the average across all adding or dropping firms in the noted year. Decompositions cover the 1987 to 1997 censuses.





table 10

		

						Number of Products Produced by the Firm

						1		2		3		4		5		6		7		8		9		10

		Average Percent of Output		1		100		80		70		63		58		54		52		50		48		46

				2				19		21		22		21		21		21		20		20		20

				3						7		9		10		11		11		11		11		12

				4								4		5		6		7		7		7		7

				5										2		3		4		4		5		5

				6												2		2		3		3		3

				7														1		2		2		2

				8																1		1		2

				9																		1		1

				10																				1

		Notes: Columns indicate the number of products produced by the firm. Rows indicate the share of the produce, in descending order of size. Each cell is the average across the relevant set of firm-products in the sample. Sample includes all firms producing at least ten products in the 1987 to 1997 Censuses.





table 11 v1

																																																												This worksheet has the raw co-production data.																														confidence interval		0.99												sig

																																																												Firms producing in row that also produce column.																														critical value		386.14												0.005

		Product Co-Production Matrix																																																										This data disclosed in the 4/22/4 request																														df		324												Product Co-Production Matrix

		Sector		20		31		30		22		23		39		24		26		25		27		28		29		32		33		34		35		36		37		38																																																																Sector		20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		Total

		20 Food		158		2		9		5		16		5		6		9		6		11		42		3		4		6		15		16		8		5		4																				Observed Frequency (000s)																																												20 Food		474		15		47		17		17		26		32		127		10		26		7		11		19		46		47		23		16		12		15		988

		31 Leather		2		1		1		1		3		1		1		1		1		1		1		0		0		1		2		1		1		0		0																						20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39						22 Textile		15		76		55		9		9		11		12		34		3		23		3		7		11		24		23		14		8		9		8		352

		30 Rubber & Plastic		9		1		47		8		9		7		8		10		6		6		24		2		6		13		33		41		22		12		11																				20		474,231		15,219		46,728		16,626		17,226		26,190		32,181		127,163		10,254		26,106		7,365		10,698		18,744		45,954		46,989		23,004		16,059		12,141		14,979		987,857				23 Apparel		47		55		191		19		18		17		28		35		3		26		9		8		20		60		64		26		15		15		18		672

		22 Textile		5		1		8		25		18		3		3		4		3		4		11		1		2		4		8		8		5		3		3																				22		15,219		75,704		54,501		8,748		9,057		11,175		12,213		33,594		2,988		23,001		3,015		6,546		10,860		24,318		22,593		13,749		8,400		9,033		7,502		352,216				24 Lumber		17		9		19		237		47		49		16		27		3		23		2		11		16		47		31		19		10		8		8		599

		23 Apparel		16		3		9		18		64		6		6		6		6		9		12		1		3		7		20		21		9		5		5																				23		46,728		54,501		190,777		19,356		18,329		16,845		27,553		34,763		3,299		25,908		8,727		7,594		20,180		60,232		63,852		25,958		15,141		14,946		17,597		672,286				25 Furniture		17		9		18		47		68		9		10		11		1		17		2		4		12		36		30		21		9		8		7		338

		39 Miscellaneous		5		1		7		3		6		10		3		3		2		9		6		0		1		3		10		9		6		3		3																				24		16,626		8,748		19,356		236,822		47,467		49,497		16,449		27,132		2,877		22,944		1,608		11,494		16,374		46,527		31,371		18,765		9,765		7,908		7,572		599,302				26 Paper		26		11		17		49		9		57		70		39		3		30		2		9		15		35		35		17		7		13		9		452

		24 Lumber		6		1		8		3		6		3		79		16		16		5		9		1		4		5		16		10		6		3		3																				25		17,226		9,057		18,329		47,467		68,143		8,699		10,221		10,767		1,008		16,796		2,163		4,132		11,568		36,414		29,816		21,441		8,907		8,226		7,374		337,754				27 Printing & Publishing		32		12		28		16		10		70		1202		30		3		19		3		6		15		38		44		30		13		15		27		1615

		26 Paper		9		1		10		4		6		3		16		19		3		23		13		1		3		5		12		12		6		2		4																				26		26,190		11,175		16,845		49,497		8,699		56,843		69,741		38,577		3,267		30,067		1,695		8,652		14,985		34,674		34,716		17,097		7,146		13,220		9,024		452,110				28 Chemicals		127		34		35		27		11		39		30		222		39		72		4		29		49		76		87		59		31		55		18		1041

		25 Furniture		6		1		6		3		6		2		16		3		23		3		4		0		1		4		12		10		7		3		3																				27		32,181		12,213		27,553		16,449		10,221		69,741		1,202,056		29,553		3,291		19,449		2,547		6,126		15,471		38,086		43,806		30,414		13,170		15,000		27,310		1,614,637				29 Petroleum		10		3		3		3		1		3		3		39		13		7		0		6		8		11		10		7		4		4		1		137

		27 Printing & Pub		11		1		6		4		9		9		5		23		3		401		10		1		2		5		13		15		10		4		5																				28		127,163		33,594		34,763		27,132		10,767		38,577		29,553		222,193		38,994		71,739		3,996		28,692		48,852		76,499		86,535		59,244		30,510		54,789		17,632		1,041,224				30 Rubber & Plastic		26		23		26		23		17		30		19		72		7		141		4		19		39		100		122		67		36		33		20		823

		28 Chemicals		42		1		24		11		12		6		9		13		4		10		74		13		10		16		25		29		20		10		18																				29		10,254		2,988		3,299		2,877		1,008		3,267		3,291		38,994		13,029		6,999		381		6,116		7,524		10,511		10,092		7,191		3,603		4,065		1,242		136,731				31 Leather		7		3		9		2		2		2		3		4		0		4		4		1		2		5		4		3		1		1		3		58

		29 Petroleum		3		0		2		1		1		0		1		1		0		1		13		4		2		3		4		3		2		1		1																				30		26,106		23,001		25,908		22,944		16,796		30,067		19,449		71,739		6,999		140,782		3,696		18,849		39,249		99,521		122,297		67,053		35,759		33,033		19,650		822,898				32 Stone & Concrete		11		7		8		11		4		9		6		29		6		19		1		29		17		34		33		22		10		10		4		270

		32 Stone & Concrete		4		0		6		2		3		1		4		3		1		2		10		2		10		6		11		11		7		3		3																				31		7,365		3,015		8,727		1,608		2,163		1,695		2,547		3,996		381		3,696		4,237		858		1,614		4,608		3,798		2,634		1,149		1,389		2,790		58,270				33 Primary Metal		19		11		20		16		12		15		15		49		8		39		2		17		81		144		142		86		44		30		10		759

		33 Primary Metal		6		1		13		4		7		3		5		5		4		5		16		3		6		27		48		47		29		15		10																				32		10,698		6,546		7,594		11,494		4,132		8,652		6,126		28,692		6,116		18,849		858		29,483		16,917		34,298		32,510		22,317		10,146		10,383		4,467		270,278				34 Fabricated Metal		46		24		60		47		36		35		38		76		11		100		5		34		144		372		352		158		91		67		29		1723

		34 Fabricated Metal		15		2		33		8		20		10		16		12		12		13		25		4		11		48		124		117		53		30		22																				33		18,744		10,860		20,180		16,374		11,568		14,985		15,471		48,852		7,524		39,249		1,614		16,917		80,522		143,502		142,228		86,388		43,599		30,261		9,681		758,519				35 Industrial Machinery		47		23		64		31		30		35		44		87		10		122		4		33		142		352		358		216		115		94		28		1833

		35 Industrial Mach		16		1		41		8		21		9		10		12		10		15		29		3		11		47		117		119		72		38		31																				34		45,954		24,318		60,232		46,527		36,414		34,674		38,086		76,499		10,511		99,521		4,608		34,298		143,502		371,547		351,506		157,586		91,278		66,885		28,735		1,722,681				36 Electronic		23		14		26		19		21		17		30		59		7		67		3		22		86		158		216		210		76		111		19		1184

		36 Electronic		8		1		22		5		9		6		6		6		7		10		20		2		7		29		53		72		70		25		37																				35		46,989		22,593		63,852		31,371		29,816		34,716		43,806		86,535		10,092		122,297		3,798		32,510		142,228		351,506		358,107		215,535		115,041		93,563		28,188		1,832,543				37 Transportation		16		8		15		10		9		7		13		31		4		36		1		10		44		91		115		76		53		31		8		577

		37 Transportation		5		0		12		3		5		3		3		2		3		4		10		1		3		15		30		38		25		18		10																				36		23,004		13,749		25,958		18,765		21,441		17,097		30,414		59,244		7,191		67,053		2,634		22,317		86,388		157,586		215,535		209,653		75,543		110,943		19,105		1,183,620				38 Instruments		12		9		15		8		8		13		15		55		4		33		1		10		30		67		94		111		31		43		10		571

		38 Instruments		4		0		11		3		5		3		3		4		3		5		18		1		3		10		22		31		37		10		14																				37		16,059		8,400		15,141		9,765		8,907		7,146		13,170		30,510		3,603		35,759		1,149		10,146		43,599		91,278		115,041		75,543		52,776		31,206		8,157		577,355				39 Miscellaneous		15		8		18		8		7		9		27		18		1		20		3		4		10		29		28		19		8		10		31		272

		Notes:  Table summarizes co-production of five-digit SIC categories across multiple-product firms.  Each cell contains a count (in 000s) of the average number of firms observed producing two products in the noted two-digit SIC sector across the 1987 to 1997 Census years. Firms with more than two products may be counted more than once in each cell. Dark and light grey shading indicate statistically significantly higher and lower co-production at the 1 percent, respectively, than is implied by a null hypothesis of random co-production (see text).  The absence of shading indicates the absence of statistically significant differences from this null hypothesis. Sectors have been sorted to maximize dark shading along the diagonal (see text).																																																										38		12,141		9,033		14,946		7,908		8,226		13,220		15,000		54,789		4,065		33,033		1,389		10,383		30,261		66,885		93,563		110,943		31,206		43,398		10,438		570,827				Total		988		352		672		599		338		452		1615		1041		137		823		58		270		759		1723		1833		1184		577		571		272		14263

																																																												39		14,979		7,502		17,597		7,572		7,374		9,024		27,310		17,632		1,242		19,650		2,790		4,467		9,681		28,735		28,188		19,105		8,157		10,438		30,664		272,107

																																																														987,857		352,216		672,286		599,302		337,754		452,110		1,614,637		1,041,224		136,731		822,898		58,270		270,278		758,519		1,722,681		1,832,543		1,183,620		577,355		570,827		272,107		14,263,215

																																																												Expected Frequency (RowTotal*ColTotal)/Total)

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		68,418		24,394		46,562		41,507		23,393		31,313		111,828		72,114		9,470		56,993		4,036		18,719		52,534		119,311		126,920		81,976		39,987		39,535		18,846		987,857

																																																												22		24,394		8,698		16,601		14,799		8,341		11,164		39,872		25,712		3,376		20,321		1,439		6,674		18,731		42,540		45,253		29,228		14,257		14,096		6,719		352,216

																																																												23		46,562		16,601		31,688		28,248		15,920		21,310		76,105		49,077		6,445		38,787		2,747		12,739		35,752		81,197		86,376		55,789		27,213		26,906		12,826		672,286

																																																												24		41,507		14,799		28,248		25,181		14,192		18,996		67,843		43,749		5,745		34,576		2,448		11,356		31,871		72,382		76,999		49,733		24,259		23,985		11,433		599,302

																																																												25		23,393		8,341		15,920		14,192		7,998		10,706		38,235		24,656		3,238		19,486		1,380		6,400		17,962		40,793		43,395		28,028		13,672		13,517		6,444		337,754

																																																												26		31,313		11,164		21,310		18,996		10,706		14,331		51,180		33,004		4,334		26,084		1,847		8,567		24,043		54,605		58,087		37,518		18,301		18,094		8,625		452,110

																																																												27		111,828		39,872		76,105		67,843		38,235		51,180		182,782		117,870		15,478		93,154		6,596		30,596		85,867		195,012		207,449		133,989		65,358		64,619		30,803		1,614,637

																																																												28		72,114		25,712		49,077		43,749		24,656		33,004		117,870		76,010		9,981		60,072		4,254		19,730		55,372		125,757		133,777		86,405		42,147		41,671		19,864		1,041,224

																																																												29		9,470		3,376		6,445		5,745		3,238		4,334		15,478		9,981		1,311		7,889		559		2,591		7,271		16,514		17,567		11,346		5,535		5,472		2,608		136,731

																																																												30		56,993		20,321		38,787		34,576		19,486		26,084		93,154		60,072		7,889		47,476		3,362		15,593		43,762		99,388		105,726		68,287		33,310		32,933		15,699		822,898

																																																												31		4,036		1,439		2,747		2,448		1,380		1,847		6,596		4,254		559		3,362		238		1,104		3,099		7,038		7,487		4,835		2,359		2,332		1,112		58,270

																																																												32		18,719		6,674		12,739		11,356		6,400		8,567		30,596		19,730		2,591		15,593		1,104		5,122		14,373		32,644		34,725		22,429		10,940		10,817		5,156		270,278

																																																												33		52,534		18,731		35,752		31,871		17,962		24,043		85,867		55,372		7,271		43,762		3,099		14,373		40,338		91,612		97,455		62,945		30,704		30,357		14,471		758,519

																																																												34		119,311		42,540		81,197		72,382		40,793		54,605		195,012		125,757		16,514		99,388		7,038		32,644		91,612		208,062		221,331		142,955		69,732		68,943		32,865		1,722,681

																																																												35		126,920		45,253		86,376		76,999		43,395		58,087		207,449		133,777		17,567		105,726		7,487		34,725		97,455		221,331		235,446		152,072		74,179		73,340		34,960		1,832,543

																																																												36		81,976		29,228		55,789		49,733		28,028		37,518		133,989		86,405		11,346		68,287		4,835		22,429		62,945		142,955		152,072		98,222		47,911		47,370		22,581		1,183,620

																																																												37		39,987		14,257		27,213		24,259		13,672		18,301		65,358		42,147		5,535		33,310		2,359		10,940		30,704		69,732		74,179		47,911		23,371		23,106		11,015		577,355

																																																												38		39,535		14,096		26,906		23,985		13,517		18,094		64,619		41,671		5,472		32,933		2,332		10,817		30,357		68,943		73,340		47,370		23,106		22,845		10,890		570,827

																																																												39		18,846		6,719		12,826		11,433		6,444		8,625		30,803		19,864		2,608		15,699		1,112		5,156		14,471		32,865		34,960		22,581		11,015		10,890		5,191		272,107

																																																														987,857		352,216		672,286		599,302		337,754		452,110		1,614,637		1,041,224		136,731		822,898		58,270		270,278		758,519		1,722,681		1,832,543		1,183,620		577,355		570,827		272,107		14,263,215

																																																														6.9313719644

																																																												(Observed-Expected)^2/Expected

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		test-stat

																																																												20		2,407,028		3,451		1		14,915		1,626		838		56,727		42,022		65		16,739		2,746		3,437		21,734		45,103		50,339		42,424		14,318		18,981		793		2,743,287

																																																												22		3,451		516,216		86,521		2,474		62		0		19,187		2,416		45		354		1,726		2		3,307		7,805		11,347		8,198		2,406		1,819		91		667,427

																																																												23		1		86,521		798,714		2,799		365		935		30,974		4,175		1,535		4,276		13,022		2,078		6,783		5,413		5,873		15,951		5,355		5,316		1,775		991,863

																																																												24		14,915		2,474		2,799		1,778,793		78,023		48,971		38,933		6,312		1,432		3,913		288		2		7,535		9,236		27,038		19,283		8,660		10,776		1,304		2,060,686

																																																												25		1,626		62		365		78,023		452,288		376		20,525		7,824		1,536		371		445		804		2,276		470		4,249		1,548		1,661		2,071		134		576,652

																																																												26		838		0		935		48,971		376		126,112		6,731		941		263		608		13		1		3,413		7,275		9,403		11,115		6,799		1,313		18		225,126

																																																												27		56,727		19,187		30,974		38,933		20,525		6,731		5,683,945		66,173		9,596		58,317		2,486		19,571		57,712		126,279		129,087		80,065		41,672		38,101		396		6,486,478

																																																												28		42,022		2,416		4,175		6,312		7,824		941		66,173		281,140		84,329		2,266		16		4,070		768		19,294		16,683		8,538		3,213		4,130		251		554,560

																																																												29		65		45		1,535		1,432		1,536		263		9,596		84,329		104,763		100				4,796		9		2,182		3,181		1,522		674		362		716		217,106

																																																												30		16,739		354		4,276		3,913		371		608		58,317		2,266		100		183,377		33		680		465		0		2,597		22		180		0		994		275,294

																																																												31		2,746		1,726		13,022		288		445		13		2,486		16				33		67,177		55		711		839		1,817		1,002		620		381		2,534		95,912

																																																												32		3,437		2		2,078		2		804		1		19,571		4,070		4,796		680		55		115,878		450		84		141		1		58		17		92		152,217

																																																												33		21,734		3,307		6,783		7,535		2,276		3,413		57,712		768		9		465		711		450		40,030		29,391		20,570		8,731		5,416		0		1,585		210,887

																																																												34		45,103		7,805		5,413		9,236		470		7,275		126,279		19,294		2,182		0		839		84		29,391		128,459		76,562		1,497		6,658		61		519		467,127

																																																												35		50,339		11,347		5,873		27,038		4,249		9,403		129,087		16,683		3,181		2,597		1,817		141		20,570		76,562		63,903		26,485		22,509		5,576		1,312		478,674

																																																												36		42,424		8,198		15,951		19,283		1,548		11,115		80,065		8,538		1,522		22		1,002		1		8,731		1,497		26,485		126,418		15,936		85,320		535		454,590

																																																												37		14,318		2,406		5,355		8,660		1,661		6,799		41,672		3,213		674		180		620		58		5,416		6,658		22,509		15,936		36,999		2,839		741		176,715

																																																												38		18,981		1,819		5,316		10,776		2,071		1,313		38,101		4,130		362		0		381		17		0		61		5,576		85,320		2,839		18,491		19		195,575

																																																												39		793		91		1,775		1,304		134		18		396		251		716		994		2,534		92		1,585		519		1,312		535		741		19		124,995		138,806

																																																																																																		total		17,168,983		160

																																																																																																				0.005

																																																																																																				209.824

																																																												(Observed-Expected)/Expected^.5

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		1,551		-59		1		-122		-40		-29		-238		205		8		-129		52		-59		-147		-212		-224		-206		-120		-138		-28

																																																												22		-59		718		294		-50		8		0		-139		49		-7		19		42		-2		-58		-88		-107		-91		-49		-43		10

																																																												23		1		294		894		-53		19		-31		-176		-65		-39		-65		114		-46		-82		-74		-77		-126		-73		-73		42

																																																												24		-122		-50		-53		1,334		279		221		-197		-79		-38		-63		-17		1		-87		-96		-164		-139		-93		-104		-36

																																																												25		-40		8		19		279		673		-19		-143		-88		-39		-19		21		-28		-48		-22		-65		-39		-41		-46		12

																																																												26		-29		0		-31		221		-19		355		82		31		-16		25		-4		1		-58		-85		-97		-105		-82		-36		4

																																																												27		-238		-139		-176		-197		-143		82		2,384		-257		-98		-241		-50		-140		-240		-355		-359		-283		-204		-195		-20

																																																												28		205		49		-65		-79		-88		31		-257		530		290		48		-4		64		-28		-139		-129		-92		-57		64		-16

																																																												29		8		-7		-39		-38		-39		-16		-98		290		324		-10		-8		69		3		-47		-56		-39		-26		-19		-27

																																																												30		-129		19		-65		-63		-19		25		-241		48		-10		428		6		26		-22		0		51		-5		13		1		32

																																																												31		52		42		114		-17		21		-4		-50		-4		-8		6		259		-7		-27		-29		-43		-32		-25		-20		50

																																																												32		-59		-2		-46		1		-28		1		-140		64		69		26		-7		340		21		9		-12		-1		-8		-4		-10

																																																												33		-147		-58		-82		-87		-48		-58		-240		-28		3		-22		-27		21		200		171		143		93		74		-1		-40

																																																												34		-212		-88		-74		-96		-22		-85		-355		-139		-47		0		-29		9		171		358		277		39		82		-8		-23

																																																												35		-224		-107		-77		-164		-65		-97		-359		-129		-56		51		-43		-12		143		277		253		163		150		75		-36

																																																												36		-206		-91		-126		-139		-39		-105		-283		-92		-39		-5		-32		-1		93		39		163		356		126		292		-23

																																																												37		-120		-49		-73		-93		-41		-82		-204		-57		-26		13		-25		-8		74		82		150		126		192		53		-27

																																																												38		-138		-43		-73		-104		-46		-36		-195		64		-19		1		-20		-4		-1		-8		75		292		53		136		-4

																																																												39		-28		10		42		-36		12		4		-20		-16		-27		32		50		-10		-40		-23		-36		-23		-27		-4		354

																																																												(Observed-Expected)/Expected^.5

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		0.00		0.00		0.22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												22		0.00		0.00		0.00		0.00		0.00		0.46		0.00		0.00		0.00		0.00		0.00		0.06		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												23		0.22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												24		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.10		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												26		0.00		0.46		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.18		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												28		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												29		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												30		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.34		0.00		0.00		0.00		0.29		0.00

																																																												31		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												32		0.00		0.06		0.00		0.10		0.00		0.18		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.23		0.00		0.00		0.00

																																																												33		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.29		0.00

																																																												34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												35		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												36		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.23		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												38		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.29		0.00		0.00		0.29		0.00		0.00		0.00		0.00		0.00		0.00

																																																												39		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												Cell Significance using above p-va;lue + sign

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		1		-1		0		-1		-1		-1		-1		1		1		-1		1		-1		-1		-1		-1		-1		-1		-1		-1

																																																												22		-1		1		1		-1		1		0		-1		1		-1		1		1		0		-1		-1		-1		-1		-1		-1		1

																																																												23		0		1		1		-1		1		-1		-1		-1		-1		-1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												24		-1		-1		-1		1		1		1		-1		-1		-1		-1		-1		0		-1		-1		-1		-1		-1		-1		-1

																																																												25		-1		1		1		1		1		-1		-1		-1		-1		-1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												26		-1		0		-1		1		-1		1		1		1		-1		1		-1		0		-1		-1		-1		-1		-1		-1		1

																																																												27		-1		-1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1

																																																												28		1		1		-1		-1		-1		1		-1		1		1		1		-1		1		-1		-1		-1		-1		-1		1		-1

																																																												29		1		-1		-1		-1		-1		-1		-1		1		1		-1		-1		1		1		-1		-1		-1		-1		-1		-1

																																																												30		-1		1		-1		-1		-1		1		-1		1		-1		1		1		1		-1		0		1		-1		1		0		1

																																																												31		1		1		1		-1		1		-1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												32		-1		0		-1		0		-1		0		-1		1		1		1		-1		1		1		1		-1		0		-1		-1		-1

																																																												33		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		0		-1

																																																												34		-1		-1		-1		-1		-1		-1		-1		-1		-1		0		-1		1		1		1		1		1		1		-1		-1

																																																												35		-1		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		-1

																																																												36		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		0		1		1		1		1		1		1		-1

																																																												37		-1		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		-1

																																																												38		-1		-1		-1		-1		-1		-1		-1		1		-1		0		-1		-1		0		-1		1		1		1		1		-1

																																																												39		-1		1		1		-1		1		1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												Co-production

																																																												COPRODUCTION

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		94,846		3,044		9,346		3,325		3,445		5,238		6,436		25,433		2,051		5,221		1,473		2,140		3,749		9,191		9,398		4,601		3,212		2,428		2,996

																																																												22		3,044		15,141		10,900		1,750		1,811		2,235		2,443		6,719		598		4,600		603		1,309		2,172		4,864		4,519		2,750		1,680		1,807		1,500

																																																												23		9,346		10,900		38,155		3,871		3,666		3,369		5,511		6,953		660		5,182		1,745		1,519		4,036		12,046		12,770		5,192		3,028		2,989		3,519

																																																												24		3,325		1,750		3,871		47,364		9,493		9,899		3,290		5,426		575		4,589		322		2,299		3,275		9,305		6,274		3,753		1,953		1,582		1,514

																																																												25		3,445		1,811		3,666		9,493		13,629		1,740		2,044		2,153		202		3,359		433		826		2,314		7,283		5,963		4,288		1,781		1,645		1,475

																																																												26		5,238		2,235		3,369		9,899		1,740		11,369		13,948		7,715		653		6,013		339		1,730		2,997		6,935		6,943		3,419		1,429		2,644		1,805

																																																												27		6,436		2,443		5,511		3,290		2,044		13,948		240,411		5,911		658		3,890		509		1,225		3,094		7,617		8,761		6,083		2,634		3,000		5,462

																																																												28		25,433		6,719		6,953		5,426		2,153		7,715		5,911		44,439		7,799		14,348		799		5,738		9,770		15,300		17,307		11,849		6,102		10,958		3,526

																																																												29		2,051		598		660		575		202		653		658		7,799		2,606		1,400		76		1,223		1,505		2,102		2,018		1,438		721		813		248

																																																												30		5,221		4,600		5,182		4,589		3,359		6,013		3,890		14,348		1,400		28,156		739		3,770		7,850		19,904		24,459		13,411		7,152		6,607		3,930

																																																												31		1,473		603		1,745		322		433		339		509		799		76		739		847		172		323		922		760		527		230		278		558

																																																												32		2,140		1,309		1,519		2,299		826		1,730		1,225		5,738		1,223		3,770		172		5,897		3,383		6,860		6,502		4,463		2,029		2,077		893

																																																												33		3,749		2,172		4,036		3,275		2,314		2,997		3,094		9,770		1,505		7,850		323		3,383		16,104		28,700		28,446		17,278		8,720		6,052		1,936

																																																												34		9,191		4,864		12,046		9,305		7,283		6,935		7,617		15,300		2,102		19,904		922		6,860		28,700		74,309		70,301		31,517		18,256		13,377		5,747

																																																												35		9,398		4,519		12,770		6,274		5,963		6,943		8,761		17,307		2,018		24,459		760		6,502		28,446		70,301		71,621		43,107		23,008		18,713		5,638

																																																												36		4,601		2,750		5,192		3,753		4,288		3,419		6,083		11,849		1,438		13,411		527		4,463		17,278		31,517		43,107		41,931		15,109		22,189		3,821

																																																												37		3,212		1,680		3,028		1,953		1,781		1,429		2,634		6,102		721		7,152		230		2,029		8,720		18,256		23,008		15,109		10,555		6,241		1,631

																																																												38		2,428		1,807		2,989		1,582		1,645		2,644		3,000		10,958		813		6,607		278		2,077		6,052		13,377		18,713		22,189		6,241		8,680		2,088

																																																												39		2,996		1,500		3,519		1,514		1,475		1,805		5,462		3,526		248		3,930		558		893		1,936		5,747		5,638		3,821		1,631		2,088		6,133

																																																														197,571		70,443		134,457		119,860		67,551		90,422		322,927		208,245		27,346		164,580		11,654		54,056		151,704		344,536		366,509		236,724		115,471		114,165		54,421

																																																																Null is significantly below

																																																																Null is significantly above





table 11 v2

																																																												This worksheet has the raw co-production data.																														confidence interval		0.99												sig

																																																												Firms producing in row that also produce column.																														critical value		386.14												0.005

		Product Co-Production Matrix																																																										This data disclosed in the 4/22/4 request																														df		324												Product Co-Production Matrix

		Sector		20		31		30		22		23		39		24		26		25		27		28		29		32		33		34		35		36		37		38																																																																Sector		20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		Total

		20 Food		158		2		9		5		16		5		6		9		6		11		42		3		4		6		15		16		8		5		4																				Observed Frequency (000s)																																												20 Food		474		15		47		17		17		26		32		127		10		26		7		11		19		46		47		23		16		12		15		988

		31 Leather		2		1		1		1		3		1		1		1		1		1		1		0		0		1		2		1		1		0		0																						20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39						22 Textile		15		76		55		9		9		11		12		34		3		23		3		7		11		24		23		14		8		9		8		352

		30 Rubber & Plastic		9		1		47		8		9		7		8		10		6		6		24		2		6		13		33		41		22		12		11																				20		474,231		15,219		46,728		16,626		17,226		26,190		32,181		127,163		10,254		26,106		7,365		10,698		18,744		45,954		46,989		23,004		16,059		12,141		14,979		987,857				23 Apparel		47		55		191		19		18		17		28		35		3		26		9		8		20		60		64		26		15		15		18		672

		22 Textile		5		1		8		25		18		3		3		4		3		4		11		1		2		4		8		8		5		3		3																				22		15,219		75,704		54,501		8,748		9,057		11,175		12,213		33,594		2,988		23,001		3,015		6,546		10,860		24,318		22,593		13,749		8,400		9,033		7,502		352,216				24 Lumber		17		9		19		237		47		49		16		27		3		23		2		11		16		47		31		19		10		8		8		599

		23 Apparel		16		3		9		18		64		6		6		6		6		9		12		1		3		7		20		21		9		5		5																				23		46,728		54,501		190,777		19,356		18,329		16,845		27,553		34,763		3,299		25,908		8,727		7,594		20,180		60,232		63,852		25,958		15,141		14,946		17,597		672,286				25 Furniture		17		9		18		47		68		9		10		11		1		17		2		4		12		36		30		21		9		8		7		338

		39 Miscellaneous		5		1		7		3		6		10		3		3		2		9		6		0		1		3		10		9		6		3		3																				24		16,626		8,748		19,356		236,822		47,467		49,497		16,449		27,132		2,877		22,944		1,608		11,494		16,374		46,527		31,371		18,765		9,765		7,908		7,572		599,302				26 Paper		26		11		17		49		9		57		70		39		3		30		2		9		15		35		35		17		7		13		9		452

		24 Lumber		6		1		8		3		6		3		79		16		16		5		9		1		4		5		16		10		6		3		3																				25		17,226		9,057		18,329		47,467		68,143		8,699		10,221		10,767		1,008		16,796		2,163		4,132		11,568		36,414		29,816		21,441		8,907		8,226		7,374		337,754				27 Printing & Publishing		32		12		28		16		10		70		1202		30		3		19		3		6		15		38		44		30		13		15		27		1615

		26 Paper		9		1		10		4		6		3		16		19		3		23		13		1		3		5		12		12		6		2		4																				26		26,190		11,175		16,845		49,497		8,699		56,843		69,741		38,577		3,267		30,067		1,695		8,652		14,985		34,674		34,716		17,097		7,146		13,220		9,024		452,110				28 Chemicals		127		34		35		27		11		39		30		222		39		72		4		29		49		76		87		59		31		55		18		1041

		25 Furniture		6		1		6		3		6		2		16		3		23		3		4		0		1		4		12		10		7		3		3																				27		32,181		12,213		27,553		16,449		10,221		69,741		1,202,056		29,553		3,291		19,449		2,547		6,126		15,471		38,086		43,806		30,414		13,170		15,000		27,310		1,614,637				29 Petroleum		10		3		3		3		1		3		3		39		13		7		0		6		8		11		10		7		4		4		1		137

		27 Printing & Pub		11		1		6		4		9		9		5		23		3		401		10		1		2		5		13		15		10		4		5																				28		127,163		33,594		34,763		27,132		10,767		38,577		29,553		222,193		38,994		71,739		3,996		28,692		48,852		76,499		86,535		59,244		30,510		54,789		17,632		1,041,224				30 Rubber & Plastic		26		23		26		23		17		30		19		72		7		141		4		19		39		100		122		67		36		33		20		823

		28 Chemicals		42		1		24		11		12		6		9		13		4		10		74		13		10		16		25		29		20		10		18																				29		10,254		2,988		3,299		2,877		1,008		3,267		3,291		38,994		13,029		6,999		381		6,116		7,524		10,511		10,092		7,191		3,603		4,065		1,242		136,731				31 Leather		7		3		9		2		2		2		3		4		0		4		4		1		2		5		4		3		1		1		3		58

		29 Petroleum		3		0		2		1		1		0		1		1		0		1		13		4		2		3		4		3		2		1		1																				30		26,106		23,001		25,908		22,944		16,796		30,067		19,449		71,739		6,999		140,782		3,696		18,849		39,249		99,521		122,297		67,053		35,759		33,033		19,650		822,898				32 Stone & Concrete		11		7		8		11		4		9		6		29		6		19		1		29		17		34		33		22		10		10		4		270

		32 Stone & Concrete		4		0		6		2		3		1		4		3		1		2		10		2		10		6		11		11		7		3		3																				31		7,365		3,015		8,727		1,608		2,163		1,695		2,547		3,996		381		3,696		4,237		858		1,614		4,608		3,798		2,634		1,149		1,389		2,790		58,270				33 Primary Metal		19		11		20		16		12		15		15		49		8		39		2		17		81		144		142		86		44		30		10		759

		33 Primary Metal		6		1		13		4		7		3		5		5		4		5		16		3		6		27		48		47		29		15		10																				32		10,698		6,546		7,594		11,494		4,132		8,652		6,126		28,692		6,116		18,849		858		29,483		16,917		34,298		32,510		22,317		10,146		10,383		4,467		270,278				34 Fabricated Metal		46		24		60		47		36		35		38		76		11		100		5		34		144		372		352		158		91		67		29		1723

		34 Fabricated Metal		15		2		33		8		20		10		16		12		12		13		25		4		11		48		124		117		53		30		22																				33		18,744		10,860		20,180		16,374		11,568		14,985		15,471		48,852		7,524		39,249		1,614		16,917		80,522		143,502		142,228		86,388		43,599		30,261		9,681		758,519				35 Industrial Machinery		47		23		64		31		30		35		44		87		10		122		4		33		142		352		358		216		115		94		28		1833

		35 Industrial Mach		16		1		41		8		21		9		10		12		10		15		29		3		11		47		117		119		72		38		31																				34		45,954		24,318		60,232		46,527		36,414		34,674		38,086		76,499		10,511		99,521		4,608		34,298		143,502		371,547		351,506		157,586		91,278		66,885		28,735		1,722,681				36 Electronic		23		14		26		19		21		17		30		59		7		67		3		22		86		158		216		210		76		111		19		1184

		36 Electronic		8		1		22		5		9		6		6		6		7		10		20		2		7		29		53		72		70		25		37																				35		46,989		22,593		63,852		31,371		29,816		34,716		43,806		86,535		10,092		122,297		3,798		32,510		142,228		351,506		358,107		215,535		115,041		93,563		28,188		1,832,543				37 Transportation		16		8		15		10		9		7		13		31		4		36		1		10		44		91		115		76		53		31		8		577

		37 Transportation		5		0		12		3		5		3		3		2		3		4		10		1		3		15		30		38		25		18		10																				36		23,004		13,749		25,958		18,765		21,441		17,097		30,414		59,244		7,191		67,053		2,634		22,317		86,388		157,586		215,535		209,653		75,543		110,943		19,105		1,183,620				38 Instruments		12		9		15		8		8		13		15		55		4		33		1		10		30		67		94		111		31		43		10		571

		38 Instruments		4		0		11		3		5		3		3		4		3		5		18		1		3		10		22		31		37		10		14																				37		16,059		8,400		15,141		9,765		8,907		7,146		13,170		30,510		3,603		35,759		1,149		10,146		43,599		91,278		115,041		75,543		52,776		31,206		8,157		577,355				39 Miscellaneous		15		8		18		8		7		9		27		18		1		20		3		4		10		29		28		19		8		10		31		272

		Notes:  Table summarizes co-production of five-digit SIC categories across multiple-product firms.  Each cell contains a count (in 000s) of the average number of firms observed producing two products in the noted two-digit SIC sector across the 1987 to 1997 Census years. Firms with more than two products may be counted more than once in each cell. Dark and light grey shading indicate statistically significantly higher and lower co-production at the 1 percent, respectively, than is implied by a null hypothesis of random co-production (see text).  The absence of shading indicates the absence of statistically significant differences from this null hypothesis. Sectors have been sorted to maximize dark shading along the diagonal (see text).																																																										38		12,141		9,033		14,946		7,908		8,226		13,220		15,000		54,789		4,065		33,033		1,389		10,383		30,261		66,885		93,563		110,943		31,206		43,398		10,438		570,827				Total		988		352		672		599		338		452		1615		1041		137		823		58		270		759		1723		1833		1184		577		571		272		14263

																																																												39		14,979		7,502		17,597		7,572		7,374		9,024		27,310		17,632		1,242		19,650		2,790		4,467		9,681		28,735		28,188		19,105		8,157		10,438		30,664		272,107

																																																														987,857		352,216		672,286		599,302		337,754		452,110		1,614,637		1,041,224		136,731		822,898		58,270		270,278		758,519		1,722,681		1,832,543		1,183,620		577,355		570,827		272,107		14,263,215

																																																												Expected Frequency (RowTotal*ColTotal)/Total)

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		68,418		24,394		46,562		41,507		23,393		31,313		111,828		72,114		9,470		56,993		4,036		18,719		52,534		119,311		126,920		81,976		39,987		39,535		18,846		987,857

																																																												22		24,394		8,698		16,601		14,799		8,341		11,164		39,872		25,712		3,376		20,321		1,439		6,674		18,731		42,540		45,253		29,228		14,257		14,096		6,719		352,216

																																																												23		46,562		16,601		31,688		28,248		15,920		21,310		76,105		49,077		6,445		38,787		2,747		12,739		35,752		81,197		86,376		55,789		27,213		26,906		12,826		672,286

																																																												24		41,507		14,799		28,248		25,181		14,192		18,996		67,843		43,749		5,745		34,576		2,448		11,356		31,871		72,382		76,999		49,733		24,259		23,985		11,433		599,302

																																																												25		23,393		8,341		15,920		14,192		7,998		10,706		38,235		24,656		3,238		19,486		1,380		6,400		17,962		40,793		43,395		28,028		13,672		13,517		6,444		337,754

																																																												26		31,313		11,164		21,310		18,996		10,706		14,331		51,180		33,004		4,334		26,084		1,847		8,567		24,043		54,605		58,087		37,518		18,301		18,094		8,625		452,110

																																																												27		111,828		39,872		76,105		67,843		38,235		51,180		182,782		117,870		15,478		93,154		6,596		30,596		85,867		195,012		207,449		133,989		65,358		64,619		30,803		1,614,637

																																																												28		72,114		25,712		49,077		43,749		24,656		33,004		117,870		76,010		9,981		60,072		4,254		19,730		55,372		125,757		133,777		86,405		42,147		41,671		19,864		1,041,224

																																																												29		9,470		3,376		6,445		5,745		3,238		4,334		15,478		9,981		1,311		7,889		559		2,591		7,271		16,514		17,567		11,346		5,535		5,472		2,608		136,731

																																																												30		56,993		20,321		38,787		34,576		19,486		26,084		93,154		60,072		7,889		47,476		3,362		15,593		43,762		99,388		105,726		68,287		33,310		32,933		15,699		822,898

																																																												31		4,036		1,439		2,747		2,448		1,380		1,847		6,596		4,254		559		3,362		238		1,104		3,099		7,038		7,487		4,835		2,359		2,332		1,112		58,270

																																																												32		18,719		6,674		12,739		11,356		6,400		8,567		30,596		19,730		2,591		15,593		1,104		5,122		14,373		32,644		34,725		22,429		10,940		10,817		5,156		270,278

																																																												33		52,534		18,731		35,752		31,871		17,962		24,043		85,867		55,372		7,271		43,762		3,099		14,373		40,338		91,612		97,455		62,945		30,704		30,357		14,471		758,519

																																																												34		119,311		42,540		81,197		72,382		40,793		54,605		195,012		125,757		16,514		99,388		7,038		32,644		91,612		208,062		221,331		142,955		69,732		68,943		32,865		1,722,681

																																																												35		126,920		45,253		86,376		76,999		43,395		58,087		207,449		133,777		17,567		105,726		7,487		34,725		97,455		221,331		235,446		152,072		74,179		73,340		34,960		1,832,543

																																																												36		81,976		29,228		55,789		49,733		28,028		37,518		133,989		86,405		11,346		68,287		4,835		22,429		62,945		142,955		152,072		98,222		47,911		47,370		22,581		1,183,620

																																																												37		39,987		14,257		27,213		24,259		13,672		18,301		65,358		42,147		5,535		33,310		2,359		10,940		30,704		69,732		74,179		47,911		23,371		23,106		11,015		577,355

																																																												38		39,535		14,096		26,906		23,985		13,517		18,094		64,619		41,671		5,472		32,933		2,332		10,817		30,357		68,943		73,340		47,370		23,106		22,845		10,890		570,827

																																																												39		18,846		6,719		12,826		11,433		6,444		8,625		30,803		19,864		2,608		15,699		1,112		5,156		14,471		32,865		34,960		22,581		11,015		10,890		5,191		272,107

																																																														987,857		352,216		672,286		599,302		337,754		452,110		1,614,637		1,041,224		136,731		822,898		58,270		270,278		758,519		1,722,681		1,832,543		1,183,620		577,355		570,827		272,107		14,263,215

																																																														6.9313719644

																																																												(Observed-Expected)^2/Expected

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		test-stat

																																																												20		2,407,028		3,451		1		14,915		1,626		838		56,727		42,022		65		16,739		2,746		3,437		21,734		45,103		50,339		42,424		14,318		18,981		793		2,743,287

																																																												22		3,451		516,216		86,521		2,474		62		0		19,187		2,416		45		354		1,726		2		3,307		7,805		11,347		8,198		2,406		1,819		91		667,427

																																																												23		1		86,521		798,714		2,799		365		935		30,974		4,175		1,535		4,276		13,022		2,078		6,783		5,413		5,873		15,951		5,355		5,316		1,775		991,863

																																																												24		14,915		2,474		2,799		1,778,793		78,023		48,971		38,933		6,312		1,432		3,913		288		2		7,535		9,236		27,038		19,283		8,660		10,776		1,304		2,060,686

																																																												25		1,626		62		365		78,023		452,288		376		20,525		7,824		1,536		371		445		804		2,276		470		4,249		1,548		1,661		2,071		134		576,652

																																																												26		838		0		935		48,971		376		126,112		6,731		941		263		608		13		1		3,413		7,275		9,403		11,115		6,799		1,313		18		225,126

																																																												27		56,727		19,187		30,974		38,933		20,525		6,731		5,683,945		66,173		9,596		58,317		2,486		19,571		57,712		126,279		129,087		80,065		41,672		38,101		396		6,486,478

																																																												28		42,022		2,416		4,175		6,312		7,824		941		66,173		281,140		84,329		2,266		16		4,070		768		19,294		16,683		8,538		3,213		4,130		251		554,560

																																																												29		65		45		1,535		1,432		1,536		263		9,596		84,329		104,763		100				4,796		9		2,182		3,181		1,522		674		362		716		217,106

																																																												30		16,739		354		4,276		3,913		371		608		58,317		2,266		100		183,377		33		680		465		0		2,597		22		180		0		994		275,294

																																																												31		2,746		1,726		13,022		288		445		13		2,486		16				33		67,177		55		711		839		1,817		1,002		620		381		2,534		95,912

																																																												32		3,437		2		2,078		2		804		1		19,571		4,070		4,796		680		55		115,878		450		84		141		1		58		17		92		152,217

																																																												33		21,734		3,307		6,783		7,535		2,276		3,413		57,712		768		9		465		711		450		40,030		29,391		20,570		8,731		5,416		0		1,585		210,887

																																																												34		45,103		7,805		5,413		9,236		470		7,275		126,279		19,294		2,182		0		839		84		29,391		128,459		76,562		1,497		6,658		61		519		467,127

																																																												35		50,339		11,347		5,873		27,038		4,249		9,403		129,087		16,683		3,181		2,597		1,817		141		20,570		76,562		63,903		26,485		22,509		5,576		1,312		478,674

																																																												36		42,424		8,198		15,951		19,283		1,548		11,115		80,065		8,538		1,522		22		1,002		1		8,731		1,497		26,485		126,418		15,936		85,320		535		454,590

																																																												37		14,318		2,406		5,355		8,660		1,661		6,799		41,672		3,213		674		180		620		58		5,416		6,658		22,509		15,936		36,999		2,839		741		176,715

																																																												38		18,981		1,819		5,316		10,776		2,071		1,313		38,101		4,130		362		0		381		17		0		61		5,576		85,320		2,839		18,491		19		195,575

																																																												39		793		91		1,775		1,304		134		18		396		251		716		994		2,534		92		1,585		519		1,312		535		741		19		124,995		138,806

																																																																																																		total		17,168,983		160

																																																																																																				0.005

																																																																																																				209.824

																																																												(Observed-Expected)/Expected^.5

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		1,551		-59		1		-122		-40		-29		-238		205		8		-129		52		-59		-147		-212		-224		-206		-120		-138		-28

																																																												22		-59		718		294		-50		8		0		-139		49		-7		19		42		-2		-58		-88		-107		-91		-49		-43		10

																																																												23		1		294		894		-53		19		-31		-176		-65		-39		-65		114		-46		-82		-74		-77		-126		-73		-73		42

																																																												24		-122		-50		-53		1,334		279		221		-197		-79		-38		-63		-17		1		-87		-96		-164		-139		-93		-104		-36

																																																												25		-40		8		19		279		673		-19		-143		-88		-39		-19		21		-28		-48		-22		-65		-39		-41		-46		12

																																																												26		-29		0		-31		221		-19		355		82		31		-16		25		-4		1		-58		-85		-97		-105		-82		-36		4

																																																												27		-238		-139		-176		-197		-143		82		2,384		-257		-98		-241		-50		-140		-240		-355		-359		-283		-204		-195		-20

																																																												28		205		49		-65		-79		-88		31		-257		530		290		48		-4		64		-28		-139		-129		-92		-57		64		-16

																																																												29		8		-7		-39		-38		-39		-16		-98		290		324		-10		-8		69		3		-47		-56		-39		-26		-19		-27

																																																												30		-129		19		-65		-63		-19		25		-241		48		-10		428		6		26		-22		0		51		-5		13		1		32

																																																												31		52		42		114		-17		21		-4		-50		-4		-8		6		259		-7		-27		-29		-43		-32		-25		-20		50

																																																												32		-59		-2		-46		1		-28		1		-140		64		69		26		-7		340		21		9		-12		-1		-8		-4		-10

																																																												33		-147		-58		-82		-87		-48		-58		-240		-28		3		-22		-27		21		200		171		143		93		74		-1		-40

																																																												34		-212		-88		-74		-96		-22		-85		-355		-139		-47		0		-29		9		171		358		277		39		82		-8		-23

																																																												35		-224		-107		-77		-164		-65		-97		-359		-129		-56		51		-43		-12		143		277		253		163		150		75		-36

																																																												36		-206		-91		-126		-139		-39		-105		-283		-92		-39		-5		-32		-1		93		39		163		356		126		292		-23

																																																												37		-120		-49		-73		-93		-41		-82		-204		-57		-26		13		-25		-8		74		82		150		126		192		53		-27

																																																												38		-138		-43		-73		-104		-46		-36		-195		64		-19		1		-20		-4		-1		-8		75		292		53		136		-4

																																																												39		-28		10		42		-36		12		4		-20		-16		-27		32		50		-10		-40		-23		-36		-23		-27		-4		354

																																																												(Observed-Expected)/Expected^.5

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		0.00		0.00		0.22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												22		0.00		0.00		0.00		0.00		0.00		0.46		0.00		0.00		0.00		0.00		0.00		0.06		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												23		0.22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												24		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.10		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												26		0.00		0.46		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.18		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												28		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												29		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												30		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.34		0.00		0.00		0.00		0.29		0.00

																																																												31		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												32		0.00		0.06		0.00		0.10		0.00		0.18		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.23		0.00		0.00		0.00

																																																												33		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.29		0.00

																																																												34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												35		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												36		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.23		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												38		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.29		0.00		0.00		0.29		0.00		0.00		0.00		0.00		0.00		0.00

																																																												39		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																												Cell Significance using above p-va;lue + sign

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		1		-1		0		-1		-1		-1		-1		1		1		-1		1		-1		-1		-1		-1		-1		-1		-1		-1

																																																												22		-1		1		1		-1		1		0		-1		1		-1		1		1		0		-1		-1		-1		-1		-1		-1		1

																																																												23		0		1		1		-1		1		-1		-1		-1		-1		-1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												24		-1		-1		-1		1		1		1		-1		-1		-1		-1		-1		0		-1		-1		-1		-1		-1		-1		-1

																																																												25		-1		1		1		1		1		-1		-1		-1		-1		-1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												26		-1		0		-1		1		-1		1		1		1		-1		1		-1		0		-1		-1		-1		-1		-1		-1		1

																																																												27		-1		-1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1

																																																												28		1		1		-1		-1		-1		1		-1		1		1		1		-1		1		-1		-1		-1		-1		-1		1		-1

																																																												29		1		-1		-1		-1		-1		-1		-1		1		1		-1		-1		1		1		-1		-1		-1		-1		-1		-1

																																																												30		-1		1		-1		-1		-1		1		-1		1		-1		1		1		1		-1		0		1		-1		1		0		1

																																																												31		1		1		1		-1		1		-1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												32		-1		0		-1		0		-1		0		-1		1		1		1		-1		1		1		1		-1		0		-1		-1		-1

																																																												33		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		0		-1

																																																												34		-1		-1		-1		-1		-1		-1		-1		-1		-1		0		-1		1		1		1		1		1		1		-1		-1

																																																												35		-1		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		-1

																																																												36		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		0		1		1		1		1		1		1		-1

																																																												37		-1		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		-1

																																																												38		-1		-1		-1		-1		-1		-1		-1		1		-1		0		-1		-1		0		-1		1		1		1		1		-1

																																																												39		-1		1		1		-1		1		1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																												Co-production

																																																												COPRODUCTION

																																																														20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																												20		94,846		3,044		9,346		3,325		3,445		5,238		6,436		25,433		2,051		5,221		1,473		2,140		3,749		9,191		9,398		4,601		3,212		2,428		2,996

																																																												22		3,044		15,141		10,900		1,750		1,811		2,235		2,443		6,719		598		4,600		603		1,309		2,172		4,864		4,519		2,750		1,680		1,807		1,500

																																																												23		9,346		10,900		38,155		3,871		3,666		3,369		5,511		6,953		660		5,182		1,745		1,519		4,036		12,046		12,770		5,192		3,028		2,989		3,519

																																																												24		3,325		1,750		3,871		47,364		9,493		9,899		3,290		5,426		575		4,589		322		2,299		3,275		9,305		6,274		3,753		1,953		1,582		1,514

																																																												25		3,445		1,811		3,666		9,493		13,629		1,740		2,044		2,153		202		3,359		433		826		2,314		7,283		5,963		4,288		1,781		1,645		1,475

																																																												26		5,238		2,235		3,369		9,899		1,740		11,369		13,948		7,715		653		6,013		339		1,730		2,997		6,935		6,943		3,419		1,429		2,644		1,805

																																																												27		6,436		2,443		5,511		3,290		2,044		13,948		240,411		5,911		658		3,890		509		1,225		3,094		7,617		8,761		6,083		2,634		3,000		5,462

																																																												28		25,433		6,719		6,953		5,426		2,153		7,715		5,911		44,439		7,799		14,348		799		5,738		9,770		15,300		17,307		11,849		6,102		10,958		3,526

																																																												29		2,051		598		660		575		202		653		658		7,799		2,606		1,400		76		1,223		1,505		2,102		2,018		1,438		721		813		248

																																																												30		5,221		4,600		5,182		4,589		3,359		6,013		3,890		14,348		1,400		28,156		739		3,770		7,850		19,904		24,459		13,411		7,152		6,607		3,930

																																																												31		1,473		603		1,745		322		433		339		509		799		76		739		847		172		323		922		760		527		230		278		558

																																																												32		2,140		1,309		1,519		2,299		826		1,730		1,225		5,738		1,223		3,770		172		5,897		3,383		6,860		6,502		4,463		2,029		2,077		893

																																																												33		3,749		2,172		4,036		3,275		2,314		2,997		3,094		9,770		1,505		7,850		323		3,383		16,104		28,700		28,446		17,278		8,720		6,052		1,936

																																																												34		9,191		4,864		12,046		9,305		7,283		6,935		7,617		15,300		2,102		19,904		922		6,860		28,700		74,309		70,301		31,517		18,256		13,377		5,747

																																																												35		9,398		4,519		12,770		6,274		5,963		6,943		8,761		17,307		2,018		24,459		760		6,502		28,446		70,301		71,621		43,107		23,008		18,713		5,638

																																																												36		4,601		2,750		5,192		3,753		4,288		3,419		6,083		11,849		1,438		13,411		527		4,463		17,278		31,517		43,107		41,931		15,109		22,189		3,821

																																																												37		3,212		1,680		3,028		1,953		1,781		1,429		2,634		6,102		721		7,152		230		2,029		8,720		18,256		23,008		15,109		10,555		6,241		1,631

																																																												38		2,428		1,807		2,989		1,582		1,645		2,644		3,000		10,958		813		6,607		278		2,077		6,052		13,377		18,713		22,189		6,241		8,680		2,088

																																																												39		2,996		1,500		3,519		1,514		1,475		1,805		5,462		3,526		248		3,930		558		893		1,936		5,747		5,638		3,821		1,631		2,088		6,133

																																																														197,571		70,443		134,457		119,860		67,551		90,422		322,927		208,245		27,346		164,580		11,654		54,056		151,704		344,536		366,509		236,724		115,471		114,165		54,421

																																																																Null is significantly below

																																																																Null is significantly above





table 11 v3

																																																														Firms producing in row that also produce column.																														critical value		0.00												0.005

																																																														This data disclosed in the 4/22/4 request																														df		324												Product Co-Production Matrix

		Sector		20		31		30		22		23		39		24		26		25		Sector		27		28		29		32		33		34		35		36		37		38																																																																Sector		20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		Total

		20 Food		158		2		9		5		16		5		6		9		6		20 Food		11		42		3		4		6		15		16		8		5		4																				Observed Frequency (000s)																																												20 Food		474		15		47		17		17		26		32		127		10		26		7		11		19		46		47		23		16		12		15		988

		31 Leather		2		1		1		1		3		1		1		1		1		31 Leather		1		1		0		0		1		2		1		1		0		0																						20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39						22 Textile		15		76		55		9		9		11		12		34		3		23		3		7		11		24		23		14		8		9		8		352

		30 Rubber & Plastic		9		1		47		8		9		7		8		10		6		30 Rubber & Plastic		6		24		2		6		13		33		41		22		12		11																				20		474,231		15,219		46,728		16,626		17,226		26,190		32,181		127,163		10,254		26,106		7,365		10,698		18,744		45,954		46,989		23,004		16,059		12,141		14,979		987,857				23 Apparel		47		55		191		19		18		17		28		35		3		26		9		8		20		60		64		26		15		15		18		672

		22 Textile		5		1		8		25		18		3		3		4		3		22 Textile		4		11		1		2		4		8		8		5		3		3																				22		15,219		75,704		54,501		8,748		9,057		11,175		12,213		33,594		2,988		23,001		3,015		6,546		10,860		24,318		22,593		13,749		8,400		9,033		7,502		352,216				24 Lumber		17		9		19		237		47		49		16		27		3		23		2		11		16		47		31		19		10		8		8		599

		23 Apparel		16		3		9		18		64		6		6		6		6		23 Apparel		9		12		1		3		7		20		21		9		5		5																				23		46,728		54,501		190,777		19,356		18,329		16,845		27,553		34,763		3,299		25,908		8,727		7,594		20,180		60,232		63,852		25,958		15,141		14,946		17,597		672,286				25 Furniture		17		9		18		47		68		9		10		11		1		17		2		4		12		36		30		21		9		8		7		338

		39 Miscellaneous		5		1		7		3		6		10		3		3		2		39 Miscellaneous		9		6		0		1		3		10		9		6		3		3																				24		16,626		8,748		19,356		236,822		47,467		49,497		16,449		27,132		2,877		22,944		1,608		11,494		16,374		46,527		31,371		18,765		9,765		7,908		7,572		599,302				26 Paper		26		11		17		49		9		57		70		39		3		30		2		9		15		35		35		17		7		13		9		452

		24 Lumber		6		1		8		3		6		3		79		16		16		24 Lumber		5		9		1		4		5		16		10		6		3		3																				25		17,226		9,057		18,329		47,467		68,143		8,699		10,221		10,767		1,008		16,796		2,163		4,132		11,568		36,414		29,816		21,441		8,907		8,226		7,374		337,754				27 Printing & Publishing		32		12		28		16		10		70		1202		30		3		19		3		6		15		38		44		30		13		15		27		1615

		26 Paper		9		1		10		4		6		3		16		19		3		26 Paper		23		13		1		3		5		12		12		6		2		4																				26		26,190		11,175		16,845		49,497		8,699		56,843		69,741		38,577		3,267		30,067		1,695		8,652		14,985		34,674		34,716		17,097		7,146		13,220		9,024		452,110				28 Chemicals		127		34		35		27		11		39		30		222		39		72		4		29		49		76		87		59		31		55		18		1041

		25 Furniture		6		1		6		3		6		2		16		3		23		25 Furniture		3		4		0		1		4		12		10		7		3		3																				27		32,181		12,213		27,553		16,449		10,221		69,741		1,202,056		29,553		3,291		19,449		2,547		6,126		15,471		38,086		43,806		30,414		13,170		15,000		27,310		1,614,637				29 Petroleum		10		3		3		3		1		3		3		39		13		7		0		6		8		11		10		7		4		4		1		137

		27 Printing & Pub		11		1		6		4		9		9		5		23		3		27 Printing & Pub		401		10		1		2		5		13		15		10		4		5																				28		127,163		33,594		34,763		27,132		10,767		38,577		29,553		222,193		38,994		71,739		3,996		28,692		48,852		76,499		86,535		59,244		30,510		54,789		17,632		1,041,224				30 Rubber & Plastic		26		23		26		23		17		30		19		72		7		141		4		19		39		100		122		67		36		33		20		823

		28 Chemicals		42		1		24		11		12		6		9		13		4		28 Chemicals		10		74		13		10		16		25		29		20		10		18																				29		10,254		2,988		3,299		2,877		1,008		3,267		3,291		38,994		13,029		6,999		381		6,116		7,524		10,511		10,092		7,191		3,603		4,065		1,242		136,731				31 Leather		7		3		9		2		2		2		3		4		0		4		4		1		2		5		4		3		1		1		3		58

		29 Petroleum		3		0		2		1		1		0		1		1		0		29 Petroleum		1		13		4		2		3		4		3		2		1		1																				30		26,106		23,001		25,908		22,944		16,796		30,067		19,449		71,739		6,999		140,782		3,696		18,849		39,249		99,521		122,297		67,053		35,759		33,033		19,650		822,898				32 Stone & Concrete		11		7		8		11		4		9		6		29		6		19		1		29		17		34		33		22		10		10		4		270

		32 Stone & Concrete		4		0		6		2		3		1		4		3		1		32 Stone & Concrete		2		10		2		10		6		11		11		7		3		3																				31		7,365		3,015		8,727		1,608		2,163		1,695		2,547		3,996		381		3,696		4,237		858		1,614		4,608		3,798		2,634		1,149		1,389		2,790		58,270				33 Primary Metal		19		11		20		16		12		15		15		49		8		39		2		17		81		144		142		86		44		30		10		759

		33 Primary Metal		6		1		13		4		7		3		5		5		4		33 Primary Metal		5		16		3		6		27		48		47		29		15		10																				32		10,698		6,546		7,594		11,494		4,132		8,652		6,126		28,692		6,116		18,849		858		29,483		16,917		34,298		32,510		22,317		10,146		10,383		4,467		270,278				34 Fabricated Metal		46		24		60		47		36		35		38		76		11		100		5		34		144		372		352		158		91		67		29		1723

		34 Fabricated Metal		15		2		33		8		20		10		16		12		12		34 Fabricated Metal		13		25		4		11		48		124		117		53		30		22																				33		18,744		10,860		20,180		16,374		11,568		14,985		15,471		48,852		7,524		39,249		1,614		16,917		80,522		143,502		142,228		86,388		43,599		30,261		9,681		758,519				35 Industrial Machinery		47		23		64		31		30		35		44		87		10		122		4		33		142		352		358		216		115		94		28		1833

		35 Industrial Mach		16		1		41		8		21		9		10		12		10		35 Industrial Mach		15		29		3		11		47		117		119		72		38		31																				34		45,954		24,318		60,232		46,527		36,414		34,674		38,086		76,499		10,511		99,521		4,608		34,298		143,502		371,547		351,506		157,586		91,278		66,885		28,735		1,722,681				36 Electronic		23		14		26		19		21		17		30		59		7		67		3		22		86		158		216		210		76		111		19		1184

		36 Electronic		8		1		22		5		9		6		6		6		7		36 Electronic		10		20		2		7		29		53		72		70		25		37																				35		46,989		22,593		63,852		31,371		29,816		34,716		43,806		86,535		10,092		122,297		3,798		32,510		142,228		351,506		358,107		215,535		115,041		93,563		28,188		1,832,543				37 Transportation		16		8		15		10		9		7		13		31		4		36		1		10		44		91		115		76		53		31		8		577

		37 Transportation		5		0		12		3		5		3		3		2		3		37 Transportation		4		10		1		3		15		30		38		25		18		10																				36		23,004		13,749		25,958		18,765		21,441		17,097		30,414		59,244		7,191		67,053		2,634		22,317		86,388		157,586		215,535		209,653		75,543		110,943		19,105		1,183,620				38 Instruments		12		9		15		8		8		13		15		55		4		33		1		10		30		67		94		111		31		43		10		571

		38 Instruments		4		0		11		3		5		3		3		4		3		38 Instruments		5		18		1		3		10		22		31		37		10		14																				37		16,059		8,400		15,141		9,765		8,907		7,146		13,170		30,510		3,603		35,759		1,149		10,146		43,599		91,278		115,041		75,543		52,776		31,206		8,157		577,355				39 Miscellaneous		15		8		18		8		7		9		27		18		1		20		3		4		10		29		28		19		8		10		31		272

																																																														38		12,141		9,033		14,946		7,908		8,226		13,220		15,000		54,789		4,065		33,033		1,389		10,383		30,261		66,885		93,563		110,943		31,206		43,398		10,438		570,827				Total		988		352		672		599		338		452		1615		1041		137		823		58		270		759		1723		1833		1184		577		571		272		14263

																																																														39		14,979		7,502		17,597		7,572		7,374		9,024		27,310		17,632		1,242		19,650		2,790		4,467		9,681		28,735		28,188		19,105		8,157		10,438		30,664		272,107

																																																																987,857		352,216		672,286		599,302		337,754		452,110		1,614,637		1,041,224		136,731		822,898		58,270		270,278		758,519		1,722,681		1,832,543		1,183,620		577,355		570,827		272,107		14,263,215

																																																														Expected Frequency (RowTotal*ColTotal)/Total)

																																																																20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																														20		68,418		24,394		46,562		41,507		23,393		31,313		111,828		72,114		9,470		56,993		4,036		18,719		52,534		119,311		126,920		81,976		39,987		39,535		18,846		987,857

																																																														22		24,394		8,698		16,601		14,799		8,341		11,164		39,872		25,712		3,376		20,321		1,439		6,674		18,731		42,540		45,253		29,228		14,257		14,096		6,719		352,216

																																																														23		46,562		16,601		31,688		28,248		15,920		21,310		76,105		49,077		6,445		38,787		2,747		12,739		35,752		81,197		86,376		55,789		27,213		26,906		12,826		672,286

																																																														24		41,507		14,799		28,248		25,181		14,192		18,996		67,843		43,749		5,745		34,576		2,448		11,356		31,871		72,382		76,999		49,733		24,259		23,985		11,433		599,302

																																																														25		23,393		8,341		15,920		14,192		7,998		10,706		38,235		24,656		3,238		19,486		1,380		6,400		17,962		40,793		43,395		28,028		13,672		13,517		6,444		337,754

																																																														26		31,313		11,164		21,310		18,996		10,706		14,331		51,180		33,004		4,334		26,084		1,847		8,567		24,043		54,605		58,087		37,518		18,301		18,094		8,625		452,110

																																																														27		111,828		39,872		76,105		67,843		38,235		51,180		182,782		117,870		15,478		93,154		6,596		30,596		85,867		195,012		207,449		133,989		65,358		64,619		30,803		1,614,637

																																																														28		72,114		25,712		49,077		43,749		24,656		33,004		117,870		76,010		9,981		60,072		4,254		19,730		55,372		125,757		133,777		86,405		42,147		41,671		19,864		1,041,224

																																																														29		9,470		3,376		6,445		5,745		3,238		4,334		15,478		9,981		1,311		7,889		559		2,591		7,271		16,514		17,567		11,346		5,535		5,472		2,608		136,731

																																																														30		56,993		20,321		38,787		34,576		19,486		26,084		93,154		60,072		7,889		47,476		3,362		15,593		43,762		99,388		105,726		68,287		33,310		32,933		15,699		822,898

																																																														31		4,036		1,439		2,747		2,448		1,380		1,847		6,596		4,254		559		3,362		238		1,104		3,099		7,038		7,487		4,835		2,359		2,332		1,112		58,270

																																																														32		18,719		6,674		12,739		11,356		6,400		8,567		30,596		19,730		2,591		15,593		1,104		5,122		14,373		32,644		34,725		22,429		10,940		10,817		5,156		270,278

																																																														33		52,534		18,731		35,752		31,871		17,962		24,043		85,867		55,372		7,271		43,762		3,099		14,373		40,338		91,612		97,455		62,945		30,704		30,357		14,471		758,519

																																																														34		119,311		42,540		81,197		72,382		40,793		54,605		195,012		125,757		16,514		99,388		7,038		32,644		91,612		208,062		221,331		142,955		69,732		68,943		32,865		1,722,681

																																																														35		126,920		45,253		86,376		76,999		43,395		58,087		207,449		133,777		17,567		105,726		7,487		34,725		97,455		221,331		235,446		152,072		74,179		73,340		34,960		1,832,543

																																																														36		81,976		29,228		55,789		49,733		28,028		37,518		133,989		86,405		11,346		68,287		4,835		22,429		62,945		142,955		152,072		98,222		47,911		47,370		22,581		1,183,620

																																																														37		39,987		14,257		27,213		24,259		13,672		18,301		65,358		42,147		5,535		33,310		2,359		10,940		30,704		69,732		74,179		47,911		23,371		23,106		11,015		577,355

																																																														38		39,535		14,096		26,906		23,985		13,517		18,094		64,619		41,671		5,472		32,933		2,332		10,817		30,357		68,943		73,340		47,370		23,106		22,845		10,890		570,827

																																																														39		18,846		6,719		12,826		11,433		6,444		8,625		30,803		19,864		2,608		15,699		1,112		5,156		14,471		32,865		34,960		22,581		11,015		10,890		5,191		272,107

																																																																987,857		352,216		672,286		599,302		337,754		452,110		1,614,637		1,041,224		136,731		822,898		58,270		270,278		758,519		1,722,681		1,832,543		1,183,620		577,355		570,827		272,107		14,263,215

																																																																6.9313719644

																																																														(Observed-Expected)^2/Expected

																																																																20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		test-stat

																																																														20		2,407,028		3,451		1		14,915		1,626		838		56,727		42,022		65		16,739		2,746		3,437		21,734		45,103		50,339		42,424		14,318		18,981		793		2,743,287

																																																														22		3,451		516,216		86,521		2,474		62		0		19,187		2,416		45		354		1,726		2		3,307		7,805		11,347		8,198		2,406		1,819		91		667,427

																																																														23		1		86,521		798,714		2,799		365		935		30,974		4,175		1,535		4,276		13,022		2,078		6,783		5,413		5,873		15,951		5,355		5,316		1,775		991,863

																																																														24		14,915		2,474		2,799		1,778,793		78,023		48,971		38,933		6,312		1,432		3,913		288		2		7,535		9,236		27,038		19,283		8,660		10,776		1,304		2,060,686

																																																														25		1,626		62		365		78,023		452,288		376		20,525		7,824		1,536		371		445		804		2,276		470		4,249		1,548		1,661		2,071		134		576,652

																																																														26		838		0		935		48,971		376		126,112		6,731		941		263		608		13		1		3,413		7,275		9,403		11,115		6,799		1,313		18		225,126

																																																														27		56,727		19,187		30,974		38,933		20,525		6,731		5,683,945		66,173		9,596		58,317		2,486		19,571		57,712		126,279		129,087		80,065		41,672		38,101		396		6,486,478

																																																														28		42,022		2,416		4,175		6,312		7,824		941		66,173		281,140		84,329		2,266		16		4,070		768		19,294		16,683		8,538		3,213		4,130		251		554,560

																																																														29		65		45		1,535		1,432		1,536		263		9,596		84,329		104,763		100				4,796		9		2,182		3,181		1,522		674		362		716		217,106

																																																														30		16,739		354		4,276		3,913		371		608		58,317		2,266		100		183,377		33		680		465		0		2,597		22		180		0		994		275,294

																																																														31		2,746		1,726		13,022		288		445		13		2,486		16				33		67,177		55		711		839		1,817		1,002		620		381		2,534		95,912

																																																														32		3,437		2		2,078		2		804		1		19,571		4,070		4,796		680		55		115,878		450		84		141		1		58		17		92		152,217

																																																														33		21,734		3,307		6,783		7,535		2,276		3,413		57,712		768		9		465		711		450		40,030		29,391		20,570		8,731		5,416		0		1,585		210,887

																																																														34		45,103		7,805		5,413		9,236		470		7,275		126,279		19,294		2,182		0		839		84		29,391		128,459		76,562		1,497		6,658		61		519		467,127

																																																														35		50,339		11,347		5,873		27,038		4,249		9,403		129,087		16,683		3,181		2,597		1,817		141		20,570		76,562		63,903		26,485		22,509		5,576		1,312		478,674

																																																														36		42,424		8,198		15,951		19,283		1,548		11,115		80,065		8,538		1,522		22		1,002		1		8,731		1,497		26,485		126,418		15,936		85,320		535		454,590

																																																														37		14,318		2,406		5,355		8,660		1,661		6,799		41,672		3,213		674		180		620		58		5,416		6,658		22,509		15,936		36,999		2,839		741		176,715

																																																														38		18,981		1,819		5,316		10,776		2,071		1,313		38,101		4,130		362		0		381		17		0		61		5,576		85,320		2,839		18,491		19		195,575

																																																														39		793		91		1,775		1,304		134		18		396		251		716		994		2,534		92		1,585		519		1,312		535		741		19		124,995		138,806

																																																																																																				total		17,168,983		160

																																																																																																						0.005

																																																																																																						209.824

																																																														(Observed-Expected)/Expected^.5

																																																																20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																														20		1,551		-59		1		-122		-40		-29		-238		205		8		-129		52		-59		-147		-212		-224		-206		-120		-138		-28

																																																														22		-59		718		294		-50		8		0		-139		49		-7		19		42		-2		-58		-88		-107		-91		-49		-43		10

																																																														23		1		294		894		-53		19		-31		-176		-65		-39		-65		114		-46		-82		-74		-77		-126		-73		-73		42

																																																														24		-122		-50		-53		1,334		279		221		-197		-79		-38		-63		-17		1		-87		-96		-164		-139		-93		-104		-36

																																																														25		-40		8		19		279		673		-19		-143		-88		-39		-19		21		-28		-48		-22		-65		-39		-41		-46		12

																																																														26		-29		0		-31		221		-19		355		82		31		-16		25		-4		1		-58		-85		-97		-105		-82		-36		4

																																																														27		-238		-139		-176		-197		-143		82		2,384		-257		-98		-241		-50		-140		-240		-355		-359		-283		-204		-195		-20

																																																														28		205		49		-65		-79		-88		31		-257		530		290		48		-4		64		-28		-139		-129		-92		-57		64		-16

																																																														29		8		-7		-39		-38		-39		-16		-98		290		324		-10		-8		69		3		-47		-56		-39		-26		-19		-27

																																																														30		-129		19		-65		-63		-19		25		-241		48		-10		428		6		26		-22		0		51		-5		13		1		32

																																																														31		52		42		114		-17		21		-4		-50		-4		-8		6		259		-7		-27		-29		-43		-32		-25		-20		50

																																																														32		-59		-2		-46		1		-28		1		-140		64		69		26		-7		340		21		9		-12		-1		-8		-4		-10

																																																														33		-147		-58		-82		-87		-48		-58		-240		-28		3		-22		-27		21		200		171		143		93		74		-1		-40

																																																														34		-212		-88		-74		-96		-22		-85		-355		-139		-47		0		-29		9		171		358		277		39		82		-8		-23

																																																														35		-224		-107		-77		-164		-65		-97		-359		-129		-56		51		-43		-12		143		277		253		163		150		75		-36

																																																														36		-206		-91		-126		-139		-39		-105		-283		-92		-39		-5		-32		-1		93		39		163		356		126		292		-23

																																																														37		-120		-49		-73		-93		-41		-82		-204		-57		-26		13		-25		-8		74		82		150		126		192		53		-27

																																																														38		-138		-43		-73		-104		-46		-36		-195		64		-19		1		-20		-4		-1		-8		75		292		53		136		-4

																																																														39		-28		10		42		-36		12		4		-20		-16		-27		32		50		-10		-40		-23		-36		-23		-27		-4		354

																																																														(Observed-Expected)/Expected^.5

																																																																20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																														20		0.00		0.00		0.22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														22		0.00		0.00		0.00		0.00		0.00		0.46		0.00		0.00		0.00		0.00		0.00		0.06		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														23		0.22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														24		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.10		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														26		0.00		0.46		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.18		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														28		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														29		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														30		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.34		0.00		0.00		0.00		0.29		0.00

																																																														31		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														32		0.00		0.06		0.00		0.10		0.00		0.18		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.23		0.00		0.00		0.00

																																																														33		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.29		0.00

																																																														34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														35		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														36		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.23		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														38		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.29		0.00		0.00		0.29		0.00		0.00		0.00		0.00		0.00		0.00

																																																														39		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

																																																														Cell Significance using above p-va;lue + sign

																																																																20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																														20		1		-1		0		-1		-1		-1		-1		1		1		-1		1		-1		-1		-1		-1		-1		-1		-1		-1

																																																														22		-1		1		1		-1		1		0		-1		1		-1		1		1		0		-1		-1		-1		-1		-1		-1		1

																																																														23		0		1		1		-1		1		-1		-1		-1		-1		-1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																														24		-1		-1		-1		1		1		1		-1		-1		-1		-1		-1		0		-1		-1		-1		-1		-1		-1		-1

																																																														25		-1		1		1		1		1		-1		-1		-1		-1		-1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																														26		-1		0		-1		1		-1		1		1		1		-1		1		-1		0		-1		-1		-1		-1		-1		-1		1

																																																														27		-1		-1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1

																																																														28		1		1		-1		-1		-1		1		-1		1		1		1		-1		1		-1		-1		-1		-1		-1		1		-1

																																																														29		1		-1		-1		-1		-1		-1		-1		1		1		-1		-1		1		1		-1		-1		-1		-1		-1		-1

																																																														30		-1		1		-1		-1		-1		1		-1		1		-1		1		1		1		-1		0		1		-1		1		0		1

																																																														31		1		1		1		-1		1		-1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																														32		-1		0		-1		0		-1		0		-1		1		1		1		-1		1		1		1		-1		0		-1		-1		-1

																																																														33		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		0		-1

																																																														34		-1		-1		-1		-1		-1		-1		-1		-1		-1		0		-1		1		1		1		1		1		1		-1		-1

																																																														35		-1		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		-1

																																																														36		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		-1		0		1		1		1		1		1		1		-1

																																																														37		-1		-1		-1		-1		-1		-1		-1		-1		-1		1		-1		-1		1		1		1		1		1		1		-1

																																																														38		-1		-1		-1		-1		-1		-1		-1		1		-1		0		-1		-1		0		-1		1		1		1		1		-1

																																																														39		-1		1		1		-1		1		1		-1		-1		-1		1		1		-1		-1		-1		-1		-1		-1		-1		1

																																																														Co-production

																																																														COPRODUCTION

																																																																20		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39

																																																														20		94,846		3,044		9,346		3,325		3,445		5,238		6,436		25,433		2,051		5,221		1,473		2,140		3,749		9,191		9,398		4,601		3,212		2,428		2,996

																																																														22		3,044		15,141		10,900		1,750		1,811		2,235		2,443		6,719		598		4,600		603		1,309		2,172		4,864		4,519		2,750		1,680		1,807		1,500

																																																														23		9,346		10,900		38,155		3,871		3,666		3,369		5,511		6,953		660		5,182		1,745		1,519		4,036		12,046		12,770		5,192		3,028		2,989		3,519

																																																														24		3,325		1,750		3,871		47,364		9,493		9,899		3,290		5,426		575		4,589		322		2,299		3,275		9,305		6,274		3,753		1,953		1,582		1,514

																																																														25		3,445		1,811		3,666		9,493		13,629		1,740		2,044		2,153		202		3,359		433		826		2,314		7,283		5,963		4,288		1,781		1,645		1,475

																																																														26		5,238		2,235		3,369		9,899		1,740		11,369		13,948		7,715		653		6,013		339		1,730		2,997		6,935		6,943		3,419		1,429		2,644		1,805

																																																														27		6,436		2,443		5,511		3,290		2,044		13,948		240,411		5,911		658		3,890		509		1,225		3,094		7,617		8,761		6,083		2,634		3,000		5,462

																																																														28		25,433		6,719		6,953		5,426		2,153		7,715		5,911		44,439		7,799		14,348		799		5,738		9,770		15,300		17,307		11,849		6,102		10,958		3,526

																																																														29		2,051		598		660		575		202		653		658		7,799		2,606		1,400		76		1,223		1,505		2,102		2,018		1,438		721		813		248

																																																														30		5,221		4,600		5,182		4,589		3,359		6,013		3,890		14,348		1,400		28,156		739		3,770		7,850		19,904		24,459		13,411		7,152		6,607		3,930

																																																														31		1,473		603		1,745		322		433		339		509		799		76		739		847		172		323		922		760		527		230		278		558

																																																														32		2,140		1,309		1,519		2,299		826		1,730		1,225		5,738		1,223		3,770		172		5,897		3,383		6,860		6,502		4,463		2,029		2,077		893

																																																														33		3,749		2,172		4,036		3,275		2,314		2,997		3,094		9,770		1,505		7,850		323		3,383		16,104		28,700		28,446		17,278		8,720		6,052		1,936

																																																														34		9,191		4,864		12,046		9,305		7,283		6,935		7,617		15,300		2,102		19,904		922		6,860		28,700		74,309		70,301		31,517		18,256		13,377		5,747

																																																														35		9,398		4,519		12,770		6,274		5,963		6,943		8,761		17,307		2,018		24,459		760		6,502		28,446		70,301		71,621		43,107		23,008		18,713		5,638

																																																														36		4,601		2,750		5,192		3,753		4,288		3,419		6,083		11,849		1,438		13,411		527		4,463		17,278		31,517		43,107		41,931		15,109		22,189		3,821

																																																														37		3,212		1,680		3,028		1,953		1,781		1,429		2,634		6,102		721		7,152		230		2,029		8,720		18,256		23,008		15,109		10,555		6,241		1,631

																																																														38		2,428		1,807		2,989		1,582		1,645		2,644		3,000		10,958		813		6,607		278		2,077		6,052		13,377		18,713		22,189		6,241		8,680		2,088

																																																														39		2,996		1,500		3,519		1,514		1,475		1,805		5,462		3,526		248		3,930		558		893		1,936		5,747		5,638		3,821		1,631		2,088		6,133

																																																																197,571		70,443		134,457		119,860		67,551		90,422		322,927		208,245		27,346		164,580		11,654		54,056		151,704		344,536		366,509		236,724		115,471		114,165		54,421

																																																																		Null is significantly below

																																																																		Null is significantly above





table 12

		

				Share of Products				Share of Firms

		Method of Product Adding		Unweighted		Value-Weighted		Unweighted		Value-Weighted

		Existing Plant(s) Only		0.862		0.412		0.899		0.259

		Acquired Plant(s) Only		0.055		0.259		0.013		0.048

		New Plant(s) Only		0.060		0.120		0.030		0.044

		Combination with M&A		0.013		0.147		0.031		0.488

		Combination without M&A		0.011		0.061		0.027		0.161

				Share of Products				Share of Firms

		Method of Product Dropping		Unweighted		Value-Weighted		Unweighted		Value-Weighted

		Existing Plant(s) Only		0.835		0.320		0.898		0.213

		Divested Plant(s) Only		0.052		0.282		0.007		0.018

		Closed Plants Only		0.084		0.123		0.037		0.042

		Combination with M&A		0.015		0.231		0.026		0.538

		Combination without M&A		0.013		0.045		0.033		0.189

		Notes: Table reports the manner in which firms add (top panel) and drop (bottom panel) five-digit SIC products. The first two columns report the distribution with respect to products; the second two columns report the distribution with respect to firms. Figures shown are averages across the pooled 1987 to 1997 sample.





figure 1

		

		Notes: Add (drop) rate are defined as the number of firms adding (dropping) the product between census years divided by the average number of firms producing the product in both years.





figure 2

		

		Notes: The solid line plots within-firm product rank against within-firm product size. Dashed lines are the result of an OLS regression of log product rank on log product size.





Notes: Figure displays average rates at which five-digit SIC products are added and 



dropped from 1987 to 1997. A product's add (drop) rate is defined as the number of firms 



adding (dropping) the product between census years divided by the average number of 



firms producing the product in both years. 



0



.1



.2



.3



Add Rate



0



.1



.2



.3



Drop Rate






Notes: Figure displays average rates at which five-digit SIC products are added and 


dropped from 1987 to 1997. A product's add (drop) rate is defined as the number of firms 


adding (dropping) the product between census years divided by the average number of 


firms producing the product in both years. 
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Notes: Vertical and horiztonal axes use log scales. The solid line in each panel plots within-



firm product rank against within-firm product size. Each panel is for the set of firms with 



the noted number of products. The largest product has a rank of one. A product's size is 



defined as its mean percent of firm shipments, as noted in Table 11. Fitted lines are the 



result of an ordinary-least-squares regression of log product rank on log product size. 
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Notes: Vertical and horiztonal axes use log scales. The solid line in each panel plots within-


firm product rank against within-firm product size. Each panel is for the set of firms with 


the noted number of products. The largest product has a rank of one. A product's size is 


defined as its mean percent of firm shipments, as noted in Table 11. Fitted lines are the 


result of an ordinary-least-squares regression of log product rank on log product size. 
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