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Abstract

We present a novel finding that high macroeconomic uncertainty is associ-
ated with greater accumulation of physical capital, despite a contemporaneous
reduction in investment. To reconcile this evidence, we show that high un-
certainty predicts a persistent decrease in the utilization and depreciation of
existing capital, which dominates the investment slowdown. We construct and
estimate a general-equilibrium model to explain our novel findings alongside the
existing evidence on the relationship between uncertainty, economic growth,
and asset prices. In the model, precautionary saving is achieved by lower-
ing utilization, instead of increasing investment. Lower utilization persistently
decreases depreciation, conserving capital for the future, and simultaneously
discourages new investment. This channel amplifies stock price exposure to
uncertainty risks, especially for firms with more flexible utilization, which we
confirm in the data. We further show the importance of our mechanism to gen-
erate a negative impact of uncertainty shocks in an extended New-Keynesian

framework.
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1 Introduction

Recent years have seen a surge in interest to understand and explain the role of
aggregate uncertainty for real economic growth and asset prices. Empirically, high
macroeconomic uncertainty is associated with a business cycle trough, and a persistent
decline in aggregate consumption, investment, and output. At the same time, firm
valuations drop while market risk and risk premia increase. These findings indicate
that uncertainty has an adverse effect on the economy and financial markets, which
has been subsequently studied in macroeconomic and finance models in the literature.

In our paper, we present empirical evidence that sheds a new light on the effects of
macroeconomic uncertainty vis-a-vis the existing findings. Specifically, we document
that high uncertainty is associated with an increase in the capital stock. This result
is surprising, and at first glance appears to go against the established evidence on
a reduction in investment in times of high uncertainty. Investment in new capital,
however, only governs an extensive margin of capital formation. The intensive mar-
gin of capital dynamics, due to time-varying deprecation and utilization of existing
capital, is also affected by uncertainty shocks, which goes a long way to reconcile the
new evidence both empirically and theoretically. Indeed, we show novel empirical evi-
dence that the depreciation of capital decreases following a rise in aggregate economic
uncertainty. A drop in depreciation at times of an investment slowdown cushions the
fall in capital stock, and can even lead to an accumulation of capital if the intensive
margin effects are quantitatively large. We explore the economic origin of the fluctu-
ation in the depreciation rate, and find that aggregate uncertainty leads to a sharp
decline in the utilization of installed capital, inducing a persistent negative effect on
depreciation. Our evidence thus highlights a rich and novel pattern of propagation
of uncertainty risks in capital dynamics, which, we argue, present a challenge for the
existing models in the literature.

We next develop and estimate an economic model to reconcile the novel empiri-
cal findings alongside the existing evidence on the relationship between uncertainty,
economic growth, and asset prices. Our model mechanism relies on two ingredients.
First, capital depreciation is time-varying, and is positively related to capacity uti-

lization. That is, an increase in utilization increases firms’ depreciation rate, and vice



versa. Second, these effects of utilization on depreciation are persistent over time.
The latter channel is new to the literature, and is motivated and supported empiri-
cally and conceptually. In the data, the capital depreciation rate is significantly more
persistent that the utilization rate. In theory, possible microfoundations for this chan-
nel include the depreciation effects associated with reallocating capital across sectors,
or with the complementarity of capital utilization across vintages.

A key insight of the model is that lower utilization substitutes higher investment
for precautionary saving, with the benefit of avoiding costs associated with new cap-
ital installation. Specifically, when uncertainty increases, the firm has incentives to
build up capital to create a buffer against large downside moves in future productivity.
It can do so by lowering the utilization rate of the capital already installed. Under-
utilization of capital decreases its depreciation rate, and preserves it for future use,
consistent with the novel empirical evidence. While a decrease in the equilibrium risk-
free rates operates to raise investment, a persistent drop in utilization further lowers
the expected marginal product of capital and discourages investment. Quantitatively,
we estimate that the effect of lower effective productivity (via lower utilization) domi-
nates the effect of precautionary savings on new investments, and investment declines.
Nonetheless, the future capital growth still overshoots via the depreciation channel.
Finally, lower utilization decreases the level of current and future output. In the
model, the decline in output is larger than the decline in investment, and as a result,
consumption decreases as well.

The utilization-induced channel for depressing investment following higher uncer-
tainty differs from other mechanisms proposed in the literature, such as real-options
or time-varying markups. As later discussed under related literature, existing frame-
works with uncertainty risks either fail to eliminate the precautionary saving effect
on investment (ipso-facto, leading to a divergence of investment from consumption),
or alternatively, depress both investment and future capital growth in response to
uncertainty, in contrast to our novel finding.

While our framework is not directly targeting asset-price data, it is able to produce
a sizable risk premium on a levered equity claim. In the model, the firm’s investment
rate and stock prices comove, a standard implication of g-theory. When utilization is

fixed, uncertainty shocks increase investment, suggesting a counterfactually positive



risk exposure of the market portfolio to uncertainty shocks. However, when utilization
is flexible, uncertainty decreases the firm’s investment and valuation, so that the
uncertainty risk exposure turns negative. With a preference for early resolution of
uncertainty, uncertainty shocks increase the marginal utility, and thus have a negative
market price of risk. Overall, uncertainty shocks contribute positively to the model-
implied equity premium, and explain about 25% of its magnitude. We further examine
additional properties of the model in the cross-section of industry asset returns. In
the model, firms with a more volatile utilization rate, or with utilization rates more
exposed to macroeconomic uncertainty, exhibit more negative return exposure to
uncertainty. We confirm these model predictions empirically using the cross-sectional
data on manufacturing, mining, and utility industries. This cross-sectional evidence
lends further support to our economic mechanism.

Related Literature. The theoretical literature on the impact of uncertainty
shocks focused primarily on the negative relation between uncertainty and invest-
ment. The studies of McDonald and Siegel (1986)), Dixit, Dixit, and Pindyck! (1994),
and recently [Bloom| (2009) and Bloom, Floetotto, Jaimovich, Saporta-Eksten, and
Terry| (2018)) use a real option channel (or “bad news” principle) to explain why un-
certainty suppresses investment. Importantly, the positive effect of uncertainty on the
capital stock which we document in this study differs from the investment overshoot
effect predicted by real option models, as capital rises despite of a contemporane-
ous decline in investment. The study of |[Fernandez-Villaverde, Guerron-Quintana,
Rubio-Ramirez, and Uribe (2011) examines uncertainty in the context of an open
economy, showing that volatility lowers domestic investment. Other papers suggest
that uncertainty increases firms’ cost of capital, or credit spreads, making investment
more costly (see, e.g., |Christiano, Motto, and Rostagno|, 2010; |Gilchrist, Sim, and
Zakrajsekl, 2014; Arellano, Bai, and Kehoe, 2019). Di Tella and Hall (2021)) rely on
a model that features uninsurable idiosyncratic risk and predetermined labor. The
covariance between firms’ marginal product of labor and the households’ SDF creates
a risk premium wedge that suppresses investment and hiring. We differ from these
studies in two ways. First, in all these studies, with an exception of Di Tella and
Hall (2021), uncertainty decreases investment but does not generate positive contem-
poraneous comovement between consumption and investment due to fluctuations in

uncertainty, whenever first- and second- moment productivity shocks are orthogonal.



Second, all of the studies above feature a constant depreciation rate. By construc-
tion, these papers cannot reconcile our new empirical evidence which hinges on a
time-varying depreciation rate.

Related, the models of |[Fernandez-Villaverde, Guerron-Quintana, Kuester, and
Rubio-Ramirez| (2015) and Basu and Bundick (2017) rely on a New Keynesian frame-
work that features monopolistic competition and sticky prices to show that both
consumption and investment drop in response to uncertainty shocks. The mechanism
in both papers is similar: uncertainty increases firms’ markups, which has a rationing
effect on production. Importantly, and consistent with other New Keynesian models,
both studies feature flexible utilization. However, these studies do not incorporate
persistent depreciation, so that the effect of utilization on depreciation is short-lived
and concentrated in a single period. Flexible utilization helps to quantitatively ex-
tend the duration of price stickiness and magnify the decline in investment; however,
without persistent depreciation, this channel cannot reconcile our novel facts!T]

To further highlight the distinction between our proposed mechanism and existing
channels that induce uncertainty-driven recessions, we consider an extension of the
model which incorporates flexible utilization and persistent depreciation dynamics
into a New-Keynesian model, featuring monopolistic competition and nominal price
rigidity. We show that our novel channel remains quantitatively important. Depend-
ing on the dynamics of aggregate productivity, our mechanism is either necessary
to induce a drop in investment following a rise in uncertainty, or at the very least,
substantially amplifies the effect of uncertainty shocks on real variables, above and
beyond the effect induced by countercyclical markups.

More broadly, following |Jaimovich and Rebelo| (2009), the RBC literature has pro-
posed flexible utilization as key ingredient to overcome the comovement problem of
macro variables with respect to first-moment news shocks (see, e.g., Barro and King
(1984)). Our paper complements this idea by showing that utilization, coupled with
persistent depreciation, can generate comovement with respect to second-moment pro-

ductivity shocks, and reverse the precautionary saving effect on investment. Our eco-

'We replicate the results of Basu and Bundick (2017) under their benchmark calibration, and
extend the set of results with uncertainty impulse-responses to depreciation and capital growth. The
result is shown in Figure [DA.1.3] of the Online Appendix. We find that while the model-implied
utilization and depreciation drop following an uncertainty shock, investment declines by a stronger
amount, suggesting that future capital growth falls, in contrast to our empirical evidence.



nomic mechanism is thus distinct from the existing literature. Specifically, |Jaimovich
and Rebelo| (2009) show that first-moment new shocks increase future investment,
leading to higher investment today in the presence of adjustment costs. In turn, this
reduces the value of installed capital, allowing contemporaneous capacity utilization
to rise, thereby increasing output. By contrast, in our model, a positive uncertainty
shock drops expected utilization as a way to save. This is equivalent to a negative
first moment TFP shock that suppresses contemporaneous investment. In turn, the
substitution between new investment and lower utilization helps to build up capital,
while endogenously economizing on adjustment costs.

In relation to asset prices, in contrast to the endowment economies in which
high uncertainty increases equity risk premiumﬂ, in a standard production setting
uncertainty shocks lower the equity premium, and increase stock prices. These find-
ings are also counterfactual to the data. Our study features Epstein and Zin| (1991))
preferences, and early resolution of uncertainty. Under our mechanism, uncertainty
is able to decrease stock prices, increase the marginal utility, and contribute posi-
tively to risk premia. Thus, our channel complements other production-based asset
pricing models in which discount rate shocks suppress investment and raise equity
premium, relying on resource reallocation (e.g., |Gao, Hitzemann, Shaliastovich, and
Xu/ (2016), |[Bansal, Croce, Liao, and Rosen| (2019), [Basu, Candian, Chahrour, and
Valchev]| (2021))), endogenous growth (e.g., Kung and Schmid| (2015)), uninsurable id-
iosyncratic investment risk (e.g.,|[Dou/ (2017))), or multiple sectors (e.g., Segal| (2019)).

Finally, several recent studies question the role of macro uncertainty to induce
recessions (see, e.g., [Berger, Dew-Becker, and Giglio|, 2020; Ludvigson, Ma, and Ng|
2021)). In particular, [Ludvigson et al.| (2021) use a SVAR methodology to show that
macro uncertainty only deepens a decline in industrial production followed by negative
first-moment shocks, but does not cause a decrease in industrial production on its
own. In our work we show the robustness of our key results to various economic and
financial uncertainty measures. Further, our findings that uncertainty has a negative
effect on investment and positive on the future stock of capital can potentially shed
light on the ambiguous role of macro uncertainty for aggregate economic indices.

The rest of the paper is organized as follows. We establish novel empirical facts

2See, e.g., [Bansal and Yaron, 2004; Boguth and Kuehn, 2013; |Croce, Lettau, and Ludvigsonl,
2015; |[Johannes, Lochstoer, and Moul, [2016} [Ai and Kiku, 2016, among many others



connecting macro uncertainty to depreciation and capital growth in Section 2] We
present our model with uncertainty shocks, flexible utilization, and persistent depre-
ciation in Section [3] In Section ] we show that the model is capable of producing
uncertainty-induced real recessions that are consistent with the facts of Section 2l In
Section [o| we discuss the implications of uncertainty shocks for financial markets from

the lens of the model. We provide concluding remarks in Section [0}

2 Empirical Evidence

We examine the empirical relation between macroeconomic uncertainty and three
components of capital accumulation: the depreciation rate, the investment rate, and
capital growth. We establish our key empirical finding that an increase in uncertainty
is associated with a lower depreciation rate and higher future capital growth, in spite
of lower investment rates. We further document that capital utilization induces a

positive and persistent effect on the capital depreciation rate.

2.1 Data

We obtain data on industrial production, capacity utilization, and inflation from
the Federal Reserve Bank of St. Louis. Utilization-adjusted Total Factor Productivity
(TFP) measure comes from the San Francisco Fed, following the methodology of
Fernald (2014). Real consumption, defined as non-durables and services, is from
the Bureau of Economic Analysis (BEA) National Income and Product Accounts
Tables. We obtain data on chain-type quantity indices for the net stock of fixed assets,
depreciation for fixed assets, and investment in fixed assets from BEA Fixed Assets
Accounts Tables. All fixed asset indices are chained to the year 2012 (i.e., indices
equal to 100 at that year). We convert these indices to real dollars by multiplying
them by their respective dollar amount as of 2012. In our benchmark results we focus
on the depreciation and investment of private non-residential capital. We construct
the depreciation rate as the dollar depreciation of year t divided by the stock of
capital of year ¢t — 1. Similarly, the investment rate is constructed by dividing the
dollar investment amount of year ¢ by the dollar amount of capital stock in year ¢t — 1.

We obtain asset price data from the Center for Research in Security Prices (CRSP).

We measure the nominal risk free rate as the 3-month T-bill yield, and the market



return by the value weighted CRSP annual return. Based on the availability of pro-
ductivity and fixed assets data, all variables are measured at an annual frequency,
covering a postwar sample from 1948 to 2018. The only exception is data on capacity

utilization rate, which are available from 1968 to 2018.

2.2 Measuring macro uncertainty

The macroeconomic uncertainty, denoted by vy, is aimed to capture the predictable
variation in a macroeconomic growth variable of interest y, that is, v; = Var,(Ayy1).
In the benchmark analysis, we construct v; following a predictive approach similar to
Bansal, Khatchatrian, and Yaron| (2005) and [Segal, Shaliastovich, and Yaron (2015).
First, we estimate an AR(1) model using the highest-frequency time-series available
for the growth variable of interest 1,, and use the residuals of this regression, denoted
by €,.:+1, as innovations to macroeconomic growth. Second, we define the realized

variance of y;, denoted by RV;, as follows:

N
RVigr = Zgziﬂ%’ (1)
=1

where N represents the number of observations of y; available during one period (a
one year in our case). The realized variance is a backward-looking measure of the
variation associated with shocks to the underlying growth variable y;. Consequently,
in the third step we use the predictable component of this measure to proxy for
ex-ante macroeconomic uncertainty v;. To construct the predictive component, we
project the logarithm of time ¢ + 1 realized variance on a set of time ¢ predictors, I';:
log (RVi41) = 1o + VT + €41, (2)
and set the proxy for the ex-ante macro uncertainty to the exponentiated fitted value
of the projection above:
v = exp (v + V'Ty). (3)
The log transformation ensures that our ex-ante uncertainty measures is strictly pos-
itive ]
In the benchmark empirical implementation, we let y; be industrial production

growth, which is available at a monthly frequencyE] and use that to construct its

3We obtain very similar results when the left-hand side of projection [2| is simply RV;,1, and vy
is the fitted value of the projection.
4Neither TFP nor consumption are available at a sufficiently high frequency.



Figure 1: Realized and ex-ante Log Macro Uncertainty
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The figure shows the time-series plot of the log realized variance log(RV;) of industrial production
(solid line) and the log of the ex-ante macro uncertainty log(v;) (dashed line), averaged over the last
three years (t — 2 — t). The shaded areas represent NBER recessions.

realized variance at the annual frequency. There are 12 observations of industrial
production within one period, so that N = 12. We set the benchmark predictors
I'; to include the log of realized variance, log(RV;), the nominal risk free rate, ry,
the market return, r,,, the rate of inflation, 7;, and utilization-adjusted TFP growth,
ATFP,.

Figure (1| shows (the log of ) the realized volatility of industrial production RV;, and
the ex-ante macro uncertainty v;. For the purpose of illustrating the cyclical prop-
erties of uncertainty, both time-series are smoothed (averaged) over the last 3 years
to reduce high frequency oscillations. The ex-ante macro volatility is more persistent
and less volatile compared to the realized variance. Both uncertainty measures are

countercyclical, typically rising during NBER recessions.

2.3 Macro uncertainty and capital accumulation

In this section we examine the relation between macroeconomic uncertainty and

key determinants of capital accumulation. We establish several novel findings:

(1) high uncertainty is associated with lower utilization and depreciation of existing



capital;

(2) high uncertainty is associated with an increase in the growth of the future stock

of capital.

Consistent with existing studies, we further show that high uncertainty is associated
with a decrease in the growth of investment rate. To tie all the evidence together,
we argue that capital utilization goes hand-in-hand with capital depreciation, and
both drop following episodes of high uncertainty. While investment decreases as well,
quantitatively, the reduction in investment is weaker than a drop in the depreciation
rate. This finding helps explain why the capital stock can increase in the future
following higher uncertainty, despite a drop in investment.

We start the analysis with plain correlations. Panel A of Table [I] shows contem-
poraneous correlations of each variable of interest Ay with macro uncertainty v;. The
variables of interest are private nonresidential investment rate /K, nonresidential
depreciation rate §, the stock of nonresidential capital K, and capacity utilization
u. To ensure stationarity, we use annual log-growth rates for these variables in the
empirical regressionsﬁ The Table shows that macroeconomic uncertainty has a neg-
ative correlation with the growth of ¢, I/K, and u. This is generally consistent with
the common view that macroeconomic uncertainty causes and/or deepens recessions.
More surprisingly, the correlation between v; and the growth of the capital stock K
is positive.

To ensure that the correlation is evidence is not driven by our specific methodol-
ogy of constructing the ex-ante uncertainty v;, in Panel A of Table [1| we also report
the correlations between the growth rate in the aforementioned variables and the re-
alized variance of industrial production over the last 12 months, RV;. All correlations
maintain the same sign. In particular, the correlation between the realized variance
and capital growth remains positive. The correlation between the realized variance
and the growth in depreciation is more negative than the correlation between the
realized variance and investment growth (-0.26 vs -0.19, respectively).

Many economic models, including the one we develop in Section [3] feature shocks

SWhile the stock of capital, K;, is clearly non-stationary, several studies have pointed out that
investment in fixed assets, I /K, features a secular downward trend over the past 30 years (see, e.g.,
Gutiérrez and Philippon| (2016))), whereas the depreciation rate, d, exhibits an upward trend.



Table 1: Growth, Uncertainty, and Capital: Correlations

y Panel A: p(Ay, v;) Panel B: p(Ay, g¢)
U = Et[RV;f—&-l] v, = RV,

I/K 0.27 2019 0.51

o -0.27 -0.26 0.27

K 0.17 0.08 0.49

U -0.30 -0.51 0.44

The table shows for each growth variable of interest Ay, specified in the left-most column, its
contemporaneous correlation p with either v, macro uncertainty, or g, first-moment macro growth.
The variables of interest are the stock of nonresidential capital, K, private nonresidential investment
rate, I/K, nonresidential depreciation rate, §, and capacity utilization, u. ¢; is the first-moment
macro growth, measured by annual consumption growth. v; is measured either by the benchmark
ex-ante volatility of industrial production (F;[RV;41]), or by the realized variance of industrial
production over the last 12 months, RV;. Annual growth data on stock, investment rate, and
depreciation for nonresidential private capital are from 1948-2018. Annual data on utilization rate
are from 1967-2018.

to the first-moments (g;) in addition to the second-moments (v;) of the macroeconomic
growth. To be consistent with the theory, we need to consider the relation between
the uncertainty, v;, and the variables of interest, controlling for the first-moment
macro growth, g;. In the benchmark implementation, we use log consumption growth,
g: = Acy, as the first-moment control. This macroeconomic fundamental feeds directly
into the household’s marginal utility. Consistent with existing models and empirical
evidence, Panel B of Table (1| shows that the growth rates in I/K, §, K, and u are
procyclical, and have a positive correlation with gtﬁ

To document the dynamic impact of uncertainty we regress the growth rate for
variable y between year t — 1 and year t + H — 1 on the current first- and second-

moments of macroeconomic growth:
1

EAyt_l_ntJrH_l = const + [, yvy + Py uge + error, (4)
where Ay 1 iy 1 = Zle Ay;_1.p. For ease of interpretation, we standardize both
the dependent and independent variables. When H = 1, the slope coefficients capture
the partial contemporaneous correlations of the left-hand side variable with uncer-

tainty and real growth, while for H > 1 they measure the cumulative immediate

6In Subsection [2.5] we consider the robustness of our main results to alternative methodologies of
eliciting vy from the data (e.g., GARCH-implied volatility), and to other proxies of g; (e.g., log-TFP
growth).

10



Table 2: Uncertainty and Capital Accumulation

Horizon K o t-stat By t-stat
y = Private nonresidendial investment rate

1 years -0.22 [-2.14] 0.49 [4.64]

2 years -0.18 -1.61] 0.50 [4.51]

3 years -0.20 [-1.62] 0.29 [2.36]

y = Private nonresidendial depreciation rate

1 years -0.24 [-1.78] 0.24 [1.90]
2 years -0.31 [-1.98] 0.27 [2.35]
3 years -0.34 [-2.27] 0.19 [1.75]

y = Private nonresidendial capital

1 years 0.23 [2.35] 0.52 [4.01]
2 years 0.24 [2.60] 0.63 [5.03]
3 years 0.25 [2.37] 0.63 [4.74]

y = Capacity utilization rate

1 years -0.26 [-2.27] 0.42 [2.84]
2 years -0.42 [-4.07] 0.14 [0.99]
3 years -0.44 -4.46] -0.06 [-0.41]

The table shows the results of the regression: %Ayt_l_mrk_l = const + Byvr + Begr + error. vy
is macro uncertainty, measured by the benchmark ex-ante volatility of industrial production. g; is
first-moment macro growth, measured by annual consumption growth. y is a variable of interest.
Brackets report t-statistics. Standard errors are robust and Newey West adjusted. Annual growth
data on stock, investment rate, and depreciation for nonresidential private capital are from 1948-
2018. Data on capacity utilization rate are from 1967-2018. All variables are standardized, and
annual.

and future effects up to horizon H — 1. We set H € {1,2,3}. The slope coeffi-
cients and their respective Newey-West t-statistics for the growth in investment rate,
depreciation rate, utilization rate, and capital stock are shown in Table [2|
Consistent with the evidence presented in Table[I] the results in Table [2]show that
the slope coefficient on g, is positive at all horizons and for all capital-related growth
variables. It is also always statistically significant in the contemporaneous regression,
and significant in the predictive regressions for the growth in I/K, § and K. The
slope coefficient 3, is negative and significant (at the 10% level or higher) for both
investment and depreciation growth rates. However, at all predictive horizons, the

slope is more negative for depreciation than for investment growth rate. For example,

11



for H =3, 5, is -0.34 versus -0.20 when y is set to § and I/K, respectively.

In-line with our findings that 3, gjy—s < Bvmjy=1/k < 0 for all H, we document
that the slope coefficient (3, is positive and significant for capital growth. Specifically,
at all the considered horizons, one standard deviation in v, is associated with a 0.25
standard deviation increase in the growth of capital, controlling for the other driving
force g;. This effect is economically sizable. It stands in contrast to the common
notion that uncertainty should suppress the stock of capital due to its adverse effect
on investment, but broadly consistent with the volatility overshoot effect documented
in Bloom (2009). Table [1| also shows that uncertainty v; negatively and significantly
predicts the future utilization rate. The effect of uncertainty on utilization is as sizable
(in absolute value) as that of first-moment fluctuations (i.e., g;), and consistent with
the relation between v and 9.

To further illustrate the impact of macro uncertainty on capital-related measures,
Fig. [2| provides impulse responses of these growth measures to macro uncertainty
shocks. The impulse response functions are computed from Smooth Local Projec-
tion (SLP) (Barnichon and Brownlees| 2019)), which extends on the Local Projection
methodology of |Jorda (2005)).

Specifically, let Y; be the vector [g;, vy, Ady, Al /Ky, AK;)'. Given this vector, the
impulse response functions in panels (a) — (c) of Fig. [2|are derived from a full-sample
SLP estimation of:

Yern = n)y + Bayve + 7(h)'wi + winyesn, (5)
where y is the growth variable of interest, and w; = [g;, Ady, AI/ K}, Y, 1, Y 0, Y: 3]
This is equivalent to a vector autoregressive system of the fourth order. The coefficient
B(h) is approximated using a linear B-splines basis function expansion in the forecast
horizon h. The SLP specified in Equation [5| excludes the utilization rate because it
is only available from 1967 onward. In panel (d) of Figure [2 we append the vector
Y; and the vector w; with Au,, and estimate the SLP when y equals to utilization
growth using data from 1967-2018.

12



Figure 2: Uncertainty Shocks Impulse Responses: Benchmark
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The figure shows uncertainty impulse responses to the growth rate of (a) investment rate AI/K,
(b) depreciation rate Ad, (c) capital stock AK, and (d) utilization rate Awu. The invest-
ment and depreciation measures refer to private nonresidential capital. Let Y; be the vector
[g¢, vt, Ady, AT/ Ky, AK:)', where vy is macro uncertainty measured by ex-ante industrial produc-
tion volatility, and g; is consumption growth. Given this vector, the impulse response functions
in panels (a) — (c) are derived from smooth local projection (Barnichon and Brownlees (2019))
of: yeyn = apy + Bumyve + v(h)'wi + wpyiqpn, where y is the growth variable of interest, and
wr = [g¢, Ao, AT/ K4, Yy 1,Y;_9,Y;_3]. The S(h) is approximated using a linear B-splines basis
function expansion in the forecast horizon h. The dashed lines represent the 90% confidence in-
terval. Panels (a) — (c) are base on a postwar sample from 1948-2018. In panel (d) we append
the vector Y; and the vector wy with Awug, and estimate the smooth local projection for utilization
growth using data from the 1967-2018 sample.

Panels (a) of the figure demonstrate that the growth in investment rate falls due to
a macro uncertainty shock. The negative effect of uncertainty on investment remains
significant up to seven years ahead (followed by a qualitative overshoot, similar to
Bloom| (2009)). In contrast, panel (b) of Fig. [2/shows that the impact of uncertainty
shock on depreciation growth is much more pronounced. One year after the uncer-

tainty shock, the magnitude of depreciation growth’s impulse-response is twice as

13



large as the investment rate’s impulse-response. The negative effect of uncertainty on
the growth in depreciation persists over the next 15 years. The asymmetry in the im-
pact of uncertainty on depreciation relative to investment echoes Table [2l Moreover,
this asymmetry gives rise to a positive, significant, and persistent increase in future
capital growth following an uncertainty shock (Panel (c)). Lastly, an uncertainty

shock lowers capacity utilization’s growth rate up to 8 years after.

2.4 Utilization and Depreciation

Economic intuition suggests that utilization and depreciation comove positively
with each other. An increase in utilization erodes equipment faster, persistently de-
creases its service life and thus raises the current and possibly the future depreciation
rate. We formally examine this link by running a regression of the future cumulative
depreciation growth rate for horizon H on the current depreciation growth and the

current utilization rate wuy:
1

EAét,lﬁth,l = const + Bs g Adi_1 + By mu, + error,

where A1 y1ig1 = Zle Ady_14p. Ady_q refers to the log growth rate between
0;—1 and d;_5. Both the dependent and independent variables are normalized for ease
of interpretation. Table [3| shows the estimates of the slope coefficients together with
the Newey-West t-statistics. In the first row of the table, the control Ad;_; is omitted,
and the reported 3, is equal to the correlation between Ad; and u;. We document
that this correlation is positive, economically sizable, statistically significant, and
amounts to 0.52. We also find that 3, gy remains positive and significant when H > 1.
The impact of utilization on future depreciation growth is persistent, but diminishes
with the horizon H. Notably, controlling for the utilization rate, s is positive and
significant at least at the 10% confidence level, which indicates additional persistent

fluctuations in depreciation beyond the utilization rate itself.
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Table 3: Depreciation and Utilization

Horizon K Bs t-stat By t-stat
1 0.52 [4.78]
1 0.60 [5.61] 0.45 [5.65]
3 0.31 [1.82] 0.38 [3.02]
5 0.28 [1.69] 0.23 [1.52]

The table shows the results of the regression: %A5t—1—>t+k—1 = const + BsAd;_1 + Byus + error. Oy
is private nonresidential depreciation rate. w; is the capacity utilization rate. Ad;_q refers to the log
growth rate between d;_1 and d;_o. Brackets report t-statistics. Both the dependent variable and
the independent variables are normalized. In the first row, the control Ad;_; is omitted, and the
reported 3, is equal to the correlation between Ad; and w;. Standard errors are robust and Newey
West adjusted. Annual growth data on depreciation and utilization are from 1967-2018.

2.5 Empirical Robustness

Our benchmark empirical results are based on macro uncertainty, v;, that is mea-
sured by the ex-ante (predictable) variation in industrial production, spanning the
entire postwar sample from 1948 to 2018. In this section, we demonstrate that facts
(1) and (2), documented in Section 2.2} are robust to various implementation choices.
First, in Subsection [2.5.1], show robustness to the inclusion of additional control vari-
ables, to using subsample period, and to alternative construction methods for v; and
g Second, in Subsection [2.5.2] we show that the facts are materially unchanged
under alternative methodology of constructing impulse-responses (Cholesky decom-

position).
2.5.1 Alternative Controls and Uncertainty Proxies

We repeat predictive regression (4], and re-estimate uncertainty’s impulse-responses
implied by the SLP of Eq. , using alternative controls, sample period, and uncer-
tainty measure v;. For the predictive regressions, the battery of results when y equals
to the depreciation rate ¢ (fact 1) and capital stock K (fact 2) are reported in Tables
and , respectively (henceforth, Robustness Tables). For the impulse-responses, the
results when y equals ¢ (fact 1) and K (fact 2) are shown in Online Appendix Fig.
|OA.1.1) and |OA.1.2] respectively (henceforth, Robustness Figures).

Alternative controls and subsample. In the first round of robustness checks we

keep the benchmark measures v; and ¢; unchanged, but consider two alterations. We
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augment regression with additional controls: the market return R,,, the nominal
risk free rate r¢, and inflation rate m;. Similarly, we recompute the impulse-responses
by appending these three controls to the vectors Y; and w;. The results are shown
in Panel A of the Robustness Tables and Figures. For all predictive horizons, the
slope coefficient (3, is almost identical in magnitude and associated t-statistics to the
benchmark results. In particular, uncertainty still predicts negatively (positively)
depreciation (capital) growth rate, beyond the financial predictors, and the impulse
response to depreciation (capital) growth remains negative (positive). Alternatively,
we maintain the same controls as in the benchmark specification, but change the
sample period to 1968-2018, for which the utilization data are available. Panel B of
the Robustness Tables shows that the slope coefficient (3, retains the same sign as
in the benchmark case. For both ¢ and K, and for horizons H = 2,3, the absolute
magnitude of the coefficient, and its t-statistic are quantitatively larger. The impulse
response in Panel B of the Robustness Figures is still qualitatively negative (positive)
for 0 (K), but it loses significant at the 5% level, which occurs due to the shorter
sample period.

Alternative construction of vy. In the second round of robustness checks we alter
the construction of v; and g;. The referenced panels henceforth refer to the Robustness
Tables and Figures. In Panel C, g, is TFP adjusted for utilization from [Fernald (2014)).
In Panel D, v; is the realized variance of industrial production over the last 12 months,
RV;. In Panel E, v, is constructed similarly to the benchmark case, using projection
, but when the predictor I'; includes only the lagged value RV;. In Panel F, we
estimate v; using a GARCH model over monthly industrial production, and average
the volatility over the year. In panel G, v; is implied from a GARCH model estimated
using annual utilization-adjusted TFP data.

In all perturbations outlined above the results are materially unchanged. Specifi-
cally, for depreciation growth, the slope coefficient (3, is always negative and signifi-
cant, and the impulse response is negative and significant at least 10 years after the
uncertainty shock, consistent with Fact (1). Broadly in-line with Fact (2), we find
that for capital growth, the slope coefficient 3, is always positive, and the impulse-
responses are also positive and highly persistent, although some of the results are not

significant at the 5% level.
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Table 4: Uncertainty and Depreciation: Robustness

Horizon K Bu t-stat By t-stat
Panel A: Regression with financial controls

1 years -0.25 [-1.79] 0.25 [2.03]

2 years -0.32 -1.99 0.26 2.43

3 years -0.35 -2.29 0.18 1.78
Panel B: Modern sample (1968-2018)

1 years -0.10 -0.91 0.41 2.84

2 years -0.25 -2.41 0.44 3.31

3 years -0.35 -3.14 0.31 2.27
Panel C: g, is utilization-adjusted TFP

1 years -0.29 -2.26 0.09 0.68

2 years -0.37 -2.54 0.14 1.27

3 years -0.39 [-2.85] 0.13 [1.24]

Panel D: v; is the realized variance of industrial-
production, RV}

1 years -0.24 [-2.09] 0.25 [1.95]
2 years -0.31 [-2.06] 0.29 [2.44]
3 years -0.32 [-2.33] 0.21 [1.89]
Panel E: v; is the ex-ante volatility of industrial-
production when I'y = [RV{] only
1 years -0.27 [-2.25] 0.24 [1.90]
2 years -0.34 [-2.30] 0.28 [2.39]
3 years -0.35 [-2.50] 0.20 [1.82]
Panel F: v; is GARCH-based volatility of
industrial production
1 years -0.37 [-2.38] 0.37 [2.29]
2 years -0.45 [-2.68] 0.43 [2.76]
3 years -0.48 [-2.66] 0.36 [2.48]
Panel G: v; is GARCH-based volatility of
utilization-adjusted TFP
1 years -0.34 [-2.41] 0.33 [2.68]
2 years -0.39 [-2.51] 0.38 [3.24]
3 years -0.39 [-2.52] 0.30 [2.75]

The table shows robustness results of the regression: %Aét_l_,ﬂ_k_l = const + Byve + Bgge +error.
d¢ is private nonresidential depreciation rate, v; is macro uncertainty, and g¢; is first-moment macro
growth. Unless stated otherwise, v; is measured via the ex-ante volatility of industrial production
with the benchmark predictors I';. Unless stated otherwise, ¢; is consumption growth. In Panel
A, the regression includes additional controls: the market return R,,, the 3 month T-bill yield
ry, and inflation 7. In Panel B we focus on a model sample from 1968 (when utilization data is
available)-2018. In all other panels data are from 1948-2018. In Panel C, g; is TFP adjusted for
utilization from [Fernald| (2014). In Panel D, v; is the realized variance of industrial production over
the last 12 months, RV;. In Panel E, v; is constructed similarly to the benchmark case, but when
the predictor for volatility I';—; includes only the lagged value RV;_;. In Panel E, we estimate vy
using a GARCH(12,1) model over monthly indusirfal production, and average the volatility over the
year. In panel G, we estimate v; using GARCH(3,1) model over annual utilization-adjusted TFP
data.



Table 5: Uncertainty and Capital Stock: Robustness

Horizon K By t-stat By t-stat
Panel A: Regression with financial controls
1 years 0.26 [3.00] 0.40 [4.09]
2 years 0.25 3.00 0.52 4.92
3 years 0.25 2.72 0.52 4.56
Panel B: Modern sample (1968-2018)
1 years 0.57 7.94 0.54 5.55
2 years 0.52 7.22 0.65 7.93
3 years 0.47 6.12 0.65 8.71
Panel C: g, is utilization-adjusted TFP
1 years 0.12 1.12 0.22 1.85
2 years 0.12 1.22 0.20 1.85
3 years 0.12 [1.13] 0.23 [2.04]

Panel D: v; is the realized variance of industrial-
production, RV}

1 years 0.11 [1.16] 0.50 [3.69]
2 years 0.10 [1.14] 0.61 [4.61]
3 years 0.08 [0.83] 0.60 [4.35]

Panel E: v; is the ex-ante volatility of industrial-
production when I'y = [RV;] only

1 years 0.18 [1.83] 0.51 [3.82]
2 years 0.17 [1.87] 0.62 [4.78]
3 years 0.17 [1.65] 0.61 [4.51]

Panel F: v; is GARCH-based volatility of
industrial production

1 years 0.48 [4.34] 0.36 (3.11]
2 years 0.48 [4.23] 0.47 [4.53]
3 years 0.52 [4.22] 0.46 [4.84]
Panel G: v; is GARCH-based volatility of
utilization-adjusted TFP

1 years 0.13 [1.20] 0.47 [3.39]
2 years 0.14 [1.42] 0.58 [4.34]
3 years 0.15 [1.45] 0.57 [4.20]

The table shows robustness results of the regression: %AKt,lﬁwk,l = const + Byvy + Bgg: +error.
K is the stock of private nonresidential capital, vy is macro uncertainty, and g, is first-moment macro
growth. Unless stated otherwise, v; is measured via the ex-ante volatility of industrial production
with the benchmark predictors I'y. Unless stated otherwise, g; is consumption growth. In Panel
A, the regression includes additional controls: the market return R,,, the 3 month T-bill yield
ry, and inflation 7. In Panel B we focus on a model sample from 1968 (when utilization data is
available)-2018. In all other panels data are from 1948-2018. In Panel C, g; is TFP adjusted for
utilization from [Fernald| (2014). In Panel D, v, is the realized variance of industrial production over
the last 12 months, RV;. In Panel E, v; is constructed similarly to the benchmark case, but when
the predictor for volatility I';—; includes only the lagged value RV;_;. In Panel E, we estimate vy
using a GARCH(12,1) model over monthly industrial production, and average the volatility over the
year. In panel G, we estimate v; using GARCHl(%,l) model over annual utilization-adjusted TFP
data.



We conclude that uncertainty is associated with a strong and pronounced decline
in depreciation. The effect of uncertainty on capital growth is either positive or zero,
but does not appear to be negative, as implied by extant macroeconomic models that
render uncertainty-induced recessions.

In Table[OA.1.1] of the Online Appendix we consider further robustness checks for
the predictive regressions: for example, we show that the results are robust to using
the macro or financial uncertainty of |[Jurado, Ludvigson, and Ng (2015). We note

that across all of the modifications, the results support the conclusion stated above.

2.5.2 Alternative Construction of Impulse-Responses

We maintain the benchmark proxies of g, and v; but use the different methodol-
ogy to estimate the impact of macro uncertainty shocks on depreciation and capital
growth.

Let Y; be the vector [g¢, ve, Ady, AT /Ky, AK;) (in that order), where v, is macro
uncertainty measured by ex-ante industrial production volatility, g, is consumption
growth, and N is the size of the vector Y. We then estimate the following vector
autoregressive (VAR(1)) model:

Yio1 =To + TnunY: + evieqr-
We impose a restriction that ¢, and v; are exogenous driving forces, and therefore
cannot be affected by the lagged value of the other remaining variables (that is,
T(4,3.N) =0, j€{1,2})[] We derive impulse responses from one standard devi-
ation uncertainty shocks to growth variables using Cholesky decomposition. Fig.
reports the results.

In panels (a) and (c¢) we show the impulse responses for depreciation and capital
growth, respectively, estimated using the full sample period. Consistent with facts 1
and 2, uncertainty shocks drop (increase) the growth in depreciation (capital), and
the effect persists up to ten (five) years after the shock. For depreciation growth,
the magnitude of the decline one year after the uncertainty shock is almost identical
to the benchmark SLP-based evidence, shown in Panel (b) of Figure 2l For capital
growth, the magnitude of the increase in the rate is almost five times as large as in

the benchmark evidence, shown in Panel (c) of Figure [2|

“In untabulated results we validate that we obtain almost identical results without imposing this
restriction.

19



Figure 3: Uncertainty Shocks Impulse Responses: Cholesky Decomposition
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The figure shows impulse responses from a one standard deviation Cholesky uncertainty shock to
depreciation growth Ad (Panels (a) and (b)) and capital growth AK (Panels (c) and (d)). Let Y; be
the vector [g;, v, Ady, AT/ Ky, AK;]" (in that order), where v; is macro uncertainty measured by ex-
ante industrial production volatility, and g; is consumption growth. The impulse response functions
are obtain from a VAR(1) model with Cholesky decomposition. In Panels (a) and (c), the evidence
is based on the benchmark vector Y;, and the benchmark sample 1948-2018. In Panels (b) and (d),
the evidence is based on augmenting the vector Y; with the market return R,,, the 3 month T-bill
yield r¢, and inflation 7, (in that order). The dashed lines represent the 90% confidence interval.

In Panels (b) and (d) of Fig. [3, we augment the vector Y; with the market return
R,,, the 3 month T-bill yield 7, and inflation m; (in that order). The findings are

qualitatively and quantitatively similar to those reported in panels (a) and (c).

3 Model

We construct a general-equilibrium model which can quantitatively account for
our novel empirical findings, along with standard macroeconomic and asset-pricing

moments. The economy is comprised of a representative household that owns a rep-
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resentative firm. The household has recursive preferences over future consumption.
Firm uses capital and labor to produce aggregate output, and faces permanent pro-
ductivity shocks whose conditional volatility is time-varying. In addition to invest-
ment and labor choices, the firm makes decisions about the utilization of the existing
capital. Utilization has a persistent impact on future capital depreciation, which is a

key novel channel in our model.

3.1 Firm

Output. The representative firm produces its output, Y;, using a constant return to

scale Cobb-Douglas production function, over capital, K;, and a flow of labor, L;:

Y= A7 (u k) L, (6)
where « is the capital share of output, and A; is the firm’s productivity level. The
exponent of A; ensures balanced growth. u; governs the intensity with which the firm
utilizes its installed capital, K E|
Capital accumulation. The representative firm owns its capital stock, K;, which
depreciates at a time-varying and endogenous rate d;, and evolves according to the

following law of motion:

Iy

Ky = (1— 0K, + (?) K., )

where [; represents investment, and ¢(-) is a positive, concave function capturing

adjustment costs, specified as in |Jermann, (1998)):

-[t o (0] It 1_%
¢ (E) =0+ q (E) . (8)

The parameter & captures the elasticity of the investment rate. The limiting case
¢ — 0o (£ — 0) represent frictionless (infinitely costly) adjustment. The parameters

a1 and ap are set such that there are no adjustment costs in the deterministic steady

8Featuring utilization as a variable that scales capital in Equation @ is identical to extant
modeling approaches (see, e.g., |[Basu, Fernald, and Kimball (2006), |Jaimovich and Rebelo| (2009),
among others). The fact that utilization scales capital is in line with the FRB’s measurement
of capacity, which primarily reflects changes in capital rather than labor (see Morin and Stevens
(2005)). While utilization in Equation @ is explicitly related to capital, the equilibrium choice
of labor will implicitly depend on utilization as it affects the marginal productivity of labor (see

equation ).
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statel’

Capital utilization. The control variable u; > 0 denotes the capacity utilization
rate of the firm. This variable governs the intensity with which the firm utilizes its
assets in place. We assume that increasing utilization shortens the service life of
equipment. Consistent with the BEA computation of depreciation, this implies that
existing equipment erodes faster, and therefore, a positive change in utilization is akin
to a positive depreciation shock. This is also consistent with the empirical evidence

presented in the first row of Table [3] The current depreciation shock is given by:
14+¢
: (9)

u, > —1
c J(Ut) = 0o, -t -
The parameter ¢ controls the elasticity of current depreciation innovation to utiliza-

1+¢

tion, and determines how costly it for a firm to alter its utilization rate. All else
equal, larger values of ( imply that increasing the capacity utilization rate is more
costly, and ensures that firms choose a finite level of utilization. Without loss of
generality, we normalize the steady-state level of utilization in the model to 1, using
the scaling parameter o,. This implies that the steady state value of e5(u;) is zero.
When ¢ — oo, utilization is fixed at its steady-state level.

Depreciation dynamics. A key ingredient of the model, which separates our setup
from extant frameworks, is that depreciation dynamics are persistent:

0 = (1 — ps)do + psdi—1 + e5(us), (10)
where ps is the persistence of depreciation, estimated to match the auto-correlation
of depreciation empirically. dy is the steady-state level of the depreciation rate.

The persistent impact of €5(u;) on d is motivated by Table : future depreciation
rates are correlated with their own lagged value and lagged utilization. A positive ps
parameter is crucial to disentangle the persistence of the depreciation rate from that
of the utilization rate, as in the data.

For parsimony, our model features a single sector and a single type of capital. We
note, however, that the dynamics of Equation ({L0) can endogenously arise in a model
with multiple sectors or capital goods. Consider, for instance, a framework that fea-
tures capital vintages and complementary between the capital-embodied productivity

of different vintages. If a vintage of capital acquired at time t is over-utilized, this

9Specifically, a; = (p — 1 + 6)% and ap = 5%1(1 —§ — p), where p is the constant drift of
productivity defined in Section
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reduces its specific productivity for all future periods. This implies that all capital
vintages bought after time ¢ would also have to be over-utilized in order to produce
any unit of output, due to the complementary with the time-t vintage, whose pro-
ductivity is below the steady-state. This persistence in the over-utilization of future
vintages induces a persistent effect on depreciation dynamics.

Another example relates to reallocation of capital across private sectors. Accord-
ing to the BEA, the depreciation rate of equipment depends on the private sector it
is used at; e.g., if a general equipment is used in the investment sector it has a lower
depreciation than if used in the consumption sector. Moreover, capital reallocation
is not instantaneous. There is a time-to-build associated with shifting equipment
from one sector to another. Consequently, reallocation lowers utilization: a machine
cannot be (fully) productive while being reallocated. Reallocation simultaneously in-
duces a persistent, and potentially permanent, effect on the depreciation rate of the
reallocated equipment due to sectoral fixed effects.

Firm Problem. The dividend of the firm at time ¢ is given by:

D, =Y, — I, — WLy, (11)
where W, is the equilibrium wage rate. At each date ¢, the manager of the repre-
sentative firm chooses how much to invest I; and hire L;, and capacity utilization
uy in order to maximize firm value given the current stock of capital K;, the state
of depreciation 0, 1, wage W;, and the stochastic discount factor of the household
M, 14+1. We can write the firm’s maximization program recursively as follows:

V(Kt, 01, Ay, Ua,t) = max D, + E, [Mt,t+1V(Kt+17 ot At+1; Ua,t+1)] (12)

L, I ut, K41

s.t.

@. . @. ).

The realized unlevered return of the firm at time ¢ is given by:

RUNLEV _ V;f
d,t - :
Vier = Dy

3.2 Household

The preferences of the representative household over the future consumption

stream are characterized by the Kreps and Porteus| (1978) recursive utility of |Ep-
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stein and Zin (1991) and [Weil (1989):

1
1—

-1 17% %

U= |1-8C " +BE (U] (13)
where v denotes the household’s coefficient of relative risk aversion, and 1) denotes its
intertemporal elasticity of substitution (IES). When ¢ = % equation collapses
to CRRA preferences. We assume that ¢ > % so that the household exhibits a
preference for early resolution of uncertainty, while for ¢ < % it has a preference for
late uncertainty resolution.

The household is endowed with one unit of labor. The household maximizes its
utility by supplying labor and participating in financial markets. The household
can hold a fraction ©; of the firm, which pays a dividend D, as in equation ([11}).
Consequently, the budget constraint of the household is given by:

Ci+ 011V, = Wily + ©,(Vy + Dy), (14)
where L; is the hours worked, and V; is the stock price of the representative firm,
defined in equation . Since the household does not derive disutility form labor,
it supplies labor inelastically, and L; = 1 in equilibrium. The first order condition

of the household’s maximization program imply that the stochastic discount factor
(SDF) is given by:

Crir )7 U, o
M=o () ] (19
' E, [Ut+1v] o
wand the Euler condition for pricing any return R; satisfies:
1 =E; [M 1 Rj11] (16)

3.3 Productivity

Let A; be the level of (aggregate) productivity, and Aa,,; = log (ﬁ—f). We as-
sume that log-productivity growth, Aa, follows and AR(1) process with time-varying
conditional volatility governed by a process o, as follows:

Aaryr = (1 — pa) it + palar + €7 0480 141, (17)
Oat+l = Po0at T OwEw,it+1, (18)
where 0 < p,, p» < 1, and where the productivity and volatility shocks €,:4+1 and

Ewt+1 are i.i.d. standard normal, uncorrelated with each other. p is the deterministic
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drift of productivity. Notably, volatility does not impact the drift of the productivity
process, so we do not hardwire the first-order effects of volatility on the exogenous
driving process. The log-volatility process o, is exponentiated in Equation to
ensure that conditional volatility is strictly positive, similarly to Equation in the
empirical implementation. Without loss of generality, the unconditional mean of o,

is 0, so that the stead-state volatility of productivity growth is .

3.4 Equilibrium

An equilibrium consists of wage W, pricing kernel M, ,.;, firm valuation V;, and
allocations for investment, capital, labor, utilization, depreciation, consumption, and
equity holding {I;, Kyy1, Ly, uy, 0y, Ct, ©4 }72, such that: (i) Given W and M, 44, cap-
ital, utilization, and labor allocations maximize program (12), (ii) Given W, and
Vi, consumption, labor and firm holding fraction maximize subject to (14)), (ii)
good-market clears: Cy+1; =Y, Vt,labor market clears: L, =1, Vt, and financial
market clears: ©, =1, Vt.

3.5 Optimality Conditions

Labor choice is static and satisfied:

Y,
(1- @)ft = W, (19)
t
The investment choice, I;, is determined using the Euler equation:
1=E, [Mt,tﬂRfﬂ]a (20)

where R{,; denotes the returns to investment given by:

MPKy1 — II;H + Qi1 (1 — 01 + qf)(%))
Rl = w/ (21)
qt
MPK; ;1 = oY1/ K11 is the marginal product of capital at time ¢ + 1, and Tobin’s

a@=¢ (%) R : (22)

Since ¢, measures the present value of an extra unit of installed capital, equation
shows the trade-off between the marginal cost and discounted marginal benefit
of buying capital. Note that M PK, | depends positively on ;.

marginal ¢ is:

Equilibrium utilization w; is determined by the following optimality condition:

M PU, MPU,
—r= @i + E, {Mt,tﬂpa—tﬂ} ) (23)

e5(u) e5(ut1)
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where M PU, is the marginal product of utilization given by aY;/u,. Iterating forward
on the right hand side of Equation , one obtains:

MPU, M PU,
,—t = q Iy + pskEy |:Mt,t+1 (Qt+1Kt+1 + Pé,—m):|
e5(u) e5(urr2)
= [, Z pfth,t+SQt+sKt+s] (24)
s=0

In the case that depreciation shocks are not persistent (ps = 0), the expression above
simplifies to:

MPU,; = ¢ Keh(uy). (25)
Equation suggests that when ps = 0 the utilization choice is static. The benefit
of raising utilization is its marginal contribution to output, specified on the left hand
side of the equation. The cost of raising utilization on the right-hand side is that it
causes capital to depreciate faster, which creates a cost per dollar of capital at a rate
of €.

When ps > 0, the utilization choice is dynamic, because increased utilization raises
not only ¢&;, but also {ds}s>¢. In this case, optimal utilization can be derived from
Equation , by plugging the expressions for output, the market clearing condition
L, =1, and e5(uy):

. -1 c+1+a
Uy = UQAgiaKgE Z p(SSMt,t+SQt+sKt+s] ) (26)

s=0

where uy = ao,'. Note that when discount rates fall, the net present value of future
capital increases, this creates a larger cost for utilization. In particular, the utilization
choice is directly affected by any precautionary saving motive (via discount rates),

similarly to investment choice.

3.6 Estimation

Table [6] shows the benchmark model parameters. We classify the parameters into
two sets. The first set includes a small number of parameters that are calibrated
based on results of extant studies. Specifically, capital’s share of output, governed
by «, is about 33%. We adopt a standard preference parameter configuration in the
production-based asset-pricing literature: 7 is set to 10, and the IES 1) is set to two.
These are similar to the values employed in Kaltenbrunner and Lochstoer| (2010) and

Croce| (2014)), among others.
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Table 6: Model Parameters

Parameter Value Description
Technology.
W 0.0015 Productivity growth
Pa 0.8919 Aggregate productivity’s persistence
Oq 0.0013 Aggregate productivity shock volatility
Po 0.9950 Log volatility’s persistence
Ow 0.0902 Log Volatility shocks’ volatility
Capital.
« 0.34 Capital’s share of output
19 2 Capital adjustment cost

Depreciation and Utilization.

o 0.0075 Unconditional depreciation rate

Ps 0.9908 Depreciation’s persistence

¢ 0.9323 Elasticity of depreciation to utilization
Preferences.

y 10 Relative risk aversion

P 2 Intertemporal elasticity of substitution

15} 0.9988 Time discount factor

The table shows the model parameters under the benchmark case. All non-bold parameters are
estimated via SMM. Bold parameters are calibrated.

The second set, which includes the vast majority of the model parameters, is esti-
mated using SMM. We denote the second set by 8 = {1, pa, 0a, po, Ow, &, 00, ps,C, B}
Our estimate of § minimizes the SMM objective function:

0 = argmin, [\11(9) — \if]lvfl [\11(6) — \if} ,
where U are the points estimates of the empirical moments used in the estimation, V'
is a diagonal matrix with the empirical variances of each moment along its main diag-
onal, and ¥(#) are the model-implied equivalent of the moments, given the monthly
parameters 6. Given a set of parameters, the model is solved using a third-order per-
turbation method. We compute model-implied moments based on 200 simulations of
short sample paths of 612 months each. Each model-implied path is time-aggregated
to annual observations spanning 51 years, which matches a modern empirical sample

from 1968 to 2018 for which utilization growth data are available.
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We use the following moments: (A) unconditional annual moments: the mean,
standard deviation, and autocorrelation of consumption growth, output growth, in-
vestment growth, depreciation rate and real risk-free rate; the standard deviation
and autocorrelation of utilization rate. (B) realized volatility moments: the stan-
dard deviation and autocorrelation of rolling window realized volatility time-series
for consumption, output and investment growth rates. In all, there are 10 estimated
parameters and 23 moments. Table [7] shows these moments in both the model and
the data.m Below, we explain how each parameter is identified.

The mean of annual consumption growth, output growth, and investment growth
jointly help to identify the parameter . We estimate p to be about 0.15%, which im-
plies an annual real consumption growth rate of 1.82%, consistent with its empirical
value of 1.81%. The standard deviation (autocorrelation) of consumption growth is
directly governed by o, (p,). Under the estimated values, the model-implied volatil-
ity of consumption growth is 2%. The lower bound of the model confidence interval
is about 1.2%, which aligns with the data from 1968 onward. Moreover, consump-
tion growth volatility is about 2% at the long-run sample from 1930 to 2018. The
autocorrelation of consumption growth is 0.45 and 0.47 in the model and the data,
respectively. The capital adjustment cost £ is identified by targeting the volatility and
the autocorrelation of output and investment growth rates. These empirical moments
fall within the model’s confidence interval. The volatility of output relative to the
volatility of consumption is consistent with the data’s 90%-CI: output’s volatility is
2.4%, similar to the data (close to 2%).

To identify the parameters that govern the uncertainty process, o, and p,, we
construct realized volatility time-series for consumption, output, and investment quar-
terly growth rates, using a five year (20 quarters) rolling window standard deviation.
We then compute the standard deviation of these realized volatilities. If the data fea-
tured constant conditional volatility, the standard deviations of the five-year rolling
realized volatilities would be close to zero. By contrast, these standard deviations
are statistically significant, and amount to 0.14%, 0.3%, and 0.63%, for the realized
volatility of consumption, output, and investment growth, respectively. The model

equivalents are 0.18%, 0.26% and 0.50%, respectively, all close to the data.

10The table shows all macro-related moments used in the estimation. See Table Table |§| for the
risk-free moments.
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Table 7: Model-Implied Macroeconomic Moments

Model Data
Panel A: Unconditional annual moments.

Consumption growth.

Mean (%) 1.82 [0.60, 3.69] 1.81

Std. Dev. (%) 2.10 [1.20, 4.58] 1.22

AC(1) 0.45 [0.14, 0.72] 0.47
Output growth.

Mean (%) 1.85 [0.54, 3.82] 1.78

Std. Dev. (%) 2.42 [1.36, 5.60] 1.92

AC(1) 0.47 [0.17, 0.68] 0.25
Investment growth.

Mean (%) 1.89 [0.34, 3.94] 1.25

Std. Dev. (%) 3.40 [1.74, 8.00] 5.83

AC(1) 0.39 [0.11, 0.63] 0.27
Depreciation rate.

Mean (%) 8.50 [7.53, 9.80] 8.34

Std. Dev. (%) 0.33 [0.13, 0.73] 0.51

AC(1) 0.98 [0.93, 0.99] 0.96
Utilization rate.

Std. Dev. (%) 4.77 2.92, 8.45] 4.17

AC(1) 0.76 [0.39, 0.92] 0.62

Panel B: Realized volatility moments.
Consumption growth.

Std. Dev. (%) 0.18 [0.08, 0.51] 0.14

AC(1) 0.97 [0.90, 0.99] 0.97
Output growth.

Std. Dev. (%) 0.26 [0.10, 0.77] 0.30

AC(1) 0.98 [0.94, 0.99] 0.98
Investment growth.

Std. Dev. (%) 0.50 [0.17, 1.36] 0.63

AC(1) 0.98 [0.91, 0.99] 0.96

The table shows model-implied macroeconomic moments along with their empirical counterparts.
Panel A shows unconditional moments for annual growth and rate variables. Panel B shows realized
volatility moments computed at the quarterly frequency. We compute the realized volatility of each
variable using a 5-year (20 quarters) rolling standard deviation. In both panels, the model-implied
moments are based on 200 simulation of short sample paths, where each path is 612 months. In Panel
A (B) each model-implied path is aggregated to form annual (quarterly) observations spanning 51
years (204 quarters). For each moment of interest, the table shows the median value, along with the
corresponding H5th and 95th percentiles in brackeé®§ The empirical moments are based on a modern
sample from 1968 to 2018, for which utilization growth data is available.



To help identify p,, separately from o, the estimation also includes the autocor-
relation of these realized volatility time-series. The estimated uncertainty process is
highly persistent, and implies that the autocorrelation of the five-year rolling window
standard deviations are all above 0.97 in the model, similar to the data.

The parameters dp and ps are identified using the mean and the autocorrelation
of depreciation, respectively. dq is estimated to be 0.75%, suggesting that the model-
implied annualized average depreciation rate is 8.5%, closely matching the empirical
rate. ps is estimated to be about 0.99 at the monthly frequency, consistent with
modeling the depreciation dynamics as persistent, and the projections in Table [3|
Given this estimate, the autocorrelation of the annual depreciation rate is 0.98 in the
model versus 0.96 in the data.

For comparison, the autocorrelation of the utilization rate is 0.76 in the model
versus 0.62 in the data, with an upper bound of 0.92. Thus, both empirically and
theoretically, the autocorrelation of the depreciation and the utilization rates are sta-
tistically distinct, with the former being more persistent than the latter. Importantly,
if ps is set to zero, as in other existing frameworks, the model-implied autocorrelation
of utilization and depreciation would be identical, counterfactually so.

The parameter ¢ governs the volatility of utilization rate, which amounts to 4.2%
in the data, and consequently, also impacts the volatility of the depreciation rate,
which is 0.5%. Both volatilities fall within the model’s confidence interval.

Lastly, the estimate of  is 0.998. It is identified using the mean, standard de-
viation, and autocorrelation of the risk-free rate. The risk-free rate is 0.87% in the
model compared to 1.04% in the data.

4 Uncertainty shocks and business-cycles

We show that our model is able to quantitatively account for the key empirical
evidence, and specifically: (a) negative association between uncertainty and depre-
ciation, (b) positive association between uncertainty and future capital growth, in
spite of a drop in investment, and (c) positive and persistent effect of utilization on
capital’s depreciation rate. We start by illustrating the failure of the model with fixed
utilization to generate uncertainty effects which are consistent with the empirical ev-

idence. In particular, the fixed-utilization model implies a counterfactual increase
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Figure 4: Model-Implied Impulse-Responses to Uncertainty Shocks:
Macroeconomic Growth
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The figure shows model-implied uncertainty impulse responses to (a) utilization rate u, and the
growth rates of (b) investment rate AI/K, (c) depreciation rate Ad, (d) capital stock AK, (e)
output y, and (f) consumption c¢. The solid line shows the results using the benchmark model
parameters. The dotted line shows the results when ps = 0 (depreciation shocks are not persistent).
The dashed line shows the results when ¢ — oo (fixed utilization). All growth impulse-responses are
cumulative.

in investment following an uncertainty shock, and fails to produce an uncertainty-
driven recession. We then show in Subsection that flexible utilization coupled
with persistence in depreciation go a long way to account for these features of the

data.
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4.1 Case I: A Model with Fixed Utilization

We show that a model with fixed utilization ({ — oo) is unable to explain facts
(1) and (2). Figure 4| shows model-implied cumulative impulse responses of the key
macroeconomic variables to a one-standard deviation uncertainty shock. The dashed
line shows the results for a model with fixed utilization.

A surge in uncertainty raises the volatility of future productivity, and increases
the likelihood of future output declines. A risk-averse household has strong incentives
to create a buffer to smooth out future consumption fluctuations. When utilization is
fixed, the firms optimally implement precautionary savings by investing and building
up a stock of capital that can be used for production and consumption in the futureH

To see this mechanism through the optimality conditions, note that an increase in
the uncertainty raises the volatility of the SDF M, ;.,, and decreases the equilibrium
risk-free rates, consistent with the precautionary savings channel. This drop in the
discount rate increases the present value of the expected marginal product of capital.
Thus, an immediate implication of the Euler equation is that the firm increases
its investment [;. This is consistent with the model-implied impulse response in panel
(b) of Figure [d] , but is contrary to the empirical evidence presented in Table 2 or
Figure [2|

Because utilization is fixed, the depreciation rate is constant and is unaffected by
uncertainty. Accordingly, panels (a) and (d) of Figure[4show no impact of uncertainty
shocks on wu; or ¢;. This is at odds with the evidence of Table [, and in particular,
with Fact (1) of Section [2.3] Given that investment falls, and the depreciation rate
is unaltered, capital growth must rise, as shown in panel (d) of the Figure. We
emphasize that while Fact (2) suggests that future capital growth responds positively
to an uncertainty shock, this occurs despite of a drop in investment, not because of
an increase in investment.

Because capital K; is predetermined, labor supply is inelastic, and current produc-
tivity A; is unaffected by uncertainty, the current output Y; does not react on impact

to the uncertainty shocks (see dashed line in panel (e) of Figure {4)). Future output

1A necessary condition for uncertainty to induce this precautionary saving effect is Decreasing
Absolute Risk Aversion (see e.g. Leland, 1968 ; Kimball and Weil, 2009), satisfied by Epstein and
Zin (1989a) utility.
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growth increases due to the capital build-up induced by precautionary saving. This
is counterfactual to extant papers showing that uncertainty is associated with a drop
in future output (e.g., Ludvigson, Ma, and Ng (2019), among others). It is important
to note that elastic labor supply would not resolve this counterfactual. With flexible
labor, uncertainty would induce a precautionary labor supply, which would raise not
only the future output growth but also the contemporaneous one.

Since the contemporaneous output is unaffected and investment increases due to
uncertainty shocks, consumption growth must drop for the goods market to clear.
Future consumption is persistently negative due to the fact that the volatility process
is persistent, suggesting persistence in the precautionary saving motive (see panel (f)
of the Figure). While a decrease in consumption growth is consistent with the em-
pirical evidence (see, e.g., Bansal, Kiku, Shaliastovich, and Yaron| [2014]), its negative

correlation with investment is counterfactual.

4.2 Case II: Flexible Utilization and Persistent Depreciation

We show that flexible utilization and persistent depreciation dynamics resolve the
counterfactual implications of the restricted model, and allow us to account for the
empirical evidence. The solid lines in panels (a) — (f) of Figure 4| shows model-implied
cumulative impulse-responses to an uncertainty shock under the benchmark model
parameters.

Utilization, depreciation, and investment (fact 1). Equation (26]), which
describes the optimal choice of capacity utilization, explicitly links utilization to the
depreciation rate of capital: higher utilization erodes capital faster. When deprecia-
tion effects are persistent, utilization costs are intertemporal — and take into account
not just the value of the existing stock of capital, but also its expectations of future
realizations. The more persistent depreciation is, the greater is the present value of
the affected stock of capital, and the larger is the cost of utilization.

As explained in Subsection a positive uncertainty shock e, causes the risk-
free rate to persistently decline. Because discount rates fall, the net present value
of future capital stocks in Equation increases. Thus, based on Equation ,
the cost of utilization rises. In equivalent terms, the firm can benefit by lowering its
utilization rate, which would persistently lower depreciation, and therefore increase

the capital stock in future periods. The future capital stock becomes more valuable
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in present value due to the decline in discount rates. Because the uncertainty process
is persistent, the same logic applies to future periods and suggests a drop both in the
contemporaneous and the future utilization rate {us}s>¢, as seen in the solid line of
panel (a) of Figure [4]

As a direct result of Equation (10]), and the fact that u; declines, the depreciation
growth rate also declines following an uncertainty shock, as illustrated in panel (c) of
Figure . This is consistent with Fact (1). The higher the parameter p; is, the sharper
is the drop in utilization and depreciation growth, and the greater the persistence is
for these impulse-responses.

Under flexible utilization, the uncertainty shock &, renders two opposite forces
on investment: (1) as in Subsection the risk-free rate Ry falls, which increases
the expected discounted value of the future M PK; ., all else equal. This is part
of the precautionary saving motive, and it operates to increase I;. (2) The future
utilization rate declines, based on panel (a). A decline in w;;¢ is isomorphic to a
drop in future productivity. To see this, note that the equilibrium M PK;,, can be
rewritten as SRy, K, , where the Solow residual, SRy, is aA;;u®, .. Thus, lower
usss decreases the future value of M PK, s, and this operates to decrease [;. In our
benchmark parametrization, the effect of (2) dominates.ﬁ Hence, investment growth
persistently declines following an increase in uncertainty, as shown in panel (b) of
Figure [ consistent with the empirical evidence Table [2]

In total, in our setup utilization is not merely an amplification mechanism. A de-
crease in the utilization rate replaces the role of an increase in investment for executing
precautionary saving mechanism. Lowering utilization decreases capital’s deprecia-
tion rate, preserves capital for future periods as a buffer against bad productivity
shocks, and without the need to pay an installation cost associated with purchasing
new capital goods (i.e., adjustment costs). This substitution between utilization and
investment for saving allows us to account for the empirical Fact (2), and explain the
joint dynamics of output and consumption, as shown below.

Capital growth (fact 2). Panel (d) of Figure 4] shows the impact of an uncer-
tainty shock on cumulative capital growth in the model. Cumulative capital growth

slightly drops up in the immediate run, but after less than two years, the capital

128pecifically, the utilization growth rate immediately drops by 0.6% after an uncertainty shock,
whereas Ry (not shown in Figure {4 drops by 0.01%.
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growth overshoots.ﬁ For comparison, the empirical analysis shows that following an
uncertainty shock capital growth either increases in future periods, or at a minimum,
is unaffected (see, e.g., Figure. In fact, using Cholesky decomposition, panels
(c) and (d) of Figure 3| shows that capital growth’s impulse-response is unaffected in
the first two years, but turns positive later on. Therefore, the model dynamics are
consistent with Fact (2), and in particular, with the novel fact that uncertainty does
not decrease capital growth in the longer run.

Two channels affect the sign of capital growth in the model: First, keeping depre-
ciation constant, the decrease in investment in response to uncertainty leads to a drop
in capital growth. Second, keeping investment constant, the decrease in depreciation
in response to uncertainty increases capital growth. The parameter which governs
the magnitude of the impact of utilization on depreciation is o, (see Equations @D
and ) In our model, it is set to a relatively small value, to match the utiliza-
tion and depreciation moments in the data (in particular, it disciplines the mean of
utilization). Thus, the immediate effect of utilization on depreciation is sufficiently
small so that the first channel dominates in the immediate run. However, the im-
pact of uncertainty on utilization is much more long-lasting than on investment; see
panels (a) and (b) of Figure Coupled with a persistent effect of utilization
on depreciation (ps > 0), the cumulative effect of under-utilizing capital intensifies
over time. In one-two years following the uncertainty shock, the second effect of a
decrease in depreciation dominates the decrease in investment, and boosts medium-
to long- term capital growth.

We note that existing papers that produce a decline in investment following an
uncertainty shock (e.g., using real options, Bloom! (2009), or an increase in the risk
premium, Di Tella and Hall (2021)), typically assume that the depreciation rate is
constant, and consequently, are unable to reconcile Fact (Z)E

Output and consumption. In contrast to a model with fixed utilization, con-

13The non-cumulative impulse-response to capital growth turns positive already after 10 months.

1Even if depreciation is time-varying, existing channels for uncertainty-induced recessions can
fail to deliver Fact (2). For example, Basu and Bundick| (2017)) use countercyclical markups to make
investment drop in response to uncertainty. Their model features flexible utilization which induces
time-varying depreciation. Utilization in their model has only a quantitative, but not a qualitative
impact on the results. In particular, because the authors do not assume that depreciation dynamics
are persistent, we confirm in Online Appendix Figure that an uncertainty shock leads to a
drop in both investment and future capital growth in their model, in contrast to Fact (2).
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temporaneous output can decrease with uncertainty, because of the immediate drop
in installed capital’s utilization rate. The future growth in output depends on the
balance between the decrease in future utilization and investment rates, and the in-
crease in future capital due to a fall in the depreciation rate. The impulse response
evidence shows that a drop in utilization (panel a) dominates an increase in capital
(panel b), which leads to a decline in output in the future (panel e)).

Lastly, via market clearing, consumption is the difference between output and
investment. Following an uncertainty shock, output growth falls more strongly than
investment growth, causing consumption to decrease contemporaneously and in the
future. Intuitively, investment is driven by two countervailing forces — a precautionary
saving motive versus a drop in the future effective productivity caused by lower uti-
lization. This weakens the response of investment to uncertainty shocks, compared to
the response of output to these shocks. While consumption growth also decreases in
the model with fixed utilization (see Subsection , the consumption drop is smaller

in that case compared to the flexible utilization model.

4.2.1 The Role of Persistence in Depreciation

We show that persistent depreciation (ps > 0) is a key ingredient for our results.
Flexible utilization alone is not sufficient for the model to fully explain the novel fea-
tures of the data. The dotted line in panels (a) — (f) of Figure |4 shows model-implied
cumulative impulse-responses to an uncertainty shock ¢, with flexible utilization but
no persistence in depreciation (ps = 0).

There are two major differences in uncertainty’s impulse-responses under this case
compared to the case of persistence in depreciation. First, while qualitatively most
responses are similar to the case of ps > 0, quantitatively the responses are strikingly
different. Utilization growth, depreciation growth, output growth, and consumption
growth all decrease when ps = 0, consistent with the data, as shown in panels (a),
(c), (e), and (f), respectively. Nonetheless, these impulse-responses are minuscule
compared to the case of ps > 0. For example, utilization growth immediately declines
by 0.02% versus 0.6%, when ps = 0 and ps > 0, respectively. Similarly, consumption
growth falls by 0.05% (0.25%) without (with) persistence in depreciation dynamics.

Intuitively, when ps; = 0, the optimality condition for utilization boils down to

Equation (25)), suggesting that utilization’s choice is static. The benefit of reducing

36



utilization is that it slows down the depreciation rate per unit of capital, in a time
when a capital build up is beneficial for the agent. With ps = 0, this benefit only
pertains to the contemporaneous stock. The precautionary effect which creates a link
between utilization, discount rates, and the capital stock in future periods disappears.
Thus, the decline in utilization following an uncertainty shock becomes much smaller,
and this affects other variables of interest.

Specifically, the drop in the magnitude of utilization’s response qualitatively affects
the investment dynamics. Panel (b) shows that if ps = 0, the investment rate growth
increases, despite the decrease in utilization. Recall that investment is determined
by the balance between a drop in discount rates and a drop in Solow residual (which
positively depends on utilization). If the change in utilization growth is minor, the
discount rate effect dominates, leading to precautionary saving primarily through

higher investment, contrary to the empirical evidence in Figure

4.2.2 Comparison to the New-Keynesian Approach

Basu and Bundick (2017)) show that a new-Keynesian model that features time-
varying markups can induce a comovement between consumption and investment in
response to uncertainty shocks. In online appendix we extend our baseline
model of Section [3| to accommodate both our economic channel, relying on flexible
utilization and persistent depreciation, as well as the economic channel of Basu and
Bundick (2017), relying on positive markups and nominal rigidity. We show that
under our baseline parameter values, and permanent productivity shocks — i.e., A;
features unit-root, time-varying markups alone do not cause investment to decline
following an uncertainty shocks. However, when persistent depreciation is added,
the impulse-responses to consumption, investment and output are all negative. We
also show that under transitory productivity shocks — i.e., A; is stationary, time-
varying markups can make investment drop in response to uncertainty, similarly to
Basu and Bundick| (2017). When persistent depreciation is added in this case, the
impulse-responses to consumption and output are significantly amplified in absolute

terms.
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5 Uncertainty shocks and equity-returns

5.1 Uncertainty and the Equity Premium

We show that our model is capable of producing a sizable equity premium, and
that a considerable component of the equity premium is due to the uncertainty shocks.

Unconditional Moments. As is, our benchmark specification for the firm val-
uation cannot be directly compared to the data. In the model, firms are all-equity
financed, and there is no operating leverage incurred by fixed costs. In reality, firms
take a substantial amount of financial and operating leverage. Further, dividend cash
flow in the model is the residual output net of investment and wages; in the data,
distributions to the shareholders can be subject to firms-specific payout shocks. To
bring the model closer to the data, we follow (Croce (2014)) and consider the following
levered return as a proxy for the market excess return:

an,t = ¢lev(Rg,1t\ILEv — Ryi1) + 04ca,

where €44 ~ N(0,1) captures the effect of idiosyncratic dividend shocks. |Garcia-
Feijoo and Jorgensen| (2010)) estimate that the total degree of leverage (joint operating
and financial leverage) implies ¢, = 3.5. This estimate is consistent with the leverage
parameter in|/Abel (1990), and |Bansal and Yaron|(2004). The shocks €4, do not covary
with the marginal utility, and do not affect the equity premium. These shocks only
impact excess returns’ volatility. We set oy such that its annualized volatility o4v/4,
is 9%, in line with Bansal and Yaron| (2004)).

Unconditional Pricing Moments. Panel (a) of Table |8 shows the model-
implied moments of the equity premium and the risk free rate. Accounting for finan-
cial leverage and idiosyncratic dividend shocks, the model can match the key features
of the equity return in the data. In the data, the mean of the equity premium is
4.58% (with a 95%-CI of [0.18%, 9.47%]). The model-implied equity premium is
7.08%, close to the data and well inside the empirical CI. In the data, the volatility
of the market portfolios’ excess returns is 17.09% per annum, matching precisely the
volatility of excess returns is the data. The autocorrelation of the returns in both the
model and the data is close to zero. The risk free rate is about 1% in both the model
and the data. The risk free rate in the model is sufficiently smooth, and features

similar persistence as in the data.
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Table 8: Model-Implied Equity Premium

Panel A: Asset pricing moments

Model Data
Equity premium.
Mean (%) 7.08 [1.77, 14.40] 4.58
Std. Dev. (%) 17.34 [13.64, 23.28] 17.09
AC(1) -0.01 -0.34, 0.34] -0.05
Risk-free rate.
Mean (%) 0.87 [0.28, 1.97] 1.04
Std. Dev. (%) 1.06 [0.56, 2.14] 1.71
AC(1) 0.56 [0.21, 0.78] 0.79

Panel B: Equity premium decomposition

E[Rt] Contribution Contribution o(Ac)

(%) First-Moment Second-Moment (%)

(1) Data 458 - - 1.22
(2) Benchmark 7.08 73.24% 26.75% 2.09
(3) Fixed Utilization 2.19 196.82% -96.82% 1.90
(4) Nonpersistent 2.13 277.03% -177.03% 1.96

Depreciation

Panel A of the table shows model-implied asset-pricing moments along with their empirical counter-
parts. The model-implied moments are based on 400 simulation of short sample paths, where each
path is 612 months. Each model-implied path is aggregated to form annual observations spanning
51 years. For each moment of interest, the table shows the median (annual) value, along with the
corresponding 5th and 95th percentiles in brackets. The empirical moments are based on a modern
sample (1968-2018) of annual observations, for which utilization growth data is available. For each
moment we report its empirical value along with the 90% confidence interval in brackets.

Panel B of the table shows the empirical and model-implied moments for the equity premium E[RS ],
as well as the decomposition of the equity premium to first- and second- moment productivity shocks.
For ease of comparison across calibrations, we also report consumption growth’s volatility o(Ac).
The results are shown for the benchmark parameters, we well as for a calibration that features fixed
utilization ({ — o0), and a calibration with flexible utilization but no persistence in depreciation
dynamics (ps = 0). The model-implied moments are based on 400 simulations of short sample paths,
where each path is 612 months. Each model-implied path is aggregated to form annual observations
spanning 51 years. For each moment of interest, the table shows the median (annual) value. The
empirical moments are based on a modern sample (1968-2018) of annual observations, for which
utilization growth data is available.
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Uncertainty-Shocks Contribution. Panel (a) of Figure |5 shows that in our
benchmark model, uncertainty shocks increase the marginal utility. As shown in
the figure, this finding is virtually unaffected by flexible utilization or persistent de-
preciation. In all cases, uncertainty is associated with bad states for the household
(investor). This stems directly from Equation (3.2)). With Epstein and Zin| (1991))
preferences, and early resolution of uncertainty, the continuation utility decreases
with a more volatile consumption profile, and this increases M;_; ;.

Figure 5: Model-Implied Impulse-Responses to Uncertainty Shocks: Return
and Price of Risk
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The figure shows model-implied uncertainty impulse responses to (a) the marginal utility m, (b)
excess returns, 7. The solid line shows the results using the benchmark model parameters. The
dotted line shows the results when ps = 0 (depreciation shocks are not persistent). The dashed line
shows the results when ¢ — oo (fixed utilization). All growth impulse-responses are cumulative.

In our model, the firm’s production function features constant returns to scale,
and consequently, valuation and investment comove. Simply put, Tobin’s ¢ is a
sufficient statistic for the (ex-dividend) firm value, and Equation (22) suggests that
q depends positively on I;/K;. Consider case I from section , in which utilization
is fixed. The section shows that uncertainty shocks increase investment due to a
precautionary saving motive. This implies that the firm’s valuation increases with
uncertainty; indeed, the dashed line of panel (b) in Figure |5 shows that the firm’s
realized excess return increases after an uncertainty shock, yielding a positive risk
exposureF_gl The contribution of uncertainty shocks to the equity premium in the

steady-state can be (approximately) computed by the negative of the product of the

15The impulse-responses in Figure [5| are to the unlevered equity return, Ré{lfLEV

responses to the levered return R,, are identical qualitatively, but scaled by ¢;c,.

. The impulse
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impulse response of the marginal utility and the impulse response of the excess return
at time ¢ = 1 (i.e., contemporaneously with the uncertainty shock). We apply this
multiplication, and divide it by the model-implied equity premium. The result is
reported in row (3) of Panel (B) in Table [§, With fixed utilization the contribution
of uncertainty shock to the equity premium is -96.8%. Since the firm value is a hedge
against uncertainty shocks, these shocks contribute negatively to the risk premium.
Consequently, the equity premium under fixed utilization is 2.2%, which is about
one-and-a-half lower than the benchmark model-implied equity premium (despite the
fact that the two specifications feature nearly identical consumption volatility; see
Table . E]

In contrast, when utilization turns flexible and has a persistent effect on depreci-
ation, precautionary saving is no longer accomplished by investment, but rather by
decreasing utilization. Since investment drops, the firm’s risk exposure to uncertainty
shocks is now negative, as evidenced by the drop in realized return in panel (b) of
Figure[5] As shown in row (2) of Panel (B) in Table[§] in the benchmark model spec-
ification uncertainty shocks contribute just over 26% to the total equity premium.
For comparison, in the model of Bansal and Yaron| (2004)), about 30% of the equity
premium is attributed to uncertainty shocks. In all, our novel mechanism overturns
the counterfactual pricing implications of uncertainty under a fixed-utilization model
and provides a parsimonious way to qualitatively explain the empirical connection

between uncertainty and stock prices in a general-equilibrium setup.

5.2 Uncertainty Risk Exposures: Cross-Sectional Evidence

Our model provides additional implications for the connection between utiliza-
tion, uncertainty, and asset prices which we can test in the cross-section of returns
in the data. First, the model suggests that the uncertainty exposures of a firm’s
return and utilization rate are related: the more sensitive the utilization is with re-
spect to aggregate uncertainty, the larger, in absolute value, is the firm’s uncertainty
beta. Similarly, the model predicts a negative relationship between the volatility of
utilization and asset return uncertainty risk exposure. To see this, note that Section

shows that when utilization is fixed (( — o0), firms’ exposure to uncertainty

6Row (4) of Panel (B) in Tableshows that the case of nonpersistent depreciation is quantitatively
very similar to the case of fixed utilization.
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shocks is positive, and the contribution of these shocks to the equity premium is
negative. However, when utilization is sufficiently time-varying, as in the benchmark
parametrization (¢ = 0.93), firms’ exposure to uncertainty shocks turns negative,
and the contribution of these shocks to the equity premium is 26%. This result is
monotonic in (. We find that the relative contribution of uncertainty shocks to the
model-implied equity premium is 34.9%, 9.22%, and -38.76%, when ( equals to 0.5,
2, and 10, respectivelyE]

The intuition is as follows. Cutting utilization in response to an uncertainty
shock benefits the firm by conserving more capital against future bad shocks. When
utilization is more flexible (i.e., 1 o(u), more volatile utilization governed by lower
(), the firm can drop its utilization rate more aggressively (i.e., higher sensitivity of
utilization to uncertainty). A sharper and persistent drop in utilization lowers the
expected MPK more strongly. This yields a larger decrease in investment and in
Tobin’s q (valuation), leading to a more negative exposure to uncertainty shocks.

We verify these predictions using annual industry-level utilization rates from the
FRB’s report on Industrial Production and Capacity Utilization (report G.17). The
report includes estimates of capacity utilization for a cross-section of industries. The
cross-section encompasses 45 industries, featuring a mix of durable producers (18
industries), nondurable producers (17 industries), and mining and utilities (10 indus-
tries). Due to data availability, the time period of the cross-sectional data ranges
from 1972 to 2015. We estimate for each industry j its macro uncertainty exposure
using a time-series regression of the industry’s stock return on the first-difference of
macro uncertainty (Av; = v, — v;_1) and macro growth (g;):

R;+ = const + @ijAvt + ﬁﬁjgt + error. (27)
The measures v; and g¢; are identical to those described in Section [2.2] Because v; has
a high autocorrelation, the change in macro uncertainty, Av;, proxies for uncertainty’s

innovation (similar to the approach taken by Ang, Hodrick, Xing, and Zhang (2006))).

R

,; 18 the exposure of industry j to macro uncertainty.

Similarly, for each industry j we estimate the sensitivity of its utilization growth
U

rate to uncertainty shocks, g, ;, using the following projection:

Auj, = const + Bf){jAvt + Bé{jgt + error, (28)

17Similarly, the annualized uncertainty risk exposure of the firm is -0.048, -0.029, -0.006, and 0.020
when ( equals to 0.5, 0.93, 2, and 10, respectively.
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where Au;, is the log-growth of industry j’s utilization rate.
Next, we estimate the volatility (standard deviation) of the capacity utilization

rate for each industry j, o(u;). We then run two cross-sectional regressions, as follows:

fj =¢o+ ¢y - 0(u;) + error, (29)
fj =dy+d, - Kj + error, (30)

In regression (29)), we project uncertainty risk exposure on utilization’s volatility of
each industry. In regression (30]), we project uncertainty risk exposure of each industry

on its utilization’s sensitivity to uncertainty.
Figure 6: Uncertainty Risk Exposures Against Utilization-Elasticities
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The figure shows a scatter plot of all {(8f;,0(u;))}; pairs (Panel A) and all {(B};,8];)}; pairs

v,77 0,57

(Panel B) along with the best linear fit in the solid line, estimated by Equation (Equation
). /J’ffj is industry j’s uncertainty risk exposure, estimated from projection . BE ; 1s industry
7 utilization’s sensitivity to uncertainty shocks, estimated from projection . o(uj) is industry

j’s standard deviation of utilization rate.

Panel A (B) of Figure @ shows a scatter plot of {(8f,o(u;))}; ({(BY,85;)};)
pairs along with the best linear fit, captured by Equation (Equation ) First,
for almost all industries, the uncertainty risk exposure is negative, in line with extant
studies. Almost all utilization elasticities to macro uncertainty are negative. Second,
we find that ¢, < 0. The cross-sectional correlation between {5/}, and {o(u;)}; is
-0.45 with p — val < 1%. Third, we obtain that d, > 0. The correlation between
{85;}; and {8}, is 0.39 with p — val = .02. This confirms the model’s predictions:
industries with a more volatile utilization rate and/or with more negative elasticity

of utilization to uncertainty, have more negative exposure to macro uncertainty.
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6 Conclusion

We provide novel empirical evidence for the propagation of uncertainty shocks in
capital markets. We show that elevated macroeconomic uncertainty is associated with
higher future capital growth. This result is quite surprising given ample empirical
evidence that high uncertainty suppresses investment. To reconcile this, we document
that high uncertainty leads to lower utilization and depreciation of the existing capital,
and this effect dominates the adverse impact of uncertainty on investment.

We develop a parsimonious framework to account for our empirical evidence. Our
economic explanation critically hinges on flexible capital utilization and persistence
of capital depreciation, and provides novel insights on the implementation of precau-
tionary savings motive in a production setting. Firms optimally choose to decrease
the utilization of the existing capital as a substitute for investing into new capital
in response to heightened risk and uncertainty. Reducing utilization lowers capital
depreciation rate, and preserves capital for future use as a buffer against bad pro-
ductivity shocks, without the need to acquire equipment and pay adjustment costs
associated with its installation. This substitution between utilization and investment
goes a long way to reconcile the empirical evidence. A decrease in future utiliza-
tion is isomorphic to a drop in the firm’s productivity, which lowers the expected
marginal product of capital, and suppresses current investment. Persistence in de-
preciation magnifies the impact of uncertainty on depreciation, so that the savings
from a reduction in depreciation more than compensate for a decline in investment.
Consequently, future capital growth rises, as in the data.

We further show that uncertainty shocks are associated with a high marginal
utility of the representative agent and a decrease in equity valuations. Taken together,
this implies that uncertainty shocks contribute positively to the level and variation
in the equity premium. The model provides testable implications for the volatility
betas of equity returns and the utilization rates, which we verify in the data.

Overall, our empirical evidence and the theoretical model highlight the key role
the volatility-utilization-depreciation channel plays to explain the macroeconomic and
asset-price data. Our mechanism is simple to incorporate into any production model,
and it gives rise to a rich and empirically relevant interplay between risk and capital

accumulation, as well as realistic qualitative implications for asset-pricing studies.
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Online appendix

OA.1 Supplemental Tables and Figures

Figure OA.1.1: Uncertainty Shock Impulse Response to Depreciation: Ro-
bustness
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The figure shows robustness checks for uncertainty’s impulse responses to the growth rate of depre-
ciation y = A¢§. The methodology for constructing the impulse response is a smooth local projection
(SLP) (Barnichon and Brownlees| (2019)), identical to the description in Figure [2| unless stated
otherwise. The dashed lines represent the 90% confidence interval. In Panel A, the vector Y; and
the vector w; are augmented with additional controls: the market return R,,, the 3 month T-bill
yield 7, and inflation m;. In Panel B we focus on a model sample from 1968 (when utilization data
is available)-2018. In all other panels data are from 1948-2018. In Panel C, g; is TFP adjusted for
utilization from [Fernald| (2014)). In Panel D, v, is the realized variance of industrial production over
the last 12 months, RV;. In Panel E, v, is constructed similarly to the benchmark case, but when
the predictor for volatility I';—; includes only the lagged value RV;_;. In Panel E, we estimate v;
using a GARCH(12,1) model over monthly industrial production, and average the volatility over the
year. In panel G, we estimate v; using GARCH(3,1) model over annual utilization-adjusted TFP
data.
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Figure OA.1.2: Uncertainty Shock Impulse Response to Capital: Robustness
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The figure shows robustness checks for uncertainty’s impulse responses to the growth rate of private
nonresidential capital y = AK. The methodology for constructing the impulse response is smooth
local projection (SLP) (Barnichon and Brownlees| (2019))), identical to the description in Figure
unless stated otherwise. The dashed lines represent the 90% confidence interval. In Panel A,
the vector Y; and the vector w; are augmented with additional controls: the market return R,,,
the 3 month T-bill yield 7f, and inflation 7;. In Panel B we focus on a model sample from 1968
(when utilization data is available)-2018. In all other panels data are from 1948-2018. In Panel C,
gt is TFP adjusted for utilization from |Fernald| (2014)). In Panel D, v, is the realized variance of
industrial production over the last 12 months, RV;. In Panel E, v; is constructed similarly to the
benchmark case, but when the predictor for volatility I';_; includes only the lagged value RV;_;.
In Panel E, we estimate v; using a GARCH(12,1) model over monthly industrial production, and
average the volatility over the year. In panel G, we estimate v; using GARCH(3,1) model over

annual utilization-adjusted TFP data.
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Table OA.1.1: Uncertainty, Capital, and Depreciation: Other Robustness

Checks
Horizon K o t-stat By t-stat
Panel 1}: Results for nonresidential equipment
Yy=ot
1 years -0.42 [-3.56] 0.40 4.83
2 years -0.46 [-4.11] 0.31 3.74
3 years -0.48 [-4.25] 0.16 1.78
y =K
1 years 0.16 [1.26] 0.37 2.44
2 years 0.16 [1.09] 0.49 3.47
3 years 0.13 [0.86] 0.47 3.16
Panel ]?: Growth of future y with respect to time ¢
Y=ot
1 years -0.32 [-2.17] 0.25 2.44
2 years -0.33 [-2.34] 0.12 1.32
3 years -0.36 [-2.42] 0.02 0.25
y =K
1 years 0.24 [2.84] 0.69 6.71
2 years 0.24 [2.36] 0.63 5.48
3 years 0.25 [2.25] 0.55 4.25
Panel %‘: vt is macro uncertainty of [Ludvigson et al.| (2019))
Yy=ot
1 years -0.06 [-0.48] 0.39 2.46
2 years -0.32 [-2.66] 0.36 2.58
3 years -0.48 [-3.39] 0.19 1.49
y =K
1 years 0.53 [4.79] 0.66 6.22
2 years 0.36 [2.50] 0.70 7.27
3 years 0.22 [1.42] 0.66 6.88
Panel ](Z;): vt is financial uncertainty of |[Ludvigson et al.| (2019)
Y=ot
1 years 0.04 [0.24] 0.41 2.76
2 years -0.18 [-1.04] 0.44 3.07
3 years -0.29 [-1.74] 0.31 2.24
y =Ky
1 years 0.43 [4.48] 0.52 3.68
2 years 0.30 [2.84] 0.62 4.49
3 years 0.17 (1.81] 0.61 4.65
Panel E: v; is policy uncertainty of |Baker et al.| (2016)
y=20
1 years -0.13 [-0.92] 0.51 3.08
2 years -0.24 [-1.66] 0.36 2.23
3 years -0.25 [-2.45] 0.14 0.85
y=Ki
1 years 0.14 [1.05] 0.73 5.59
2 years 0.04 [0.27] 0.73 7.77
3 years 0.06 [-0.43] 0.66 8.28

The table shows robustness results of the regression: %Ayt,lﬁwk,l = const + By + Byg: + error,
where y is either J; is private nonresidential depreciation rate, or K; the stock of nonresidential
capital. v; is macro uncertainty, and g; is first-moment macro growth. Unless stated otherwise, vy
is measured via the ex-ante volatility of industrial production with the benchmark predictors I';.
Unless stated otherwise, g; is consumption growth. In Panel A, the depreciation and capital stock
are of private non residential equipment only. In Panel B, the dependent variable is %Ayt—n-wc- In

Panel C (D), v; is macro (financial) uncertainty of |[Ludvigson et al.| (2019)) from 1967 onward.
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Figure OA.1.3: Basu and Bundick (2017): Deprecation, and Capital Growth
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The figure shows our replication of Basu and Bundick (2017) impulse responses under the benchmark
calibration. The vertical axis represent percent deviation from the steady state value. The first three
IRFs for y is output, ¢ is consumption, and I is investment, are reported by authors in Figure 3.
The other IRFs for utilization u, capital growth AK, depreciation rate ¢, and investment rate I/K

are based on the replication code, extended to accommodate these IRFs.

OA.2 Comparison to the New-Keynesian Model

In this section, we present an augmented model that accommodates monopolistic
competition and nominal rigidity.

The household side of the economy is identical to that described in Section [3
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Unlike the perfect competition model, we now assume that the economy is populated
by a mass of differentiated intermediate good producers, indexed by m € [0, 1]. The
output of an intermediate good producer at time ¢ of variety m is denoted by y;(m).
[ts output price is p;(m).

Aggregator. An aggregator converts the intermediate goods into a final com-

posite layer good, Y;, using a CES production function:

Y, = { / lyt<m>%“dm]efl, (31)

when # — oo, the intermediate good producers face perfect competition. For any
finite 6, the intermediate good producers are not perfect substitutes, and they possess
some amount of monopolistic power.

The aggregator faces perfect competition in the product market. It solves:

1
max Pth—/ pe(m)y(m)dm
{yt(m)} 0

s.t equation (31)).

The above implies that the price index is given by P, = [ fol pt(m)l_edm] ﬁ. The de-
mand schedule for each intermediate good producer of variety m is given by [’%:”)} - Y.

The aggregator supplies final goods used for either consumption or investment by
the intermediate good producers.

Intermediate good producers. The intermediate good producer of variety
m faces the same capital accumulation and production technology as described in
Section [3.1] It owns its capital stock, K;(m), which depreciates at rate §;(m), and it
hires labor from the household. Now, however, it has an additional degree of freedom:
the ability to optimally select its nominal output price. Specifically, the real period

dividend of an intermediate good producer of variety m, d;(m)/P;, is given by:

b= [P90) g o2 (20 1) o

where, as before, W; denotes the real wage per unit of labor, and ¢p captures the

degree of nominal rigidity as in Rotemberg (1982)). Each intermediate good producer
chooses its output price, optimal hiring, utilization rate, and investment, to maximize

its market value, taking as given wages W;, the price index P;, and the stochastic
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discount factor of the household M, ;y;. Specifically, each firm maximizes:

Vi(m) = max - E > M (d(m)/P,) (33)

B {Ls(m) ps(m), K5+1 (m) us(m
s.t.

2]y < A o

t

mﬂmwzu—&memm+¢(£$%)mmn

de(m) = (1 — ps)do + psde-1(m) + e5(u(m)),
where e5(us(m)) is given by Eq @
Monetary Policy. A monetary authority sets the nominal interest rate r; ac-
cording to the following rule:
= Tos + Pr(m — Tas) + py(Ays — Ayss),
where r; = log(R;), m = log(Il;) = log(P,/P,—1), and Ay = log(Y;/Y;_1). mss and
Ay, are the steady-state log inflation and log output growth, respectively. The
following Euler condition holds in equilibrium: 1/R;, = E; []1\14;—:11]
Aggregate Productivity. We consider two separate dynamics for aggregate
productivity. The first case corresponds to permanent productivity shocks to A;,1:
Aayy = p+ e 040,41
The second case corresponds to transitory productivity shocks to A;y1:
A = pt exp(e”™ G a€a,i41)-
In both cases, the stochastic volatility o,+ follows the AR(1) dynamics as described
in Eq .
Market clearing and equilibrium. The market clearing conditions of the labor

markets, and the goods markets are modified as follows:

1
/ Li(m)dm = 1,
0

1
/ L(m)dm + C, = ;.
0

Equilibrium consists of prices, labor, utilization, and capital allocations such that
(i) taking prices and wages as given, the household’s allocation maximizes , and

firms’ allocations solve (33)); (ii) all markets clear; (iii) we are interested in a symmetric
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equilibrium in which Ky(m) = Ky, uwy(m) = uy, Ly(m) = L;, and p,(m) = p;, for all
m € [0,1].

Calibration. All model parameters are identical to those specified in Section
3.6, with the following additions and modifications: (i) following [Basu and Bundick
(2017) we set p, = 1.5, p, = 0.2, 0 = 6, ¢p = 100; (ii) G, = \/02/(1 — p2 (the values
of o, and p, are identical to Table @

Impulse-Responses. Figures |OA.2.4] and |(OA.2.5| show the model-implied un-

certainty impulse-responses under the case of permanent and transitory productivity

shocks, respectively. We obtain the following results:

(1) With either permanent or transitory productivity shocks, our proposed mecha-
nism of flexible utilization and persistent depreciation alone (i.e., ps = 0.99 but
¢p = 0) is sufficient to induce comovement between consumption, investment
and output following an uncertainty shock. All real quantities decrease in the

presence of fixed but positive markups;

(2) Under permanent productivity shocks, time-varying markups alone (i.e., ps =0
but ¢p = 100) reduce investment compared to the case of fixed markups (¢pp =
0). However, quantitatively, investment still rises in response to an uncertainty
shock, despite utilizing the same values for 6 and ¢p as in |Basu and Bundick
(2017);

(3) Under permanent productivity shocks, when we combine our channel (p; =
0.99) with the time-varying markup channel (¢p = 100) the drop is investment,
consumption, and output is only slightly amplified compared to the case of
persistent depreciation and fixed markups. About 95% of the drop in investment

is due to the persistent depreciation, while 5% is due to the rise in markups.

(4) Under transitory productivity shocks, the time-varying markup channel alone
(i.e., ps = 0 but ¢p = 100) is sufficiently strong as to drop consumption, in-
vestment and output, following an uncertainty shock. This is consistent with
the results of Basu and Bundickl (2017)), that study the time-varying volatility
of mean-reverting shocks. When time-varying markups are combined with per-
sistent depreciation (i.e., ps = 0.99 and ¢p = 100), about 60% of the drop in

consumption and output is due to time-varying markups, and 40% of the drop

Online Appendix - p.7



is due to the depreciation dynamics. Thus, our economic channel provides a

significant amplification to the economic channel of Basu and Bundick (2017)).

Figure OA.2.4: Model-Implied Impulse-Responses to Uncertainty Shocks:
New-Keynesian Model with Permanent Productivity Shocks
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The figure shows model-implied uncertainty impulse responses to (a) investment rate AI/K, (b)
consumption ¢, and (c) output y. The solid line shows the results for a calibration with no persistent
depreciation and no price stickiness (ps = 0, ¢p» = 0). The dashed line shows the results for a
calibration with persistent depreciation but no price stickiness (ps = 0.99, ¢p = 0). The dotted line
shows the results for a calibration with no persistent depreciation but with price stickiness (ps =
0, ¢p = 100). The dotted-dashed line shows the results for a calibration with persistent depreciation
and price stickiness (ps = 0.99, ¢pp = 100). In all specifications, utilization is flexible and the average
markups are identical. The productivity shocks have a permanent effect on productivity’s level

(Aaiy1 = p+ e7t0oq4eq,141). All growth impulse-responses are cumulative.

Online Appendix - p.8



Figure OA.2.5: Model-Implied Impulse-Responses to Uncertainty Shocks:
New-Keynesian Model with Transitory Productivity Shocks
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The figure shows model-implied uncertainty impulse responses to (a) investment rate AI/K, (b)
consumption ¢, and (c) output y. The solid line shows the results for a calibration with no persistent
depreciation and no price stickiness (ps = 0, ¢p» = 0). The dashed line shows the results for a
calibration with persistent depreciation but no price stickiness (ps = 0.99, ¢p = 0). The dotted line
shows the results for a calibration with no persistent depreciation but with price stickiness (ps =
0, ¢p = 100). The dotted-dashed line shows the results for a calibration with persistent depreciation
and price stickiness (ps = 0.99, ¢p = 100). In all specifications, utilization is flexible and the average
markups are identical. The productivity shocks have a permanent effect on productivity’s level

(Aty1 = p' T exp(e7etoqeq,t41)). All growth impulse-responses are cumulative.
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