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Abstract

This paper investigates the assumption of homogeneous effects of federal tax changes across the U.S. states and
identifies where and why that assumption may not be valid. More specifically, what determines the transmission
mechanism of tax shocks at the stateel? How vital are states’ fiscal structures, financial conditions, labor market
rigidities, and industry mix? Do these economic and structural characteristics drive the transmission mechanism of
the tax changes at the state level at different horizdms® study employs a panel factangmented vector
autoregression (FAVAR) technique to answer these issues. The model identifies tax shocks using sign restrictions
with Uhlig's penalty function. The findings show state economies respond homogeneoustsinftemployment

and price levels; however, do react heterogeneously in terms of real GDP and personal income, and, in most states,
these reactions are statistically significant. The heterogeneity in the effects of tax cuts is significantly related to the
state's fiscal structure, manufacturing and financial composition, and the labor market's rigidity. Tistateoss
regression analysis shows that states with higher tax elasticity, higher personal income tax, strict labor market rigidity,
and policy unceainties are relatively less responsive to federal taxes. In contrast, the magnitude of the response in
real GDP, personal income, and employment to tax cuts is relatively higher in states with a larger share of finance,
manufacturing, lower tax burderemd flexible credit markets.
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1 Introduction

This paperinvestigates the effects of federal thange®n the U.S. statkevel economic
activity andexamines the assumption of homogeneous effects of federltsacross states and
identifies where and why that assumption may not be valide studyconsides exogeneous
SHUVRQDO DQG FRUSRUDWH LQFRPH WD[ FKDQJHVe XVLQJ
identification method. Narrative tax shockse combinedwith vector autoregressive (VAR)
models with aggregate and regional macroeconomic factors to examine the effects of federal tax

changes on the stalevel real GDP, personal income, employment], jarice levels.

The existing literature examining the macroeconomic effects of federal tax changes assume
that tax shocks affect all states the same way, which does not seem realistic. The empirical
literature on the impact of federal tax changes, pi@tedéy Romer and Romer (2010), and
Mertens and Ravn (2013) use narrative tax shocks to estmmasdggregate tax multiplier.
However, this aggregate estimate does not consider the importance-téhsthtescal capacities,
industrial mix, financial friagbns, and labor market heterogeneities in the transmission of federal

tax shocks.

While all states are subject to identical federal tax policy, every state has a unique mix of
policy and political ideology impacting output growth, employment, and invesirS¢atesare
also characterized by different public institutions, economic structures, and levels of regulations
FRQWUROOLQJ SXEOLF GHEW 6XFK GLYHUVLW\ DQG SROLF\
importance of examining the validity of thermogeneous impact assumption and, if found

unwarranted, to uncover what factors within the state economies impacted and how.

In addition to the state heterogeneities, limited information set associated with the small
scale structural VAR models, omitte@dnable bias, and the recursive identification of policy
shocks alstead toforecastghat runcontrary to the standard macroeconomic theory, such as price
puzzles and delayed exchange rate overshooting. The dynamics of macroeconomic variables
across the U.S. states are possibly related to a far wider regional and aggregate policy variables
than typically considered in smatale VAR models. Therefore, the estiroatiof federal tax
policy changes is likely to be biased if the additional regional and aggregate information not

included in the VAR system.



The measurement issue of omitted variable bias can be a serious problem when we do not
have theoretical criterigbaut the number and the choice of relevant states and regional variables.
Several alternative specification schemagyingfrom Bayesian VAR models to sign restrictions,
and the penalty function approaateproposed and applied to solve the identificagwoblems
(Banbura, Giannone and Reichlin, 2007; Scholl and Uhlig, 2006; Uhlig, 2005). Depending on the
choice of a suitable prior and the selection of appropriate a priori signs, the forecast analysis in

these methodsiayalso produce mixed success.

Given thedisaggregated levdbcus of this studya statespecific smaliscale structural
VAR model may deliver biased estimates (Hansen and Sargent, 1991; Mertens, 2019; Stock and
Watson, 2018thatcould be solved with additional control variabl&his stidy attempts to solve
the identification problem of smadicale structural VAR models by estimating a panel factor
augmented vector autoregressive (FAVAR) model across all 50 states. The model extracts U.S.
regional and aggregate common macroeconomicr&friom an extensive panel data set covering
eight Bureau of Economic Analysis (BEA) regions and a panel of 126 output, prices, employment,

and monetary and financial variables.

The FAVAR model contains information from a large panel of regional variablgshe
comovement of the aggregate of macroeconomic variables and confirms that the dynamics of
federal and regional variablemre adequately controlled through the factors. This specific
technique allows this study to deal with dimensionality reducifaiie region or statespecific
unobserved influences while mitigating the omitted variable bias in a parsimonious way. As a
result, the magnitude and the direction of impulse response functions that the specification delivers
through the control of facte ensure that the stdivel estimates are likely unbiased and

significantly similar to the federal counterparts.

This study adopts the narrative approach (Romer and Romer, 2009) to identify exogenous
tax changeselying on the reports published by Congressional Budget Office, the Committee on
Ways and Means, Senate and Congressional re@rdsheEconomic Report of the President to
classify tax changes that designed to stimulate-tanggrowth and not directly relatéo current
economic conditions. The narrative dataset of this study inckldesnpersonal income and nine
corporate income tax changes. The FAVAR models identify tax shocks by imposing sign
restrictions on the responses of stateel macroeconomic VALDEOHYV ZLWK 8KOLJYV



function. The penalty function warrants that policy shocks are orthogonal to other shocks and

deliver a unique solution for the impulse response function (IRFs).

The FAVAR estimates suggest that the magnitude and fersesof GDP, employment,
personal income, and price responses are heterogeaemss statesand, in most states, these
responses are statisticaiynd economicallysignificant. Theimpulse response functisrfiRFs)
support the imposed a priori signabthe theoretical prediction of the New Keynesian model of
the unanticipated tax cut shocks. A gregcentcut in personal income tax increases real GDP by
about 1.2 percent on impact and a maximum of 1.9 percent after four yearspéroeetcut in
corporate income tax cut raises real GDP on impact by 0.52 percent and by 0.83 percent after two
years. Cutin personal income tax increases real GDB3 states, raises personal incom&9
states, and drives the price leveling6 statesThe same urdicipated corporate tax cuts show a
significant rise in real GDP and personal incdorearound 40 statesvhile price level rises in 48
statewith insignificant effects in the remaining states. The direction of state employment response
is significantlyhomogenous regards to the shoecross the U.S. states. However, the magnitude
and persistence of employment responses are most considerable in 14 states, with employment
rising by a maximum of about 1.6 perceafterthe personal income tax catnd0.8 percent for

the corporate tax cuThe impact of either tax cut pers$ébr more than five years.

The study then investigates the importance of stpéeific structural characteristics for
the transmission mechanism and the heterogeneous resmifriederal tax changes. A crestate
regression analysis between stAt&SHFLILF FXPXODWLYH UHVSRQVHV D¢
characteristics shows that states with a higher financial and manufacturing concentration in their
industry share, smaller taxitwiens, smaller degree of labor market rigidities and economic policy
uncertainty, and a higher capacity of job creation appear tohebmoreresponsive states in real
GDP and personal income to the change in either taxes. In contrast, the magnitadesgdhse
in price levels and employment to a corporate tax cut is relatively higher in states withex broad
credit channels, a smaller degree of financial friction, and a smaller degree of labor market
rigidities. Results further show that the estimateerage response is higher for a personal income
tax cut than the same amount of cut in personal income tax. These empirical findings are broadly
consistent with the recent disaggregated studies of Auerbach (2006); Gravelle (2010); Owyang
and Zubairy (2@3), and Suarez and Zidar (2016).



The findings of this study contribute to the tax cuts literature of the dynamic factor model,
and on the agreement that tax cuts have short to madinisignificant positive effects at a more
disaggregated level (Liu aililliams, 2019; Mertens and Montiel Olea, 2018; Zidar, 2017). The
magnitude of IRFs is consistent with the aggredmtel analysis of Blanchard and Perotti (2019)
and Mertens and Ravn (2013). For example, the maximum per capita GDP response to a personal
income tax cut in Mertens and Ravn (2013) is 1.8 percent, while the maximum response of this
study is 1.9 percent. Additionally, the transmission mechanism of changes in federal tax policy
changes of this study is similar to disaggregated empirical fizoiaty literature (Liu and
Williams, 2019; Owyang and Zubairy, 2013), while it also adds new evidence of labor market
rigidities, fiscal capacity, and financial frictions on the sources of heterogeneity ofestaite

estimates.

In theoretical contexthe findings of this studwre further related to the Newlassical
(Kydland and Prescott, 1982; Long and Plosser, 2006; McCallum and Whitaker, 1979) and the
Keynesian models (Christiano et al., 2011; Rotemberg, )188& theorize the transmission
mecharsm of federal tax shocks on economic activity. The FAVAR models' findings match the
shortterm prediction of the expansionary effect of tax cuts on real GDP, employment, and profits
through the aggregate demand (AD) and the firm's costs channel. Thestatessegression
analysis provides the theoretical insight of microeconomic channels about how the state's financial
sectors and fiscal structures interact with the transmission of federal tax changes (Bianchi, 2016;
Blinder and Solow, 1973; Christ, 1968pdley and Lavoie, 2007; Greenwald, Stiglitz, and Weiss,
1984).

The rest of the paperayoutis as follows: a review of related literature, with a specific
focus on the narrative tax shocks and the disaggregated effects of tax cuts, is in &&xtian
2.3 provides the specification of the panel FAVAR model and the data. S@ctignesents the
empirical analysis factor identification, model specification, the dynamic response of the state
economy, and the sign restrictions imposed on thgorese of the statgecific macroeconomic
variables. The states' characteristics and heterogeneities in the transmission of tax shocks are in
section2.5. Section2.6 conducts several robustness analyses of the baseline regression results,

while sectior2.7 concludes the paper.



2.2 Literature review

Literature examining the effects of tax changes at the state level is relatively limited and
generally divided into two competing categories. The first category follows the macroeconomic
approach, mostly relying on smaltale SVAR models (Herrera and Raraga, 2019; Hooker and
Knetter, 1997; Hussain and Malik, 2016; Liu and Williams, 2019; Nekarda and Ramey, 2011,
Owyang and Zubairy, 2013).

The main advantage of the structural VAR approach is that it exploits information directly
from the time series data, minimizes the risk of measurement errors, and delivers an empirically
grounded answer to the research question. The SVAR systems eshiendigmamic impact of
policy shocks, where the system automatically allows the data to structure the model. This
specification examines the response of variables to a policy shock without using a specified
structural model. The SVAR technique, however,unexs researchers to impose a priori
restrictions on the model parameters and can capture limited information set to modeling the
effects of the policy changes, the combination of which often yields centiéive empirical
results (Forni et al., 200B5lansen and Sargent, 1991; Stock and Watson, 2016).

The second, or microeconomic approach (Giroud and Rauh, 2019; Ljungqvist and
Smolyansky, 2014; Serrato and Zidar, 2018), mainly focusesstates empiriceelying heavily
on standard economic theoryRRU H[DPSOH DQ LQGLYLGXDO ILUPYV LQYH
response to changes in state taxation, as examine by Giroud and Rauh (2019), estimates corporate
tax elasticities and pasirough tax effects using firievel information.

There are also sevéraossstate micrestudies for the U.Swvhich focus on the impact of
statewide tax changes on economic growth: the effect of state and local tax on state's economic
growth examines by Helms (1985), Mullen and William (1994) Reed (2008), Holcombe and
Lacambe (2004) and Poulson and Kaplan (2008); the nonlinear effects of U.S. state taxes on states
economic growth in Bania, Gray and Stone (2007); and more recently, Gale, Krupkin and Rueben,

(2015) investigates how state tax policy affects economic growthplogment, and



entrepreneurial activity. Zidar (2019) finds the distribution of income across U.S. states strongly
correlated with the variation in the response of federal tax cuts, which is similar to thetatess
regression results of this study, wldooth median income and the state's tax burden have
significant effects on stafevel tax shock responses. Although there are some exceptions (Herrera
and Rangaraju, 2019; Yang, 2005; Gruber and Saez, 2002), a substantial consensus is reached in
the literature on the robust relationships between a tax cut and economic growth across U.S. states,
supports the New Keynesian prediction of the expansionary effect of tax cuts and the FAVAR
results of this study.

This study follows the first approacbut differs in methodology and empirical
implementation. Like Herrera and Rangaraju (2019), the focus of this study is on the heterogeneity
in the response of state macroeconomic activities to federal tax shocks. They examine the response
of statelevel personal iname and employment to a neWased implicit tax shock by using the
FAVAR framework. While they use nevimsed tax foresight as a proxy of a shock to the implicit
tax rate and the statevel dynamics of tax revenue shocks, the focus of this study isribfyde
narrative tax changes as an exogenous policy shock. This study also relies on the FAVAR model

EXW SHUIRUPVY D VLIJQ UHVWULFWLRQ ZLWK 8KOLJTV SH
contrast to their zero contemporaneous restriction appr@acin Leeper, Walker, and Yang,
2013)andapply MarkovChain Monte Carlo (MCMC) method to estimate the impulse responses

and unobserved factors separately.

The most recent literature claséo this study is Liu and Williams (2019), who investigate
the reterogeneous responsiveness of federal tax policy changes at the staisiteyal small
scale structural VAR modelThe findings of their study show the output and employment
responses for more than 50 percent of U.S. states are not statisticalligangnithich poses a
guestion about the limitation of the smatlale SVAR identification strategy. In comparison to
their study, the statlevel focus of this study is on a broader set of structural characteristics, where
the exogenous factors control @ader extent of aggregate and regional variables.

Hussain and Malik (2016also examine the asymmetric effects of unanticipated tax
FKDQJHV RQ Vanmihwey Find Gsypmnéire Xiaihear impulse responses only for personal
income tax changes, whaea considerable symmetry appears in output response to the corporate

income tax changes. There is also empiriealel analysison the statdéevel heterogeneous



responses, such as Owyang and Zubairy (2@h®)examine military spending shocks on state

level personal income and employment; Nekarda and Ramey (2011) investigate the transmission
mechanism of government spending shocks on output, and Serrato and Zidar (2018) are on the
importance of state corporate tax structures. While the evidence of legteong responses of
output and employment is robust in these kinds of literature, they employ eithedariensional

VAR or reduced form equation methods. As Stock and Watson (2016) and Forni et al. (2005)
pointed out, the lowdimensional VAR models inhese kinds of literature face significant
challenges, such as identifying exogenous fiscal shocks and omitted variable bias, and limited
information or curse of dimensionality. For instance, Owyang and Zubairy (2013) employ-a seven
variable VAR model, andiu and Williams (2019) consider fowariable VARs to study the

effects of narrative tax changes.

Therefore, the empirical specification needs to augment the standard VAR model with
unobserved aggregate and regional factors. As Mertens (2019) metiiohsgghly endogenous
nature of federal tax changes implies that the sst@le VAR model with only staievel
macroeconomic variables cannot capture sufficient information on the random variation of tax
shocks. The information insufficiency could be plmeential reason to expect that the estimates are
biased, and the confidence intervals are relatively wider than assumed. This study attempts to
address this information deficiency problem by estimating a féetsedoanel VAR model that
incorporates aggregate and regional information as a control variable (Mertens, 2019; Stock and
Watson, 2018).

2.3Econometric model

The panel FAVAR model &sinformation from the stateregional, and federalevel
data. The approadiccounts for the identification of ttiederal andregionspecific unobserved
influences that reduce omitted variable bias. The $tatd analysis includes three sets of
information: the first set of information comes from fedéeak| data, the second s#tfactorsis
related to the regional data, which megents the economic characteristics for a specific Bureau of

Economic Analysis (BEA) region, and finally, the stieel economic characteristics. There are



two reasons to include state and regideakl information: first, estimated factors capturedbe
movement of states' economic dynamics, and second, they measure how unobserved regional
characteristics influence the heterogeneous response of federal tax changes. This study then
estimates a crosstate regression using a broader set of $¢atd cvariates to uncover the

determinants of heterogeneous responses.

2.3.1The FAVAR Model

The empirical approach of this study is a panel FAVAR model that is initially introduced
by Geweke (1977) and Sargent and Sims (1977) and later developed (B9@3i Bernanke, et
al., (2005), and Stock and Watson (20P@19. The model assumes that there are two sources of
states macroeconomic fluctuations: (i) shocks at the aggregate level which is common to all U.S.
states (e.g., federal tax changes, FED etany policy, and the oil price shocks), and (ii) region
specific idiosyncratic shocks that affect only a state or a BEA region. This set of assumptions is
realistic where each staspecific macroeconomic variable depends on several unobserved

common fators, regional macroeconomic aggregates, and federal policy changes.

In the empirical implementation, I¥t denote aSx1 vector of stationary macroeconomic

variables(real GDP, personal consumption expenditure, consumer price index, atidrmon

employmentgat timet (t 1,...T)for S statesThe F* and F" are the f x1 vector of unobserved

factors capturing the common comovement at the aggregate and regional,lesel. vector of

narrative tax changes thigtconsidered asnaexogenous observable varigd@d £ is an Sx1

vector follows Gaussian distribution with zero mean disturbances withS®a8variance

covariance matrix6, diag( V..., 12). All thesel, IV LV DVVRFLDWHG ZLWK WKI

macroeconomic sees. Following Bernanke, Boivin, and Eliasz (2013), we can incorporate all the
information in the following measurement equation that shows-speteific macroeconomic
variables, unobserved factors, and common fiscal policy shioeksative tax changg®volve
according to the following equation:



X, IR IR Z o
Here / . is acoefficientmatrix of factor loadings and’ is coefficient matrix of narrative teeries
T,. It is assumed that the number of unobservable factors is smaller than the number of series at

aggregate level  N. Similarly, number of regional factors is also smaller than the number of

regional series.

The variancecovariance matrix6, diag( V..., 1)is a diagonal matrix that implies
that comovement betweeX, and T, is arises from the dynamics of the factors. The dynamics of
the factorsz, (F,¢, T, ¥ds governed by a VAR process of ordeand is given by the following

state equation,

Z, B(ZG..Z.Q) k @)

With (f xk)xL(f xk)dimensional coefficient matrixBand £ are each f xk dimensional
vectoss of shockswith £ following standard Gaussian distribution with zero mean and the
variancecovariance matrix6,. In equation (1)each statéevel macroeconomic variablese

directly affected by narrative tax changes and indirectly through the aggregateifaetpration

(2). The parameter’™ , /™, the coefficientmatrixB, and the unobserved dynamic factdfsin

equation (1) and (2are unknownAs shown by Bai and Ng (2007) and Forni et al. (2009),
assumingGand Bare known, then aonsistent estimation of all unknown parameters in (1) and

(2) is estimatedisingtwo-step procedure as proposed by Bernanke, Boivin and Eliasz (2013)
2.3.2 Data

The statdevel macroeconomic variables used in the panel FAVAR include real GDP,
personal income, consumer price index, unemployment rate, anthnmoemployment. From
1977 to 208, the annual frequency of these series come from BEA regional accourtke &td
LouisFederal Reservll series are seasonally adjusted, and nominal series of GDP and personal
income transformed into the real series usiegGDP deflatorSummary statistics for thgearly
sample ofl%, median, and 30statesbetween 197 and 208 are shown in Table 2.1 along with



their correlation with the U.S. aggregaféle statdevel tax data taken from three souramual
personhand corporate income tax rates for 12048 from the Tax Foundatigrtalculatiors by
Serrato and Zidar (2016and he compilation of state and local tax burdens data for B2013

arefrom various Tax Foundation sources.

Table2.1: Summary statistics of statevel macroeconomic variables

Summary statistics of statelevel key macroeconomic variables

Variable States Mean  Std.dev Max Min Cl of mean Corr with
(95%) U.S. aggregates
Real GDP growth u.S. 2.6 1.85 7.13 -2.54 0.59 1
15(CA) 3.31 2.6 8.06 -4.01 0.83 0.82
Median (AL) 2.17 2.26 6.42 -3.93 0.83 0.81
50 (VT) 2.88 2.80 10.00 -2.71 0.90 0.67
Disp. Pers. Inc u.s. 5.08 1.81 8.82 -0.30 0.63 1
1st (CA) 5.38 2.17 9.69 -0.15 0.76 0.88
Median (AL) 4.77 1.89 8.41 0.25 0.66 0.83
50th (WY) 4.99 3.76 8.43 -4.22 1.31 0.43
Employment u.s. 1.63 141 4.42 -3.11 0.45 1
1st (CA) 1.98 2.06 6.27 -3.95 0.65 0.89
Median (KY) 1.25 1.50 4.16 -3.22 0.47 0.87
50th (WY) 1.56 2.74 8.34 -4.66 0.87 0.39
Inflation u.s. 2.92 151 7.63 -0.32 0.50 1
(% change in CPI) 1st (CA) 3.42 1.9 10.03 -0.02 0.62 0.74
Median (CO) 3.20 1.9 9.39 -0.65 0.64 0.74
50th (AK) 2.81 1.3 5.94 -0.48 0.43 0.95

2.4. Empirical r esults

24.1 Factor estimation

The factor identification method presentedsattion 2.3.1 extracts the common factors
from the panel of aggregate and BEA regional macroeconomic series. Eigane 2.2plot the
first factor of the aggregate and regional macroeconomic series andefagbnship with the

leading U.S. macroeconomic activity index. The factor is accurately tracking the growth and



dynamics of U.S. aggregate economic activity. Figuleand 2.Zhowthat the aggregate factor

entirely consistent with the macroecononmend of the Chicago Fed National Activity Index
(CENAI) and the Braw®Butters HOOH\TV %UDYH %XWWHUV DQG .HOOH\
The dynamics of the BEA regional factor also show the similar comovement of aggregate
economic expansions and comwtians. The expansions at the beginning of 1982, and between

1992 and 2000. The contraction at the beginning of 2002 and during the severe recessions in 1973
and 200708.

2.4.2 Model specification

The model's objective is to estimate the response otlstagemacroeconomic variables
to federal tax changeStatespecific FAVAR model includes an aggregégel macroeconomic

factor,F, and a regional factdft, . The regional factors afeom the eight BEA regional economic

accounts Theregional factorF, is orthogonal to th&,. With the estimated factors, narrative tax

changesand statdevel variables, thestimatiornof equation (1) andg) usessign restriabnswith
8KOLJTV S H Q Die \advahxa@erdielp&n@ity functions that itimplements the
unconstrained optimization by quadratic approximaiipowell 2002). The model estimation
algorithm employs the following steps when a given a set of sign restrictions are available and

consistent with the economic theory:

(1) Estimate th unrestricted FAVAR in order to géand the varianceovariance matrixé



T
US Economic Index (BBK) ===
Aggregate factor =

_5 1 1 1 1 1
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Figure2.1: First principal component extracted from aggregate macroeconomic series. Graph shows the comovement between firshéactor and
CFNAI index and the BravButtersKelley (BBK; 2019) U.S. Coincident Index. The shaded vertical bars indicate official pefiedenomic
recession for the U.S. as announced by the National Bureau of Economic Research.
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US Economic Index (BBK) ===
BEA Regional factor =
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1960 1970 1980 1990 2000 2010
Figure 2.2: First principal component extracted frahe BEA regional macroeconomaeries Graph shows the comovement betwéest factor
and the CFNAI indexandthe Brave ButtersKelley (BBK; 2019 U.S.Coincident IndexThe shaded vertical bars indicate official periods of
economic recession for the U.S. as announced by the National Bfifeeanomic Research.



(2) Apply a Cholesky decomposition to the model to orthogonalize narrative tax shocks and

extract the orthogonal innovations

(3) Estimate impulse responses of the variable of interest or all the variables in the model

(4) Given Eand 6 , and impulse responses, an orthogonal impulse ve€tfwhich is based on

the factor rotation) can be drawn using a standard randomwdrare G Ba. The n-dimensional

vector [a| 1 comesfrom (n 1)xistandard normal draw, aBB C 61

(5) Impulse responses of the varialdesmultiplied by Land examine if the prior sign restrictions
are satisfied. This step identifies an impulse response function which exactly sapsioessign

restrictions by minimizing penalty function

(6) If apriori sign restrictions holdhe modekeesthe impulse responsestherwisgthe system
drops the draw

Consistentwith the standard macroeconomic theory, this study hypothesizes that an
XQDQWLFLSDWHG WD[ FXW VKRFN DW WKH IHGHUDO OHYHO L
GDP, persoal income, employmenand the price levels for the specific horizons after the shock.

Thus, the model specification imposes six restrictida identify a narrative tax shock. The
aggregate and the regional factor variables in the model remain unrdstricie Table 22

sumnarizesa priori sign restrictions:

Table 22: Sign restriction on the variables of the FAVAR model

Sign restriction

Variable GDP DPI CPI EMP Tax (Pl) Tax(Cl) Fa Fr
Personal incomeak cut shocks “0 “0 “0 “0 >0 0 0 0
Corporate incomeak cut shocks “0 “0 “0 “0 0 >0 0 0

0 indicates norestriction

The model specifies two lagsRU VWDWHTV PDFURH FRRIQIKRPaNE N6 DULDEO

lag for narrative taX,, no constant, and estimate impulse response functions fye&ak0



forecasting horizons. The variable includes in the benchmark model are tHesthteal GDP,
personal income, mefarm employmentconsumer price index, aggregate, and regional factor, and

the narrative tax changes. The estimation adopts a flat Normal InW&rsbdirt posterior for a

joint draw and the model parameters. The MCMC procedure uses 4000 draws fromsténerno
maximum 2000 of iterations, and the accepted 1000 draws to generate impulse responses. This
study follows the robustness of the identified VAR method suggested by Faust (1998) to test the
robustness of the sign restrictions. The procedure exantimeimpact of tax shocks in two
different time horizons, one is from the year one up to the second year of the response, and the
second one is up to the tenth year of responses. Impulse response functions conform to the sign
restrictions in both horizon3he MedianTarget (MT) method proposed by Fry and Pagan (2011)

also applies to check the additional validity of the FAVAR model. The MT method identifies how
significant the FAVAR parameter and how close the estimated impulse responses to the model

median impulse responses.

2.4.3 Dynamic response ofhe states

For each state, the model estimates the response of GDP, disposable personal income,
employment, and price level to a grercentut in federal personal and corporate income tax. The
median estimate of cumulative impulse responses of GDP, employment, personal income, and CPI
are summarized in the U.S. map in Figurésghd2.4 at the 10year horizon. The visualization
of cumulative impulse responses depends on the classification scheme that divides the states into
two categories: states above the median and below the median cumulative responses. Darker blue
shades denote the states with above the median responses. The statesaarkeal based on their
cumulative responses over a-\i€ar horizon. Figure.5 and 2.6 show the impulse response
function of GDP, personal income, employment, and CPI for 1st, 2nd, 25th, and 50th states. The
area in between two blue lines shows the 986tstrap confidence intervals. The impulse

response function of all0 states reported in Appendix

In the responses of real GDP and disposable personal income, the state economies do react

heterogeneously in magnitude and directions, and, in moss sthese reactions are statistically



significant. A onepercentcut in personal income tax leads to a rise in GDP for about-thirge

states. The personal income rises in thitye states while decreasing in GDP in fourteen states



IRF-GDP
50 100 3.0 6.0 9.0 120

IRF-CPI IRF-EMP
1020304050 20 40 6.0

Figure23. 9LVXDOL]DWLRQ RI VWDWHY{V PDS d6HDB,Hiigpdsable\peksaokad incdme (W), CoRsvrhied pricélindeR Q V H
(CPI) and employment (EMP) to a one standard deviation cut in federal personal income tax-getrehd€izon. Horizontal bar under the map
presents the range of the magnitude of cumulagsponses
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Figure24. 9LVXDOL]DWLRQ RI VWDWHYV PDS UHSUHVHQWYVY WKH VWDWH OHYHO &&HUBRQVH RI
and employment (EMP) to a one standard deviation cut in federal corporate income tax afetdweh®izonHorizontalbarunderthe map
presents the range of theagnitude of cumulative response
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and having insignificant effects in the remaining three states. The highest response of real GDP in
the first ten states lies within the range from 0.8 percent to 2.2 percent in Texas, Colorado,
California, lowa Washington, and New York. Like the response of personal income tax cut, thirty
seven states exhibit a positive response in real GDP to a similar cut in federal corporate income
tax, with the maximum rise estimated at 1.2 percent. The magnitude oktigelaiggest in Florida,

Texas, Georgia, California, and Michigan, with real GDP rising by about 0.75 percent to 1.2
percent, which is, on average, slightly lower than the magnitude of response to a personal income
tax cut.

The expansionary effects onrpenal income from a corporate income tax cut also
observed for about forty states, with the highest responses range from 0.3 percent to 1.2 percent.
Personal income decreases for six states, while four states show insignificant responses. States
with theinsignificant and lowest response (responses range -fehto-0.015 percent) in real
GDP to either personal income or corporate income tax change include Maine, Utah, Nevada, New

Mexico, Alabama, Idaho, and Oklahoma.

One of the federal tax cuts' pringaobjectives is to accelerate nonfarm private,
manufacturing, and business sector job growth while federal taxes are only one part of a state
economic picture that includes labor costs. In addition to other economic factors, the state's fiscal
structures ko play an outsized role in how federal tax cuts affect the state's employment growth.
Empirical studies, as in Gabe (2003), Moretti and Wilson (2017), and Serrato and Zidar (2018)

show that jokcreating investment flows from higlx states to lovtax states.

This study measures employment as the number of newly added jobs at the state's nonfarm
business, manufacturing, and private industries. Employment rises in all states, and tax cuts affect
states heterogeneously at theyEar horizons. The highestsponse to a personal income tax cut
in employment lies within the range from 0.6 percent to 1.5 percent in Colorado, Florida, Texas,
Arizona, ldaho, South Dakota, Virginia, and Washington. The magnitudes are also heterogeneous
across all states, whileases with no personal and corporate income taxes or moderate state tax
rates show relatively a higher response to either tax changes. States with lower income taxes and

states with more financial, manufacturing, and service sectors in their GDP sheiness &liah,



Delaware, South Dakota, Washington, Florida, and Texdsbit a higher expansion of
employment growth. The employment responses to a similar corporate tax cut are relatively lower,
where the magnitude lies within the range from 0.2 percedtOtpercent. So, a cut in personal
income tax produces a higher and prolonged impact in employment growth than the cut in
corporate income taxe¥heseresultsare relatively similar to those of Romer and Romer (2009)
and Marten and Ravn (2013)articularly, in the direction of the impulse response functions
However, the magnitudand the persistenad theimpulse response functions appear to be quite

different for most of the states.

Consistent with the prediction of standard Keynesian models, a cut in either taxes
significantly increase the consumer price index for almost all states except for Delaware and South
Carolina. The magnitude of the cumulativep@sse of the price level to a personal income tax cut
range between 0.02 and 5.8 percent. The highest responsive states are California, Washington,
Kansas, Colorado, Minnesota, New Hampshire, and New York, where the cumulative responses
are on average lidgetween 2.30 percent and 5.8 percent. In contrast, a few states like Alabama,
Montana, Virginia, Arkansas, and Georgia are less responsive, with maximum cumulative impulse

responses accounted for 0.96 percent at thged0 horizon.

In addition to cumulative impulse response functions, the model also estimates the
contribution of the tax shocks to the variance decomposition of GDP, personal income,
employment, and price levels. TabR8and 2.4show substantial heterogeneity in lercentage
of variance decomposition. Taking the proportion of GDP variation as an example, personal
income tax shocks explain the maximum amount of variation about 58 percent of GDP for Nevada,
while the variation is only 2.32 percent for North CaroliRar employment and price levels,
personal income tax shocks also explain a significant amount of variation, on average, from 17
percent up to 27 percent for Texas, Michigan, Nevada, Minnesota, Utah, Georgia, and South
Dakota. Relative to personal incomex tahocks, corporate income tax shocks on average
accounted for a smaller portion of the variance. As shown in PaBlend 2.4 above the mean
amount of the variation of shocks for both real GDP and personal income lies in between 18

percent and 37 percefor Washington, South Dakota, Nevada, Florida, Delaware, and California.



Table2.3: Forecast Error Variance Decomposition (Real GDP)

PIT Shock CIT Shock

Horizon (in year) Horizon (in year)

1 5 10 1 5 10
AK 0.52 6.44 8.30 1.08 4.63 5.69
AL 12.45 1345 1411 3263 16.81 1271
AR 2293 1759 16.10 1.45 7.08 9.96
AZ 54.64 3197 22.88 7.81 10.39 10.28
CA 43.10 29.16 23.19 3750 2335 16.67
Cco 3191 2555 2244 10.83 11.24 11.03
CT 20.57 16.02 14.59 19.31 15.16 14.48
DE 19.11 1322 9.71 36.83 20.77 14.37
FL 29.16 24.12 20.10 26.86 22.87 16.53
GA 2192 1891 16.29 16.14 16.98 14.71
HI 3.31 6.50 6.98 4.63 20.29 29.55
1A 2553 20.08 20.12 19.25 20.51 21.33
ID 39.64 2884 24.33 6.81 10.11 11.48
IL 17.14 1470 14.04 1553 1580 14.14
IN 36.66 2110 18.30 1415 1253 11.77
KS 1754 17.75 19.07 6.03 1244 1257
KY 1252 13.33 13.48 5.68 9.84 12.87
LA 5.51 1535 17.21 0.26 7.53 8.33
MA 23.02 19.21 15.46 9.28 13.41 15.88
MD 29.73 2447 2244 19.39 17.84 16.88
ME 3355 2541 16.82 1452 1417 1434
MI 2737 21.00 18.20 1199 1258 13.17
MN 39.09 26.80 22.62 31.17 20.66 18.76
MO 21.02 1862 17.76 13.37 1329 14.34
MS 18.10 16.90 15.58 1232 1263 11.54
MT 4492 3156 26.81 12.11 1350 14.36
NC 2.22 11.85 11.89 2.27 1099 10.77
ND 28.07 2390 22.38 2848 2133 1761
NE 1471 1198 13.03 1427 11.82 11.63
NH 1887 19.08 17.72 8.41 9.75 11.71
NJ 2.67 7.10 8.85 2.45 6.29 9.20
NM 4.26 9.11 10.33 2.80 7.13 9.01
NV 57.93 38.06 26.12 26.31 20.25 14.79
NY 2157 1891 15.86 6.39 10.71 12.00
OH 2406 18.13 16.27 12.47 1271 12.15
OK 5.93 6.10 6.82 3.21 8.18 9.42
OR 2092 1759 1881 1391 13.80 15.77
PA 1958 1797 16.81 2476 1759 16.33
RI 30.30 2222 17.16 2594 20.25 1553
SC 2340 1895 16.98 17.17 1512 15.28
SD 4224 2648 19.71 2399 2096 20.96
TN 2182 18.06 15.25 19.11 16.35 15.36
X 49.62 3055 2391 2.06 7.77 10.09
uTt 1.28 6.80 10.69 1.01 4.96 7.06
VA 18.11 16.30 15.58 2125 1782 17.17
VT 36.95 2848 18.28 35.71 2591 20.66
WA 26.18 21.97 19.58 19.64 1440 13.08
Wi 42.07 2484 19.93 30.38 17.79 15.33
wv 1042 1996 21.13 3.80 11.05 12.25
WY 29.11 25.71 26.31 6.15 15.04 17.52




Table2.4: Forecast Error Variance Decomposition (Dispos&gesonal icome)

PIT Shock CIT Shock

Horizon (in year) Horizon (in year)

1 5 10 1 5 10
AK 30.33 9.45 9.16 8.75 5.87 6.10
AL 7.65 13.48 14.11 10.03 10.12 9.87
AR 2713 2263 1881 3341 2029 16.95
AZ 30.75 23.67 1807 2487 16.23 12.72
CA 13.43 17.38 16.43 2835 2519 21.07
Cco 1555 19.00 18.13 3.33 7.99 11.03
CT 4.32 11.09 13.01 5.70 1191 13.69
DE 8.60 11.73 11.36 1545 17.80 15.21
FL 1553 19.53 1859 17.30 18.83 15.97
GA 16.55 18.98 16.91 8.79 11.35 10.99
HI 2273 1832 14.66 3356 28.18 21.89
1A 11.82 16.46 21.25 9.07 10.52 1177
ID 2454 2422 20.16 26.93 18.28 15.88
IL 9.25 13.71 13.60 7.91 13.95 13.39
IN 1359 16.00 17.05 7.98 9.49 11.59
KS 13.08 1554 20.93 1549 2122 19.00
KY 9.28 14.83 18.27 9.56 1255 12.23
LA 2412 2119 20.18 14.04 16.67 17.01
MA 1094 1460 1494 11.81 13,55 14.10
MD 2573 2849 26.27 19.07 21.02 19.74
ME 2120 2401 1994 1995 1241 1394
MI 2424 2088 17.89 9.53 1249 12.62
MN 2493 2490 24.54 1159 1445 1551
MO 26.04 2279 2211 8.55 1236 14.34
MS 30.98 2380 21.04 20.3%3 16.88 15.01
MT 3152 30.58 26.57 13.95 14.05 1451
NC 3.93 12.05 12.23 10.33 1432 13.07
ND 22.17 22.00 21.06 2351 16.82 1360
NE 6.14 1241 13.94 3.33 11.28 12.84
NH 2243 2272 19.58 6.08 8.95 11.17
NJ 7.23 9.31 9.51 5.17 7.91 8.68
NM 2955 24.04 21.74 8.27 1295 12.07
NV 2480 36.47 26.79 19.27 20.02 15.09
NY 1095 15.18 15.15 5.79 10.30 10.79
OH 8.67 1253 12.66 2.34 5.69 6.88
OK 0.74 6.52 7.44 2.01 7.39 8.09
OR 1152 1445 16.13 10.60 13.23 14.38
PA 3.77 10.58 13.82 2.89 11.69 13.69
RI 6.16 1497 153 5.11 1343 13.82
SC 16.26 1559 15.26 1520 14.10 14.93
SD 2443 2057 1852 2572 2292 2141
TN 27.78 2219 19.53 19.10 16.95 15.97
X 26.31 31.36 27.08 6.00 7.81 9.35
uTt 2536 18.13 18.16 1497 13.03 13.17
VA 2353 2242 1948 7.83 11.86 14.38
VT 3249 2743 1848 28.68 24.00 16.50
WA 16.27 1822 17.23 19.33 1812 16.85
Wi 13.80 19.00 18.52 9.88 1497 14.84
wv 28.02 2348 2235 11.03 1155 11.99
WY 29.36 28.22 27.58 7.92 10.31 11.20




24.4Reliability of the FAVAR estimates

The reliability of the identification ofdx cut shocks in the FAVAR model is examined
using he MedianrTarget (MT) approach proposed by Fry and Pagan (20Ihgre are two
advantages of the NI method, as mentioned by Furlanet®avazzolo, and Sarferaz (2019),
Mangadi and Sheen (2017), and Ouliaris, et al. (2015). First, this method tests the significance of
the model identification by minimizing the sum of the standardized gap between the impulse
responses of sign restricted FARANModel and the impulse responses drawn from thE tielst
rotation. Secondly, it shows how exactly the tax cut shock identified in the model. By minimizing
the gap between two impulse responses, thé Method delivers a single impulse response
function that is the closest possible one to the median response of the FAVAR model. As a
diagnostic tool, this method identifies a bias between the median response drawn from the sign
restriction and the impulse response of thd Mhethod.

Figure 2.7-2.10 show the impulse responses of the-M method (solid red lines) and
compares them with the impulse responses of the FAVAR model (dashed blue lines). As in the
benchmark model, the narrative tax sheskdentified by imposing sign restrictions on the
macroeconomiwariables with Uhlig's (2005) penalty function. TheTvmethod replicates the
impulse response functions of real GDP, personal income, CPI, and emplolyarezach impulse
response function of these four variabkesponsesare ranked by statbe cumulative responses
over a teryear horizonand fgure2.7-2.10 repors the responses fahe 1st, 2nd, 25th, and 50th
states The methodcompares how the impulse responses change once-thenbthod identifies
the single best nigan impulse vector. The best possible responses for all macroeconomic
variables match the FAVAR models' responses perfectly on impact angeard@orizon. The
method also delivers 95 percent confidence intervals. The confidence intervals associater with
FAVAR impulse responses and-Ms responses are statistically significant and do not contain
zero for, except for GDP responses in Oklahoma. So, Fry and Pagan's (20diaghostic tool
validates the FAVAR model's specification and the identificattd the tax shocks in the
estimation of the benchmark model.
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2.4.5 Economic significancef the FAVAR estimates

This study examines the prediction of the NEélassical and the Keynesian models using
the FAVAR methodology to sort out the shanhd longrun links between federal tax shocks and
statelevel economic activity. In estimation, the FAVAR model requirestifigng assumptions
that establish significant links among the model's parameters. To attain the statistical and economic
significance of the model's parameter, the identifying assumptions of this study come from
economic theory that imposespriori sign restrictions on macroeconomic variables' response.
The findings suggest that the magnitude and persistence of GDP, employment, personal income,
and price responses in most states are statistically significant. In addition to the statistical
significance the purpose of this section is to offer the economic interpretation of the IRF of a
model's variables in response to a one percent tax cut shock. This interpretation allows this study
to trace the economic significance of parameter values within a sySgtmatural equations and,
thus, provides a better representation of the model's dynamic behavior in evaluating economic

policies.

In general, the findings support the skerm prediction of the expansionary effect of tax
cuts on real GDP, employmeahd prices through the aggregate demand (AD) channel of the New
Keynesian model. The cut in taxes increases real GDP in this model in the short run because
corporate tax cuts encourage firms to increase investment, and personal income tax cuts increase
disposable incomes, increasing demand for goods and services. Specifically, on impact, a one
percent cut in personal income tax increases real GDP for 33 states by about 1.2 percent and a
maximum of 1.9 percent in five years. Similarly, a one percent cutrpocate income tax cut
raises real GDP for 40 states by 0.52 percent on impact and by 0.83 percent in three years. The
economic interpretation of these results is related to the national income multiplier. The income
multiplier suggests how big a perceggachange in real GDP is due to a one percent change in
either taxes in the FAVAR model.

Interpreted these parameter values as a multiplier in the Keynesian model, the FAVAR
HVWLPDWHY LPSO\ D PD[LPXP SHUVRQDO LQFRRéipda2[TV RXW
LQFRPH WD[TV RXWSXW PXOWLSOLHU LV 7TKHVH ILQGLQJV
the variation in estimates of the U.S. fiscal multipliers. For example, Barro and Redlick (2011)



estimate a U.S. personal income tax multiplieadund 1.1, Mountford and Uhlig (2009) find
0.93 after one year of the tax cut, and up to 3.41 at three years(Rignton et al. (2012) find a
tax multiplier of 1.32 using the SVAR approach and 2.76 using the narrative approach for 14
industrial counes. The estimates from the Congressional Budget Office show output multipliers

for the lower and middleincome group is in between 0.3 and 1.5 (Whalen and Reichling, 2015).

At the state levelthe value of output multipliestarts risingwo years aftethe personal
income tax cutor most stateand reaches a maximumb for Colorado, 1.2 for Texas, and 0.38
for Pennsylvania at five yearfhe multipliers decreaggadually over the nefive-yearhorizons
Thevalue of multiplierss much lower at longer horizons because ofiletURZGLQJ RXW ™ RI SLU
investment. In the long run, tax cuts incre#sefederal budgeteficit, andthe JIRYHUQPHQW {V
LQFUHDVHG ERUUR ZL QeveP privdedreestrieKtW ~ VW D W H

A one percent chang@ personal income tax raisefisposablepersonal incomdy a
maximum ofl1.2 percenand a minimum of 0.05 percerdt common economic interpretatidor

the maximuneffects is thgeakpersonal income multiplies sign din DPI, , /dIn PIT, ,where
DPI, is disposable personal incoraetimet, PIT, is personal income taxXyis the 10years of
forecasts horizorSince the impact response BfT, to thetax cut shock is rescaled to unity, the

economicsignificanceof the impulse responses of disposable personal incoari®atear horizon
is the 1Byears multiplier. The total accumulatesponses fatO-year periods aheaaf a unittax

cutshock onDPI canbecalculatedby summing up the corsponding response coefficientdhis

accumulated valuss commonly referredo asthe total multipliereffect As expected,he total

effect is higher for CO, TX;L, and MD, followed by KS, AZ,CA, IA, MN, MA, and WA.

Looking at the labor market, a one percent cut in personal income tax increases
employment by a maxinm of 1.6percent compared to @®ercent for the corporate income tax
cut. Translated into the ndarm employment elasticity,

H,, % 'in nonfarmemploymen®o' in narrative tax ! the FAVAR estimate®f elasticities

are economically consistent with the previous studies (Mourre, 2006; Kap80§, Seyfried,

2011). Table 2.10n Appendixreportsstatelevel employment elasticities. The valueyeal that

1 Employment elasticity measures the ratidche percentage change in the number offaom employment in a
state to the percentage change in narrative tax rates



thehighe nonfarm employment responses growtloisservedn CO,NV, AZ, FL, ID, TX, CA,

WA, NJ, and GA. Examining the statdélggher employment growth and their relatively higher
output multiplieralsoreveals that the tax cut's expansionary effects have worked simultaneously
in the $ort-runfor most statesThe employment elasticity nonued to rise from 001to 1.6until

araund five years after the cut in either taxes. The average employment elasticity of this study is
about0.424 for the personal income tax changes and 0.295 for the corporate tax changes. These
estimats areclose to Mourre (2006), who estimates the econwnae employment elasticity is

0.6. Seyfried (2011) also estimates employment elasticity range from 0.31 to 0.61for the ten

specific states with the U.S. average estimate of 0.47.

2.5 6 W D @haratteristics andHeterogeneities irthe Transmission ofTax
Shocks

As evidenced in sectiah4.3, statelevel responses vary substantially over time and across
the states. This variation raises the question of why some states are more responsive to federal tax
changes than the other states. Wtatelevel structural characteristics drive the heterogeneous
responses of a tax cut shock? This section links the ©dteY HO )$9%$5 UHVXOWV WR WKH
contribution to their GDP, fiscal and labor market structures, financial markets, anoutiag
sector to uncover the determinants of heterogeneous responses. More partituarg, to
investigate how crosstate differences affect the transmission mechanism of federal tax cut shocks
in the shorrun and the longun.

2.5.1 Sectoral corposition

States may display heterogeneity in their responsiveness if the sectoral composition of the
VWDWHYV DIJJUHIJDWH RXWSXW LV GLYHUVH )RU H[DPSOH VW
for by the durable and nedurable consumer goodsight show a hjher response to a personal
income tax cut. As in the standard Keynesian model, states output, employment, and price levels

should also display a strong positive response to this expansionary tax cut shock through the



aggregate demand and income channiehil&ly, states with a larger concentration of capital

intensive industries or prodiien of durable goods might be more responsive to a corporate tax

FXW %DUWK DQG 5DPH\ VKRZ WKDW FRUSRUDWH WD[ FX
and maufacturing sectors through the cost channel of firm finance and encourage firms to take
advantage of debt finance options rather than equity (Heckemeyer and Mooij, 2017). Several
empirical studies, particularly in the response of monetary and fiscay pblacks find that the
FRPSRVLWLRQ RI **3 VKDUH DFFRXQWHG IRU E\ VWDWHTIV PDQ
the heterogeneous responses and the transmission mechanisms (Bernanke and Gertler, 1995;
Carlino and Defina, 1998; Owyang and Zubair§132).

Figure 2.11 shows the concentration of private industries, financial, and manufacturing
share as a percentage of the state's GDP. As shown in tgeaphr there has been significant
variation in the states' financial and manufacturing sectorexeonple, South Dakota, lowa, and
Delaware have the highest concentration of the financial industry in their GDP, while Idaho and
Oregon are noticeably more dependent on the manufacturing sector. The states located in the
South, such as Georgia, North Qara, South Carolina, have a small share of manufacturing and

financial industries in their GDP.

With the statdevel cumulative impulse responsasd thecrossstate characteristics, the

regression mod€B) estimatestatelevel characteristicthatdrive the heterogeneous responses

CumRe, M K, H (3)

Where CumRé indicates thet yearhorizon cumulated impulse responses of stite

macroeconomic variabta ¢[real GDP, personalncomeCPIl,employmenji. The regressors;
include variablesthat attemptto explain thecrossstateheterogeneitiesn the financial sector,

industty VKDUH LQ V Wd&aMoaddjtMng, &nhd the lab@nd housingnarket In contrast to

theimpact of tax cut shock at a single point in ting tumulative impulse respossg€umRe |

) examinethe total accumulated effeaif the impact of théax cutshockto one of the four
macroeconomiwarablesin m acrossen year horizons. The cumulative impulse respohaes
been broadly applied to examine, among otlgasernment spending multipliers (Owyang et al.,
2013) macroeconomic impact ofiloprice shock (Hamilton, 2011), anithe output effects of



technologyshocks Gali, 1999). Apart from these applications, thenulativevalue of impulse
response functianis also used b@arlino and DeFina (1998, 1999ju and Williams (2019)and

Owyarg and Zubairy (2013s a dependent variable in cr@ggtion regression model.

Motivated by previous literature, the first set of covariates comprises the sectoral
composition of the state's GDP and the median household income. From 1977 to 204t she st
sectoral composition measures as the percentage of state's GDP accounted for by agriculture,
financial, professional, and business services, manufacturing, oil and mining, housing,

construction, and the public sector.
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Figure2.11 State Heterogeneitiekop panel shows share of private industries in state GDP {20%9); the
ERWWRP SDQHO VKRZV WKH VKDUH RI PDQXIDFWXOBQJ DQG ILQDQFL



2.5.2 Financial sector

As shown in the bottom panel ofgtire2.11, states differ significantly in the concentration
of financial industries. These differences can shed light on the analysis of thestatess
heterogeneities of tax shocks transmission. Mooij (2017) shows that the magnituddiotdebt
HODVWLFLW\ WR D FRUSRUDWH WD[ FXW VLJQLILFDQWO\ FRU
smaller and larger companies show higher response to tax changes. So, corporate tax cuts can have
higher and quicker responses in states whergetfions located. The recent empirical evidence,
as in FernandeYillaverde (2010), Gertler and Kiyotaki (20), and Zwick and Mahon (2014)
also, emphasize the importance of financial frictions in examining the effects of fiscal policy

changes.

Following Carlino and Defina (1998) and Cottarelli and Kourelis (1994), the second set of
covariates include total bank loans to households and businesses, loanslévetataall firms,
asset and equity for commercial banks, net interest margins, and ne¢ iftc@ommercial banks.
The proportion of bank loans to households and businesses is the proxy measure of broad credit
channel, which assumed to be strongly correlated to the response of output, income, and prices
(Dornbusch et al., 1998; Mihov, 2001). Tsmte OHYHO EDQNYV DVVHW HTXLW\ I
FRPPHUFLDO EDQNV DUH WKH SUR[\ PHDVXUH RI WKH ILQDQFL
WKH EDQNYY QHW LQWHUHVW PDUJLQ LV D SUR[\ RI WKH EDQ'I

2.5.3 Fiscal structure

The fiscal structures of U.S. states vary substantially across the states, as shown in Figure
2.12 The top panel of Figur2.12presents the average values of the state and local tax burdens,
and the bottom panel shows the state's income tax elas@ailijornia, Missouri, Illinois, New
York, Minnesota, and North Carolina are characterized as states with the highest tax burden, while
Wyoming, Nevada, South Dakota, and Texas have the lowest tax burdens. Following Liu and
Williams (2019) and Owyang anduBairy (2013), the statievel fiscal policy variables in this



study divided into two major categories. The first category consists ofsgt@téic tax variables,

such as state and local tax burdens, the elasticity of personal income tax, averagkipeosona

and corporate income tax rate. The second group includes state tax revenue, real sector
uncertainty, subsidy, and state unemployment benefits. Many of these series taken either from
Mumtaz, et al., (2018) or from the annual survey of state @ral overnment finances of the

U.S. Census Bureau.

2.5.4 Housing and Labor markets

The consensus in the empirical literature is that the more rigid labor markets strongly
associated with the more robust and persistent responses of output, pricaspananent to a
policy change (Bruckner and Pappa, 2012; Walsh, 2005; Zanetti, 2007). For example, Zanetti
(2007) finds that union bargaining reduces the elasticity of marginal costs to output and increases
output. This study includes std/el unemploynent rate, civilian labor force participation, and
sectoral employment to document the importance of labor market frictions. Besides, the proxy of
S5LJKW WR :RUN" ODzZV DQG WKH GHJUHH RI XQLRQL]DWLRQ
labor market it GLWLHYV 7KH 35LJKW WR ZRUN" ODZV H[LVW LQ \
market in those states is flexible because the law allows workers to make their own choice if they
ZDQW WR MRLQ D XQLRQ 7KH ILQDO VHW QRdectdoH dudhHasVRUYV L
homeownership rate, home vacancy rate, rental vacancy rate, and percentage of the housing sector
WR WKH VWDWHY{V *'3
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2.5.5 Baselineestimation: personaland corporateincome tax shocks

Table2.5shows the results of the five baseline regression models estimated by OLS. These
models include the key regressors explained in se2tlmt through?2.5.4. The specification of
the aselinemodels and the inclusion of regressors broadly based on previmiscal literature
(as in Carlino and Defina 1998; Oyang and Zubuary, 2013; Liu and Williams 2019). The first four
columns of Table2.5 show the results of the regressions for the impulse response of GDP
cumulated at the 1@ear horizons. The fifth colon shows the regression results where the

dependent variable refers to the GDP responses cumulated atehelrizons.

The first column is the simple specification of the baseline model accounting for the share
of the financial sector and two key stédvel fiscal variables. In addition to manufacturing share
and statdevel tax elasticity, the second model in column imadudesvariable from labor markets
and financial markets. The third and fourth columns make the model specification more
comprehensive by adding housing variables, average corporate income tax, and labor market
regulationsThe primary focus is on the result from the preferred baseline model in columns four
and five, where the dependent variable in column four refers terlongesponses, and the IRF

GDP 2yr indicates the shemtin responses.

The crossstate regression analysis applies the standardization regression process that
changesstatespecific all covariates on the same scale. The advantage of the standardized
regression approach is determining the sectors' relative strength to explain heterogeneous impulse
responsesso, he interpretation of the regression results in Table 2.5 is the standardized regression
coefficients that are based on changes in standard idevistits. For example, for every standard
deviation unit increase in the share of financial and manufacturing in the state's GDP in column
(4) of Table 2.5, the states' real GDP response increases by 0.59 and 0.38 standard deviation units,
respectively. @mparing the relative importance of these two sectors shows that a larger ratio of
financial industries in the state's GDP is related to a higher positive response of real output than
the manufacturing industries. Similarly, the negative coefficient ineTab shows that the state's
dependency on the debt has the most substantial adverse effect on the output rexgdise (

followed by state policy uncertainty0(27) and strict labor market regulatic.24).



Table 2.5: Baseline Regression (Persomebine tax shock)

Dependent variable

(1) (2) (3) (4) ()
IRF-GDP10 yr IRF-GDP10yr IRF-GDP10yr IRF-GDP10yr IRF-GDP2yr

Financial 0.36** 0.59%** 0.56*** 0.59%** 0.65***
(0.15) (0.16) (0.15) (0.16) (0.16)
State Govt. debt -0.307* -0.41** -0.39** -0.34** -0.39**
(0.15) (0.15) (0.15) (0.15) (0.15)
State uncertainty -0.32** -0.27** -0.23* -0.27** -0.19
(0.13) (0.13) (0.12) (0.13) (0.13)
Manufacturing 0.17* 0.33** 0.38+ 0.49%**
(0.12) (0.14) (0.14) (0.14)
State job creation 0.23* 0.30** 0.32** 0.32**
(0.12) (0.12) (0.12) (0.12)
Loans to small firms 0.25* 0.29** 0.26* 0.21*
(0.13) (0.12) (0.13) (0.13)
Elasticity of income tax -0.26* -0.28** -0.31** -0.30**
(0.12) (0.12) (0.14) (0.14)
Home ownership rate -0.29* -0.36** -0.35**
(0.14) (0.15) (0.15)
State Avg Corp.Inc. Tax 0.001 -0.014
(0.15) (0.15)
Labor market regulation -0.24* -0.24*
(0.13) (0.13)
Observations 50 50 50 50 50
Adjusted R 0.25 0.33 0.39 0.39 0.39

Note: *p<0.1; *p<0.05; **p<0.01



The regressors in preferred baseline models are the key regressors, as explained in sections
2.5.22.5.4 As shown incolumn (1) through (5), the stalevel covariates display a robust
relationship between the cumulative responses of personal income tax shocks and léneektate
economic structures. For the lengn responses, column {{4) of Table2.5 show that botlthe
financial and manufacturing share in the stateel GDP exert a highly statistically significant
positive effect on the expansionary response of tax cut shocks. The positive coefficient on the share
of finance suggests that higher concentration @B QFH LQVXUDQFH EDQNV LQ WK
to a higher increase in real GDP in the face of federal tax cuts.

Similarly, states with a higher share of manufacturing in their GDP also experience a
positive GDP response. The growth of statesl nonfarm job creation enters with a statistically
significant positive coefficient in both the shaahd longrun, reflecting the persistence response
in the state's GDP growth. The homeownership rate has a negative coefficient, as explained in
section2.5.4, significant at the 5 percent level, the percentage of bank loans to small firms has a
positive effect on the respansf GDP. The responses of GDP are negatively associated with the
increase in state income tax. The state's corporate income tax is also showing an adverse effect,

but coefficients are statistically insignificant in both the shemtd longrun.

The podiive correlation between states' financial and manufacturing share and the real
GDP response to a corporate tax cut is also positive and statistically significant across the five
baseline regressions, as shown in T@&eAs in the response of personatdéme tax cuts, states
with higher job creation rates tend to have higher real GDP responses to the corporate tax cuts.
The GDP responses are negatively correlated to the state's homeownership rate, while state and

local government debt are negative batistically insignificant.

The findings of the baseline regression have a connection to the impulse responses in
section2.4.3. The personal income tax cut leads to a higher increase in real GDP in states, like
Texas, Colorado, Oregon, ldaho, Californ@nd Florida. As shown in figur.11, the
concentration of private industries, particularly finance and manufacturing share, is also higher in
these six states. For example, private industry share accounts for a maximum of 3.87 percent in
Texas, followed ¥ 3.14 percent in California and 3.03 percent in Idaho. So, the larger share of
financial and manufacturing industries for these states validates the regression results in Tables

2.5and2.6and supports the economic significance of impulseoresp funcons in Figure.5



Table 2.6: Baseline Regression (Corporate income tax shock)

Dependent variable

(1) (2) (3) (4) (5)
IRF-GDP10 yr IRF-GDP10yr IRF-GDP10yr IRF-GDP10yr IRF-GDP2yr

Financial 0.29** 0.27*** 0.48** 0.53** 0.42%**
(0.13) (0.13) (0.22) (0.23) (0.27)
Manufacturing 0.23* 0.24* 0.41** 0.4+ 0.48***
(0.13) (0.13) (0.16) (0.16) (0.16)
State uncertainty -0.22 -0.22* -0.26* -0.22 -0.13
(0.13) (0.13) (0.14) (0.15) (0.14)
State Avg Corp.Inc. Tax-0.30** -0.20 -0.11 -0.10 -0.09
(0.14) (0.16) (0.17) (0.17) (0.17)
Elasticity of income tax -0.17 -0.23 -0.25* -0.28*
(0.15 (0.16) (0.16) (0.16)
Loans to small firms 0.25* 0.01 0.01 0.005
(0.13) (0.14) (0.15) (0.14)
State job creation 0.24 0.26* 0.20
(0.14) (0.15) (0.14)
Home ownership rate -0.41** -0.40** -0.32*
(0.17) (0.17) (0.17)
Labor market regulation -0.03 -0.02 -0.04
(0.15) (0.15) (0.15)
Housing -0.32 -0.30 -0.18
(0.21) (0.22) (0.21)
State Govt. debt -0.11 0.18
(0.17) (0.17)
Observatios 50 50 50 50 50
Adjusted R 0.17 0.17 0.21 0.20 0.22

Note: *p<0.1; **p<0.05; ***p<0.01



and 2.6. The scatter plots irFigure 2.13 showthe correlation between cumulative impulse
responses of states GDPaahange in either taxes and states characteriftamatsabove the

fitted linewith state acronyms indicate states with highest responses.

Additionally, Hgure 2.14 shows how the marginal coefficient of the cumulative response
of GDP varies with the variation of stateovariates The black straight line representsinio
estimates, while the shaded areas represent 95 percent bootstrap confidence interval. The top and
bottom panels show that state finance and manufacturing share feature an increasing marginal
response over the forecasted horizon. At a 2 percent share, the marginal effect of finance share on
GDP is 1.2, and the effect is 0.89 for the manufacturing shhese findings ar@earlyconsistent
ZLWK WKH LQGXVWULDO VKDUH RI WKH VWDWH(YfV *'3 LQ )LJXL
such as New Jersey and West Virginia, show the smallest GDP responses. If the share of finance
exceeds 1 percentg marginal GDP response is 0.95 percent for the personal income tax cut,
ZKLOH WKH HIIHFW LV SHUFHQW IRU WKH FRUSRUDWH LQFF
manufacturing sector, the marginal response of GDP is a decreasing functiétHofMWDWH TV UF

sector policy uncertainty.

As expected, the effect of labor market regulation on the impact of the tax cut in GDP is
negative and statistically significant. The magnitude of the estimated coefficients is the same for
both short and longrun horizons, and the effects are robust. The coefficient ofIstztéreal
sector uncertainty is also negative and significant, suggests that states with higher uncertainty may
signal an uncertain future environment when households and businesses dlieagutav
incorporate the tax cut incentives in their utility and production functions (Bloom, 2009; Mumtaz
et al.,, 2018; Bloom et al., 2018). However, the coefficient of state uncertainty index, fiscal
structure, and labor market regulation does not apgpea significant and robust component in

explaining the heterogeneity of GDP responses to federal corporate income tax changes.

The baseline regression specification includes state government debt as a percentage of
Gross State Product (GSP), which ddesed a key measure of state and local government fiscal
structure. The coefficient is negative and statistically significant across all baseline models. Rising
GHEW WR *63 UDWLR LQGLFDWHY D VWDWHIV ZHDNWU ILVFED!
relationship with the longun response to a tax cut shock. This finding moderately supports the
FULWLTXH FHRMKRZRFHUPRGHO ZKLFK SULPDULO\ GHSHQGV R



Equivalence Model. The model assumes that higher govetraiebh and future debt payments
translate into lower consumption, more private savings, and lower property values (Barro, 1994;
Eichenberger and Stadelmann, 2010). As a result, real output and prices decline as in the New
Classical and New Keynesian Modletough the components of aggregate demand channel. This
result is consistent with the U.S. state version of the Ricardian Equivalence Model of Banzhaf and
Oats (2012), who find that local debt finance options increase future tax burden and translate into

lower property values.
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Figure 2.13The left panel (right panel) shows the correlation between cumulative impulse responses of

states GDP to a personal income tax shock (a corporate income tax shock). Points with state acronyms

indicate states ith highest responses.



0.09

ta
ta

] 2 -1 o 1
Share of finance sector State-level uncertainty index

8]
(3]

-1 o 1
Share of manufacturing sector

&)

0.0

1

0 2 -2 - ] 1 2 -z -1 0] 1
Share of finance sector State-level uncertainty index Share of manufacturing sector

fa

Figure 2.4: The top panel (bottom panel) shows the marginal effect on the cumulative impulse responses of states GDP to a perstanal income

shock (a corporate income tax shock). The shaded area represents a 95 % bootstrap confidence interval.



2 5.6 Baseline estim#on: Other results

Column (1) and (4) in Table(7) and @.8) show the estimated results of the baseline
regression models. The cumulative response of personal income and employmentat 10
horizons is the dependent variable in both tables. The financial and manufacturing share, nonfarm
employment, and loan torall firms show a robust and positive effect on the response of personal
income and employment. States labor market regulation, government debt, aleVstdde rates
decrease employment. The economic policy uncertainty is showing a negative ingqecsd,

but statistically insignificant.

Regression models in Tak?e9 augment the baseline regression by adding four financial
friction-related variables: loans to households and business, the ratio of loan loss to the bank's total
asset, the ratiofmon-performing loans to total bank's loan, and net interest margin. The rationale
of the inclusion of these comes from the empirical framework of Carlino and Defina (1998, 1999),
Di Giacinto (2003), Cecchetti (2001), and Lucio and Izquierdo (1999).ddus fis on examining
the significance of the statevel liquidity and money supply that directly influences the price
levels. Corporate tax cuts increase the liquid assets of banks and other lenders, and thus financial
institutions respond to tax cuts pyoviding more loans to consumers and firms (Bernanke 1981;
Buiter and Panigirtzoglou, 1999).

The regression results in Tal@é@ support this liquidity effect, where loans to small firms
and loans to households and businesses show a robust and edfgitiven price levels. The ratio
of loan loss to total loan, ngwerforming loans, and the net interest margins appears as
contractionary components. They reduce the bank's solvency and increase the degree of
uncertainty about future liquidity. As expedi¢he coefficient of noperforming loans is negative.
It suggests that the rise of loan loss is associated with a lower money supply, leading to a drop in
price levels. The ratio of loan loss to total assets is not robust across the baseline modgels. Thes
findings are broadly consistent with the inflationary effects of marginal tax cuts at the zero lower

bound, as in Mertens and Ravn (2014).



Table 2.7: Baseline Regressigefsonal income tax shock)

Dependent variable

(1) 2 3) (4)
IRF-DPI 10 yr IRF-DPI2yr IRF-EMP 10 yr IRF-EMP 2 yr
Financial 0.59%** 0.62**+* 0.76*+* 0.78***
(0.15) (0.16) (0.17) (0.16)
State Govt. debt -0.37** -0.37** -0.33** -0.34**
(0.15) (0.15) (0.15) (0.13)
Manufacturing 0.44%*+* 0.46*+* 0.29* 0.31*
(0.14) (0.14) (0.17) (0.17)
State job creation 0.17 0.23* 0.33* 0.27*
(0.12) (0.12) (0.13) (0.14)
Loans to small firms 0.37%** 0.27* -0.006 -0.03
(0.13) (0.13) (0.13) (0.13)
Elasticity of income tax -0.34** -0.34* -0.27 -0.24
(0.14) (0.15) (0.18) (0.18)
Home ownership rate -0.37** -0.34** -0.10 -0.004
(0.15) (0.15) (0.16) (0.15)
Labor market regulation -0.36*** -0.38*** -0.34** -0.29**
(0.13) (0.13) (0.14) (0.13)
State uncertainty -0.14 -0.17 -0.17 -0.14
(0.13) (0.13) (0.13) (0.13)
State Avg Corp.ric. Tax 0.05 0.01 0.13 0.21
(0.15) (0.15) (0.18) (0.19)
Observations 50 50 50 50
Adjusted R 0.39 0.38 0.329 0.35
Note: *p<0.1; **p<0.05; **p<0.01



Table 2.8:Baseline Regressiordrporate income tax shock)

Dependent variable

(1) (2) (3) (4)
IRF-DP110yr IRF-DPI2yr  IRF-EMP 10 yr IRF-EMP 2 yr

Financial 0.48** 0.51 % 0.34* 0.39**
(0.17) (0.17) (0.20) (0.19)
State Govt. debt -0.34** -0.36** -0.04 -0.15
(0.16) (0.16) (0.19) (0.17)
Manufacturing 0.48*** 0.42** 0.18* 0.30*
(0.16) (0.16) (0.18) (0.17)
State job creation 0.22 0.27* 0.02 0.04
(0.14) (0.14) (0.16) (0.15)
Labor market regulation -0.33** -0.32** -0.23 -0.03
(0.15) (0.14) (0.17) (0.15)
Loans to small firms 0.016 -0.04 0.22 0.08
(0.14) (0.14) (0.16) (0.15)
Elasticity of income tax -0.40** -0.40** 0.09 0.14
(0.16) (0.1 (0.18) (0.18
Home ownership rate -0.22 -0.17 -0.08 0.13
(0.17) (0.17) (0.16) (0.18)
State uncertainty -0.11 -0.14 -0.17 -0.14
(0.14) (0.15) (0.13) (0.13)
State Avg Corp.ric. Tax 0.11 0.12 -0.14 -0.14
(0.17) (0.17) (0.20) (0.19)
Observations 50 50 50 50
Adjusted R 0.23 0.25 0.38 0.34

Note: *p<0.1; *p<0.05; **p<0.01



Tabe 2.9: Baseline Regressiomegponses of CPI)

Dependent variable

(PIT Shock) (CIT Shock)
1) (2) (3) 4)
IRF-CPI 10 yr IRF-CPI 2 yr IRF-CPI 10 yr IRF-CPI 2 yr
Financial 0.38** 0.29* 0.39** 0.37**
(0.16) (0.17) (0.16) (0.16)
Manufacturing 0.28 0.30* 0.26 0.29*
(0.17) (0.17) (0.16) (0.16)
Loans to small firms 0.49%** 0.38** 0.42** 0.42**
(0.17) (0.17) (0.17) (0.17)
Loans to HH & Business 0.98* 1.12** 1.17%** 1.31%**
(0.46) (0.47) (0.44) (0.45)
Loan loss/totahsset -0.22 -0.17 -0.22 -0.34
(0.212) (0.22) (0.22) (0.22)
Non-perform loans/totdlbans -0.68 -0.17 -0.83* -0.94*
(0.44) (0.45) (0.43) (0.43)
Net int. margin -0.20 -0.25 -0.29 -0.24
(0.18) (0.18) (0.17) (0.17)
State job creation 0.09 0.12 0.01 0.09
(0.15) (0.15) (0.14) (0.14)
Labor market regulation -0.05 -0.06 -0.02 -0.009
(0.16) (0.16) (0.16) (0.16)
Unemployment insurance -0.12 -0.07 -0.30* -0.25
(0.16) (0.16) (0.16) (0.16)
Observations 50 50 50 50
Adjusted R 0.13 0.10 0.16 0.16
Note: *p<0.1; **p<0.05; ***p<0.01



2.6 RobustnessAnalysis

This section performs several robustness analyses of the basgession resultby
employing four aspects of the state's characteristics. First, the analysis examines whether the
inclusion of the state's financial frictions affects the main results. It then examines if the
employment and regulatory framework of labor market chaiatiter are sensitive to the robust
relationship across a variety of specifications. Finally, the analysis considers additional variables
from the state's fiscal and housing sextdable 2.1312.20report he results of various robustness

analysis

Table2.11and?2.12 examine the effects of controlling loans to households and business,
loan loss, equity of commercial banks, and the net interest margin. Column (3) shows that all the
variables in the baseline model are significant after controllimgp@ral frictions related variables.

For corporate income tax cut, column (2) in Tablg3 shows that financial and manufacturing
share remain significant once the model controls loan loss to total asset ratio and the loan loss

reserves.

Table 2.14 and 2.15 explore the role of labor market variables in explaining the
heterogeneous responses. Column (2) in both Tables augments the baseline models by including
the right to work, sectoral employment, and unemployment insurance. The labor market regulation
andthe right to work show a negative effect, but the right to work is not significant across the
specifications. The effect of unemployment insurance is also robust and shows a positive impact

on the response of personal income and employment to eithert$ax c

1HW WKH PRGHO FRQWUROV WKH VWDWHYV EXGJHW GHII
burden rates. As shown in baseline models, columr@{ih Table2.16and2.17show that the
sign and significance of the baseline variables are stgnifiacross models. Consistavith
Mertensand Ravn (2013) and Liu and Williams (2019), the marginal effects of the coefficients are

higher for the personal income tax cut than the corporate income tax cuts.

Finally, modelsin Table.18 FRQWURO WKH VW baMtddvarigbeX Zal@nh PD UNH

(2)-(4) includes homeownership volume, housing and construction share in states GDP, home



vacancy rate, and the rental vacancy rate. Findings show that the baggission results remain
robust after controlling staevel housing market conditions. As in the baseline models, finance
and manufacturing share, job creation, and loan to small firms are significant and robust. Contrary
to the baseline model, the hoowenership rate in Tab218 2.19 and2.20turns out to be positive

and insignificant. In all specifications, the relationship between the cumulative responses and state
level key characteristics are also robust when the cumulative responses chand€-yesm

horizons to 2year horizons.



Table2.11 Controlling financial market

Dependent variable:

IRF(PIT}GDPLOyr

1) (2) 3) (4)
Financial 0.457*** 0.396** 0.508*** 0.594**x
(0.166) (0.159) (0.155) (0.164)
State uncertainty -0.353** -0.407** -0.346** -0.277**
(0.133) (0.130) (0.128) (0.133)
State Govt. debt -0.342** -0.330** -0.333** -0.354**
(0.158) (0.152) (0.143) (0.163)
Manufacturing 0.305* 0.307* 0.391*** 0.388**
(0.152) (0.144) (0.140) (0.149)
State job creation 0.348** 0.344** 0.339** 0.325**
(0.138) (0.129) (0.128) (0.131)
Home ownership rate -0.313* -0.298* -0.325** -0.374**
(0.168) (0.155) (0.153) (0.161)
State Avg. Corp. Inc. Tax 0.026 0.063 0.047 0.003
(0.162) (0.157) (0.150) (0.159)
State Avg. Pers. Inc. Tax -0.263* -0.280* -0.328** -0.314**
(0.154) (0.145) (0.141) (0.148)
Labor market regulation -0.284** -0.352** -0.3** -0.236*
(0.140) (0.139) (0.134) (0.138)
Loans to small firms 0.327** 0.309
(0.139) (0.440)
Tot loan loss/total assets -0.096 0.051
(0.154) (0.224)
Loan loss reserve -0.270* -0.381*
(0.135) (0.189)
Equity comm. banks -0.051
(0.449)
Observations 50 50 50 50
Adjusted R2 0.336 0.390 0.460 0.374

Note:*p<0.1; *p<0.05; ***p<0.01



Table 2.2: Response of CPI to PIT shock

Dependent variable:

IRF-CPI (PIT) 10 yr

1) 2 ®3) 4
Financial 0.452** 0.384** 0.407* 0.373*
(0.185) (0.176) (0.209) (0.211)
Manufacturing 0.410* 0.385* 0.394* 0.382*
(0.225) (0.220) (0.216) (0.224)
Public 0.176 0.185 0.136 0.112
(0.213) (0.218) (0.212) (0.216)
Loan to small firms 0.443** 0.733 0.476** 0.454**
(0.171) (0.496) (0.181) (0.180)
Non-performing loans -0.623 -0.819* -0.720 -0.760
(0.479) (0.470) (0.461) (0.460)
Loan to households and business 0.999* 1.032* 1.075** 1.123*
(0.521) (0.518) (0.482) (0.479)
Unemployment insurance -0.108 -0.042 -0.110 -0.116
(0.169) (0.163) (0.169) (0.171)
Labor market regulation -0.007 -0.001
(0.171) (0.176)
Loan loss reserves -0.053 -0.112
(0.227) (0.220)
Stae job creation 0.078 0.095
(0.153) (0.166)
Net interest margin -0.205 -0.205 -0.216
(0.191) (0.183) (0.183)
Equity comm. banks -0.316
(0.527)
Right to work -0.064 -0.140
(0.369) (0.363)
Total loan loss/ total asset -0.151 -0.117
(0.235) (0.235)
Emp (educ., fin and health) 0.001
(0.176)
Observations 50 50 50 50
Adjusted R2 0.098 0.095 0.108 0.100

Note: *p<0.1; **p<0.05; **p<0.01



Table2.13 Controlling financial market

Dependent variable:

IRF(CIT)-GDP10 yr

1) 2 ®3)
Financial 0.350* 0.367* 0.327*
(0.185) (0.190) (0.191)
State uncertainty -0.181 -0.161 -0.181
(0.150) (0.152) (0.154)
Manufacturing 0.457*** 0.476*** 0.470***
(0.168) (0.172) (0.170)
Elasticity of income tax -0.251 -0.287 -0.277
(0.167) (0.172) (0.169)
State job creation 0.226 0.189 0.218
(0.147) (0.157) (0.149)
Home ownership -0.298 -0.387* -0.33%*
(0.181) (0.191) (0.181)
Labor market regulation -0.078 -0.034 -0.069
(0.156) (0.156) (0.161)
State Avg. Corp. Inc. Tax -0.134 -0.116 -0.110
(0.179) (0.183) (0.182)
State Govt. debt -0.053 -0.137 -0.125
(0.184) (0.178) (0.177)
Equity comm banks 0.712 0.023 0.098
(0.506) (0.182) (0.163)
Loan to small firms -0.668
(0.496)
Total loan loss/Total asset 0.086
(0.200)
Loan loss reserve -0.123
(0.163)
Observations 50 50 50
Adjusted R2 0.204 0.171 0.179

Note: *p<0.1; **p<0.05; ***p<0.01



Table 2.3: Controlling labor market

Dependent variable:

IRF(PIT)-GDPLOyr

1) 2 3 4
Financial 0.603*** 0.560*** 0.471%** 0.591***
(0.175) (0.184) (0.173) (0.168)
State uncertainty -0.234* -0.234 -0.255* -0.279**
(0.133) (0.139) (0.141) (0.133)
State Govt. debt -0.367** -0.364** -0.303* -0.354**
(0.161) (0.170) (0.167) (0.149)
Manufacturing 0.342** 0.364** 0.288* 0.468***
(0.150) (0.1712) (0.153) (0.163)
Home ownership rate -0.297* -0.287 -0.253 -0.292*
(0.159) (0.176) (0.164) (0.160)
State Avg. Corp. Inc. Tax -0.060 -0.0L 0.015 0.068
(0.158) (0.165) (0.170) (0.160)
Elasticity of income tax -0.247* -0.246 -0.265* -0.386**
(0.146) (0.154) (0.156) (0.159)
Loans to small firms 0.304** 0.293** 0.258* 0.273**
(0.137) (0.143) (0.144) (0.130)
Right to work 0.123 0.048 -0.239
(0.300) (0.310) (0.336)
State job creation 0.323* 0.370***
(0.136) (0.130)
Emp (educ, fin and health) 0.229
(0.161)
Labor force participation -0.255
(0.168)
Unemployment insurance 0.192
(0.127)
Labor market regulation -0.229*
(0.133)
Observations 50 50 50 50
Adjusted R2 0.345 0.288 0.293 0.413

Note:

*p<0.]K0:95; **p<0.01



Table 2.5: Controlling labor market

Dependent variable:

IRF(CIT)-GDP10 yr

@ )
Financial 0.508** 0.441*
(0.236) (0.242)
State uncertainty -0.221 -0.207
(0.149) (0.159)
Manufacturing 0.408** 0.410**
(0.165) (0.192)
Elasticity of income tax -0.239 -0.243
(0.159) (0.175)
Loan to small firms -0.043 -0.016
(0.150) (0.156)
Home ownership rate -0.339* -0.360*
(0.174) (0.196)
State Avg. Corp. Inc. Tax -0.134 -0.089
(0.172) (0.185)
Housing -0.361 -0.232
(0.223) (0.223)
State Govt. debt -0.159 -0.092
(0.176) (0.182)
State job creation 0.235
(0.151)
Emp (educ., fin and health) 0.113
(0.176)
Right to work -0.349
(0.335)
Labor market regulation -0.025
(0.160)
Observations 50 50
Adjusted R2 0.224 0.152

Note: *p<0.1; **p<0.05; ***p<0.01



Table 2.8: Controlling fiscal structure

Dependent variable:

IRF(PIT)-GDPLOyr

1) 2 ®3) “4)
Financial 0.650*** 0.652*** 0.670*** 0.725***
(0.188) (0.187) (0.188) (0.187)
State uncertainty -0.265* -0.326** -0.269* -0.327**
(0.144) (0.153) (0.143) (0.143)
State Govtdebt -0.396** -0.449* -0.408** -0.374**
(0.166) (0.175) (0.166) (0.158)
Manufacturing 0.413* 0.351* 0.454** 0.385**
(0.190) (0.204) (0.192) (0.184)
State job creation 0.357** 0.399** 0.365** 0.388***
(0.142) (0.148) (0.144) (0.138)
Loans tosmall firms 0.267* 0.245* 0.266* 0.255*
(0.143) (0.144) (0.143) (0.137)
Home ownership rate -0.177 -0.193 -0.173 -0.103
(0.182) (0.167) (0.182) (0.181)
Elasticity of income tax -0.352* -0.334* -0.307 -0.341**
(0.177) (0.184) (0.198) (0.139)
Public 0.172 0.082 0.204 0.207
(0.232) (0.234) (0.229) (0.220)
Tax -0.051 -0.130 -0.033 -0.236
(0.181) (0.199) (0.189) (0.207)
Subsidy -0.066 -0.071 -0.095
(0.148) (0.150) (0.143)
Budget deficit -0.049 0.051 -0.002
(0.141) (0.173) (0.138)
State Avg. Corp. Inc. Tax 0.0003 0.008
(0.170) (0.172)
Insurance 0.175
(0.199)
State AvgPers Inc. Tax -0.022 -0.071
(0.195) (0.199)
State AvgsalesTax 0.258
(0.155)
Observations 50 50 50 50
Adjusted R2 0.316 0.328 0.316 0.364

Note: *p<0.1; *p<0.05; **p<0.01



Table 2.7: Controlling fiscal structure

Dependent variable:

IRF(CIT)-GDP10 yr
1) 2)

Financial 0.549** 0.522**
(0.236) (0.248)
Manufacturing 0.450** 0.454*
(0.173) (0.176)
Elasticity of income tax -0.181 -0.354*
(0.192) (0.180)
State job creation 0.281* 0.225
(0.152) (0.156)
Loan to small firms -0.043 0.032
(0.151) (0.155)
Home ownership rate -0.403** -0.447**
(0.174) (0.202)
Laba market regulation -0.004 -0.029
(0.156) (0.159)
Housing -0.301 -0.272
(0.219) (0.244)
State Govt. debt -0.148 -0.215
(0.175) (0.170)
State AvgPersInc. Tax -0.195
(0.210)
Tax burden rate 0.053
(0.209)
State Avgsales ax -0.233
(0.152)
Tax 0.048
(0.183)
Observations 50 50
Adjusted R2 0.213 0.151

Note: *p<0.1; *p<0.05; **p<0.01



Table 2.8: Controlling housing variables

Dependent variable:

IRF(PIT)-GDPLOyr

@ @ ®3) “4)
Financial 0.733*** 0.622*** 0.701*** 0.643***
(0.174) (0.229) (0.170) (0.235)
State uncertainty -0.313** -0.318** -0.318** -0.327**
(0.142) (0.144) (0.142) (0.147)
State Govtdebt -0.334** -0.370** -0.318* -0.336*
(0.160) (0.158) (0.167) (0.174)
Manufacturing 0.434** 0.383** 0.364** 0.371**
(0.180) (0.164) (0.164) (0.168)
State job creation 0.337** 0.299** 0.350** 0.327**
(0.137) (0.142) (0.142) (0.154)
Loanto small firms 0.258* 0.238* 0.251* 0.256*
(0.141) (0.137) (0.139) (0.144)
State Avg. Corp. Inc. Tax -0.002 0.006 0.019 0.018
(0.169) (0.169) (0.168) (0.172)
Elasticity of income tax -0.382** -0.376** -0.367* -0.372**
(0.168) (0.169) (0.169) (0.171)
Public 0.350* 0.294 0.329* 0.312
(0.184) (0.187) (0.180) (0.192)
Labor market regulation -0.135 -0.168 -0.134 -0.142
(0.136) (0.134) (0.138) (0.145)
Home ownership vol 0.107
(0.143)
Housing 0.112 0.097
(0.204) (0.209)
Home vacancy rate 0.106
(0.153)
Rental vacancy rate 0.080
(0.164)
Observations 50 50 50 50
Adjusted R2 0.347 0.342 0.345 0.329

Note: *p<0.1; *p<0.05; **p<0.01



Table 2.8: Controlling housing variables

Dependent variable:

IRF(PIT)}DPI10yr

) ) ®3)
Financial 0.783*** 0.580** 0.612%**
(0.165) (0.227) (0.225)
State Govt. debt -0.325% -0.361** -0.322*
(0.152) (0.168) (0.167)
Manufacturing 0.592*** 0.454*** 0.438***
(0.172) (0.163) (0.161)
State Avg. Corp. Inc. Tax 0.038 0.068 0.091
(0.161) (0.166) (0.165)
Income elasticity of tax -0.440*** -0.417** -0.418**
(0.160) (0.166) (0.163)
Public 0.443** 0.340* 0.368*
(0.175) (0.185) (0.184)
Loan to small firms 0.410*** 0.378*** 0.406***
(0.134) (0.137) (0.138)
State job creation 0.218 0.172 0.206
(0.131) (0.148) (0.148)
Labor market regulation -0.233* -0.279* -0.242*
(0.130) (0.138) (0.139)
State uncertainty -0.148 -0.154 -0.191
(0.135) (0.143) (0.141)
Home ownership vol 0.251*
(0.136)
Home vacancy rate 0.102
(0.154)
Rentalvacancy rate 0.197
(0.158)
Housing 0.181 0.175
(0.207) (0.200)
Observations 50 50 50
Adjusted R2 0.409 0.366 0.384

Note: *p<0.1; **p<0.05; ***p<0.01



Table 2.20 Controlling financiallabor, fiscal and housing variables

Dependent variable:

IRF (CIT)-EMP10 yr
1) 2 3) 4)

Financial 0.759*** 0.773*** 0.797*** 0.558**
(0.166) (0.205) (0.171) (0.221)
State Govt. debt -0.323* -0.400** -0.338** -0.374**
(0.156) (0.173) (0.156) (0.154)
State uncertainty -0.130 -0.128 -0.164 -0.134
(0.144) (0.144) (0.137) (0.136)
Manufacturing 0.375* 0.261 0.303* 0.281*
(0.200) (0.187) (0.170) (0.162)
State job creation 0.335** 0.343** 0.347** 0.265*
(0.137) (0.155) (0.136) (0.138)
Elasticity of income tax -0.226 -0.147 -0.125 -0.273
(0.189) (0.186) (0.167) (0.176)
Public 0.557*** 0.568*** 0.499** 0.521***
(0.181) (0.200) (0.189) (0.168)
Loan to households and business 0.141
(0.181)
Home ownership rate -0.113 0.014 -0.082
(0.164) (0.174) (0.167)
Labor market regulation -0.277 -0.294** -0.344**
(0.166) (0.138) (0.131)
State AvgPers Inc. Tax 0.107 -0.016 0.107
(0.190) (0.194) (0.184)
Loan to small firms 0.023 -0.011 -0.002
(0.147) (0.135) (0.132)
Right to work 0.067
(0.326)
State Avg. Corp. Inc. Tax -0.108
(0.167)
Housing 0.304
(0.196)
Observations 50 50 50 50
Adjusted R2 0.371 0.261 0.359 0.392

Note: *p<0.1; *p<0.05; **p<0.01



2.7 Conclusion

This paper estimates panel FAVAR models to examine thelstakresponse o&DP,
personal income, price levels, and employment to U.S. federal narrative tax changes. The findings
uncover a substantial heterogeneity on the impact of personal and corporate income tax cuts on
statelevel macroeconomic variables. The magnitude ansigience of the GDP, personal income,
and employment responses to either tax cut are estimated to be largest in Colorado, Texas, Florida,
California, Kansas, Arizona, and Nevada. In contrast, the federal personal income tax cut has a
smaller impact on th&DP, personal income, and employment in states such as Oklahoma, Rode
Island, New Mexico, Maine, New Hampshire, and Vermont. The FAVAR results highlight the
significance of the NevClassical and the Keynesian models that link federal tax cuts with state
level real GDP and income growth. The findings of the FAVAR model are moderately consistent
in directions and persistence with the conclusions of Liu and Williams (2019), and Marten and
Ravn (2013), and Romer and Romer (2009).

Crossstates regression analysiuggests that real GDP, personal income, and employment
rise in states with a larger share of finance and manufacturing industries, higher nonfarm
employment, and flexible supply of loans to small firms. States characterized by a higher amount
of governnent debt, strict labor market regulations, a higher degree of economic policy
uncertainty, and a higher tax burden appear to be negatively affected by federal tax changes. The
crossstate regression analysis provides new insight into microeconomic chddhed/ D[ VKRFNTV
transmission mechanism. The analysis broadly supports the economic significance of impulse

response functions.
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Appendix Figure: Impulse Response Functions



Figure2.15 ,PSXOVHV UHV SRQVHYV gercevititonhi federal BefdbRal income tax rate.



Figure2.16 ,PSXOVHV UHVSRQVHV RI VWDW H 1 Vp&sde McBtROIe EeQdtal pfdonaR@dne tax@ateRPH WR D



Figure2.17 ,PSXOVHV UHV SR QV H Vpddentt\y 0 WWeHdgoerakBersdidRinbome tax rate.



Figure2.18 ,PSXOVHV UHVSRQVHV RI VpaArtewthtfothelfede@lipéeRdha) eoweRabrate.



Figure2.19 ,PSXOVHV UHV SRQVHYV gercevitnitonhd federal 8orpoRitebincome tax rate.



Figure2.20 ,PSXOVHV UHVSRQVHV RI VWDW H T VpésdenBtRoIEEeQdtal 8diddrdtR iQdoree tar&t® PH W R D



Figure2.2 ,PSXOVHV UHVSRQVHV R VparEeWcHt YothelfBde@lRamPdiafeWcdhR tdx rate.



Figure2.22 ,PSXOVHV UHV SR QYV H VpddeniWy o We-fdoerakdrpdake ilcome tax rate.



Appendix Table



Table 2.10Nonfarm employment elasticity

State PIT CIT

AL 0.31 0.18
AK 0.015 0.002
AR 0.21 0.23
AZ 0.81 0.57
CA 0.61 0.37
Cco 1.2 1.28
CT 0.41 0.24
DE 0.5 0.36

FL 0.8 0.48
GA 0.6 0.21
HI 0.6 0.012
IA 0.53 0.51
ID 0.91 0.43
IL 0.38 0.24
IN 0.31 0.22

KS 0.34 0.43
KY 0.42 0.4
LA 0.005 0.004
MA 0.4 0.72
MD 0.4 0.22
ME 0.42 0.32
Ml 0.5 0.48
MN 0.21 0.32
MO 0.44 0.37
MS 0.42 0.4
MT 0.005 0.004
NC 0.4 0.18
ND 0.012 0.01
NE 0.23 0.16
NH 0.005 0.003
NJ 0.45 0.18
NM 0.42 0.28
NV 15 0.92
NY 0.41 0.12
OH 0.43 0.38
OK 0.45 0.18
OR 0.42 0.33
PA 0.41 0.25
RI 0.005 0.003
SC 0.42 0.21
SD 0.43 0.41
TN 0.41 0.26
X 0.51 0.23
uT 0.61 0.45
VA 0.58 0.18
VT 0.41 0.3
WA 0.51 0.4
W 0.41 0.32
Wwv 0.001 0.002
wy 0.015 0.001




