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Abstract

We study U.S. state tax rules over the past 70 years to shed light
on the determinants of U.S. state tax policy, generating three key re-
sults. First, we show that long-term tax trends are not consistent with
Tiebout sorting and race-to-the-bottom competition models. Second,
we document evidence of increasing polarization of tax rates between
Democratic and Republican states in the 1970s and from 2000 onward.
Third, we use machine learning techniques to show that the timing and
magnitude of tax changes are not driven by federal changes, economic
needs, state politics, institutional rules, neighbor competition, or demo-
graphics. Altogether, these factors explain less than 20% of observed
tax variation.

JEL Classification: D72, H20, H71, H73, H77
Keywords: state taxes, fiscal federalism, income tax, corporate tax,
sales tax, cigarette tax, alcohol tax, gasoline tax, machine learning

*Sarah Robinson: Department of Economics, UCSB (sarahrobinson@uecsb.edu); Alisa
Tazhitdinova: Department of Economics, UCSB and NBER (tazhitda@uesb.edu). We thank
Youssef Benzarti, Johannes Fleck, Cailin Slattery, Gonzalo Vazquez-Bare, Kim Rueben,
Francis Wong and seminar participants at Stanford, UCSB, CESifo Public Economics We-
binar, Mannheim Taxation Conference, RIDGE Public Economics Workshop, Texas A&M
Public and Labor Economics Workshop, and 2021 NTA meetings for insightful suggestions.
We thank Peter Feng, Duc Khuong, Sarah Papich and Yaoqi Yang for excellent research as-
sistance. Sarah Robinson thanks National Institute on Aging, Grant Number T32-AG000186
for financial support.



Taxation is at the heart of redistribution and can be a powerful tool for
correcting market failures and smoothing business cycles. However, increasing
political polarization and legislative gridlock in the U.S. has made it difficult
to achieve these goals using fiscal policyH While these issues have been studied
on a national level, much less is known about the extent to which they pervade
tax policy at the state level, despite its great importance — the U.S. states raise
large tax revenues (over $1T or 5% of U.S. GDP each year) and provide a wide
range of services and welfare benefits to their residents.

The goal of this paper is to provide a comprehensive analysis of the plau-
sible determinants of U.S. state tax policy, focusing both on long-term trends
and the actual timing of policy changes. We start by evaluating the degree of
policy heterogeneity over the past 70 years, the direction of tax trends, and the
growth of polarization, and compare these outcomes to the long-term predic-
tions of fiscal federalism models. Next, we use permutation analysis, variance
decomposition, and machine learning techniques to evaluate to what extent
the timing and magnitude of tax changes are driven by economic, political,
and institutional factors highlighted by the previous literature. This allows
us to assess the degree to which tax changes and their timing are reactionary
versus idiosyncratic in nature. We consider economic influences, such as com-
petition and changing revenue requirements due to economic downturns or
federal mandates; political influences, such as election cycles, composition and
changes of political powers within the state; institutional features, such as the
size of state legislatures, term limit requirements, balanced budget and voter
initiative rules; and the relationship between federal and state tax policies.

The comprehensive nature of our approach and the flexibility of the ma-
chine learning algorithms we employ allow us to evaluate the extent to which
existing studies of policy setting behavior, taken together, can explain the
tax-setting processes. We formally show that in a broad set of policy setting

models, tax policy should be highly predictable even if policymakers’ pref-

! For evidence on political polarization see McCarty et al.[(2016). For empirical evidence
on policy uncertainty and legislative gridlock, see e.g. |Binder| (2004)), Baker et al.| (2014),
Mian et al.| (2014), |Aizenman et al.| (2021)).



erences are somewhat idiosyncratic. Empirically, this implies that a flexible
machine learning algorithm that incorporates relevant explanatory variables
should have a high predictive power. Therefore, a low explanatory power — as
we find — implies that either tax policy has a large idiosyncratic component,
or that relevant explanatory factors have been omitted from the model. Our
results do not imply that the factors we consider are not important, merely
that other factors may have even larger influence on tax policy, suggesting a
need for future work.

For our analysis, we have collected detailed information on state personal
income, corporate, sales, cigarette, gasoline and alcohol taxes, from 1950 until
2020. We focus on these taxes because they are primarily controlled by state,
rather than local, governments, and combined represent approximately 80% of
state tax revenues. Since tax policies are multi-dimensional, in our analysis we
focus on six key parameters — top personal income tax rate, top corporate tax
rate, standard sales tax rate, cigarette tax per pack, gasoline tax per gallon,
spirit tax per gallon. By focusing on (top) statutory rates, our analysis centers
on tax features that are important for inequality considerations and, due to
their salience, provide the best test of fiscal federalism models.

Our analysis generates three key insights. First, focusing on the long-
term trends, we show that tax rates exhibited a period of rapid convergence in
1950-1980s, which was primarily fueled by the adoption of new taxes by states.
In the most recent 30 year period, however, all six tax rates exhibited stable
levels of tax rate variance, and have neither been converging nor diverging over
time.ﬂ Our results are consistent with and complementary to the findings of
Rhode and Strumpf| (2003) who document a substantial convergence in state
policies (mainly tax expenditures) over the 20th century but show similar level
of policy heterogeneity during the last 30 years of the century. The observed
trends are thus inconsistent both with Tiebout-sorting models (which predict

divergence of tax rates) and race-to-the-bottom competition models (which

2 Our results are robust to using various measures of convergence, e.g. coefficient of
variation (CV) defined as the ratio of the standard deviation to the mean or simple standard
deviation.



predict convergence), suggesting that these were not the primary drivers of
tax policy changes during the most recent period.

Second, we explore to what degree polarization permeates state tax poli-
cies. To do so, we compare tax policies in states that have only voted for a
Democratic presidential candidate since 2000 elections to states that have only
voted for a Republican candidate. We find that states that lean Democratic
tend to have higher tax rates on average, and that the difference between av-
erage taxes in Democratic and Republican states was particularly large during
the 1970s and from approximately 2000 onward. Importantly, the higher tax
rates in Democratic states are not driven by a few outliers — tax rates are gen-
erally higher across all percentiles. At the same time, we note a substantial
overlap in tax rates between Democratic- and Republican-leaning states, im-
plying that political leanings explain only a small share of the overall variation
in state tax policy. Furthermore, we see little evidence of convergence among
states with the same party in control.

Our findings of increasing polarization between states with Democratic
and Republican majorities suggest that the observed polarization in political
discourse indeed translates into polarization in tangible tax policy, resulting
in approximately 20% higher taxes in Democratic states as compared to Re-
publican states. However, while polarization in public preferences has been
observed since the 1970s (McCarty et al.| (2016))), tax policies polarized during
the 1970s, followed by convergence during the 1990s and increased polarization
from 2000 onward.

Third, we show that the timing and magnitude of tax changes are difficult
to predict, suggesting that either taxes are not legislated “in response to” eco-
nomic and political events, or that the response is often untimely, perhaps, due
to legislative gridlock. We use two approaches to show this. We start by us-
ing permutation techniques to investigate what share of tax changes follow an
event of interest: a recession, the introduction of an unfunded federal mandate,
neighboring state’s tax change, or a change of majority party. We compare
observed co-occurrences to a simulated benchmark that assumes the timing of

tax changes is random. Our analysis shows that the rates of co-occurrences



are not dramatically different from the simulated benchmark, suggesting that
economic and political events have a limited influence on the timing of tax
changes.

Next, we turn to a variance decomposition approach and machine learning
techniques. Overall, we find that federal changes, economic needs, neighborly
competition, institutional features, political factors and demographics explain
less than 20% of variation in the timing and magnitude of tax changes, even
when employing machine learning techniques that allow for various interactions
and flexible functional forms. Interestingly, variance decomposition suggests
that tax increases and tax decreases may be influenced by different factors.
For example, tax increases are substantially more influenced by federal tax
policy than tax decreases. Similarly, economic factors (recessions and man-
dates), neighbors’ and own other tax rate levels are more important for tax
increases, while size of legislatures, balanced budget provisions, demographics
and historical rates are more important for decreases.

While low explanatory power is rarely of concern in economics because of
researchers’ focus on identifying causal relationships, it is of great interest in
the setting of state tax policies. For this reason, tax policy choice process has
been the focus of a large number of empirical and theoretical studies, discussed
below. Our inability to explain a large share of tax fluctuations thus suggests
that a wide range of existing models, even when combined, do not explain the
observed policy outcomes. One possibility is that our analysis omitted impor-
tant drivers of tax policy, for example, lobbying and political contributions,
that play a substantially more important role than the economic, political and
institutional influences the literature has focused on. Alternatively, the legisla-
tive process for tax policy may be so complex that idiosyncratic factors create
substantial randomness in the timing of policy responseﬁ This implies that
tax policy is unnecessarily volatile, resulting in excess state tax revenue volatil-

ity, business cycle volatility, and policy uncertainty that can have detrimental

3 For example, [Mian et al.| (2014), provide evidence of delayed government interventions
in response to financial crises due to increasing polarization and resulting weakening of the
ruling coalition.



effects on growth and the welfare of state residents/]

Our results bring some good news to empirical researchers who rely on
tax variation as a source of identification — the timing of tax changes indeed
appears to be largely exogenous to many observable state characteristics and
does not coincide with major economic or political changes. Having said that,
tax changes often coincide with other changes within the state, and in many
states, tax changes follow a trend. This is concerning because many empirical
studies do not control for changes in other tax rates and do not account for
taxes’ path dependence.

A caveat to our analysis is that we do not explore changes in tax base rules,
yet these may have sizable implications on tax revenue. To the extent that
tax base rules are less salient to voters and are more complex, they are likely
to be more driven by idiosyncratic factors and thus be even less predictable
than (top) tax rates. Relatedly, our analysis does not account for differences
in cost of living across states, which are likely to result in differences in tax
bases. This is of particular concern for property taxes, since the property tax
burden is heavily influenced by its tax base. For this reason, we do not include
property taxes in our analysis, despite their nontrivial contribution to states’
tax revenues | On the other hand, the excise taxes that we consider — gasoline,
cigarette and alcohol taxes — have a uniform tax base and are robust to this
issue.

This paper is related to several lines of prior work. Our paper builds
on the vast literatures that study the policy choices of the federal and local
governments. This wide range of work explores fiscal competition (e.g. Besley
and Rosen| (1998); [Rork| (2003); Devereux et al.| (2007)); preference-based sort-
ing (e.g. Tiebout| (1956)); Rhode and Strumpf| (2003); Boadway and Tremblay
(2012))), the importance of political cycles and structures (e.g. Alesina et al.
(1997); Nelson| (2000) and Alt and Lowry| (1994); Bernecker| (2016))), federal

mandates (Baicker et al. (2012))), and various institutional features, such as

4 Seegert| (2016)) explores the nature of state tax revenue volatility and shows that it is
largely driven by state tax policy.

5 Furthermore, property taxes vary across the localities within the state, to a much larger
extent than other types of taxes.



balanced budget provisions (Poterbal (1994))), size of legislatures (Gilligan and
Matsusaka (2001)), term limits (Besley and Case| (1995a)); |[Erler| (2007))), and

legislative initiative rules (Matsusaka (1995]); Matsusaka (2000)); Asatryan et|
(2017a))). Our work builds on these studies but differs in four dimensions:

we focus on overall explanatory power instead of causal relationships, we take a

comprehensive approach by considering numerous influences together instead
of emphasizing a specific channel, we use machine learning techniques to allow
for flexible modeling, and we focus on the timing of tax changes rather than tax
levels in generalﬂ Our focus on predictive power allows us to evaluate to what
extent these models are able to explain the observed behavior. Consistent with
previous work, we confirm that competitive, political and institutional forces
matter, but show that they explain a relatively small share of the overall tax
policy fluctuations.

Our paper also contributes to the literature that studies the policy con-
sequences of polarization (McCarty (2007)); Bjgrnskov and Potratke| (2013);
\Grumbach| (2018); Rigby and Wright| (2015]); McCarty et al| (2016])) by fo-
cusing on state tax policy. The closest study by Grumbach! (2018) also finds

an increase in tax policy polarization after 2000, measured as the difference
between the number of liberal and conservative tax policies. In our analy-
sis, we focus on tax rate levels directly, thus avoiding the need for subjective
classifications.

Finally, this paper builds upon a small number of studies that document
basic facts about state and local tax policies. The closest study,
, document how state and local taxes have changed over time, while
Sudrez Serrato and Zidar| (2018) and Slattery and Zidar| (2020) provide a com-

prehensive overview of state business tax policies. We extend the previous

work by collecting extensive data on state tax policies, as well as on political

and institutional factors.

6 Our work is thus related to [Ferede et al.| (2015), [Kakpo (2019) and |Gupta and Jalles
(2020)), but is more comprehensive both in our approach and in scope.




1 Conceptual Framework

In this paper we evaluate the extent to which the timing and magnitude of
tax changes are driven by economic, political, and institutional factors. To
do so, we measure the share of observed variation in tax changes that can
be explained by the explanatory variables identified in the previous literature.
Our approach thus raises a natural question: should tax policy be predictable,
and if it is not, what does that imply? In this section, we argue that in a broad
set of policy setting models, tax policy should be highly predictable even if the
individual behavior of policymakers is not. As a consequence, if a sufficiently
flexible econometric model has limited predictive power, then the explanatory
variables such model used are unlikely to be drivers of the policies we analyze.
This implies that either other factors are at play or the policy setting process
is truly idiosyncratic.

Consider two broad categories of policy setting models. In the first set of
models, tax policies represent implementations of “optimal” policies as defined
by the optimal tax literatures. In this case, tax changes should be fully deter-
mined by changes in economic fundamentals, such as elasticities, population
shares, and other relevant parameters. To the extent that these fundamentals
(or their proxies — e.g. demographic and economic indicators) are observable
to policymakers, they should also be observable to researchers, making tax
policy highly predictable.

The second set of models treats policy makers as potentially self-interested
utility-maximizing agents who may or may not take voter preferences into
account. In these frameworks, tax policy should still be highly predictable,
even if the policymakers who cast the votes experience idiosyncratic shocks,
as long as the appropriate measures of aggregate policymakers’ preferences
and relevant decision-making factors can be observed. To build intuition,
consider the outcome of a 70-30 weighted coin flip. If we were to predict the
outcome of an individual flip, we would fail approximately 30% of the time.
However, if our goal is to predict whether 100 coin flips will result in a majority

heads outcome, we are likely to succeed with nearly a 100% probability. Note,



however, that the majority heads outcome gets harder to predict as the coin
gets closer to the 50-50 unweighted case.

Turning back to policy setting, suppose a policymaker’s decision to vote
yes on a given policy at time t is driven by a time-varying individual preference
a;t, a vector of observable factors X;;, and a random shock ;. Furthermore,
assume policymaker ¢ votes yes if the policy results in positive utility, and no

otherwise:

1 if Ui+ BXir +eir) >0,

Vote; =

0 otherwise.
If we were to predict individual policymakers votes using observable factors X,
then the explanatory power would depend on the variance of the idiosyncratic
factors ;. For example, some policy votes are easily predictable because they
strictly follow party lines, while others appear to be driven by unobservable
factors.

However, if policy adoption is determined by the majority rule, as is
common in U.S. state legislatures, then policy prediction implies predicting
whether the share of yes votes, %ZZ Votey, exceeds 0.5. By the law of large
numbers, for a sufficiently large number of voters n, the share of yes votes is

approximated by the expected value:

1
- Z Votey — E[Votey| = ProblU(ay + Xy + ei) > 0].

Therefore, in contrast to individual policymakers’ votes that are idiosyncratic
to some degree, policy decisions are effectively deterministic and are driven by
the joint distribution of policymakers’ preferences, observable factors and id-
iosyncratic shocks. One exception to this rule is circumstances where E[V ote]
is close to 0.5. In these situations, the policymakers are evenly split making
policy outcomes potentially as difficult to predict as individual votes.

Two practical considerations are worthy of a discussion. First, state leg-
islatures are not very large, ranging from 20 to 67 members in the upper

chamber and from 40 and 400 members in the lower chamber, with the aver-



ages of 40 and 110 members, respectively. Due to legislatures’ size, the law of
large numbers will not hold perfectly, resulting in some uncertainty. This un-
certainty should be smaller for larger state legislatures and when the variance
of Vote; is small. Second, the joint distribution of policymakers’ preferences,
observable factors and idiosyncratic shocks is not known. For this reason,
an econometric model employed to predict policy outcomes ought to be suf-
ficiently flexible, in order to allow for unknown relationships and functional
forms. Since machine learning techniques such as LASSO and Random Forest
allow for such flexibility, lack of predictive power in such models would imply
that either relevant explanatory factors have been omitted, that individual
idiosyncratic shocks dominate policymakers’ preferences and decision-making

factors, or that policymakers are evenly split in their preferences.

2 Data

2.1 Tax Rate Data

We collect data on top personal income, top corporate income, sales, cigarette
per pack, gasoline per gallon and alcohol spirit per gallon taxes from the Coun-
cil of State Governments Book of the States from 1949 until 20201 Whenever
possible, we cross-validate tax data with other sources, such as Tax Founda-
tion, Tax Policy Center, OTPR’s World Tax Database, CDC, and the Fed-
eration of Tax Administrators. We complement this information with corre-
sponding federal tax rates.

Since we are interested in understanding the timing of tax changes, we
record the new tax rate in the year it becomes effective even if the change
occurs at the end of the calendar year. When focusing on tax changes, for
excise taxes, we include all tax decreases but only include tax increases that

result in higher rates in real terms relative to the previous change. We do

7 Our analysis can be extended to include some tax base features: e.g. minimum personal
and corporate tax rates, income thresholds for minimum and top tax rates, personal income
tax exemptions, whether federal tax liabilities are deductible, state EITC availability, and
whether food and prescriptions are exempt from sales taxes.

10



so to abstract away from tax changes that are legislated to keep up with
inflation. Our results, however, are robust to including all tax changes. We
consider all tax changes as independent observations, even when these changes
were legislated as a set of reforms. We do so because legislative decisions are
frequently overturned: temporary tax changes often do not expire as scheduled
and instead turn into permanent changes, while scheduled tax changes are
often cancelled and/or changed in magnitude. Finally, we inflation-adjust
nominal rates of cigarette, gasoline and alcohol excise taxes using the BLS
CPI series.

2.2 Political, Institutional and Demographic Data

We follow the previous literature, summarized in Appendix Table to iden-
tify economic, political, institutional and demographic features that are likely
to have importance effects on tax policy. The resulting set of explanatory vari-
ables is available in Appendix Table [A.2] In this section we briefly summarize
the nature of our data, details are available in Appendix Section [A]

First, we collect detailed information on the political affiliation of state
legislators, both in the upper and lower chambers of legislatures, and that of
the governor. Our data also allows us to identify years in which the control
of legislatures or governorship has changed, as well as episodes of divided
governments. Previous work has shown these to be important determinants of
state policy (e.g. McCubbins| (1991)); |Alt and Lowry| (1994)); Bernecker| (2016))).
We complement party control data with information on election cycles for state
upper and lower chambers, governorship, and federal presidential elections (e.g.
Alesina et al. (1997))). In addition, we collect information on states’ pledges
in presidential elections.

Previous work has also shown that state policy is influenced by institu-
tional features, such as the number of legislators in the legislatures (Gilligan
and Matsusaka (2001)), Egger and Koethenbuerger; (2010)), term limits (Erler
(2007); Besley and Case| (1995a)), balanced budget provisions (e.g. [Poterba
(1994))), and legislative initiative rules (Matsusaka; (1995)), Matsusaka| (2000)),

11



Asatryan et al. (2017a)), |Asatryan et al.| (2017b))). Therefore, in addition to
the political affiliation of the state legislators and governors in each year, we
collect information on institutional features of the state. The size of the legis-
latures — number of seats in each legislative chamber — has been obtained from
Ballotpedia.ﬂ Information on the applicable term limits in state legislatures
and when they were introduced has been obtained from the National Confer-
ence on State Legislatures (NCSL), while information on governor term limits
was obtained from the Council of State Governments. We have identified all
state-year observations during which an incumbent governor could no longer
seek re-election because of the binding term limit. We also collect information
on average durations of legislative sessions, as well as salaries and per-diem
rates in 2019/2020 from NCSL.

In contrast to the federal government, states are not allowed to carry
budgetary deficits for prolonged periods of time. We collect information on
the stringency of balanced budget rules as of 2010: whether the governor
must submit a balanced budget, whether legislatures must enact a balanced
budget, and whether deficit carry-forwards are allowed, all from NCSL| (2010)).
We also identify states with separate capital budgets in addition to operating
budgets using 2014 data from NASBO) (2014)). We also collect information as
to whether states have a rainy day fund and the year it was adopted.

States differ in who can propose new laws. We obtain information on
voter initiatives from Matsusaka, (1995)): a number of states allow citizens to
initiate and approve laws by popular vote, while other states only allow state
legislators to do so. These rules remain unchanged during the studied period.

To investigate whether states change their tax rates in response to com-
petition, we identify tax rates in the neighboring states. We considered three
approaches to defining neighbors. First, we consider states as neighbors if they
share a geographical border. Second, we break down states into nine Census
regions and then consider tax changes within each region. Finally, our third

and preferred approach is to use migration flows as measure of neighborliness,

8 For Nebraska, we utilize the total number of seats as our measurement for both the
number of upper chamber seats and the number of lower chamber seats.
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following Baicker| (2005]). Since tax competition is primarily concerned with
out-migration, for each state, we identify five “neighbor” states that accept the
largest number of migrants from that state, using 2010 state-to-state migration
data from the IRS.

We identify state recessions by applying the Bry-Boschan Method to Fed-
eral Reserve Bank of Philadelphia State Coincident Index. Since the Index
is available from 1979 onward, we supplement our measure with equivalent
calculations based on yearly state GDP values for years 1963-1979, and with
federal recessions using NBER datings for years 1949-1962.

We augment the political and institutional data with information on the
demographics of each state. We obtain the poverty rate for 1980-2019 and
population measures along with race and ethnicity breakdowns for 1969-2019
from the Census Bureau. We collect the unemployment rate, employment to
population ratio, and labor force participation rate for 1976-2020 from the
Bureau of Labor Statistics. Earlier year observations are collected from the
Statistical Abstracts of the United States. Finally, we obtain information on
state tax revenues, expenditures and outstanding debt from Census Annual
Survey of State Governments.

The resulting set of economic, political and institutional explanatory vari-
ables is summarized in Appendix Table[A.2} further data details are described
in Appendix Section [A]

2.3 Federal Mandates

Many federal policy changes impose substantial fiscal costs on state and local
governments, as well as on the private sector. These federal mandates come
in many different forms: from federal statutes that “order” costly changes
(e.g. minimum wage mandates, or improving accessibility for the disabled),
to federal policies that influence state spending by offering matching grants or
other forms of incentives. Importantly, many of these mandates are unfunded
and thus require states to raise more tax revenue or cut other expenditures in

order to balance their budgets.
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We use three sources to identify the federal mandate changes that are likely
to have important economic consequences for state budgets. First, we use Con-
gressional Budget Office (CBO) reports to identify mandates that exceed the
“UMRA?” threshold. A rapid increase in federal unfunded mandates led to the
introduction of the Unfunded Mandates Reform Act of 1995 (UMRA), which
required the CBO to estimate the costs of mandates to state and local gov-
ernments, as well as the private sector, for new legislative proposals. While
UMRA applies to most legislation that can impose enforceable duties, it typi-
cally does not apply to existing programs, Social Security, and legislation that
cover national security and constitutional rights. Since UMRA’s introduction
in 1996, 15 laws have been enacted that have costs estimated exceed the 50
million 1996$ threshold (Congressional Research Service| (2020)). Second, be-
cause UMRA did not apply before 1996, we look for costly mandates in the
U.S. Advisory Commission on Intergovernmental Relations (ACIR) reports
and National Conference of State Legislatures Mandate Monitor. Finally, we
supplement these sources by hand-collecting information on historical changes
to existing social welfare programs that are jointly funded by federal and state
governments: AFDC/TANF, Food Stamp Program /SNAP, and Medicaid.ﬂ

Since our goal is to identify federal changes that may influence state tax
policy, we focus on mandates that are large (i.e. likely to exceed the UMRA
threshold) and are persistent in nature (i.e. affect state expenditures in all
future years rather than impose a one-time burden). With these requirements
in mind, we have identified 27 mandates summarized in Table [I| that were
enacted in 1950 or later. For each mandate, we record the year of mandate
enactment and the year it became effective, as well as the list of states the
mandate affected. While federal mandates apply to all states, they are not
binding if a state had already satisfied the mandate prior to enactment.lﬂ

9 We do not include SSI, SSDI, and Medicare in our collection process because these
programs are fully federally funded. Food Stamp / SNAP benefits are funded by the federal
government, but administrative costs are shared with the states.

10 For example, according to CBO calculations, federal minimum wage increases impose
a substantial burden on state budgets through their direct effect on state employee salaries.
However, any state with state minimum wage above the new federal wage was unaffected
by this mandate.
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3 Long-Term Trends: Are Tax Rates Converg-
ing or Polarizing?

Figures |1| (a) and (b) show average tax rates across 50 states and, when ap-
plicable, corresponding federal rates. Two observations stand out. First, the
six tax rates considered do not show similar patterns: while the sales tax rate
steadily increased over the 70 year period, corporate and income tax rates both
increased and decreased, while gasoline and alcohol taxes generally decreased.
Cigarette taxes showed the most dramatic growth, tripling between 2000 and
2020. Second, with the exception of cigarette taxes, the most dramatic changes
to tax rates happened during 1950-1990. Since approximately 1990, however,
average tax rates have remained substantially more stable. The large increases
in average rates were both due to adoptions of tax rates by various states and
due to actual rate increases — Figures|1] (e) and (f) show similar patterns de-
spite including only states with nonzero tax rates. These figures also show the
tax levels of the newly adopted taxes and years when they were introduced.
Most adoptions happened before 1970, and in most cases — though not always
— taxes are first adopted at rates lower than the prevailing average at the time.

The average tax rates mask substantial heterogeneity in rates across states.
Figures [1| (¢) and (d) plot the coefficient of variation (CV) — the ratio of the
standard deviation to the mean for all 50 states[’T] Figures[l] (c) and (d) show
two distinct patterns. For income and sales taxes, we see a dramatic decrease
in variation during 1950-1990 and little convergence in rates since then. In
contrast, for excise taxes, the coefficient of variation remains relatively stable.
Among the six tax rates, alcohol spirit taxes exhibit the largest heterogeneity,
followed by personal income and cigarette taxes, then corporate income and
sales taxes. Gasoline taxes are most homogenous. The large decrease in het-
erogeneity of income and sales taxes could either be due to adoptions of these
taxes by the states or due to changes of existing rates. Figures [l| (g) and (h)
plot the coefficient of variation (CV) for states with nonzero rates only, thus

shutting down the extensive margin effect due to adoptions. Figures|l|(g) and

11 Results are robust to using other measures of convergence, e.g. standard deviation.
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(h) show that the 1950-1990 convergence was primarily due to a large num-
ber of new tax adoptions rather than convergence of rates. In fact, personal
income taxes exhibited increasing heterogeneity through the 1970s. For excise
taxes, adoptions played a smaller role.

Our results are consistent and complementary to findings of Rhode and
Strumpf (2003) who document a substantial convergence in state policies over
the 20th century, but find similar levels of heterogeneity during the 1970-90s.
The lack of substantial convergence or divergence in presence of reduced mo-
bility costs is inconsistent both with Tiebout-sorting and race-to-the-bottom
competition model predictions, suggesting that these are not the primary
drivers of tax policy changes.

Next, to understand the importance of political leanings, we explore how
taxes differ across states that predominantly align with Democratic versus Re-
publican party. To do so, we break down states into three groups based on
states’ pledges in presidential elections. We consider a state a “safe” Republi-
can (“safe” Democratic) state if the state voted for a Republican (Democratic)
presidential candidate in every election since 2000 (see Table . All other
states are considered swing states. Figure [2] shows mean, median, the 25th
and 75th percentiles as well as the minimum and maximum of (a) top per-
sonal income tax rates, (b) top corporate tax rates, (c) standard sales tax
rates, and inflation-adjusted (d) cigarette excise tax rates, (e) gasoline excise
tax rates, and (f) alcohol spirit tax rates over time. Episodes of zero tax rates
are omitted. Years of federal recessions are marked by vertical grey bars, and
years of respective federal changes are marked by vertical gray lines.

Figure [2| provides several insights. First, most tax rates exhibit a time
trend that is largely consistent across Democratic and Republican states. For
example, over the 70 year period studied, sales and cigarette taxes gener-
ally increased, while gasoline and spirit taxes decreased. Second, Democratic-
learning states tend to have higher taxes than Republican-leaning states. This
tendency generally applies to the overall distribution of tax rates within these
states, and not just to the mean or median. At the same time, states exhibit

substantial variation in tax rate levels within a year, even after controlling for
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their political leanings. Finally, Figure [2| provides little evidence of conver-
gence: we do not see much evidence of convergence between Democratic and
Republican states, nor do we see a reduction in variance within each group.
Appendix Figure shows this more formally by plotting the coefficient of
variation for each tax series separately for safe Democratic and safe Republican
states.

Continuing to focus on states with nonzero rates, Figure |3| plots the dif-
ference between Democratic and Republican means. Figure |3| reveals several
patterns. For personal, corporate and sales taxes we see an increasing dif-
ference in tax rates during the 1970-1980 period, followed by a decrease in
heterogeneity during the 1990s. In recent years — since approximately 2000
onward — once again we see an increasing difference between safe Democratic
and safe Republican states. Since 2010, top personal and corporate rates are
1.5-2 percentage points higher in Democratic than in Republican states, imply-
ing an approximately 30-50% difference in average rates. Appendix Figure|B.4
provides additional graphical evidence by showing overlapping distributions of
tax rates.

The pattern observed in Figure (3] is generally robust to alternative speci-
fications. Appendix Figure shows very similar patterns when states with
zero tax rates are included, thus allowing for extensive margin effects due to
tax adoptions. Figure considers a different break down of states: instead
of using a fixed breakdown, it assigns states to Republican/Democratic group
each year depending on the majority of the legislature in that year. Unsurpris-
ingly, the results are more noisy, and the difference between means is smaller
but the pattern is similar. Again, we see an increasing polarization in re-
cent years, but less of a difference in 1950-70s, possibly due to the fact that
Northern and Southern Democratic states are combined in one group.

Overall, our findings of increasing polarization between Democratic and
Republican states suggest that the observed polarization in political discourse
indeed translates into polarization in tangible tax policy, resulting in approx-
imately 20% higher taxes in Democratic states as compared to Republican

states and shifting of the tax distributions to the extremes. However, the tim-
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ing of the divergence does not perfectly align with the onset of polarization in
public preferences in the 1970s (McCarty et al. (2016)). Divergence appears
to start from prior to 1960s and increased in the most recent decade. Fur-
thermore, we see no evidence of convergence within Republican/Democratic
states.

Figure |2| does not allow us to see which states are driving the observed
trends or whether states tend to change tax rates gradually over time versus
allow tax rates to fluctuate within a certain range. To explore this, we compare
average tax rates in 1950-1970 to tax rates in 1971-1999 and in 2000-2020. We
then identify three categories of states: (1) those whose tax rates increased over
the three periods by more than 2 percentage points total, (2) those whose tax
rates decreased by more than 2 pp total, (3) those whose tax rates fluctuated,
meaning the 1971-1999 average rate was either above or below both 1950-1970
and 2000-2020 averages. We ignore tax adoptions and only consider nonzero
tax rates. Groupings are summarized in Table [2| for top personal income tax
rate, top corporate rate and sales tax ratesE Several observations are notable.
First, during the 70 year period, roughly half of the states kept their tax rates
within 2pp range. Second, for sales and corporate taxes, we mostly observe
an increasing trend, while for personal income tax there a number of large
fluctuations. Third, there does not appear to be any relationship between tax
trends: different states change different tax rates, and states do not appear to
substitute one tax with another, or on the opposite, increase or cut tax rates
across all types. Finally, consistently with evidence in Figure [2, there does
not appear a strong relationship between the trend and the state’s political
tendency.

Figure 4| explores to what extent states differ in how often they change
tax rates and how. Figure (a) orders states by total number of personal,
corporate, sales, cigarette, gasoline, and spirit tax changes. For excise taxes,
we include all tax decreases but only include tax increases that result in higher
rates in real terms relative to the previous change. We do so to abstract away

from tax changes that are legislated to keep up with inflation, but we find that

12 Appendix Figure shows the actual time series for each state.
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this restriction does not affect our results qualitatively. The number of changes
vary dramatically: over the 70 year period studied, the five least active states
— AL, AK, LA, WY and VA — changed the six tax rates less than 15 times.
On the other hand, most active states — CT, RI, NC, NE and NY changed
their taxes more than 50 times, i.e. in 80% of years. Since personal income
tax changes account for the bulk of changes, states that do not have personal
income taxes (AK, FL, NH, NV, SD, TN, TX, WA, WY) appear to be less
active than others. In general, states that do not have certain taxes — sales
taxes (AK, DE, MT, NH, OR) or corporate taxes (NV, OH, SD, TX, WA,
WY) — appear to be less likely to change tax rates than states that have all
five types of taxes.

Figure (b) explores whether tax increases and decreases tend to happen
in different states or in different time periods. For most states, we see a
roughly equal number of tax increases before 1985 and after 1985, however
tax decreases are substantially more common since 1985 than prior to 1985.
Three states — AL, TX and TN never cut the six tax rates considered in
this paper, while also raising the tax rates much less than average. Finally,
Figure (c) explores whether states that change their tax rates frequently
tend to make smaller changes when compared to states that change their
taxes infrequently. This may happen if some states prefer to adjust their
rates gradually instead of making large occasional adjustments. Figure (c)
shows no relationship between the frequency of tax changes and tax change
magnitude, thus implying that states differ in the levels of tax policy volatility,
rather their implementation of tax changes.

Finally, focusing on the timing of tax changes, Figure [5|shows the percent
of states that increase (resp. decrease) the tax rate in a given year, and the
average magnitude of tax increase (resp. decrease) in percentage pointsH
The key insight from these graphs is that there appears to be no well-defined
pattern for tax changes. For example, we do not see a consistent clustering of

tax increases or decreases in years of recessions or around federal tax changes,

13 The percent of states that change the tax rate is conditional on already having the tax.
The average magnitude is further conditional on a change occurring.
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nor do we see clustering of tax changes in general, as would happen in the
case of fierce state competition. Second, we see that income tax rates and
sales tax rates change much more frequently than excise tax rates. While
Democratic-leaning states tend to increase taxes more often than Republican
ones, both groups increase and decrease their taxes over time. Appendix
Figure further shows that our conclusions remain unchanged if we focus

on 50% largest tax changes instead of including all changes, large and small.

4 Do Tax Rates Respond to Economic, Polit-

ical and Institutional Influences?

In this section we explore to what extent the substantial heterogeneity in tax
rates over time documented in Section [3| can be explained by economic and
political causes or is driven by institutional rules discussed in the previous
literature. We consider three types of influences on tax changes: economic
needs, such as interstate tax competition, economic downturns and federal
mandates; political incentives, such as election cycles, and changes of governing
parties; and institutional rules, such as balanced budget provisions, terms
limits, legislature size, session duration, and voter initiative rules. In this
section, we omit alcohol spirit taxes from our analysis because tax changes are

very infrequent.

4.1 Competition, Recessions, Mandates

To understand whether taxes respond to economic needs, we explore to what
extent tax changes occur simultaneously or following economic changes. Of
course, such co-occurrences need not be causal in nature, and may occur by
pure chance, especially, if tax changes are numerous as is the case for top
personal income taxes. For this reason, we supplement the observed coinci-
dence rates with simulated ones, which are calculated as follows: we keep the
number of tax changes fixed but randomize their timing. We then calculate

the number of random matches. We repeat this procedure 100 times and then
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show the average number of simulated coincidences, as well as the 5th and
95th percentiles. For excise tax changes, we include all tax decreases but only
include tax increases that result in higher rates in real terms relative to the
previous change. We do so to abstract away from tax changes that are legis-
lated to keep up with inflation. Our results, however, are robust to including
all tax changes.

The above exercise does not prove the existence of causal responses when
the observed co-occurrences greatly exceed simulated rates. However, it pro-
vides strong evidence against such causal relationship in cases where the ob-
served co-occurrence matches the simulated rate, which is what we find in
many cases. We now describe how we measure co-occurrences in the data.

Tax Competition. Tax competition has long been seen as a likely force
behind state tax changes. While tax competition could in principle be re-
sponsible for both tax increases and tax decreases, it is typically predicted to
drive tax rates down. To investigate whether states change their tax rates in
response to competition, we identify tax changes in the neighboring states.
Our preferred approach to define neighbors relies on migration flows, follow-
ing Baicker| (2005). Since tax competition is primarily concerned with out-
migration, for each state, we identify five “neighbor” states that accept the
largest number of migrants from that state, and use those states’ tax changes
in our analysis. Tax changes that were motivated by tax competition are likely
to follow neighbors’ tax changes. However, because legislative process is slow
yet observable, we focus on tax changes that occur simultaneously and/or fol-
low neighbors’ tax changes; or occur within a set number of years of neighbors’
tax changes. We find that our results are qualitatively robust to the choice
and type of time-window studied and the measure of neighborliness.

Our approach thus differs from the previous literature that generally fo-
cused on identifying a causal relationship between neighboring states’ tax rate
levels (e.g. |Devereux et al. (2007)). Instead, we focus on the timing of tax
changes, as we believe this presents a stronger test of competition-driven re-
sponses, since similarity in tax rates levels may represent similarity in prefer-

ences in nearby jurisdictions.
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Recessions. Economic downturns may force states to increase or decrease
taxes in order to collect more revenue or to stimulate state economy. To the
extent that states are generally required to balance their budgets on the yearly
basis, tax rate increases are more likely. The extent of responses, however, is
likely to depend on the nature of the balanced budget rules of a given state.
An average state recession episode lasts 2.2 years. Since revenue needs and
stimulus incentives are time-sensitive, we expect economic-downturn-driven
tax changes to occur during the recession years. As a further robustness check,
we also allow tax changes to occur during or 1 year after the recession.

Federal Mandates. Unfunded federal mandates may impose significant
revenue burdens, requiring states to raise more tax revenue — and thus increase
their tax rates — in order to finance mandate-related expenditures. We consider
federal mandates summarized in Table [l Most mandates became effective
within two years of their enactment. For this reason, we focus on tax changes
that occur in the year of enactment or in the year of becoming effective, as well
as on tax changes that occur during the enacted-effective window for mandates
that became effective within three years of enactment.

Figure [6] shows the percent of all tax changes that occur (a) following
neighbors’ tax change, (b) during a state recession, and (c¢) upon implemen-
tation of a federal mandate. In each figure and for each tax type, the top
bar shows the actual percent of tax changes that coincide with the studied
event, while the bottom bar shows the simulated mean. Since Democratic
and Republican states may differ in their responses, we calculate all statistics
separately for “safe” Democratic and “safe” Republican states, as previously
defined (Table . Appendix Figure shows that our results are robust
to the choice of window, while Figure shows that results are similar when
focusing on largest 50% of tax changes.

Figures[f[(a) and (b) shows some support to the notion that competition
may affect tax policy — for a number of tax types, we see that taxes are more
likely to be implemented following a change in neighbors’ taxes than a pure
coincidence would predict. For sales as well as gasoline and cigarette taxes,

we see that tax changes are more common after a neighbors’ tax change than
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a pure coincidence would predict. However, the changes in personal and cor-
porate income taxes appear to be purely coincidental. One possibility is that
purchases of goods are perceived by state legislatures to be more responsive,
due to temporary travel across borders, than the location of personal or cor-
porate income.

Figures[6|(c) and (d) explore what share of tax changes occur during reces-
sions: between 7% and 27% of tax changes occur during the years of recessions.
Interestingly, Democratic states appear to be more active during recession
episodes. Nonetheless, most of these occurrences appear to be coincidental:
the observed shares are very similar in magnitude to simulated shares. While
Figures [6}(c) and (d) tell us what share of tax changes could in principle be
explained by recessions, they do not provide us a clear answer as to whether
recessions necessitate tax changes, since the observed occurrences depend on
the frequency of recessions. Figure [7] explores this question further by show-
ing the share of recession episodes that lead to a tax change, separately for
episodes of state-specific recessions and federal recessions. Personal income
tax rates change in 10-29% of state recessions, corporate taxes are changed in
20-25% of cases, while sales taxes are changed in 12-27% of recessions. Once
again, Republican states appear to be less active than Democratic states in
response to recessions. Overall, Figures [f](c)-(d) and Figure [7] provide sug-
gestive evidence that most tax changes are unlikely to be driven by ongoing
recessions.

Finally, Figures @(e) and (f) explore what share of tax changes occur in
response to federal mandates. For both Democratic and Republican states
we see no difference between the observed co-occurrence rates and the simu-
lated, suggesting that the federal mandates are unlikely to result in timely tax
changes. To the extent that federal mandates are frequent (a new mandate
was introduced or became effective in 40% of years), they are likely to influence
tax policy but not in an urgent way.

Figures explore the frequency of tax changes but not their direction.
Figure [§ explores whether the tax changes that coincide with neighbors’ tax

changes, recessions and federal mandates are tax increases or decreases. Once
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again, we show these responses separately for Democratic- and Republican-
leaning states. As a point of comparison, Figures (a) and (b) show the com-
position of tax changes in all years.

Several key observations stand out: neighboring states’ changes are gen-
erally followed with tax changes in the same direction, but not always. Im-
portantly, many of the changes are increases, rather than decreases, and the
relative share of decreases/increases approximately matches the averages in the
top panel. During recessions, Democratic states appear to be more likely to
raise personal taxes but lower corporate and gasoline taxes, while Republican

states tend to increase income taxes but leave other taxes unchanged.

4.2 Party Control Changes and Election Cycles

Next we explore to what extent tax changes appear to be driven by political
incentives. Previous research has documented that governments can be more
or less successful at passing reforms when having full versus partial control
of the legislative chambers and governorship (Roubini and Sachs| (1989)), Mc-
Cubbins (1991), Alt and Lowry| (1994)), Castanheira et al.| (2012]), Bernecker
(2016))). We start by exploring whether tax changes primarily occur after ma-
jority party switches, and whether tax changes are more likely to happen when
one party holds majority in both chambers of legislatures and of the gover-
norship. The top row of Figure @(a) shows the breakdown of party affiliations
of the House majority, Senate majority and Governor in the dataset. In 53%
of observations, a given party holds majority in all three offices, and roughly
one fifth of these (11%) represent first term years after one of the majorities
was switched. In 28% of observations, the House and Senate majorities coin-
cide but differ from governor’s party affiliation. Finally, 18% of observations
represent years with divided House and Senate majorities.

The overall shares of the top row can be compared to shares of political
structures when tax changes occur. Since the shares in all rows of Figure [J](a)
are quite similar, this suggests that tax changes are not disproportionately

likely to occur when party controls change. A small exception to this rule
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are changes of sales tax rates: these are less likely to occur during periods of
divided governments but the differences are relatively small. This finding is
perhaps not surprising in light of the fact that Republicans or Democrats hold
the majority of both legislative chambers in 82% of years, providing them with
ample opportunities for changes. The results are similar, when looking sep-
arately at Democratic and Republican states (Figure [9(b) and (c)), or when
focusing on the 50% largest tax changes (Appendix Figure [B.9). Appendix
Figure suggests, however, that there are some heterogeneities across Re-
publican and Democratic states when considering tax increases and decreases
separately.

Next, Figure[I0]explores to what extent presidential elections affect states’
tax policies. Specifically, we break states into four categories based on whether
the state is “happy” or “upset” about the election outcome (i.e. whether the
winning presidential candidate won in the state or lost), and whether the
winning candidate matches the majority party of the state’s legislatures (both
lower and upper chambers). The top row summarizes the share of years a
given outcome occurs, which then can be compared to shares when given tax
changes occur[”Y] Figure [10] shows two notable patterns: states that vote for
a Republican candidate that loses are significantly less likely to pass a tax
increase of any tax type. Interestingly, this happens irrespective of whether
the Republicans hold a majority in the state’s legislature or not. We see the
opposite pattern for states that vote for Democratic candidates: they are more
likely to pass tax increases when their preferred candidate loses. The observed
pattern is thus consistent with polarization in tax policy and may represent a
response to anticipated federal tax policies.

Previous work has also documented notable relationships between fiscal
policies and election cycles, suggesting that political incentives often play a
more important role than economic needs (Mikesell (1978), Rosenberg) (1992),
Nelson! (2000), Ashworth et al. (2006)), [Rose| (2006), Veiga and Veiga (2007)),

14 For example, for state-year observations that vote for a Democratic nominee, 56%
result in that candidate winning and 44% losing. In 62% of states voting for a Democratic
candidate, states’ legislative majority was Democratic.
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Katsimi and Sarantides (2012)), Foremny and Riedel (2014]), Chang et al.
(2020))). Figure|[l1|explores whether election cycles drive observed tax changes.
Each figure shows the share of tax changes that occur in each year of the elec-
tion cycle, where year 1 represents the first year after election, while year 2 and
year 4 represent election years in 2-year and 4-year election cycles respectively.
We see a small increase in tax changes in the year before the presidential and
gubernatorial elections and a slight increase in tax changes the first year after
gubernatorial elections but the differences are small. Overall, Figure [11] sug-
gests that election cycles — whether presidential, gubernatorial, or legislative
— are unlikely to drive the timing of tax changes in the U.S., since tax changes

are roughly equally spread out across years. Appendix Figure and
provide similar evidence separately for tax increases and tax decreases.

4.3 Institutional Influences

Finally, institutional rules such as term limits, legislature size, voter initiative
rules and balanced budget rules may impede or encourage tax changes. Figure
explores whether tax changes are more likely to occur in states with certain
types of institutional rules. Overall, Figure suggest that these rules are
likely to have indirect effects on tax policy rather than driving it. We do
not see any systematic or dramatic differences in the number of tax changes
across different types of institutions. The only exception appears to be deficit
rule: states that allow deficits are significantly more like to change their taxes.
Appendix Figures [B.13] and [B.14] show that these changes include both tax

increases and tax decreases. Rainy day funds are also correlated with more

frequent tax changes, but the evidence is not as robust.

5 How Much of Tax Policy Can We Explain
Overall? A Comprehensive Approach

In this section we take a comprehensive approach to try to explain the ob-

served variation in the timing and magnitude of tax changes. In contrast
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to previous work that focused on seeking out individual causal relationships,
we consider numerous influences together instead of emphasizing a specific
channel. We start by creating a comprehensive summary of plausible tax de-
terminants identified in the previous work and summarized in Appendix Table
[A1] This allows us to identify an extensive list of explanatory variables that
we use in our analysis, summarized in Appendix Table [A.2] Altogether, these
variables paint a detailed picture of the economic, political and institutional
situation of the states.

We then explore to what extent our explanatory variables are able to
explain the observed variation in tax policy. We start by using a simple linear
regression model to investigate the explanatory power of identified variables.
The advantage of this approach is that it allows us to explore the relative
explanatory power of chosen variables. It is possible and likely, however, that
the relationship between economic, institutional and political factors and state
tax policies is more nuanced than the simple linear model would allow for.
For this reason, we then turn to machine learning techniques to allow for
more flexible modeling approaches, including both supervised algorithms and

unsupervised clustering techniques.

5.1 Simple Linear Model and Variance Decomposition

We start by using a simple linear regression model. Because our explanatory
variables are not orthogonal, most covariates contribute to the explanatory
power in a non-unique way. For this reason, we use a Shapley decomposi-
tion method to assign each group of variable’s contribution to the overall ex-
planatory power, measured by the R2. We consider 11 groups of explanatory
variables. First, we account for a linear time trend, and second, for variables
related to federal tax policy: federal top income, top corporate, cigarette and
gasoline tax rates, both in levels and as changes. These variables are state-
invariant and thus account for policy changes that occur across the states
simultaneously. Third, we account for economic influences: federal and state-

level recessions and federal mandates. Next, we consider three sets of state
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institutional features which cover both time-invariant rules such as size of leg-
islatures, balanced budget provisions, as well as time-variant rules such as
existence of rainy day funds and term limits. Our seventh group accounts for
political influences: party of legislatures’ majorities and governorship and their
strength, number of party switches, whether this is the first year of new party
in charge, state and federal government shutdowns, outcomes of presidential
elections. Eighth, we include variables that measure neighboring states’ (top
income, top corporate, sales, cigarette and gasoline) tax policies — average tax
rates of the neighbor or indicators of tax changes. Ninth, we control for other
tax rates in the state, including lagged values. Tenth, we include state demo-
graphics: population measures (total, labor force, employment to population,
density), unemployment rates, poverty rates, demographic composition of the
state (share of black and non-white /non-black residents, age composition), and
median household income, again both in levels and changes. Our last group
of explanatory variables includes values of top income, top corporate, sales,
cigarette and gasoline tax rates in 1995 as well as revenue shares of these five
types of taxes in 1995. Finally, for completeness we also measure how the R?
increases when state and year fixed effects are included, to account for remain-
ing time-invariant state characteristics and state-invariant time effects. The
exact list of 129 included variables is available in Appendix Table

Variance decomposition results are summarized in Figures [13414] which
show the shares of total explained variation attributed to the above-mentioned
groups of explanatory variables. Figure (a) summarizes decomposition of tax
rate levels (in pp or in 2020 dollars), while [L3|b) and (c) show tax changes
in dollars or pp (all or largest 50% of tax changes). Figure |14] perform de-
composition of tax rate increases and decreases respectively, looking at all tax
changes (figures (a) and (b)) or the largest 50% of changes (figures (c) and
(d)).

We find that nearly all of the taz rate level variation can be explained
with our chosen variables. However, most of explanatory power comes from
lagged own tax rate and past (1995) tax rates. Put simply, past tax rates do an

excellent job of predicting future tax rate levels since taxes rarely change dra-
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matically. Most importantly, this decomposition does not distinguish between
within-state variation and across-state variation and therefore exaggerates our
ability to predict taxes. For this reason, we next turn to explain the magnitude
and timing of tax changes.

Our ability to explain the magnitude of tax changes and the timing of tax
changes is significantly weaker. For example, the explanatory power decreases
to under 20%, with a non-trivial share attributed to state and year fixed
effects. Unsurprisingly, when focusing on the magnitude of tax changes, past
tax rates play a less important roles. Instead, federal tax rates, political and
demographic factors increase in relative importance. We see some variation in
the relative importance of factors for different tax rates, the overall ranking is
generally consistent across tax types.

Our ability to explain the timing of tax changes is equally weak — at most
30% or less. Interestingly, the the tax increases and decreases appear to be
influenced by different factors. For example, tax increases are substantially
more influenced by federal tax policy than tax decreases. Similarly, economic
factors (recessions and mandates), other tax rate levels are more important
for tax increases. Political factors are important for both and account for less

than one quarter of overall explanatory power.

5.2 Enriched Models Using LASSO and Random Forest

The results of Section showed that a simple model does a poor job ex-
plaining the timing and magnitude of tax changes. While we have collected
extensive information about the institutional, political and economic environ-
ment of the states, our model so far only allowed for simplest relationships
between these variables and tax policy. In this section, we consider a richer
set of models, by allowing for interactive terms in our models. We use two
approaches: LASSO and Random Forest Trees.

Since it is not possible nor desirable to include all of the possible vari-
ables in the analysis, we employ LASSO techniques to select the model with

best predictive powers. The LASSO approach selects a model that minimizes

29



the prediction error while keeping the model not too complex by including
a penalty parameter that increases in model complexity. The practical im-
plementations of the LASSO method varies in penalty functional forms ap-
proaches to determining the optimal model. In our setting, we found that
LASSO and elastic net approaches work equally well, and the best results are
achieved when the model is selected by cross-validation or using an adaptive
approach; linear, probit and logit models yield similar qualitative results.

Random forest is another machine learning technique that allows for more
flexible modeling. To make predictions, the algorithm builds multiple decision
trees using a different random subset of the variables provided and a different
bootstrapped sample of the data. The final predictions are then obtained by
averaging individual predictions from the randomly built trees. The random-
ness of the sample variables and the dataset used to build a given tree ensure
that individual trees are not correlated. This gives random forest its high
predictive power and partially shields it from overfitting.

Table |3| summarizes our results. As our baseline comparison we take the
models from Section which included 129 “core” variables. Next, we use
LASSO to select best model using an extended set of variables: all interactions
created using our 129 variables as well as 8 decade indicators — a total of 22,455
variables. The random forest algorithm uses all 129 core variables, the 8 decade
indicators as well as 2nd and 3rd degree powers of all non-indicator, non-tax
variables — a total of 196 variables (note that the random forest algorithm
automatically explores variable interactions). The results summarized in Table
are based on 100 random splits of the data into a training sample (80%) and
a test sample.

Table |3 shows that while machine learning algorithms improve the pre-
dictions, the improvement is modest. The random forest algorithm does an
outstanding job making predictions in the training sample but out-of-sample
predictions are still poor and typically fall well below 20%.

Overall, we find that tax policy is not well explained by the economic,
institutional and political factors that we considered. It is unlikely that the

low predictive power is due to misspecification. Instead, it suggests that other
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factors — not considered by us — may drive tax policy or that tax policy is truly

idiosyncratic.

5.3 Using Machine Learning to Group States

In this section, instead of trying to predict state tax policies, we use machine-
learning techniques to identify groups of states with similar tax structures.
We will group states based on similarities in 5 key tax types: top personal
income and corporate rates, sales tax rate, gasoline and cigarette excise rates.
Since states change their policies over time, we will allow states to belong to
different groups in different years, thus treating each state-year observation as
a separate unit.

Since the grouping algorithms organize the data based on similarity of the
grouping variables only, the algorithm is agnostic to what causes the formation
of such groups. The nature of the groupings can then be explored by seeking
relationship between identified groups and plausible causes. For this reason,
this group of machine learning techniques is called “unsupervised,” as their
goal is to discover hidden patterns in the data without researcher’s involve-
ment. We use two techniques to identify state groups: a partitioning method
and a hierarchical clustering method.

Partitioning method — k-means algorithm. The intuition behind
k-means approach is very simple: the algorithm partitions the data into K
clusters, such that the units within each cluster are similar, but they are
dissimilar to units in other clusters. Units’ similarity is measured by distance,
which can be calculated in various ways — absolute value distance, Euclidian
distance, etc. The algorithm starts by randomly choosing cluster centroids and
then assigning each data point to the closest centroid. Cluster centroids are
then re-calculated based on the mean value of points within each cluster, after
which points are again re-assigned to closest clusters. The process iterates
until no changes in cluster assignments are needed.

The k-means algorithm performs well when the underlying data features

(multi-dimensional) spherical clusters of approximately even size that are well-
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spaced out, and does not perform well when the nature of clusters is more
complex or when clusters are highly uneven in size. Furthermore, the clustering
approach is not stable in the number of clusters K, in a sense that the resulting
clusters may group different units for different choices of K. Finally, finding the
globally optimal solution to a k-means problem is practically infeasible even
for a small number of clusters or data points. The practical implementation,
therefore, searches for local minima which often results in incorrect clustering.

Applying the k-means approach to state tax rule data does not yield sat-
isfying results: the resulting clusters are not stable and vary wildly depending
on the randomly chosen starting point. The results are not stable irrespective
of the number of clusters chosen, the choice of distance measure, and irrespec-
tive of the years included (e.g. using all state-year observations or running
k-means separately on each year or decade of years). The failure of the k-
means approach is likely due to one of three reasons: (1) the true clusters are
not spherical in nature, (2) the clusters are of uneven size, and/or (3) the data
is not truly clustered.

Hierarchical clustering method — bottom-up Ward algorithm. In
contrast to k-means approach that requires the researcher to specify the num-
ber of clusters in advance, the hierarchical approach groups observations in
a sequential manner resulting in stable group assignments. The algorithm
starts by assigning each observation to its own cluster, thus “partitioning” the
N data points into NV clusters. Then the algorithm merges two closest clusters,
thus partitioning the data into N — 1 clusters. The algorithms proceeds merg-
ing clusters sequentially until all clusters are merged into one cluster. Various
measures can be used to measure distances between clusters: e.g. single link-
age measures the shortest distance between any one point in one cluster and
any point in another cluster, while the complete linkage measures the opposite
— the farthest distance between any two points. In our implementation, we
use Ward method which measures the sum of square of the distances (i.e. the
variance).

Hierarchical approach is simple, fairly consistent in its implementation

and presents a hierarchy that can be used to select the number of clusters.
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The algorithm, however, suffers from several disadvantages. First, it provides
very different results depending on the linkage method, with some linkage
methods resulting in undesirable clustering. Second, the sequential nature of
the algorithm does not allow for correction of mistakes made in the previous
steps, which can again result in undesirable cluster selections.

Applying Ward hierarchical clustering method to our data results in group-
ings summarized in Table |4l The algorithm assigned each state-year observa-
tion to one of seven groups. Since states can move between groups, Table
lists states that belong to a given group for at least 18 out of 20 year in
1950-1969 or in 2001-2020, or for at least 28 years out of 31 in 1970-2000,
thus also describing the movement of states across groups. The first column of
the table shows average tax rates in each group, irrespective of years. Several
observations stand out. First, only 7 states remained in the same group over
the 70 year period — these are WY, AL, MS, PA, UT, VA and OR. Other
states gradually move across groups, typically belonging to 2-3 groups over
the years. Second, the algorithm’s groupings also suggest that tax policy gen-
erally changed over time, since several groups are predominantly comprised of

state-year observations in the first half or the second half of the period.

6 Conclusion

In this paper we explore determinants of state tax policy in the past 40 years.
While tax policy shows a fair amount of persistence over time, it also shows
a tremendous amount of variation, both across states, and within states over
time, including signs of increasing polarization between Democratic and Re-
publican states. We consider numerous explanations for observed variation —
economic, political and institutional influences — but conclude that most tax
changes are difficult to predict. Overall, the existing models explain less than
20% of observed tax variation, suggesting that more work needs to be done to

understand the drivers behind state tax policy.
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Figure 2: State Tax Rates Over Years

(a) Top Income Tax Rate
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Figure 2: State Tax Rates Over Years, Continued

(d) Cigarette Tax
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(f) Alcohol Spirit Tax
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Notes: These figures show average, median, the 25th and 75th percentiles, as well as
minimum and maximum of (a) state top income tax rates, (b) state top corporate
tax rates, and (c) state standard sales tax rates, all in percent; (d) cigarette excise
tax rates, (e) gasoline excise tax rates, (f) spirit excise tax rates, all in 2020 dollars.
These statistics are shown separately for states that have only voted for a Democratic
(Republican) presidential candidate since 2000 elections (see Table . Gray bars
identify national recessions; while gray lines identify changes in federal tax rates.
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Figure 3: Is Tax Policy Becoming More Polarized?
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Notes: This figure shows the difference in means and corresponding 95% confidence
intervals of tax rates in states that have only voted for a Democratic versus Republican
presidential candidate since 2000 elections (see Table . The differences are calcu-
lated for non-overlapping 3-year periods (e.g. 2020 value is the average of 2018-2020

values), only nonzero observations are included..
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Figure 4: Tax Changes By State

(a) Number of Tax Changes by State and Tax Type
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(b) Number of Tax Increases/Decreases by State and Time Period
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Notes: Figure (a) shows the number of tax changes in each state for five tax rates (top
income tax rates, top corporate tax rates, standard sales tax rates, cigarette excise tax
rates, gasoline excise tax, and spirit excise tax rates). Figure (b) shows the number tax
decreases and increases that occurred for the above five tax rates before and after 2000.
Figure (c) shows the relationship between average tax rate change in percent (y-axis)
and the number of tax changes, separately for the above five tax rate types.
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Figure 5: State Tax Rate Changes Over Years

(a) Top Income Tax Rate
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Figure 5: State Tax Rate Changes Over Years, Continued

(d) Cigarette Tax
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Notes: Left axis: the upper green bars (lower pink bars) show the percent of states that
increase (decrease) their taxes in a given year. Right axis: the triangle series (dot series)
show average size of tax increases (decrease) in pp or in 2020 dollars. These statistics
are shown for (a) state top income tax rates, (b) state top corporate tax rates, and (c)
state standard sales tax rates, (d) cigarette excise tax rates, (e) gasoline excise and (f)
spirit excise tax rates. These statistics are shown separately for states that have only
voted for a Democratic (Republican) presidential candidate since 2000 elections (see
Table . Gray bars identify national recessions; while gray lines identify changes in
federal tax rates.
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Figure 6: Percent of Tax Changes that Occur in Response to Economic Causes
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Right: Safe Republican States
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Notes: This figure shows the percent of tax changes that occur (a) in the same year
or 1 year after neighboring state changes its tax rate; (b) during a state recession, or
(c) in the years the federal mandate becomes enacted and/or effective. In all figures,
the top blue/red bars show actual observed percentages, while the grey bars show the
simulated average, calculated by randomizing the timing of tax changes 100 times.
The thin interval bars show the 5th and 95th percentiles of the simulated percentages.
These statistics are shown separately for states that have only voted for a Democratic
(Republican) presidential candidate since 2000 elections (see Table
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Figure 7: Percent of Recession Episodes that Result in Tax Changes

Left: Safe Democratic States
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Notes: This figure shows the percent of (a) state recessions or (b) federal recessions that
lead to a tax change. Each recession episode as counted as one recession and only one
tax change (per tax rate type) is allowed per recession. In all figures, the top blue/red
bars show actual observed percentages, while the grey bars show the simulated average,
calculated by randomizing the timing of tax changes 100 times. The thin interval
bars show the 5th and 95th percentiles of the simulated percentages. These statistics
are shown separately for states that have only voted for a Democratic (Republican)
presidential candidate since 2000 elections (see Table [A.3).
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Figure 8: How Do Taxes Change?
Left: Safe Democratic States Right: Safe Republican States
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Figure 8: How Do Taxes Change? Continued

Left: Safe Democratic States
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Notes: This figure shows the percent of tax changes that are increases or decreases and
that occur (a)-(b) in all years, (c)-(d) in the same year or 1 year after neighboring state
changes its tax rate; (e)-(f) during a state recession, or (g)-(h) in the years the federal
mandate becomes enacted and/or effective. These statistics are shown separately for
states that have only voted for a Democratic (Republican) presidential candidate since

2000 elections (see Table [A.3))



Figure 9: Party Affiliation of Political Offices and Tax Changes

(a) all states

actual shares
personal tax
corporate tax
sales tax
cigarette tax

gasoline tax

o~

20 40

percent

T
100

I house=senate=gvnr, 1st term
[ house=senate!=gvnr, 1st term
I house=gvnr!=senate

[0 house=senate=gvnr
house=senate!=gvn
[ senate=gvnrl=house

other
(b) Safe Democratic States (c) Safe Republican States
actual shares 25 _2 actual shares 25 -2
personal tax 35 _ 3 personal tax 29 - 2
corporate tax 28 _ 3 corporate tax 32 -1
sales tax 34 -2 sales tax 38 c.)
cigarette tax 31 _| cigarette tax 21 -
gasoline tax 29 -1 gasoline tax 36 - 3
: Zb 4‘0 éO 8‘0 1 60 6 éO 4‘0 éO Bb 1 60

percent

| ] house=senate=gvnr, 1st term
I house=senate!=gvnr, 1st term
I house=gvnrl=senate

other

[ house=senate=gvnr|
house=senate!=gvn|
[ senate=gvnrl=hous

percent

| ] house=senate=gvnr, 1st term
I house=senate!=gvnr, 1st term
I house=gvnrl=senate

other

[0 house=senate=gvnr|
house=senate!=gvnf
[ senate=gvnr!=houss

Notes: The top row of each figure shows the percent of yearly observations in which (i)
the majority party of the House is the same as that of the Senate and of the Governor,
and one of these three bodies switched party control; (ii) same as (i) but no party control
change; (iii) House and Senate majorities are the same party, but Governor of a different
party, and the joint majorities in House and Senate were obtained this term; (iv) same
as (iil) but no party control change; (v) House majority matches Governor’s affiliation
but not Senate majority’s; (vi) Senate majority matches Governor’s affiliation but not
House majority’s; (vii) all other options (i.e. non-Democratic/Republican affiliations or
lack of majorities). The next five rows show party affiliations in years when respective
tax changes occur. Figures (b) and (c) provide these statistics separately for states
that have only voted for a Democratic (Republican) presidential candidate since 2000

elections (see Table [A.3)).



Figure 10: Presidential Election Outcomes and Tax Changes

Left: Vote Democratic Right: Vote Republican
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Notes: The top row of each figure shows the percent of yearly observations in which the
state votes for a Democratic (left panel) or for a Republican (right panel) presidential
candidate and that candidate wins (“Happy”) or loses (“Upset” ), while the state’s House
and Senate majorities match the preferred presidential candidate (“Match”) or do not
(“Not Match”). The other rows show similar break downs when tax increases or tax
decreases of a given tax type occur.
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Figure 11: Election Cycles
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Notes: The top row of each figure shows the percent of yearly observations occurring
during the studied time period. Years 1 through 4 identify first, second, third and
fourth years post-election. The other rows show similar break downs but in years when
For gubernatorial and house elections, only
states with 4-year and 2-year cycles are included respectively. Similar breakdowns, but
separately for increases and decreases are available in Figures [B.111B.12

tax changes of a given tax type occur.
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Figure 12: Institutional Rules: Frequency of Tax Changes
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Table 1: Federal Mandates

Mandate Enacted Effective States affected
Medicaid: Mandatory preventative 1967 1973 All states except AL, AK, AZ, AR, CO,
services for children FL, IN, MS, NJ, NC, SC, TN, VA
FSP/SNAP: Mandatory expansion 1973 1974 All states
FSP/SNAP: Expanded eligibility 1977 1979 All states
Medicaid: Mandatory coverage for 1988 1989 CO, ID, IN, MT, ND, NH, NV, NY, WI
pregnant women and infants up to
100% FPL
AFDC: Mandatory coverage for 2- 1988 1990 AK, AL, AR, AZ, CO, FL, GA, ID, IN,
parent families w/ unemployed pri- KY, LA, MS, ND, NH, NM, NV, OK, SD,
mary earner TN, TX, UT, VA
Medicaid: Requirement to cover 1989 1990 All states except: CA, CT, IA, ME, MA,
pregnant women and young chil- MI, MN, MS, RI, VT, WV
dren up to 133% FPL
AFDC: AFDC ended; replaced by 1996 1997 All states
Temporary Assistance for Needy
Families (TANF) w/ looser spend-
ing restrictions
FSP/SNAP: Reduced reimburse- 1998 1998 All states
ment of state administration costs
Min wage increase 1950 1950 All states except: AK not affected
Min wage increase 1956 1956 All states except: AK not affected
Min wage increase 1961 1961 All states except: AK not affected
Min wage increase 1963 1963 All states except: AK not affected
Min wage increase 1967 1967-1968  All states except: AK, CA not affected
Min wage increase 1974 1974-1976  All states except: AK, HI not affected
Min wage increase 1977 1979-1981  All states except: AK, CT not affected
Min wage increase 1990 1990-1991  All states in 1990, except: HI, TA, ME,
MN, VT, WA in 1991; AK, CA, CT, OR,
RI not affected
Min wage increase 1996 1996-97 All states in 1996, except: NJ and WA in
1997; AK and HI not affected.
Min wage increase 2007 2007-09 All states in 2007 except: AR, MN, NV in
2008; AK, AZ, DE, FL, NJ, NY in 2009;
CA, CT, HI, IL, ME, MA, MI, OR, RI,
VT, WA, WV not affected.
Clean Air Act 1963, 1967, 1963, 1967, All states
1970, 1977, 1970, 1977,
1990 1990
Occupational Safety and Health 1970 1970 All states
Act
Federal Water Pollution Control 1972, 1977, 1972, 1977, All states
Act 1987 1987
Marine Protection Research and 1972 1972 All states
Sanctuaries Act
Endangered Species Act 1973 1973 All states
Safe Drinking Water Act 1974, 1986, 1974, 1986, All states
1996 1996
Surface Mining Control and Recla- 1977 1977 All states
mation Act
Internet Tax Freedom Act 1998 2020 HI, NM, ND, OH, SD, TX, and WI.
Healthy, Hunger-Free Kids Act 2010 2012 All states

Notes:

This table summarizes federal mandat
substantial burden on state budgets, i.e. haveeg

million 1996 dollars). See Section for details.

enacted in 1950 or later that are likely to impose a
&jected costs that exceed the UMRA threshold ($50



Table 2: Tax Change Trends

Decreased 2pp+ Increased 2pp+ Fluctuated 2pp+
Top Personal  CO, ND, RI, WI AK, CA AZ,CT, DE, IA, KS,
Income MA, ME, MN, MT,
NJ, NM, NY, OH,
PA, VT, WV
Top Corpo- OH AL, DE, IA, IL, IN, AZ, CA, CT, MA,
rate Income KS, LA, MD, ME, MI, MN, ND, NY,

MO, NE, NH, NJ, PA
NM, RI, TN, VT

Sales AR, AZ,CA,FL,IA, CT, ME

ID, IL, IN, KS, KY,
LA, MA, MD, MI,
MN, MS, ND, NE,
NJ, NM, NV, OH,
OK, RI, SC, TN,
TX, UT, VT, WA,
WV

Notes: This table groups states into three categories: (1) those whose tax rates increased
from 1950-1970 to 1971-1999 to 2000-2020 by more than 2 percentage points total, (2)
those whose tax rates decreased by more than 2 pp total, (3) those whose tax rates
fluctuated, meaning the 1971-1999 average rate was either above or below both 1950-
1970 and 2000-2020 averages. Safe Republican states are colored in red, while safe
Democrat states are colored in blue.
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Table 3: Machine Learning Results

Basic Regressions Lasso Forest Tree
Outcome Training Out-of-Sample Training Out-of-Sample Training Out-of-Sample

R? R2 R? R? R? R?
Income tax change (%) 0.26 0.04 0.11 0.03 0.65 0
Corporate tax change (%)  0.17 -0.34 0.07 0.06 0.64 0.01
Sales tax change (%) 0.14 -1.12 0.06 -0.35 0.64 -0.02
Cigarette change ($) 0.13 -0.44 0.1 0.06 0.66 0
Gasoline change ($) 0.15 0.06 0.08 0.01 0.66 -0.01
Alcohol spirit change ($) 0.12 -0.05 0.03 0 0.56 -0.1
Income tax decrease 0.18 0.07 0.24 0.01 0.69 0.09
Corporate tax decrease 0.21 -0.64 0.24 0.11 0.71 0.17
Sales tax decrease 0.1 -0.47 0 0 0.6 -0.04
Gasoline decrease 0.14 -0.03 0.16 0.02 0.66 0.06
Income tax increase 0.3 0.19 0.38 0.15 0.69 0.11
Corporate tax increase 0.28 0.07 0.35 0.08 0.68 0.08
Sales tax increase 0.18 -1.63 0.24 -0.01 0.66 0.01
Cigarette increase 0.2 -2.79 0.3 0.05 0.68 0.05
Gasoline increase 0.16 -1.41 0.24 -0.02 0.7 0.1
Alcohol spirit increase 0.22 0.01 0.17 -0.03 0.62 -0.03

Notes: This table compares the results of linear regression model with LASSO selection
models and Random Forest algorithms. The table reports the average R? obtained
when estimating the model on the training sample (80% of the data) and when making
predictions on the remaining 20% sample. The average is calculated over 100 random
splits of the data. The linear regression is estimated on 129 explanatory variables
summarized in Table[A:2l The LASSO model is estimated on the full set of interactions
of above variables, resulting in 22,455 variables. Random forest is estimated over the 129
explanatory variables, decade dummies and 2nd and 3rd powers of numeric variables.
Cigarette and alcohol tax decreases are omitted due to lack of events.
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Table 4: Machine Learning Clusters Over Time

Ave tax rates in group 1950-1969 1970-2000 2001-2020

1 Tine = 0, Teorp = 0, ME, MI, OH, WA, WY NV, SD, TX, WY
Tsales = 4.2, Tgas = 0.4, WA, WY
Teig = 0.7, Topirit = 1.4

2 Tine = 4.7, Teorp = 5.6, AL, IA, MS, AL, MI, MS, AL, MI, MS, NH,

Tsales = 3.7, Tgas = 0.4, NC, PA, UT, PA, UT, VA PA, UT, VA
Tecig = 06, Tspirit — 0 VA
3 Tine = 9.2, Teorp = 8.1, OR IA, MT, OR, IA, ID, ME, MT,
Teales = 3.1, Tgas = 0.4, VT OR, VT, WV
Tcig = 0.8, Tspirit — 0
4 Tine = 8.1, Tcorp = 7-5, CA, NM CA, DE7 HI, NM,
Tsales = 4.2, Tgas = 0.3, NY, OK
Tcig = ]-7 Tspirit — 7.4
5 Tine = 5, Tcorp = 7.5, AR, AZ, CO, IL,
Tsales = 9.4, Tgas = 0.3, IN, KS, KY, LA,
Teig = 1, Tspirit — 4.6 MA, MD, MO,
ND, NE, SC, TN,
WI

6 Tine = 8.3, Teorp = 6.4, AR, MA, MN,
Tsales = 2.1, Tgas = 0.5, ND, NY, SC,

Teig = 0.6, Topirit = 20 WI
7 Tine = 1.8, Teorp = 3.2, CT, FL, IL, IN, FL AK
Tsales = 2.6, Tgas = 0.4, KS, MO, NE,
Tcig = 0.6, Tspirit = 13 NJ, NM, NV,
RI, SD, TX

Notes: This table shows the seven clusters generated by the Ward hierarchical clustering procedure.
Each state-year is treated as its own observation, therefore states can be assigned to different clusters
in different years. Table lists states that belong to each respective groups in 18 out of 20 years in
1950-1969 or in 2001-2020, and in 28 years out of 31 in 1970-2000. States that are not listed did not
satisfy this requirement, i.e. they moved across clusters.
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APPENDIX FOR ONLINE PUBLICATION

A Data

We rely on the previous literature, summarized in Table to identify the set
of relevant economic, political and institutional variables that we use in our
analysis. The resulting set of explanatory variables is available in Table [A.2]
In this section, we describe how we construct these explanatory variables.

Neighboring states. Our preferred method of identifying neighbors fol-
lows Baicker| (2005). Using 2010 IRS population migration data, for each state,
we identify five states that receive the largest number of out-migrants from
that state. We focus on outflows because these are likely to be most important
for tax competition. While migration flows vary from year to year, the ranking
of states, especially at the very top, appears to be fairly stable. For this reason
—and due to the lack of consistent yearly data throughout the 70-year period
— we use 2010 neighbors for all years. We calculate average tax rates in these
five neighboring states, and we consider neighbors to change taxes if at least
one of five states changed their tax rate.

Recessions. We identify state recessions by applying the Bry-Boschan
Method to Federal Reserve Bank of Philadelphia State Coincident Index (1979-
2020) and yearly GDP values (1963-1978). The Bry-Boschan Method identifies
the peaks and troughs in the level of a time series, thus marking the beginning
and ends of expansions and contractions. Our specification uses a window
of 12 month, with a phase of at least 6 months and a complete cycle of 24
months. For 1949-1962, we rely on federal recessions using NBER datings.

Demographics. We obtain population measures along with race and
age breakdowns for 1969-2019 from the Surveillance, Epidemiology, and End
Results (SEER) Program of the National Cancer Institute. Population totals
for 1949-1969 are obtained from the Statistical Abstracts of the United States.
Breakdowns by race and age were obtained from the Statistical Abstracts of
the United States for years 1950, 1960 and 1968. These values are then used
in place of missing years, i.e 1950 value for years 1949-1955, 1960 value for
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years 1956-1963, and 1968 value for 1964-1968.

We obtain the poverty rate for 1980-2019 from Census and for years 1959,
1969 and 1975 from the Statistical Abstracts of the United States. These
values are then used in place of missing years, 1959 for years 1949-1963, 1969
for years 1964-1972, and 1975 for years 1973-1979. Median household income
values are available from Census for years 1979-2019, and are supplemented
with values for 1950, 1959, 1969 and 1975 from the Statistical Abstracts of the
United States. Again, the latter values (but inflation-adjusted) are used in
place of missing data: i.e 1950 value for years 1949-1955, 1959 value for years
1956-1963, 1969 value for 1964-1972, 1975 value for 1973-1978.

We collect the unemployment rate, employment to population ratio, and
labor force participation rate for 1976-2020 from the Bureau of Labor Statis-
tics. Unemployment rate and total unemployment for 1957-1975 were obtained
from the Manpower Report of the President and the Employment and Train-
ing Report of the President. For 1957-1970, employment to population ratio
is estimated as the number of employed individuals (obtained by multiplying
one-minus the unemployment rate by the size of the labor force, i.e. unem-
ployment divided by the unemployment rate) divided by the the number of
prime age-adults (i.e. age 19-65). Labor force participation rate is estimated
as the number unemployment divided by the unemployment rate and divided
by the number of prime age-adults (i.e. age 19-65). Values for earlier years
(1949-1956) are filled with values from 1957.

Safe Republican and Democratic states. In some of our analysis we
break down states into three categories: “safe” Republican, “safe” Democratic,
or Swing state. Safe Republican (resp. Democrat) states are defined as those
who had only voted for a Republican (resp. Democratic) presidential candidate
in the past six elections, i.e. starting with 2000 presidential elections. The
remaining states are considered to be swing states. Table summarizes
these groups.

Southern Democratic states. In our analysis we distinguish Southern

and Northern Democratic parties. We identify the following states as Southern
Democratic states: AL, AR, FL, GA, KY, LA, MS, NC, OK, SC, TN, TX,
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VA, WV, for all years before 2015.

Table A.1: Plausible Explanatory Variables Based on Previous Literature

Studies

Suggested explanatory variables

Election Cycles:

Mikesell| (1978)), [Rosenberg| (1992), [Foremny and|

Riedel| (2014), |[Katsimi and Sarantides| (2012),

Nelson| (2000), (Chang et al.[(2020)

Ashworth et al.l

(]2006[)

Veiga and Veiga (2007)

Rosel (2006

election cycle year indicators

election cycle year indicators, neighbors’ tax rates,
coalition vs single-party in control indicator

election cycle year indicators, salience of tax instrument

election cycle year indicators, election cycle year indi-
cators x deficit not allowed indicator

Political Structures:

|Alt and Lowry|

(]1994[)

McCubbins

|Castanheira et a1.| (]2012[)

|R0ubini and Sachs| (I1989[)

divided government indicator, divided government in-
dicator x deficit not allowed indicator

divided government indicator, party of the president
divided government indicator, governor election cycle
year indicator, percent of female legislators in the leg-
islature

size of majority, election cycle year indicators, recession
indicator, tax reform the year prior indicator
government tenure, coalition vs single party in control
indicator

Institutional Rules:

[Besley and Case| (1995a)

Gilligan and Matsusakal (2001), [Egger and|

Koethenbuerger|

2010

Matsusaka (199

5), Matsusaka

et al.| (2017a), |Asatryan et al.

2000)), |Asatryan|
2017b

Poterbfl 1994

legislator term limit indicator

governor term-limited, governor term-limited x Demo-
crat, governor term-limited x Republican

size of senate, size of house

voter initiative indicator, voter initiative indicator x
complexity of voter initiative requirements

deficit not allowed indicator, tax limitations, general
fund balance, divided government x deficit not allowed,
governor election cycle year indicators

Table continues on next page.

Notes: This table summarizes variables that are likely to explain variation in state tax
policies based on the previous studies.
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Table A.1: Plausible Explanatory Variables Based on Previous Literature ’

Studies

Suggested explanatory variables

Competition:

|Besley and Case| (1995b)), |Chirinko and Wilson| neighbors’ tax rates

(2017), |Deskins and Hill| (2010), Rork| (2003)

Buettner| (2003
Case et al.

Besley and Rosen| (1998), |Goodspeed)|

2000),

Goodspeed| (2002), |Devereux et al.| (200

Geys| (2006

[Bordignon et al.| (2003)

)

neighbors’ tax rates, neighbors’ tax rates x size of state
neighbors’ spending, as defined based on economic and
geographic similarities

neighbors’ tax rates, federal tax rates

neighbors’ ratio of the cost of public goods provision
to the level of public goods actually provided by the
government, also interacted with coalition vs single-
party in control indicator

neighbors’ tax rates, defined based on degree of mobil-
ity between states

neighbors’ tax rates x mayor term-limited, election year
indicators, demographics: unemployment, elderly and
young shares of population

Other:
lInman and Fittsl (11990[)

[Bozzano et al| (2021))

income level, unemployment level, demands from spe-
cial interest groups, share of young people in popula-
tion, strength of party control

gender equality level
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Table A.2: 129 Core Explanatory Variables

Group Type (N of var)

Variables included

1 Linear trend (1)

2 Federal rates
(10)

3 Recessions and

mandates (7)

4 State legislatures

()

5 Balanced budget
rules (3)
6 Term limit and

voter initiative

(6)

7 Political factors
(30)

8 Neighbors’ taxes
(22)

9 Own other taxes

(11)

10 Demographics
(22)

11 1995 tax rates
and revenue

shares (12)

year

rates and changes from previous year of top federal income tax rate, top federal
corporate rate, and federal cigarette, gasoline, and spirit taxes

indicators: federal recession and one year lag, state recession and one year lag,
3 indicators for federal mandates: welfare-program-related, minimum wage
change, and other

number of seats in the lower chamber, number of seats in the upper cham-
ber, average legislative session duration in calendar days, average salary (in
2019/20), average per diem expenses (in 2019/20)

indicators: whether budget deficits are allowed, whether capital expenditures
are part of the budget, whether rainy day fund exists

indicators: whether there is governorship term limit, whether there is legisla-
ture term limit, whether this is a year in governor’s last term, whether such a
governor is Republican or a Democrat, whether voter initiatives are allowed

number of times governor party switched, number of times majority in house,
in senate or both switched, share of Republicans/Democrats in the sen-
ate/house; indicators: majority-Republican legislature, majority-Democratic
legislature, governor Republican, governor Democratic, Southern Democratic
governor, Southern Democratic legislature majority, divided government
(party of house, senate and governor is not the same), first term after gov-
ernor party change, first term after senate party change, first term after house
party change, federal government shutdown that year, state government shut-
down that year, Democratic president, state’s preferred presidential candidate
lost, legislature majority matches the party of the winning presidential can-
didate in the state, indicators for each year in the presidential election cycle,
indicators for each year in the gubernatorial election cycle, interaction term of
divided government and deficit not allowed

average tax rates in neighboring states this year and previous year; indicators
of tax rate increases and tax rate decreases in neighboring states this or pre-
vious year; all separately for top income, top corporate, sales, cigarette, spirit
and gasoline tax rates (decrease indicators omitted for cigarette and spirit
taxes)

level regressions: level of other tax rates in the state top income, top cor-
porate, sales, cigarette, spirit and gasoline tax rates; similarly in tax change
regressions: indicators of tax rate increases and tax rate decreases in other
rates; as well as lags of all 6 tax rates

population, population density, labor force participation rate, employment to
population ratio, unemployment rate, poverty rate, percent of black residents,
percent of non-white and non-black residents, percent of children (0-17 years
old), percent senior residents (654 years old), median household income; as
well as changes in these variables

tax rate (top income, top corporate, sales, cigarette, spirit and gasoline) levels
in 1995; 1995 tax revenue shares of income, corporate, sales, cigarette, spirit
and gasoline taxes

Notes: This table summarizes variables used in simple linear analysis in Section [5.1] and
Random Forest algorithm in Section [5.2] as well as the baseline set of variables used to
construct interaction terms for LASSO analysis in Section [5.2]
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Table A.3: “Safe” Republican and Democratic States

Safe Republican States AL, AK, AR, ID, KS, KY, LA, MO, MS, MT, NE, ND,
OK, SC, SD, TN, TX, UT, WV, WY

Swing States AZ, CO, FL, GA, TA, IN, MI, NC, NH, NM, NV, OH, PA,
VA, WI

Safe Democratic States CA, CT, DE, HI, I, ME, MD, MA, MN, NJ, NY, OR, RI,
VT, WA

Notes: Safe Republican (resp. Democrat) states are defined as those who had only voted
for a Republican (resp. Democratic) presidential candidate in the past six elections, i.e.
starting with 2000 presidential elections. The remaining states are considered to be

swing states.
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B Additional Descriptive Graphs

Figure B.1: Lack of Convergence among Democratic/Republican States

Left: Democratic Legislatures Right: Republican Legislatures

(a) Heterogeneity Over Time (b) Heterogeneity Over Time
Sales and Income Taxes Sales and Income Taxes

st dev of tax rate / ave tax rate
st dev of tax rate / ave tax rate

W o
19504985 19604965 197019751980 1985 19904995 50002008 5010018 2020 19504955 19601965 19704975 1980985 19904995 90002008 010 5015 5020
—=e— personal income tax rate ~—4—— corporate income tax rate —=e— personal income tax rate ——4—— corporate income tax rate
—®— sales tax rate —®— sales tax rate
(c) Heterogeneity Over Time (d) Heterogeneity Over Time
Excise Taxes Excise Taxes
|

st dev of tax rate / ave tax rate
st dev of tax rate / ave tax rate

o+ o+

19504985 106019654970 157519804985 19904995 500050082010 5015 2020 19504955 19604965 19704975 19801985 49904095 90005008 010 5015 020

—=&— cigarette taxrate  —4—— alcohol tax rate
—#&— gasoline tax rate

—=e— cigarette tax rate  ——4—— alcohol tax rate
—&— gasoline tax rate

Notes: Figures (a) and (b) show average top personal income and corporate tax rates,
sales tax rates, and average cigarette, alcohol (wine) and gasoline tax rates, as well as
corresponding federal tax rates. Figures (c) and (d) show the standard deviation of the
state taxes. All states included, including those with zero rates.
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Figure B.2: Is Tax Policy Becoming More Polarized? Including Zero Tax Rates
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Notes: This figure shows the difference in means and corresponding 95% confidence
intervals of tax rates in “safe Republican” and “safe Democratic” states, i.e. states that
have only voted for a Democratic (Republican) presidential candidate since 2000 elec-
tions (see Table .The differences are calculated for non-overlapping 3-year periods.

All states are included.
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Figure B.3: Is Tax Policy Becoming More Polarized? Including Zero Tax Rates
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Notes: This figure shows the difference in means and corresponding 95% confidence
intervals of tax rates in states with majority Democratic versus Republican legislatures,
i.e. where both chambers have Democratic (Republican) majorities. The differences are
calculated for non-overlapping 3-year periods, only nonzero observations are included.
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Figure B.5: Personal, Corporate and Sales Tax Rates Time Series
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Figure B.4: Personal, Corporate and Sales Tax Rates Time Series
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Figure B.4:
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Notes: These figures show time series of top personal income tax, top corporate tax and
general sales tax in each state.
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Figure B.5: 50% Largest Tax Rate Changes Over Years

(a) Top Income Tax Rate
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Figure B.6: 50% Largest Tax Rate Changes Over Years, Continued

(d) Cigarette Tax
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(e) Gasoline Tax
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(f) Spirit Tax
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Notes: Left axis: the upper green bars (lower pink bars) show the percent of states that
increase (decrease) their taxes in a given year. Right axis: the triangle series (dot series)
show average size of tax increases (decrease) in pp or in 2020 dollars. These statistics
are shown for (a) state top income tax rates, (b) state top corporate tax rates, and (c)
state standard sales tax rates, (d) cigarette excise tax rates, (e) gasoline excise and (f)
spirit excise tax rates. These statistics are shown separately for states that have only
voted for a Democratic (Republican) presidential candidate since 2000 elections (see
Table . Only largest 50% of tax changes are included. Gray bars identify national
recessions; while gray lines identify changes in federal tax rates.
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Figure B.7: Percent of Tax Changes that Occur in Response to Economic

Causes

Left: Safe Democratic States

Right: Safe Republican States
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Notes: This figure shows the percent of tax changes that occur (a) within 3 years after
neighboring state changes its tax rate; (b) during a state recession or a year after, or
(c) in the year the federal mandate becomes effective or a year prior. In all figures,
the top blue/red bars show actual observed percentages, while the grey bars show the
simulated average, calculated by randomizing the timing of tax changes 100 times.
The thin interval bars show the 5th and 95th percentiles of the simulated percentages.
These statistics are shown separately for states that have only voted for a Democratic
(Republican) presidential candidate since 2000 elections (see Table [A.3).
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Figure B.8: Percent of Large Tax Changes that Occur in Response to Economic

Causes

Left: Safe Democratic States
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Right: Safe Republican States
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Notes: This figure shows the percent of large tax changes (top 50th percentile) that
occur (a) in the same year or 1 year after neighboring state changes its tax rate; (b)
during a state recession, or (c) in the year the federal mandate becomes effective or
a year prior. In all figures, the top blue/red bars show actual observed percentages,
while the grey bars show the simulated average, calculated by randomizing the timing
of tax changes 100 times. The thin interval bars show the 5th and 95th percentiles of
the simulated percentages. These statistics are shown separately for states that have
only voted for a Democratic (Republican) presidential candidate since 2000 elections

(see Table|A.3).
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Figure B.9: Party Affiliation of Political Offices and 50% Largest Tax Changes

(a) all states
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(c) Safe Republican States
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Notes: The top row of each figure shows the percent of yearly observations in which (i)
the majority party of the House is the same as that of the Senate and of the Governor,
and one of these three bodies switched party control; (ii) same as (i) but no party control
change; (iii) House and Senate majorities are the same party, but Governor of a different
party, and the joint majorities in House and Senate were obtained this term; (iv) same
as (iil) but no party control change; (v) House majority matches Governor’s affiliation
but not Senate majority’s; (vi) Senate majority matches Governor’s affiliation but not
House majority’s; (vii) all other options (i.e. non-Democratic/Republican affiliations or
lack of majorities). The next five rows show party affiliations in years when respective
tax changes occur. Figures (b) and (c) provide these statistics separately for states
that have only voted for a Democratic (Republican) presidential candidate since 2000

elections (see Table [A.3)).

79



Figure B.10: Party Affiliation of Political Offices and Tax Increases/Decreases

(a) Increases — Safe Democratic States
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(d) Decreases — Safe Republican States
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Notes: The top row of each figure shows the percent of yearly observations in which (i)
the majority party of the House is the same as that of the Senate and of the Governor,
and one of these three bodies switched party control; (ii) same as (i) but no party control
change; (iii) House and Senate majorities are the same party, but Governor of a different
party, and the joint majorities in House and Senate were obtained this term; (iv) same
as (iil) but no party control change; (v) House majority matches Governor’s affiliation
but not Senate majority’s; (vi) Senate majority matches Governor’s affiliation but not
House majority’s; (vii) all other options (i.e. non-Democratic/Republican affiliations or
lack of majorities). The next five rows show party affiliations in years when respective
tax changes occur. These statistics are shown separately for states that have only voted
for a Democratic (Republican) presidential candidate since 2000 elections (see Table
and for tax increases and decreases.
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Figure B.11: Election Cycles — Tax Increases

Left: Safe Democratic States
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Notes: The top row of each figure shows the percent of yearly observations occurring
during the studied time period. Years 1 through 4 identify first, second, third and fourth
years post-election. The other rows show similar break downs but in years when tax
changes of a given tax type occur. For gubernatorial and house elections, only states
with 4-year and 2-year cycles are included respectively. These statistics are shown
separately for states that have only voted for a Democratic (Republican) presidential
candidate since 2000 elections (see Table [A.3]).
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Figure B.12: Election Cycles — Tax Decreases
Left: Safe Democratic States Right: Safe Republican States
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Notes: The top row of each figure shows the percent of yearly observations occurring
during the studied time period. Years 1 through 4 identify first, second, third and fourth
years post-election. The other rows show similar break downs but in years when tax
changes of a given tax type occur. For gubernatorial and house elections, only states
with 4-year and 2-year cycles are included respectively. These statistics are shown
separately for states that have only voted for a Democratic (Republican) presidential
candidate since 2000 elections (see Table [A.3]).
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Figure B.13: Institutional Rules: Tax Decreases
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Notes: This table shows the frequency of tax decreases in states with various institu-
tional settings.
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Figure B.14: Institutional Rules: Tax Increases
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