Does Yardstick Competition Exist Among Overlapping Localities?
Evidence on the Fiscal Effects of Direct Democracy

*

Yoon-Jung Choi

*

Maxwell School Center for Policy Research
426 Eggers Hall, Suite 406B, Syracuse, New York, U. S.
e-mail: ychoi16@syr.edu

ABSTRACT
This study aims to extend the study of property tax competition to a highly fragmented
local context. Applying the tax competition theory to the property tax, I estimate the causal
effect of a property tax increase at one level of government on fiscal decisions of another
level of overlapping governments. To address endogeneity concerns in jurisdictional overlap,
I employ different quasi-experimental approaches based on school bond referenda, using
regression discontinuity (RD) and difference-in-differences (DiD) frameworks. The RD and
DiD estimates together suggest that an increase in school taxes would eventually lead to
higher tax rates in overlapping cities. The findings confirm the existence of tax competition,
which is consistent with the yardstick competition model. Furthermore, given the crossdistrict heterogeneity in taxing capacity and intergovernmental constraints, the results
indicate the presence of power dynamics among localities.
Keywords: vertical tax competition, yardstick competition, property taxes …
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1. Introduction
Property taxes are a major and essential source of funding for counties,
municipalities, school districts, and other special districts. This shared and overlapping power
has long been an integral part of the property tax system in the U.S. With increasing attention
given to the complex institutional landscape, the resulting pattern of property taxes is often
characterized as a polycentric, governmental system (Ross and Hummel, 2012), which is
comprised of independent local service districts operating under a wide variety of interwoven
relations (V. Ostrom et al., 1961; E. Ostrom, 2005; McGinnis and E. Ostrom, 2011). Given
this urban regional setting, the economic literature has paid a great deal of attention to the
presence of strategic interaction in tax competition among local governments (Agrawal,
2015; 2016). In US property taxes, nonetheless, there is limited empirical evidence based
primarily on horizontal competition (Isen, 2014), interaction among nested governments
(Brien, 2017), or competition for a mobile tax base (Hall and Ross, 2010). This paper aims to
fill this gap and to widen the scope of empirical studies regarding property tax competition in
the complex, multi-layered fiscal system of U.S. local governments.
The tax competition literature suggests that the tax policies of one government
impact the policy decisions of other governments; however, the estimation of one
jurisdiction’s responses to other jurisdictions’ fiscal decisions is fraught with issues of
endogeneity (Revelli, 2003; Parchet, 2019). To deal with the endogeneity that comes from
jurisdictional overlap, this paper employs two quasi-experimental estimation strategies to
analyze the impacts of bond referenda held by overlapping school districts that pass or fail.
To my knowledge, this is the first paper that provides significant causal inference on vertical
competition in property taxes, though the interactions of local referenda are better understood
in a political setting than in a common setting. This study aims to improve the operational
definitions of “overlapping” by identifying all of the fully or partially overlapping localities
and measuring the shared areas among them. Here, I take advantage of the overlay analysis in
GIS to expand the scope of tax competition literature to include partially overlapping
institutions. The spatial data will also be used to assess how effects vary depending on the
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degree of overlap and examine the validity and heterogeneity of the estimates.
Texas provides an ideal laboratory for testing theories related to property tax
interaction. From an institutional perspective, Texas is one of the less restrictive states in the
nation with regard to property tax levies for debt financing, where each taxing unit is
relatively free to adopt its own fiscal policy. In a geographical sense, the boundary lines of
taxing districts in Texas differ from one another, and this has resulted in a diverse and highly
fragmented fiscal environment. I employ the unique institutional circumstances of Texas to
examine whether tax competition exists for property taxes between school districts and
municipalities. This paper considers two models based on specific subsamples. The first
subsample covers all overlapped municipalities that experienced one or more school bond
referenda that were barely approved or barely rejected; the second subsample covers the
municipalities that cleanly overlap with a single school district holding one referendum in the
2006–2013 period. For the selected sample, the regression discontinuity (RD) estimates for
the full overlapping sample compare favorably with the results obtained by the difference-indifferences (DiD) model. An important distinction between the two samples is that the RD
sample consists mostly of cities that are spread out the large urban areas having several
referendums, such as the Greater Houston Area and Dallas-Fort Worth Metroplex, whereas
the DiD sample consists only of rural districts having few capital projects referenda. While
different in character, the two samples’ estimates both provide a valid counterfactual, where
the treatment and comparison groups are closely matched around the 50 percent threshold
and followed over time.
The rest of this paper is organized as follows. Section 2 reviews relevant prior
literature and relates the contribution of this study to that literature in greater detail, Section 3
covers the institutional background and referendum process in Texas, and Section 4 discusses
data sources and summary statistics. Section 5 lays out the empirical methodology. Section 6
investigates the validity of the research design. Section 7 presents the main results, followed
by results of robustness and falsification tests. Section 8 concludes this paper.
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2.

Related Literature

2.1. Theoretical Framework
The theoretical literature on tax competition primarily concerns “horizontal tax
competition,” under which governments at the same level compete over a mobile tax base
(Oates, 1972; Wilson, 1999). In recent years, many studies have appeared on “vertical tax
competition” among different government levels. 1 The central prediction from vertical tax
competition is that tax rates are set inefficiently high in a setting where different levels of
government share a common, centrally-defined tax base and set their tax rates
noncooperatively (Wilson and Wildasin, 2004). In cases of local property taxes, several
possible pathways explain how one government level may influence the behavioral responses
of another government level: revenue effect, income effect, reference point effect, and
incumbent incentive effect.
First, the revenue effect arises when one government level attempts to maintain its
revenues in response to tax increases from another government level (Besley and Rosen,
1998). An increase in another government property taxes leads to a decrease in the taxable
base by being capitalized into lower property values, holding expenditures constant (Ladd
and Bradbury, 1988). 2 This, in turn, might induce one level of government to raise their tax
rates to maintain the same amount of revenue to be raised. 3
Second, vertical interactions can also occur because, assuming that the public services
provided by the two overlapping governments are normal goods, increasing taxes in one
jurisdiction reduces taxpayer’s disposable income and reduces demand for the services
provided by other overlapping jurisdiction (Aronsson et al., 2000). 4 Considering that
This dimensional shift from horizontal to vertical represents the turning point in studies on tax competition,
because it shifts the focus from the Tiebout-style competition to strategic fiscal interaction among jurisdictions
(Wilson, 1999; Krane et al., 2004; Lyytikäinen, 2012).
2
If this assumption of constant expenditures does not hold and the higher tax area provides better public
services, then property value decline may not occur.
3
The rate setting can be seen as “the climax to the annual budget process” which is usually the final stage of the
process. In terms of capital spending, the rates are set at a level sufficient to yield enough revenue from the net
assessed value to balance the amount of revenue to cover current costs of servicing debt obligations (Mikesell,
2013).
4
Here, I leave aside cases wherein the tax capitalization yields another possible income effect received in the
household, which will be relaxed later.
1
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spending and tax revenue are endogenously determined (Brueckner, 2003; Ross and Hummel,
2012), this effect, referred to as the income effect, leads to lower spending and an associated
lower tax revenue in overlapping jurisdictions. Therefore, the effect of this reaction is
negative reflected by the lower tax rate of other jurisdictions.
The third potential pathway further considers how the various causal mechanisms that
we hold constant would be linked together, especially when tax increases and the funded
service increases are both capitalized into house values. The empirical work by Cellini (2010)
suggests that capitalization of fiscal differentials is likely to be positive, because that might
be why the referenda were approved by voters in the first place. However, the impact on
voters in overlapping jurisdictions is unclear. Their demand may increase as the value of their
house has gone up. Or, they may feel poorer and spend less because their property taxes have
gone up. Therefore, the effects of this reaction could be either positive or negative depending
on the direction of after-tax incomes (income effect).
Fourth, a tax reaction function can be driven by local officials influenced by common
constituents’ demand. Especially in a referendum setting, passing initiatives in one level of
government may signal an increase in demand for government services, which may induce
them to increase spending and the associated tax rate corresponding to increased demand
among the population shared by both overlapping jurisdictions. Particularly in contexts where
local officials have limited information about demand for public services, localities would
mimic vertical neighbors whom they believe to be particularly well-informed about the
appropriate service level desired by citizens (Becker and Davies, 2017). Therefore, the
reaction is positive; in other words, if one government increases its tax rates, other
overlapping governments also increase their tax rates.
Fifth, the incumbent incentive effect is another potential response, under which
policymakers face a political constraint. This constraint arises from the efforts of residents to
defeat a politician whose policies reduce residents’ property values. In this scenario, an initial
tax rate increase may motivate residents to limit tax increases, so the politician who serves
the same constituents will set a lower tax rate or associated lower service level than he would
5

if the policies he chose had no impact on his reelection. Put another way, incumbents may
signal their performance to voters by engaging in yardstick competition to lower their tax
rates (Besley and Case, 1995). This leads to a negative tax reaction function, as the political
cost associated with a tax increase may hold taxes below the levels at which marginal
benefits equal marginal costs.
To summarize, from the analysis of the five effects mentioned above, the theoretical
direction of the net effects is unclear, as there are several offsetting effects. It is also
important to note that effects will be dependent on the timeframe of specific mechanisms and
their implicit assumptions about time. For example, local opposition is likely to matter
initially, since increasing tax rates may entail significant political risk to officials when tax is
more salient; however, as time passes, officials are likely to settle down to the tax or service
level considered comparable with their overlapping neighbors. In contrast, spillovers from
other mechanisms are possible both immediately after referenda and over a longer time
horizon. Drawing from these mechanisms, the magnitude, direction, or time frame of the
response can only be determined empirically.

2.2. Empirical Framework
Following the theoretical framework for predicting the response, scholars naturally
turn to empirical research for seeking answers. But this empirical turn also presents
substantial concerns, especially for various sources of endogeneity bias. To tackle this
problem, recent empirical researchers have focused on recent advances in econometrics,
applying quasi-experimental designs and spatially dynamic causal modeling methods to the
tax competition issue. Within the context of a local property tax, a series of articles has
explored various forms of competition among local governments in the United States, among
municipalities and their upper-tier and lower-tier local governments (i.e., counties and
subsumed school districts) (Wu and Hendrick, 2009), within each of those three local
government levels (Isen, 2014), and between counties and school districts (Brien, 2018).
These studies consistently show no evidence of long-term interaction effects, as they control
6

for potential endogeneity, or the effects often cancel out one another. 5 However, it is
important to note that all of these studies focus on property tax used for operating purposes,
while my empirical analysis is primarily concerned with property tax used for debt financing.
That is, this paper attempts to identify local governments’ responses through the tax rate to
pay for tax-supported general obligation (GO) bonds.
Another strand of studies has examined the effects of overlapping tax bases on the
capacity and cost of financing local public debt. In these studies, the concept of fiscal
externalities extends not only to higher tax rates but also to higher debt. Hildreth and Miller
(2002) introduced an analytical framework within which the consequences of vertical debt
externalities depend on the local tax base and interjurisdictional coordination. They
hypothesized that the negative externality caused by uncoordinated debt issues will adversely
affect the jurisdictions’ debt capacity and cost of debt. However, recent empirical studies on
the effects of overlapping jurisdictions on the debt levels and debt repayment costs have
yielded mixed results. Most empirical studies focused on aggregate measures of the vertical
structure reported an increase of debt burden with increasing vertical overlap (Greer, 2015;
Jimenez, 2015; Greer et al., 2018), whereas one study analyzed micro-taxing area as the unit
of analysis supported the opposite result (Martell, 2007). This paper, therefore, seeks to add
insights as to behavioral responses of local governments behind the fiscal consequences of
overlapping tax-supported debt.
Another branch of related literature has sought to integrate the spatial configuration of
intergovernmental fiscal relationships into governance analyses. Given that local government
borders are not necessarily congruent, three recent studies examined coordination problems
In the first of these articles, Wu and Hendrick (2009) used a spatial lag model and showed that there was a
significant positive correlation between property tax rates of municipal governments and sub-municipal school
districts. Conversely, the authors found that the municipal government’s response to the upper level county rate
was negative, and they concluded that, in municipal government, each would counteract the effect of the other.
Using dynamic panel data model, Brien (2018) incorporated dynamic aspects of tax interaction into his study,
which found that counties’ and school districts’ tax reactions are cancelled out by both positive and negative
effects. The findings provided evidence to suggest that simultaneous positive changes in tax rates between both
types of government occur, while each government reverses its response in the following period, given the
policy chosen by the other district. Isen’s (2014) study, along with recent quasi-experimental papers developed
in the European context (Lyytikäinen, 2012; Bocci et al., 2017), tested property tax interactions among
neighboring local governments in Ohio and found that horizontal interactions are absent.
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that can result in strategic fiscal interaction among local governments (Ross et al., 2014; Hall,
2015; Ross, 2018). The main idea of the three articles is that non-congruent borders between
school districts and municipalities will induce strategic behavior on the part of municipal
governments, which will result in new residential development in overlapping areas shared
with the school districts since they can shift the burden of education costs necessary to serve
the additional students associated with the new development. Testing this idea empirically,
Ross et al. (2014) and Hall (2015) quantified the spatial extent to which a school district is
divided among municipalities while accounting for the relative size distributions of all
municipalities. The two studies found that such degree of fragmentation among different
municipalities that shared a school district positively influenced class size and negatively
influenced local revenues for schools. In a more direct approach, Ross (2018) focused on
fiscal competition in terms of zoning choice by using a boundary discontinuity design. Using
satellite imagery, the results offered strong evidence for discontinuities in development
intensity at the borders, and the magnitude of the treatment effect was aligned with negative
impact of the city’s share of school districts. In keeping with existing spatial empirical work
on fiscal policy coordination, this study estimates tax interaction effects on fiscal outcomes of
local governments.

3. Background
The primary features of institutional context in this study are fiscally and
geographically overlapping systems of local governments, which allow me to apply the
unique characteristics of property taxes to leverage spatial properties of the tax bases. While
local fiscal contexts play an important role in this study, no single system for such contexts
exists across the country; that is, each state has its own configuration of local government
institutions with different degrees of boundary congruence and overlap (Fischel, 2010).
Therefore, I carefully select a state that best suits the purpose of this study. I examine the
state of Texas for three reasons.
First, the state of Texas is a large, decentralized state with a significant number of
8

local governments. Texas ranks third in the nation with more than 4,800 local governments,
each of which has a separate governing body and is generally independent of other local
governments. Most of the local governments can raise their own taxes in an effort to better
serve the needs of their constituents and quickly adjust to external constraints they face. The
fiscal policies of cities and school districts, in particular, are made by two separate governing
bodies. City property tax rates are set by the City Council, while The Board of Trustees sets
the school district property tax rate. In this setting, I explore the tax interaction between two
major categories of local governments, general and single purpose governments, which can
be represented by municipalities and school districts, respectively, in which their decisionmaking processes are interdependent, but each can act independently.
Second, independent school districts in Texas must resort to bond referenda to raise
property taxes to fund the debt service on major capital projects. In Texas, state funding does
not generally support capital outlays for school districts. In addition, the primary instrument
for issuing bonds in Texas school districts continues to be voter-approved debt, while State
law requires an election for all school districts when wanting to issue new bonds or bond
taxes. 6 Further, the districts must impose two property tax rates separately, with one needed
to pay the district’s debt service (the Interest and Sinking tax rate) and the other needed to
fund maintenance and operation expenditures (the Maintenance and Operations tax rate). In
this setting, I can apply a regression discontinuity design around the electoral threshold to
isolate the impact of exogenous increases in taxes and identify the causal impact with the
outcome of particular interest.
Third, Texas provided a useful institutional setting in that it truly exemplifies the
notion of ‘multi-layered’ governance involving numerous taxing jurisdictions situated within
diverse forms of cross-cutting and overlapping boundaries. This setup allows one to cover a
rich variety of institutional configurations, filling a gap in the current literature with regard to
the recognition of broad patterns in jurisdictional overlap. In contrast to the traditional
Voter-approved debt accounts for 98.4% of all school district debt in 2011. Texas Association of School
Boards (http://www.seguin.k12.tx.us/upload/page/0069/docs/TASBInfoOnBonds.pdf) Sec. 45.003. Bonds may
not be issued and related taxes may not be levied unless authorized by a majority of the qualified voters of the
district (Tex. Educ. Code Ann. § 45.003(a)).
6
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hierarchical, “nested” model, where each layer of jurisdiction is neatly contained within the
borders of the upper layer, this study sheds more light on the emergence of new institutional
arrangements that consist of jurisdictions freely crossing the borders of traditional
administrative units. Figure 1 illustrates a stylized example from three municipalities near
North Dallas, Texas. The map marks unique areas of municipalities according to their local
school district. As demonstrated by overlapping areas with irregular and complex shapes, it is
common for a school district to cover one or more cities or for a large city to be served by
several school districts. These areas of different geometric shapes are also important in that
they allow for the extraction of information regarding various policy impacts in an RD design,
which would expand later to address treatment heterogeneity. 7
<Figure 1>
The primary interest in this study is the response of one government to another, when
the two governments are interconnected but independent at the same time. This independence
implies each government must operate under its own set of rules as to the amount of debt or
revenue they may obtain from property taxes. One concern is that fiscal rules may constrain
any strategic behavior of local governments, as each instance of decision-making will be
based on an entity’s respective tax rate limit, unaffected by the decisions of others. However,
currently, tax levies that are dedicated to general obligation debt service of the schools and
municipalities have been well below the maximum, respectively. 8 Even if some might reach
the tax levy limit, it is still reasonable to expect that interaction may occur since the limit is
considered at least potentially more constraining if other overlapping governments raise
property tax rates. For example, some changes may be driven by factors that define the basis
for the jurisdiction’s risk assessments or management decisions; this can both serve to limit
7
Texas’ school districts are characterized by “non-county, jigsaw-puzzle” patterns that had undergone the
process of school-district consolidation through the mid-1970s (Fischel, 2010). Since school district boundaries
are predetermined and rarely change for decades, it is reasonable to consider that they are exogenous.
8
In Texas, independent school districts are subject to tax caps with a maximum rate of $0.50 for the repayment
of interest and principal on school debt (The Constitution of The State of Texas, Article VII, Section 3).
Similarly, home rule cities are limited to a tax levy of up to $2.50 per $100 valuation and to have a bond
allowable rate of $1.50 per $100 valuation (The Constitution of The State of Texas, Article XI, Section 5, and
the Texas Administrative Code, Title 1, Part 3, Chapter 53, §§53.5). The schools’ and municipalities’ tax rates
that are dedicated to general obligation debt service are $0.16 and $0.09, respectively.
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and enable the emergence of particular behaviors of other levels of government. I expect that
these behavioral changes will be reflected in the tax rate, considering that the tax rate is
determined last in the sequence for the taxing process in which the management of debt
service fund is left to the discretion of each unit’s governing body. 9 Therefore, given the
details of taxing structure and process, I conclude that it is worth discussing the interaction
effect in terms of tax rate, since there is enough room for local governments to react to the
constraining effects on tax increases.
This paper focuses on two types of property tax rates: the interest and sinking (I&S)
tax rate and the maintenance and operations (M&O) tax rate. Each year, districts adopt two
tax rates that are clearly delineated for two separate funds. I&S funds cannot be used to pay
M&O expenses; in other words, these funds cannot be transferred, by law, between revenue
sources. Both rates of operation and debt services apply to the same properties and are
affected by decisions made by the same entity and associated political cost considerations. In
this study, this split-rate structure will help clarify the mechanisms by sorting out features
common to both rates specific to the district’s debt service.

4. Data
The analysis draws on three sources of data, including the bond referenda data,
property tax data, and jurisdictional boundary data. I obtain bond referenda data from a
database maintained by the Texas Bond Review Board. For each bond measure, the data
includes the referendum date, bond amount, purpose, vote share, and result. The sample
includes 2,221 bond measures proposed by independent school districts between 2003 and
2017. For this same time frame, I aggregate these to the district-year level for the RD analysis,
and amplify this to its overlapping district-level fiscal data from the same data source
resulting in a full sample of about 80% included in longitudinal data during the study period.
For the DiD analysis, the referendum data is, in turn, integrated into panel data sets of local
governments. The final sample contains a balanced panel of the 144 municipalities that
9

Tex. Tax Code §26.01(e) and 26.05(a)
11

experienced one measure with the intervention years of 2006-2013. In matching these
referendum- and district-level data sets with boundary data, I use the GIS mapping software
to assign city governments to school districts that share a portion of their tax bases with the
other level of government. 10
Figure 2 outlines the sample selection process for combining partially overlapping
cities. The figure illustrates two government structures for six overlapping cities, D1 to D6,
for two school districts, J1 and J2. In the left-hand side government structure, municipalities
fall in the clear boundaries of J; D1 and D2 belong to J1, while D3, D4, D5, and D6 fall
within J2, so that they overlap perfectly. In the right-hand side, the cities can be either
completely overlapping (J1-D1 and J2-D4, D6) or partially overlapping. In an RD analysis,
all the units are kept the same as in the left-hand side, except for J2 being included as
overlapping jurisdictions for both school districts, J1 and J2. 11 However, the DiD analysis
considers cities having more than 50 percent overlap but only if school districts pass one
referendum between 2006 and 2013. For example, if a referendum passes in J1 and fails in J2,
D1 and D2 will be assigned to the treatment group while D3, D4, and D6 will be allocated in
the control group; D2 and D5 will not be considered as overlapping with J2 since the overlap
area is less than half.
<Figure 2>
Of the 1,031 school districts currently in the state, 826 proposed 2,221 bond
measures during my study period so that, on average, districts held two referendums every
4.7 years. Table 1 indicates the number of measures proposed and passed in each year, along
with the mean of the vote share, the average bond amount requested from property taxes, the
number of cities that shared school property taxes, and the average percent of overlap among
them. Voters approved 73% of these bond measures, with an average vote share of 65%. The
mean (median) bond amount secured by property tax revenue was $530 million ($170
Since administrative, fiscal, and geographic databases have different identifiers for the same units, I match
the three sets of data by the district name, applying the fuzzy string matching. The shapefiles are obtained from
three separate sources: the Texas Education Agency, the Census Bureau’s Boundary and Annexation Survey
(BAS).
11
This crossover can be considered ignorable if the mechanism of crossover data is random and independent of
the estimated parameters.
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million). Important to the purpose of this analysis, the average number of overlapping
jurisdictions per school district was approximately two cities, which geographically
overlapped with the affected school districts calling for referendums by 79%. This significant
geographical overlap implies that the effect of referendum passage could be extended to other
governments through the layer of congruent and non-congruent government territories.
<Table 1>
The study concerns itself with temporal and spatial variations in property tax levies.
From year to year, there has been much fluctuation in tax revenue and its rate and base. As
summarized in Appendix Figure A, two types of local governments presented roughly similar
trends over past bust and recession years, which indicates potential sources of spurious
correlation in tax outcomes. At the same time, the variations in the tax rate variable (with
whiskers showing the standard deviation) are substantial enough to allow for changes in tax
rates driven by exogenous tax increases.
Table 2 details the sample selection and presents summary statistics for study
samples. It shows summary statistics of variables measuring tax outcomes and district
characteristics for cities that experienced one or more referenda during the sample period and
those that have never experienced referenda. I present summary statistics separately for
districts that experienced multiple referenda that were held by different overlapping school
districts and those that experienced one referendum further restricted to years in the middle of
the sample (a balanced panel from 2006 through 2013). The table shows that districts that
experienced at least one referendum have higher levels of tax rates, assessed values, and
larger populations for districts that did not experience a measure during the sample period.
Furthermore, districts that experienced multiple referenda from multiple school districts have
more higher assessed values and both reflect and perpetuate high land values and higher
densities; whereas districts that experienced single measure from one school district tend to
have lower tax rates, lower assessed values, and smaller populations. These patterns suggest
different types and volumes of selective attrition across the key samples, and indicate the
features in each study sample, in general.
13

<Table 2>

5. Model Specification and Identification Strategy
In a naive regression of X (a school tax increase) on Y (tax rate changes of other
overlapping governments), the estimated coefficients of X will be biased and inconsistent.
First, the interdependence of taxation decisions among overlapping jurisdictions leads to the
simultaneity problem (i.e. y and x are simultaneously determined), which will produce biased
and inconsistent parameter estimates. This ordinary least squares (OLS) estimate is likely to
underestimate the true effect of the response of one government to another because of the
downward bias resulting from counteracting effects with each other (Wu and Hendrick, 2009;
Brien, 2018). Second, by contrast, unobserved common factors can lead to a spurious
correlation between X and Y, giving exaggerated estimated effects (e.g., common shocks
affecting both levels of government). As a result, it is unclear to what degree the downward
bias and upward bias offset each other and, thus, which of these two effects will predominate.
More importantly, a correlation between the fiscal decisions across different levels of
government cannot be interpreted causally.
To address these endogeneity concerns, I employ two empirical strategies to estimate
the effect of tax decisions of one level of government on the tax and debt outcomes chosen at
another level. The first strategy is a regression-discontinuity research design with longitudinal
data. The second is a difference-in-differences analysis based on panel data.
5.1. Regression discontinuity design
I use an RD design as the preferred specification. The analysis focuses on the
applications to close referendums that have been used in other research studies (Cellini, 2010;
Isen, 2014; Martorell et al., 2016), in which the treatment is stochastically determined by the
running variable, and the treatment assignment probability jumps at the cutoff value based on
50% of the popular vote. The identification relies on locally exogenous variation generated
by close vote results, where local governments just above the electoral threshold are
compared with districts just below the threshold. Therefore, I consider the winners and losers
14

of marginal referendums as randomly assigned to “referendum winner” (treatment) and
“referendum loser” (control) groups in which any discontinuous changes in outcomes near
the cutoff can be attributed to the treatment associated with a tax increase in overlapping tax
base.
The standard RD specification is preferred for using full (non-truncated) longitudinal
data on municipalities and special districts, controls for district- (in first-difference form) and
year-fixed effects. Since the standard RD design can be complicated by the dynamic nature of
referenda, I deal with this ambiguity by using the assignment rule as an instrumental variable
for the actual treatment to tax increases. This is especially relevant for the fact that a
jurisdiction that narrowly fails an initial proposal is likely to try to pass the same measure
shortly thereafter and therefore be treated, which generates downward-biased estimates of the
dynamic impact (Cellini, 2010). Therefore, I present estimates of the effects of treatment on
the treated (TOT) under which control group districts are prohibited from passing bonds in
the subsequent year. Nevertheless, an ambiguity remains in setting up the complex overlaps
between units, which necessitates the assumption that both groups are likely to be about
equally influenced by the crossovers that can be linked to different school districts. The
balancing test will further verify that these errors would cancel out on average (see Appendix
Table 1.1).
Since the RD method results from parametric methods can be sensitive to some
arbitrary choices, such as the functional form of the model or the interval around the cut-off
point used in the local regressions, I use multiple functional forms and samples around the
cutoff. The baseline regression discontinuity specification takes the following form in the
case of a cubic specification:
(1) 𝑌𝑌𝑑𝑑𝑑𝑑+𝑛𝑛 = 𝛼𝛼 + 𝛽𝛽𝑇𝑇𝑑𝑑𝑑𝑑 + (1 − 𝑇𝑇𝑑𝑑𝑑𝑑 ) ∑3𝑝𝑝=0 𝛾𝛾𝑝𝑝 (𝑉𝑉𝑑𝑑𝑑𝑑 )𝑝𝑝 + 𝑇𝑇𝑑𝑑𝑑𝑑 ∑3𝑝𝑝=0 𝛾𝛾′𝑝𝑝 (𝑉𝑉𝑑𝑑𝑑𝑑 )𝑝𝑝 + 𝛼𝛼𝑡𝑡 + 𝜀𝜀𝑑𝑑𝑑𝑑

where the subscript t indicates the referendum years, and the subscript t + n represents the
change in tax rates of overlapped government between subsequent tax n year(s) and one year
before the referenda. The forcing variable—the variable that determines assignment to
15

treatment in an RD design—is Tit which is an indicator for whether measure i was passed;
Tit=1 if a school district passes a measure (all jurisdictions with Vit >=0.5) and Tit=0 otherwise.
Vit is defined as the margin of pass/fail of the measure i, calculated as the share of votes that
approved the measure minus 50%. The parameters γp are assumed different on the opposite
side of the cut-off to allow for heterogeneity of the vote share function across the threshold;
𝛼𝛼𝑡𝑡 is year effects; εit is the random error. The standard errors are clustered at the district level.
This RD model will provide a reasonable compromise of identifying treatment

effects, despite of its different parameters among different subsamples under different
assumptions. In addition, the RD sample is designed to help address potential threats to
validity suffered by panel designs; it compensates for selective panel attrition and minimizes
the size of sample loss which can further ensure the sample remained representative of the
overlap sample and consider the potential for heterogeneous treatment effects. 12

5.2. Difference-in-Differences framework
One can also employ an event study model as an alternative specification, estimating
both average and time-varying treatment effects. I first construct a balanced subset of the
panel in which each district contains the same number of observations for the years 20032017. In other words, I restrict the focus to the intervention years of 2006-2013 to ensure
each district has an equal share of periods spent in the estimation sample. The sample
includes eight-year panel of 144 cities in which treated and untreated cities are observed for
three years (from 2003 to 2013) before the intervention and for five years (from 2006 to 2017)
after the intervention. I finally focus on the first “referendum” experienced by a district to
address the potential for serial correlation in multiple referenda.
The implied identification strategy is to compare the property tax rates in overlapping
local jurisdictions that experienced bond passage relative to the ones in jurisdictions that did
not (the first difference), and before and after the passage (the second difference). The
identification assumption is that the tax rate trends in overlapping jurisdictions would have
12

By construction, the sample is selected on larger, more populous and urban localities (See Table 2).
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evolved similarly in the absence of bond passage. In this study, because the treatment is
conducted at staggered periods in time, I standardize the time dimension as m periods before
and g periods after the treatment. For each school district j that held a referendum in year t, I
stack all jurisdiction-year observations that qualified for the specified conditions, resulting in
a sample composed of district d sharing a tax base with school district j in a time window
from m through g around the bond pass, (m,...,−2,−1,0,1,2,...,g) where 0 is the last pretreatment period. In this case, I choose the window of analysis from three years prior to the
referendum through five years subsequent to the referendum. 13 I use the following regression
model to estimate the DiD estimates:
(2) 𝑌𝑌𝑑𝑑𝑑𝑑 = 𝛼𝛼 + 𝛿𝛿𝑇𝑇𝑡𝑡 + 𝛾𝛾𝐷𝐷𝑑𝑑 + λ𝑇𝑇𝑡𝑡 𝐷𝐷𝑑𝑑 + ∅𝑑𝑑 +𝜏𝜏𝑡𝑡 + 𝑡𝑡∅𝑑𝑑 + 𝜀𝜀𝑑𝑑𝑑𝑑

where Ydt is the I&S tax rate for overlapping district d in adjusted year t based on referendum
months relative to due date for property tax rate 14, Tt is a dummy variable set to 1 if the
observation is from the posttreatment period, Ddi is an indicator which is equal to one if the
observation is from the treatment group, ∅d and τt are district- and calendar year-fixed effects,
respectively, and εdt is an error term. The coefficient of interest is λ, indicating the

difference between outcomes before and after a bond passage in a treatment versus control
group. The terms ∅d and τt are district-specific and calendar year fixed effects, respectively;

the year-fixed effects control for year-specific shocks common to all jurisdictions, while the
district-fixed effects control for time-invariant district-level differences in preferences for
taxes and spending and all other unobserved features. In addition, I consider here including
district-specific time trends, 𝑡𝑡∅𝑑𝑑 , to control for linear differences in the evolution of the

outcomes. I identify district-specific time trends only from the pre-treatment time periods,

and then I extrapolate these trends for the entire sample period (Goodman-Bacon, 2016).
This DiD model, including district fixed effects, year fixed effects and time-varying
I choose this time window because of most of the measures expire within five years. Similarly, Cellini (2010)
and Martorell et al. (2016) selected a window from t-2 through t+6, and Isen (2014) used a window from t-2
thorough t+5 because to flexibly give other jurisdictions sufficient time to respond and because over 80% of the
local bonds expire within five years.
14
Most elections occur on a uniform election date in May or November, while each taxing unit adopts tax rates
annually between the two election dates, generally in August or September.
13
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district controls, can be favored on its use of panel data. It is also worth noting that the
sample, itself, ensures long-term compliance to bond passage/failure over time, without
further interventions introduced by other measures or other overlapping school districts. Also,
the sample for the analysis will focus on something else that speaks to the generalizability of
the RD estimates. The DiD model based on this complementary sample will yield
supplementary estimates to provide an overall picture of the policy’s effects.

6. Validation of Research Design
In this section, I test some of the assumptions of the RD and DiD designs. The design
of this study is intended to approximate the design of a randomized experiment in which local
jurisdictions respond to exogenous referendum passage by their overlapping jurisdictions. I
employ two approaches to test the validity of my research design. First, I evaluate balance of
pretreatment covariates by explicitly exploiting the structure of the RD and DiD designs.
Second, I test for whether the 50% cut-off in electoral systems offers adequate allocation
randomness.
Appendix Table 1.1 and 1.2 present balance tests on pretreatment covariates. Both
designs in this study required the assumption that the treated and control groups should not
differ systematically in observed baseline covariates. The tables summarize the balance of the
three district levels’ pretreatment covariates in the control group and treatment group that are
used in RD and DiD estimation, respectively. 15 Table 1.1 provides RD samples’ results,
which are performed by localizing near the cutoff and crucially relying on balance tests in a
sequence of nested windows. This also provides evidence that districts were generally similar
with respect to measured covariates. It is important to note that the treatment-control
differences in baseline covariates actually shrink as comparisons focus on close referenda. In
Table 1.2, I summarize covariate balance using DiD samples. The results of static analyses in
columns 1-3 indicate no significant group differences in the years prior to the intervention on
This study uses a selected set of covariates which is necessarily limited to time-varying, district-level data.
While there are several large datasets for school districts used in education research (Bowers and Lee, 2013),
data on cities is still generally very limited. Testing an exhaustive list of covariates is beyond the scope of a
single paper.
15
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any measure including tax variables, debt, or other district characteristic variables. The
measure of changes in columns 4-5 also shows that no systematic change has occurred before
the referenda. These show that it can be reasonably argued that the timing of the school bond
referenda decided by the school board is exogenous to other districts’ fiscal operations and
circumstances. Therefore, the overall comparison from different groups provides good
evidence to suggest that the groups being compared in both designs are alike with regard to
observed baseline characteristics.
Next, I evaluate whether the outcome of close referenda can produce approximate
random assignment (Lee, 2008). The first assumption made regarding the fuzzy RD concerns
whether the election rule for assignment to treatment creates discontinuity in the probability
of receiving treatment (Lee and Lemieux, 2010: 296-7). Therefore, I assess whether
discontinuity of treatment was present at 50% of the vote share. I present a plot of the
assignment variable against treatment status, which displays the probability of the actual
bond issuance of school districts according to the vote share. Not surprisingly, Appendix
Figure B shows that assignment to treatment depends largely on the vote share, as evidenced
by the jump from 0.05 to 0.99 in the proportion of districts with new bond issues on either
side of the cut-off point. 16 In addition, I previously provided detailed information on how the
treatment is exclusively determined by the voting system based on the institutional
mechanism of capital spending in Texas school districts. These provide evidence that this
first assumption is satisfied.
Third, I examine the distribution of the vote share. One important assumption for a
causal interpretation of the RD estimates is that districts do not have precise control over
election results; districts are assigned randomly to different groups on the basis of a
pretreatment cutoff value. Given the informative discussion of a sorting issue in other studies,
the RD assumption of random selection can be weak if an electorate is small enough that
relevant actors could closely predict or manipulate the vote tally (De la cuesta and Imai, 2016;
Districts assigned to treatment (Zi = 1) may not take the treatment (Di = 0) because some debt obligations
were authorized but unissued, vice versa, districts assigned to non-treatment (Zi = 0) may receive the treatment
(Di = 1) as they immediately hold and pass a second referendum with the same measure.
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Eggers et al., 2015). As a case in point, local referendum may be susceptible to pre-election
sorting behaviors, such as strategic voting, endogenous agendas, or bargaining in local
politics, which could lead to systematic differences between the groups. To check this
assumption, I conduct three different tests. First, I graphically display a histogram of the
measure vote shares and overlay a normal density for comparison in Appendix Figure C. If
any discontinuity in the density of vote shares near the cutoff is clearly visible, this may
suggest nonrandom sorting in close referenda that would ultimately invalidate the RD
approach (Lee and Lemieux, 2010). The distribution of vote shares appears continuous
around the electoral threshold, which suggests that vote shares were neither manipulated nor
altered. In the figure, I also evaluate this assumption more formally using a set of
manipulation tests proposed by McCrary (2008) and Cattaneo et al. (2017). I find no evidence
to reject the null of a continuous distribution with a p-value of 0.86, and the results were
robust to the choice of bandwidth, order, and the kernel function, thus supporting our
assumption of a quasi-randomized treatment.

7. Results
7.1. Baseline results
7.1.1. Graphical Analyses
I first present graphical analyses of overlapping city tax rate changes by a margin of
referendum passage or failure, from one year prior to the referendum to years after the
referendum. Figure 3 plots the property tax rate changes of cities in close referenda in which
the margin of passage/failure of the left is not greater than 10%. The circles are averages
across two-percent bins to the left and right of the cutoff, whereas solid lines and shaded
regions plot the predicted values and associated 95 percent confidence intervals, respectively,
based on a polynomial regression.
In Figure 3(a), I show that the tax rate change prior to the referendum (as compared
to two years before the referendum) is identical for cities at 50% below and 50% above cutoff levels, respectively. This provides strong evidence that the pre-treatment values of the
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study outcome vary smoothly across the cutoff. The evidence also reduces concerns about the
anticipation of electoral outcomes, as it implies that cities, at least ones within narrow
bandwidths, were unable to predict the outcome of future referendums, where treatment is
essentially randomly assigned around the cutoff.
In years after the referendum, the Figure 3(b) reveals a sizable negative discontinuity
in tax rate changes immediately after the school bond passage, and a smaller (but still
substantial) negative jump in the year following the referendum (Figure 3(c)). Conversely, in
year 3, the sign changes from negative to positive. As seen in Figure 3(d), after few years,
there is a positive jump at the threshold, and this positive pattern persists upon year 5. I also
observe strong dispersion in year 3, considering the transition phase that may have a
substantial amount of simultaneous positive and negative responses. These results suggest
that the negative short-term impact on tax rate changes is followed and attenuated with a
positive effect in the long-run. Thus, I move to explain the observed difference between the
short and long-term effects using parametric and nonparametric regression methods guided
by intuition gained from the graphical representation of the effects.
<Figure 3>

7.1.2. Short-run effects
The graphical analyses provided in Figure 3 suggest negative tax response in the year
of the referendum and the following year (T1 and T2), relative to the pre-referendum fiscal
year. To formally test this hypothesis, Table 3 presents key results from the econometric
estimates. The estimates in columns 1 and 2 are consistent with the graphical evidence
suggesting that approval for referenda that call for overlapping tax increases negatively
affects subsequent property taxes in cities in the short term. Overall, the different
specifications show the same pattern of results, which are robust to inclusion of higher-order
polynomials, across different bandwidths, giving us a consistent story across different
specifications. The average value for the coefficients is about 2.7 mills of tax rate. The
economic magnitudes of these discontinuity estimates are large. One way to quantify them is
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as fractions of the mean value. Given that the average property tax rate for overlapped cities
is 10.7 mills ($1.07 per $100 of taxable property valuation) during the sample period, this
negative tax response equals 25 percent of mean outcomes.
<Table 3>
A possible explanation for this short-run effect is that tax policy in overlapping
jurisdictions affects the perceived political cost to officials of raising taxes. The district’s tax
rates are often compared to those of overlapping neighbors or other higher- and lower-level
districts, as total taxes can increase or decrease depending on tax rates set by each taxing
authority. In such a setting, tax increases from overlapping school districts can result in a
competitive pressure on cities to provide services at the lower tax rate, either because it may
be politically difficult to increase tax or because low tax rates can be viewed more favorably.
This may hold over the short run, i.e.: close to referendum, particularly if the policies are
popular in the short term (tax cuts) or any incumbent gains to be made by such decisions
would dissipate sooner rather than later. Moreover, these effects may be more relevant in a
referendum setting or situations where tax issues are extremely salient, as taxpayers would be
highly aware of the costs and benefits of the new tax in a comparative evaluation across
jurisdictions.
I also consider alternative interpretation that cities respond to taxpayers’ behavioral
responses. As discussed in 2.1, if the negative tax response is driven by behavioral reactions
resulting from a change in real income, we would expect the income effect will also be
reflected on the demand for day-to-day operation services. To address this hypothesis, similar
tests are carried out for the same districts but with the alternative tax rate outcome in
Appendix Table 2. I find no evidence that bond passage decreases the tax rates that fund
needs associated with the district’s maintenance and operations. Given these, I conclude that
the results largely support the predictions of yardstick competition, where overlapping tax
increase is more likely to be restraining in the short-term, if tax increase is combined with
referenda reforms. The findings also suggest tax response stays in debt service accounts and
the effects obtained are not driven by factors unrelated to increases in debt service.
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1.3. Long-run effects
In this section, I explore how tax interaction evolves over time. Do cities continue to
lower their interest and sinking tax rates several years after referendum? Alternatively, do
they start to increase property tax rates after a few years? Are these long-term effects large
enough to offset the short-term response? To explore such questions, I use RD and DiD
estimates to estimate the impact of school bond passage on cities, especially 3-5 years after
the bond referenda. The columns 3, 4, and 5 of Table 3 show the RD-IV estimates on the
long-term tax rate changes. The formal analyses are consistent with the graphical evidence:
the baseline point estimates suggest that school bond passage increases city tax rate in debt
service by an average of 2.5 mills in the long term. The results for different sample windows
and different years show that the coefficient on long-term outcomes is consistently positive.
Not all the discontinuities are statistically significant, but the magnitude in parsimonious
models is similar, and estimates favored by Akaike Information Criterion (AIC) are
statistically significant. The results suggest that the bond passage increased the tax rates in
overlapping cities during the later years of the treatment period. The mixed results of the
short- and long-term responses are supported by two possible explanations.
First, the positive effects could be observed with a long delay. If the passage of
school referenda increases house values, the reassessment process will follow these increases
lagged behind actual sale prices and finally raises the tax rate. Although tax assessments in
Texas, performed independently by the county tax assessor, are required to be updated at
least once every three years, we could not fully capture positive effects associated with nearterm response to rising house prices if jurisdictions base their decisions on lagged
information. I do not, however, find evidence of positive effects on the assessed value or
M&O rate that is based on the same assessment practices (Appendix Tables 2 and 3).
Second, following the yardstick competition hypothesis, municipal politicians could
try to align with neighbors’ taxes from a long-term perspective by increasing their own
spending. The long-term response could be more related to information asymmetries
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occurring on the government side than the short-term response. As considerable time has
passed, local officials may use information from overlapping districts passing a bond
referendum and see a rise in support for referenda (increased demand) as the benchmark for
similar services. After the initial negative response to the referendum shock, the referendum
itself might become less salient, and the information that has influences in the long-run may
persist. Another explanation is that they may adjust their short-term response and bring the
tax rate back to its long-term equilibrium level. Thus, a net expansionary effect may cause a
long-run increase in cities’ tax rates.
Next, I compare the long-term effects that I estimate using the RD to ones with a
DiD analysis of the introduction of the policy. A common challenge in estimating the longterm impacts is that the causal links between the treatment and the outcome of interest can
dissipate and weaken in strength. This remains especially problematic in my RD setting for
two reasons. First, the sample used in this study includes cities subject to one or more school
referenda, which represent localities in highly fragmented regions. This will inevitably yield a
long-term downward bias, since districts can be exposed to further interventions introduced
by other overlapping jurisdictions. While the fuzzy RD results account for noncompliance in
the period immediately after the referenda, such an assumption may not hold over long
periods of time. Specifically, it is possible that cities with bond passage are differentially
affected by other localities in future years than cities that experience bond failure. Moreover,
I find evidence for different short-term responses which may potentially give rise to situationdependent events that lead to a long-run decision. In either case, the RD estimator may
provide a misleading description of the long-term effects of the policy due to other
confounding factors and non-linear responses over the time horizon.
To test the direction of the long-term RD estimates, I conduct a staggered differencein-differences model that relies on non-treated cities as a control to estimate counterfactual
time trends for the treated cities. The main identification assumption is that the timing of
referenda is not caused by local changes in tax or correlated with other factors differentially
affecting taxes in treated cities. In some cases, school boards could behave strategically in
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timing their referenda (Meredith 2009; Bowers and Lee 2013), and perhaps overlapping cities
may also begin changing their behavior by responding to an expectation that they would be
treated in the near future. This becomes a critical issue if the differential effect during the
period preceding the referendum leads to endogeneity concerns; in other words, referenda
may have responded to tax rate, rather than the reverse. To accommodate these ideas, I
evaluate the pre-trends in the outcome, both parametric and nonparametric. First, I visually
inspect the effect and parallel trends assumption in Appendix Figure D. Next, I add two trend
terms that control for the linear phase-in and prior trend effects and see if there is a
significant differential trend in treated cities prior to referenda. These would provide
important evidence on the strength of the identification assumption.
I begin by presenting estimates for the simple specification in (2). Column 1 of Table
4 indicates that overlapping cities experiencing the bond passage, relative to ones that failed
to experience, have a 2.4 increase in their mill rates in the post-intervention period, on
average (an increase of 23% relative to the mean of 0.104). Column 2 reports results using
the unbalanced panel and obtains similar results. The results reported are of a similar
magnitude to the RD results. Column 3 performs the same test using M&O tax rate, finding
no evidence of changes in tax rates for the operation and maintenance. This again mitigates
the concerns that the results obtained are driven by other trends associated with local demand
and fiscal conditions. I then allow for nonlinear effects by estimating an event study with
separate coefficients for each year. I show results from an event study in Column 4. The
estimates suggest there was little to no pre-trend before the referendum, though the prereferendum tax rates were trending in the same direction as the treatment effect. This upward
trend preceding referenda is reflected in the point estimates in Column 5, but is small and not
distinguishable from zero. Similarly, point estimates indicate that average tax rate rises by 2.4
mills following referenda.
<Table 4>
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7.2. Comparing Results from Alternative Empirical Approach
Altogether, the baseline findings, combined with the graphical analyses plotted,
suggest that two different specifications, which rely on different counterfactual assumptions,
do not result in contradictory results. The short-run effects of a school tax increase indicate
that a city government makes a temporary decrease in the tax rate, but over the long run, the
effect for tax rates is positive and significant. While the DiD specification follows the same
general patterns as were observed for the RD specification, one should keep in mind that the
results should be interpreted with caution, particularly given the different approaches and the
corresponding assumptions and sample. That is, the comparison of estimates is valid only
when considerably stronger DiD assumptions are satisfied, on top of what is required for the
RD analysis. In the absence of this strong justification, I could only conclude that carefully
considering potential biases and some testable assumptions in the DiD estimator can align its
estimates of the true effect towards ones with a less assumption-laden identification (RD
estimates), ensuring the direction of the two is similar.
It is also important to emphasize that the analyses make use of two different (albeit
complementary) samples. My primary estimates are based on cities near the threshold that
have multiple overlapping relations. This estimated effect will differ from the DiD estimates
for two reasons. First, cities near the electoral threshold face greater uncertainty about the
likelihood of passing local referenda in future years. This could make them more likely to
cope with uncertainty factors triggering tax policies that can contribute to lower fiscal risks.
Thus, all else equal, one should observe a stronger response in cities near the electoral
threshold. Second, since more affluent and populous cities are included in the RD analysis,
cities in RD sample will typically have a strong ability to independently make their own
fiscal decisions. In this case, there are weaker incentives for these cities to respond to tax
competition pressures. Hence, the relationship between the RD and DiD estimates is
ambiguous and subject to considerable sample heterogeneity.
To explore this discrepancy further, I reproduce the main results of the paper on the
same samples that were used in the DiD estimation. I find positive short-term response with
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RD estimates on the DiD sample, although the coefficients are statistically significant. This
finding indicates that different sample compositions seem more influential than the
estimation method. Nonetheless, insignificant results do not provide sufficient evidence to
conclude that the observed discrepancy is entirely driven by sample heterogeneity. This
similarity in trends might indicate that the model does not follow nonlinear trend differences
well, or this could be just a matter of small sample size. The results do not provide clear
evidence of the difference between the effects, though some extent of the discrepancy appears
to be related to sample heterogeneity.

7.3. Forms of interaction
While the analysis above presumes that the tax rates are the main forms of strategic
tax responses, in this section I try to identify the sources of tax competition more concretely.
In addition, the changes in tax rates, per se, may not be enough to affirm that tax interaction
is at work; for example, it could be the case that the tax rates themselves haven't changed, but
the amounts defining them, such as tax base or the amount to be raised within the
municipality, could automatically cause tax rate to be changed. Moreover, since recent
research has shown that localities tend to compete not only on the tax factors but also by
using expenditure, land use, or other related policies (Ross, 2018; Brien and Yan, 2020), it is
necessary to explore the possible drivers that could possibly affect their decisions on tax rates.
To address these alternative explanations for the study’s results, I conduct additional
regression analyses to test for the conditions under which a similar mechanism may emerge.
Appendix Table 3 presents results from estimating the main specification using the
tax base (total assessed value), debt service expenditure, total tax revenue, debt outstanding
(the amount allocated for the retirement of the bonds), and interest on municipal bonds as the
alternative outcomes of interest. Column 1 shows that the tax base remained substantially
unchanged after the bond passage. Hence, this tax base effect is unlikely to drive the results I
present in this paper. This evidence may not be sufficient to exclude the contribution of other
house price capitalization channels; however, the findings imply that the tax base authorized
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for municipality each year was not driving up or down their tax rate. Next, I consider the
possibility that the results are triggered by the expenditure-side and do not necessarily reflect
that governments interact strategically in setting tax policies. Column 2 presents evidence to
show that bond passage did not affect the total budgeted expenditures of the debt service fund.
While this does not rule out potentially improved public services (increase service levels and
reduce costs), the very modest change in tax revenue in Column 3 when accounting for the
substantial differences in tax rates suggests that expenditure is an unlikely explanation for the
change in taxation levels.
As an additional alternative, Columns 4 and 5 report if there are any differential
changes in the debt outstanding and interest payments for localities winning bond measures,
as compared to those with failing measures. Perhaps bond passage in overlapping school
districts can create spillovers on the cost of financing of municipalities paying on the taxsupported debt and its interest costs. It is possible that the debt approved by the bond
referendum could lend itself to increases in the true interest cost paid by overlapping
governments on tax-backed debt (Greer, 2015), leading to increased tax rates. Under this
alternative, tax outcomes would have been changed in these municipalities even in the
absence of strategic considerations. In Columns 4 and 5, I found no evidence of changes in
debt retirement and interest payment due to referendum approval. Thus, there is no support
for the hypothesis that referendum shock, and its associated default risk, affect the
distribution or level of tax rates over time.
This set of results therefore implies the presence of strategic tax interaction and tax
competition through the tax rates. This is an important finding, as it indicates very different
tax rates for households living in cities facing similar fiscal conditions but with different
referenda outcomes from their overlapping jurisdictions. It does not appear that other fiscal
factors significantly influence my results.

7.4. Treatment heterogeneity
The substantial heterogeneity in bond amounts and the geographical overlap of local
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jurisdictions make it possible to explore heterogeneity in treatment effects. I also examine the
possibility that the baseline analyses were unable to detect any effect given that the causal
effect of bond passage could vary greatly due to factors such as the size of capital budget, or
the population density of a jurisdiction.
One possible reason for the heterogeneous effect of passing a school bond
referendum might be related to a specific characteristic of the bond. For example, bonds of
different sizes could have significantly different magnitudes of impact, as districts proposing
larger bonds will levy higher taxes following the bond passage. Additionally, it is possible
that different degrees of jurisdictional overlap contribute to different levels of treatment
intensity. Intuitively enough, jurisdictions having a higher overlap area with the school
district could be more responsive to the district’s bond passage, compared to those having a
smaller overlap area with it. To test for these hypotheses, I investigate the role played by key
factors through which bond passage may affect tax rates of overlapping jurisdictions. Without
precise information on individual bonds or house-level assessed values, I focus on the total
amount requested by the district as a proxy measure of the dedicated tax revenue, and I use
the geographic overlap as a proxy to account for the different degrees of fiscal overlap
embedded in tax sharing arrangements. To test for a heterogeneous causal effect of the
referendum, I test for treatment-by-subgroup interactions based on the RD model equation (1),
where the subgroup dummies are interacted with the treatment dummy and the vote share.
The results are reported in Table 5. In relation to the overall average effects, the
direction of the findings is consistent across subgroups; however, the magnitude of the
subgroup effect suggests a number of interesting patterns. First, the heterogeneity in the bond
amount does not explain the mechanism for the effect of bond passage on the tax rate of the
other jurisdictions; rather, it seems that districts with smaller bond amounts had higher
treatment effects. Although this may at first seem counterintuitive, the bond size may not
itself induce overlapping jurisdictions to react to the decision, but rather the capability of
jurisdictions to cope with the constraining effects of the bond could be the major interest. In
other words, since the relatively large overlap means that there is a relatively small own
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dedicated area, the revenue effect will be larger if the district has a smaller base to absorb the
impact of base erosion induced by other overlapping districts. In this case, the effects will be
substantively weakened when school tax increase does not strongly affect the decision unit’s
internal factors. If fiscally susceptible jurisdictions are subject to large bonds and experience
more constraints or adjustments in demand, large-scale campaigns could substantially affect
such jurisdictions’ decisions to change their current or future revenue streams. To address this
possible channel, the proxy measure of the total bond amount was scaled by the assessed
property tax base and tested on the same data. The corresponding results reported in Column
1 are in line with expectations, providing strong evidence of larger treatment effects among
jurisdictions with relatively large bonds, rather than for those with relatively small bonds.
In the second exercise, I break down the sample according to the size of overlapping
areas. I measure the overlap by using the spatial size of the overlapping area in both absolute
terms and in terms relative to each district’s own land area. The results are displayed in
Column 2 of Table 5. In terms of absolute size, the observed heterogeneity in treatment
effects was ambiguous. However, when the overlap area was scaled to a district’s own area,
the results become consistent with the prediction: the jurisdictions sharing larger parts of their
own areas show consistently larger effects, resulting in more significant results than those of
entities sharing smaller parts of their own areas.
On the whole, while there is no single factor that can completely tease out
heterogeneous impacts along one observable dimension, the empirical evidence suggests that
the causal effects were larger for jurisdictions that, in principle, might be more exposed to
vertical fiscal pressure. Additionally, given the overall outcomes, I was inclined to believe
that the heterogeneous effect of bond passage depends on the factors relating to a
jurisdiction’s internal capacity to absorb external pressure. Despite this, I cannot exclude
other factors’ potential contributions or state with certainty that the channel is the only
explanation. In the remainder of this section, I attempt to shed more light on this issue.
Another way to approach local tax decisions in public infrastructure is to focus on the
factors that determine the provision of local public infrastructure. In this approach, there
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could be another important dimension in assessing why fiscally interdependent jurisdictions
are more sensitive to the decisions of school districts. For example, since higher population
density typically increases capital spending, highly populated cities may face higher demand
uncertainty and perceive more risks when the referendum is passed. To further explore
potential sources of heterogeneity, I conduct an additional analysis using jurisdiction-specific
factors that contribute to local capital spending (Poterba, 1995).
Columns 3 and 4 of Table 5 present the main econometric results. Consistent with
previous analysis, the estimates imply that a bond passage leads to particularly large changes
in property tax rates in jurisdictions that I would expect to have less ability to adjust revenue
or expenditure, such as cities having a smaller capital budget and ones with greater
population density. Moreover, these effects remain significant even after controlling for a
range of possible determinants of capital spending. 17
Combining the results from Table 5, the overall evidence suggests that the fiscal
capacity of change in constraints plays a substantial role in explaining patterns of treatment
effect heterogeneity across jurisdictions. These results also suggest policy implications; for
example, increased coordination efforts should be directed toward small-tax districts with
lower fiscal capacities that might be largely influenced by competitive pressures from other
jurisdictions. As a result, the potential influence of this institutional arrangement will not only
be inefficient but might also raise concerns regarding inequality, making such inefficiency
particularly burdensome on the most vulnerable jurisdictions. Furthermore, this can extend to
one of the challenges to polycentric governance—the limited consideration of power relations
in the functioning of multi-level governance.
<Table 5>

7.5. Exploring Causal Mechanisms
The previous sections provide evidence that an increase in the school tax rate leads to
increases in the city tax rates. This section explores different mechanisms that may give rise
I include county-fixed effects as well as population densitydt, total property tax levydt, the amount of debtdt in
a year as control variables for the wide variation among the cities.
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to these increases including how school tax increases may affect own tax bases and service
expenditures of other districts.
As discussed in Sections 2 and 7.3, one mechanism that may link tax interactions
among local governments is related to capitalization effects on the tax bases. If school tax
increases are capitalized into house prices, we expect to see an increase in assessed values,
which would contribute to higher demand and an associated higher tax rate in overlapping
jurisdictions. I examine this conjecture in Appendix Table 4 by examining whether school
districts that passed referenda see a change in the total amount of house values assessed
compared to the comparable sample of control districts. The tests in this table are similar to
those described in Equations 1 and 2, except that the dependent variable is a log of the total
assessed valuation. In Column 1, the coefficients for the city sample are insignificant,
suggesting that school districts that pass referenda see no meaningful change in their tax
bases, compared to districts that do not pass referenda or where the property assessments
were not getting updated with some of the changes.
I now examine whether higher property tax rates lead to increased demand and
budget changes. One main reason for tax increases is that higher taxes are necessary to pay
for better services to keep up with rising demand. However, demand (and associated benefits
from the public services) is often hard to measure; statistical tests are virtually always indirect.
Columns 2 and 3 report the impact of school bond passage on the total amount of property
taxes levied for operational and total funds in the city’s annual budget. The measurements
provide no direct evidence attributable to greater demand for local spending. Although these
results do not necessarily rule out these contested alternative possibilities, they at least reduce
alternative possibilities of the capitalization and common demand effects, thereby
strengthening inferences that can be made about other potential mediators.

7.5. Robustness and Falsification Tests
I perform a number of robustness and falsification tests. First, I examine alternative
bandwidth selection methods. Second, I perform falsification tests using placebo thresholds
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and placebo referendum dates.
The choice of bandwidth ε = 0.05 in a parametric framework is somewhat ad hoc. 18
Since this bandwidth choice may not be the best option to serve the purpose of statistic
inference, I re-estimate the baseline RD specification using alternative bandwidth selection
procedures. Results are reported in Appendix Table 5. The first column reports the baseline
results for the sake of comparison. The second and third columns use the MSE (mean square
error)-optimal bandwidth within a local quadratic regression suggested by Calonico et al.
(2014). The fourth column uses the MSE-optimal bandwidth within a local linear regression
as in Imbens and Kalyanaraman (2012). The fifth and sixth columns use a CER (coverage
error rate)-optimal bandwidth, respectively, with a common size and with different sizes on
the two sides of the threshold. In general, I found results to be insensitive to the specific
bandwidth selection criterion employed.
Further the falsification analysis tests whether there were significant effects at
placebo cutoff values. The presence of discontinuities away from the cutoff can be interpreted
as potentially casting doubt on the continuity assumption, which underlies the RD design,
suggesting that the results may be spurious. To do this, I replace the true cutoff value with
another value at which the treatment status does not really change (e.g., 40%, 45%, 55%, and
60%), and I perform estimation and inference using the placebo cutoff point. I implement the
bias-corrected estimators, and plot the resulting 95% confidence intervals for estimates of
local-polynomial point estimators (Calonico et al, 2014) in Appendix Figure E. In each plot,
the true threshold of 0.5 is included to serve as a benchmark for comparison purposes, and the
placebo thresholds are drawn separately on either side of this benchmark. Reassuringly, the tstatistics at the true value are in the tails of the distribution of placebo t-stats, and there is
little evidence of a tendency to find significant discontinuities away from the threshold.
Therefore, I conclude that the outcome of interest does not jump discontinuously at the
artificial cutoffs considered.
As a second falsification test, I indirectly assess the validity of my difference-in18

Compared to the MSE-optimal, I choose a smaller bandwidth in the city sample.
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differences results by substituting placebo referendum years for the true referendum year. I
employ the same model, but pretend that the interventions occurred in periods preceding their
actual dates of occurrence, as this permitted me to determine whether the time-shifted
placebos yielded significant results. Appendix Table 6 indicates the results of these tests for
the placebo referendum years set to two to three years ago. None of the coefficients of the
interaction terms provided evidence of tax and debt outcomes increasing two, three, or four
years before the referendum was passed. The results are also robust to different time windows.
Based on a series of falsification tests, I fail to contradict the identifying assumptions of my
models, and I find no evidence to suggest that the effects associated with the outcomes were
confounded.

8. Conclusion
While the U.S. system of property tax can be construed as a “marble-cake” mixing of
taxing authorities among fragmented, overlapping, and heterogeneous local jurisdictions, the
current literature on property tax interaction does not address, or even represent, the evolving
governance that is embedded across irregular boundaries and interconnected through
multilayer relations. By integrating geospatial information that can identify complex overlap
relations, this article attempts to shed light on the city government’s interaction with nonperfectly overlapping school districts. Using data on school bond referenda in Texas, I utilize
two different quasi-experimental frameworks obtained for complementary samples,
comparing the RD with DiD designs that exploit not only cross-sectional splits but also the
temporal trends in tax rate changes. Two lines of evidence demonstrate different patterns
from what were found in other studies on the general operating expenses (Wu and Hendrick,
2009; Brien, 2018), showing that, in the case of tax debt resources, the effect of school tax
increases is likely to be expansionary, leading to higher tax rates in overlapping cities. While
the estimates come from different study designs, use diverse samples, and include nontrivial
sample attrition, there was an overall positive effect of referendum on city tax rates.
Depending on the method of analysis, I estimate that after five years of bond passage, the tax
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rate of overlapping cities would have increased by about two to three mill rates.
Furthermore, the effects appear to vary over time. The main estimates show that
school bond passage in close referenda leads to lower tax rates of overlapping cities in the
short run. 19 However, the short-term restraining effects of referenda are overridden by the
positive tax response in the long run. Both RD and DiD estimates find net increase in longterm debt service tax rates for treated cities, while no evidence is found on tax rate unrelated
to bond issues as well as other fiscal variables. These findings are hard to reconcile with
mechanisms based on revenue or income effects. Thus, taken together, the present study’s
findings support the hypothesis that yardstick competition plays a role in it. Further analyses
show that the effects of bond passage increase with a district’s susceptibility to
intergovernmental constraints, particularly in cities having a smaller capital budget and more
populous cities. These findings confirm the existence of the fundamental tensions that
underlie the fragmentation of authority; that is, they confirm the presence of asymmetric
power relations that can resonate with the wider problem of inter-regional disparities in
economic and social landscapes.
The analysis yields some interesting policy recommendations for the institutional
designs and governance of local government structure. The results show that overlapping
localities react to the first mover and follow it with an increase in tax rates. This can
potentially lead to wasteful tax interaction, as they respond individually to the initial tax
increase by stacking all the tax increases, while narrowing each other’s tax base. One may be
concerned that such tax increases may potentially reflect improved public services in a
municipality; however, there are no associated changes in spending. While the results suggest
that local government is likely to set the salient portion of the neighbor tax increase as the
reference point—the tax rate, the connection to an increase in the level of public expenditure,
appears to be weak. There may be an appreciable time lag, or, in any case, the relation of
increased service to fiscal policy is not so measurable as with taxes; I find little evidence that
This suggests that at the city level the magnitude of negative tax response, driven by both or either of lower
after-tax incomes and high political constraints in a highly urbanized sample, were relatively larger than that of
positive tax responses.
19
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the affected localities substantially change their spending plans. This has signiﬁcant
implications for the problem of revenue and expenditure assignments. That is, while locally
fragmented institutions can “bring [competitive] pressures toward greater responsiveness and
efficiency” in service provision (V. Ostrom et al., 1961: 839), the duplicated allocation of
taxing power, especially in local infrastructure financing, might be vulnerable to the
fundamental downside of territorial decentralization. That is, local governments can be less
accountable to citizens, and more inclined to behave in a self-interested, competitive fashion.
The mechanisms for mitigating these conflicts are to integrate authority to some degree and
direct the actions of the underlying units to internalize unconsidered impacts over a broad
geographic area. One concrete scheme would be to implement a region wide voluntary
association that represents member local governments to make them internalize the social
costs of their fiscal decisions on issues of mutual concern that cross jurisdictional lines. This,
in reality, requires a consideration of the politics of fiscal common-pool resource situations
(Berry, 2008), as demonstrated in the remarkable heterogeneity of treatment effects in the
findings, which would be further complicated by collaboration risk and transaction costs
associated with the integration mechanisms (Feiock, 2013) as well as other political,
bureaucratic, and legal constraints on fiscal authority within each government. While leaving
aside the expenditure side, the study’s findings can offer instructive insights for major
challenges in addressing the problem of local tax frictions in a polycentric governance
arrangement.
Further research on these topics is needed. The present results only apply to a single
state, and this context is limited in its ability to draw far-reaching conclusions. A valuable
extension would be to replicate this analysis for a greater number of arrangements in future
studies. In addition, given the localized nature of the causal knowledge, this study only
examined a restricted range of local governments that have held local referenda, of constructs
and treatments for local debt service only, and of causal effects that flowed only in one
direction (i.e., from single-purpose governments—school districts to cities). Since property
tax interaction is of generalizable interest to the reciprocal relationship among local
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governments and any other overlapping districts, including taxes for financing a district’s
operations, it may be the case that heterogeneous effects arise across different types of
governments across other contexts. Allowing for this sort of heterogeneity is potentially
important for further studies, because it opens the possibility of complex and subtle causality
features, involving different subpopulations with distinct levels of effects, and applying
broader methodological outlets and a more flexible set of models.
This research builds on numerous works that have used close elections to estimate
the effects of electoral results on a variety of economic and political outcomes. While the
applications of close referenda allow for a credible research design to make causal inferences,
an elucidation of underlying causal mechanisms, particularly with regard to local referenda,
should fall within the broader context of the referenda process and its instrumental purposes.
In addition to the theoretical ambiguities, the underlying mechanisms of the effects of
measure passage on the tax and debt policies of the other levels of government have not yet
been fully elucidated, and further study is required. I leave these issues for future research.
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Table 1. School Bond Measure Descriptive Statistics
Vote
Votes
Bond
Number of
Overlapped
share
cast
amount overlapped city
city area
2003
163
0.71
0.69
915
37.76
1.91
0.78
2004
176
0.77
0.69
1952
43.33
2.10
0.76
2005
149
0.73
0.69
827
40.93
2.16
0.79
2006
218
0.79
0.71
1410
36.43
2.08
0.72
2007
241
0.82
0.75
1095
61.56
1.99
0.78
2008
168
0.68
0.64
2126
60.32
2.20
0.74
2009
95
0.71
0.66
1237
25.96
1.78
0.80
2010
133
0.50
0.53
1721
34.48
1.59
0.84
2011
108
0.64
0.61
1352
36.51
1.91
0.83
2012
80
0.76
0.61
4968
46.35
1.81
0.86
2013
165
0.72
0.59
2863
45.21
1.87
0.84
2014
138
0.78
0.60
4274
74.77
2.04
0.79
2015
139
0.82
0.62
2706
78.89
1.83
0.83
2016
115
0.76
0.59
4571
65.49
1.84
0.79
2017
133
0.67
0.57
2985
104.70
2.26
0.83
All
2221
0.73
0.65
2159
52.98
1.98
0.79
Notes: Data are collected from the Texas Bond Review Board. Sample includes general obligation bond
measures proposed by 826 independent school districts from 2003 to 2017. Seventy-three percent of the ballot
measures passed, with an average of 65% of the votes cast. Mean bond amounts are measured in million
dollars listed on the ballot. On average, each of school districts contains two city governments where each city
overlaps about 79%.
Year

Number

Pass
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Table 2. City Sample Descriptive Statistics
N

I&S Tax
M&O
AV per
Population
Rate
Tax Rate
$100
Full sample
1,217
.091
.383
9,117
15,520
(.123)
(.218)
(62,008)
(94,000)
Never experienced
363
.048
.372
1,141
1,960
(.117)
(.247)
(6,838)
(27,107)
Experienced more than one referendum
614
.110
.386
16,457
27,204
(.117)
(.201)
(86,251) (128,515)
More than one referendum from different school
225
.136
.398
39,970
66,208
districts
(.105)
(.164)
(139,325) (206,781)
Experienced one referendum
240
.100
.393
2,325
5,489
(.134)
(.219)
(8,689)
(17,560)
One referendum between 2006-2013
144
.104
.388
2,320
5,327
(.138)
(.217)
(6,654)
(12,357)
Notes: The table provides means and standard deviations (in parentheses) of variables computed for all four
groups: the full sample of cities that exist between 2003 and 2017, the subsample who never experienced a
referendum, the subsample who experienced one referendum, and subsample who experienced more than one
referendum. The sample used for the analysis includes cities who charge a nominal tax rate more than 0% and
those that fit the traits required for the study design and purpose.
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Table 3. Regression Discontinuity Estimates for I&S Tax Rate Changes
Tax rate change from the pre-referendum fiscal year to
T1

T2

T3

T4

T5

-0.010***
(0.003)
-0.011**
(0.005)
-0.010
(0.007)
-0.022***
(0.008)
3,361

-0.009***
(0.003)
-0.013***
(0.005)
-0.013*
(0.007)
-0.021**
(0.009)
3,176

0.004**
(0.004)
0.005
(0.005)
0.010
(0.008)
0.020*
(0.010)
3,073

0.005
(0.004)
0.012**
(0.006)
0.018**
(0.009)
0.031***
(0.012)
2,868

0.002
(0.004)
0.005
(0.007)
0.008
(0.010)
0.021
(0.013)
2,632

B. Local estimate: wide-window sample
0
-0.011**
(0.005)
1
-0.027**
(0.010)
2
-0.030*
(0.015)
3
-0.024
(0.020)
N obs.
944

-0.014***
(0.005)
-0.020
(0.012)
-0.022
(0.023)
-0.035
(0.033)
870

-0.001
(0.005)
0.021*
(0.011)
0.030*
(0.017)
0.020
(0.020)
806

0.007
(0.006)
0.027**
(0.012)
0.041**
(0.019)
0.031
(0.023)
726

0.006
(0.006)
0.019
(0.014)
0.048**
(0.023)
0.049*
(0.027)
633

C. Local estimate: narrow-window sample
0
-0.017***
(0.006)
1
-0.030**
(0.014)
2
-0.025
(0.021)
3
-0.029
(0.025)
N obs.
460
Year FX
Y

-0.016**
(0.007)
-0.017
(0.019)
-0.029
(0.035)
-0.051
(0.052)
427
Y

0.011
(0.007)
0.029*
(0.016)
0.026
(0.019)
0.048**
(0.022)
399
Y

0.019**
(0.009)
0.029
(0.019)
0.038**
(0.018)
0.017
(0.028)
349
Y

0.011
(0.010)
0.041*
(0.022)
0.029
(0.024)
0.000
(0.025)
292
Y

Order of polynomial
A. Full sample
0
1
2
3
N obs.

Notes: The table presents results from the estimation of Equation 2 on the sample of cities that experienced at
least one bond referendum using multiple functional forms and samples around the cutoff. Standard errors in
parentheses, clustered at the district level. ***Significant at the 1 percent level. **Significant at the 5 percent
level. *Significant at the 10 percent level.
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Table 4. Difference in Differences Estimates for Tax Rate Outcomes

Pre- to post-intervention

DiD
(I&S Rate)

DiD
(I&S Rate)

DiD
(M&O Rate)

Event-Study
(I&S Rate)

(1)
0.024***
(0.008)

(2)
0.018**
(0.009)

(3)
-0.002
(0.012)

(4)

I&S Rate
with elapsed
years
(5)
0.024***
(0.008)

-0.013
(0.010)
-0.007
(0.005)
0.001
(0.007)
0.005
(0.007)
0.012
(0.008)
0.028**
(0.011)
0.025*
(0.013)

T-2
T-1
T1
T2
T3
T4
T5

0.004
(0.005)
0.000
Post-trend
(0.006)
District FX
Y
Y
Y
Y
Y
Year FX
Y
Y
Y
Y
Y
District-specific year FX
Y
Y
Y
Y
Y
144
233
144
144
144
Obs.
0.104
0.100
0.388
0.104
0.104
Mean
Notes: Columns (1), (2), and (3) present results from the estimation of Equation 1 on the sample of districts
that experienced one bond referendum throughout the sample period. Column (4) reports results from an
event-study analysis where the coefficients are year dummies interacted with the treatment indicator. Column
(5) includes separate linear trends for the years elapsed before and after the referendum. Standard errors in
parentheses, clustered at the district level. ***Significant at the 1 percent level. **Significant at the 5 percent
level. *Significant at the 10 percent level.
Pre-trend
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Table 5. Key Results for Treatment Heterogeneity

T1
T2
T3
T4
T5
Obs.

(1)

(2)

(3)

(4)

Bond Amount
Own Assessed Value

Overlap Area
Own Area

Tax Levy

Population Density

Small

Large

Small

Large

Small

Large

Small

Large

-0.023*
(0.013)
-0.008
(0.007)
0.037**
(0.016)
0.037**
(0.018)
0.022
(0.020)

-0.024*
(0.013)
-0.012*
(0.007)
0.014
(0.013)
0.031*
(0.019)
0.044**
(0.021)

-0.016
(0.011)
-0.003
(0.005)
0.025*
(0.013)
0.021
(0.015)
0.018
(0.018)

-0.034**
(0.016)
-0.020**
(0.009)
0.027
(0.017)
0.057**
(0.027)
0.060**
(0.029)

-0.032**
(0.013)
-0.014*
(0.007)
0.028*
(0.015)
0.047**
(0.020)
0.041*
(0.022)

-0.012
(0.012)
-0.006
(0.006)
0.022
(0.014)
0.015
(0.018)
0.021
(0.019)

-0.014
(0.12)
-0.007
(0.008)
0.023
(0.014)
0.038*
(0.022)
0.028
(0.026)

-0.034**
(0.014)
-0.018**
(0.008)
0.026*
(0.015)
0.029*
(0.016)
0.034*
(0.018)

213

213

213

213

213

213

213

213

Notes: The columns show estimates from the preferred models that allow for heterogeneous parameters
between groups above and below the median through the interaction of the treatment and group dummies.
Robust standard errors clustered by district are in parentheses. ***Significant at the 1 percent level.
**Significant at the 5 percent level. *Significant at the 10 percent level.
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Figure 1.
Texas’ Non-Congruent Boundaries between School Districts (White Line) and Overlapping Cities

3-2
2-1

3-1

2-2

1-2
1-3

1-1

Notes: In Texas, school district and city boundaries often don’t match up. Several school districts may exist
within large cities, while in rural areas, it is very common for several towns to be served by a single school
districts. As shown in the top-right of the map, the Dallas city overlaps multiple school districts, often
connected to areas that have become part of the city by annexing unincorporated land adjacent to the city. In
other words, the Dallas Independent School District (ISD) encompasses most of the Dallas city, as well as a
number of nearby cities. Many districts consist of municipality-school district pairs, for example, Irving
occupies area 1-1 + 1-2 + 1-3 where Area 1-1 is overlapped by Irving ISD, area 1-2 by Coppell ISD, and area
1-3 by Carrollton-Farmers Branch. Farmers Branch comprises of area 2-1 + 2-2. Area 2-1 is overlapped by
Carrollton-Farmers Branch, and area 2-2 by Dallas Independent School District. Addison is also served by
Dallas ISD (Area 3-1) with a very small portion in Carrollton-Farmers Branch ISD (Area 3-2). Sources are
United States Census Bureau 2013/2018 TIGER/Line© Shapefiles.
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Figure 2. The Analysis Window for Overlapping Spatial Units

Notes: The figure illustrates two government structures for six overlapping jurisdictions, D1 to D6, for two
school districts, J1 and J2. The left-hand side is used to illustrate the simple structure of nested, hierarchical
jurisdictions. In this government structure, jurisdictions fall in the clear boundaries of J. In the complex
overlapping government structure (the right-hand side), the jurisdictions can be non-perfectly overlapping,
and therefore can be partially in and partially out of one school district.
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Figure 3. Tax Rates by Vote Share, Change Before and After the Referendum
3(a). Before the referendum

3(b). T1 after the referendum

3(c). T2 after the referendum

3(d). T3 after the referendum

3(e). T4 after the referendum

3(f). T5 after the referendum

Notes: The graphs show the average tax rate changes against the vote share, conditional on the majority
threshold of 50%. Each dot represents the local averages within 2% bins of vote share, and the solid line and
shaded areas are the predicted outcomes and associated confidence intervals from a quadratic polynomial
based on the original (unbinned) data.
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Appendix Table 1.1. RD Sample Covariate Balance Prior to Referendum
School District Sample
Full RD
(1)
A. Tax structure
I&S tax rate
M&O tax rate
Total tax rate
Assessed Value
B. Debt structure
Tax debt
Tax interest
Tax debt service
C. Other characteristics
No. of overlapping cities
Overlapping area (city)
No. of water districts
Overlapping area (wd)
School budget
Population
Jurisdiction size

Close
(2)

Very close
(3)

City Sample
Full RD
(4)

Close
(5)

Water District Sample
Very close
(6)

Full
(8)

Close
(9)

Very close
(10)

0.024***
(0.006)
0.027***
(0.010)
0.051***
(0.011)
1.3e+09***
(3.4e+08)

0.021**
(0.010)
0.021
(0.015)
0.042**
(0.018)
1.2e+08
(5.6e+08)

0.015
(0.014)
0.044**
(0.021)
0.059**
(0.025)
-1.2e+08
(1.0e+09)

0.009*
(0.005)
0.006
(0.008)
0.015
(0.010)
1.66e+09
(5.86e+08)

0.004
(0.007)
0.011
(0.013)
0.015
(0.016)
-4.73e+08
(9.37e+08)

0.013
(0.010)
0.024
(0.019)
0.037*
(0.023)
-1.51e+09
(1.47e+09)

0.076***
(0.010)
0.043***
(0.008)
0.119***
(0.013)
-2.3e+08
(2.0e+08)

-0.007
(0.014)
0.032**
(0.014)
0.025
(0.021)
-2.4e+08
(1.4e+08)

-0.043**
(0.019)
0.022
(0.018)
-0.020
(0.027)
5.4e+07
(1.8e+08)

3.9e+07***
(9544790)
2.1e+07***
(6923524)
6.0e+07***
(1.6e+07)

1.4e+07
(1.5e+07)
8305022
(1.2e+07)
2.2e+07
(2.6e+07)

-587152.9
(2.3e+07)
1284778
(1.6e+07)
697625.2
(3.9e+07)

3.05e+07***
(9940667)
1.31e+07***
(4828424)
4.36e+07***
(1.47e+07)

-3739798
(1.70e+07)
-657333.8
(8399488)
-4397132
(2.54e+07)

-2.41e+07
(2.59e+07)
-9169877
(1.29e+07)
-3.33e+07
(3.87e+07)

3974571***
(496639.2)
2273304***
(350098.5)
6247875***
(830724.5)

1119152**
(566562.6)
743304.1**
(298531.2)
1862456**
(8389162)

418100.4
(794787.9)
459412.2
(409016.4)
877512.6
(1187689)

-0.214
(0.018)
0.253***
(0.073)
1.950***
(0.587)
0.031**
(0.015)
2.8e+07***
(7783793)
20115.48***
(5469.527)

-0.008
(0.031)
0.249*
(0.130)
1.070
(1.031)
0.014
(0.026)
2613423
(1.3e+07)
1518.834
(7456.53)

0.004
(0.042)
0.183
(0.177)
-0.134
(1.732)
0.026
(0.038)
-4902551
(8.0e+07)
416.9721
(13366.06)

25181.83***
(8405.615)
1.57e+07***
(5056712)

288.1748
(13333.85)
2194841
(7900226)

-15161.86
(20665.19)
-8448757
(1.13e+07)

-4.2e+08***
(5.5e+07)
6.219***
(1.419)

-4.4e+08***
(9.9e+07)
5.198
(4.031)

Age

Notes: Each cell represents a separate specification and reports effects of bond passage on outcomes the year prior to referendum.
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-1.5e+08
(1.1e+08)
1.600
(1.060)

Appendix Table 1.2. DiD Sample Covariate Balance Prior to Referendum

A. City sample
I&S tax rate
M&O tax rate
Total tax rate
Assessed Value
Tax-supported debt
Tax-supported interest
Debt service
Population
B. Water district sample
I&S tax rate
M&O tax rate
Total tax rate
Assessed Value
Tax-supported debt
Tax-supported interest
Debt service
Population

t-1
(1)

t-2
(2)

t-3
(3)

(t-1)-(t-2)
(4)

(t-1)-(t-3)
(5)

-0.004
(0.035)
0.097*
(0.057)
0.093
(0.064)
1.33e+08
(1.71e+08)
2695905
(5618028)
1058412
(2003153)
3754317
(7599694)
1373.32
(3271.962)

-0.002
(0.034)
0.095*
(0.055)
0.093
(0.061)
1.23e+08
(1.70e+08)
1837260
(5239332)
655976.4
(1855783)
2493236
(7074336)
1345.096
(3297.937)

-0.005
(0.036)
0.100*
(0.054)
0.096
(0.062)
1.22e+08
(1.61e+08)
879110.2
(5202091)
340236.8
(1992023)
1219347
(7159173)
1350.779
(3303.201)

0.000
(0.011)
0.010
(0.012)
0.010
(0.015)
9769463
(1.93e+07)
756118.4
(646272)
360914.4
(287330.6)
1117033
(914739.3)
28.22456
(59.59095)

0.100
(0.017)
0.006
(0.016)
0.009
(0.018)
1.32e+07
(2.24e+07)
1090447
(1039019)
444219.8
(362082)
1534667
(1348535)
22.54093
(76.70483)

0.070
(0.103)
-0.072
(0.075)
-0.002
(0.137)
1.85e+08
(2.74e+08)
1.12e+07
(2.24e+07)
1.46e+07
(3.08e+07)
2.58e+07
(5.31e+07)
-272.1389
(2483.613)

-0.026
(0.109)
0.059
(0.061)
0.034
(0.138)
2.00e+08
(2.72e+08)
8617209
(1.86e+07)
1.60e+07
(3.49e+07)
2.46e+07
(5.34e+07)
-426.75
(2624.035)

-0.086
(0.109)
0.094
(0.087)
0.008
(0.142)
1.86e+08
(2.64e+08)
8271108
(1.87e+07)
1.65e+07
(3.60e+07)
2.47e+07
(5.46e+07)
-1490.433
(1995.587)

0.100*
(0.053)
-0.128***
(0.044)
-0.028
(0.033)
-1.48e+07
(2.78e+07)
1951313
(3717360)
-2183324
(4864652)
-232011.6
(2242768)
-26.5625
(54.69072)

0.145
(0.088)
-0.190**
(0.072)
-0.045
(0.038)
-6882842
(2.58e+07)
2318855
(3738611)
-2677770
(5962172)
-358914.2
(3519452)
193.2167
(349.1752)
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Appendix Table 2. Falsification Test for M&O tax rate changes
Tax rate change from the pre-referendum fiscal year to
T1

T2

T3

T4

T5

0.005*
(0.003)
-0.001
(0.004)
0.004
(0.007)
0.005
(0.008)
3,361

-0.001
(0.002)
-0.002
(0.004)
-0.005
(0.006)
-0.010
(0.008)
3,176

-0.011***
(0.004)
-0.002
(0.004)
-0.006
(0.007)
-0.007
(0.009)
3,073

-0.010***
(0.003)
-0.004
(0.006)
-0.000
(0.009)
-0.010
(0.012)
2,868

-0.006*
(0.003)
-0.001
(0.006)
-0.001
(0.009)
-0.003
(0.013)
2,632

B. Local estimate: wide-window sample
0
0.004
(0.004)
1
-0.007
(0.011)
2
-0.016
(0.020)
3
-0.022
(0.030)
N obs.
944

-0.000
(0.004)
-0.021
(0.012)
-0.030
(0.023)
-0.053
(0.036)
870

0.001
(0.005)
-0.015
(0.010)
-0.004
(0.017)
-0.000
(0.022)
806

-0.000
(0.005)
-0.008
(0.012)
0.025
(0.021)
0.047
(0.029)
726

0.003
(0.007)
-0.001
(0.015)
0.036
(0.025)
0.070*
(0.036)
633

C. Local estimate: narrow-window sample
0
0.000
(0.005)
1
0.005
(0.016)
2
-0.017
(0.024)
3
-0.023
(0.029)
N obs.
460
Year FX
Y

-0.008
(0.005)
-0.013
(0.016)
-0.045
(0.030)
-0.075*
(0.041)
427
Y

-0.010
(0.007)
-0.005
(0.018)
-0.009
(0.024)
-0.049*
(0.029)
399
Y

-0.007
(0.009)
0.028
(0.024)
0.044
(0.030)
0.052
(0.043)
349
Y

0.000
(0.011)
0.030
(0.025)
0.074*
(0.042)
0.099
(0.071)
292
Y

Order of polynomial
A. Full sample
0
1
2
3
N obs.

Notes: ***Significant at the 1 percent level. **Significant at the 5 percent level. *Significant at the 10
percent level.
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Appendix Table 3. Effect of Bond Passage on Municipal Fiscal Outcomes

T1
T2
T3
T4
T5

Assessed Value

Total Revenue

Expenditure

(1)
-0.168
(0.101)
0.009
(0.026)
0.057
(0.411)
-0.240
(0.230)
0.450
(0.365)

(2)
-0.477*
(0.258)
-0.195
(0.128)
0.506*
(0.262)
0.652**
(0.296)
0.635*
(0.350)

(3)
0.295
(0.255)
0.193
(0.175)
0.010
(0.213)
-0.779
(0.698)
0.553
(0.571)

Debt
Outstanding
(4)
0.291
(0.245)
0.189
(0.172)
0.011
(0.224)
-0.746
(0.692)
0.534
(0.568)

Bond Interest
(5)
-0.161
(0.173)
-0.123
(0.089)
0.016
(0.133)
-0.233
(0.285)
0.036
(0.204)

Notes: The table shows the RD estimates preferred by AIC for each outcome. Standard errors clustered by
district are in parentheses. ***Significant at the 1 percent level.
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Appendix Table 4. Exploring the Potential Causal Mechanisms
Log(Assessed value)

DiD

RD

Log(total budget)

Log(operational
budget)

DiD

DiD

(1)
Pre to Post

T1
T2
T3
T4
T5

RD
(2)

-.034
(0.066)

(3)

-0.002
(0.092)

-0.066
(0.089)
-0.032
(0.022)
-0.011*
(0.007)
0.004**
(0.002)
0.003
(0.016)
0.006
(0.009)

-0.168
(0.101)
0.009
(0.026)
0.057
(0.411)
-0.240
(0.230)
0.450
(0.365)

RD

-0.034
(0.029)
-0.013
(0.009)
-0.000
(0.003)
0.011
(0.015)
-0.005
(0.009)

Notes: The table shows the estimates of the preferred models in Tables 3 and 4
for each outcome. Standard errors clustered by district are in parentheses.
***Significant at the 1 percent level. **Significant at the 5 percent level.
*Significant at the 10 percent level.
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Appendix Table 5. Robustness to Alternative Bandwidth Selection Methods

T1
T2
T3
T4
T5

MSE (CCT)
(common)
(two)

MSE (IK)
(common)

CER (CCT)
(common)
(two)

(2)
-0.015**
(0.007)
-0.009**
(0.004)
0.006
(0.008)
0.028*
(0.016)
0.019
(0.012)

(4)
-0.018**
(0.007)
-0.010***
(0.004)
0.019**
(0.009)
0.029*
(0.015)
0.020*
(0.012)

(5)
-0.022**
(0.009)
-0.010**
(0.005)
0.021**
(0.009)
0.030*
(0.015)
0.027
(0.017)

(3)
-0.020***
(0.007)
-0.010**
(0.004)
0.020**
(0.009)
0.034**
(0.014)
0.014
(0.011)

(6)
-0.017*
(0.009)
-0.008
(0.005)
0.021*
(0.011)
0.037**
(0.017)
0.022
(0.014)

Notes: Standard errors clustered by district are in parentheses. ***Significant at the 1 percent
level. **Significant at the 5 percent level. *Significant at the 10 percent level
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Appendix Table 6. Falsification Test with Placebo Referendum Dates
Tax
Number of Years Referendum
Year is Shifted
[Bond Pass]*[Post]
[Bond Pass]
[Post]
District FX
Year FX
R2
Time window

2 years
earlier
(1)
0.009
(0.008)
0.337***
(0.007)
-0.016
(0.010)

2 years
earlier
(2)
0.008
(0.018)
0.258***
(0.016)
-0.009
(0.017)

3 years
earlier
(3)
-0.008
(0.013)
0.354***
(0.011)
0.003
(0.014)

3 years
earlier
(4)
0.003
(0.022)
0.263***
(0.021)
-0.008
(0.022)

Y

Y

Y

Y

Y

Y

Y

Y

0.846
Balanced

0.770
Unbalanced

0.875
Balanced

0.770
Unbalanced
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Appendix Figure A. Property Tax Structure and Tax-supported Debt of Cities and School Districts

Notes: The figure depicts the average total tax rates for all cities and school districts, along with the average
Interest and Sinking (I&S) rates, the average assessed value, and the average debt service. Each row
represents the total tax rate (in the top row), the debt service tax rate (in the second row), the property
assessed value (in the third row), and the debt service (in the fourth row), respectively. The bars around each
line depict the within-year variation using a range of standard deviations of the mean. There are two columns,
which represents two types of local governments (cities and school districts). In each figure, values are
expressed as means (dots) ± standard deviations (whiskers). With non-normal distribution, since a number of
data points fall outside the maximum and minimum values, one standard deviation was selected for the tax
rate variables, and two standard deviations were selected for the assessed value and debt service variables.
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Appendix Figure B. Probability of Receiving Treatment

Notes: Compliance with treatment assignment was operationalized as the actual bond issuance. Data on noncompliance from the winning side was collected from authorized but unissued tax-supported debt as of August
31, 2017. I define non-compliance status of losers as holding and winning the same referendum for the same
project and the similar amount of bonds within one year.
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Appendix Figure C. Manipulation Tests

Bandwidth
0.05
0.1

p=1
0.6082
(0.5430)
0.8589
(0.3904)

Polynomial order
p=2
p=3
1.3537
1.3123
(0.1758)
(0.1894)
0.6447
1.0522
(0.5191)
(0.2927)

p=4
0.9018
(0.3671)
0.9071
(0.3644)

Notes: The first figure plots the running variable’s histogram. The second figure plots McCrary’s density test
with a z-statistic of the difference of 0.55 (p-value =.8610). The third figure plots a density test developed by
Cattaneo et al. (2017). The table shows manipulation density estimates for several bandwidths and polynomial
orders (for the running variable). The robust test statistics of the continuity density tests are in each cell, and
the corresponding p-value are in parentheses. The bandwidth B=0.05 use 303 effective observations on each
side of the threshold, B=0.1 use 613 effective observations. For details regarding rddensity see Cattaneo et al.
(2016).
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Appendix Figure D. Event Study Estimates of Effect of School Referenda on City I&S Tax Rate

Note: The first year prior to referendum is omitted as a reference category. District and calendar year fixed
effects are included. Standard errors are clustered at the district level. Vertical bands represent 95%
confidence intervals.
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Appendix Figure E. Falsification Test with Placebo Thresholds

Notes: The figure graphically illustrates the distribution of t-statistics from our regression discontinuity
estimate of the treatment effect. The t-stats are obtained from robust bias-corrected standard errors
(Calonico et al., 2014) clustered at the district level.
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