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Abstract

This paper examines whether the voter with the median inderdecisive in
local spending decisions. Previous tests have relied sseectional data while
we make use of a pair of California referenda to estimate tediiference specifi-
cation. The referenda proposed to lower the required vaeedior passing local
educational bonding initiatives from 67 to 50 percent antb@5 percent, respec-
tively. We find that voters rationally consider future patgervice decisions when
deciding how to vote on voting rules, but the empirical emckestrongly suggests
that an income percentile below the median is decisive fqgontg voting rules.
This finding is consistent with high income voters with weand for public
educational services voting with the poor against increaspublic spending on
education.

Journal of Economic Literature Classification: H4, H7, 12
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1 I ntroduction

The median voter model has a long theoreticaleamnpiirical history within public economics.
Since the pioneering work of Bergstrom and Good@&i73), which established the conditions under
which the median voter is also the voter with treglian income, hundreds of studies have used the
median voter framework to estimate demands foriplyhprovided goods and servicksThe enduring
popularity of the model stems both from its simipfi@nd its analytic tractability. As noted by lam
(1978), if governments act “as if’ to maximize threferences of the median income voter, the median
voter hypothesis provides “a powerful starting pdan predictive and normative analysis of governine
behavior.”

Despite the wide spread popularity of the mediaenmodel, the key assumption that the
median voter is also the voter with the median imedas been repeatedly challendedne of the
central challenges has been Tiebout sorting, wigdtebisehold sort into communities based on their
demand for public services. With sorting, commiesimay contain both higher income households with
weak preferences for public services and lowernmediouseholds with strong preferences for public
services. Consequently, the median preference wwg not be the voter with the median incofne.
Epple and Platt (1998) develop a model that expliaiccounts for household sorting according to
preferences and demonstrate that when househdlédsiditerms of income and preferences, the median
income voter is typically not pivotal. Rather, aoomities contain a continuum of pivotal voters glififig
in both income and preferences. Epple and Sieg9)18nd Epple, Romer and Sieg (2001) estimate
structural models that allow for preference hetermity and enable them to estimate income elaefcit
in a model that explicitly identifies the mediarfarence voters. Their results indicate substiantia
preference heterogeneity within communities, sugggshat the median preference voter is unlikely t

be the voter with the median income.

! A review of older studies that use the median visanework to estimate demand can be found in ma79).
A few of the more recent studies include, Roths(@892), Silva and Sonstelie (1995), Stevens ansoM$1996),
de Bartolome (1997) for school spending, Schwabzardpelli (1987) for police, Duncombe (1991) faefi
Balsdon, Brunner and Rueben (2003) for local gérdalégation bond issues, and Husted and Kenny 7)1 8&&
expansion of the voting franchise. The vast majarf studies are based on aggregate cross selctiatza A
smaller set of studies, including Bergstrom, Ruslshfand Shapiro (1982), Gramlich and Rubinfeld @)%hd
Rubinfeld, Shapiro and Roberts (1987), use indizidevel survey data to estimate demand for pupficbvided
goods and services.

% See Holcombe (1989) for a review of the criticisingl concerns surrounding the median voter modélsae
Wildasin (1986) for an extended discussion of ts&uanptions required for the median voter modektaplied
empirically.

% From a statistical perspective, Tiebout sortirdpires a correlation between unobserved preferéacesblic
services and observed incomes which leads to bjzeeaneter estimates in a Bergstrom and Goodmémn sty
demand model. This bias has been dubbed Tiebasithyi Goldstein and Pauly (1981). See Ross angeYin
(1999) for a review of the literature on Tiebouadi



More recently, Fletcher and Kenny (2008) developaalel in which the elderly, who typically
have weak preferences for local educational sesyiae with the poor in support of lower levels of
education spending. They demonstrate that a latggge of elderly results in a pivotal voter who is
further down a community’s income distribution.n8arly, Epple and Romano (1996a, 1996b)
demonstrate that when there exist private altereatio public goods or when public goods can be
supplemented with private purchases, an equilibexists where the pivotal voter has an incomelibst
below the median. All three papers describe sanatwhere low- and high-income voters with weak
preferences or demand for public service provi§iom a coalition to oppose the preferences of neidd|
and high-income voters with strong preferencesasitns Epple and Romano (1996a, 1996b) describe as
"ends-against-the-middle."

In light of these challenges, numerous studies ba#eenpted to test whether the voter with the
median income is empirically relevant for descripiocal public service provision. Pommerehne and
Frey (1976), Pommerehne (1978), Inman (1978), Tul@nd Djoundourian (1994) and Turnbull and
Mitias (1998) evaluate the performance of the medizter model by examining whether the use of
median income in local public service demand regjoes outperforms other specifications (such as
replacing median income with mean income). Thalte®f those studies generally support the
hypothesis that the median income voter is decfsi@n the other hand, Aronsson and Wikstrém (1996)
test the predictive power of a model where the arei#icome voter is assumed to be decisive against a
more general statistical alternative. Their ressldad them to reject the hypothesis that the weitérthe
median income is decisive.

A common feature of all these prior tests is thattrely on aggregate cross-sectional data to
identify a relationship between public service exqiture levels and some measure of community
income. These studies are likely biased becausencmities differ across a variety of dimensions
including unobserved preferences for public sessitiee cost of providing public services, etc; tHrese
differences are likely correlated with the disttibn of income in each community.

In this paper, we propose an entirely new apprdactesting the median voter hypothesis. We
examine vote returns from a unique pair of Califameferenda that proposed changing the rules under
which public spending decisions are determinede firist referendum, which failed, proposed to lower
the required vote share for passing local educationnding initiatives from 67 to 50 percent, ahd t

second referendum, which was held only eight molattes and passed, proposed lowering the vote

* Using a revealed preference approach, TurnbullGtrahg (1998) also find that local governments‘asif’ to
maximize the utility of the median income voter.

® For example, Schwab and Zampelli (1987) find gtadies of public service demand that fail to taite account
the impact of community characteristics on the odgtublic service provision can yield very misleagresults.
See Ross and Yinger (1999) for a survey of stuthi@isdocument cost heterogeneity across jurisdistias well as
recent additional studies by Duncombe and Yinge0%2 and Reschovsky and Imazeki (2003).



requirement from 67 to 55 percent. Thus, assumémand is monotonically increasing in income, the
first referenda would have changed the identitshefdecisive voter from the voter in thé%38ercentile

of the income distribution to the B@ercentile while the second referenda would hénamged the

identity of the decisive voter from the voter irt83° percentile to the voter in the @Bercentile. Using
the results from these two referenda, we test vengtbople vote “as if” future spending decisionh e
based upon the preferences of the newly proposaslive voter by examining whether the change in the
fraction of ‘yes’ votes cast in the two electiomsmde explained by the implied change in the newly
proposed decisive voter’s income, i.e. the diffeeehetween the $tand 44' percentile income in a
jurisdiction.

Unlike previous tests of the median voter hypotheshere public service spending is used to
infer a relationship between the median voter'sguesnces and outcomes of the political processtesir
infers that a median voter relationship holds beeawters act as if the relationship holds whey tdast
their ballots to determine voting rules for chogsihe level of public services provided. Consedyen
our test avoids the fundamental problem of meaguhia actual services demanded by voters within a
jurisdiction which may be poorly proxied by the reeges used in previous studies, such as expersliture
per capitaﬁ. Furthermore, by regressing changes in the fradfdyes’ votes between the referenda on
changes in the income associated with the decigiter in each district, we are able to differenae o
school district unobservables that are likely datesl with the distribution of income within a dist and
likely bias prior cross-sectional tests of the raedioter hypothesis.

We find a strong relationship between the incomgibdution of a school district and the change
in the fraction of ‘yes’ votes between the two refeda. This relationship, however, appears te anigst
strongly from the influence of the income differerietween 40and 3%' percentile on voting rather than
the 50" to 45" percentile. Specifically, while the income diffece between the 8@o 45" percentile
can explain changes in voting between the two eefisi, when we run a “horse race” between the
changes in income between thd'50 45" percentile and the #Gand 3%' percentile, the difference
between lower percentiles entirely captures theesyatic relationship between the income distributio
and voting’ These findings persist across a series of spatiifins controlling for changes in turnout and
political representation between the two refereddéerences between small and large school distric

and demographic differences between school distrithe estimated relationship also persists for

® For example, as noted by Behrman and Craig (198&pple pay taxes based on the city-wide amount of
purchased inputs, but base their demand and vb&hgvior on the perceived level of neighborhoodtiser
output.” Thus, to the extent that the servicegsipoed differ substantially across jurisdictionsegithe same public
inputs, public spending will provide a poor proxy public service provision.

" Note that the theory of referenda voting on whodh empirical model is built holds as long as refefa voters’
anticipation of future public service levels candharacterized by the demand of voters at a spanifome
percentile. This percentile need not be th® pércentile.



constant income elasticity models that allow faiehegeneity in the distribution of preferences asro
school districts. Furthermore, we find that thatienship between changes in the decisive voter’s
income and changes in vote shares does not hotd/éocounterfactuals estimated by replacing school
districts with alternative definitions of jurisdioh based on census tracts and state assemblgtdistr

Having rejected the hypothesis that the medianneceoter is decisive, we proceed to examine
whether our results are consistent with preferémterogeneity leading to an "ends-against-the-rafdd|
outcome similar to the type described by Epple Rachano (1996a, 1996b) and Fletcher and Kenny
(2008). We split our sample based on the fraatfandividuals in a district that are high incomedayet
are expected to have weak preferences (i.e. holgsalwdhout children) or low demand (i.e. houselsold
with children in private school) for public edueatiservices and find evidence that points towards a
lower income percentile decisive voter (further from thedian) for districts with a greater fraction of
high-income/low-demand households arfdgher income percentile decisive voter for districtshnat
smaller fraction of such households.

In light of these findings, we estimate a final rabuh the spirit of Epple and Platt (1998) and
Epple and Sieg (1999) where we explicitly recogniad each community contains both high and low
demand voters. We use the share of voters whpaataraditional childbearing age (45 years ornlde
and do not have school-age children to represeriraiation of low demand voters in a distfictVe then
estimate our change in fraction of “yes” votes dtameously with two additional equations that
determine the decisive voter's demand for spendginigr the two voting rules (55 and 50 percent
thresholds). These two additional equations allevto identify the decisive voter income percerftile
the low and high demand households under eachgvatle. The model performs as expected with
increases in the share of low demand voters beisgcéated with lower decisive voter income perdesiti
for the high demand group. The model implies tbatdemand individuals have demands for public
services that are 45% lower than other voters. mibeéel also yields estimated income elasticities of
between 0.695 and 0.876 which are very comparalileetestimated elasticities between 0.615 and0.87
in our constant elasticity of demand model usirglttwer income percentiles, but substantially below
elasticity estimates based on the jurisdiction medncome.

Finally, based on our structural constant incotastieity models, we find evidence that the
relationship between the decisive voter's demaddsapport for voting rules is weaker in more

heterogeneous districts; evidence that providedgrerapsupport for the referenda voting models

8 Share of adults with children in private schooghtiprovide an alternative proxy, but this variaislenuch less
empirically relevant. Only about 11% of househaldih school aged children have children in prive¢ool, and
that implies that only about 3% of households oéiave children in private school. Further, faeslwith
children in private school are spread widely actbhssincome distribution so that when consideriigihhncome
households with children in private school, who ldguresumably vote for high levels of public seegavithout
the private school option, the relevant share afskbolds is well below 2%.



developed by Romer, Rosenthal and Munley (1992)Rwottistein (1994). Empirical support for
referenda models of this type is especially impurtaven that these models predict less electongbert
for spending initiatives in the presence of greatger heterogeneity; a prediction that is consistéth

empirical findings of Alesina, Bagir and Easterlp99).

2. Conceptual Framework

Prior to 2000, local school bond measures in Qaliorequired a two-thirds supermajority to
pass. If voters approved a bond issue, the boeds then repaid with local property tax increabes t
remained in effect until the bonds were fully repain 2000 Californians voted on two statewide
initiatives designed to ease this supermajority vetjuirement. In March of 2000 Californians voved
Proposition 26, an initiative that would have reellithe vote requirement on school bond measur@s to
simple majority. The proposition garnered the suppf only 48.7 percent of voters and thus failéal.
November of 2000 Californians voted on ProposiB6nan initiative that was nearly identical to
Proposition 26 except it called for reducing thésvequirement on local school bond measures ta 55%
This time California voters approved the measuté %8.3 percent of voters supporting Proposition 39

To motivate our empirical work, we begin by examinthe implications of the median voter
model for the behavior of voters in a referendunveting rules. Specifically, we develop a simple
voting model based on Romer, Rosenthal and Murdl@9Z) and Rothstein (1994) in order to illustrate

the relationship between support for a changednired vote share and the income of the decisitervo

Let S,; denote the desired level of school spending afiddal i located in school districi . The

individual votes in favor of a decrease in the \&ltare required to pass spending referenéaiftand

only if S”, the spending level under the new vote sharaefeped toS°, the spending level under the
y i p g p i p g

current, higher vote share requirement.

Following Rothstein (1994), we parameterize indiial preferences for school spending using

the desired spending IevSfj so that an individual’s indirect utility functiov (S; |S,’;) is maximized

when district spending Iev@i = S,*j . We allow districts to vary in terms of residenpreference for

school spending by assuming that the distributigoreferences in distrigtis distributed around a

district mean preferencS} or

S| =S| + 4, (1)



where ; is a random disturbance. Assuming preferencesmugic service levels are single peaked, a
uniquea exists so tha¥ (S} |a) =V(S] |a[’) whereV is a voter's indirect utility function
conditional on their preferences for the publio/gmr’ A voter supports the referendum to lower the vote

share requirement (presumably increasing publideetevels) if and only ifS,’; > a'jp.
The functionaf only varies across communities based on the vaméi? and Sjp because all
households in the economy are assumed to have compraterences except for the preference srﬁ*}er

Using a linear parameterizatioa,f may be written as
ai =a(s],S7)+v, =(1-9)S) + & +v,, 2)

whered is between zero and one. Equations (1) and (2yithpt a voter supports the reduction in the

vote share requirement if and only if
S} _[(1_5)S?+£1F’]>Vj My - 3)

If v, and y; follow independent type 1 extreme value distribngi, then the difference between

the unobservables in equation (3) has a logissitidution with a cumulative distribution functiarm

x-(s -[(1-8)S’ +dsf])] "

F(x)=1- -
(X) ex exp{ i

where the variance of the distribution%is{?zn2 and equals the sum of the variances pfand £4; ,
assuming that the two disturbances are indeperidienbson, Kotz, and Balakrishnan, 1995).
Let pyes; denote the fraction of voters in distrigtthat preferSjp to SJQ. If we assume thédtis

constant across communities and without loss oiggity initialized to one, the log-odds ratio for

referendunk can by expressed as:

° Specifically, we assume that indifference curvesanvex over public service levels so that giaemell-behaved
community budget constrainV,(Sj | S]) is a concave function on . See Rothstein (1994), Epple and Romano
(19964, 1996b), Balsdon and Brunner (2005), asagethany other earlier papers that impose suchmgesns.
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PYES; .

In[—J }:c<+cls—c S?-¢,S7 +¢. ()
- k 0j j 2% 3% jk?

1- pyes;

wherec,; captures idiosyncratic referenda invariant disaitributes that influence voting,, c,, andcs

are all non-negative as found by Rothstein (199d) &, represents referenda specific district

unobservables. Equation (5) suggests a simplerdifting estimation strategy. Specifically, if fist

referendum imposed a 50% vote share for local spgmdeasures and the second referendum imposed a

55% vote share, the difference in the log-odd$efftaction of voters that support the two refeeeind

district | is:

es? st
In(l—p)éyelﬁz ] _ In(l—piyeisl J (ST SR (E e ), (6)
j i

where both the unique district mean preferenc@ddatic service levels, the default level of puldarvice
provision, and referenda invariant district atttésudrop out of the model.

The assumption thatis constant across communities, however, is gllitng given other

assumptions in the model. Specifically, onggis restricted to follow an independent type 1 exte

value distribution,aj, the variance ofu”. , must be positively related to the difference ltwthe 50

and 5%' percentile demands since only an increase inahiance can create additional spread at the

center of the distribution holding the form of tttistribution fixed. Therefore, the assumption fhat

constant requires tha’JIV2 , the variance o, , fall by the exact same amount as any increasnjin

Further, there are reasons to believe thaaind 4, are correlated across communities and that

might also depend upon factors that influence #terbgeneity of preferenc€s To allow for
heterogeneity in the distribution of preferenca®ss districts we therefore extend equation (6) as

follows:

pyes? pyes! c;(S°-S°)
In(l—pyé?}_ln(l—pyé%}_ e ), (7)
] ] ]

10 V; captures community specific errors describing tiifference point between the proposed and initial

spending levelsS” and S°, which obviously depends o8 . Different values ofS” and S° fall in different
regions of the indirect utility function with diffent curvature implying they may still influencesttlistribution of

V. Naturally, S* and S° depend upon the same unobservables that influaeadistribution otuij .



where ,BJ. describes the unique standard deviation of thiepece distribution for districf.

As equation (7) reveals, inter-district differenaepreference heterogeneity scales the influence
that the decisive voter's demand has on referentiaoutcomes. Specifically, the influence of the
decisive voter's demand on the determination ofngptules is smaller in more heterogeneous district

(i.e. districts with a largef ). This result mirrors the results of Romer, Resahand Munley (1992) and

Rothstein (1994) who demonstrated that, all elsmkegreater preference heterogeneity within

jurisdictions results in lower approval margins lfacal referenda’ In our model, this result can be

observed from equation (4) where the impact of eugpr a proposed level of public servicgS$ on the

likelihood of voting yes is scaled down by preferemeterogeneity as captured By In the present

context, equation (7) suggests that differencékdrdesired level of spending of thé"Sthd 54'
percentile voters should have a smaller impacherchange in the fraction of ‘yes’ votes in diggiwith
significant preference heterogeneity and a greateact in districts with relatively little preferea

heterogeneity.

3. Empirical Methodology
In order to operationalize equation (6), maintagniine assumption that preferences are singled

peaked and at least initially maintaining the agstion thatf is constanacross districts, we assume for

referendumk that the implied future level of public serviceh& public service demand of a voter with
the income implied by the income percentile assediavith the vote share required under the
referendum. For a 50 percent vote share, the atdmdedian voter result applies so that the deménd
the median preference voter is a Condorcet wirBkaick, 1948a). Therefore, for the first referndaum
we allow the future level of public service to lepresented by the public service demand of theanedi
income voter in the school district.

For a 55 percent vote share, which is the supeofibajequirement associated with the second
referendum, a set of feasitlanajority winners arises that can both defeat tiigiral status qui by the
required 55 percent vote share and cannot be defbgtany other service level in pairwise compmtiti
The set of feasible winners is in the interval lwthe public service demand of th& g8rcentile
voter and a higher service level which leaves 8i{epercentile voter indifferent between that leved an
the status quo (Black, 1948b). Gradstein (199®)atestrates that among these feasible winners the

™ See Proposition 2 in Romer, Rosenthal and Murlé92).

12\We assume that the pre-referenda service levelisbthe desired service level of%4percentile voter, which is
consistent with the observation that passage afetfegenda led to higher spending, which wouldhete occurred
if the status quo was above this level since therstatus quo would have beebrmajority winner.



demand of the (18) percentile preference voter will be selectedafeuper majority requirement dff

the government starts by proposing the status glilmwfed continually by ballots associated with hegh
levels of spending until a referenda fails to achithe required super-majority. Under these votiregs,
all voters will rationally choose to vote sinceralyd the referenda will fail for services levelstjpassed
the level demanded by the @)-percentile preference vot€r.For a 55 percent vote share, we therefore
follow Gradstein (1999) and allow the future lewépublic service to be represented by the public
service demand of the voter with thé"¢@rcentile income in the school district.

Assuming a linear form for public service demanelgs
SF=S(y™") =by +b,y} ", ®)

where P, is the required vote share for referendlslmy}owk or y, for short is the income at the
decisive percentile, anl, is the parameter describing the responsivenessrédd to income.

Substituting equation (8) into equation (6) andnazging yields

pyes’ pyes;
ln[l— pye;?} ln[l— pye;?J = (0= dp) +d, (Y ~ Vi) + (87 652): (9)

where thedy parameter is just thhy parameter from equation (8) multiplied by the risgaterm — c,
and the difference betweed1Z and dl allows the mean of the district unobservahﬂﬁ,, to vary across

referenda. The median or decisive voter modelimematdyshould be positive since public service

demand increases with income. Specifically, eabdrendum is assumed to be supported by all voters
who prefer the new higher level of spending to entrispending based on the two-thirds vote
requirement. A larger income difference between3#' and 5%' percentile voter (i.e. the 5@nd 4%’
percentile income), implies a larger reduction éwreducation spending or a smaller increase indipgn
over current levels, which is then supported byenaters

The first difference specification in equation éiminates unobserved differences across

districts in the average preference for public iseis; political leaning, time invariant differendas

13 Similar, but more realistic voting rules, alsolgliehe 43" percentile voter as decisive. Specifically, ifgmment
chooses a high level of public services for théahieferendum and continuously reduces the levelbsequent
ballots until a proposed service level obtainsréwired super-majority, then all voters with prefeces above the
proposed service level vote sincerely, but votdtk preferences below vote strategically knowinat teven though
they might prefer the proposed level to the stgtusreferenda failure will result in a marginal kenimg of the
public service level. Again, voting concludes whike proposed service level just reaches the demfime 4%
percentile preference voter.



turnout rates, as well as a host of other idiosgticdifferences that affect voting and additivehter the
estimation equation. Consequently, equation (@ieates time invariant factors that influence wugti
patterns and might be correlated with the incorstriiution and thus bias a cross-sectional tetef
median voter model. Nevertheless, our first défere specification does not address the concetrn tha
changes in the decisive voter's income betweemerfia may be correlated with unobservables that
affect the change in vote share between referelmdarder to control for such factors, additionaldels
of change in vote share are estimated includireplirtontrols for voter turnout and other attributes
intended to capture changes in the compositiorote#rs between the two referenda, such as disiziet s
and the fraction of residents that are college athat

As discussed earlier, the median income voter noaye@ decisive under a majority rule and
accordingly we consider the income difference betwether income percentiles. Specifically, we run
regressions that include the income difference detvthe 56 and 4% percentiles along with an
additional income difference, such as the diffeeebetween the 45and 48 or the 6 and 5%'
percentiles. The winner of these so called “Hétaees” provides evidence concerning the incombef t

decisive voter under majority voting.

Heter ogeneous Preference Distributions with Constant Elasticity Demand

By specifying public service demand to be a sintiplear function of the decisive voter’s income
we are able to derive an estimation equation thiiéar in the parameters, which is attractivenfiam
estimation standpoint because unobservables ingzbghavior and preferences are differenced away.
However, the linear model assumes that prefereerdygeneity, as captured Iy in equation (7), is
constant across school districts. In order toxréigs assumption, we allow the distribution offerences
across jurisdictions to vary as a parametric fumctf a vector jurisdiction attributes, that capture the
heterogeneity in preferences within school disjrid¥iloreover, the common practice in the literaisre

assume public service demand is characterized hgtaot income elasticity which implies

sf =b,(y" ), (10)

]

where @ is the income elasticity of public service demauibstituting equation (10) into equation (7)

and rearranging yields

pyes; pyes;
ln[l— pyes? J ) In(l— pye;?} = d, expleZ, Ilyf - Y]+ (61 10). (11)

10



where thed, parameter is th®, parameter from equation (10) multiplied by therter c, from
equation (7), and is a vector of parameters on the heterogeneiighis. We expect the income

elasticity & to be positive while we expegt to be negative since increased preference hetegige

reduces the influence of the decisive voter's defr@nvote outcomes. Because equation (11) is
nonlinear in the parameters, we use non-lineat kepsares to estimate the parameters of this model.
Furthermore, as with the linear model, we consadiglitional specifications that include a host néar

controls that explain changes in vote share.

4, Data

We obtained data on vote outcomes for Proposi2énsnd 39 from the Statewide Database,
maintained by the Institute of Governmental Studiethe University of California, Berkeley. The
database contains aggregate vote outcomes andregistration information for all statewide primary
and general elections held in California since 198Be primary unit of analysis in the statewide
database is the Census block. We aggregateddble lelvel vote tallies and voter registration
information up to the school district level.

In the empirical framework developed in Sectioth®, difference in vote shares between
Propositions 39 and 26 is a function of the diffeebetween the $Gand 4% percentile income in a
school district. To construct estimates of th@me percentiles, we used district-level data frben t
2000 Census on the distribution of household incoBecifically, the 2000 Census contains
information on household income grouped into 1'6ime categories. We used this grouped income data
and linear interpolation to estimate thd'sMd 4% percentile level of income in each district. Ugin
similar methods, we develop measures of the inadifference for other percentiles, such as the
difference between the 4@nd 3% or 60" and 5% income percentile¥.

We also include a number of additional variablesaweral of our empirical specifications. The
first variable is the difference in voter turnoatween Propositions 26 and 39. Following CoateliGo
and Moro (2008) and Coate and Conlin (2004) amadhgre, we define voter turnout as the fraction of
eligible voters (i.e., voting age population) irckalistrict that voted on Proposition 39 and Prdjms

26 respectively. We include the difference in vétenout to account for the potential impact chemin

“We have used a similar approach to construct messi the 50 and 4%' percentile tax prices. Unfortunately,
district-level data on the assessed value of owetpied homes in California is unavailable, andaweeforced to
calculate our tax price variables using data frben2000 census on the distribution of house valukgh is
undesirable because in California home valuesileylto vary dramatically from assessed valuestdue
Proposition 13, which prohibits the reassessmehbaies for property tax purposes except when thsés sold.
Nonetheless, we have estimated many of our modelisding controls for tax price, as well as inconvghile
noisy, our tax price estimates are quite reasonahle all other findings are robust to the inclasid controls for
tax price.

11



voter turnout may have on vote outcomes betweetwbelections. The second variable is the
difference in the fraction of registered Republeaetween Propositions 26 and 39 and the thirchlvkri
is the difference in the fraction of registered Denats between the two propositions. We includsé¢h
two variables to control for systematic changethaideological composition of voters between
elections.

In addition to the difference control variablescébed above, we also include several level
control variables in some of our empirical speeifions. The first three variables are districedizxed
effects. Specifically, we sorted districts intarfeequally sized groups based on total populatod,
created three indicator variables that take theevaf unity if a district is in the second, thindfourth
guartile of district size respectively. The naxefvariables describe the demographic composdfan
school district. We include controls for (1) thiadtion of the population with a bachelor’s degree
higher, (2) the fraction of homeowners, (3) thefien of households that are White and non-Hispanic
(4) the fraction of households with children, aBilthe fraction of the voting age population ageo65
older. These variables were selected to captaterfathat have been found in earlier literature to
influence voting and public spending decisions.

To implement the specification given by equatioh)(ivhich allows the distribution of
preferences to differ across districts, we alsatmped three variables designed to measure pregeren
heterogeneity within districts. As discussed ictiom 3, district preference heterogeneity, asuagk by

L, is likely related to the distribution of incom€onsequently, we include a Gini index of income

inequality. Preference heterogeneity is alsoVikelbe related to the fraction of households whamat
have school-age children and/or do not plan onrfgpehildren in the future; households that we shall
refer to as low-demand households. We use th&édraof voters who are age 45 or older and do not
have school-aged children as our measure of thre stidow-demand households and include the
variance of this measure as an additional contropfeference heterogeneity in a disttictEinally,
preference heterogeneity is also likely to be eeldab the degree of racial heterogeneity (AledBaayir
and Hoxby, 2004). Following Urquiola (2005), tlzeial heterogeneity index we employ is:
I :1—2R:Rjz , where R, is racial group’s share of the population in school district Greater

r=1

values of this index are associated with greatdaraieterogeneity.

!> Data on the fraction of voters age 45 or older alzgined from the Statewide Database, which iresud
information on the age of registered voters in eaating precinct. To construct the fraction of exs with no
school age children, we multiplied the number akve age 45 or older by the fraction of the popoaiahge 45 or
older with no school-age children. We then divideid number by the total number of registered rgoie each
district.
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Our data have a number of limitations. The firsitiation concerns school districts with
overlapping boundaries. Specifically, Californ@ntains three types of school districts: unifiestrits,
elementary districts and high school districts.e Boundaries of the latter two types of districtertap:
one high school district typically contains twomeore elementary districts. Thus, in non-unifiestritts
there are really two decisive voters, the decisiMer for the elementary school district and theislee
voter for the high school district into which tHeraentary district feeds. Consequently, in norfiedi
districts it is unclear how one should measuraribeme of the proposed decisive voter. We theesfor
restrict our sample to unified school districtheTsecond limitation concerns missing data. Datdéne
fraction of voters supporting Proposition 26 is waikable for 17 of the 323 unified school districts
operating in California in 1999-2000.We exclude these 17 districts from our analyséing a final
sample of 306 unified school districts.

Table 1 provides means and standard deviationthiéovariables used in the analysis. For
variables that enter our model as differencesstimemary statistics are reported separately for
Propositions 26 and 39 respectively. As expedtedlincrease in the vote requirement from 50 to 55
percent is associated with a greater percentagetefs supporting the referendum and lower decisive
voter income. The change from a March electiongR26) to a November election (Prop 39) also

increases turnout from 28 to 43 percent of eligilters.

{Insert Table 1 Here}

5. Results

Regression results for the change in vote shargyule linear demand specification in equation
(9) are presented in Table 2. The first columrs@ngs the basic model that controls only for thenge
in the decisive voter’s income. The second amd ttolumns contain results from models that include
controls for changes between the two electionanmaut and party affiliation among registered veter
and those controls plus jurisdiction size fixedeet§, while the fourth column contains results Hasea
model that includes the controls used in columeelplus additional controls for district demographi
attributes. As expected, all four regressions ynapstrong positive relationship between the change

the decisive voter's income and the change intetibn of ‘yes’ votes between Propositions 39 and

16 15 of the 17 districts with missing vote data wexated in the counties of Monterey, Humboldt Sach Luis
Obispo which did not report vote tallies to thet&tdde Database for Proposition 26. The remaibivadistricts
are small rural districts that had substantial mg®bservations on voting for Proposition 26.
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261" The estimated coefficients on the change irddaisive voter’s income range from 0.143 to 0.232
and are all statistically significant at the fiverpent level. These point estimates suggest tlaaga
fraction of the change in vote shares betweenvibepropositions can be explained by the changkdn t
decisive voter’'s income. Specifically, based onatipn (9) our model predicts that the implied a®im
the decisive voter's income is consistent with&prcentage point increase in the percent votasgry
model 1, and a 2.8, 1.7, and 2.5 percentage pwrgase in the percent voting yes in models 208 4a
respectively’® Given that the actual increase in percent vojegywas 4.3 percentage points, our model
predicts that between 39% and 65% of the changetashares between the two propositions can be

explained by the change in the decisive voter'sine®
{Insert Table 2 Here}

The top panel of Table 3 presents the results oftdorse Races” between the median income
voter for a majority voting rule and alternativedme percentiles. The first two columns present
coefficient estimates and standard errors for Hamnge in income between the"shd 4% percentile and
the change in income between two other percerntibtsare separated by 5 percentage points. Ttk thi
and fourth columns report the p-values associatddnen-nested hypothesis tests based on the null
hypothesis that the “correct” model is either the based on the 8&nd 44 income percentile
difference or the other income percentile diffeeshsted in each row of the table. These non-este
hypothesis tests are constructed using?kest developed by Davidson and MacKinnon (19882)9
Note that the income differences between tHetd®5" percentiles and the 8%o 30" percentiles clearly
dominate the income difference between tHe &t 4%' percentiles. In the “Horse Race” regressions
the estimated coefficients on the income differsrmetween the 40to 35" and the 38 to 30"
percentiles are relatively large in magnitude aatistically significant while the estimated coeiéints
on the income difference between th& &8d 4% percentile are small in magnitude and statisgjcall
insignificant. Similarly, in columns 3 and 4, wagect the null hypothesis that the correct mod#es
one based on the income difference between thedb85" percentiles and fail to reject the null

hypothesis that the correct model is the one besegither the income difference between th 035"

" We also divided the sample into three subsamplssedon the size of the increase in turnout betieetwo
referenda. The estimated effects were similaragmitude, and we could not reject the hypothesisttie effect of
income was the same across these three subsanfpigker, we developed school district controlselasn the
correlation between change in turnout and neightimttdemographics at the block group level as aypfaxthe
change in voter demographics between referenda.indfusion of these controls has no impact onestimates.

18 The predicted change is estimated by calculatirgchange in log-odds for each school districhingample and
translating this change into a predicted changshare voting yes based on the actual share vo&isadoy
proposition 26 in the school district.

¥ The actual increase in the percent voting yes®pércentage points is based on the sample gédrsthool
districts and thus differs from the statewide imsein the percent voting yes which was 4.5 peagenpoints.
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or 35" to 30" percentiles. Thus, our results provide evidemzerst the hypothesis that the median
income voter is decisive in majority rule referemdar local public service provision.

The bottom panel of Table 3 presents the resultslofse Races” and various non-nested
hypothesis tests that compare th& #D35" percentile income difference to other percentitome
differences® The income difference betweeri"40 35" percentile clearly dominates all other percentile
income differences except for the"3® 30", and as in the top panel, the effect size fdt#4B5" is a
little bigger than the effect size for3% 30". We interpret these results as implying thatdate are
consistent with a decisive voter near th& #zome percentile for a majority voting rule. Whee re-
estimate the four specifications presented in Tahising the change in income between tHeat@ 3%
percentiles rather than the"s@nd 4% percentiles, we obtain coefficient estimates @ndfange in the
decisive voter's income that range between 1.892a8id (see Table 4 below). These point estimates
imply that the change in the decisive voter’s ineasconsistent with between a 2.1 and a 3.2 ptagen
point increase in the percent voting yes betweerwio referenda. Thus, based on the difference
between the 4Dand 3%' percentile incomes, our model predicts that betwt396 and 74% of the
change in vote shares between the two propositiande explained by the change in the decisiva’gote

income.
{Insert Table 3 Here}

Counterfactual Analysis

In order to further test whether we have trulynitféeed a causal relationship between changes in
the decisive voter's income and changes in voteeshave conduct two counterfactuals. The logic
behind our counterfactuals is simple: if the rielaghip we have identified is truly causal, theshbuld
hold for school districts (which would have beeredily affected by the outcomes of Propositiona26
39) but it should not hold for other political ceagraphic entities. For example, while we expeet t
income difference between the™4énd 3%' percentile voter in achool district to explain differences in
vote shares within school districts we would nqgiet the income difference between th& 40d 3%'
percentile voter in aensus tract or astate assembly district to explain differences in vote shares within
those geographic/political entities. That is, fofitical/geographic entities other than schootrilits, the
income difference between the™@nd 3% percentile voter should be uncorrelated with charnigeote

shares.

20 \We focus on the 4bto 35" percentile change (rather than thd 8 30" since the coefficient estimate on the
income difference between the™énd 3% percentiles reported in the top panel of Table gightly larger than the
coefficient estimate for the %0 30" percentile. Results using®% 30" are similar.
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Our rationale for choosing census tracts and 3tasembly Districts (SAD) is based on their size
and their lack of relevance for the provision of &cal public services. Census tracts tend tmbeh
smaller than school districts while state asserdidiricts tend to be larger than school distridighile
some school districts such as Los Angeles Unifettain several SAD’s, California contains a total o
80 SAD'’s relative to approximately 1,000 schootriliss. Thus, our counterfactuals cover
geographic/political entities that are both smadled larger than school districts on average. heuyt
since neither of these geographic regions represelaivel of local government, the decisive voter
income variables should not be related to any ueebegl fiscal implications of Propositions 26 and 39

To implement our counterfactuals we estimate nwidigintical to those reported in Table 2,
except that we use the2and 3% income percentiles and calculate those percerititesither census
tracts or state assembly districts. For examplecounterfactual involving census tracts utilizes
information for 6,891 census tracts on vote sharascensus tract, income differences betweenatie 4
and 3%' percentile voter in a census tract, etc. Sinyilasur counterfactual involving state assembly
districts utilizes information for the 80 SAD’s @alifornia on vote shares within SAD’s, income
percentiles within SAD’s, etc. In addition, we also present estimates for cetrsias models that
include district fixed effects. District fixed effts are included to insulate the estimates aggdiast
systematic across district variation that drivessabtimates in the school district sanfpléaturally, the
school district fixed effects could also contam@natir SAD estimates (in fact some mid-sized school
districts essentially are SAD’s), but a naturallagao the census tract fixed effects model dodsrist
because some SAD’s contain many school districikewithers are entirely contained within school
districts.

Results for the counterfactuals are reported iHerdb In the interest of brevity, we report only
the estimated coefficients on the income differerargable. The first column of Table 4 replicaties
school district results reported in Table 2 exdbptincome difference is based on the decisivervote
percentile identified in Table 3. The second,dl@nd fourth columns present our counterfactuadedba
on state assembly districts, census tracts andsusédract model with district fixed effects, respesly.
The four panels presented in Table 4 correspotitetéour models listed in Table 2. The resultoreg
in Table 4 are quite striking. In all our coungartuals the estimated coefficients on the diffeeenc
between the 4Dand 3% percentile income are significantly smaller thaa éstimates for school districts
with the exception of one model for the State AddgrDistricts, where the estimate is very noisy.

Furthermore, all the estimated coefficients ondifference between the %4@nd 3%' percentile income

2L Similar results arise using the difference betwibens@ and 48" percentile incomes.
2 standard errors for this model are also clustatdtle school district level because heteroscatigstian bias the
estimation of standard errors in fixed effect madel
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in our counterfactuals are statistically insigrafit. Thus, the results reported in Table 4 give us
increased confidence that our results are captarimdationship between changes in the proposed
decisive voter’'s income and voting patterns thamigjue to school districts. They also providersty
evidence that our results are not being drivendoyesother unobserved factor, such as differences in
voter turnout or unobservable community charadiesishat might persist at a variety of levels pétal

aggregatior?

{Insert Table 4 Here}

Heter ogeneous Preference Distributions with Constant Elasticity of Demand

Nonlinear least squares estimates for the conetasticity of demand specification with
heterogeneous preference distributions given bwtému(11) are presented in Table 5. Note that the
results reported in Table 5 are based on tiffea#i@d 3% income percentiles. Each column of the table
contains the same set of control variables founthiole 2. The estimated income elasticities regubirt
Table 5 lie between 0.615 and 0.878 and are corblgat@income elasticity estimates based on actual
education capital spending in California of betw8ef0 and 0.77 (Balsdon, Brunner and Rueben, 2003).
The bottom panel of Table 5 reports the resultsoof-nested hypothesis tests based on the null
hypothesis that the “correct” model is either the based on the 8@nd 4% income percentile
difference or the 40and 3% percentile difference. Note that in all four sifieations, we reject the null
hypothesis that the “correct” model is the one theludes the 50to 45" income percentiles and fail to
reject the null hypothesis that the “correct” moidehe one that includes the"4® 35" percentiles?
Furthermore, in the models where we utilize th8 &d 4% income percentiles, the estimated income
elasticities are respectively 11%, 8%, 16% and Bif§lber than the estimates reported in columns 1
through 4 of Table 5. That finding is consistefithvthe theoretical results of Goldstein and P4uB881)
who demonstrate that in the presence of Tiebotingpincome elasticities from standard median vote
models are biased upwards by the heterogeneowergmets of voters.

The estimated coefficients on the variables wetaig®ntrol for preference heterogeneity are
generally negative and in many cases statistis@diyificant. Specifically, in columns 1-4, theipsited
coefficients on the variance of the fraction of idemand voters and the Gini index are all negagtia
statistically significant. The coefficient on thecial heterogeneity index is also negative in cwls 3
and 4 but never statistically significant. The aiidge sign on our preference heterogeneity conisols

consistent with greater heterogeneity in the foacof low-demand voters, income, and/or racial

3 Results for counterfactuals using thd'md 4%' percentile incomes are quite similar.
2 Al results presented in the preceding paragrajsie &n simple constant elasticity demand modeds do not
allow for heterogeneous distributions of preferenaeross districts.
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heterogeneity leading to larger heterogeneity @igrgences or greater variance in the unobservides

shape voting behavior as captured®yin equation 7. Specifically, our results sugdkat the influence

of the decisive voter's demand on the determinatiforoting rules is smaller in more heterogeneous

districts. That finding is consistent with RomBgsenthal and Munley (1992) who demonstrate that
greater preference heterogeneity within jurisditdicesults in lower approval margins for local refela.
It is also consistent the empirical results of @erind Lewis (2004) who find that politicians tend

follow the median voter’'s preferences more closelynore homogenous jurisdictions.
{Insert Table 5 Here}

To put our results into context, we can use tkaltg reported in Table 5 to examine how a one

standard deviation increase in the preference dgteeity term in equation (11¢xp@Z), scales the

influence of the decisive voter's demand on thengkan vote log-odds. Evaluated at the mean of

exp@Z), a one standard deviation increase in the stardiaidtion of preferences leads to a 39.9%

decrease in the contribution of the median voteréderences to the log odds of voting yes in mddel
and a 29.8%, 34.0%, and 24.8% decrease in modg&|saRd 4, respectively. In terms of the second
referenda, a one standard deviation increase @rdgeneity in all school districts would have desel
predicted support for the referenda by 13.2 peaggnpoints in model 1, and by 9.4, 7.8, and 14.4 in
models 2, 3, and 4, respectively. Given that titaa percent yes in the second referenda was 54.4%
these predicted declines in support suggest teatefierenda would have been defeated in all four
models. It is also interesting to note that retato models that use the"4@nd 3% percentile incomes,
models that use the 8@nd 4% percentile incomes imply that a one standard dieviancrease in
preference heterogeneity leads to a larger pretodeline in the contribution of the median voter’s
preferences, particularly in models 3 and 4. Sjwadly, model 3 predicts a 43.3% (compared to 3¢).0
decrease in the contribution of the median voteréferences to the log odds of voting yes, and inbde
predicts a 47.8% (compared to 24.8%) decline.

% These larger predicted impacts are due to thelfattrelative to the results reported in Tablenbdels that use

the 5¢" and 48' percentile incomes yield estimated coefficientshmnpreference heterogeneity variables that tend
to be larger in magnitude. The largest differeisder the estimated coefficient on the variancéoof demand
voters in model 4 where the parameter estimateasas from -13.016 in column 4 of Table 5 to -23.52
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6. Heter ogeneous Preferences and Pivotal Voter Income
Reduced Form Tests

Our empirical identification of the 4income percentile as decisive under majority isile
consistent with the earlier findings of Fletched &enny (2008) and Epple and Romano (1996a) tleat th
income of the pivotal voter lies below the mediamew communities contain both high- and low-demand
households. Specifically, our results are consistéth the hypothesis that low-income voters and
relatively high-income voters with weak preferenfiespublic services form a coalition to oppose the
preferences of middle and high-income voters withrg) preferences; a hypothesis that we shall tefer
as the heterogeneous preferences hypothesis. plioit test that hypothesis, we used data from th
special school district tabulations of the 2000 €Lesrto calculate the fraction of all householdsanh
district that are high income (incomes above $7®)@nhd are likely to have low demand for public
education spending. We focus on two groups of éooisis who might be expected to have low demand:
(1) household without children and (2) householdh ahildren in private school. We then used data
the fraction of high-income/low-demand househotdslit our sample into two equally sized
subsamples. The first subsample contains disiriatdich the fraction of high-income/low-demand
households is above the sample median and thegsabsample contains districts in which the fractio
of high-income/low-demand households is below Hrage median. We then estimated separate
regressions, similar to the “horse race” regressieported in Table 3, for each of the two samfSles.

The results of that exercise are reported in T@pleith the results based on subsamples of high-
income households without children shown in thegapel and high-income households with children in
private school shown in the bottom panel. Withastepanel, the first set of rows contains estimates
using income percentiles that are 5 percent abogdalow the 40to 35" income percentiles selected in
Table 3 (i.e. the 45to 40" and the 38 to 30" income percentiles). The second set of rows auta
estimates using income percentiles 5 percent abodédelow the 35to 30" income percentiles, which
in Table 3 yielded results that were statisticailjistinguishable from the 4o 35" percentile. The
final set of rows directly compares thé"40 35" and 3% to 30" income percentiles, which as noted
above are virtually indistinguishable in the fidihgple. The first two rows in each set contaimestes
for the subsample that contains school districis flave a fraction of high-income/low-demand
households that is above the median for all sctistdicts, while the last two rows contain estinsdiar
the below median subsample. We hypothesize teahttome percentile of the decisive voter should fa

for the subsample of districts associated withtdiperow because these are the households expected t

% Fletcher and Kenny (2008) and many previous studiglemand for education have focused on the peesef
older voters presumably because older voters asdilely to have children in local public schoofBur analysis
for households without children attempts to capthigdirectly. Nonetheless, results dividing Haenple based on
share of households aged 55 or older yield simdaults to those presented in Table 6.
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vote with the poor against increased spendingsaniarly the income percentile should rise for the
bottom row.

Columns 1 and 2 of Table 6 present results basétlorse Races” between the various income
percentile differences. The results reported as¢hcolumns generally support the heterogeneous
preferences hypothesis. Specifically, in eactobetws, the magnitude of the lower income perdenti
difference coefficient is larger for the above nasdsubsample and the magnitude of the higher income
percentile difference coefficient is larger for thedow median subsample. The one exception is the
“Horse Race” between the 36 35" and the 38 to 25" income percentiles in the top panel where the
two estimates are very close in magnitude.

Similar to Table 3, columns 3 and 4 present thalpes associated with non-nesketests that
directly compare the performance of the two diffeéieacome percentile differences listed in eactoset
rows. Specifically, columns 3 reports p-valuessolaen the null hypothesis that the “correct” madel
the one that includes the higher income percedifference listed in each set of rows, while coluénn
reports p-values based on the null hypothesistiedtcorrect” model is the one that includes thedo
income percentile difference listed in each sebufs.

The results reported in columns 3 and 4 once aggirrally support the heterogeneous
preferences hypothesis. For example, in the tbpfsews for the upper panel we find evidenceawdr
of the 34" to 30" percentile difference for the subsample that doata higher fraction of high-
income/low-demand households and evidence in faf/tite 43" to 40" percentile difference for the
subsample that contains a low fraction of high-medow-demand households. More generally, if the
heterogeneous preferences hypothesis is corrgntfisant p-values should fall on the diagonaltod t
2x2 matrices on the right hand side of Table 6is T§generally what we find: 7 out of the 12 pues
on the diagonal of the 2x2 matrices are statid¥icadinificant and several others are near sigaifae.
Also note that none of the off diagonal p-values@ose to being statistically significant. Restittat
are of particular interest are found in the bots®nof rows in both panels that compare tH&t4®B5"
percentile difference to the 8%0 30" difference. In table 3, these percentiles wedéstinguishable in
terms of changes in voting patterns. Howevertiersubsamples based on high income households with
children in private school both tests reject thprapriate percentiles predicted by the heterogesieou
preferences hypothesis. Similarly, for the subdarbpsed on households with no children one test
strongly rejects the appropriate percentile andther test just misses rejecting the appropriategmtile

at the 10 percent significance ledeél.

2 Subsample analyses similar to those presentedhite were also estimated for constant elastitgtypand
models and finding are very similar, consistentlpgorting the heterogeneity in preferences hypahes

20



{Insert Table 6 Here}

Bimodal Digtribution of Preferences with Constant Elasticity of Demand

In this section, we build on the work of Epple @idtt (1998) and Epple and Sieg (1999) by
explicitly recognizing that there may be two typésoters in each community who are characterized b
relatively low or high demand for education. Inugigprium under majority rule, the decisive voteust
be the voter with median preferences overall, btltivany group or type the decisive voter willdlig
not have the median income. In our model with tyyges, the typical low demand type will have a
decisive voter with income above the median, aedyhical high demand type will have a decisiveevot
with income below the median.

For each type of voter, individual preferencesdasé&ributed unimodally around the mean or
mode preference for that type. Conditional onlyraome, the distribution of preferences is now
bimodal because the overall distribution is a wetdlcomposite of the distribution of preferenceddw
and high demand voters. Assuming that the incdasgieity of demand is constant over income and

type, the relative demand of low and high demapegycan be described as

Sy (y) =b,y’ =nS.(y) =nb.y’, (12)

whereb,, andb are scalars anii =h, /b . It follows thaty >1.
We continue to assume that conditional on incontedemand type, individual voter preferences

within a jurisdiction, 4; , follow independent type 1 extreme value distiitmg so that the share voting

yes for a specific demand type is described by tamué7) as a function of the income of the deasiv
voter for a jurisdiction, demand type, and votintefreferenda. Therefore, the change in vote soare

given demand type can be written as a functiomefdecisive voter's income for each referenda

_pyes ) Pes |l o ol
In(l— pyesjz] In{l_ pyes%} dieka[Zi][yJ;i Yii ]+(‘9ji1 Eji2) s (13)

wherei designates whether the demand is for high or lemahd types, ancy:fi is the decisive voter

income for referendl, jurisdictionj, and demand type Note that at the decisive voter income for each

type, the demand of the two types must equal tarerthat all decisive voters support the same lefvel
public service or output. That fact along with taet thatd,, equals/d, , implies that equation (13) is

duplicated across types. This equal demand feafurar estimation equation is similar to Epple and
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Platt (1998) and Epple and Sieg (1999) where thdianevoters form a locus of individuals over income
and unobserved tastes for the public good.

The next two equations are defined so that theaddnfor each referenda in equation (13) is the
optimal level of demand for the median preferermiewor the 48 percentile preference voter in the case
of the second referenda. Specifically, the deeisister income percentile for each group determiines
fraction of that group that votes against the ezida, and the average of the two groups’ percentile

weighted by group size must equal the fraction iregufor passage or
(1_Pk): ij(y:'(L)FjL + fjH (ylj(H)(l_ FjL)’ (14)

where fji is the income distribution for tygen jurisdictionj, and FjL is the share of low demand

individuals in jurisdictiory. The share of voting age adults who are age 4#der and do not have kids,
as well as the income distribution for each grasigyvailable from the school district files of th@00
Decennial Census. The share low demand is thesstadj by the fraction of registered voters who are

age 45 or older.
The decisive voter income for the high type inrem;ferendumy'j‘H is then modeled as a function

of the fraction of low demand voters and the |atani of the ratio of the 80to the 48 income percentile
in the jurisdiction. A higher share of low demartders requires that the high demand decisive voter
income fall further in order to compensate for demin the low demand decisive voter income. The
income percentile ratio captures how dense themeodistribution is between the®2and 6" percentile.

If the distribution is dense (low value on the aaie), changes in the decisive voter income peileent
lead to only small changes in income and thus somalhges in the level of decisive voter demand
implied by referendum passage. Consequently, avithnse distribution, a smaller percentile chamge
the high demand decisive voter's income is neenledjust that decisive voter's demand to the dern&nd
the low demand decisive voter. For the first refela, the equation is structured to restrict thuesdes
voter percentile to be below the"5percentile because more than half of the high devaters must

support a given demand if that demand is to satiefypreferences of the median preference voter:

f(vh) = 050/ 1+ €e)). (15)

The equation for the second referenda takes desiform except that it is restricted so that the
high demand decisive percentile falls below thB gércentile to assure 55 percent support for thdigu
service demand level and to ensure that the péiecantually falls as predicted when the vote

requirement is increased from 50 to 55 percent:
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i (V) = Min(045, T, (v,))de™™ /@ +e)). (16)

In practice, the referendum 1 high demand deciséreentile always falls below the"%percentile and is

the binding requirement. Note that the decisivievimcome for referenda 2 already depends upon the
share of low demand voters in a jurisdiction thiotite presence ofjH (y}H) in equation (16). We

cannot identify an additional effect of this vat@bn the decisive voter percentile for referenda 2
because our model is differenced to eliminate gliciton fixed effects and thus we can only exploit
information on the change in vote shares acrossaefla. However, the referenda 2 decisive peteenti
is allowed to depend upon the interaction of tlaetfon of low demand voters and the logarithm ef th
ratio of the 68 to the 48 income percentile. The drop in the high demandsilecvoter percentile must
match the decline in the low demand decisive vpéecentile. While the change naturally dependsiupo
the income distribution density, the magnitudehef ¢ffect on the high demand percentile will insgea
with the share low demand voters. Finally, theme of the low demand decisive voter for each
referendum is found using equation (12) and reagithat the decisive voters for each type have the
same demand in the voting equilibrium.

We estimate the parameters of equations 13 thrd@glsing a generalized method of moments
(GMM) estimator. The GMM estimation model is esited for the sample of jurisdictions and contains
three moment equations, equation (13) and two messof equation (14), one for each referenda. The
instruments include the share of low demand vothesshare of low and high demand types in each of
the 17 census income categories, the controls dolefing preference heterogeneity across jurisdistio
the linear controls in the log-odds voting equatemd the new controls for modeling the decisiviero
income for the high demand type for each referendum

Estimates are presented in Table 7. The inconsti@ty estimates range between 0.651 and
0.866 and are similar in magnitude to the elagtigiteported in Table 5 for our simple constarstéediy
of demand model. Thus, our results once againesighat models that assume the median income voter
is decisive tend to overestimate income elastiitiben preferences are heterogeneous. The edtiofate
the preference heterogeneity parameters tend ssmb#er in magnitude than those reported in Taple 5
but continue to display significant effects for treiance associated with share of low demand sated
the Gini coefficient. The coefficient estimatetbe variance associated with voters 45 years @rold
with no children cannot be directly compared tog¢bBmate from Table 5 because some of the within
community variation in preferences associated it variable is captured by the two demand tymek a
the bimodal preference distribution. However, \aa compare the effect of changes in the Gini

coefficient across the models presented in Tabbesd5/. For models 3 and 4 respectively, the eséis
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reported in Table 7 suggest that a one standatidti@vincrease in income heterogeneity as captoyed
the Gini coefficient leads to an 11% and a 6% desgen the contribution of the median voter’s
preferences to the log odds of voting yes. Thasedipted declines are smaller than the declind3e%
and 8% obtained from our simple constant elastiioglel that utilizes the #0and 34%' percentile
incomes and they are even smaller then the deainEs% and 11% obtained from models that use the
50" and 4% percentile incomes. Therefore, the importandeadme heterogeneity to voting outcomes
is overstated in simple median voter models tHgtare the median income of a jurisdiction to idénti

the decisive voter.

Turning to the parameter estimates for our degigdter equations, we find that they generally
match our predictions. Specifically, low income signincreases the high demand decisive voter
percentile for each referenda, and the share otllenvand voters and the interaction of that shatie wi
the income density variable lowers the decisivenvpercentile for the first and second referenda,

respectively. In order to assure a positiveve model the parameter as an exponential ofdtimable
parameter reported in the last row of Table 7.eAtimate of zero yields /4 of one implying equal

demands across groups and is consistent withdditimeject the null hypothesis of one demand type.
The estimates range from —0.541 to -0.596 and hemenarrow 95 percent confidence intervals (0.03 o
smaller). Thus, we strongly reject the null hypsiis of equal demands across groups. Specifically,
results imply the existence of a low demand typesehdemand for the public good is between 0.55 and
0.58 percent of the high type’s demand. For thdehim column 4, these estimates are consistehtamit
average high demand decisive voter at the 35.3péle ($38,128) for the first referenda and thet30
percentile ($34,218) for the second. Similarly &stimates are consistent with an average low nig@ma
decisive voter at the 70.8 percentile ($69,343}Herfirst referenda and the 65.8 percentile ($82),@or

the second. There is also considerable variattomsa communities in decisive voter percentilest F
example, for the first referendum the 95% confideimterval is between the percentiles of 28.6 &hf 4

for the high demand type and between 55.1 andf86the low demand type.

{Insert Table 7 Here}
7. Conclusion
This paper provides a direct test of the politmanomy “as if” proposition that underlies nearly
all empirical studies that utilize the median vatevdel. We employ a unique dataset to examinehenet
the voter with the median income is decisive iral@pending referenda. Previous tests of the media
voter model have typically relied on aggregate £sectional data to examine whether the voter thgh
median income is pivotal. These studies are likéged because communities differ across a vasfety

unobservable dimensions that are likely correlatigld the distribution of income in a community. In
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contrast to previous studies, we make use of auemgtural experiment that allows us to estimdiesia
difference specification that controls for jurigitte unobservables and avoids the fundamental gnobl
of measuring the actual services demanded by vo@oasequently, we are able to avoid many of the
problems that have hindered prior studies that bested the median voter hypothesis.

Our empirical results suggest that voters undedstiae impact of changes in the identity of the
decisive voter and rationally consider the impdatating rules on local spending when voting on
referenda that determine voting rules. The mage#guwaf our findings appear to be quite reasonalde an
are consistent with previous literature. For exiampur results suggest that the implied chandben
decisive voter's income is consistent with betwaehl and 3.2 percentage point increase in theeperc
voting yes due to the change in the vote requirérfinem 50 to 55 percent, while the actual increase
percent voting yes was 4.3 percentage points. ®hstant elasticity of demand models provide esthat
income elasticities of between 0.615 and 0.878¢kwhre stable across specifications and consigtiémt
the existing literature. Further, the estimatddafof median income on voting is not present in
counterfactuals estimated at the census tracttatel assembly district level.

However, our results strongly suggest that evereundjority rule voting, the voter with the
median income is not decisive. Rather, the resdiltoth our linear model and our constant elastici
model are consistent with a decisive voter at i&percentile income for majority voting. That findi
is consistent with the hypothesis that low-incoratews and relatively high-income voters with weak
preferences for public services form a coalitiooppose the preferences of middle and high-income
voters with strong preferences. We directly thist hypothesis in two ways. First, we split thenpie
between districts that contain more or less higioine/low-demand households and all our findings
support the hypothesis. We also estimate a mbdebtlows for two distinct demand types defined by
lack of children among older voters. The modeheates imply a strong rejection of a model that
collapses to one demand type and finds that oudienvand types (older voters with no children) have
public service demands that are 45% lower tharitjie demand type. Further, the elasticity estimafe
both the model with a decisive voter income beloadran and with two demand types are considerably
below the income elasticity estimates arising fleosimple median income voter model. That findsg i
consistent with Goldstein and Pauly’s (1981) ordjiconclusion that median income models will
overstate income elasticities.

We also consistently find that school district immand demand heterogeneity are associated
with reduced influence of the decisive voter’s prehces on support for the referenda, a resulistens
with Gerber and Lewis’s (2004) analysis of poldigis behavior. In terms of magnitude, we find that
one standard deviation increase in preferencedgeaeity among all school districts would have

reduced support for the second referenda (whicbgoblsy 4.4 percentage points) by between 7.1 and
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12.6 percentage points. In addition, we find thatimportance of income heterogeneity is overdtate
models that ignore the existence of different geoofpvoters with distinct demand types. Earlierkoy
Romer, Rosenthal and Munley (1992) and Rothstél84)lconcludes that the decisive voter's
preferences should have less influence on supporéeferenda in more heterogeneous jurisdictiond, a
our findings provide strong support for the implioas of their theoretical models. Recent empirica
work by Alesina, Bagir and Easterly (1999) and AasBagir and Hoxby (2004) finds that
heterogeneous communities spend less on prodymiiié goods and that jurisdiction consolidation is
reduced when the surrounding region is heterogeneespectively. Our model along with the earlier
work of Romer, Rosenthal and Munley (1992) and Rieih (1994) identifies another important
mechanism by which heterogeneity influences putfiimice concerning the provision of local public
goods. Referenda models of this sort clearly intipit heterogeneity in preferences within a jug8dn
will reduce electoral support for both referendat #uthorize spending on public services, as veell a

referenda intended to liberalize the rules undeckwbpending is authorized.
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Table 1
Summary Statistics

Proposition 26

Proposition 39

Variable Mean Std. Dev. Mean Std. Dev
Difference Variables

Fraction Yes 0.477 0.085 0.505 0.084
Income 47,421 17,286 42,835 15,806
Turnout 0.279 0.098 0.431 0.122
Fraction Republican 0.373 0.114 0.374 0.114
Fraction Democrat 0.441 0.108 0.436 0.106
Level Variables Mean St. Dev.

Fraction College Educated 0.224 0.150

Fraction Homeowner 0.634 0.109

Fraction H.H. White 0.640 0.217

Fraction H.H. with Children 0.381 0.096

Fraction Age 65 or Older 0.156 0.056

Variance Voters 45 or Older No Children 0.234 0.015

Gini Index of Income Inequality 0.423 0.039

Herfindahl for Race/Ethnicity 0.489 0.147

Notes: Table contains means and standard deviationhéovariables used in the analysis. Summaryssicgiare
based the sample of unified school districts irf@alia. The income and tax price variables repmesiee 58' and 4%'
percentile values for Proposition 26 and 39, respalg.
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Table 2
Coefficient Estimates: Linear Demand Model

(1) 2 (3) (4)
Decisive Voter Income ($10,000's) 0.188** 0.232** (0512 0.206**

(0.052) (0.066) (0.059) (0.092)

Turnout 0.220 0.182 0.102
(0.163) (0.156) (0.156)

Fraction Democrat -0.804 -0.404 -0.191
(0.560) (0.428) (0.429)

Fraction Republican 0.052 -0.022 -0.231
(0.525) (0.464) (0.506)

Second Quantile of Size 0.019 0.018
(0.023) (0.022)

Third Quantile of Size 0.085** 0.081**
(0.022) (0.021)

Fourth Quantile of Size 0.105** 0.094**
(0.022) (0.022)

Fraction College Educated -0.114

(0.108)

Fraction Homeowner 0.046
(0.100)

Fraction H.H. White -0.065
(0.057)

Fraction H.H. with Children -0.273
(0.183)

Fraction Age 65 or Older -0.554**
(0.173)

R-Square 306 306 306 306
Observations 0.05 0.08 0.18 0.21

Notes: Columns 1-4 contain OLS parameter estimates focttange in log odds of share voting yes betweeitvith
referenda. The rows denoted by decisive votemmegdurnout, fraction democrat, and fraction refmanl contain estimates on
the change in those variables between the twoeedier while the next eight rows contain estimatetherdistrict size fixed
effects and school district demographic attribut@ebust standard errors are shown in parenthasdsstatistical significance
at the 10% and 5% level are denoted by * and *$peetively.
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Table 3

Coefficient Estimates: “Horse Race” Regressions

50"- 45" Percentile Income Difference Versus other Pertebiifferences

Percentile Coefficient St. Error g 50" - 458" Ho: Other Percentile

h h
5dh - 45h 0.164 (0.114) 0577 0.167
60" - 55 0.061 (0.083)

h h
5oth - 45h 0.179 (0.136) 0.817 0.176
55" - 50 0.036 (0.115)

h h
5oth - 45h 0.117 (0.165) 0.498 0.521
45" - 40 0.118 (0.175)

h h
5dh - 45h 0.076 (0.103) 0,023+ 0.585
40" - 35 0.244%* (0.108)

h h
5oth - 45h 0.075 (0.104) 0,025+ 0.501
35"- 30 0.235** (0.106)

h h
5dh - 45h 0.128 (0.100) 0.147 0.31
30"- 25 0.169 (0.112)

40"- 35" Percentile Income Difference Versus other PereBifferences

Percentile Coefficient St. Error it 40" - 35" Ho: Other Percentile

h _ h K%
4oth 35h 0.264 (0.107) 0.773 0.012%
55" - 50 0.046 (0.085)

h_ h Kk
4oth 35h 0.255 (0.118) 0.750 0.028*
45" - 40 0.046 (0.123)

h h
4oth - 35h 0.173 (0.122) 0.207 0.183
35"- 30 0.161 (0.122)

h _ h *k
4dh 35h 0.227 (0.109) 0.428 0.048*
30"- 25 0.109 (0.116)

h _ h *%
4oth 35h 0.212 (0.102) 0.214 0.064*
25" - 20 0.141 (0.102)

h _ h Kk
4dh 35h 0.290 (0.114) 0.982 0.007+
20"- 15 -0.005 (0.105)

Notes: Columns 1-2 contain OLS estimates, based on mbde&Table 2, for various "horse races" betw
the difference in the 50th and 45th income pertenftop panel) or the difference in the 40th abth3
income percentiles (bottom panel) and various dtimrme percentile differences. In the top panel,
columns 3-4 contain p-values from non-nested hygrihtestsK -tests) based on the null hypothesis that
the "correct" model is the model that includes38&h and 45th income percentile difference or timeio
income percentile difference listed under the patiteecolumn of Table 3. In the bottom panel, cohs 3-4
contain the same information for various non-nestgabthesis tests that compare the 40th and 36tmie
percentile difference to various other percentiffecences. Robust standard errors are shown in
parentheses, and statistical significance at tié 40d 5% level are denoted by * and **, respectivel
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Table 4
Coefficient Estimates from Counterfactuals

(1) @) 3) 4
S State Assembly Census Tracts with
School Districts Districts Census Tracts District Fixed Effects
Income 0.226** 0.013 -0.008 -0.020
Model 1 (0.057) (0.092) (0.019) (0.012)
Observations 306 80 6891 6891
Income 0.279** 0.052 0.013 -0.009
Model 2 (0.071) (0.089) (0.017) (0.009)
Observations 306 80 6891 6891
Income 0.189** 0.088 0.014 -0.008
Model 3 (0.065) (0.094) (0.017) (0.009)
Observations 306 80 6891 6891
Income 0.287** 0.308 0.030 -0.017
Model 4 (0.093) (0.370) (0.019) (0.014)
Observations 306 80 6891 6891

Notes: Columns 1, 2, 3 and 4 present O.L.S. coefficistitrates for the difference between the 40th anl B&rcentile
income for the sample of school districts, staseawly districts, census tracts, and census tattiscontrols for district fixed
effects, respectively. The panels correspondearhdels listed in Table 2 and all models confatngame control variables
listed in Table 2. Robust standard errors are shavparentheses, and statistical significanceatl0% and 5% level are
denoted by * and **, respectively.
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Table 5

Coefficient Estimates: Constant Elasticity of Dechanth Preference Heterogeneity

1) 2 (3) 4)
Income 0.753** 0.853** 0.878** 0.615**
(0.162) (0.154) (0.181) (0.182)
Turnout 0.234 0.214 0.191
(0.151) (0.147) (0.153)
Fraction Democrat -0.994** -0.611* -0.756**
(0.366) (0.361) (0.376)
Fraction Republican -0.120 -0.062 -0.163
(0.457) (0.466) (0.478)
Second Quantile of Size -0.004 0.008
(0.023) (0.022)
Third Quantile of Size 0.052** 0.063**
(0.021) (0.022)
Fourth Quantile of Size 0.078** 0.087
(0.022) (0.023)
Fraction College Educated -0.094
(0.100)
Fraction Homeowner 0.014
(0.111)
Fraction H.H. White 0.065
(0.050)
Fraction H.H. with Children -0.200
(0.131)
Fraction Age 65 or Older -0.404
(0.239)*
Pr efer ence Heter ogeneity Par ameter s
Variance Voters 45 or Older No Children -19.799** ABA** -16.401** -13.016**
(3.473) (4.007) (4.745) (4.099)
Gini Index of Income Inequality -3.112** -2.775%* -3BA** -2.268*
(1.394) (1.282) (1.535) (1.198)
Racial Index 0.567 0.235 -0.452 -0.257
(0.358) (0.151) (0.435) (0.272)
P Test p-value p-value p-value p-value
Ho: 50" - 458" 0.006** 0.005** 0.015** 0.002**
Ho: 40" - 35" 0.830 0.956 0.926 0.632

Notes: Table presents the estimates from the constastiiciigt of demand model with preference heteroggrnshown
in equation (11). The estimates presented initbierbw under income represents an elasticity evthie other estimat:
are coefficients on the variables in a standaehlirsp ecification. The bottom panel of the tahtenss the results of nc
nestedP-tests based on the null hypothesis that the "ctrreodel is the model that includes the incomeseretile

difference listed after j. Robust standard errors are shown in parenthasdsstatistical significance at the 10% and
5% level are denoted by * and **, respectively.
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Table 6

Coefficient Estimates: Heterogeneous Preferencg®tigsis Regressions

High Income Households with No Children

Ho: Top R Ho: Bottom R
Percentile Coefficient St. Error o- 0P .OW o B0 om. ow
Percentile Percentile
th h
Above Median 45th ) 4dh ©0.015 (0.091) 0.025** 0.942
35"- 30 0.242%* (0.113)
th 4 4h x
Below Median 45m 4dh 0.613 (0.209) 0.675 0.002**
35" - 30 0.125 (0.185)
h h
Above Median 40" - 35 0.130 (0.108) 0.471 0.314
30" - 25" 0.107 (0.151)
h_ h **
Below Median 4dh 35h 0.711 (0.234) 0.871 0.002**
30" - 25 -0.087 (0.192)
h h
Above Median 40" -35 0.050 (0.118) 0.108 0.744
35" - 3d" 0.199 (0.128)
h_ h **
Below Median 40;1 35h 0.701 (0.238) 0.88 0.003**
35" - 30 -0.053 (0.194)
High Income Households with Children in Private &uh
Ho: Top R Ho: Bottom R
Percentile Percentile Coefficient St. Error o TP 9Wﬂ o B0 om. ow
Percentile Percentile
th h
Above Median 45m i 4dh 0.053 (0.115) 0.131 0.763
35" - 30 0.202 (0.138)
th h
Below Median 45th ) 4dh 0.325 (0.213) 0.305 0.128
35" - 30 0.228 (0.168)
h h
Above Median 40" - 35 0.022 (0.126) 0.122 0.913
30" - 25" 0.227 (0.154)
h_ h Sk
Below Median 40th 35h 0.526 (0.229) 0.918 0.017**
30"- 25 -0.076 (0.169)
h h
Above Median 40" - 35 -0.042 (0.137) 0.065* 0.848
35" - 3d" 0.268* (0.149)
h_ opth *
Below Median 40; 35h 0.458 (0.261) 0.880 0.065*
35" - 30 0.051 (0.204)

Notes: Columns 1-2 contain OLS estimates, based on hdodieTable 2, for various "horse races" betwedfeent
income percentile differences. Rows denoted Alldedian correspond to the subsample of districth Wigh

concentrations of high-income/low-demand househaliiie rows denoted Below Median correspond tostiigsample of
districts with low concentrations of high-incomeft@emand households.
hypothesis test(-tests). Specifically, column 3 contains the paeabased on the null hypothesis that the "cormacitel

Columns 3-4 contain p-vdhoes non-nested

is the model that includes the income percentifiéedence listed in the top row of each percentidenparison while

column 4 contains the p-value based on the nylbthesis that the "correct" model is the model theludes the income

percentile diffference listed in the bottom roweafch percentile comparison. Robust standard egrershown in
parentheses, and statistical significance at t¢ 40d 5% level are denoted by * and **, respectivel
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Table 7
Coefficient Estimates: Bimodal Distribution of Fyeences Model

(€Y} e (3) (4)
Demand Equation
Income 0.818** 0.876** 0.861** 0.695**
(0.151) (0.136) (0.158) (0.113)
Pr efer ence Heter ogeneity Parameters
Variance Voters 45 or Older No Children -17.206*1 A42** -12.977** -8.653**
(3.580) (3.846) (4.660) (2.785)
Gini Index of Income Inequality -2.473* -2.426** -2.68 -1.663*
(1.414) (1.231) (1.521) (0.842)
Racial Index 0.585 0.209 -0.465 -0.275
(0.448) (0.392) (0.479) (0.216)
High-Demand Decisive Income Equation First Refeuend
Constant 0.455** 0.735** 0.487* 0.799**
(0.133) (0.108) (0.116) (0.112)
Fraction Voters 45 or Older No Children -3.166** -PB* -3.166** -2.384**
(0.098) (0.086) (0.097) (0.089)
log(60" Percentile Income / f0Percentile Income) 4.304** 2.894** 4.233** 2.839**
(0.323) (0.207) (0.292) (0.209)
High-Demand Decisive Income Equation Second Refienar]
Constant 1.189** 1.451** 1.203** 1.478**
(0.097) (0.095) (0.097) (0.092)
log(60" Percentile Income / 40Percentile Income) 1.926** 0.986** 1.894** 0.937**
(0.275) (0.269) (0.275) (0.264)
Interaction of Fraction Voters 45 or Older No Cheld and -0.848** -0.028 -0.847** -0.039
log(60th Percentile Income / 40th Percentile Income (0.232) (0.208) (0.229) (0.210)
Low-Demand Decisive Income Equation
kap pa=1/exp{) -0.596** -0.553** -0.595** -0.541**
(0.014) (0.012) (0.014) (0.012)

Notes: Table presents GMM estimates from the model shioveguations (12) through (16). The estimatesgntesl in the
first row under income represents an elasticitylevitie other estimates are coefficients on thelbes in a standard linear
specification. Robust standard errors are shovranentheses, and statistical significance at ®8€ and 5% level are denoted
by * and **, respectively.
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