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1. Introduction
California’s school finance system is an experiment in fiscal federalism. Due to court
rulings and a voter initiative, the financing of California public schools has shifted from mainly a
local responsibility to almost entirely a state responsibility. The last vestige of local finance is
the parcel tax, which is typically a fixed amount per parcel of land. To levy this tax, school
districts must secure support from at least two-thirds of their voters. About 10% of California
districts have passed that threshold.
This paper explores the use of the parcel tax by California school districts. To do so, we
employ a standard model of local demand for school spending to estimate the probability that a
district levies a parcel tax. This approach yields estimates of price and income elasticities that
are similar to estimates from other studies. The parcel tax appears to be a logical reaction to
differences across districts in the demand for school spending. The system of state finance does
not recognize those differences, and the parcel tax fills the void between the spending desired by
local residents and the revenues provided by the state.
We also find that, holding tax-price, income, and other characteristics constant, school
districts in the San Francisco Bay Area are much more likely to levy a parcel tax than other
districts. Sixty-two percent of Bay Area districts levy a parcel tax, compared to four percent of
districts in the rest of the state. This difference is partly explained by variables included in our
model. Bay Area households have higher income on average, and household income is
positively correlated with support for the parcel tax. However, differences in observed variables
can explain only about half of the difference between the Bay Area and other districts in the
likelihood of a parcel tax. One explanation for this remaining difference is that our model is
missing an important variable. Another possibility is that we are observing the parcel tax at an
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early stage of its adoption. Bay Area districts may be the early adopters, with other districts
likely to follow. To examine the potential for further adoption of the parcel tax, we estimate the
likelihood that districts outside the Bay Area adopt a parcel tax using a version of our model
fitted only to data from Bay Area districts. With that version, we estimate that 33 percent of
districts outside the Bay Area levy a parcel tax. An adoption rate of this magnitude would
represent a substantial unraveling of California’s current system of state finance.

2. Origins of the Parcel Tax
The parcel tax is a by-product of California’s complex history of school finance reform.
In 1970, California’s school finance system was similar to the systems in most other states. Each
school district levied its own property tax rate, and the property tax was the primary source of
school district revenue. The state offset some differences in tax base among districts by
allocating more revenue to districts with lower bases. Despite this effort, revenue per pupil
varied widely across districts, leading to the landmark decision of the California Supreme Court
in Serrano vs. Priest (1972). In that decision, the Court ruled that variations in revenue per pupil
related to variations in tax bases violated the equal protection clauses of the state and federal
constitutions.
The state legislature responded to this decision by creating revenue limits for each school
district. Each district’s limit capped the sum of its revenue from the property tax and state aid.
Because state aid was determined by formula, the revenue limit essentially capped the property
tax rate a district could levy. Limits were initially set equal to the revenue a district received in
1973-74 and then increased over time. The increases were smaller for high revenue districts than
for low revenue districts, tending to equalize revenue per pupil over time.
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The revenue limit system had a large loophole, however. By majority vote of their
residents, school districts could exceed their limits. This loophole made a district’s revenue limit
meaningless because, before the revenue limit system was put in place, property tax rates had to
be approved by a majority of voters. The loophole was closed by the passage of Proposition 13
in 1978, a statewide initiative limiting the property tax rate to one percent, a rate less than half of
the statewide average at the time.1 The limit applied to the sum of all rates levied by cities,
counties, school districts, and special districts. The legislature was left with the task of
determining how the revenue from this lower rate would be allocated among local governments.
The legislature responded by giving each government the same share of the revenue from
each property that it had received before Proposition 13. Because school districts depended
heavily on the property tax, they suffered a very large reduction of revenue. The legislature
made up this reduction by increasing state aid to bring each district’s revenue up to its revenue
limit. The revenue limit essentially became each district’s revenue allocation.
The legislature has slowly equalized revenue limits over time. In about 10 percent of
districts, property tax revenue exceeds revenue limits, leading to significantly higher revenue in
these districts. In addition, over the last 20 years, the state has added a large number of
categorical programs to address specific needs.2 The federal government has also increased
categorical aid to school districts.

1
2

Fischel (1989) argues that Serrano caused Proposition 13.
See Sonstelie (2008).
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Figure 1
Current Expenditures per Pupil in California versus All Other States3

Because of the centralization of school finance in California, revenue is certainly higher
in some districts than it would have been under the previous system of local finance. However,
since Proposition 13 in 1978, current expenditures per pupil have fallen in California relative to
other states (Figure 1). In 2008-2009, spending per pupil was 11 percent lower in California than
in the average of all other states. Because teacher salaries in California are higher than in other
states (27 percent higher in 2008-2009), lower spending per pupil translates into lower resource
levels. In 2008-2009, the ratio of teachers per pupil in California was 70 percent of the ratio for

3

Sources: For 1986-2009, Common Core of Data, National Center for Education Statistics. For 1969-1985,
Historical Trends: State Education Facts, 1969-1989, National Center of Education Statistics, August 1992.
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all other states.4 For the average California school district, the limits on local revenue have not
been fully offset by state revenue.
Districts can circumvent these limits by levying a parcel tax. Ironically, the parcel tax
stems from Proposition 13 itself. The Proposition limited the ad valorem tax on property to one
percent and further required that any “special taxes” levied by local governments must be
approved by two-thirds of a jurisdiction’s voters. The Proposition was not specific about what
taxes would require this two-thirds vote. A common interpretation was that special taxes were
taxes earmarked for special purposes and that any tax without earmarks was a general tax, which
does not require a two-thirds vote. Under this interpretation, taxes levied by school districts
were special taxes because school districts, unlike cities and counties, provide a narrowly defined
public service. This interpretation was reinforced and clarified by Proposition 218 in 1996,
which explicitly stated that any tax levied by a school district is a special tax and thus requires a
two-thirds vote.
Neither Proposition 13 nor Proposition 218, or any other legislation, specifically requires
that the taxes levied by school districts must be a tax on parcels of land. A tax on parcels is a
natural option for school districts, however. It is merely an additional item on the property tax
bill for each parcel’s owner. It is essentially an avenue for school districts to evade the cap on
property taxes imposed by Proposition 13. Because parcel tax revenue does not count as local
revenue for the state’s revenue limits, it is also a way for school districts to exceed the revenue
caps imposed by the state. It is truly a local revenue source.

4

Salary data is from Rankings and Estimates: 2008-2009, National Education Association. Enrollments and number
of teachers are from the Common Core of Data, National Center for Education Statistics.
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Figure 2
Parcel Tax Elections by California School Districts

School districts can levy parcel taxes to support capital investments or to finance current
operating expenditures. We focus on parcel taxes for current operating expenditures, the first of
which was levied in 1983. Five school districts proposed a tax in that year, and one was
successful in securing the necessary support from voters. The success rate of districts has
increased substantially since then (Figure 2). Between 2004 and 2008, California school districts
held 146 parcel tax elections. In 86 of those elections, at least two-thirds of voter supported the
proposed tax. Almost all proposals specify a time period for the tax, usually between 4 and 10
years. In 2009-2010, the year we focus on in our analysis, 90 of California’s 963 school districts
received parcel tax revenue.5 For these districts, revenue averaged $799 per pupil. Twenty
districts raised more than $1,000 per pupil.
Parcel tax proposals are usually quite simple. Most propose the same rate for every
parcel. Of the 146 elections in 2004-2008, 128 proposed a flat rate, and the average rate was
5

Three more districts reported some parcel tax revenue, but had no record of a successful parcel tax election in the
Ed-Data website maintained by the California Department of Education.
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$127 per parcel. The remaining 18 proposals involved either a different flat rate for different
classes of property or a tax based on square footage. Property owners in one of these districts
have challenged the legality of these more complicated rate structures, arguing that structures of
this sort violate the uniformity principle.6 A Superior Court ruling in favor of the district was
overturned by the California Court of Appeals in December of 2012, and the California Supreme
Court has declined to review that appeal. This outcome casts doubt on the legality of parcel
taxes other than a flat rate applied to all parcels.
To date, research on the parcel tax has been limited. Brunner (2001) compared the taxprice of school spending when the parcel tax is the source of discretionary revenue with the taxprice where the property tax is the source. The ratio of students to parcels, the tax-price of
school spending under the parcel tax, also plays a prominent role in Duncombe and Yinger
(2011). They estimate the demand for school quality, as measured by standardized test scores, as
a function of demand variables including students per parcel. In their model, the relationship
between the quality districts chose and the spending that choice requires also depends on
students per parcel. However, Duncombe and Yinger do not estimate how this tax-price affects
the parcel tax revenue districts raise or the probability that a district levies a parcel tax.

6

Borikas v. Alameda Unified School Districts, 2012.
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3. A Model of Local Demand for Public School Spending
Is the parcel tax the resurrection of the local finance in California’s highly centralized
system? To address this question, we use a standard public choice model to analyze the decision
of school districts to levy a parcel tax. If the parameter estimates from that analysis are
reasonably consistent with estimates from other studies of local demand for school spending, the
parcel tax can be viewed as a natural response to the limitation imposed by state finance.
The standard model we employ dates back to the median voter model first implemented
by Barr and Davis (1966), Borcherding and Deacon (1972), and Bergstrom and Goodman
(1973). In those models, voters have demand functions for public goods, much like private good
demand function. In this particular case, the public good is the resources for local public
schools. These resources include personnel of various types, materials, extra-curricular
activities, and so on. In short, resources are a vector of goods and services. The abundance of
any school’s resources also depends on the number of students it serves. To capture these ideas,
we assume that there is an index of resources per pupil, which we denote by q. The cost per
pupil of one unit of that measure is denoted by c, a parameter which may vary from district to
district. Expenditures per pupil is cq.
Local property taxes and state and federal funds finance a level of school resources
denoted by q0. The school district can provide a higher level of resources, q, by levying a parcel
tax. The revenue per pupil necessary for that increase is c(q-q0). This requires a parcel tax rate
of pc(q-q0), where p is students per parcel in the school district.
The voter has income of w and pays a tax of t0 for the resources the school district
currently employs. Letting x denote all other expenditures, the voter’s budget constraint is
x+pc(q-q0)=w-t0.

(1)
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In standard form, this constraint is
x+pcq=w+(pcq0-t0).

(2)

A voter’s demand is the value of q that maximizes his or her utility. The voter’s tax-price is pc,
and his or her full fiscal income is y=w+(pcq0-t0).7
The terms in parentheses in the expression for full fiscal income arise because the parcel
tax is only used for increments in school funding. The base level of funding for each district
comes from local property taxes, state taxes, and federal taxes. The difference between the two
terms in parentheses result from the difference between the share of parcel taxes a voter would
pay relative to the share of local, state, and federal taxes he pays.
As in most previous studies, we assume that the demand for school resources is log-linear
in tax-price and income. This function is
ln(q)=+ln(pc)+ln(y),

(3)

where and  are parameters to be estimated. The parameter is the price elasticity of
demand, and the parameter is the income elasticity. We do not observe the level of resources
directly so we focus on spending per pupil, which is e=cq. Rewriting the demand for resources
in terms of the demand for spending per pupil yields
ln(e)=+ln(p)+ln(y)+(ln(c).

(4)

School districts in California fall into three main types: elementary districts, high school
districts, and unified districts, which serve all grades. Seventy percent of California students
attend a unified district, twenty percent attend elementary districts, and ten percent attend high
school districts. Most elementary districts cover kindergarten through grade 8, and most high

7

The term full fiscal income comes from Craig and Inman (1986).

10

school districts cover grades 9 through 12. However, about ten percent of elementary districts do
not include grades 7 and 8, and a similar percentage of high school districts include those grades.
The number of grades in a district affects its tax-price. To illustrate, consider an area
served by an elementary district for kindergarten through grade 8 and a high school district for
grades 9 through 12. Suppose the elementary district has two students per parcel and the high
school district has one student per parcel. Now suppose the two districts merge and form a
unified district serving all grades from kindergarten through grade 12. The unified district has
three students per parcel and thus a higher tax-price than either of the two districts from which it
formed. But, should demand be less? It seems reasonable to assume that the spending a voter
would demand in the unified district equals the sum of his or her spending demands for the
elementary and secondary districts. In the appendix, we demonstrate that this assumption
implies three restrictions on the demand function. First, the price and income elasticities ( and
) are the same for elementary, secondary, and unified districts. Second, to deal with the issues
raised by the measurement of tax-price in different types of school districts, the demand function
must be augmented to include the log of the number of grades in the district. Third, the
coefficient on the log of grades is the negative of the price elasticity of demand. With these three
restrictions, the demand function is
ln(e)=+ln(p)+ln(y)+(ln(c)-ln(g),

(5)

where g is the number of grades served by the district.
The parcel tax is a tax on land, which is a fixed factor. Economic theory predicts that the
burden of the tax should fall entirely on landowners. Because renters do not bear any of the
burden of the parcel tax, we assume that all renters favor any proposal to enact a parcel tax.8

8

Oates(2005) takes a similar approach.
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Homeowners will bear the full burden of the tax, however. Depending on their demand and the
tax rate proposed, some will favor the tax, and some will be opposed. The larger the fraction of
renters in a district, the smaller the fraction of homeowners who must support a parcel tax for it
to be enacted. Voting turnout also matters, and renters tend to be less likely to vote in local
elections than homeowners.9 To represent the threshold for homeowner support, let  be the
percentage of renters who vote, r be the percentage of residents who are renters, and  be the
percentage of homeowners who vote. For a parcel tax proposal to pass, two-thirds of voters must
support it. The percentage of homeowners in favor must exceed the threshold implicitly
defined by the equation
r + (1-r)= (2/3)(r + 1-r)

(6)

Support for the parcel tax among homeowners is positively related to income. Above
some critical level, all homeowners will support the tax proposal, and below that level none will
support it. Alternatively, we can focus on the top percent of the income distribution. If all
homeowners with incomes in this range support a parcel tax proposal, it will pass. In particular,
if the homeowner in the (1-percentile of the income distribution supports the proposal, it will
pass. Assuming the log of income is normally distributed, the log of the critical homeowner’s
income, denoted ln(y*), is implicitly defined by the following equality
1-ln(y*)-s}

(7)

where  is the standard normal distribution, is the mean of log income, and sis the standard
deviation of log income. Let f be the inverse of . Then, this critical income is explicitly
defined as
ln(y*) = sf(1-
9



See DiPasquale and Glaeser(1999).
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A first order approximation to that expression around the point r=0 is
s + 0.93()sr.



Substituting this approximation in equation (5) yields the following demand function for the
critical homeowner:
ln(e*)=+ln(p)+s+0.93())sr+(ln(c)-ln(g).

(10)

If the critical homeowner’s demand exceeds current expenditures, ln(e*)>ln(e0), a district
could secure the necessary voter support to levy a parcel tax. It could propose the tax rate
p(e*-e0), which would secure support from at least two-thirds of voters. If ln(e*) is significantly
higher than ln(e0), it has other viable options. It could secure a higher plurality than two-thirds
by proposing a lower tax rate. It could also propose a higher tax rate and still secure support
from two-thirds of voters, an outcome predicted by the agenda setting model proposed by Romer
and Rosenthal (1979). In what follows, we assume districts propose the tax rate preferred by the
critical voter.
With that assumption, we follow the usual latent variable approach to derive the
specification of a probit model. We assume that the demand of the critical voter is measured
with a normally distributed error with mean zero and standard deviation The probability that
district i levies a parcel tax is then


i= N[+ln(p)i+i+si+siri+ln(c)i+6ln(g)i+7ln(e0)i]

(11)

Though price and income elasticities are not directly estimated, they can be derived as ratios of
estimated coefficients. In particular, and 
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4. Data and Results
We apply this econometric model to a cross-section of California school districts in 20092010. In that year, there were 963 public school districts in California. Ninety districts received
parcel tax revenue from an election held before 2009, and eight more districts approved a new
parcel tax levy in either 2009 or 2010. Our model seeks to explain why these 98 districts levied
a parcel tax and why the remaining 865 did not.
The tax-price of school resources is the product of pupils per parcel and the cost of a unit
of school resources. We obtained data on the number of parcels from the private firm,
DataQuick. For each county, the company acquires data on every parcel from the county’s
assessor. The resulting database lists the tax rate area for each parcel. A tax rate area is a
collection of parcels that pay property tax revenue to the same collection of local governments.
Geographically, it is an intersection of local government boundaries. Using data from the
California State Board of Equalization, we determined the school district of every tax rate area in
California and thus the total number of parcels in each school district in 2009-2010. We
obtained enrollment in each district from the California Department of Education.
For the cost of resources, we estimate the cost to each district of the statewide average for
resources per student. In 2009-2010, 85.5 percent of current operating expenditures of California
public schools were spent on the salaries and benefits of school employees. The salary and
benefits of school employees reflect local labor market conditions, which vary substantially from
the lower wage areas of northern and interior California to the higher wage areas of the San
Francisco Bay Area and Southern California (Rose and Sengupta, 2007). It is also possible that
the salaries paid by a district reflect the district’s fiscal condition. Districts with relatively high
revenue might pay their employees relatively high salaries, a possibility that would make a
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district’s salaries endogenous in our probit regression. Because of this possibility, we represent
the salaries that a district pays its employees by the average salary paid by neighboring districts.
In particular, we first calculate a salary for each district by averaging the highest salary in the
district’s salary schedule for certified teachers with the lowest salary in that schedule. We then
use these salaries to calculate an average salary for all districts with an adjoining or overlapping
boundary.10 The result is a salary number for each district that reflects local labor market
conditions, but does not reflect fiscal conditions in the district itself. This neighborhood average
was then divided by the statewide average to form a labor cost index with a mean value of unity.
We assume that other resources, such as books, computers and supplies, have the same price
throughout the state. Our measure of the cost of resources for district i is
ci=0.145+0.855ui,

(12)

where ui is standardized average neighborhood salary for district i. The value ci is the cost to
district i of the statewide vector of resources per pupil as a percentage of the statewide cost of
that vector.
We derived the income variables from the school district aggregation of the 2010
American Community Survey (ACS). The ACS reports the number of homeowners in each
district that fall into each of ten income categories. We set the income of each homeowner equal
to the average of the upper and lower limits defining its category. To estimate an average
income for homeowners in the top category, we used the aggregate income of all homeowners
and the number and average income in each of the other nine categories. To convert these
measures of income into full fiscal income, we used the expression in equation (6): y=w+(pcq010

The salary data comes from the J90 form districts file with the California Department of Education. Districts are
not required to report their salary schedules. In 2009-2010, 821 districts reported. For those districts not reporting
in 2009-2010, we used salaries reported in the previous year adjusted for inflation. For districts not reporting in
either year, we used salaries reported in 2010-2011, adjusted for inflation. This left 87 districts without salary data.
However, all 963 districts have at least one neighboring district with salary data.
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t0). For w, we used income reported in the ACS. For pcq0, we used the product of parcels per
student and current expenditures per pupil in the district’s schools. The parameter t0 is the taxes
a voter pays to support the existing level of spending in his or her school district. This value will
vary with the circumstances of individual voters, and we do not have a good way of accounting
for these circumstances. We therefore use a proxy: the average household tax burden for public
education in California, which we estimate by total expenditures of California public schools in
2009-2010 divided by the number of households in that year. This average is $3,895. These
calculations gave us an average of full fiscal income for each income category. We converted
these averages to natural logarithms and used those values to calculate the mean and the standard
deviation of log income for the homeowners in each school district. The ACS also reports the
fraction of households that rent in each district.
The revenue attributed to each district comes from the financial reports districts filed with
the California Department of Education for 2009-10.11 Most revenue sources flow directly to
school districts. Special education revenue is an exception, however. Most California school
districts cooperate with other districts to provide special education services. This cooperation is
coordinated through a consortium, which often involves a county office of education. Some
districts in a consortium may provide few special education services themselves, depending on
other districts or the county office to provide those services. To represent the special education
resources available to every district, we totaled all special education revenue in a district’s
consortium and prorated that total among all districts in the consortium in proportion to their
enrollments. We used the same approach for the 58 California school districts that belong to one
of the eight consortiums that provide common transportation services to students. Finally, we
excluded revenue for a number of programs not directly related to the core educational services
11

2009–10 SACS Unaudited Actual Data, http://www.cde.ca.gov/ds/fd/fd/.
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of students in kindergarten through high school. We excluded revenue for adult education, child
care and pre-school, vocational education, and nutrition. We also excluded revenue for school
facilities and the temporary federal aid to school districts under the American Recovery and
Reinvestment Act. And, of course, because we are attempting to explain whether a district
imposes a parcel tax, we excluded parcel tax revenue.
Parcel taxes are geographically concentrated. Of the 98 districts that levied a parcel tax,
68 were located in the six counties of the San Francisco Bay Area.12 These counties contain only
110 school districts, 12 percent of California’s total. In each county, 50 percent or more of
districts had a parcel tax. Only one other county, Mono, reached this 50 percent threshold, with
one of its two districts levying a parcel tax. The district is home to one of California’s largest ski
areas and has many vacation rentals. Three counties had between 20 percent and 33 percent of
districts with a parcel tax; all three are relatively close to the Bay Area. Three counties in
Southern California also had districts with parcel taxes, but none had more 10 percent of districts
with a tax. No district in either Orange or San Diego Counties, two of California’s largest urban
counties, had a parcel tax. In fact, 43 of California 58 counties did not have a district with
parcel tax revenue.

12

Alameda, Contra Costa, Marin, San Francisco, San Mateo, and Santa Clara Counties.
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Table 1
Sample Means for Explanatory Variables,
Sample Standard Deviations in Parenthesis
All districts
Bay Area districts
_________________
___________________
Variable
With tax Without tax
With tax
Without tax
__________________________________________________________________________
____________________________________________________________________________
Student per parcel
0.32
0.38
0.32
0.34
(0.23)
(0.52)
(0.16)
(0.16)
Number of grades

10.22
(2.53)

10.16
(2.65)

9.96
(2.45)

9.86
(3.04)

Mean household income

$150,375
($55,095)

$86,394
($32,378)

$159,681
($57,617)

$124,797
($37,158)

St. dev. household income

$85,984
($37,461)

$51,628
($25,350)

$90,107
($39,096)

$69,590
($29,720)

0.34
(0.14)

0.35
(0.14)

0.33
(0.14)

0.38
(0.14)

$8,414
($2,794)

$9,231
($6,864)

$8,528
($3,049)

$8,624
($2,708)

1.01
(0.07)

0.94
(0.07)

1.04
(0.06)

1.02
(0.06)

Percent renters
Revenue per pupil
Cost index

Number of districts
98
865
68
42
________________________________________________________________________

The prevalence of the parcel tax in the Bay Area may be partly explained by household
income. The demand for school resources should be positively related to income, and incomes
are higher in Bay Area districts, as Table 1 demonstrates.
Table 2 reports parameter estimates of our probit model. The table reports four sets of
coefficient estimates , each set from a different treatment of Bay Area districts. The first column
presents estimates of the probit model in which Bay Area districts are not distinguished from
18

Table 2
Coefficient Estimates for Baseline Model, Standard Errors in Parenthesis
Probit Model: Districts with Parcel Tax Revenue in 2009-2010
Districts
All
All
Bay Area
not in
Explanatory Variables
districts
districts
districts
Bay Area
____________________________________________________________________________
Log students per parcel ()

-0.70***
(0.15)

-0.56***
(0.17)

-0.84**
(0.40)

-0.53***
(0.20)

Mean log income ()

2.64***
(0.28)

2.13***
(0.31)

1.57**
(0.64)

2.36***
(0.39)

Std. dev. log income ()

0.17
(0.58)

1.00*
(0.60)

1.06
(1.38)

1.21*
(0.69)

Std. dev. log income * % renters ()

1.51**
(0.61)

0.99
(0.65)

-0.27
(1.26)

1.44*
(0.76)

Log cost index ()

2.38**
(1.15)

-1.75
(1.38)

1.82
(2.45)

-3.25*
(1.72)

Log grades ()

0.65**
(0.27)

0.84***
(0.30)

1.22**
(0.54)

0.64*
(0.38)

Log revenue per pupil ()

-1.09***
(0.28)

-0.95***
(0.32)

-1.42*
(0.74)

-0.91**
(0.36)

-23.91***
(3.54)

-21.00***
(4.01)

-9.59
(8.99)

-23.69***
(4.75)

Constant ()
Bay Area dummy variable

1.68***
(0.19)
___________________________________________________________________________
Observations
Log likelihood

963

963

110

853

-202.79

-161.67

-61.82

-97.04

_________________________________________________________________________________________________________________

*p<0.10, ** p<0.05, *** p<0.01.
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other districts. In the second column, Bay Area districts are distinguished from other districts by
a shift in the constant term, a Bay Area dummy variable. The coefficient on that dummy
variable is statistically different from zero at the 1 percent level, indicating that a district in the
Bay Area is more likely to enact a parcel tax than a district in a different part of that state with
the same values for all explanatory variables. Holding tax-prices, incomes, and other variables
constant, Bay Area districts are more likely to enact a parcel tax.
Columns 3 and 4 provide a test of a different proposition. Are price and income
elasticities (and other coefficients) different for Bay Area voters than for other voters throughout
the state? Column 3 presents coefficient estimates when the sample is restricted to Bay Area
districts. Column 4 presents estimates when the sample is restricted to districts outside the Bay
Area. Except for the constant term, which is much larger in the Bay Area sample, the coefficient
estimates are similar for the two subsamples. To formalize this comparison, we test the null
hypothesis that all coefficients except the constant term are equal in the two subsamples. This
test comes down to a comparison of the log likelihood from the model in column 2, which
imposes the restriction that all coefficients except the constant term are equal, to the sum of the
log likelihoods of the models in columns 3 and 4, which permit all coefficients to differ between
the two sub-samples. The log-likelihood ratio statistic for this test is chi-square with seven
degrees of freedom. The value of this statistic is 5.66, which implies that the null hypothesis
cannot be rejected at any reasonable significance level.
In most cases, the coefficient estimates in Table 2 have the signs predicted by the model
developed in the previous section. The tax-price and revenue coefficients are negative and
significantly different from zero. The income and grade coefficients are positive, as predicted.
Not all coefficient estimates are consistent with the model, however. The model predicts a
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negative coefficient for the standard deviation of log income, but the estimated coefficients of
this variable are positive in all four specifications. The model also predicts a positive coefficient
for the interaction between that variable and the percentage of renters. The estimate of this
coefficient is positive when the model is estimated with all districts and the non-Bay Area
districts, but not significantly different from zero in the other two specifications.
To explore this issue further, we estimated the model including the percentage of renters
as a separate variable and excluding the interaction term. For the specification represented by
the second and fourth columns, the coefficients for the standard deviation of log income are
positive and significant at the 5 percent level, but the coefficient for percent renters is not
significant. For the specification in the first column, the coefficient on the standard deviation of
log income is not significant, but the coefficient on percent renters is positive and significant.
Based on our empirical results, our predictions for the percent renters and for the variation of
income can be clearly rejected.
The coefficient estimates in Table 2 yield estimates of the price and income elasticity of
demand for public school resources. The price elasticity is the coefficient on the log of students
per parcel divided by the coefficient on the log of revenue per pupil. The income elasticity is the
coefficient on mean log income divided by the coefficient on the log of revenue per pupil.
Income and price elasticities are presented in Table 3.
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Table 3
Elasticity Estimates, Standard Errors in Parenthesis
Estimates Derived from Probit Model in Table 2
All districts All districts
Districts
w/o Bay Area with Bay Area Bay Area
not in
dummy
dummy
districts
Bay Area
_____________________________________________________________________________
Price elasticity ()

-0.64***
(0.14)

-0.59***
(0.16)

-0.59**
(0.26)

-0.58***
(0.18)

Income elasticity ()

2.41***
(0.61)

2.25***
(0.73)

1.11
(0.70)

2.58***
(0.96)

_________________________________________________________________________________________________________________
*p<0.10, ** p<0.05, *** p<0.01. Standard errors estimated by delta method.
The price elasticity estimates are consistent across the four different ways in which we
have represented Bay Area districts. However, the income elasticity estimate is much lower,
when the baseline model is estimated with Bay Area districts only. Among districts outside the
Bay Area, income is very important in predicting the likelihood of a parcel tax. Within the Bay
Area, however, income is a much less important predictor.
Appendix B presents linear probability estimates of the baseline model. For the Bay
Area subsample, those estimates are quite similar to the probit estimates. For the other three
specifications, however, the estimates differ considerably. Furthermore, in all the linear
probability estimates, the estimated probability of a parcel tax is less than zero in more than 20
percent of school districts. Consequently, we believe that the probit results are generally more
reliable.
Our price elasticity estimates are somewhat higher in absolute value than estimates from
other studies. Bergstrom, Rubinfeld, and Shapiro (1982) summarize estimates from a number of
studies in which school district expenditures are regressed on measures of tax-price and income,

22

following the median voter model of Borcherding and Deacon (1972) and Bergstrom and
Goodman (1973). Two-thirds of the estimates are less than 0.5 in absolute value. Using data
from their survey of Michigan voters in 1978, Bergstrom and co-authors estimate a price
elasticity of -0.39. Applying a different method to the same data, Rubinfeld, Shapiro and
Roberts (1987) estimate a price elasticity of -0.32. Brasington (2002) implemented a third
approach for estimating price elasticity. Using method based on the implicit price for quality
revealed in a hedonic model of housing prices, he estimates an elasticity of -0.11. The panel data
study by Rockoff (2010) also yields a relatively low price-elasticity, -0.22. The most direct
comparison comes from Duncombe and Yinger (2011). Applying a simultaneous equation
model of the demand for school quality, the cost of quality, and the efficiency of school spending
to California public schools in 2003 through 2005, they estimate a price elasticity of -0.01.
Our income elasticity estimates differ considerably across the four specifications. When
the sample is restricted to the Bay Area, the estimate is 1.11. For the three other specifications,
estimates exceed 2.0.

Estimates from other studies are invariably less than unity. The income

elasticity we estimate implies that differences in income across school districts have significant
effects on the likelihood that a school district has a parcel tax. In 2009-2010, 10 percent of
California districts had a parcel tax. Coefficient estimates from the probit model with all districts
and a Bay Area dummy implies that a one standard deviation increase in the mean of log income
would increase that probability to 33 percent. In the Bay Area sub-sample, 62 percent of districts
have a parcel tax. Using coefficient estimates from that sub-sample, a one standard deviation
increase in the mean of log income would increase that probability to 82 percent.
Variations in students per parcel have a similar effect on the probability of a parcel tax.
Using coefficient estimates from the probit model with all districts and a Bay Area dummy, a
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decrease of one standard deviation in the log of students per parcel increases the estimated
probability of a parcel tax from 10 percent to 23 percent. For the Bay Area sub-sample, that
probability would increase from 62 percent to 87 percent.
The likelihood of a parcel tax differs between the Bay Area and the rest of the state partly
because of differences in the variables included in our model and partly because a Bay Area
district is more likely to impose a parcel tax than a district with the same characteristics outside
the Bay Area. To decompose the difference into these two parts, we used our model estimated
from the Bay Area sample to predict the likelihood that districts outside the Bay Area would levy
a parcel tax. For those districts outside the Bay Area, the likelihood of a parcel tax increased
from 4 percent to 33 percent. For Bay Area districts, the likelihood was 62 percent. Thus, 50
percent of the 58 percentage point difference between Bay Area districts and other districts can
be explained by differences in observable characteristics.
The remainder of the difference may be explained by characteristics that are not included
in our baseline model. Two obvious candidates are the percentage of households with children
beyond school age or with children in private school.13 A community with a high percentage of
these households would be less likely to support a parcel tax. To examine this possibility, we
augment our baseline model with two variables. The first is the percentage of the population
over 65 years of age, and the second is the percentage of students enrolled in private schools.
Table 4 present results for all districts with a Bay Area dummy variable and for the Bay Area
sub-sample.

13

Studies of the support of elderly voters for school spending include Poterba (1997), Ladd and Murray (2001),
Harris, Evans, and Schwab (2001), and Fletcher and Kenny (2008). Sonstelie (1982) estimates that the percentage
of parents with children in private school has a negative, though not statistically significant, effect on the public
school spending per pupil. Using a hedonic measure of the price of private school quality, Brasington (2000) finds
that the price of private school quality has a positive effect on the demand for public school quality.
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Table 4
Coefficient Estimates for Baseline and Augmented Model, Standard Errors in Parenthesis
Probit Model: Districts with Parcel Tax Revenue in 2009-2010
All
All
Bay Area
Bay Area
Explanatory Variables
districts
districts
districts
districts
_____________________________________________________________________________
Log students per parcel ()

-0.56***
(0.17)

-0.55***
(0.17)

-0.84**
(0.40)

-0.65
(0.42)

Mean log income ()

2.13***
(0.31)

1.93***
(0.33)

1.57**
(0.64)

0.99
(0.73)

Std. dev. log income ()

1.00*
(0.60)

0.63
(0.67)

1.06
(1.38)

1.33
(1.97)

Std. dev. log income * % renters ()

0.99
(0.65)

1.41**
(0.69)

-0.27
(1.26)

-0.15
(1.38)

Log cost index ()

-1.75
(1.38)

-1.95
(1.39)

1.82
(2.45)

0.68
(2.59)

Log grades ()

0.84***
(0.30)

0.85***
(0.31)

1.22**
(0.54)

1.14**
(0.54)

Log revenue per pupil ()

-0.95***
(0.32)

-0.91***
(0.31)

-1.42*
(0.74)

-0.97
(0.79)

-21.00***
(4.01)

-19.34***
(4.14)

-9.59
(8.99)

-7.45
(9.31)

1.68***
(0.19)

1.68***
(0.20)

Constant ()
Bay Area dummy variable

Percentage 65 years of age

1.29
(1.23)

-1.41
(3.38)

Percentage in private school

8.85*
(4.49)

21.71*
(12.92)

_________________________________________________________________________________________________________________

*p<0.10, ** p<0.05, *** p<0.01.
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In the model with all districts, the addition of these two variables has little effect on
parameter estimates. In particular, the coefficient of the Bay Area dummy doesn’t change,
suggesting that the addition of these two variables does not account for much of the difference in
the likelihood of a parcel tax between Bay Area districts and other districts. This suggestion is
confirmed by a decomposition similar to that employed above. When the parameters in the third
column of Table 4 are used the estimate the likelihood of a parcel tax, 34 percent of districts
outside the Bay are predicted to have a parcel tax. Again, differences in observed characteristics
explain only about half of the difference in parcel tax adoption between Bay Area districts and
other districts.
Because household income is an important predictor of adopting a parcel tax, “Tiebout”
bias is a concern.14 School districts that pass a parcel tax will attract high-income families,
making household income an endogenous variable in our model. This endogeneity could bias
our parameter estimates, particularly the coefficient on average income. To investigate this
issue, we use elevation as an instrument for household income. In the Bay Area, many parcels in
the hills overlooking the Bay provide outstanding views, which make them a desirable residential
location. The competition for these locations drives up housing prices in these areas, and the
willingness to pay for a view rises with income. The result is that the average income of a
neighborhood tends to be correlated with its elevation. This relationship is demonstrated by the
two maps in Figure 3. The top map shows elevation in the six Bay Area counties. The bottom
map displays the mean household income of each census tract in those counties.

14

See Goldstein and Pauly (1982), Reid (1990), and Rubinfeld, Shapiro and Roberts (1982).
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Figure 3
Income and Elevation
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To construct an instrument for our analysis, we used ArcGIS to overlay school district
boundaries on a topographical map. Using a standard tool in that program, we then calculated
the average elevation of each school district. A simple regression of the mean log income of a
school district on its average elevation has an F-statistic of 15, making elevation a plausible
instrument for income. Elevation also had a significant coefficient in a first-stage regression of
mean log income on elevation and other baseline variables. The coefficient on elevation had a tstatistic of 3.20. It also seems reasonable to us that elevation satisfies the other condition for a
valid instrument: it should not be related to the demand for education resources other than
through its association with the income of households.
Results from applying this instrument are reported in Table 5. The first column repeats
the estimates from the ordinary probit model applied to Bay Area districts. The second column
presents those estimates when elevation is used as an instrumental variable for the mean of log
income in a district. With the instrument for income, the income coefficient is similar to
previous estimates. However, the standard error of that coefficient is more than three times
higher, and we could not reject the hypothesis that the income coefficients are the same in the
two models. When the coefficients in the second column are used to estimate the likelihood that
districts levy a parcel tax, we predict that only 29 percent of districts outside the Bay Area have a
parcel tax. Thus, 57 percent of the 58 percentage point difference between Bay Area districts
and other districts is due to observable characteristics.
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Table 5
Coefficient Estimates for Baseline Model, Standard Errors in Parenthesis
Probit Model: Districts with Parcel Tax Revenue in 2009-2010
Instrumental Variable Estimates, Bay Area districts
Instruments
Explanatory Variables
None
Elevation
___________________________________________________________________
Log students per parcel ()

-0.84**
(0.40)

-0.71
(0.47)

Mean log income ()

1.57**
(0.64)

1.55
(2.26)

Std. dev. log income ()

1.06
(1.38)

0.99
(2.40)

Std. dev. log income * % renters ()

-0.27
(1.26)

0.25
(2.08)

Log cost index ()

1.82
(2.45)

0.11
(3.42)

Log grades ()

1.22**
(0.54)

1.16**
(0.54)

Log revenue per pupil ()

-1.42*
(0.74)

-1.06
(0.86)

Constant ()

-9.59
(8.99)

-12.67
(22.30)

_______________________________________________________________________________________________________

*p<0.10, ** p<0.05, *** p<0.01.
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6. Conclusion
We reach two main conclusions from our analysis of the use of the parcel tax by
California school districts. The first is that the likelihood of levying a parcel tax is significantly
related to the standard demand characteristics of price and income. Districts turn to the parcel
tax because the demands of local residents are not met through the revenue allocations provided
by the state.
Our second conclusion is that, holding standard demand characteristics constant, Bay
Area districts are much more likely to levy a parcel tax than other districts. Bay Area households
have higher income on average than households in the rest of the state, and income is an
important predictor of the likelihood of a parcel tax. But, differences in observed characteristics
explains about half of the difference between Bay Area districts and other districts in the
likelihood of levying a parcel tax.
Our model undoubtedly excludes some important variables, and these variables may
explain part of the difference between Bay Area districts and other districts. Another possibility
is that the parcel tax is a fiscal innovation that is slowly spreading throughout the state. The Bay
Area is a likely starting place because of the relatively higher incomes there, but other areas of
California are also affluent and seem likely adopters of the parcel tax. If the model used to
predict a parcel tax among Bay Area districts is applied to all districts in the state, about 30
percent of districts outside the Bay Area would have a parcel tax.
While we do not know how likely this outcome is, the recent reform of California school
finance system will certainly increase the popularity of the parcel tax. This reform would
channel most of new state revenue for California schools to districts with high percentages of
low-income students. The reform is a logical consequence of the state’s high academic
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achievement standards for all students, standards much less likely to be met by students from
low-income families. It is a logical consequence of state finance, where goals for academic
achievement do not different according to family income. But, it will certainly leave public
schools in many high-income areas well short of the resources families in those areas demand
and are willing to pay for. The parcel tax is an obvious reaction.
If the parcel tax does become more widespread, it is unlikely that the legislature can
ignore it, as it has done to this point. One obvious response is to include parcel tax revenue
along with property tax revenue in the state’s revenue limit system. In that case, every dollar of
parcel tax revenue would reduce state aid dollar for dollar. The parcel tax would disappear and
the state would reassume complete control of public school resources. It seems to us that
California may soon confront another important decision in its ongoing experiment with fiscal
federalism.
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8. Appendix A. Tax-price and Grades
California school districts may serve elementary grades, secondary grades, or all grades.
To account for grade span in our specification of demand, we make the following assumption: If
an elementary and secondary district unify to form one district serving all grades, the typical
voter would demand the same spending in the unified district as the sum of spending the voter
demanded for the separate elementary and secondary district.
To see the implication of that assumption, consider a special case. An area is served by
an elementary district and a secondary district. The elementary district has g1 grades, and the
high school district has g2 grades. Each grade has exactly m students. The cost of educational
resources, c, is the same for both districts. The area contains n parcels.
The demand function for school spending is log-linear as in equation (). For the
elementary district that demand function is
ln(e1) = ln(c)+ln(g1m/n)+ln(y).

(A1)

For the secondary district, the demand for school spending is
ln(e2) = ln(c)+ln(g2m/n)+ln(y).

(A2)

For the unified district, the demand is
ln(e3) = ln(c)+ln(g3m/n)+ln(y).

(A3)

The assumption that demand for spending in the unified district is the same as the sum of
demands for the elementary and secondary district implies that
ln(c)+ln(g3m/n)+ln(y)=
(g1/g3){ln(c)+ln(g1m/n)+ln(y)}
+(g2/g3){ln(c)+ln(g2m/n)+ln(y)}.
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(A4)

Equation A4 holds for all values of c and y, which implies that and
The equalities of these coefficients reduces Equation A4 to


+ln(g3)=(g1/g3){+ln(g1)}+(g2/g3){ln(g2)}.

(A5)

For equation (A5) to hold for all values of g1 and g2, the following equality must hold:


+ln(g3)=+ln(g1)=ln(g2).

(A6)

This implies that there exists a parameter value such that
i=-ln(gi).

(A7)

Accordingly the demand for school spending in a district (elementary, secondary, or unified) can
be written as
ln(e) = ln(c)+ln(p)+ln(y)-ln(g),

(A8)

where g is the number of grades in the district.
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9. Appendix B. Linear Probability Models
Table B2
Coefficient Estimates for Baseline Model, Standard Errors in Parenthesis
Linear Probability Model: Districts with Parcel Tax Revenue in 2009-2010
Districts
All
All
Bay Area
not in
Explanatory Variables
districts
districts
districts
Bay Area
______________________________________________________________________________
Log students per parcel ()

-0.07***
(0.01)

-0.03***
(0.01)

-0.30**
(0.13)

-0.02**
(0.01)

Mean log income ()

0.37***
(0.04)

0.21***
(0.03)

0.51***
(0.19)

0.17***
(0.03)

Std. dev. log income ()

0.20***
(0.06)

0.17***
(0.05)

0.22
(0.36)

0.12**
(0.05)

Std. dev. log income * % renters ()

0.22**
(0.09)

0.11
(0.09)

-0.05
(0.40)

0.15*
(0.08)

Log cost index ()

0.31**
(0.14)

-0.14
(0.11)

0.55
(0.78)

-0.19**
(0.09)

Log grades ()

0.07**
(0.03)

0.07**
(0.03)

0.41**
(0.19)

0.05**
(0.02)

Log revenue per pupil ()

-0.04
(0.03)

-0.03
(0.02)

-0.44**
(0.19)

-0.02
(0.02)

Constant ()

-4.08***
(0.54)

-2.38***
(0.47)

-2.74
(2.32)

-1.96***
(0.45)

Bay Area dummy variable

0.48***
(0.05)
___________________________________________________________________________
Observations

963

963

110

853

67.18

50.40

21.17

26.50

Percent with predicted probability>1

0.00

0.00

2.73

0.00

Percent with predicted probability<0

24.20

25.96

72.73

24.26

Sum of squared residuals

_________________________________________________________________________________________________________________

*p<0.10, ** p<0.05, *** p<0.01.
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Table B3
Elasticity Estimates, Standard Errors in Parenthesis
Estimates Derived from Linear Probability Model in Table B2

All districts All districts
Districts
w/o Bay Area with Bay Area Bay Area
not in
dummy
dummy
districts
Bay Area
____________________________________________________________________________
Price elasticity ()

-1.46*
(0.78)

-1.04*
(0.61)

-0.68**
(0.27)

-1.10
(0.82)

Income elasticity ()

8.36
(5.40)

7.02
(5.19)

1.15**
(0.56)

8.69
(7.96)

_____________________________________________________________________________________________________________
*p<0.10, ** p<0.05, *** p<0.01. Standard errors estimated by delta method.
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Table B4
Coefficient Estimates for Baseline and Augmented Model, Standard Errors in Parenthesis
Linear Probability Model: Districts with Parcel Tax Revenue in 2009-2010

Explanatory Variables

All
districts

All
districts

Bay Area
districts

Bay Area
districts

Log students per parcel ()

-0.03***
(0.01)

-0.03**
(0.01)

-0.30**
(0.13)

-0.27**
(0.13)

Mean log income ()

0.21***
(0.03)

0.18***
(0.04)

0.51***
(0.19)

0.37*
(0.20)

Std. dev. log income ()

0.17***
(0.05)

0.12**
(0.05)

0.22
(0.36)

0.16
(0.46)

Std. dev. log income * % renters ()

0.11
(0.09)

0.16*
(0.09)

-0.05
(0.40)

0.08
(0.41)

Log cost index ()

-0.14
(0.11)

-0.15
(0.11)

0.55
(0.78)

0.26
(0.81)

Log grades ()

0.07***
(0.03)

0.06**
(0.03)

0.41**
(0.19)

0.39**
(0.19)

Log revenue per pupil ()

-0.03
(0.02)

-0.03
(0.02)

-0.44**
(0.19)

-0.37*
(0.19)

Constant ()

-2.38***
(0.47)

-2.11***
(0.48)

-2.74
(2.32)

-1.90
(2.51)

Bay Area dummy variable

0.48***
(0.05)

0.48***
(0.05)

Percentage 65 years of age

0.16
(0.17)

-0.23
(0.81)

Percentage in private school

1.19**
(0.56)

5.26*
(2.69)

_________________________________________________________________________________________________________________

Percent with predicted probability>1

0.00

0.00

2.73

7.27

Percent with predicted probability<0
25.96
27.73
72.73
70.91
_____________________________________________________________________________
*p<0.10, ** p<0.05, *** p<0.01.
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Table B5
Coefficient Estimates for Baseline Model, Standard Errors in Parenthesis
Linear Probability Model: Districts with Parcel Tax Revenue in 2009-2010
Instrumental Variable Estimates, Bay Area districts
Instruments
None
Elevation

Explanatory Variables
Log students per parcel ()

-0.30**
(0.13)

-0.30**
(0.14)

Mean log income ()

0.51***
(0.19)

0.68
(0.74)

Std. dev. log income ()

0.22
(0.36)

0.01
(0.66)

Std. dev. log income * % renters ()

-0.05
(0.40)

0.28
(0.64)

Log cost index ()

0.55
(0.78)

-0.06
(1.09)

Log grades ()

0.41**
(0.18)

0.40**
(0.18)

Log revenue per pupil ()

-0.44**
(0.19)

0.42*
(0.25)

Constant ()

-2.74
(2.32)

-4.81
(7.30)

____________________________________________________________________________________________

Percent with predicted probability>1

2.73

4.55

Percent with predicted probability<0
72.73
0.91
______________________________________________________________
*p<0.10, ** p<0.05, *** p<0.01.
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