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Abstract

School finance reforms have been implemented across US states in the past 40 years to

equalize expenditure across school districts. This paper exploits such changes to examine

the effects of inequality in school expenditure on intergenerational income mobility of stu-

dents. I use the slope coefficient of per-capita income on per-pupil expenditure within each

commuting zone as a summary statistic of inequality in expenditure. I address issues of

omitted variable bias and endogeneity of expenditure using the parameters of the financing

formulas to generate simulated instruments for expenditure. OLS and 2SLS estimates show

that school finance equalization substantially improves intergenerational mobility of children

born in low-income families, and has no effect on mobility of richer children. The effect of

equalization is largest during primary school years, and smallest during middle school years.

My results also show that an overall increase in school expenditure improves mobility of

poorer children. These results suggest that equalization of expenditure across districts is

important to guarantee equal long-run opportunities of children.
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1 Introduction

School finance equalization is one of the the most dramatic waves of reforms that have af-

fected public education in the United States. The objective of these state-level reforms is to

reduce the large differences in per-pupil expenditure across school districts. These differences

have arisen over time because districts have largely been funded with revenues from local prop-

erty taxes (to an extent that varies across states). Since tax revenues depend on the tax base,

property-wealthy districts have been able to spend more compared with property-poor districts.

In an attempt to equalize expenditure across districts, states have changed their school fi-

nance plans. These consists in formulas that determine each district’s revenues as a combination

of state funds and local taxes. Historically, states have adopted different formulas to compute

district revenues. As a consequence, they have changed their school finance plans in different

directions and to different extents over time. Overall, equalization reforms have deeply changed

public education across the country. A few studies have explored the consequences of school

finance equalization on student achievement. ? show that equalization of spending translates

into equalization of test scores among students from different socioecononomic backgrounds,

whereas ? argues that equalization reduces dropout rates for students in low-spending districts.

Surprisingly less attention, however, has been given to the long-run effects of these reforms. ?

study the impact of school finance equalization on labor market outcomes of students, finding a

large effect of expenditure on earnings of poorer students. Their analysis, however, focuses on

the effects of changes in the level of expenditure in poor districts, without directly studying the

consequences of changes in the distribution of expenditure across districts. To fill this gap, this

paper studies the effects of school finance reforms and equalization of school expenditure on in-

tergenerational income mobility of students, defined as their position on the income distribution

relative to the income of their parents.

Although intergenerational mobility has been largely studied in economics, empirical ev-

idence on its causes is scarce. Scholars have estimated the intergenerational correlation in

earnings using different samples. Early studies have looked at this correlation at a single point

in time, reporting an estimate of about 0.2 (?). Subsequent works (surveyed in ?) have tried

to obtain more precise estimates using panel data and isolating the permanent component of

lifetime income. Similar studies, however, yield very different estimates (ranging from 0.3 to

more than 0.5) depending on the length of the panel and on the representativeness of the sam-

ple. Recent research on intergenerational income dynamics within the U.S. (??) has shed light

on patterns of mobility at a more disaggregated geographic level, revealing large differences in

mobility across local labor markets, which are correlated with a few characteristics of small geo-

graphic areas. Very little is known about the causes of these differences, which makes it difficult

to address them from a policy-making perspective. A reason for this is the difficulty in finding

exogenous variation in local policies that could affect intergenerational mobility. This prevents

any credible estimation of causal effects. School finance equalization reforms are an excellent

source of quasi-experimental variation in both the level and distribution of school expenditure

across districts and states. They can hence be used to identify the effects of the allocation of

school resources across poorer and richer districts on intergenerational mobility.

Investments in human capital are among the major determinants of future income (?). Ed-
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ucation policies and investments are one of the main channels through which economic fortune

is transmitted across generations (?). Differences in the ability of households to invest in their

offspring’s education make income prospects of young generations heavily dependent on the

economic status of their families. The importance of human capital investments in determining

future earnings suggests a key role for public education policies in improving intergenerational

mobility. Understanding what determines the ability of parents to invest on the human cap-

ital of their children is therefore of paramount importance to understand which factors allow

individuals to move up on the income ladder. Public resources spent on schools are a funda-

mental component of these investments. Any change in the level or distribution of public school

spending can have a potentially large effect on intergenerational mobility.1

In this paper I estimate the causal effect of inequality in public school expenditure across

districts on intergenerational mobility of students. School finance equalization reforms, which

affected virtually all states in the US, changed the school finance formulas used to determine

district revenues. As a result, they changed the distribution of revenues and expenditure within

each region. To measure inequality I follow (?) and compute the slope coefficient of per-

capita income on per-pupil expenditure as a sufficient statistic for inequality. I compute this

statistic separately for each commuting zone (CZ hereafter) and each year. I then study how

intergenerational income mobility of each cohort of students in each CZ responds to changes in

inequality of expenditure experienced while in school. To measure intergenerational mobility I

use the correlation between the income ranks of parents and children (relative mobility), and

the expected income rank of children from families in different parts on the income distribution

(absolute mobility). These measures are computed by (?) separately for each CZ and cohort.

OLS estimates suggest that a reduction in the income-expenditure slope coefficient, i.e. a

reduction in expenditure inequality, is associated with higher expected income ranks for children

born below the income median and with a lower parent-child income rank correlation. Moreover,

it is not associated with income ranks of children born in families above the income median. OLS

estimates also suggest that an overall increase in expenditure is associated with higher mobility

of disadvantaged children. Grade-specific estimates show that a reduction in inequality has

the highest impact on mobility when experienced during primary school, and the lowest impact

when experienced during middle school. Results are robust to alternative measures of inequality

of expenditure, such as the slope coefficient of median income on expenditure and the coefficient

of variation in expenditure.

Estimation of the effects of school finance equalization on long-run outcomes of students,

however, involves issues of omitted variables and endogeneity, which arise for multiple reasons.

First, although the exact timing of reforms can be seen as random, these are never truly exoge-

nous events, as they tend to happen during good economic times. The state of the economy,

however, might directly affect educational outcomes of children and, in the long run, intergen-

erational mobility. The impossibility of identifying and controlling for all the variables which

affect the likelihood that a reform is passed poses a problem of omitted variables. In addition

to this, OLS estimates suffer from endogeneity bias if behavioral responses of households and

1The existing evidence on the effects of school expenditure on educational outcomes is controversial (?). Issues
of identification, however, arise in most of these studies, as they do not rely on exogenous sources of variation in
expenditure to identify effects.
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districts to a change in the finance formula are large, and able to affect post-reform expenditure.

The literature studying short and long run effects of school finance equalization (??) has not

directly addressed these issues. To consistently estimate the effect of expenditure distribution

on intergenerational mobility I use the method of simulated instruments, similar to the one

developed by ?. This procedure consists in simulating post-reform district revenues using the

parameters of the new formula, applied to pre-reform property values and tax rates, and using

it as an instrument for expenditure. This procedure allows me to better identify the effects of

school expenditure equalization on intergenerational mobility. In fact, it allows me to isolate

the exogenous variation in expenditure (coming from changes in the formula parameters) from

the endogenous variation (coming from changes in the state of the economy, or from behavioral

responses of households and districts). Although imprecise, two-stages least squares estimates

based on simulated instruments confirm the sign and magnitude of the effects of a reduction

in inequality of school expenditure. In particular, the magnitude of the effect of a reduction in

inequality is similar to the one estimated via OLS. The effect of an increase in expenditure is

however much larger.

Studying the effect of changes in school finance on long-run outcomes of children is im-

portant, as those outcomes are the ones policymakers are usually interested in. Estimating

the direct effect, however, implicitly leaves the mechanisms through which school finance af-

fects earnings as a “black box”. To shed light on such mechanisms I show that school finance

equalization affects educational outcomes, specifically dropout rates in grade 12, and that these

outcomes are correlated with intergenerational mobility. This result suggests that equalization

of resources across districts improves long-run opportunities of children through an improvement

in educational outcomes.

The rest of the paper proceeds as follows. Section ?? provides details on school finance

equalization reforms, Section ?? introduces a simple theoretical framework used to derive two

testable propositions, Section ?? presents the data sources. I introduce the sufficient statistics

for inequality of school expenditure in Section ??. Section ?? introduces the estimating equa-

tions and presents the OLS results, Section ?? explains the instrumental variables estimation

strategy and estimates. Section ?? discusses potential mechanisms through which school finance

equalization affects mobility. Section ?? concludes.

2 School finance equalization reforms

In the United States public schools have been historically administered at the local level.

School districts, whose size (both in terms of extension and enrollment) varies considerably

across states, have a large degree of autonomy over expenditure on public schools. The amount

of revenues each district receives is computed using a formula that combines state transfers

and local revenues. State transfers can be of different types, including (but not limited to) flat

grants, foundation grants, matching grants, equalizing transfers, and guaranteed tax yields. The

largest source of local revenues is property taxes. The size of local revenues depends on local

tax policies (tax rates), which – in most states – are decided and voted at the school district

level, and on the tax base, which in turn depends on property wealth.

Various states have used different financing formulas, with different weight on local and state
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resources, and different types of state transfers. Formulas have also evolved over time. A heavy

reliance on property taxes, typical of most states’ formulas, has led to considerable differences in

per–pupil revenues and expenditures across more and less property–wealthy districts in the same

state. The lack of effective state transfers to redistribute resources has led to severe disparities

in expenditure of districts with different property values. In addition to this, as predicted by a

simple Tiebout model (?), local public goods financed with property taxes are capitalized into

house prices. This leads households to sort across districts according to their preferences for

better public schools. As a result, inequality in property wealth worsens, and so does inequality

in school expenditure.

To contrast these (sometimes stark) differences in school funding across districts, revisions

and modifications of the state financing formulas have been advocated, and ultimately achieved,

in virtually all states at various points in time. Starting in the late 1970, however, pressure

towards school finance equalization has become particularly strong. This wave of reforms started

in California with a lawsuit filed by a parent of a public elementary school pupil (Serrano vs.

Priest, 5 Cal. 3d 584, 1971). The lawsuit set forth that the state’s method of funding public

education “fail[ed] to meet the requirements of the equal protection cause of the Fourteenth

Amendment of the United States Constitution and the California Constitution”, because of

district–to–district disparities in per–pupil expenditure. Following a second lawsuit (Serrano

v. Priest, 18 Cal. 3d 728, 1976), the Supreme Court of California judged the state’s financing

system unconstitutional, and established that the wealth–based funding disparities between

districts shall not exceed 200$ by 1980. Moreover, the Court decided that schools shall be

financed with a formula that relies more heavily on state revenues as opposed to local funds.

Following the Serrano vs. Priest decision, lawsuits challenging the constitutionality of school

finance schemes were filed in several other states. This decision triggered a wave of reforms,

some of which were necessary to address judiciary provisions in response to lawsuits similar to

Serrano, and some of which were legislated and implemented without a court decision.

The school finance equalization process represent one of the most dramatic changes in the

U.S. educational system. These reforms have affected virtually every school in the country, with

long–lasting effects (?). As shown by ?, education finance systems have a large impact on the

distribution of school resources. ? document a reduction in within-state inequality in spending

of 19 to 34 percent following these reforms.

A few studies have analyzed the consequences of school finance equalization. ? have explored

the consequences of the reforms on measures of students’ achievement, finding that school

finance equalization reduces the gap in test scores among students from different backgrounds.

More recently, ? have studied the effect of changes in expenditure levels caused by school finance

equalization on long-run economic performance of poorer students, highlighting a large effect

on expenditure increases in poor districts on long-run outcomes of disadvantaged students.

There are at least three reasons why the estimates of these studies might be problematic.

First, they consider different reform experiences (characterized by different pre–reform and

post–reform financing schemes) as homogeneous across states (they only distinguish between

legislated and court-ruled reforms, and between types of state transfers). This approach ignores

the effectiveness of each reform in improving equality in school spending across districts, which
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depends on the specific financing formula used. This can lead to important bias in the results.

As suggested by ?, states typically modified their financing schemes in very different ways,

using different formulas with different parameters. This heterogeneity is extremely important

to determine the true effect of each reform on the distribution of per-pupil spending and, in turn,

on economic outcomes. Second, these studies treat reforms as being purely exogenous events,

which is not entirely plausible. Although the exact timing can be seen as random (because it

depends on the exact timing of a court ruling or passing of a law), reforms tend to happen

during good economic times. This happens because they almost always involve an increase in

government spending, which is more likely to happen when the economy is growing. The state

of the economy, however, can have a direct effect on educational outcomes and, in the long

run, on intergenerational mobility. The impossibility of identifying and controlling for all the

elements which affect the passage of a school finance reform poses a problem of omitted variables.

Third, OLS might suffer from endogeneity bias because of behavioral responses of households

and districts. School finance reforms change the parameters of the optimization problem of

households, who decide in which district to live, pay taxes and send children to schools, and

school districts, who decide the local tax rate that maximizes revenues. For this reason post-

reform revenues and expenditure can be affected by behavioral responses of taxpayers (who

could move to a different district) and districts (which could change property taxes). If these

responses are important, OLS estimates of the effects of expenditure levels and inequality will

be affected by endogeneity bias.

From these considerations it should be clear how understanding heterogeneity in the effects

of school finance equalization reforms on the distribution of spending across districts and ad-

dressing issues of omitted variables and endogeneity bias is fundamental to understand their

effects on outcomes of children. To this purpose I focus my attention on the correlation between

per–capita income and per–pupil expenditure across districts as a proxy for the equalizing power

of each financing formula. After having computed this parameter for all CZs in the country at

different points in time, I study the effect of changes in this parameter, caused by school finance

equalization, on intergenerational mobility of pupils. Given the importance of education invest-

ments on future income prospects, a change in the distribution of school expenditure can have

a large effect on the relative economic performance of individuals with respect to their family

background. To address issues of omitted variable bias caused by the timing of the reforms,

which might be correlated with the state of the economy, and of endogeneity in post-reform

per-pupil expenditure caused by behavioral responses of households and districts to the reform,

I use an simulated instruments procedure, which consists in applying the post-reform funding

formula to the pre-reform tax rates and tax bases as an instrument. This approach, explained

in detail in Section ??, allows me to account for heterogeneous effects of the reform and for en-

dogeneity in the post–reform spending distribution. This is fundamental to consistently identify

the effect of school spending distribution on intergenerational income mobility.

3 A Simple Model of School Finance and Intergenerational Mobility

I introduce a very simple conceptual framework to guide the reader’s thinking on the rela-

tionship between school finance equalization and intergenerational income mobility. This simple
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model yields two simple testable predictions.

The world is populated by two generations: parents, with income x, and children, with

income y. Parents and children live in school districts, which are grouped into commuting

zones. School districts are responsible for the financing of local public schools. Commuting

zones can be defined as local labor markets, i.e. areas in which individuals live and work. Each

child can only go to school in the district he or she lives in.

Income of a child in family i, living in school district d and commuting zone c, is determined

as follows:

yidc = θxidc + γedc + εidc (1)

where xidc is the income of the parent, edc is monetary investment in child i’s education, and

εidc is an idiosyncratic income shock with mean equal to 0 and orthogonal to xidc. Investment in

education only depends on the school district the child lives in. This modelling choice implicitly

rules out the possibility of private investments in education.2

School spending in district d and commuting zone c is defined as

edc = ψ[αcx̄c + βcx̄dc] (2)

where x̄c is average parental income in commuting zone c, x̄dc is average parental income in

district d, and ψ is a constant. The parameter βc captures the within–commuting zone inequality

in school expenditure. When βc = 0, edc only depends on x̄c; education expenditure is fully

equalized across all districts in commuting zone c. When βc > 0, on the other hand, edc depends

on x̄dc as well: the larger βc, the more dependent spending is on x̄dc. In this situation, districts

that are poorer on average also spend less on public schools. The expression in ?? can be

rewritten as

edc = ēc + ψβc(x̄dc − x̄c) (3)

where ēc is average school expenditure in CZ c. Income of a child can be rewritten as:

yidc = θxidc + γψαcx̄c + γψβcx̄dc + εidc (4)

This simple conceptual framework can be used to highlight the relationship between inter-

generational income mobility and inequality of school expenditure across districts, captured by

the parameter βc. I consider two types of mobility measures, in line with ?: absolute mobility

and relative mobility.

3.1 Absolute intergenerational mobility

The absolute measure of intergenerational income mobility is the expected income rank of

a child given the income rank r of the parent. Absolute mobility is defined as:

Mc = E[Fy(yidc)|Fx(xidc) = r] (5)

2I study the effects of private schools enrollment on mobility in Section ??.
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where Fy(.) denotes the cumulative income distribution function of the child, and Fx(.) denotes

the cumulative income distribution function of the parent. Without loss of generality I make

the simplifying assumption that xidc = x̄dc for every individual i living in district d. I define

Qt(.) as the quantile function of the random variable t, i.e. the function that computes the

quantile of a given realization of the random variable.3 Substituting the expression for child’s

income from equation (??), I can rewrite the expression in equation (??) as follows:

Mc = E[Fy(θQx(r) + γψαcx̄c + γψβcQx(r) + εidc)] (6)

Expressing Mc as a function of the parameter βc allows me to derive the first testable propo-

sition of this simple model.

Proposition 1. Higher inequality in school expenditure (higher βc) decreases absolute inter-

generational mobility of poorer children.

Proposition 1 implies that inequality in school expenditure across districts, as proxied by βc,

is detrimental to absolute intergenerational mobility of children born in families at the bottom of

the income distribution, i.e. those for which Q(r) ≤ x̄c (see proof in Appendix D). In addition,

the negative effect of βc is larger, the larger the difference between Qx(r) and x̄c, i.e. the lower

the income rank r of the parent (given that x̄c is fixed). To test the prediction of Proposition 1,

in Section ?? I compute βc for each CZ and cohort and test for its effect on absolute mobility

of children from families in different portions of the income distribution.

3.2 Relative intergenerational mobility

The relative measure of intergenerational income mobility is defined as the correlation be-

tween the income rank of a child and that of her parent:

Rc = corr(Fy(yidc), Fx(xidc)) =
cov(Fy(yidc), Fx(xidc))

var(Fy(yidc))var(Fx(xidc))
(7)

Note that higher Rc implies higher intergenerational persistence of income, which in turn implies

lower intergenerational mobility.

Being Rc a function of the parameter βc, I can derive the following proposition.

Proposition 2. Under some conditions, higher inequality in school expenditure (higher βc)

decreases relative intergenerational mobility.

The results of Proposition 2 confirms the theoretical finding about school school finance and

intergenerational mobility found above: inequality in spending, i.e. higher βc, increases income

persistence and decreases relative intergenerational income mobility. I test the implications of

Propositions 1 and 2 in Section ?? below.

3Note that Qt(a) = F−1
t (a).
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4 Data

To test the theoretical predictions of Section ??, I use different types and sources of data.

First, I use information on on per-pupil expenditure and per-capita income at the school district

level to compute the parameter β. I combine it with information on the timing of school finance

equalization reforms to study variations in β over time. Lastly, I use measures of relative and

absolute mobility at the CZ level as dependent variables in my specifications. Data is collected

from different sources.

4.1 School Expenditure

Information on expenditure at the school district level is taken from the U.S. Census Data

Files on Historical Finances of Individual Governments.4 These files contain administrative

data on revenues and expenditures of individual local governments (counties, municipalities,

townships, school districts). Revenue data are classified by source, while expenditure data are

reported by function. Districts classified as independent jurisdictions appear as separate entries

in these data files. Information on revenues and expenditures of districts classified as dependent

jurisdictions are instead included in the entries of the counties or municipalities they depend

on. For all school districts, regardless of whether they are independent or dependent, I use total

expenditure on education as the variable of interest to compute per–pupil school expenditure.

The Data Files on Historical Finances of Individual Governments also include population counts

for each local jurisdiction. I use this variable as a measure of district enrollment, which I use

to compute per–pupil expenditure.

Table ?? shows means and standard deviations of per–pupil expenditure in 1980, 1990, 2000

and 2010, measured in 2000 US dollars (first row, column 1-4). Average per-pupil expenditure

increases over time, from $4,858 in 1980 to $6,697 in 1990, $7,798 in 2000, and $10,768 in 2010.

Variation in per–pupil expenditure across districts increases from 1980, with a coefficient of

variation (CV) equal to 0.33, to 1990 (CV equal to 0.37); it decreases in 2000 (CV equal to

0.31) and increases again in 2010 (CV equal to 0.35).

4.2 Income

Information on household income at the school district level is taken from the Census of

Population and Housing and the American Community Survey (ACS). I use Census data for

the years 1980, 1990 and 2000, and ACS data for the year 2010. Income tabulations at the

school district level are contained in the Census STF3F file for 1980, and published as part of

the School District Demographic System5 for the years 1990 and 2000. For the year 2010 I use

the 2008–2012 district-level tabulations of the American Community Survey provided by the

School District Demographic System. The relevant variables for my analysis are the mean and

the median of household income in each school districts. Income data at the district level is

however reported under the form of tabulations of the counts of households in 17, 25, 16 and

4U.S. Census Bureau, Annual Survey of State and Local Government Finances and Census of Governments
(years 1980, 1990, 2000 and 2010).

5U.S. Dept. of Education, School District Demographic System.
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16 income bins in each school district in 1980, 1990, 2000 and 2010 respectively. To compute

mean and median income from these tabulations, I assign to each class a level of income equal

to 0.5(ycu− ycl ), where cyu and cyl are, respectively, the upper and lower income bounds of class

c ∈ [1, C].6 Mean income is computed as a weighted average of the income in each class, with

weights equal to the number of households in each class. Median income is computed as the

income of the class containing the median household.

I match income data with data on school expenditure. I exclude from my analysis vocational,

technical, special education, cooperatives and other types of special districts to isolate “regular”

types of districts. The final sample includes 12,845 districts in 1980, 13,312 in 1990, 12,401 in

2000 and 10,409 in 2010. Table ?? shows means and standard deviations (in parentheses) of

mean and median per-capita household income at the school district level in 1980, 1990, 2000

and 2010, measured in 2000 US dollars (second and third row, columns 1-4). Mean income

increases from $40,697 in 1980 to $48,990 in 1990. It remains stable to $50,362 in 2000, and

increases to $61,581 in 2010. Median income increases from $33,844 in 1980 to $42,312 in 1990.

It remains stable to $41,192 in 2000, and increases to $53,922 in 2010.

4.3 Intergenerational Income Mobility

Intergenerational mobility measures are taken from ?.7 These measures, constructed using

individual–level data from IRS tax records, are computed separately for each cohort of children

and for each of the 735 commuting zones in the U.S. The sample of children I use includes 24

million U.S. citizens born in the period 1980-1986. Each child is matched to his or her parent

(or parents), i.e. the taxpayer who claimed him or her as dependent when he or she was age 25

or younger in IRS tax records covering the period 1996-2011.8 Parent income is defined as the

average yearly income in years 1996–2000, measured in 2010 dollars. Child income is defined as

the average of 2010, 2011 and 2012 income, measured in 2010 dollars.9 Matched parent-child

pairs are assigned to a CZ based on the earliest non–missing ZIP code reported on the tax form

of the parent. The sample is restricted to children of parents with non-missing ZIP codes and

non-negative income. In order to compute mobility measures, parents are assigned an income

percentile on the national distribution of parental income. Similarly, children are assigned an

income percentile on the national distribution of children’s adult incomes.

The measures of intergenerational mobility used in this paper, defined and computed by ?,

are based on the relationship between the income ranks of parents and children. The first type

of measure, which ? refer to as absolute,10 is the expected income rank of a child given the

6For the top income class only a lower bound (yl)is specified. To assign an income level to the top class, I
use the Robust Midpoint Pareto Estimator proposed by Von Hippel (?) and define it as yCl 21/α, where α is the
parameter of a Pareto distribution. This parameter is estimated via maximum likelihood as (log(NC +NC−1 −
log(NC))/(log(yCl ) − log(yC−1

l )), where C denotes the top income class and C − 1 denotes the one immediately
below the top.

7Data available at www.equality-of-opportunity.org, accessed June 1st-14th, 2014.
8If an individual was claimed as dependent by more than one taxpayer, he or she is considered as the dependent

of the taxpayer who claimed him or her in the earliest year.
9See Chetty et al. (2014) for a detailed description of the income definitions used to compute intergenerational

mobility measures.
10It should be noted that all these measures are, in fact, relative, as they refer to the relative position of parents

and children in the national income distribution. Following ?, I will be using this terminology to distinguish
between measures that refer to the expected income rank of a child, and those that refer to the relationship

10
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income rank of his parent. To analyze mobility of children from families in different parts of

the income distribution, I consider absolute mobility of children with parents on the 10th, 25th,

75th, and 90th income percentiles. The second measure, referred to as relative, is the correlation

between the income ranks of parents and children. ? provide a comprehensive discussion of

the benefits and limitations of these measures. It should be noted here that, differently from

? who base their analysis on a “core sample” of children born in 1980 and 1981, my sample

also includes younger children. As mentioned by the authors, studying mobility when childrens

income is measured at early ages can overestimate mobility with respect to lifetime income,

because children with high lifetime incomes have steeper earnings profiles when they are young,

which stabilize at around age 30. The younger cohorts in my sample (born in 1986) are 26 in

2012. Although using younger cohorts can introduce some measurement error, this should not

be large (see ?, Figure IIIA). In addition to this, although younger cohort have their income

persistence imperfectly measured, they are more likely to be matched to the the same ZIP code

where they grew up.

The measures are computed separately for each cohort and commuting zone. The latter

is defined by the Census Bureau and the United States Department of Agriculture as “[...] a

geographic unit that better captures the economic and social diversity of nonmetro areas”.11 To

minimize measurement error problems when testing the theoretical predictions presented above,

my specifications are restricted to CZs containing more than 5 school districts with non-missing

income and school expenditure data in each year. This leaves about 470 CZs for cohorts 1980

to 1984, and 405 CZs for cohorts 1985 and 1987.12

As ? show, wide differences in mobility exist across the country. The expected income rank of

children with parents on the 25th percentile, for example, is as low as 33.7 in Memphis, TN, and

as high as 50.2 in St. Cloud, MN. Large geographic areas are characterized by different mobility:

for example the Southeast appears much less mobile than the Southwest. A considerable degree

of variation also exists within smaller areas: in Arkansas absolute mobility of children in families

on the 25th percentile ranges from 30.7 (Nome, AK) to 45.9 (Valdez, AK).

Table ?? shows summary statistics of absolute and relative intergenerational income mobility

measures. The first thing to notice is that, on average, children in families below the median

experience upward mobility, whereas children in families above the median experience downward

mobility. Across cohorts, the expected percentile of children from families on the 10th percentile

oscillates around 42. Absolute mobility of children born on the 25th percentile increases across

cohorts, from 45.8 for the 1980 cohort to 46.5 for the 1987 cohort (2 percent). The expected

income percentile of children in families above the median, however, increases slightly more

across cohorts, by 2.2 percent (from 58.7 to 60.0) for children on the 75th percentile, and by 2.6

percent (from 62.5 to 64.1) for children on the 90th percentile. The relative measure of mobility

increases across cohorts, from 25.7 for the older cohort to 27.0 for the younger cohort.

between parents’ and children’s income ranks.
11For confidentiality issues, mobility measures are not disclosed for 13 CZs with less than 250 children.
12The main results are similar in magnitude, although less precise, when the full sample is used. Results are

also robust to thresholds of 4, 8 and 10 CZs.
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4.4 School Finance Reforms

Information on school finance reforms is collected from different publications. These include:

“Public School Finance Programs of United States and Canada” (1990-199113 and 1998–199914),

as well as ?. These publications provide a description of school funding schemes in place in each

state at different points in time, and include details of the timing and content of each school

finance reform. I complement these two sources with information from? and ?. In general,

information is consistent across the different sources; when discrepancies are found, priority is

given to the “Public School Finance Programs of United States and Canada”. This information

allows me to compile a list of reform dates for each state, for the period 1980–2004 (Appendix

Table A1). A total of 51 reforms took place in this period, with 21 reforms between 1980 and

1989 and 30 reforms between 1990 and 1999 (Appendix Table ??).

5 Measuring Inequality in School Expenditure

To test the theoretical predictions on the effects of inequality in the distribution of school

spending on intergenerational income mobility derived in Section ?? I proceed in two steps.

First, I estimate the parameter β, the correlation between average school district household

income and district per–pupil expenditure, separately for each CZ and for each year. Second,

I use these estimates to evaluate the effect of equalization on mobility. As a robustness check,

I also test the effects of alternative measures of school expenditure distribution across districts

on intergenerational mobility.

5.1 Distribution of School Expenditure

In my analysis, and in line with ? and ?, I use the correlations between each district’s

per-pupil expenditure and per-capita household income as a sufficient statistics for inequality in

school spending across districts. I estimate these parameters by running the following regression:

eijt = αjt + βjtyijt + εijt (8)

where eijt is per-pupil expenditure in district i, CZ j and year t, yijt is mean per-capita household

income, and εijt an error term. This linear model is estimated separately for each CZ and each

year.

The parameters αjt and βjt summarize inequality in school expenditure across districts in

each CZ at a single point in time. Higher positive values of βjt are associated with inequality in

school expenditure. High-income districts spend more on schools and viceversa. Negative values

of βji indicate a redistributive school financing scheme, where poorer districts spend more on

public schools compared with richer districts in the same CZ. Lastly, values of βjt close to zero

13Albany, NY : American Education Finance Association and Center for the Study of the States, The Nelson
A. Rockefeller Institute of Government, State University of New York, 1992.

14Washington, DC: U.S. Dept. of Education, Office of Educational Research and Improvement, National Center
for Education Statistics, 2001.
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characterize an equalized financing scheme, with uniform levels of expenditure across richer and

poorer districts.

To describe school spending regimes in each CZ-year and to study the effect of school

finance equalization on intergenerational mobility, the parameters αjt and βjt must be estimated

separately for each academic year in which individuals are in school. As described in Section

??, data on intergenerational mobility covers children born between 1980 and 1986. To perform

my analysis I need to estimate these parameters for the academic years 1986-87 to 2003-04,

i.e. when these cohorts were enrolled in grades 1 to 12. A major data limitation comes from

the fact that information on average per-capita income at the district level is only available for

Census years. To overcome this issue I exploit the timing of school finance equalization reforms

in each stat. Specifically I recover one set of parameters {αjt, βjt} for each CZ in each year

as follows. First, I compute {αjt, βjt} for t = {1980, 1990, 2000and2010}, i.e. for the years in

which school expenditure and income data are available. Then I check whether a reform takes

place during a specific decade (delimited by two Census years) in the state in which the CZ

is located. If a reform takes place during the decade, I assign the αjt and βjt of the Census

year at the beginning of the decade to the years preceding the reform (including the year of the

reform), and the αjt and βjt of the Census year at the end of the decade to the years following

the reform. If no reform takes place in the state during the decade, I interpolate the αjt and

βjt between the Census years at the beginning and at the end of the decade.15 A graphical

representation of this assignment procedure is shown in Figure ??. The figure shows how the

parameters relative to the Census years are assigned to each calendar year in Texas, where

two school finance reforms were implemented in 1989 and 1993. The αjt and βjt relative to

1980 are assigned to years 1986 to 1989, the αjt and βjt relative to 1990 are assigned to years

1990 to 1993, and the αjt and βjt relative to 2000 are assigned to years 1994 to 2000. Since

no reform took place between 2000 and 2010, I interpolate αjt and βjt in this decade. This

procedure allows me to obtain sufficient statistics for the financing scheme in place in each CZ

and academic year.

Table ?? shows summary statistics of the OLS estimates of the parameters βjt in equation

(??), across CZs and separately for years preceding and following each school finance reform.

Estimates of βjt, slope coefficient of income on school expenditure, are negative on average

(albeit small) both before and after each reform. This indicates that, on average, spending is

slightly higher in the poorer districts of each CZ. The average pre-reform estimate of βjt is

-0.0146, the post-reform estimate is -0.0391. A simple t-test for the difference in means shows

that, after a school finance equalization, βjt decreases by 0.0145 on average (100 percent) and

becomes more negative (Table ??, column 3, significant at 1 percent, t-statistic equal to 2.59).

Figure ?? shows average estimates of the parameters βjt over a 10-years window around each

reform. For the sake of comparison, averages are shown separately for years around reforms

who took place between 1980 and 1990, and reforms who took place between 1990 and 2000.

For reforms in the 1980-1990 range, the average estimate of βjt oscillates between a minimum

15If two reforms take place in one decade (as it is the case for Montana, New Jersey and Oregon) I assign the
αjt and βjt of the Census year at the beginning of the decade to the years preceding the first reform, the αjt and
βjt of the Census year at the end of the decade to the years following the last reform, and I interpolate αjt and
βjt in the years between the two reforms.
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of -0.032 and a maximum of -0.007, and is equal to -0.029 on average in the year in which the

reform is implemented. In the year immediately following the reform, it drops to -0.036 (24

percent), and it then starts to increase again and reaches the pre-reform level by year five after

the reform. For reforms between 1990 and 2000, the estimate is stable around -0.024 in the 5

years before the reform and in the year in which the reform is implemented. It drops to -0.030

in the year following the reform, and it starts increasing again and reaches the pre-reform levels

by the fifth year after the reform. This figure shows that school finance equalization has the

immediate effect of reducing the estimate of βjt, but this effect is reverted within 5 years of the

reform.

5.2 Alternative Measures

As an additional measure of equality of school expenditure across districts, I compute the

parameter βjt using median income instead of average income in equation (??), and I denote

it by βmdjt throughout the paper. Summary statistics in Table ?? (second row) show that

this alternative measure is similar in magnitude to the one described above. Appendix Figure

?? shows trends in average βmdjt in a 10-years window around each reform. This measure of

inequality decreases substantially after a school finance reform.

In addition to the parameters β and βmdjt described above, I construct a third alternative

measure of inequality in school expenditure across districts in each CZ. This alternative measure

is the coefficient of variation of school expenditure, defined as the ratio between the standard

deviation and the mean of expenditure across districts, computed separately for each CZ and

year.

Table ?? (third row) shows summary statistics of these alternative measures, across years as

well as before and after school finance reforms. The coefficient of variation declines from 0.242

before the reforms to 0.222 after the reforms (8 percent decline). Appendix Figure ?? shows

trends in this measure in a 10-years window around each reform, distinguishing between reforms

implemented in 1980-1990 and in 1990-2000. The coefficient of variation in school expenditure

appears to be substantially affected by reforms which took place between 1990 and 2000. It

declines considerably after reforms in this decade, and remains stable to the new, lower level in

the 5 years following each reform. Equalizations which took place between 1980 and 1990, on

the other hand, affected this measures considerably less.

The coefficient of variation presents some drawbacks when used as a measure of inequality in

expenditure. By construction it provides information on the dispersion in school expenditure,

which should decrease after a school finance equalization reform. However, it does not provide

any information on whether differences in expenditure benefit the richest or the poorest dis-

tricts. As highlighted in the theoretical framework, this is important to understand the effect of

equalization on intergenerational mobility. For this reason, my preferred specifications include

the parameters α and β. Alternative tests run using βmd and the coefficient of variation are

shown in Appendix A as a robustness check.
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6 Least Squares Estimates of the Effect of School Finance Equalization on

Mobility

I test the predictions of the theoretical model in Section ?? by estimating the following

models:

Mjc = δM β̂jc + γM1 α̂jc + γM2 ējc + σj + κc + ωjc (9)

Rjc = δRβ̂jc + γM1 α̂jc + γM2 ējc + σj + κc + ωjc (10)

where Mjc is absolute intergenerational income mobility for cohort c in CZ j, Rjc is relative

mobility, β̂jc is the average income-expenditure estimated slope coefficient in CZ j experienced

by cohort c while in school, σj are CZ–specific fixed effects, κc are cohort–specific fixed effects,

and ωjcg is an error term. Coherently with the expressions in ?? and ??, I include the estimated

parameter α̂jc as a control. To carefully control for the overall level of school expenditure in

each CZ, I include ēcj in the equation. As explained by ?, reforms achieving the same degree

of equalization in school expenditure can differ a lot depending on whether they “level up”

spending, i.e. increase it on average, or “level down”, i.e. decrease it (?). Controlling for

expenditure is therefore very important.16

The parameter β, as well as average school expenditure, are constructed separately for each

CZ and year. To estimate the model, I back out the calendar years in which each cohort attended

grades 1 to 12. I then assign to each cohort the average of β and school expenditure e relative

to the years in which the cohort was in school. Appendix Table ?? shows the correspondence

between a cohort-grade pair and a specific calendar year. The inclusion of cohort fixed effects

helps to control for time trend in intergenerational mobility. Including CZ fixed effects in the

regression, the parameters δM and δR capture the effect of within-CZ differences in the financing

plans each cohort is exposed to, generated by school finance equalization, on intergenerational

income mobility.

OLS estimates of equation (??) show a positive and significant effect of a reduction in

β, associated with school finance equalization, on absolute mobility of children from families

below the income median. A one-standard deviation (0.104) reduction in β is associated with

an increase of 3.6 percentiles, or 2/3 of a standard deviation, in absolute mobility of children of

families on the 10th income percentile (OLS estimate of β equal to -0.3507, Table ??, column

1, t-statistic equal to 1.54). Compared with an average income rank of 42th percentile for these

individuals, this corresponds to a 8.6 percent increase in mobility. To help the reader’s thinking,

it is useful to convert this effect from percentiles to monetary terms. The 42th percentile of the

national children income distribution corresponds to a yearly income of $27,700, whereas the

16To understand why controlling for both α and ē is important, consider that with a small number of school
districts in each CZ and year one could have two CZ-years having the same estimates of α and β and very different
levels of average expenditure and average income (e.g. if one has high expenditure and high income, and the
other has low expenditure and low income). Analogously, two CZ-years having the same average expenditure
and the same estimate of β can have very different estimates of α (e.g. if one CZ-year has low average income
and the other has high average income).
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46th percentile corresponds to $31,100. This implies that a one-standard deviation reduction in

the average β experienced by each child while in school is associated with a $3,400 increase in

income at the mean, or 12 percent increase. The coefficient on mean CZ school expenditure is

positive and significant. A $1,000 increase in average expenditure is associated with an increase

in mobility of 1.4 percentiles, which corresponds to a 3 percent increase (with an OLS estimate

of ēc equal to 0.0139, Table ??, column 1, significant at the 5 percent level). These estimates

imply that a one-standard deviation reduction in β has a larger effect on mobility than a $1,000

increase in overall expenditure.

For children on the 25th income percentile, a one-standard deviation reduction in β is

associated with a 3 percentiles increase in absolute mobility of children from families on the

25th income percentile (OLS estimate of 0.2929, Table ??, column 2, significant at the 10

percent level). Compared with an average income rank of 46th percentile, this corresponds to

a 6.5 percent increase in mobility. The 49th percentile of the national distribution of children’s

income corresponds to $33,700; this implies that a one-standard deviation reduction in β is

associated with a $2,700 increase in income at the mean, or 8.6 percent. A $1,000 increase

in per-pupil expenditure is associated with a 1.05 percentiles increase in absolute mobility of

children from families on the 25th percentile, which corresponds to a 2.3 percent increase (with

an OLS estimate of ēc equal to 0.0105, Table ??, column 2, significant at the 1 percent level).

OLS estimates of the effect of β on absolute mobility of children above the income median

show that equalization is not associated with mobility of richer pupils. Although the estimates

of the coefficients are negative, they are small in magnitude and not distinguishable from zero

(-0.1006 on absolute mobility of children on the 75th percentile, Table ??, column 3, with a

t-statistic equal to 0.67; -0.0429 on absolute mobility of children on the 90th percentile, Table

??, column 4, with a t-statistic equal to 0.19). Average school expenditure does not affect

mobility of richer children. The estimated effect of expenditure on absolute mobility of children

on the 75th percentile is equal to -0.0007 (Table ??, column 3, t-statistic equal to 0.17). For

children on the 90th income percentile, the effect of expenditure is equal to -0.0040 (Table ??,

column 4, t-statistic equal to 0.67).

School finance equalization appears to be negatively associated with relative mobility (parent-

child income rank correlation), although this effect is not precisely estimated. OLS estimates

show that a one-standard deviation reduction in β is associated with a 0.4 decline in the rank-

rank correlation, or slightly less than 2/3 of a standard deviation (with an estimated coefficient

equal to 0.3847, Table ??, column 5, t-statistic equal to 0.91). Relative mobility is positively

associated with an increase in average school expenditure, although this effect is small. A

$1,000 increase in expenditure is associated with a 0.01 reduction in the parent-child income

rank correlation, which corresponds to 1/7 of a standard deviation of relative mobility (Table

??, column 5, significant at the 5 percent level).

The OLS estimates presented here suggest that school finance equalization has a positive

and substantial effect on intergenerational mobility of children from families with incomes below

the median. The effect of equalization appears to be larger than the effect of an increase in

average school expenditure in each CZ. In addition, equalization and overall expenditure do not

appear to be important for children from families with incomes above the median. This suggests
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that the effect of the level and distribution of resources invested in public schools across districts

is different among children from different economic backgrounds. One explanation for this is

that families with different incomes have different abilities to complement public resources with

private investments on their offspring’s education.

6.1 Heterogeneous Effects of Spending Distribution Across Grades

Many studies have shown that education investments made at different ages yield heteroge-

neous returns (see ?, for a review). Further from this, it is possible that exposure to more or less

equal school finance systems at different ages can lead to different degrees of intergenerational

mobility. I extend the baseline specifications in equations (??) and (??) to allow for heteroge-

neous effects of the distribution of expenditure across school grades. I estimate the following

equations:

Mjc = δM,pβ̂pjc + δM,mβ̂mjc + δM,hsβ̂hsjc + γM1 ēcj + γM2 α̂jc + σj + κc + ωjc (11)

Rjc = δR,pβ̂pjc + δR,mβ̂mjc + δR,hsβ̂hsjc + γM1 ēc + γM2 α̂jc + σj + κc + ωjc (12)

where β̂pjc, β̂
m
jc , and β̂hsjc represent the average parameters characterizing the school finance plan

experienced by cohort c in CZ j respectively during primary (grades 1-5), middle (grades 6-8)

and high school (grades 9-12). This more flexible specification allows for changes in the distri-

bution of school expenditure to have differential effects on intergenerational income mobility,

depending on the school grade in which a given cohort experiences them. These effects are

captured by the parameter vectors [δM,p, δM,m, δM,hs] and [δR,p, δR,m, δR,hs].

OLS estimates of equation (??) show that a reduction in β has an effect on absolute mobility

of children from families below the income median which is positive and statistically significant

in all grades. The magnitude of this effect, however, is largest during primary school grades.

A one-standard deviation reduction in βp is associated with an increase of 2 percentiles in

absolute mobility of children of families on the 10th income percentile (OLS estimate of βp

equal to 0.1956, Table ??, column 1, significant at the 5 percent level). Compared with an

average income rank of 0.42 (or 42th percentile) for these individuals, this corresponds to a

4.7 percent increase in mobility. In monetary terms, a one-standard deviation reduction in the

average βp experienced by each child while in school is associated with a $1,700 increase in

income at the mean, or 6 percent increase. The effect of a one-standard deviation reduction in

βm experienced during middle school years is smaller, and equal to 1.1 income percentiles (OLS

estimate of βm equal to -0.1113, Table ??, column 1, significant at the 5 percent level). Lastly,

the effect of the same reduction in βhd experienced during high school years is a 1.3 percentiles

increase in absolute mobility of children from families on the 10th percentile (OLS estimate

of βm equal to -0.1282, Table ?? column 1, significant at the 5 percent level). The coefficient

on mean CZ school expenditure in this more flexible specification is positive and statistically

significant. It indicates that a $1,000 increase in expenditure is associated with an increase

in mobility of 1.6 percentiles (with OLS estimate of ēc equal to 0.0156, Table ??, column 1,

significant at the 1 percent level).
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Estimation of grade-specific effects of a reduction in β on absolute mobility of children from

families on the 25th income percentile reveals a similar pattern of effects throughout school

grades, which are largest during primary school and smallest during middle school. A one-

standard deviation decrease experienced during the first 5 grades of school is associated with

an increase in absolute mobility of 1.7 percentiles, or 3.7 percent compared with an average

income rank of 46th percentile for these children (OLS estimate of βp equal to -0.1639, Table

??, column 2, significant at the 1 percent level). This corresponds to a $1,700 increase in yearly

income. The same decrease in β is associated with a one-percentile increase in absolute mobility

if experienced during middle school (OLS estimate of βm equal to -0.0982, Table ??, column 2,

significant at the 5 percent level), and with a 1.1 percentiles increase if experienced during high

school (OLS estimate of βm equal to -0.1073, Table ??, column 2, significant at 5 percent). The

effect of mean CZ school expenditure on absolute mobility of children from families on the 25th

income percentile is positive and statistically significant (with an OLS estimate of ēc equal to

0.0121, Table ??, column 2, significant at the 1 percent level). A $1,000 increase in per-pupil

expenditure is associated with a 1.2 percentiles increase in absolute mobility.

Consistently to what found above, changes in the distribution of school expenditure do not

affect mobility of children from families above the income median. A reduction in β during

all school grades has only very small and insignificant effects on the expected income ranks of

children from families on the 75th and 90th income percentiles. The estimated effects of βp,

βm, and βhs on absolute mobility on children on the 75th and 90th percentile are small and

negative (Table ??, column 3). An overall increase in expenditure does not affect mobility of

richer children. Estimates of the effect of a $1,000 increase in ējc are small and insignificant,

equal to 0.03 percentiles for children from families on the 75th percentile, and -0.3 percentiles

for children from families on the 90th percentile (Table ??, columns 3 and 4).

The effects of a reduction in β on relative mobility are larger if it is experienced during

primary school. A one-standard deviation reduction is associated with a 0.022 reduction in the

parent-child income ranks correlation if experienced during primary school, 0.009 if experienced

during middle school (Table ??, column 5, significant at the 1 percent level), and 0.014 if

experienced during high school, although this effect is not statistically different from zero (Table

??, column 5). A $1,000 overall increase in school expenditure decreases the correlation by 0.021

(Table ??, column 5, significant at the 5 percent level).

The evidence provided in this subsection suggests that the effects of school finance equaliza-

tion on intergenerational mobility are higher for individuals from poorer families, and null for

individuals from families having income above the median. In addition, the effects are larger if

experienced during primary school. This is consistent with the literature on the effects of early

childhood investments in skills formation (?).

6.2 Robustness: Alternative Measures of Spending Inequality

In this subsection I study the effect of school finance equalization on intergenerational mobil-

ity using alternative measures of the distribution of expenditure across school districts presented

in Section ??.

Table ?? shows estimates of the effect of βmd, i.e. the income-expenditure slope coefficient
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computed using median income, on absolute mobility of children from families below and above

the income median and on relative mobility. The direction of the effect is the same as the one

estimated using β, although the coefficients are smaller and estimated less precisely. A reduction

in βmd is associated with an increase in the expected income rank of children, and it is larger

for individuals from poorer families (Table ??, columns 1-4). The effect of an overall increase in

expenditure is positive and statistically significant for children from families below the median,

and negative and insignificant for children from families above the median. A reduction in βmd

has a small effect on relative mobility, whereas a $1,000 increase in expenditure decreases the

rank-rank correlation by 0.0224, or 1/3 of a standard deviation.

Table ?? shows estimates of the effect of cvar, the within-CZ coefficient of variation in per-

pupil expenditure, on intergenerational mobility. In all specifications I control for average school

expenditure at the CZ level. A one-standard deviation decrease in cvar (0.098) is associated

with an increase of 0.8 percentiles in the expected income rank of children from families on the

10th percentile (OLS estimate equal to -0.0833, Table ??, column 1, significant at the 5 percent

level), and of 0.7 percentiles in mobility of children from families on the 25th percentile (OLS

estimate equal to 0.0734, Table ??, column 1, significant at the 1 percent level). The effect

on mobility of richer children is not statistically distinguishable from zero (Table ??, columns

3 and 4). A reduction in cvar is also associated with the rank-rank correlation, or relative

measure of mobility (OLS estimate equal to 0.0661, Table ??, column 5, t-statistic equal to

0.985). In these specifications, similarly to what found above, an overall increase in expenditure

is associated with an increase in mobility for children below the median, as well as a reduction

in the rank-rank correlation (Table ??, coefficients on ē, columns 1, 2 and 5), whereas it does

not affect absolute mobility of richer children (Table ??, coefficients on ē, columns 3 and 4).

7 Addressing Endogeneity of α and β: Simulated Instruments

Using school finance equalization reforms as shifters of the income-expenditure relationships

to study mobility implicitly assumes that these reforms are exogenous events. Although the

type of formula adopted by each state, along with the specific formula parameters, can be seen

as exogenous, the timing of the passage of the reforms is likely to be affected by “environmental”

factors such as the political vibe and the state of the economy. As a matter of fact, although

some reforms “level up” and others “level down” expenditure (?), all of them tend to increase

overall state aid and, in turn, government expenditure. They are therefore more likely to be

passed during good economic times. Since the state of the economy can affect educational

outcomes of children (and therefore long-run outcomes) in many ways, ignoring this issue yields

an omitted variable problem which will bias least-squares estimates.

Omitted variables bias is not the only issue affecting least-squares estimates. Post-reform

expenditure will also suffer from endogeneity bias if behavioral responses of households and

districts to a change in the school finance plan are important. To make this issue clear it

should be noted that the prima facie effect of this type of policy change is a change in the tax

price, i.e. the level of revenues each district has to raise via local taxes to increase expenditure

by one dollar (?). A new funding scheme affects the incentives of households to move to a

different district. The tax price can be seen as the price for public schools that household have
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to pay. If utility-maximizing households have heterogeneous preferences over public schools and

have to pay taxes, a change in price changes household incentives to remain in the district as

opposed to moving to another district, because it changes the parameters of the maximization

problem. Similarly, school districts can be seen as revenue-maximizing agents that choose

tax rates accordingly. An increase in the tax rate raises revenues if the tax base does not

change. If the tax rate is high enough, however, households with a tight budget constraint

and/or low preferences for better public schools might find it optimal to move to a different

district, where they can pay lower taxes. Households with less tight budget constraints and

high preferences for public schools, on the other hand, might decide to move into the district.

This resorting of households has an immediate effect on property taxes and, in turn, on the tax

base. By changing the school finance formula, reforms change the incentives of school districts

to increase or decrease property taxes. These behavioral responses of households and districts

affect revenues and, in turn, expenditures, causing an endogeneity problem. As the parameters

α and β estimated above directly depend on school expenditure, OLS estimation of δM and

δR in equations (??) and (??) yields inconsistent estimates if these behavioral effects, together

with the omitted variable problem, are large.

To address these issues, and similarly to ?, I use the method of simulated instruments

(??). The procedure I adopt works as follows. First, I construct the formulas in place in each

school district and each year between 1980 and 2004. These formulas allows me to calculate

total and per–pupil revenues as a function of district–specific variables (such as enrollment, raw

and/or weighted for grade and students characteristics, property tax rates, property values,

and average gross income, if applicable) and parameters set by state laws. I obtain each state’s

formula from “Public School Finance Programs of United States and Canada” (1990-1991 and

1998-1999), which contains details on the structure of the formula and its parameters, and from

state legislative bills. Second, I use these formulas to generate the revenues each district would

have obtained if the variables entering the formula (and specifically property values, income,

and tax rates) had remained at their pre–reform levels.17 This procedure allows me to separate

the exogenous variation in revenues caused by a change in the parameters of the formula from

the endogenous variation attributable to the timing of the reforms and to behavioral responses

of households and districts. The last step in the construction of simulated instruments consists

in estimating a “simulated” version of the parameters α and β, to be used as instruments, by

running the following regression separately for each CZ–year:

rsijt = αsjt + βsjtyijt + εsijt (13)

where rsijt denotes simulated revenues for district i in CZ j and year t. I argue that the parameter

estimates αs and βsjt provide valid instruments for αjgc and βjgc in equations (??) and (??).

Figure ?? shows a scatterplot of β against βs. The simulated instrument appears to be

strongly correlated with β with βs. This can be taken as a first piece of evidence for the inclusion

17I adjust property values by the GDP deflator of each state to take inflation into account. For states which
did not experience a reform between 1986 and 2004, I use property values relative to the midpoint year, i.e. 1995.
I ignore federal revenues as they represent a very small share of total revenues, and one states are not able to
affect with school finance reforms.
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restriction of my instrumental variable procedure. In order for the instrument to satisfy the

exclusion restriction, the structure of the post–reform formula must be exogenous. One might

worry that this condition does not hold if particular formulas are adopted, for example, in states

with a larger spending inequality across districts. However, as argued by ?,

“[...] the schemes are manifestations of the legal rhetoric of equalization rather

than economic logic about taxation and redistribution. In practice, schemes often

have effects that are smaller or different than what was intended. As a result,

equalization debates and court cases recur, and states seem to have abandoned

trying to understand school finance in favor of trial-and-error methods of finding

suitable schemes.”

This suggests that states have adopted different funding schemes in a quasi-random way, without

being fully aware of the actual medium and long–run consequences of these changes. The quasi-

randomness of the formulas allows me to exploit them as source of exogenous variation to

consistently the effect of school finance equalization on intergenerational mobility.

A caveat applies when simulated instruments are used. As explained above, this procedure

is based on exploiting variation in policy parameters to identify the effects of one variable on

another. In the case of labor supply elasticity estimation, for example, as in ?, this consists in

using changes in marginal tax rates each individual would have observed if his income had not

changed, as instruments for actual changes in the tax rates following a tax reform, to ultimately

investigate how taxes affect income. However, problems arise when the endogenous variables

involved in the estimation follow time processes that vary across observations. In case of a

tax reform this is important: income tends to follow a mean-reverting process, and hence to

increase for low-earners and to decrease for high-earners. Since the tax rate experienced by

each individual (and the size of its variation induced by the policy change) depends on his

ex-ante income, individuals experiencing different changes in the tax rate have incomes which

are inherently growing at different rates. This will therefore affect identification. These issues

are less compelling in the context of this paper for two reasons. First, property values and local

tax rates, the main ingredients of the formulas, follow much more stable processes over time

compared to income. Second, the parameters of each formula are chosen in a quasi-random

way. For this reason they are not systematically related to ex-ante levels of property values,

tax rates, or incomes. The use of simulated instruments in this context therefore appears a

promising avenue to correctly estimate the effects of school finance equalization on children

outcomes, addressing omitted variables and endogeneity problems largely ignored in previous

literature.

7.1 Simulated Revenues and Actual Revenues

The construction of simulated instruments requires detailed district-level data on the vari-

ables entering the school finance formula in place in each state and year. Since different formulas

rely on different variables, to my knowledge this information is not available in a consistent for-

mat for all districts in the US. I therefore collect the elements of each formula directly from the

Departments of Education of each state. For feasibility I restrict my attention to the largest
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and most populated states. My final analysis includes school districts and CZs in California,18

Illinois, New Jersey, New York, Ohio, and Texas. California and New York did not experience

any school finance equalization reform in the period covered by the data, Illinois and Ohio had

one such reform, and New Jersey and Texas had two reforms. Details on these reforms are

reported in Appendix D.

Table ?? shows summary statistics of average per-pupil revenues in each state in the years

1990 and 2000. Since I am not including federal revenues in the computation of simulated

revenues, these are on average slightly lower than actual revenues. Actual revenues were as low

as $5,722 for Illinois and as high as $10,338 for New York in 1990, and as low as $6,953 for

Ohio and as high as $11,409 for New York in 2000. Simulated revenues are as low as $2,571

for Illinois and as high as $9,654 for New Jersey in 1990, and as low as $5,563 for Texas and as

high as $10,411 for New York in 2000. Figure ?? shows trends in actual and simulated revenues

in the 6 states. Differences in the patterns of actual and simulated revenues over time can be

taken as a first piece of evidence on the importance of controlling for behavioral responses of

individuals and districts to a school finance equalization reform.

7.2 Results

The set of instruments I use to estimate the effect of school finance equalization on mobility

includes the simulated versions of α, β, and average CZ-level school expenditure. In addition

to them I use the natural logarithm of GDP per-capita, obtained from the Bureau of Economic

Analysis,19, and state expenditure per-capita, obtained from the Census of Governments (State

and Local Finances) as instruments to address the potential endogeneity of the timing of each

reform. As shown above, the parameters α and β are correlated with their simulated coun-

terparts. Table ?? shows the first stage of the instrumental variable estimation. Testing for

the joint significance of the 5 instruments in the first-stage equations for mean expenditure,

α, and β yield F-statistics which are well above 10, the rule-of-thumb treshold proposed by ?

to detect weak instruments. The estimate of the effect of αs on ē is positive and statistically

significant, whereas the effect of ēs is negative and statistically significant (Table ??, column 1).

The estimate of the effects of αs and ēs on α are positive and statistically significant (Table ??,

column 2). Lastly, the estimate of the effects of αs and ēs on β are negative and statistically

significant (Table ??, column 3).

Two-stages least squares estimates of the effect of school finance equalization on intergen-

erational mobility of children from families on the 10th percentile suggest that a reduction in

β, associated with equalization, increases mobility, although the bootstrapped standard errors

are very large (with an estimate of -0.3337 on β, Table ??, column 1, t-statistic equal to 0.05).

The magnitude of the coefficient is similar to the OLS estimate of 0.3507, although its standard

error is much larger. A $1,000 increase in average school expenditure increases mobility by

11.48 percentiles (27.3 percent compared with an average income percentile of 42 for children

from families on the 10th income percentile, Table ??, column 1, t-statistic equal to 1.11). This

is a much larger effect, although less precisely estimated, than the one estimated with OLS

18Data for California are only available from 1996.
19Available at www.bea.gov, accessed February 15th to March 7th, 2015
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(0.48 percentiles, Table ??). In monetary terms, it corresponds to an increase in salaries of

slightly less than $10,000. The estimate of the effect of β on the income rank of children on the

25th family percentile is smaller than the OLS estimate of 0.2929 (Table ??), and estimated

less precisely (0.1579, Table ??, column 2, t-statistic equal to 0.05). The effect of an increase

in overall school expenditure is instead larger than its OLS counterpart (with an estimate of

0.0857, Table ??, column 2, t-statistic equal to 0.90). A $1,000 increase in school expenditure

leads to a 8.6 percentiles increase in the income rank of children from families on the 25th

percentile. In monetary terms, this corresponds to an additional $9,000 in salaries.

Two-stages least squares results indicate that school finance equalization has a negative

effect, although small and not statistically significant, on the expected income rank of children

from families above the income median. An estimate of 0.4282 for the coefficient on β indicates

that a reduction in this parameter, associated with school finance equalization, leads to a lower

expected income rank for children of 75th-percentile families, although this effect is not precisely

estimated (Table ??, column 3, t-statistic equal to 0.14). The coefficient on mean expenditure

is negative, although small and not statistically different from zero (with an estimate of -0.0111,

Table ??, column 3, t-statistic equal to 0.14). A reduction in β negatively affects the income

rank of children from 90th-percentile families, although the effect is not significant (with an

estimate of 0.6401, Table ??, column 4, t-statistic equal to 0.28).

Column 5 of Table ?? shows estimates of the effects of school finance equalization on relative

income mobility, defined as the correlation between income ranks of parents and children. The

effect of a reduction in β is a large, although imprecisely estimated, reduction in this correlation,

which implies higher mobility. A one-standard deviation reduction in β (0.154 for the subsample

of 6 states) leads to a 0.18 reduction in the rank-rank correlation, which corresponds to a 67

percent reduction (with an estimated coefficient of 1.1723, Table ??, column 5, t-statistic equal

to 0.25). A $1,000 increase in mean expenditure leads to a 0.19 reduction in the rank-rank

correlation (Table ??, column 5, t-statistic equal to 0.65). Compared with an average correlation

of 0.27, this corresponds to a large 70 percent decrease.

As a robustness check, I perform the two-stages least squares estimation using alternative

measures of mobility. Appendix Table ?? shows second-stage estimates of the effects of βmd

and expenditure on absolute and relative intergenerational mobility. These estimates confirm

the negative relationship between βmd and mobility and the positive relationship between ex-

penditure and mobility. A reduction in βmd leads to large increases in the expected income

rank of children from families below the median (Appendix Table ??, columns 1 and 2), has

a close-to-zero to negative effect on the income rank of children born on the 75th and 90th

percentiles (columns 3 and 4), and reduces the rank-rank correlation (column 5). These effects,

however, are not precisely estimated. An increase in school expenditure has a large and sig-

nificant positive effect on the expected income rank of children from families on the 10th and

25th income percentile, and a negative effect on the rank-rank correlation. Using the coefficient

of variation as a measure of expnediture inequality shows a positive effect of equalization on

absolute mobility of children in families below the income median (Appendix Table ??, columns

1 and 2).

The results obtained using a two-stages least squares procedure that uses simulated revenues
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and macroeconomic variables to generate instruments for α, β and average expenditure confirm

that equalization of school expenditure across districts improves intergenerational mobility of

children born in families below the income median, and has a small or even negative effect on

richer children. The estimated effects of a reduction in β are similar in magnitude to those

estimated with OLS, although less precisely estimated. The overall level of school expenditure

has a large positive effect on mobility of poorer children, and does not seem to affect richer

children. This effect is much larger than the one estimated via OLS. In addition, a $1,000

increase in average school expenditure in each CZ has a much larger effect than a one-standard

deviation reduction in β. Taken together, these results suggest that school finance equalization

is important to guarantee equal opportunities of disadvantaged children, but an overall increase

in expenditure seems to be more effective.

8 Mechanisms

The results presented so far provide evidence for a role for school expenditure levels and

inequality across districts on long-run outcomes of students. Higher school expenditure improves

poor children’s position on the national income distribution. In addition to this, equalization

of expenditure across poorer and richer districts increases intergenerational mobility of children

born in families below the income median, without substantially affecting richer children. In this

section I explore the mechanisms through which school finance influences adult-life outcomes.

In particular, I focus on the role of school finance on educational outcomes such as the dropout

rate, and on private school enrollment.

8.1 Equalization and School Dropout Rate

Dropout from compulsory schooling is a phenomenon that still plagues US education, and

affects some categories of students in some geographic areas more than others. On average, in

2012 6.6 percent of students dropped out of school.20 The percentage of dropouts, however, is

higher for black (7.5) and hispanic students (12.7). In 2010, only 4.5 percent of students dropped

out of school in Granite District, UT, but more than 11 percent dropped out of Atlanta Public

Schools, GA.

Large variation in dropout rates across districts can translate in substantial differences

in adult-life opportunities of children, especially those coming from more disadvantaged back-

grounds. Table ?? tests for the correlation between within-CZ, cross-cohort variation in dropout

rates and measures of intergenerational mobility. A high dropout rate is associated with a lower

income rank of children from families on the 10th percentile (-0.039, Table ??, column 1, signif-

icant at the 10 percent level) and on the 25th percentile (-0.052, Table ??, column 2, significant

at the 10 percent level). Dropout is not significantly associated with the income ranks of chil-

dren from richer families, those on the 75th and 90th income percentiles (Table ??, columns 3

and 4), and is positively correlated with the rank-rank correlation (0.089, Table ??, column 5,

t-statistic equal to 1.56). These estimates suggest that high dropout rates in US school districts

are correlated with lower intergenerational mobility.

202013 Digest of Education Statistics, National Center for Education Statistics.
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Having established the association between dropout and mobility, a natural question arises:

does school finance equalization improve intergenerational mobility by lowering the dropout

rate? Table ?? shows estimates of the effect of β on the dropout rate of each cohort. OLS

estimates indicate that a one-standard deviation increase in β is associated with a 1.2 percentage

points increase in the dropout rate, although estimated imprecisely (Table ??, column 1, t-

statistic equal to 0.75). Compared with an average dropout rate of 4.7 percent for the 7

cohorts, this corresponds to a 25 percent increase. Two-stages least squares estimates using

simulated instruments show an even larger effect of β on the dropout rate. A one-standard

deviation increase in β leads to a large 29 percentage points increase in the dropout rate, which

corresponds to a 6-fold increase compared with a mean dropout rate of 4.7 percent (Table ??,

column 2, significant at the 1 percent level). The OLS estimate of the effect of βmd on dropout

is positive (although not distinguishable from zero) and similar in magnitude to that of β (Table

??, column 3, t-statistic equal to 0.16). Two-stages least squares estimates, however, yield a

negative and insignificant estimate (Table ??, column 4, t-statistic equal to 1.00). Lastly, OLS

estimates of the effect of the coefficient of variation of expenditure on dropout show that an

increase in cvar is associated with an increase in the dropout rate (OLS estimate equal to

0.078, Table ??, column 5, significant at the 5 percent level). Two-stages least squares yield a

higher estimate, although not statistically significant (Table ??, column 5, t-statistic equal to

0.18). Using alternative measures of equalization suggests that expenditure equalization across

districts decreases the dropout rate.

Estimates of the effect of an increase in the overall level of school expenditure on the dropout

rate are negative, although not statistically significant. A $1,000 increase in expenditure is

associated with a 0.7 percentage points decrease in the dropout rate, which corresponds to a

15 percent decrease compared with a mean dropout rate of 4.7 (Table Table ??, column 1,

t-statistic equal to 1.00). Two-stages least squares, however, yield a positive estimate of the

effect of mean expenditure on dropout rates, although the confidence interval is very large

(Table Table ??, column 5, t-statistic equal to 0.52). Using alternative measures of equalization

in expenditure yields negative estimates of mean expenditure on dropout, but none of them is

distinguishable from zero.

The evidence obtained using dropout rates data suggests that high dropout rates are as-

sociated with lower mobility of children below the income median. Moreover, the two-stages

least squares estimate of the effect of school finance equalization, measured by a reduction in

β, on dropout rates is negative and large. This implies that equalization in expenditure has

a direct impact on educational outcomes, such as dropout rates, which appear to be directly

related to mobility. This result can be interpreted as evidence that the positive effect of school

finance equalization on intergenerational mobility of disadvantaged children, estimated above,

acts through an immediate improvement of educational outcomes following equalization, which

in turn improves mobility.

8.2 Enrollment in Private Schools

Behavioral responses of families with children to school finance reforms can, as explained

above, be an important component of the success of each reform in equalizing spending and
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opportunities for children. When a school finance reform changes the relationship between the

costs (taxes) and benefits of public schools, it might induce households to leave the system.

One way individuals might opt out of a public good that does not satisfy them is to turn to

the private alternative, if present. Since private schools are costly, they are mostly chosen by

wealthier families. If a school finance reform induces a substantial number of wealthier children

away from public schools towards private schools, this could widen the gap in opportunities

among children with different backgrounds, undermining the overall effect of the reform on

intergenerational mobility.

Equalization of school expenditure is associated with an increase in private school enroll-

ment.21 OLS estimates show that one-standard deviation decline in β leads to a 0.48 percentage

points increase in enrollment in private schools. This effect, however, is small (6 percent com-

pared with an average enrollment of 8 percent) and not distinguishable from zero (Table ??,

column 1, t-statistic equal to 1.26). Two-stages least squares estimates confirm the negative

relationship between β and private schools enrollment, and yield a larger point estimate. A

one-standard deviation reduction in β is associated with a 11 percentage points increase in en-

rollment, which corresponds to a 1.3-fold increase (with an estimate of 1.147, Table ??, column

2, t-statistic equal to 0.58). Although this estimate is not statistically different from zero, it

suggests that school finance equalization can have a substantial effect on enrollment in pri-

vate schools, which can in turn affect intergenerational mobility of both more and less wealthy

districts.

If richer parents are able to counteract the equalizing effects of the reforms by sending their

children to private schools, the resulting effect of the reforms on intergenerational mobility could

be smaller. In Table ?? I estimate the effects of β on intergenerational mobility controlling for

private school enrollment. The estimates are similar in magnitude to the ones in Table ??.

A one-standard deviation reduction in β is associated with a 3.5 percentiles increase in the

expected income rank of children from families on the 10th percentile (Table ??, column 1, t-

statistic equal to 1.58). Similarly, the same reduction in β leads to a 2.9 percentiles increase in

the rank of children from the 25th percentile (Table ??, column 2, significant at the 10 percent

level). As found above, changes in β have no statistically significant effects on income ranks of

children from families above the median (Table ??, columns 3 and 4). Lastly, a reduction in β

is associated with a reduction in the parent-child rank-rank correlation, although the estimate

of 0.3618 is not distinguishable from zero (Table ??, column 5, t-statistic equal to 0.84). The

estimated effects of a change in the overall level of expenditure are also similar to the ones of

Section ??. A $1,000 increase in expenditure is associated with a 1.5 percentiles increase in

the income rank of children from families on the 10h percentile (Table ??, column 1, significant

at the 1 percent level), a 1.1 percentiles increase for children on the 25th income percentile

(Table ??, column 2, significant at the 1 percent level), and a 0.0228 reduction in the rank-rank

correlation (Table ??, column 5, significant at the 5 percent level).

Interestingly, the OLS estimates of the direct effect of private schools enrollment on income

ranks of children from families below the income median are positive, although small and in-

21Data on private schools enrollment is taken from the Private Schools Universe Survey for the years 1990,
1992, 1994, 1996, 1998, 2000 and 2002. Enrollment for each cohort is estimated as the average for the available
years in which each cohort was in grade 1 to 12.
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significant (Table ??, columns 1 and 2). The same effect on the income rank of children above

the income median is negative and larger, and statistically significant for children from families

on the 90th income percentile. Private schools enrollment appears to negatively affect richer

children. Although school finance equalization can have a potentially large effect on enroll-

ment in these schools, this does not appear to affect estimates of the effects of equalization on

intergenerational income mobility.

9 Conclusion

School finance equalization reforms of the past 40 years have dramatically changed the way

schools are financed across US states. They are therefore likely to have had an effect not only

on short-run educational outcomes, but also on long-run economic outcomes of children such

as intergenerational income mobility. Past literature on mobility has focused on estimating

the elasticity of income of children with respect to that of their parents. Much less is known

about the causal determinants of mobility. Bringing together these two issues, this paper has

tried to answer the following question: does equal spending across school districts lead to equal

opportunities for children from different socioeconomic backgrounds? Answering this question

is useful for two reasons. First, it clarifies the consequences of this type of reforms. Second, it

identifies policies that are effective in promoting intergenerational mobility.

In order to provide an answer to this empirical question, I have studied the effect of the level

and the distribution of per-pupil school expenditure witin CZs on intergenerational mobility, as

measured by the expected income rank of children given the income rank of their parents, and

the parent-child income rank correlation. To study this effect I have constructed the correlation

between per-pupil expenditure and per-capita income across school district in each CZ as a

measure of inequality in expenditure, using administrative data on school expenditure and

average income at the school district level. In a second step I have studied the effect of changes

in this statistic on intergenerational mobility, using CZ-level measures of mobility for cohorts

1980 to 1986. School finance equalization reforms cause changes in inequality of expenditure

across CZs and over time. OLS estimates of the effects of equalization on mobility show that

reducing inequality improves upward mobility of children born in families below the income

median, and it does not affect mobility of children born in wealthier families. Equalization also

reduces the correlation between income ranks of parents and children. Grade-specific estimates

show that a reduction in inequality is mostly effective during primary school. Increases in overall

expenditure in each CZ over time have a positive and significant effect on mobility of poorer

children, reduce the parent-child income rank correlation, and have no effect on mobility of

wealthier children. The estimate of a the effect of a $1,000 increase in expenditure on mobility

is, however, smaller than a the effect of a one-standard deviation reduction in the income-

expenditure correlation.

To address endogeneity of the timing of the reform, as well as behavioral responses of

households and districts to changes to the school finance formulas, which could affect both the

property tax base and tax rates, I re-estimate the effect on a subsample of 6 states using a two-

stages least squares procedure. I construct simulated instruments for the level and the inequality

of expenditure using the post-reform formula, together with pre-reform property values and tax
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rates. Two-stages least squares estimates of inequality in expenditure on intergenerational

mobility are similar in magnitude to the ones estimated via OLS, but less precise. Estimates

of the effect of an overall increase in expenditure are instead larger than OLS, suggesting that

a $1,000 increase in expenditure has a larger effect on mobility than a one-standard deviation

reduction in expenditure inequality.

To evaluate the mechanisms through which school finance equalization affects intergenera-

tional mobility, I have studied the effects of equalization on dropout rate. Dropout is in fact

highly correlated with intergenerational mobility. OLS and two-stages least squares estimates

show that equalization decreases dropout. This confirms that equalization improves mobility by

improving educational outcomes. Lastly, I have analyzed whether school finance equalization

affects rates of enrollment in private schools, and whether this enrollment affects the overall

impact of equalization on mobility. A reduction in inequality of school expenditure is positively

related to private schools enrollment, but estimates are small and not statistically significant.

Controlling for private school enrollment does not affect the estimates of the effects of equaliza-

tion on mobility. These results show that enrollment in private schools has only a minor effect

on the impact of equalization on intergenerational mobility.

The findings of a positive effect of the level and equalization of school expenditure on long-run

student outcomes demonstrate that money spent on schools can be an important determinant of

students’ opportunities. This is in partial contrast with a strand of the literature that finds zero

or small effects of school expenditure on various types of student outcomes (see ?, for a review).

Using exogenous variation in expenditure caused by school finance reforms, and addressing

endogeneity using simulated instruments, I hope to have provided a cleaner identification of the

effects of school expenditure on long-run student outcomes.
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Figures

Figure 1: Imputation of Equalization Measures

Reform Reform

Imputed coefficient β80 β80 β80 β90 β90 β90 β90 β90 β00

Calendar year 1986 1987 1988 1989 1990 1991 1992 1993 1994

Imputed coefficient β00 β00 β00 β00 β00

Calendar year 1995 1996 1997 1998 1999 2000 2001 2002 2003

interpolation between β00 and β10

Note: The figure displays the procedure of imputation of measures of equality in expenditure across school districts
to each calendar year. The example shown refers to Texas, which experienced school finance equalization reforms
in 1989 (Edgewood vs. Kirby) and 1993 (Senate Bill 351).
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Figure 2: β and Timing of Reforms

Note: The figure shows averages of the parameter β, OLS estimate from equation (??), in the 5 years preceding
and following each school finance reform, and separately for CZs experiencing reforms before and after 1990. The
sample is restricted to CZs experiencing at least one school finance reform in the period 1980-2004.
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Figure 3: Intergenerational Mobility Across Cohorts Differentially Exposed to Reforms

Note: The figure shows averages of the expected income rank of children from families on the 25th income
percentile, for each cohort and separately for CZs experiencing reforms before and after 1995. The sample is
restricted to CZs experiencing at least one school finance reform in the period 1980-2004.
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Figure 4: β and βs - Correlation

Note: The figure shows a scatterplot of β on βs. The parameter β is constructed as the OLS slope estimate of
equation (??), estimated separately for each cohort and year. The parameter βs is constructed as the OLS slope
estimate of equation (??), estimated separately for each cohort and year.
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Figure 5: Actual and Simulated Per-Pupil District Revenues, Selected States

Note: Average yearly actual (continuous line) and simulated (dashed line) per-pupil revenues in selected states.
Actual revenues are reported by state Departments of Education in selected publications, and are adjusted for
inflation using the CPI. Simulated revenues are computed with the state’s financing formula, using pre-reform
levels of property values and income (adjusted for inflation using state-level GDP deflators) for states experiencing
a reform, and 1995 levels of property values and income (adjusted for inflation) for states not experiencing a
reform.
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Tables

Table 1: Summary Statistics - School Expenditure and Income

1980 1990 2000 2010
(1) (2) (3) (4)

pp. expenditure 4,858 6,697 7,798 10,768
(1,617) (2,512) (2,405) (3,855)

mean income 40,697 48,990 50,362 61,581
(67,758) (20,962) (20,363) (82,574)

median income 33,844 42,312 41,192 53,922
(11,121) (17,657) (16,020) (42,65)

N (school district) 12,845 13,312 12,401 10,409

Note: Means and standard deviations (in parentheses) of per-pupil expenditure, mean income, and
median income. Income and expenditure are expressed in 2000 dollars. Data on school expenditure
at the school district level is taken from the Census of Government Data Files (1980, 1990, 2000).
Data on income at the school district level is taken from the Census of Population and Housing (tab-
ulations at the school district level are provided by the School District Demographic System of the
U.S. Department of Education). Intergenerational mobility measures are taken from the Equality of
Opportunity Project, accessed at www.equality-of-opportunity.org between January 1st and January
30th, 2015.
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Table 2: Summary Statistics - Intergenerational Income Mobility Measures

Cohort 1980 1981 1982 1983 1984 1985 1986
(1) (2) (3) (4) (5) (6) (7)

Absolute, 10th 0.420 0.416 0.418 0.418 0.423 0.421 0.425
(0.055) (0.054) (0.056) (0.054) (0.054) (0.051) (0.051)

Absolute, 25th 0.458 0.456 0.459 0.459 0.463 0.462 0.465
(0.047) (0.047) (0.048) (0.047) (0.048) (0.046) (0.046)

Absolute, 75th 0.587 0.590 0.594 0.596 0.597 0.597 0.600
(0.033) (0.033) (0.036) (0.038) (0.039) (0.041) (0.041)

Absolute, 90th 0.625 0.630 0.634 0.637 0.637 0.637 0.641
(0.034) (0.035) (0.038) (0.042) (0.041) (0.043) (0.043)

Relative 0.257 0.269 0.270 0.275 0.267 0.270 0.270
(0.070) (0.066) (0.069) (0.070) (0.063) (0.060) (0.060)

N (CZs) 464 465 467 467 470 405 403

Note: Means and standard deviations (in parentheses) of CZ-level intergenerational mobility measures, com-
puted for 7 birth cohorts. Absolute mobility of the nth percentile is defined as the expected income rank
(on the national distribution of children’s income) of children born in families on the nth income percentile.
Relative mobility is defined as the correlation between ranks of parents and children on the national income
distribution. Intergenerational mobility measures are taken from the Equality of Opportunity Project, ac-
cessed at www.equality-of-opportunity.org between January 1st and January 30th, 2015.
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Table 3: Summary Statistics: Equalization Measures

Pre-reform Post-reform Difference
(1) (2) (3)

β -0.0146 -0.0291 -0.0145***
(0.094) (0.115) (0.006)

βmd -0.0199 -0.0342 -0.0144***
(0.084) (0.108) (0.005)

cvar 0.2420 0.2220 -0.0190***
(0.102) (0.086) (0.003)

N (CZs) 460 460 460

Note: Means and standard deviations of measures of equalization of expenditure used in the pa-
per. The variable β is the OLS slope estimate of equation (??), estimated for each CZ and cohort
using mean income. The variable βmd is the OLS slope estimate of equation (??), estimated for
each CZ and cohort using median income. The variable cvar is the coefficient of variation of school
expenditure for each CZ and cohort, defined as the ratio between the standard deviation and the
mean of per-pupil expenditure across districts in each CZ. The parameters are assigned to years
between 1980, 1990, 2000 and 2010 using the procedure described in the text. “Pre–Reform” refers
to years preceding the first reform for each CZ. “Post–Reform” refers to years following the first
reform experienced in the period 1980-2004. The parameters are estimated using data on income
from the Census of Population and Housing and the American Community Survey (tabulations at
the school district level are published as part of the School District Demographic System by the
U.S. Department of Education), and data on school expenditure from the U.S. Census Data Files
on Historical Finances of Individual Governments. The sample is restricted to CZs experiencing
at least one school finance reform in the period 1980-2004.
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Table 4: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

β -0.3507 -0.2929* -0.1006 -0.0429 0.3847
(0.2280) (0.1510 (0.1500) (0.2200) (0.4210)

ē 0.0139** 0.0105*** -0.0007 -0.004 -0.0224**
(0.0060) (0.0040) (0.0040) (0.0060) (0.0100)

α Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 3,141 3,141 3,141 3,141 3,141

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ and
cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the national distri-
bution of children’s income) of children born in families on the nth income percentile (columns 1-4). Relative
mobility is defined as the correlation between ranks of parents and children on the national income distribu-
tion (column 5). The variable β is the OLS slope estimate of equation (??), computed separately for each CZ
and cohort using mean income. The variable ē is average CZ-level school expenditure. Bootstrapped standard
errors clustered at the CZ level are shown in parentheses.
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Table 5: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

β, grade 1 to 5 -0.1956** -0.1639*** -0.0583 -0.0266 0.2112
(0.086) (0.063) (0.071) (0.092) (0.170)

β, grade 6 to 8 -0.1113** -0.0982** -0.0546 -0.0415 0.0872
(0.055) (0.041) (0.048) (0.062) (0.110)

β, grade 9 to 12 -0.1282** -0.1073** -0.0379 -0.017 0.1389
(0.069) (0.047) (0.055) (0.076) (0.137)

ē 0.0156*** 0.0121*** 0.0003 -0.0032 -0.0235**
(0.006) (0.004) (0.005) (0.006) (0.010)

α Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 3,141 3,141 3,141 3,141 3,141

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ and
cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the national distri-
bution of children’s income) of children born in families on the nth income percentile (columns 1-4). Relative
mobility is defined as the correlation between ranks of parents and children on the national income distribu-
tion (column 5). The variable β is the OLS slope estimate of equation (??), computed separately for each CZ
and cohort using mean income. The variable ē is average CZ-level school expenditure. Bootstrapped standard
errors clustered at the CZ level are shown in parentheses.
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Table 7: 2SLS - First Stage

ē α β
(1) (2) (3)

αs 0.0551*** 0.7001*** -0.0157***
(0.00005) (0.00055) (0.00002)

βs 2.2928 16.5419 -0.3155
(1.971) (30.040) (0.876)

ēs -0.1046*** 0.6512*** -0.0155***
(0.00011) (0.00095) (0.00002)

log(GDP ) -2.7548 -52.5421 1.2275
(7.035) (64.210) (1.435)

log(StateExp) 3.356 33.6847 -0.8229
(2.419) (23.660) (0.615)

Cohort FE Y Y Y
CZ FE Y Y Y
N 692 692 692
Partial F-test 16.62 91.65 114.24

Note: The dependent variable ē is average CZ-level school expenditure. The dependent variables α and
β are the OLS intercept and slope estimates of equation (??), constructed separately for each CZ and co-
hort using mean income. The subscript “s” indicates simulated variables, constructed using the procedure
detailed in the text. The variable log(GDP ) is the natural logarithm of per-capita GDP at the state level.
The variable log(StateExp) is the natural logarithm of state public expenditure. Bootstrapped standard
errors clustered at the CZ level are shown in parentheses.
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Table 8: 2SLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

β -0.3337 -0.1579 0.4282 0.6041 1.1723
(6.344) (3.325) (2.927) (2.147) (4.663)

ē 0.1148 0.0857 -0.0111 -0.0402 -0.1937
(0.103) (0.095) (0.071) (0.077) (0.297)

α Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 692 692 692 692 692

Note: The dependent variables are measures of absolute intergenerational income mobility for each
CZ and cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the
national distribution of children’s income) of children born in families on the nth income percentile
(columns 1-4). Relative mobility is defined as the correlation between ranks of parents and children on
the national income distribution (column 5). The variable β is the OLS slope estimate of equation (??),
computed separately for each CZ and cohort using mean income. The variable ē is average CZ-level
school expenditure. Bootstrapped standard errors clustered at the CZ level are shown in parentheses.
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Table 9: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

dropout rate -0.039* -0.052* 0.006 0.019 0.089
(0.023) (0.028) (0.028) (0.035) (0.057)

CZ FE Y Y Y Y Y
Cohort FE Y Y Y Y Y
N 2,613 2,613 2,613 2,613 2,613

Note: The dependent variables are measures of absolute intergenerational income mobility for
each CZ and cohort. Absolute mobility of the nth percentile is defined as the expected income
rank (on the national distribution of children’s income) of children born in families on the nth
income percentile (columns 1-4). Relative mobility is defined as the correlation between ranks
of parents and children on the national income distribution (column 5). The variable dropout
rate is defined as the ratio between the number of dropouts in each CZ for each cohort and total
enrollment in grade 12. Data on dropout is taken from the Common Cores of Data, Dropouts
and Completers (National Center for Education Statistics). Standard errors clustered at the
CZ level are shown in parentheses.
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Table 10: OLS and 2SLS - Dependent Variable is Dropout Rate

OLS 2SLS OLS 2SLS OLS 2SLS
(1) (2) (3) (4) (5) (6)

β 0.118 2.829***
(0.157) (1.036)

βmd 0.132 -1.968
(0.813) (1.961)

cvar 0.078** 0.125
(0.040) (0.685)

ē -0.006 0.036 -0.007 -0.002 -0.006 0.050*
(0.006) (0.069) (0.062) (0.065) (0.005) (0.028)

α Y Y N N N N
αmd N N Y Y N N
CZ FE Y Y Y Y Y Y
Cohort FE Y Y Y Y Y Y
N 2,735 483 2,722 478 2,735 618

Note: The dependent variable is dropout rate, defined as the ratio between the number of
dropouts in each CZ for each cohort and total enrollment in grade 12. The variable β is the
OLS slope estimate of equation (??), computed separately for each CZ and cohort using mean
income. The variable βmd is the OLS slope estimate of equation (??), computed separately
for each CZ and cohort using median income. The variable cvar is the coefficient of variation
of school expenditure, defined as the ratio between the standard deviation and the mean of
per-pupil expenditure across districts in each CZ. The variable ē is average CZ-level school
expenditure. Data on dropout is taken from the Common Cores of Data, Dropouts and Com-
pleters (National Center for Education Statistics). Bootstrapped standard errors clustered at
the CZ level are shown in parentheses.
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Table 11: OLS and 2SLS - Dependent Variable is Share of Private School Enrollment

OLS 2SLS
(1) (2)

β -0.0465 -1.147
(0.0449) (1.970)

ē 0.0012 0.0132
(0.0017) (0.0281)

α Y Y
CZ FE Y Y
Cohort FE Y Y
N 3,047 564

Note: The dependent variable is the share of enrollment in private schools, de-
fined as the ratio between the number of students enrolled in private schools
and total enrollment in each CZ and for each cohort. The variable β is the
OLS slope estimate of equation (??), computed separately for each CZ and co-
hort using mean income. The variable ē is average CZ-level school expenditure.
Data on private school enrollment is taken from the Private Schools Universe
Survey for the years 1990 to 2002. Bootstrapped standard errors clustered at
the CZ level are shown in parentheses.
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Table 12: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

β -0.3339 -0.2796* -0.0987 -0.0445 0.3618
(0.212) (0.154) (0.150) (0.224) (0.429)

ē 0.0147*** 0.0113*** -0.0001 -0.0035 -0.0228**
(0.006) (0.004) (0.004) (0.006) (0.010)

% private 0.1061 0.0364 -0.1956 -0.2652* -0.4641**
(0.121) (0.102) (0.122) (0.146) (0.225)

α Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 2,988 2,988 2,988 2,988 2,988

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ and
cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the national distri-
bution of children’s income) of children born in families on the nth income percentile (columns 1-4). Relative
mobility is defined as the correlation between ranks of parents and children on the national income distribution
(column 5). The variable β is the OLS slope estimate of equation (??), computed separately for each CZ and
cohort using mean income. The variable ē is average CZ-level school expenditure. The variable % private is
the share of enrollment in private schools, defined as the ratio between the number of students enrolled in pri-
vate schools and total enrollment in each CZ and for each cohort. Data on private school enrollment is taken
from the Private Schools Universe Survey for the years 1990 to 2002. Bootstrapped standard errors clustered
at the CZ level are shown in parentheses.
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Appendix A. Additional Figures

Figure B1: Distribution of β (upper panel), βmd (middle panel), and cvar (bottom panel):
Pre–Reform (thin line) and Post–Reform (thick line)

Note: Distribution of the parameters β, βmd, and cvar. The variable β is the OLS slope estimate of equation
(??), computed separately for each CZ and cohort using mean income.The variable βmd is the OLS slope estimate
of equation (??), computed separately for each CZ and cohort using median income. The variable cvar is the
coefficient of variation of school expenditure, defined as the ratio between the standard deviation and the mean
of per-pupil expenditure across districts in each CZ. The continuous line shows the distribution of the parameters
in years preceding the first reform of the period 1980–2004. The dashed line shows the same distribution in years
following the first reform of the period 1980–2004. The sample is restricted to CZs experiencing at least one
school finance reform in the period 1980-2004.
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Figure B2: βmd and Timing of Reforms

Note: The figure shows averages of the parameter βmd, OLS slope estimate of equation (??) using median income,
in the 5 years preceding and following each school finance reform, and separately for CZs experiencing reforms
before and after 1990. The sample is restricted to CZs experiencing at least one school finance reform in the
period 1980-2004.
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Figure B3: cvar and Timing of Reforms

Note: The figure shows averages of the parameter cvar, coefficient of variation of school expenditure in each CZ
and year. The sample is restricted to CZs experiencing at least one school finance reform in the period 1980-2004.
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Figure B4: Geography of CZs and School Districts: Oklahoma (top panel) and Florida (bottom
panel)

Note: The figure displays the borders of commuting zones (thick lines) and school districts
(dashed lines) in Oklahoma and Florida. Source: Census TIGER/Line Shapefiles (1990).
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Appendix B. Additional Tables

Table A1: Timing of School Finance Equalization Reforms, 1980-
2004

Year Nr. Reforms Year Nr. Reforms

1980 1 1990 3
1981 1 1991 3
1982 2 1992 2
1983 1 1993 4
1984 1 1994 3
1985 3 1995 4
1986 3 1996 4
1987 2 1997 3
1988 4 1998 3
1989 3 1999 1

Total, 1980-1989 21 Total, 1990-1999 30

Total, 1980-1999 51

Note: The table shows the number of reforms which took place in each year. No reform
took place in 2000, 2001, 2002 and 2003.
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Table A2: From Year to Cohort-Grade

Grade 1 2 3 4 5 6 7 8 9 10 11 12
Cohort

1980 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
1981 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
1982 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1983 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1984 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1985 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
1986 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Note: The table shows the calendar year in which each cohort is in a specific grade. The expenditure equalization mea-
sures relative to the calendar years in which each cohort is in school are used to compute average cohort-level measures of
equalization used in all regressions.
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Table A3: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

βmd -0.1435 -0.135 -0.1065 -0.098 0.0569
-0.147 -0.114 -0.121 -0.167 -0.279

ē 0.0102** 0.0079** 0.0004 -0.0018 -0.0150*
-0.005 -0.004 -0.004 -0.005 -0.009

αmd Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 3,121 3,121 3,121 3,121 3,121

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ
and cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the na-
tional distribution of children’s income) of children born in families on the nth income percentile (columns
1-4). Relative mobility is defined as the correlation between ranks of parents and children on the national
income distribution (column 5). The variable βmd is the OLS slope estimate of equation (??), computed
separately for each CZ and cohort using median income. The variable ē is average CZ-level school expen-
diture. Bootstrapped standard errors clustered at the CZ level are shown in parentheses.
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Table A4: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

cvar -0.0833** -0.0734*** -0.0404 -0.0304 0.0661
(0.035) (0.028) (0.032) (0.038) (0.064)

ē 0.0083*** 0.0062** -0.0005 -0.0025 -0.0135**
(0.003) (0.003) (0.003) (0.004) (0.009)

Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 3,141 3,141 3,141 3,141 3,141

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ and
cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the national distri-
bution of children’s income) of children born in families on the nth income percentile (columns 1-4). Relative
mobility is defined as the correlation between ranks of parents and children on the national income distribution
(column 5). The variable cvar is the coefficient of variation of school expenditure, defined as the ratio be-
tween the standard deviation and the mean of per-pupil expenditure across districts in each CZ. The variable
ē is average CZ-level school expenditure. Bootstrapped standard errors clustered at the CZ level are shown in
parentheses.
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Table A5: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

βmd, grade 1 to 5 -0.0058 -0.0051 -0.0028 -0.0022 0.0045
(0.004) (0.004) (0.004) (0.004) (0.007)

βmd, grade 6 to 8 -0.098 -0.0859 -0.0456 -0.0335 0.0807
(0.063) (0.054) (0.057) (0.067) (0.111)

βmd, grade 9 to 12 -0.0329 -0.0327 -0.0322 -0.0321 0.0011
(0.040) (0.034) (0.037) (0.045) (0.070)

ē 0.0103** 0.0081** 0.0005 -0.0018 -0.0152*
(0.005) (0.004) (0.005) (0.006) (0.009)

αmd Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 3,141 3,141 3,141 3,141 3,141

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ
and cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the na-
tional distribution of children’s income) of children born in families on the nth income percentile (columns
1-4). Relative mobility is defined as the correlation between ranks of parents and children on the national
income distribution (column 5). The variable βmd is the OLS slope estimate of equation (??), computed
separately for each CZ and cohort using median income. The variable ē is average CZ-level school expen-
diture. Bootstrapped standard errors clustered at the CZ level are shown in parentheses.
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Table A6: OLS - Dependent Variables are Measures of Intergenerational Income Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

cvar, grade 1 to 5 -0.0338 -0.0317 -0.0249 -0.0228 0.0137
(0.026) (0.021) (0.021) (0.026) (0.052)

cvar, grade 6 to 8 -0.0184 -0.0101 0.0173 0.0256 0.0549
(0.021) (0.017) (0.017) (0.019) (0.040)

cvar, grade 9 to 12 -0.0334 -0.0386* -0.0560** -0.0612* -0.0347
(0.023) (0.022) (0.025) (0.032) (0.041)

ē 0.0084*** 0.0065** 0.0004 -0.0015 -0.0124**
(0.003) (0.003) (0.004) (0.004) (0.006)

α Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 3,141 3,141 3,141 3,141 3,141

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ and co-
hort. Absolute mobility of the nth percentile is defined as the expected income rank (on the national distribution
of children’s income) of children born in families on the nth income percentile (columns 1-4). Relative mobility is
defined as the correlation between ranks of parents and children on the national income distribution (column 5).
The variable cvar is the coefficient of variation of school expenditure, defined as the ratio between the standard
deviation and the mean of per-pupil expenditure across districts in each CZ. The variable ē is average CZ-level
school expenditure. Bootstrapped standard errors clustered at the CZ level are shown in parentheses.
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Table A7: 2SLS, First Stage

ē αmd βmd

(1) (2) (3)

αmds 0.0796*** 0.2434*** 0.0046***
(0.00004) (0.001) (0.00003)

βmds 0.9983 -25.8896 1.3216
(1.599) (36.510) (1.378)

ēs -0.0513*** 0.9883*** -0.0361***
(0.000) (0.001) (0.000)

log(GDP ) -8.4277 -67.5153 1.615
(6.619) (50.920) (1.755)

log(StateExp) 6.5699*** 38.9273* -1.0516
(2.535) (22.790) (0.773)

Cohort FE Y Y Y
CZ FE Y Y Y
N 695 692 673

Note: The dependent variable ē is average CZ-level school expenditure. The dependent variables αmd

and βmd are the OLS intercept and slope estimates of equation (??), constructed separately for each CZ
and cohort using median income. The subscript “s” indicates simulated variables, constructed using the
procedure detailed in the text. The variable log(GDP ) is the natural logarithm of per-capita GDP at
the state level. The variable log(StateExp) is the natural logarithm of state public expenditure. Boot-
strapped standard errors clustered at the CZ level are shown in parentheses.
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Table A8: 2SLS, Second Stage - Dependent Variables are Measures of Intergenerational Income
Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

βmd -0.6376 -0.5083 -0.0773 0.052 0.8619
(1.656) (1.363) (0.239) (1.077) (1.576)

ē 0.2341*** 0.1943*** 0.0615 0.0216 -0.2656***
(0.093) (0.070) (0.050) (0.058) (0.106)

αmd Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 673 673 673 673 673

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ and
cohort. Absolute mobility of the nth percentile is defined as the expected income rank (on the national distri-
bution of children’s income) of children born in families on the nth income percentile (columns 1-4). Relative
mobility is defined as the correlation between ranks of parents and children on the national income distribu-
tion (column 5). The variable βmd is the OLS slope estimate of equation (??), computed separately for each
CZ and cohort using median income. The variable ē is average CZ-level school expenditure. Bootstrapped
standard errors clustered at the CZ level are shown in parentheses.
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Table A9: 2SLS, First Stage

ē cvar
(1) (2)

cvars 0.3472 -0.0271
(0.550) (0.053)

ēs 0.0172*** -0.0028***
(0.0001) (0.00001)

log(GDP ) -5.2924*** 0.3026
(1.883) (0.253)

log(StateExp) 2.1234* -0.2205
(1.139) (0.163)

Cohort FE Y Y
CZ FE Y Y
N 838 838

Note: The dependent variable ē is average CZ-level school expenditure. The
dependent variable cvar is the coefficient of variation of school expenditure, de-
fined as the ratio between the standard deviation and the mean of per-pupil
expenditure across districts in each CZ. The subscript “s” indicates simulated
variables, constructed using the procedure detailed in the text. The variable
log(GDP ) is the natural logarithm of per-capita GDP at the state level. The
variable log(StateExp) is the natural logarithm of state public expenditure.
Bootstrapped standard errors clustered at the CZ level are shown in parenthe-
ses.
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Table A10: 2SLS, Second Stage - Dependent Variables are Measures of Intergenerational Income
Mobility

Absolute Relative
10th 25th 75th 90th (rank-rank corr.)
(1) (2) (3) (4) (5)

cvar -2.7173*** -2.4848*** -1.7098 -1.4773 1.5500
(0.298) (0.740) (1.089) (1.113) (1.590)

ē -0.1066** -0.1065* -0.1065 -0.1064 0.0001
(0.043) (0.064) (0.081) (0.209) (0.079)

α Y Y Y Y Y
Cohort FE Y Y Y Y Y
CZ FE Y Y Y Y Y
Mean of Dep. Var. 0.42 0.46 0.59 0.63 0.27
N 838 838 838 838 838

Note: The dependent variables are measures of absolute intergenerational income mobility for each CZ and co-
hort. Absolute mobility of the nth percentile is defined as the expected income rank (on the national distribution
of children’s income) of children born in families on the nth income percentile (columns 1-4). Relative mobility
is defined as the correlation between ranks of parents and children on the national income distribution (col-
umn 5). The variable cvar is the coefficient of variation of school expenditure, defined as the ratio between the
standard deviation and the mean of per-pupil expenditure across districts in each CZ. The variable ē is average
CZ-level school expenditure. Bootstrapped standard errors clustered at the CZ level are shown in parentheses.
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Appendix C. School Finance Equalization Reforms

California

The school finance plan in place in 1986 in California is the product of the Serrano vs. Priest

lawsuit, and the passage of Proposition 13 (1978), which limited property tax rates to 1% of

assessed property value. The passage of Proposition 98 in 1988 slightly modified the funding

scheme, by earmarking a fixed minimum percentage of the state budget to education. After

these changes, control of school finance has been shifted more and more to the state. State aid

is distributed through a foundation plan. The foundation base, called Revenue Limit, is based

on historical revenues adjusted by the cost of living, with increases inversely related to the level

of revenues. The formula, although very complicated, can be summarized as follows:

Ri = max{max{2, 400, 400× ni},max{RLi − 0.01pi}}+ 0.01pi

RLi = R̄L−1 × CODBi

where RL is the revenue limit, R̄L−1 is the average of previous year’s revenue limit, CODBi is

the cost of doing business of district i, proxy for the cost of living, and pi is property value.

Georgia

The formula in place in 1986 was implemented with the Quality Education Act (QEA) of

1985. State aid is distributed under a foundation plan. Districts are required to levy at least

5 mills (or 0.5%) in local property taxes; the state equalizes revenues up to 3.25 mills levied

above the mandated 5 mills. The formula can be summarized as follows:

Ri = (f − 0.005pi)ni + ei + τipini

ei = max{0,min{0.00325, τi − 0.005}} ×max{0, p̄− pi} × ni

where f is the foundation level, pi is property value per-pupil in district i, ni is the weighted

pupil count, τi is the property tax rate, and p̄ is the equalized level of property value per pupil,

equal to property value per-pupil of the district on the 90th percentile. This formula was still

in place in 2004.

Illinois

The school finance plan in place in 1986 had been implemented in 1980. District revenues

came from state trasfers and from a local property tax. General State Aid (GSA) was distributed

using a three-tiers formula: property value determined which tier applied to each district. The

three tiers were: Special Equalization (SE), Alternate Method, and Flat Grant. The formula

can be summarized as follows:
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Ri = Aidi + τipini

Aid = SE or AM or FG

SE = ni(f/τ̂ − pi)τ̂

AM = nif × 0.13× 0.87× f/pi
FG = ni321.21

where τi is the property tax rate in district i, pi is per-pupil property valuation, ni is the weighted

count of pupils, f is the foundation level, and τ̂ is equal to 1.9% for elementary districts, 1.1%

for secondary districts and 2.76% for unit districts.

The legislation changed the financing formula in 1998. The three-tier structure was main-

tained (Foundation, Alternate Method and Flat Grant). Per-pupil property wealth in each

district determines which formula must be used to compute the funding. The state aid for-

mula compares the district valuation to a guaranteed wealth per ADA. The guaranteed level

varies by the type of school district: in 1999 it was equal to $188,478 for elementary districts,

$361,250 for secondary districts, and $144,500 for unit districts. Districts qualifying under the

Foundation formula have per-pupil valuation less than 93% of the foundation level. Districts

qualifying under the Alternate Method formula have per-pupil valuation of at least 93% but

less than 175% of the foundation level. Districts qualifying under the Flat Grant formula have

per-pupil valuation greater than 175% of the foundation level. The foundation level was $4,225

in 1999, the flat grant was $218. The formula can be summarized as follows:

Ri = Aidi + τipini

Aid = Foundation or AM or FG

Foundation = ni(f − Local Resources)

AM = nif [0.07− ((Local Percentage− 0.93)/0.82)0.02]

FG = ni218

Local Resources = nipiτ̂ + CPPRT/ni

Local Percentage = 100× Local Resources/f

where τi is the property tax rate in district i, pi is per-pupil property valuation, ni is the

weighted count of pupils, f is the foundation level, τ̂ is equal to 2.3% for elementary districts,

1.2% for secondary districts and 3.0% for unit districts, and CPPRT denotes the Corporate

Personal Property Replacement Taxes.

New Jersey

In 1986 school finance in New Jersey followed the provisions of Chapter 212, as mandated

by the Public School Education Act of 1975. State aid was distributed to districts under the
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form of an equalization grant. The formula is as follows:

Ri = τipi + max{0.1S̄,max{0, (1− pi
1.35p̄

) min{ei, S̄}}}

where τi is the property tax rate chosen by district i, pi is property value, S̄ is the state aid

limit, p̄ is the average property value, and ei is previous year’s current expenditures.

Following a court declaration if unconstitutionality of the funding scheme resulting from the

Abbott vs. Burke lawsuit started in 1981, in 1990 Governor Florio signed the Quality Education

Act (QEA) into law. Among other provisions, the QEA substantially changed the financing

formula, which became a foundation program. The local share had to be determined considering

a district’s property valuation and average income. The new formula, in place from 1992, is as

follows:

Ri = τipi + max{0, f − 0.5(Pipi + Yiyi)}

where f is the foundation amount (%6,640 in 1992), Pi and Yi are, respectively, the property

and the income multipliers, used to compute a district’s fiscal capacity; pi is property valuation

and yi is average income.

The formula introduced with the QEA was declared unconstitutional by the NJ Supreme

Court in 1994 (Abbott vs. Burke III), because it did not equalize funding or guarantee needed

supplemental programs. In 1996, Governor Whitman signs into law the Comprehensive Ed-

ucation Improvement and Financing Act (CEIFA). The act leaves the formula substantially

unchanged, but it allocates $246 million (“parity aid”) to 28 designated poor urban districts,

denominated “Abbott districts”. The funding scheme designed with CEIFA was ruled uncon-

stitutional already in 1997, but the formula has since remained unchanged.

New York

The school finance plan in place in New York from 1986 to 2004 consisted in a combination

of state and local funds. The largest part of local revenues came from property taxes. State aid

was distributed through a variety of programs. The largest of them were:

• Basic Operating Aid (BOA), proportional to a district’s Approved Operating Expenses

(AOE, including salaries of administrators, teachers and non- professionals, fringe benefits,
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utilities, and maintenance of school facilities), and inversely proportional to its wealth:

BOA = max{Formula Aid, 400}

Formula Aid = OAR× Ceiling

OAR = min{max{0, [1.37− (1.23× CWR)],

[1.00− (0.64× CWR)],

[0.80− (0.39× CWR)],

[0.51− (0.22× CWR)]}, 0.9}

CWR = 0.5[(pi/p̄) + (yi/ȳ)

Ceiling = 3, 900 + [min{8, 000,AOE/ni} − 3, 900]× [max{0.075, 0.075/CWR}]

ni = weighted pupil count (TAPU)

pi = property value per-pupil

p̄ = mean property value per-pupil

yi = average gross income per-pupil

ȳ = mean average gross income value per-pupil

• Extraordinary Needs Aid (ENA), which provides extra funds to districts with high con-

centration of at-risk pupils:

ENA = (3, 900 + Ceiling)× ENA Ratio× ENC× 0.11× Concentration Factor

ENA Ratio = (1− (pi/p̄)× 0.40)

Concentration Factor = max{1 + [(ENC/Enrollment)− 0.745]/0.387, 1}

ENC = Free & Reduced Price Lunch Students

+Limited English Proficiency Students

+Sparsity Count

Sparsity Count = 25(Enrollment/Square Mile)/58

• Growth Aid, which supplements operating aid for districts experiencing enrollment growth:

Growth Aid = (Growth Index − 1.004)× BOA

Growth Index = Enrollment/Enrollment−1

• Tax Effort Aid (TEffA), for districts with particularly low levels of property valuation

per-pupil:

TEffA = 912.48× Tax Effort Factor× ni
Tax Effort Factor = [min{(Tax levy/yini)× 100, 7}3]/4
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• Tax Equalization Adjustment (TEqA), for districts with exceptionally high tax rates:

TEqA = (Expense per-pupil− Tax levy per-pupil)× ni
Expense per-pupil = min{8, 000,AOE−1/ni,−1 − BOA/ni}

Ohio

The school finance plan in place in Ohio in 1986 was implemented in 1982. The formula in

place is based on a foundation plan with a required minimum local effort. The formula is as

follows:

Ri = τipi + max{nif(Ci)− τ̄ pi}+ e(τ e1i, p̄1, pi) + gni

where Ri is total revenues for district i, f is the per-pupil foundation amount, Ci is the cost of

doing business in district i, ni is the weighted count of pupils, ¯tau is the required local effort (or

“charge-off mileage”, 0.23% in 1998-99), pi is local property valuation, and τi is the property

tax rate chosen by the district.

Texas

In 1986, school district revenues in Texas derived mainly from state aid and local revenues.

State aid was provided through a Foundation Program. The foundation amount was calcu-

lated summing up a Basic per-pupil Allotment, a supplemental Experienced Teacher Allotment

(which provided extra funds to districts employing more experienced, and therefore more costly,

teachers), an Education Improvement Allotment, and an Enrichment Equalization Allotment,

which provided districts with a matching transfer based on district fiscal effort and wealth.

Districts were required to cover a share of the total cost of the Foundation Program with local

revenues, raising at least $0.33 for every $100 of property valuation (?). The resulting revenues

formula is the following:

Ri = max{nif(Xi)− τ̄1pi}+ τipi + e(τ e1i, p̄1, pi) + gni

where Ri is total revenues for district i, f is the foundation amount, function of ni (weighted

count of pupils) and Xi (characteristics of the district, such as price index, small size, etc.), τ̄1

is the mandatory share of local effort ($0.33 per $100), pi is local property valuation, τi is the

property tax rate chosen by the district, e is the Enrichment Equalization Allotment, which

depends on the district’s property valuation, the average property valuation in the state, and

local effort as summarized by a reference tax rate τ e1i, and g is a flat grant.

The formula changed in October 1989, when the Texas Supreme Court declared the state

school finance system to be unconstitutional, as part of the Edgewood vs. Kirby lawsuit. The

legislature responded with Senate Bill 1019, which modified the formula as follows. First,

it modified some parameters of the original formula. Second, it eliminated the Equalization

Allotment, substituting it with a Guaranteed Tax Yield, which provides a specified amount per

weighted pupil per penny of tax effort (p̄2), for up to 36 cents above the local fund assignment
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tax rate (τ̄2). The flat grant was eliminated. The resulting formula is as follows:

Ri = max{nif(Xi)− τ̄2pi}+ τipi + τ e2i max{p̄2 − pi}

Senate Bill 1019 was declared unconstitutional in 1992 (?). In 1994, a new bill (Senate Bill

351) was enacted to design a new school finance scheme. The 1989 formula was preserved, but

its parameters changed:

Ri = max{nif(Xi)− τ̄3pi}+ τipi + τ e3i max{p̄3 − pi}

Appendix D. Proofs of Propositions

Proof of Proposition 1

Differentiating Mc with respect to βc yields:

∂Mc

∂βc
=

∂E[Fy(θQx(r) + γψαcx̄c + γψβcQx(r) + εidc)]

∂βc
(14)

=
∂E[Fy(θQx(r) + γēc + γψβc(Qx(r)− x̄c) + εidc)]

∂βc
(15)

= γψ(Qx(r)− x̄c)F ′y (16)

where G′ denotes the first derivative of the function G with respect to its argument. Being Fy

a cumulative distribution function, F ′y ≥ 0. As a result,

∂Mc

∂βc
≤ 0 if Qx(r) ≤ x̄c

∂Mc

∂βc
> 0 otherwise.

Proof of Proposition 2

Since Fx and Fy are cumulative distribution functions, they are distributed as Uniform

[0, 1]. It follows that E[Fy(yidc)] = E[Fx(xidc)] = 1
2 and var(Fy(yidc)) = var(Fx(xidc)) = 1

12 .

The denominator of equation (??) is constant. The numerator can be written as:

cov(Fy(yidc), Fx(xidc)) = E[Fy(yidc)Fx(xidc)]− E[Fy(yidc)]E[Fx(xidc)] (17)

= E[Fy(yidc)Fx(xidc)]−
1

4
(18)

The expected value of the product of the distribution functions Fy and Fx can be expressed

as:
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E[Fy(yidc)Fx(xidc)] = Ex[Ey[Fy(yidc)Fx(xidc)|xidc]] (19)

= Ex[Fx(xidc)Ey[Fy(θxidc + γψ((1− βc)x̄c + βcx̄dc))|xidc]] (20)

To simplify the exposition, I omit the subscripts for yidc, xidc and εidc, and denote x̄c as x̄. This

allows me to write y = a+ bx+ ε, where a = γψαc = γē− γψx̄βc and b = θ + γψβc. Defining

U = FX(X), the first element of the expression in ?? can be rewritten as

E[UFY (Y )] = E[UFY (a+ bF−1(U) + ε)] = EU [UEε[FY (a+ bF−1(U) + ε)|U ]]

=

∫ 1

0
u

∫
Ωε

FY (a+ bF−1(u) + e)dVε(e)du

where Vε(e) is the cumulative distribution function of ε and Ωε is its domain. Relative mobility

can be rewritten as:

Rc = 12

∫ 1

0
u

∫
Ωε

FY (a+ bF−1(u) + s)dVε(s)du− 3 (21)

= 12

∫ 1

0
u

∫
Ωε

FY (γ(ē− ψβcx̄) + (θ + γψβc)F
−1(u) + s)dVε(s)du− 3 (22)

Differentiating this expression with respect to βc yields:

∂Rc
∂βc

= 12

∫ 1

0
uγψ(F−1(u)− x̄))

∫
Ωε

fY (γ(ē− ψβcx̄) + (θ + γψβc)F
−1(u) + s)dVε(s)du (23)

Defining H(u) =
∫

Ωε
fY (γ(ē− ψβcx̄) + (θ + γψβc)F

−1(u) + s)dVε(s) I can derive the following

conditions:

∂Rc
∂βc

≥ 0 if and only if

∫ 1

0
uF−1(u)H(u)du ≥ x̄c

∫ 1

0
uH(u)du (24)

∂Rc
∂βc

< 0 otherwise. (25)

Appendix E. List of School Finance Reforms

Table E1: School Finance Reforms: Timing ans Subject Matters

State Reform Years Description

Alabama Yes 1995 Foundation program approved by the Legislature in

1995 (ALA. CODE 16-13-230, 1975), subsequent to

Ace v. Hunt lawsuit, 624 So.2d 107 (Ala. 1993)

Alaska Yes 1987 Revision of Alaska’s Public School Foundation Pro-

gram

Arizona Yes 1985 Modifications to Equalization Program

Arkansas Yes 1983, 1995 Finance law in 1983, Equitable School Finance Plan

(Acts 917, 916, and 1194) in 1995
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California Yes 1988 Proposition 98

Colorado Yes 1988, 1994 School Finance Act of 1988, Public School Finance

Act of 1994

Connecticut Yes 1989, 1995 Education Cost Sharing Formula of 1989, and

changes in 1995

Delaware No

Florida No

Georgia Yes 1986 Quality Basic Education Act

Hawaii No

Idaho Yes 1994 Legislature

Illinois Yes 1980, 1998 Legislature in 1980, 1998

Indiana Yes 1993 Lake Central v. State of Indiana

Iowa Yes 1991 New finance chapter in the Code of Iowa, Chapter

257, was created; the existing statute, Chapter 442,

was repealed

Kansas Yes 1992 School District Finance and Quality Performance

Act

Kentucky Yes 1990 Kentucky Education Reform Act of 1990 (KERA).

Followed the Rose v. Council for Better Education,

790 S.W.2d 186 (Ky. 1989)

Louisiana Yes 1987, 1992 Children First Act in 1987, Legislation in 1992

Maine Yes 1985, 1996 School Finance Act of 1985, School Finance Act of

1995

Maryland Yes 1987, 2001 Legislature

Massachusetts Yes 1984, 1993 Both are amendments to Chapter 70

Michigan Yes 1994 P.A. 1451 of 1993. On March 15, 1994, Michigan

voters approved a constitutional amendment

(Proposal A of 1994)

Minnesota Yes 1988 General Education Revenue Program

Mississippi Yes 1996 Mississippi Adequate Education Program (Enacted in

1994)

Missouri Yes 1993 Missouri General Assembly in 1993 as part of the

Outstanding Schools Act (OSA)

Montana Yes 1990, 1993 Introduction of Guaranteed Tax Base in 1990,

legislation in 1993

Nebraska Yes 1997 LB 806 amending the Tax Equity and Educational

Opportunities Support Act

Nevada No

New Hampshire Yes 1985, 1999 Legislation in 1985, Claremont case in 1999

New Jersey Yes 1991, 1996 Quality Education Act (passed in 1990);

Comprehensive Educational Improvement and

Financing Act of 1996, after Abbott v. Burke
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New Mexico No

New York No

North Carolina No

North Dakota Yes 1997 Legislation

Ohio Yes 1982 Legislation in 1982

Oklahoma Yes 1981 State Aid Formula for Oklahoma School Districts

Oregon Yes 1990, 1997 Legislation in 1990, Measure 50 in 1997

Pennsylvania Yes 1991 Legislation

Rhode Island Yes 1985, 1995,

1998

Omnibus Property Tax Relief and Replacement Act

of 1985, legislation in 1995, legislation in 1998

South Carolina No

South Dakota Yes 1986, 1995 Senate Bill 155 in 1986, legislation in 1995

Tennessee Yes 1992 Education Improvement Act

Texas Yes 1986, 1989,

1993

HB 72 of 1984, Edgewood & Kirby in 1989, Senate

Bill 351 in 1991

Utah Yes 1989 Legislation

Vermont Yes 1987, 1998 Legislation (foundation plan) in 1987; Brigham v.

State, 692 A. 2d 384 (Vt. 1997) + Act 60 - On June

26, 1997, Act 60 was signed into law.

Virginia Yes 1988 Methodology for calculating costs of Standards of

Quality

Washington Yes 1988 Legislation

West Virginia No

Wisconsin Yes 1996 Legislation

Wyoming Yes 1982, 1998 Legislation after court ruling in 1982, Cambell County

v. State, 907 P.2d 1238 (Wyo. 1995) in 1995

Note: The table displays the reforms that changed the structure of the school financing formula for each school

district. Source: Public School Finance Programs of the United States and Canada (1998-99) and 50 State

Survey of School Finance Policies (2009).
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