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a b s t r a c t

This study examines the extent to which increased public mental health expenditures lead to a reduction
in jail populations and computes the associated intersystem return on investment (ROI). We analyze
unique panel data on 44 U.S. states and D.C. for years 2001e2009. To isolate the intersystem spillover
effect, we exploit variations across states and over time within states in per capita public mental health
expenditures and average daily jail inmates. Regression models control for a comprehensive set of de-
terminants of jail incarcerations as well as unobserved determinants specific to state and year. Findings
show a positive spillover benefit of increased public mental health spending on the jail system: a 10%
increase in per capita public inpatient mental health expenditure on average leads to a 1.5% reduction in
jail inmates. We also find that the positive intersystem externality of increased public inpatient mental
health expenditure is greater when the level of community mental health spending is lower. Similarly,
the intersystem spillover effect of community mental health expenditure is larger when inpatient mental
health spending is lower. We compute that overall an extra dollar in public inpatient mental health
expenditure by a state would yield an intersystem ROI of a quarter dollar for the jail system. There is
significant cross-state variation in the intersystem ROI in both public inpatient and community mental
health expenditures, and the ROI overall is greater for inpatient mental health spending than for com-
munity mental health spending.

© 2016 Published by Elsevier Ltd.
1. Introduction

Empirical estimates of beneficial effects of investments in public
health have recently become available. Mays and Smith (2011),
examining a thirteen-year period from 1993 to 2005, found that a
10% increase in local public health expenditures contributed to
reductions in mortality rates for infant deaths (6.9%) as well as
deaths due to cardiovascular disease (3.2%), diabetes (1.4%), and
cancer (1.1%). Brown (2014) analyzed the relationship between
county public health department expenditures and all-cause mor-
tality for 56 counties in California between 2001 and 2008, finding
that an additional $10 spending per capita led to a reduction of all-
cause mortality by 9.1 deaths per 100,000. Brown et al. (2014) also
Yoon), jeff.luck@oregonstate.
found that a $10 long-term spending increase per capita by public
health departments in California increased the proportion of
county residents reporting good or higher overall health status.

A similar inverse relationship was found between public mental
health expenditures and suicide rates. An analysis of state panel
data for years 1982e1997 found that a larger share of public health
expenditures in the state budget was inversely associated with
state suicide rates (Minoiu and Andr�es, 2008). Ross et al. (2012) also
report statistically significant pairwise correlation between per
capita state mental health expenditures and suicide rates, although
the inverse relationship becomes less discernable from zero in
multivariate regressions.

Increased state expenditures on public mental health may also
have a positive spillover effect on the criminal justice system,
especially local jails, by potentially shrinking the number of state
residents involved with the jail system. Such intersystem return on
investment (ROI) is plausible because the mental health and
criminal justice systems have always closely interlocked. For
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example, overrepresentation by persons with severe mental illness
in U.S. jails is not a new phenomenon (Teplin, 1990; Ditton, 2005;
Fisher et al., 2000; Steadman et al., 2009). Estimates of the pro-
portion of jail inmates with severe mental illness range from 6.4%
(Teplin, 1990) to 17.5% (Steadman et al., 2009). Despite the close
interdependence of the two systems, no prior effort has been made
to test the potential intersystem ROI of public mental health ex-
penditures through an externality effect on the jail system.

This study analyzes recent state-year panel data to investigate
whether the jail population varies inversely with per capita public
mental health expendituresetotal expenditures and also inpatient
and outpatient-based community mental health expenditures
separately. We also estimate the intersystem ROI by linking these
empirical results with estimates of published jail costs. Finally, we
examine the interaction effect of inpatient and community mental
health spending, that is, whether (a) the relationship between
public inpatient mental health expenditure and the number of jail
inmates depends on the level of outpatient community mental
health expenditure and also (b) the relationship between com-
munity mental health expenditure and the size of jail population
varies by the level of inpatient mental health expenditure. These
are important public health policy questions because limited state
budgets may constrain total public mental health expenditures, and
Fig. 1. Trends in average state public mental health expenditure and jail population in the U
mental health expenditures per capita/per capita community mental health expenditures. Pa
expenditure.
also force policymakers to make tradeoffs between inpatient and
community mental health programs.

2. Background and hypotheses

Between 2001 and 2009, average per capita total public mental
health spending by states increased from $96 to $120, due largely to
the steady growth of per capita community mental health expen-
ditures from $59 to $80 (Fig. 1 Panel A). This trend reflects the
nationwide transformation of the public mental health system to-
ward community-based mental health programs. During the same
period, the average number of jail inmates per 100,000 persons
increased from 218 in 2001 to 267 in 2009, with growth rates
diminishing sharply after 2006. These trends varied substantially
by state. For example, jail populations actually decreased in three
states between 2001 and 2009; public inpatient mental health
spending increased in 21 states; and community mental health
spending decreased in 14 states (authors' calculation using data
from Bureau of Justice Statistics Annual Survey of Jails and Census
of Jail Inmates; and American Hospital Association Annual Surveys
of Hospitals).

The overall rising trends in both per capita public mental health
expenditures and jail populations do not suggest an intersystem
.S., 2001e2009. Panel A: Jail inmates per 100,000 population vs. per capita total public
nel B: Jail inmates per 100,000 population vs. per capita public inpatient mental health
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ROI. However, these aggregate trends may obscure a relationship
between the number of jail inmates and more disaggregated
expenditure categories. Specifically, Panel B of Fig. 1 exhibits
inversely correlated trends in states' inpatient mental health ex-
penditures and jail populations. Average per capita inpatient
mental health spending decreased from $34 to $32 between 2001
and 2004, flattened out until 2006, and then increased to $33.5 in
2009. This trend is generally contrasting to the trend in jail pop-
ulations over the same period, which may imply a beneficial
spillover effect of public inpatient mental health spending on the
size of jail populations. This potential intersystem spillover effect
warrants further scrutiny using multivariate analyses.

There are several mechanisms by which public mental health
expenditure could influence the size of jail populations. At the
population level, more resources for public mental health reflected
by greater public spending can improve access to treatment among
persons with serious mental illness. Studies document that un-
treated symptoms of severe mental illness raise the risk of deviant
behaviors that are not socially acceptable (Borum et al., 1997;
Swartz et al., 1998; Hiday et al., 1999; Elbogen and Johnson, 2009;
Fazel et al., 2009), thereby increasing the likelihood of jail deten-
tion. Sociologists have also conceptualized the mental health and
criminal justice systems as alternative mechanisms for social con-
trol of individuals who exhibit deviant behaviors (Lincoln, 2006;
Liska et al., 1999). These studies suggest that timely treatment of
symptoms among persons with severe mental illness could reduce
their involvement with the criminal justice system.

Public mental health spending can also impact jail population
sizes through improved access to substance abuse and alcoholism
treatment. Substance abuse is a strong predictor of contact with the
criminal justice system among persons with severe mental illness
(Markowitz, 2006; Swartz and Lurigio, 2007), and untreated
symptoms of severe mental illness may induce substance abuse
(Harris and Edlund, 2005). A recent analysis of panel data on users
of the mental health and jail systems in King County, Washington
found that reductions in mental health resources increased the
likelihood of jail detention among persons with mental illness, and
substance abuse mediated the relationship (Yoon et al., 2013).

We postulate that an increase in public inpatient mental health
spending is more likely than greater community mental health
spending to explain a decrease in jail populations, if such inter-
system relationships do exist. Persons with severe mental illness
comprise the largest proportion of patients in institutional settings
(Milazzo-Sayre et al., 2000) and contacts with the criminal justice
system are substantially more frequent for person with more se-
vere forms of mental illness (Frank and McGuire, 2010; Yoon et al.,
2013).

We also hypothesize that a relationship between public inpa-
tient mental health expenditure (community mental health
expenditure) and jail population size depends on the level of
community mental health expenditure (inpatient mental health
expenditure). For example, Yoon and Bruckner (2009) report that
increased community mental health funding could reduce the
magnitude of an inverse relationship between a state's public
inpatient psychiatric treatment capacity and its suicide rates.

The impact on intersystem spillover effects of a potential
interaction between inpatient and community mental health
expenditure is difficult to predict. For example, the effect of inpa-
tient spending on jail populations may become larger additively
with a greater level of community spending. It is also possible that
the spillover effect of an extra community mental health dollar on
jail populations diminishes as the capacity of public inpatient
mental health grows. Which of these potential effects dominates is
an empirical question investigated by our analysis.
3. Methods

3.1. Data and variables

Using data from multiple sources, we constructed an annual
state-level dataset on 44 U.S. states and the District of Columbia for
the years 2001e2009 (N ¼ 405). Table 1 provides definitions,
summary statistics, and sources for the variables used in this study.

The outcome variable is the natural logarithm of the number of
average daily jail inmates per 100,000 population. The logged
functional form was based on a test suggested by Wooldridge
(2003), which had a better model fit than the original metric
and also reduced the influence of outlying observations. Esti-
mates of the number of jail inmates were collected from Annual
Survey of Jails (ASJ), except 2005 for which data were obtained
from the Census of Jails. Five states (Connecticut, Delaware,
Hawaii, Rhode Island, and Vermont) were not included in our
analyses because they had combined jail-prison systems and
therefore had missing observations on jail populations. Alaska
was not included because of missing jail population data for many
consecutive years.

States' per capita total public mental health expenditure covers
state mental health agencies' (SMHA) expenditures on all mental
health-related costseinpatient care, community programs,
administrative costs, and researche as well as on medications and
drug and alcohol programs. The total expenditure is divided into
per capita public inpatient mental health expenditure and per
capita community mental health expenditure. Expenditure data
were retrieved from the National Association of State Mental
Health Program Directors Research Institute and adjusted to 2014
dollars using the consumer price index.

Our econometric models control for other factors that may in-
fluence the size of jail populations, especially those that might be
associated with both jail population size and state public mental
health expenditures. These covariates are grouped into three
categories.

Variables quantifying states' mental health and substance abuse
resources and financing variables include private hospital psychi-
atric beds per 100,000 population, hospital substance abuse
treatment beds per 100,000 population, and the proportion of
residents on Medicaid. Private hospital psychiatric care beds
include beds in private psychiatric hospitals and psychiatric beds in
private general hospitals and are controlled for to capture the ca-
pacity of private inpatient psychiatric care in each state (Yoon,
2011).

Variables that characterize states' general criminal justice en-
vironments include the number of arrests (separately for serious
and minor crimes), sentencing practice as proxied by the ratio of
average daily jail inmates to total arrests (Donohue, 1998; O'Brian,
2003; Levitt, 2004), and rated jail capacity defined as the
maximum number of beds or inmates that may be housed in a jail
per 100,000 persons (to reflect the observation that built jail beds
are usually filled).

Other variables quantify states' socio-demographic conditions
and economic situations. These include the percentage of resi-
dents in age categories of 20e44 and 45e64, the percentage of
Black residents, the percentage of Hispanic residents, the per-
centage of male residents, per capita ethanol consumption, the
unemployment rate, the natural logarithm of average per capita
income, and the natural logarithm of per capita state welfare
spending (AFDC/TANF). The number of suicides is included as a
marker for severe psychological distress in the state population,
which may influence both public mental health expenditures and
jail detention rates.



Table 1
Variable definitions, summary statistics, and data sources (N ¼ 405).

Variables Definitions Mean Std.
dev.

Data source

Outcomes
Average jail inmates Average daily jail inmates per 100,000 population 255 115 Survey of Jails and Census of Jail Inmates
Main regressors
Total public mental

health
expenditure

State mental health agencies' per-capita expenditures on all mental health program
including inpatient care, community programs, administrative costs, and research as well
as onmedications and drug and alcohol programs (adjusted to 2014 dollars using the CPI)

108 72.7 National Association of State Mental Health
Program Directors Research Institute (NRI)

Inpatient mental
health
expenditure

State mental health agencies' per-capita expenditures on inpatient care (adjusted to 2014
dollars using the CPI)

37.1 26.6 NRI

Community mental
health
expenditure

State mental health agencies' per-capita expenditures on community-based mental
health programs (adjusted to 2014 dollars using the CPI)

78.8 58.0 NRI

Additional regressors
Mental health/substance abuse resources and financing
Private hospital
psychiatric beds

Private hospital psychiatric beds per 100,000 persons 18.2 8.37 American Hospital Association

Substance abuse
beds

Hospital substance abuse treatment beds per 100,000 persons 2.72 2.59 American Hospital Association

Medicaid Proportion of Medicaid recipients in total state population (%) 17.4% 5.52 Census Bureau
Criminal justice environments
Arrests for serious
crime

Total arrests for serious offenses per 100,000 persons (UCR Part 1 offenses including
murder, rape, aggravated assaults, robbery, burglary, larceny, and arson)

693 222 UCR

Arrests for minor
crime

Total arrests for minor offenses per 100,000 persons (UCR Part 2 offenses) 5101 1607 UCR

Sentencing Ratio of average daily jail inmates to total arrests (%) 5.40% 7.40 Annual Survey of Jails; Census of Jails
Jail capacity Rated jail capacity (the maximum number of beds or inmates per 100,000 persons

assigned by a rating official to a jail facility)
289 202 Jail Surveys and Jail Census

Socio-demographics and state economy
%Age 20e44 Proportion of residents 20e44 years old (%) 34.7% 1.93 Census Bureau
%Age 45e64 Proportion of residents 45e64 years old (%) 25.0% 2.01 Census Bureau
%Black Proportion of Black residents (%) 11.8% 11.7 Census Bureau
%Hispanic Proportion of Hispanic residents (%) 9.54% 9.84 Census Bureau
Male Ratio of male to female residents 0.97 0.03 Census Bureau
Alcohol Per capita consumption of ethanol from all alcoholic beverages (gallons) 2.35 0.52 LaVallee et al. (2013)
%Unemployment State unemployment rate (%) 5.38% 1.66 Bureau of Labor Statistics
Income State per capita income (adjusted to 2014 dollars) $41818 7090 Bureau or Economic Analysis
Welfare spending Per capita state welfare expenditures (adjusted to 2014 dollars) $1041 294 Census Bureau
Suicide rates Deaths from suicides Per 100,000 12.7 3.36 National Center for Health Statistics

Compressed Mortality File

Notes: Std. dev. ¼ standard deviation.

J. Yoon, J. Luck / Social Science & Medicine 170 (2016) 133e142136
3.2. Empirical approach

We exploit state-year variations to isolate the intersystem
spillover effect of per capita state public mental health expenditure
on the size of jail populations. There were substantial variations
across states, and over time within states, in per capita mental
health expenditures and the number of jail inmates. For example,
between 2001 and 2009, the number of jail inmates in North
Dakota had an overall increase until 2007 and then started to
decline while over the same period it peaked in 2004 with an
overall decrease in Montana and gradually decreased in Oregon.
Both public inpatient and community mental health spending
continued to increase in Oregon between 2001 and 2009 while
Ohio and Nebraska experienced continued decreases in inpatient
spending and gradual increases in community mental health
spending during the same period.

We estimate the following two-way fixed-effects model, where
the number of jail inmatesepersons under jail supervision either
confined or not confinedeper 100,000 population, jit , for state i and
year t, is modeled as a function of per capita total public mental
health expenditure (tmhe) and additional covariates (x0):

lnðjÞit ¼ a1 lnðtmheÞit þ x
0
itaþ ri þ tt þ εit (1)

Per capita total public mental health expenditure is the variable
of main interest and its coefficient (a1) captures the intersystem
spillover effect of state total expenditure on public mental health.
To examine a relationship between jail population and state

mental health expenditure by spending category, we replace the
per capita total expenditure with per capita public inpatient mental
health expenditure (imhe) and per capita communitymental health
expenditure (cmhe) controlling for the same set of covariates:

lnðjÞit ¼ b1 lnðimheÞit þ b2lnðcmheÞit þ x
0
itbþ ri þ tt þ εit (2)

The per capita state inpatient mental health expenditure and
community mental health expenditure variables are of primary
interest. Their coefficients (b1 and b2) capture the intersystem
spillover effects of state inpatient mental health expenditure given
a fixed level of community mental health expenditure and of
community mental health spending given a fixed level of inpatient
spending, respectively.

Because both the dependent variable and main regressors are
log transformed, the main coefficients are interpreted as constant
elasticities. In a preliminary analysis, we tested for a diminishing
marginal effect of public mental health expenditures by way of a
quadratic specification of the public mental health spending vari-
ables, but did not find such evidence.

The vector x0 represents observed state heterogeneity, and is
comprised of variables that may explain jail population size,
including each state's mental health/substance abuse resources and
financing, criminal justice environment, socio-demographic
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characteristics, and economic conditions.
To strengthen causal inferences from our main coefficient esti-

mates, we control for unobserved state heterogeneity by specifying
state fixed-effects (ri) in the equations. Therefore, we eliminate bias
due to all state characteristics that do not change over time and are
not included in the empirical specification using a least-squares
dummy variable (LSDV) model. Year fixed-effects (tt) are
included to control for secular changes in jail population size.

We estimate an empirical model of the following form to
investigate whether community mental health spending (inpatient
mental health spending) modifies a relationship between public
inpatient mental health spending (community mental health
spending) and the volume of jail population.

lnðjÞit ¼ g1 lnðimheÞit þ g2lnðcmheÞit þ g3lnðimheÞit
� lnðcmheÞit þ x

0
itgþ ri þ tt þ εit (3)

where lnðimheÞit � lnðcmheÞit is the interaction term of inpatient
and community mental health spending variables, whose coeffi-
cient captures a potential modifying effect of inpatient and com-
munity mental health spending.

To render correct statistical inference of estimated coefficients,
the error term (εj;t) must be independent and identically distrib-
uted (i.i.d.). We tested whether our state-year panel data satisfy the
underlying i.i.d. assumption, looking for the potential presence of
panel heteroskedasticity (i.e., each state may have its own error
variance), contemporaneous correlation (i.e., errors are correlated
across states), and serial correlation (i.e., errors are correlated
within a state). As shown in Appendix Table A1, first-order serial
correlation, AR (1), was detected in all models based on the
Wooldridge F-test for autocorrelation (2003). We also performed a
likelihood ratio test for panel heteroskedasticity (Wiggins and Poi,
2003), and Pesaran's cross-sectional dependence (CD) test for
contemporaneous correlation (Pesaran, 2004). We found evidence
for panel heteroscedasticity but not for contemporaneous
correlation.

Standard errors must be adjusted properly for any detected er-
ror violations so that correct statistical inferences can be drawn
from the models (Wooldridge, 2002). We follow Plümper et al.
(2005) to obtain consistent standard errors in the context of
macro-level panel data analysis under the error violations detected.
We first employ the Prais-Winsten transformation to deal with the
serially-correlated data. We then obtain ordinary least squares
(OLS) estimates correcting standard errors for detected panel het-
eroskedasticity. Econometric models were estimated using Stata
13/MP (College Station, TX).
4. Results

4.1. Intersystem spillover effect of public mental health expenditure
on jails

Table 2 presents estimates for Eqn. (1) through (3). The high R2

in all estimated models implies that the empirical models provide
an excellent fit for the data. Eqn. (1) column reports a negative
estimated coefficient for per capita total public mental health ex-
penditures, but the relationship was not significant either statisti-
cally or economically.

Eqn. (2) column disaggregates public mental health expendi-
tures into inpatient and community components. The estimated
coefficient of logged inpatient mental health spending is negative
and statistically significant, suggesting that a 1% increase in per
capita public inpatient mental health expenditures, ceteris paribus,
yields a 0.15% reduction in the annual average number of jail
inmates per 100,000 population. However, no significant effect of
per capita community mental health expenditures is identified.

In all models, a greater stock of private hospital psychiatric beds
is negatively and significantly associated with jail population vol-
ume. Also, more arrests, tougher sentencing, higher jail capacity
and a larger proportion of 20e44 year-old residents appear to in-
crease jail populations.

4.2. Interaction effects of public inpatient and community mental
health expenditure

Eqn. (3) column of Table 2 reports coefficients from Eqn. (3)
model containing an interaction between per capita public inpa-
tient mental health expenditure and per capita community mental
health expenditure. The coefficients on per capita public inpatient
mental health expenditure and the interaction term are individu-
ally and jointly significant at the 99.9% level. The coefficient on per
capita public inpatient mental health expenditure is negative, and
the coefficient on the interaction term is positive. This indicates
that the negative effect of public inpatient mental health expen-
diture on jail population volume is greater when community
mental health spending level is lower, and fades out as the level of
community mental health spending increases.

The results of this interaction model also indicate that an in-
crease in per capita community mental health spending is signifi-
cantly associated with a decrease in jail populations. Further, the
coefficients on per capita community mental health spending and
the interaction term are jointly significant. This implies that com-
munity mental health expenditure has a significant negative effect
on jail population size, and this effect is larger when the level of
public inpatient mental health spending is lower.

We construct a 95% conference interval around the estimated
effect of public inpatient mental health spending to determine the
level of community mental health expenditure at which the sta-
tistically significant negative intersystem spillover effect of public
inpatient mental health spending on jail population size begins to
disappear (see Appendix A). Likewise, a 95% conference interval is
constructed around the estimated effect of community mental
health expenditure to find the level of inpatient mental health
expenditure at which the negative spillover effect of community
mental health spending on jails starts is removed (see Appendix A).
The statistically significant negative effect of public inpatient
mental health expenditure disappears at approximately $134 (¼
exp4.9) or greater community mental health expenditures per
capita measured in 2014 dollars (Appendix Fig. A1 Panel A). To put
it differently, an increase in public inpatient mental health expen-
diture would decrease jail populations in states with community
mental health expenditure below $134 per capita. Adjusting 2009
expenditures to 2014 dollars, we find 35 of 44 states analyzed, plus
the District of Columbia (D.C.), spend less than this threshold on
community mental health.

We also find that the statistically significant negative effect of
community mental health expenditure disappears at approxi-
mately $16 (¼ exp2.8) of per capita public inpatient mental health
expenditure measured in 2014 dollars (Appendix Fig. A1 Panel B).
Currently, 42 states of 44 states and D.C. spend less than the
threshold on public inpatient mental health.

4.3. Intersystem ROI in public mental health

The estimated effect of public inpatient mental health expen-
diture appears significant in magnitude, suggesting a positive
intersystem ROI from investing in public mental health. Our esti-
mate from Eqn. (2) column of Table 2 suggests that a one-dollar
increase in inpatient mental health spending per capita in 2009



Table 2
Effect of public mental health expenditures on jail population (outcome: ln(average daily jail inmates per 100,000 population)).

Eqn. (1) Eqn. (2) Eqn. (3)

ln(per capita total public mental health expenditure) �0.0068 (0.0262)
ln(per capita public inpatient mental health expenditure) �0.1515*** (0.0417) �0.5287*** (0.1190)
ln(per capita community mental health expenditure) 0.0223 (0.0171) �0.2836*** (0.0824)
ln(inpatient expenditure) � ln(community expenditure) 0.0896*** (0.0259)
Private hospital psychiatric beds �0.0045* (0.0019) �0.0054** (0.0019) �0.0060** (0.0019)
Hospital substance abuse beds 0.0043 (0.0027) 0.0046 (0.0026) 0.0041 (0.0027)
Medicaid generosity �0.0016 (0.0014) �0.0015 (0.0015) �0.0014 (0.0014)
ln(arrests for serious crimes) 0.1217** (0.0422) 0.1228** (0.0400) 0.1381*** (0.0407)
ln(arrests for minor crimes) 0.1693** (0.0603) 0.1917** (0.0590) 0.1949*** (0.0589)
Sentencing (%) 0.0343*** (0.0072) 0.0365*** (0.0071) 0.0380*** (0.0072)
ln(rated jail capacity) 0.4425*** (0.0527) 0.4406*** (0.0514) 0.4370*** (0.0509)
%age20e44 0.0793* (0.0394) 0.0830* (0.0365) 0.0893* (0.0363)
%age45e64 0.0530 (0.0323) 0.0449 (0.0301) 0.0440 (0.0294)
%black 0.0196 (0.0173) 0.0162 (0.0173) 0.0182 (0.0169)
%Hispanic �0.0242 (0.0135) �0.0200 (0.0132) �0.0218 (0.0130)
%male 1.2936 (1.2046) 1.2038 (1.1447) 0.9449 (1.1252)
Per capita alcohol consumption in grams �0.0768 (0.1097) �0.0527 (0.1094) �0.0606 (0.1078)
%unemployed �0.0080 (0.0077) �0.0052 (0.0074) �0.0059 (0.0073)
ln(per capita income) �0.3074 (0.3038) �0.3099 (0.2924) �0.2774 (0.2872)
ln(per capita welfare spending) �0.0865* (0.0388) �0.0567 (0.0372) �0.0447 (0.0375)
Suicides �0.0014 (0.0066) �0.0011 (0.0066) 0.0005 (0.0067)
Constant �0.9986 (3.1535) �0.7754 (3.0145) �0.0197 (2.9798)

N 387 387 387
R2 0.9885 0.9877 0.9870

Notes: Standard errors are in parentheses. All models include state and year dummies.
*p < 0.05; **p < 0.01; ***p < 0.001.
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inflated to 2014 dollar, which is an approximately 3% increase in
2009 (¼ ($1/$33.5) � 100%), would lead to a 0.45% decrease in
average daily jail inmates per 100,000 population (¼ 3%��0.1515),
which corresponds to 1.2 per day jail inmates per 100,000 popu-
lation in 2009 (¼ �0.0045 � 267 average daily jail inmates per
100,000 population in year in 2009). Using a national average per
capita jail cost of $60 per day (Sullivan, 2010), we calculate that an
annual expenditure of $100,000 per 100,000 population for inpa-
tientmental health in 2009would have reduced annual jail costs by
approximately $26,363 per 100,000 population (¼ �1.2 jail
inmates � 365 days � $60 per day). The associated benefit-cost
ratio is $0.26, which indicates a positive intersystem ROI of 26%:
Every dollar spent annually on inpatient mental health by a state
would yield a positive spillover benefit of a quarter dollar for the jail
system by reducing the number of jail inmates.

Table 3 presents intersystem spillover effects, and the associated
ROI in decreased jail costs, of increased public inpatient and
outpatient mental health expenditures by state. It shows that some
states could benefit more from increasing public inpatient mental
health expenditure and/or community mental health expenditure
than others. For example, in Alabama a 1% increase in 2009 public
inpatient mental health expenditure (measured in 2014 dollars)
would have led to a 0.38% decrease (column (d)) in average daily jail
inmates per 100,000 population, given that 2009 per capita com-
munity mental health expenditure was $45 (column (c)). The
intersystem ROI, measured as the decrease in jail cost per 100,000
population associated with a $100,000 increase in inpatient mental
health expenditure per 100,000 population, ranges from $29,099 to
$243,006 across states (column (e)), depending on the 2009 level of
inpatient and community mental health expenditure and jail
population size. The spillover effect of per capita community
mental health expenditure also varies by state (column (f)). The
intersystem ROI of decreased jail costs associated with an $100,000
increase in 2009 community mental health expenditure per
100,000 population ranged from $1237 to $82,818 across states
(column (g)).
4.4. Robustness tests

We assess the robustness of our results in several ways (see
Table 4). The main empirical models and estimation strategy might
be limited in that the dynamics inherent in our empirical equa-
tionseas serially correlated errors of our data suggesteare treated
as a nuisance. In our main model setup to address this concern, we
first transform serial correlation away and then estimate the
equations correcting standard errors for the detected violation of
panel heteroscedasticity. As Wooldridge (2003) suggests, errors in
panel data will be serially correlated when the dynamics of the
model have not been accurately specified. Therefore, serial corre-
lation in panel data or persistence may be viewed as dynamic
misspecification. To test whether our finding are sensitivewhen the
dynamics are modeled explicitly, we include the one-year lag of jail
population size as an additional regressordas suggested by Beck
and Katz (1996)dand then fit the LSDV two-way fixed-effect
model. As shown in Table 4, the once-lagged jail population size
appears to capture the presence of an AR(1) process. Although
attenuated, the results from the dynamic model specification are
qualitatively the same as our main results.

Although there is a lack of evidence that errors in our regression
models are contemporaneously correlated (Appendix Table A1), we
cannot completely rule out this possibility. Thus, we replace
heteroscedasticity-robust standard errors with panel corrected
standard errors (PCSE), adjusting for both panel heteroscedasticity
and contemporaneous correlation. Beck and Katz (1996) show that
PCSE have excellent statistical properties formacro-level panel data
such as ours. In addition, both public inpatient mental health
spending and community mental health spending exhibit high
degrees of persistence. Reed and Webb (2010) show efficiency loss
of the PCSE estimator when regressors exhibit high persistence. We
therefore fitted the main empirical models using feasible general-
ized least squares (FGLS) allowing for AR(1) and panel hetero-
scedasticity in data generating processes. Our main findings remain
robust.



Table 3
Intersystem return on investment in public inpatient and outpatient mental health by state in 2009.

State Average
daily jail
inmates
per
100,000
population
in 2009a

Per capita
inpatient
mental health
expenditure in
2009
(measured in
2014 US
dollar)b

Per capita
community
mental health
expenditure in
2009 (measured
in 2014 US
dollar)b

Public inpatient mental health expenditure Community mental health expenditure

Intersystem externality:
Effect of inpatient mental
health expenditure on jail
population size at the
current level of community
mental health expenditurec

Intersystem ROI: $100,000
increase in inpatient
mental health expenditure
per 100,000 population
results in jail cost per
100,000 population of:d

Intersystem externality:
Effect of community mental
health expenditure on jail
population size at the
current level of inpatient
mental health expendituree

Intersystem ROI: $100,000
increase in community
mental health expenditure
per 100,000 population
results in jail cost per
100,000 population of:f

(a) (b) (c) (d) (e) (f) (g)

AL 309.5 39.0 45.2 �0.3804 �$66,108 �0.14104 �$21,160
AZ 227.6 12.3 201.2 N/A N/A N/A N/A
AR 222.2 16.5 15.8 �0.4214 �$124,153 �0.17447 �$53,866
CA 230.6 37.3 135.6 N/A N/A �0.14281 �$5318
CO 248.0 25.4 69.7 �0.3635 �$77,854 �0.15778 �$12,295
DC 505.3 190.5 197.0 N/A N/A �0.07933 �$4455
FL 341.8 21.0 23.6 �0.4056 �$144,253 �0.16504 �$52,248
GA 490.3 21.2 26.1 �0.4018 �$203,083 �0.16468 �$67,792
ID 201.1 20.9 22.8 �0.4071 �$85,579 �0.16523 �$31,972
IL 158.3 27.7 65.3 �0.3661 �$45,895 �0.15442 �$8201
IN 256.7 35.1 61.3 �0.3686 �$59,080 �0.14517 �$13,321
IA 134.0 15.9 129.1 �0.3396 �$62,732 N/A N/A
KS 205.1 34.6 104.7 �0.3477 �$45,172 �0.14573 �$6253
KY 406.3 30.6 27.5 �0.3997 �$116,034 �0.15042 �$48,615
LA 735.9 47.4 26.0 �0.4020 �$136,744 �0.13347 �$82,818
ME 139.6 53.5 318.3 N/A N/A �0.12877 �$1237
MD 192.6 47.9 124.2 �0.3411 �$30,007 �0.13301 �$4517
MA 189.3 21.0 101.2 �0.3490 �$68,848 �0.16511 �$6760
MI 168.3 26.8 130.9 �0.3390 �$46,589 �0.1556 �$4383
MN 159.7 40.0 135.0 N/A N/A �0.14008 �$3631
MS 371.1 57.5 58.9 �0.3701 �$52,265 �0.12591 �$17,360
MO 179.5 47.2 41.1 �0.3841 �$31,984 �0.1336 �$12,790
MT 122.0 31.6 138.9 N/A N/A �0.1492 �$2871
NE 183.2 29.6 51.5 �0.3753 �$50,949 �0.15183 �$11,829
NV 260.0 26.4 39.6 �0.3855 �$83,117 �0.15621 �$22,444
NH 256.1 48.7 84.5 �0.3561 �$41,044 �0.13244 �$8793
NJ 196.8 64.4 155.7 N/A N/A �0.12154 �$3363
NM 424.1 13.7 78.9 �0.3587 �$243,006 N/A N/A
NY 142.9 73.6 155.2 N/A N/A �0.1163 �$2345
NC 202.4 40.1 148.3 N/A N/A �0.13991 �$4182
ND 182.5 23.9 58.4 �0.3704 �$61,941 �0.1601 �$10,957
OH 163.4 20.9 58.5 �0.3704 �$63,283 �0.16523 �$10,109
OK 255.1 18.0 41.2 �0.3840 �$119,434 �0.17121 �$23,223
OR 163.0 42.2 115.9 �0.3438 �$29,099 �0.13799 �$4252
PA 307.3 43.6 255.7 N/A N/A �0.1367 �$3597
SC 269.1 20.3 40.1 �0.3851 �$111,703 �0.16642 �$24,472
SD 295.9 57.6 34.5 �0.3909 �$43,984 �0.12587 �$23,631
TN 434.7 29.4 54.4 �0.3732 �$121,020 �0.15209 �$26,622
TX 276.5 16.9 24.4 �0.4044 �$144,814 �0.17357 �$43,032
UT 228.6 21.7 48.7 �0.3775 �$86,957 �0.16379 �$16,829
VA 385.0 47.5 53.5 �0.3738 �$66,386 �0.13338 �$21,022
WA 222.0 38.6 87.1 �0.3549 �$44,694 �0.14144 �$7893
WV 218.5 28.9 55.7 �0.3723 �$61,569 �0.15265 �$13,112
WI 280.8 41.3 93.4 �0.3522 �$52,491 �0.13885 �$9147
WY 486.0 49.6 102.3 �0.3486 �$74,771 �0.13167 �$13,692

a Source: Survey of Jails and Census of Jail Inmates.
b Source: National Association of State Mental Health Program Directors Research Institute.
c �0.5287 þ 0.0896 � log($per capita inpatient mental health expenditure in 2009).
d ($1/$per capita inpatient mental health expenditure) � Effect of inpatient mental health expenditure on jail population size at the current level of community mental

health expenditure � Average daily jail inmates per 100,000 population in 2009 � 365 days � $60 per day jail cost.
e �0.2836 þ 0.0896 � log($per capita community mental health expenditure in 2009).
f ($1/$per capita community mental health expenditure) � Effect of community mental health expenditure on jail population size at the current level of inpatient mental

health expenditure � Average daily jail inmates per 100,000 population in 2009 � 365 days � $60 per day jail cost.
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To test whether our results are sensitive to the removal of outlier
states, we re-estimate the main regression models by removing the
three most populous states; dropping three states with the largest
jail population growth between 2001 and 2009; removing three
states with the largest decline in jail population during that period;
dropping three states with the largest increase in inpatient mental
health spending; deleting three states with the largest decrease in
inpatient mental health spending; deleting three states with the
largest increase in community mental health spending; and
deleting three states with the largest decrease in community
mental health spending. Our main findings are considerably robust
to these removals of outlier states.

5. Discussion

This study provides robust evidence on the positive intersystem
spillover effect of public mental health expenditure on the jail
system. Our findings show that if per capita public inpatient mental



Table 4
Sensitivity analysis.

Eqn. (1) Eqn. (2) Eqn. (3)

(1) Dynamic model specification to address persistence
ln(oneeyear lag of jail inmates) 0.2915*** (0.0453) 0.2693*** (0.0449) 0.2622*** (0.0454)
ln(total mental health expend) �0.0310 (0.0169)
ln(inp expend) �0.0624* (0.0282) �0.2171** (0.0771)
ln(comm expend) �0.0108 (0.0108) �0.1328* (0.0581)
ln(inp expend) � ln(comm expend) 0.0359* (0.0176)
(2) PCSE
ln(total mental health expend) �0.0193 (0.0230)
ln(inp expend) �0.1219*** (0.0353) �0.3127** (0.1101)
ln(comm expend) 0.0077 (0.0142) �0.1449* (0.0709)
ln(inp expend) � ln(comm expend) 0.0451* (0.0221)
(3) FGLS
ln(total mental health expend) �0.0286 (0.0161)
ln(inp expend) �0.0877*** (0.0213) �0.3599*** (0.0727)
ln(comm expend) 0.0085 (0.0107) �0.2067*** (0.0556)
ln(inp expend) � ln(comm expend) 0.0659*** (0.0166)
(4) Drop three most populous states (CA, TX, NY)
ln(total mental health expend) �0.0188 (0.0235)
ln(inp expend) �0.1356*** (0.0336) �0.3178** (0.0968)
ln(comm expend) 0.0076 (0.0142) �0.1385* (0.0702)
ln(inp expend) � ln(comm expend) 0.0430* (0.0217)
(5) Drop three states with the largest growth in jail inmates between 2001 and 2009 (WY, DC, LA)
ln(total mental health expend) �0.0193 (0.0227)
ln(inp expend) �0.1219*** (0.0316) �0.3127** (0.0957)
ln(comm expend) 0.0077 (0.0138) �0.1449* (0.0701)
ln(inp expend) � ln(comm expend) 0.0451* (0.0217)
(6) Drop three states with the largest increase in public inpatient mental health expenditure between 2001 and 2009 (NJ, CA, WY)
ln(total mental health expend) �0.0205 (0.0230)
ln(inp expend) �0.1377*** (0.0339) �0.3105** (0.0979)
ln(comm expend) 0.0069 (0.0139) �0.1326 (0.0732)
ln(inp expend) � ln(comm expend) 0.0413 (0.0228)
(7) Drop three states with the largest increase in community mental health expenditure between 2001 and 2009 (ME, NC, PA)
ln(total mental health expend) �0.0523* (0.0208)
ln(inp expend) �0.1108*** (0.0302) �0.2945** (0.1092)
ln(comm expend) �0.0106 (0.0147) �0.1467* (0.0743)
ln(inp expend) � ln(comm expend) 0.0439 (0.0244)
(8) Drop three states with the largest decrease in jail inmates between 2001 and 2009 (OR, MD, MT)
ln(total mental health expend) 0.0147 (0.0213)
ln(inp expend) �0.0767** (0.0289) �0.2704** (0.0919)
ln(comm expend) 0.0257* (0.0128) �0.1295 (0.0678)
ln(inp expend) � ln(comm expend) 0.0461* (0.0208)
(9) Drop three states with the largest decrease in public inpatient mental health expenditure between 2001 and 2009 (DC, MS, SC)
ln(total mental health expend) �0.0146 (0.0234)
ln(inp expend) �0.1218*** (0.0346) �0.3004** (0.0986)
ln(comm expend) 0.0083 (0.0141) �0.1343 (0.0711)
ln(inp expend) � ln(comm expend) 0.0421 (0.0221)
(10) Drop three states with the largest decrease in community mental health expenditure between 2001 and 2009 (DC, UT, NH)
ln(total mental health expend) �0.0179 (0.0225)
ln(inp expend) �0.1205*** (0.0312) �0.2803** (0.0934)
ln(comm expend) 0.0080 (0.0135) �0.1193 (0.0677)
ln(inp expend) � ln(comm expend) 0.0377 (0.0210)

Notes: total mental health expend ¼ per capita total public mental health expenditure. inp expend ¼ per capita public inpatient mental health expenditure. comm
expend ¼ per capita community mental health expenditure. Standard errors are in parentheses. All models include all covariates as well as state and year dummies.
*p < 0.05; **p < 0.01; ***p < 0.001.
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health spending is increased by 10%, the jail population shrinks by
1.5%. Overall, a change in per capita community mental health
expenditure does not have a statistically significant effect on jail
population size.

We also find that the positive spillover effect of increased public
inpatient mental health expenditure is greater when the level of
community mental health spending is lower and similarly, the
intersystem effect of community mental health expenditure is
larger when inpatient mental health spending level is lower. We
view this result as evidence of the absence of an additive effect of
inpatient and community mental health spending, in terms of their
intersystem effects on jails. Specifically, our findings suggest that 35
of the 44 states and D.C. included in our analysis could reduce jail
populations by increasing public inpatient mental health expen-
diture while maintaining the current level of community mental
health expenditure; or, alternatively, 42 states may benefit from
increasing community mental health funding while maintaining
the current level of per capita inpatient mental health funding.

These results also indicate a positive financial intersystem ROI
on public mental health expenditures. We calculate that an extra
dollar spent on public inpatient mental health by a state would
yield a return of a quarter dollar by shrinking jail populations.
Further, although there is significant cross-state variation in the
intersystem ROI on both public inpatient and community mental
health expenditures, the ROI overall is much greater for inpatient
spending. Taken together, our results suggest that states whose
policy aim is to reduce jail populations by expanding mental health
services preferentially direct increased expenditure toward inpa-
tient mental health rather than outpatient-based community
mental health. We note that our findings nonetheless do not signify
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community mental health should be reduced.
Our findings also inform the ongoing national debate about

reducing avoidable incarceration (Kim et al., 2015; National
Research Council, 2014). Persons with mental illness comprise a
significant portion of the incarcerated who could be safely super-
viseddand more effectively treateddin non-jail settings (Cloud
and Davis, 2013; Torrey et al., 2014). By reducing jail populations,
increased public expenditure on inpatient mental health care could
therefore complement other policy proposals, such as reducing
mandatory minimum sentences, which aim to reduce the nation's
incarcerated population.

The results presented here should be interpreted in light of
some limitations. Our empirical approach to serial correlation and
state heterogeneity ensures that the main findings are robust to
potential dynamic misspecification due to state dependence in jail
population size and unobserved state heterogeneity. However, we
cannot completely rule out the possibility of misspecified persis-
tent effects of regressors, e.g., that lasting effect of public mental
health expenditures are incorrectly specified. To examine this
possibility, we augmented the main equations by additionally
including one-year lags of public inpatient mental health expen-
diture and community mental health expenditure and their inter-
action term. Our main result for public inpatient mental health
expenditure remains robust while we do not find evidence of
persistent effect of public inpatient/community mental health
expenditure: the coefficients on the one-year lagged inpatient and
community mental health expenditures are statistically insignifi-
cant at the 95% level when both the contemporaneous and lagged
effects are included in the same equation. However, because the
augmented models appear to suffer from multicollinearity for the
public mental health expenditure variables, we also re-estimate the
main equations replacing the contemporaneous public mental
health expenditure variables with the one-year lagged ones. We
find results consistent with our main findings although the
magnitude of the relationship is reduced slightly. Thus, although
our main results are reinforced by the extended models, we feel
that future studies may benefit from testing causal mechanisms
through which the intersystem externality effect of public mental
health expenditure arises.

How community mental health programs are organized and
delivered may have important implications for the intersystem ROI
on increased mental health expenditures. For example, inpatient
services in community mental health centers or the availability of
intensive and highly-integrated community-based mental health
programs such as Assertive Community Treatment can effectively
address the needs of persons with severe mental illness in a com-
munity setting, preventing their probability of being jailed (Cusack
et al., 2010). Although data limitations in the present analysis
preclude examining the potential effects of such programs on jail
populations, we view this as an important question for future
research.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.socscimed.2016.10.015.
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