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This study develops and applies an award-function optimization model to the allocation of budget surplus across five public
service domains in Fairfax County, Virginia. This is particularly timely given that Fairfax County adopted its FY 2027
Budget on May 5, 2026. Drawing on a qualitative synthesis of peer-reviewed evidence from education economics, public
health, public safety, social services, and economic development, the model parameterizes budget sensitivity weights (a)
and diminishing returns factors () for each domain. These weights are author-assigned and evidence-informed rather than
econometric estimates. This study presents an optimization model to maximize a concave award function, subject to a fixed
surplus constraint, which is solved numerically via a bisection algorithm and tested under four alternative weighting scenarios
(baseline, equal «, health-first, and equity-first) and Monte Carlo parameter perturbation reflecting Fairfax’s policy priorities.
Analysis revealed that all optimized allocation strategies match or outperform their own equal-dollar baseline, with gains ranging
from 0.000 to 0.064 on the societal benefit index (a dimensionless O—1 model score in which higher values indicate greater
modeled benefit). Specifically, the literature-derived baseline scenario yielded a gain of 0.056 (0.402 vs. 0.346 under uniform
allocation). Furthermore, two illustrative allocations are proposed: the baseline, where 60.9% of the surplus goes to schools, and
the health-first, which attains the highest model score among the scenarios tested (0.418). Overall, this framework offers a tool
that other local governments can replicate for evidence-based budgeting.

Keywords: budget optimization, award function, public investment, diminishing returns, evidence-based policy, munici-
pal finance, resource allocation.

Introduction as a concave production function, has materialized across mul-
tiple domains of government activity, including education’-8,
Governments around the world are continually confronted public health !, and safety !-12.

with the problem of deciding what to do with a limited public
budget in the face of competing demands for it, with the ul-
timate goal being to maximize the overall contribution of the
public budget to society’s welfare. The challenge has been fur-

Therefore, it is unlikely that a uniform allocation of budget,
in which all domains receive equivalent amounts of money, is
optimal, due to the fact that it largely fails to account for het-
erogeneous returns across spending categories. In the United

ther compounded in the last thirty years, as financial pressures
have increased and the needs of public services have grown 2,

The Organization for Economic Co-operation and Develop-
ment (OECD) has pointed out that government spending is an
important driver of societal returns, and the empirical growth
literature separates out productive expenditures (e.g., infras-
tructure, human capital, health) from less productive adminis-
trative or redistributive expenditures®~. Economic literature
has already shown that the law of diminishing returns is a gen-
eral law in economics and is relevant for public expenditures
as well: for every additional dollar of spending in a given area,
the marginal gain is likely to diminish with every dollar of
spending®®. This relationship, which is most often modeled
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States specifically, local governments are responsible for a dis-
proportionate share of direct public service delivery, includ-
ing K-12 education, policing, public health, and social ser-
vices 3. Despite this, budget allocation at the county level is
often driven by incremental adjustments to prior-year spend-
ing, known as “incremental budgeting,” rather than a system-
atic analysis of where marginal dollars produce the greatest
benefit 1413,

Problem Statement

Fairfax County, Virginia, presents an interesting case study for
evidence-based budget optimization. With over 1.15 million
residents, a median household income of $154,545, and a rate
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of 66.3% of adults possessing a bachelor’s degree or higher ',
the county’s General Fund Budget is approximately $5.96 bil-
lion for FY 20277, In particular, the county allocates a total
of $4.34 billion annually across the five domains analyzed in
this study, consisting of public safety, health, social services,
K-12 education, and economic development”.

However, the county faces several fiscal pressures that are
compounding. Based on recommendations from the Joint
Legislative Audit and Review Commission’s review of Vir-
ginia’s K-12 funding in education, Fairfax County Public
Schools estimates that the division faces a chronic underfund-
ing gap of $568.7 million per year relative to what JLARC’s
proposed funding standards would provide '®1?. At the same
time, the county is home to nearly 80,000 federal employees
who are facing potential workforce reductions?’, and demand
for emergency housing and social services has been character-
ized as “sustained” and “unprecedented” by the county’s own
budget documents'”. In the FY 2027 Advertised Budget, the
County Executive identified that there was a balance of $23.17
million remaining for the Board of Supervisors’ consideration,
representing approximately 0.39% of the $5.96 billion Gen-
eral Fund and a discretionary surplus that the Board had to
allocate across the numerous competing priorities'!”. How-
ever, the issue lies in how to optimally distribute this surplus
to maximize the societal benefit index.

Research Objectives

There are three primary objectives to this study. The first is to
develop a mathematical optimization framework that incorpo-
rates domain-specific sensitivity weights and diminishing re-
turn parameters that are informed by peer-reviewed literature.
The second is to apply this framework to Fairfax County’s FY
2027 budget surplus, and identify the optimal allocation of
$23.17 million across the five public service domains. The
third is to compare the performance of four alternative sce-
narios, with each optimized scenario evaluated against its own
equal-dollar (uniform) baseline, ultimately evaluating the ro-
bustness of the optimization approach across different policy
priorities. The five domains were chosen because they encom-
pass major discretionary spending categories in the county’s
General Fund for which there is peer-reviewed evidence on
the returns to marginal spending in measurable welfare out-
comes, in contrast to the fixed-cost categories like debt ser-
vice, employee benefits, and judicial administration, which
do not lend themselves to marginal benefit analysis (see the
Scope and Delimitations). The four alternative scenarios were
selected to cover the policy space the Board of Supervisors
might plausibly explore: a non-optimized uniform allocation,
an equal-o scenario to control for the effect of only  hetero-
geneity, and two alternative priority weighted scenarios (one
health-first and one equity-first) which show two competing

normative framings often discussed in local budget debates.
The study addresses two research questions. First, does an
evidence-based, optimized allocation of budget surplus gener-
ate a higher societal benefit index value than uniform distri-
bution across the service domains? Second, how do alterna-
tive weighting scenarios depending on varying policy priori-
ties compare on the societal benefit index, and which produces
the maximum benefit?

Significance of Study

This research will contribute to existing literature by providing
a mathematically grounded framework that local governments
can adopt without econometric expertise. While previous op-
timization literature in operations research has addressed re-
source allocation under concavity constraints?!, applications
to municipal budget allocation using evidence-informed pa-
rameters remain sparse. Thus, this paper aims to bridge the
gap between previous academic research on public spending
elasticities and budget decision-making at the local govern-
ment level. The findings will be especially notable and rele-
vant to the Fairfax County Board of Supervisors, who delib-
erated the allocation of the FY 2027 budget surplus. More
broadly, the framework will also be generalizable to any ju-
risdiction where domain-specific spending elasticities can be
estimated in accordance with previous literature.

Scope and Delimitations

This study explores the allocation of discretionary budget
across five service domains made up of public safety, health,
social services, K-12 education (FCPS), and economic devel-
opment. The analysis does not cover the full General Fund,
excluding categories such as judicial administration, legisla-
tive functions, debt services, employee benefits, and more,
which are either fixed costs or do not lend themselves to
marginal benefit analysis. The model uses a formula that allo-
cates surplus in accordance with the respective domain’s share
of the total surplus, rather than its share of the existing budget,
in order to avoid systematically penalizing large departments.
This design choice is further discussed in the Methods. Fi-
nally, parameter values are determined from pre-existing liter-
ature rather than original econometric estimation.

Returns on Education Spending

In public economics, there has been vast research regard-
ing the relationship between school spending and school out-
comes. The Coleman Report has been the source of skepti-
cism about the effectiveness of public investments for several
decades, as it suggested that the resources schools provide did
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not seem to contribute to student achievement in ways that
were independent of family background and social context??.
This skepticism continued with Hanushek, who observed that
a systematic relationship between school resources and stu-
dent performance does not exist?? and that “simply provid-
ing more funding or a different distribution of funding is un-
likely to improve student achievement”?*. This was a com-
mon theme during the early 2000s debates on education pol-
icy, and remains true to this day for arguments calling for ed-
ucation spending restraints .

Despite this, more recent studies have greatly challenged
this conclusion. Jackson, Johnson, and Persico exploited the
timing of court-mandated school finance reforms across U.S.
states to estimate the causal effect of spending on long-term
outcomes >®. They discovered that a 10% increase in per-pupil
spending over a 12-year time period corresponded with 0.31
additional years of completed education, approximately 7%
higher adult wages, and a 3.2 percentage-point reduction in the
incidence of adult poverty 2. These effects were prominent in
lower-income families. Jackson and Mackevicius conducted
a comprehensive meta-analysis of school spending evalua-
tions in the United States, which confirmed that the causal
effects of school spending on educational outcomes are pos-
itive”. Lafortune, Rothstein, and Schanzenbach corroborated
these findings by using post-1990 school finance reforms, doc-
umenting that reform-induced spending increases improved
student achievement in terms of standardized test scores®.

At the state level, the Joint Legislative Audit and Review
Commission identified that Virginia’s K-12 school divisions
are chronically underfunded, with several Great Recession-
era changes alone reducing state funding by $487 million
statewide '8, which is the source of the county’s $568.7 million
annual funding gap noted above 1°. This finding is also consis-
tent with broader evidence stating that spending cuts in educa-
tion generate measurable harm to student outcomes?’, harms
that extend to education’s broader civic and democratic pro-
cesses 28, particularly in high-cost jurisdictions where teacher
labor markets are competitive, such as FCPS.

However, while it is clear that additional budget allocation
in education would be beneficial, it remains nuanced with re-
spect to diminishing returns in education. The returns to in-
vestments in school spending are not identical: Baron found
that the benefit from an increase in the amount of operational
spending was large for test scores, dropout rates, and post-
secondary enrollment, whereas an increase in capital expendi-
tures was relatively small, suggesting that the marginal bene-
fit of a dollar of education spending varies with the nature of
spending?. However, Jackson et al. found sustained returns
even at relatively high baseline spending levels, which compli-
cates that picture and suggests that the point of sharply dimin-
ishing returns has not been reached in most U.S. school dis-
tricts2®. Rothstein and Schanzenbach further confirmed that

school finance reforms after 1990 produced significant attain-
ment and earning effects, which reinforces the idea that edu-
cational spending remains productive at current levels3C.

Several studies have documented that increased spending in
less affluent areas can enhance equality, and targeted spending
in disadvantaged communities can yield disproportionately
high returns®2631:32 Collectively, the strength and consis-
tency of the evidence related to returns in educational spend-
ing, combined with the severity of the FCPS underfunding
gap, inform the assignment of the highest ¢ (0.33) and near-
linear B (0.75) to the education domain in the model. These
studies estimate elasticities for general school spending rather
than marginal surplus allocation specifically; the mapping
from published elasticity estimates to the model’s 8 parameter
is therefore qualitative rather than formally derived, a limita-
tion later discussed.

Returns on Public Health Investment

Similar questions about marginal returns arise in public health,
where returns to investment have been assessed through a
variety of metrics, including mortality reduction, morbidity
prevention, and healthcare cost avoidance. Masters, Anwar,
Collins, Cookson, and Capewell conducted a systematic re-
view of 52 studies examining the return on investment (ROI)
of public health investment in high-income countries such as
America®. They found a median overall ROI of 14.3:1, with
local public health investments returning a ratio of 4.1:1 and
national interventions returning 27.2:1. Mays and Smith ex-
amined the relationship between local public health spending
and preventable mortality using a panel of U.S. communities
over the period of 13 years !°. Their findings suggest that each
10% increase in local health spending was associated with a
6.9% decline in infant mortality, a 3.2% decline in cardiovas-
cular disease mortality, a 1.4% decline in diabetes mortality,
and a 1.1% decline in cancer mortality.

Another study found that counties in quartile 2 of invest-
ments in the social determinants of health (SDOH) had an
average of 9.09 fewer overdose deaths per 100,000 popula-
tion, along with 13.18 and 13.92 in quartile 3 and quartile
4 respectively 3. Similarly, Sowmyan et al. concluded that
a one-standard-deviation increase in per-capita total expendi-
tures was linked to a reduction of 0.51 deaths per 1,000 live
births34. Together, these studies indicate that public health
spending has an independent protective association with pub-
lic health.

Singh conducted a complementary systematic review of
public health spending and population health outcomes>>. In
the review, they synthesized 17 empirical studies and 5 lit-
erature reviews, concluding that increases in public health
spending are more generally correlated with greater popula-
tion health. Leider, Alfonso, Resnick, and McCullough evalu-
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ated the value of 40 years’ worth of local public health spend-
ing and estimated that the benefits of the mortality savings
from continuous local public health spending outpaced its
costs 3.

More recently, Turner et al. reviewed 118 ROI analyses
of health interventions published between 2018 and 2021,
finding wide methodological variation across studies, though
the broader literature consistently reports positive returns for
preventative health investments 37, Bekemeier, Grembowski,
Yang, and Herting also demonstrated that specific local public
health activities, such as maternal and child health services,
are accompanied by reductions in racial disparities in mortal-
ity outcomes3®. Hence, the convergent evidence of positive,
yet also moderately diminishing local returns, informs the as-
signment of & (0.22) and B (0.65) to the health domain in the
model. It should be acknowledged that ROI estimates such
as the 14.3:1 figure from Masters et al. are drawn primarily
from intervention-specific studies (e.g., vaccination programs,
smoking cessation) rather than general local public health de-
partment budgets; the mapping from these intervention-level
returns to the model’s domain-wide f parameter therefore car-
ries additional uncertainty, consistent with the broader limita-
tion discussed in the Limitations.

Public Safety Spending

Turning from health to safety, the latest research on the effects
of police resources on crime has produced increasingly cred-
ible causal estimates. Chalfin and McCrary analyzed police
and crime data for 242 large U.S. cities from 1960 to 2010, and
they estimated a cost-weighted crime elasticity with respect to
police of approximately —0.5'!. This means that each time
the police force size is increased by 10% the cost-weighted
sum of crimes is reduced approximately by 5%. They also
calculated that for each $1 of extra policing, the estimated
value of the resulting social benefits is $1.63, most of which
comes from fewer incidents of violent crime. Mello also used
Community Oriented Policing Service data from the federal
government, finding crime-police elasticities of approximately
—1.3 for violent crime and —0.8 for property crime 2. This
implies an estimated social return of $352,000 in reduced vic-
timization costs per additional officer. The evidence indicates
that the returns to police spending continue to be positive, but
could have more pronounced diminishing returns than educa-
tion or health spending. Chalfin and McCrary observed a neg-
ative relationship between marginal productivity of police and
the number of police!'. Evans and Owens documented that
COPS hiring grants increased police force size and reduced
crime, while Lee, Eck, and Corsaro conducted a systematic
review with findings that suggested mixed results depending
on methodology, thus underscoring the difficulty of isolat-
ing causal effects in policing research3%4°. Piza and Chillar

provided further evidence by studying mass police layoffs in
New Jersey, concluding that reductions in police force size
corresponded with sizable increases in crime*!. Ultimately,
these findings support the assignment of o (0.18) and the
relatively lower B (0.55) to the public safety domain in the
model, reflecting more sharply diminishing returns compared
to education or health. It should be acknowledged that the
cited elasticities pertain specifically to police labor rather than
the full public safety budget category modeled here, which
also encompasses fire and rescue, emergency management,
and prevention-oriented programs that may exhibit different
marginal returns; the mapping from police-labor elasticities to
the broader domain  parameter therefore carries additional
uncertainty, consistent with what is discussed in the Limita-
tions.

Social Services Spending

Social services at the county level encompass child welfare,
family support, housing assistance, and community devel-
opment programs. A growing body of literature indicates
that county-level social spending produces measurable im-
provements in welfare outcomes. A cross-sectional study
of county-level government expenditures and healthcare uti-
lization among low-income Medicare beneficiaries found that
high spending on housing and community development was
associated with 11% higher rates of primary care visits, and
higher spending in community development and public tran-
sit also was associated with 6-10% lower preventable hospital
rates*?. This suggests that, by investing in local social ser-
vices, a county can reduce long-term costs as a result of a
decrease in hospitalizations and visits. Bradley et al. exam-
ined the ratio of social services spending to healthcare spend-
ing across the U.S. and found that states allocating a higher
proportion to social services relative to healthcare had sig-
nificantly better health outcomes, including lower adult obe-
sity rates and lower mortality from causes such as lung can-
cer, acute myocardial infarction, and type 2 diabetes*’. Car-
dona et al. determined that, in urban counties, a one-standard-
deviation increase in spending on building infrastructure was
linked to an increase in Life Expectancy at Birth (LEB) by
1.14 years in 2005 and 1.05 years in 201044, Therefore, long-
term social investments in housing, nutrition, and family sup-
port may be more cost effective at improving population health
than the equivalent of increases in direct healthcare spending.

In child welfare in particular, the NSCAW III Child Wel-
fare Workforce Study examined child welfare worker burnout
and found that 74.9% of supervisors identified job stress and
burnout as the primary reason for caseworker turnover, with
workload cited by 41.3% of respondents*’. This indicates that
staffing capacity is also a limiting resource in child welfare
service delivery and that workload-related turnover is likely to
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be a potential pathway through which increased investment in
staffing could enhance service continuity for vulnerable popu-
lations.

Research from Lee, Kirkland, Miranda-Julian, and Greene
also highlights how mothers who received in-home services
were half as likely to be confirmed subjects for physical abuse
or neglect by their children’s seventh birthday compared to the
control group“*®. Fowler and Chavira found that housing ser-
vices decreased the risk of child welfare families being placed
in foster care and homelessness, showing that investing in sup-
portive social services infrastructure can not only lower the
risk of children leaving care into more expensive downstream
services, but can also prevent the service altogether’. The-
ories imply a moderately concave relationship, which is not
as well supported empirically as are the theories regarding the
education-health returns. The evidence on workload-driven
turnover and on the effects of incremental home-visitation and
housing services*#¢ is consistent with the expected concav-
ity in the return of these services as caseloads increase to fam-
ilies with less severe needs, based on these studies’ findings
of roughly proportional returns over a range of caseloads, al-
though the concavity is an interpretive judgment, not a direct
finding of these studies. Hence, we assign the associated vari-
ables o and 8 to 0.22 and 0.70 respectively to the social ser-
vices domain of the model, reflecting moderate priority and
moderately sustained returns.

Economic Development Spending

The final domain, economic development, typically comprises
business attraction incentives, workforce development pro-
grams, and infrastructure investments aimed at expanding the
tax base. The literature on the effectiveness of local eco-
nomic development incentives is much more skeptical com-
pared to literature on education, health, social services, or pub-
lic safety spending. Bartik conducted a comprehensive review
of place-based economic development policies and concluded
that while targeted incentives can produce positive employ-
ment effects, the returns diminish rapidly as programs scale,
with many incentives just serving as transfers to firms that
would have invested anyway *®. Kenyon, Langley, and Paquin
similarly found that tax incentive programs for economic de-
velopment often fail cost-benefit tests, particularly when op-
portunity costs are considered*®. At the county level, the FY
2027 Advertised Budget Plan characterized the impact of pro-
posed budget reductions in economic development programs
as “limited,” suggesting that the county’s own assessment re-
flects the fact that there are low marginal returns from incre-
mental spending changes in this domain!”. This is consistent
with broader literature findings that wealthy, high-amenity ju-
risdictions like Fairfax County already have strong locational
advantages, and therefore there is less marginal value in ad-

ditional economic development spending>%3!. These findings
support the idea that the economic development domain will
have the lowest sensitivity weight (&) of 0.05, and the most
sharply diminishing f (0.45) in the model.

Diminishing Returns in Public Expenditure

Across all five domains, the principle of diminishing returns
in government spending is well established within the field
of public economics. Barro developed an endogenous growth
model showing that productive government spending con-
tributes positively to economic growth up to an optimal share
of GDP, and beyond that share reaches a point where addi-
tional spending reduces growth*. The theoretical framework
has been backed by a rich empirical literature on a variety
of countries and periods>>2. In particular, there is a formal
model which lets one visualize this intuition: The “Armey
Curve” is an inverted U shape with the quantity of government
on the horizontal axis and the level of economic growth on the
vertical. As previously mentioned, the curve illustrates that
there is a point of maximum public expenditure benefit and,
after that, the harmful effect of public expenditure’>>*. It is
important to recognize, however, that the exact turning point
may differ across studies and country settings, but there is a
general consensus that there are diminishing returns. Kolgak
& Kalabak applied panel data techniques to 138 countries over
1980-2016, confirming that the effect of government expen-
diture on economic growth decreases as the level of spend-
ing rises (though the effect remains positive)>>. The concept
of diminishing returns and nonlinear relationships is demon-
strated by the UNCTAD® SDG costing methodology, which
notes that “spending may have diminishing returns, hence pa-
rameters describing this nonlinear relationship are included.”
Thus, these findings validate the implementation of a concave
award function — the function that converts a domain’s alloca-
tion share into a benefit score — with 8 < 1 to model domain-
specific returns on investment.

Optimization Frameworks in Public Finance

The optimization problem of maximizing a concave objec-
tive function subject to a budget constraint is a well-known
problem in operations research and convex optimization the-
ory2!. The theory of public finance has been used to formulate
a theoretical model by Devarajan, Swaroop and Zou which
demonstrates that the optimum mix of government spend-
ing is a function of relative productivity of the various gov-
ernment spending categories, reflecting diminishing returns®.
The analysis they make shows that redirecting spending to
more productive uses can also yield an increase in aggregate
welfare, a result which is directly analogous to the optimiza-
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tion done in this analysis. Despite this theoretical foundation,
practical applications of a parameterized concave optimization
to real municipal budget decisions remain sparse. Most bud-
get optimization research has focused on national-level spend-
ing composition*® or allocation problems that lack domain-
specific empirical parameterization. This study contributes to
this literature by constructing a domain-specific award func-
tion whose parameters are informed by the studies reviewed
above. This is among the first applications combining pa-
rameters informed by peer-reviewed spending research with
a concave optimization framework at the municipal level in
the United States.

Methods

We construct a mathematical model parameterized by values
derived from existing peer-reviewed literature, and then apply
this model to a real municipal budget allocation problem in
Fairfax County. The research design falls within the realm
of applied operations research, where the contribution lies in
the process of formulating, parameterizing, and applying the
optimization framework 2!

Data Sources

All data used in this study are drawn from publicly available
government documents and peer-reviewed academic publica-
tions. Budget data for FY 2027, including General Fund dis-
bursements, department-level appropriations, and the $23.17
million balance for Board consideration, were obtained from
the Fairfax County FY 2027 Advertised Budget Plan, Vol-
ume 1'7. Domain-level budgets were constructed by aggre-
gating agency allocations into five service domains: public
safety ($704.35 million), health ($296.4 million), social ser-
vices ($262.3 million), K-12 education via FCPS ($3,052.4
million), and economic development ($23.7 million). The
total across these five domains is $4,339.15 million. Demo-
graphic and socioeconomic data were obtained from the U.S.
Census Bureau’s 2024 American Community Survey 1-year
estimates !¢, Finally, parameter values for the award function
(o and B) were informed by the peer-reviewed studies dis-
cussed in the literature review. The specifics are discussed in
the Parameter Derivation section.

The Award Function Model

The award function that is employed in this study is derived
from three well-established theoretical foundations in eco-
nomics and optimization theory. First, the model adopts a
power function form with an exponent less than one, which
is similar to the Cobb-Douglas production function that was

originally developed by Cobb and Douglas to model the re-
lationship between factor inputs and output’’. This produc-
tion function is one of the most common functional specifi-
cations used in economics, in theories on macroeconomics>3,
in production theory>®, and in public finance*. This prop-
erty, of having diminishing returns from the application of
the first factor of production when the exponent used is less
than one, has been found to hold true empirically in sev-
eral production situations. In health economics, for instance,
Galama et al. estimated a health investment equation that
was tested against the constant-returns Grossman model ver-
sus the decreasing-returns Ehrlich-Chuma extension, and re-
sults suggest a negative relationship between scale and health,
though their instrumental-variable estimates were inconclu-
sive®. Hence, it is possible to find empirical support for the
power-function form with § < 1 in several production frame-
works, but the support differs in strength. Second, the optimal
combination of concave functions under a budget constraint
can be viewed in the light of Bergson’s and Samuelson’s social
welfare function®-92, This gives the basic structure to be used
for combining each of the welfare components into a single
objective function that is to be maximized subject to resources.
Our model is similar, where the award function is made up
of various parts, each corresponding to a part of social wel-
fare, and the total is maximized subject to a fixed budget con-
straint. Adler provides a comprehensive modern treatment of
social welfare function-based policy evaluation, underscoring
the fact that this framework is still the standard analytical tool
for welfare-maximizing resource allocation across public eco-
nomics, optimal taxation, and climate policy 3.

Third, the specific application of concave production func-
tions to government spending was established by Devarajan,
Swaroop, and Zou, who showed that the optimal allocation of
public expenditure across sectors depends on the relative pro-
ductivity parameters of all of the varying sectors spending®.
The award function mimics the same mathematical structure
as theirs, and demonstrates that reallocating spending towards
higher-productivity sectors improves societal welfare. Ar-
slanalp, Bornhorst, Gupta, and Sze extended this framework
empirically by using IMF data on public capital stocks across
48 OECD and non-OECD countries from 1960 to 20019,
This affirmed that the elasticity of output with respect to pub-
lic capital is robust to changes in time intervals and varying
depreciation rates. Their finding that elasticity exhibits con-
cave curvature across multiple specifications provides direct
empirical support for the model’s form. Therefore, the award
function remains a tested mathematical construct, combining
a standard production function form (Cobb-Douglas), a stan-
dard welfare aggregation framework (Bergson-Samuelson),
and a specific application to public spending allocation vali-
dated by both theoretical and empirical work in public finance.
The specific formulation of the award function is presented in
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the following section.

Model Specification

The model defines an award function for each domain i as the
following:

where:

* s; is the surplus allocated to domain i (in millions of dol-
lars)

* S is the total surplus available for allocation (S = $23.17
million)

* ¢ is the benefit sensitivity weight for domain i, where
Yo =1.00

* f; is the diminishing returns parameter for domain i,
where 0 < f; < 1

The total value of the societal benefit index across all five
of the domains is:

5 \Bi
a=ya(5)

We refer to A as the societal benefit index; it is a model
score, a normalized and dimensionless aggregate value that
combines policy relevant sensitivity weights o; and diminish-
ing returns parameters f3;, which capture the concavity of the
returns. The index ranges between 0 and 1, and is ordinal over
allocations with a given set of parameters. Accordingly, A is
reported as a value on [0, 1] and should not be interpreted as
a percentage of social welfare or compared cardinally across
various other parameter sets. The optimization goal is to max-
imize A, with the condition that };s; = S. In other words, the
total surplus should be distributed and no allocation can be
negative. This is a share-based formula (s;/S), not a budget-
relative formula (s;/B;), where B; is the existing budget of do-
main i. This is because, after testing both formulations, it was
determined that the budget-relative approach produces unsta-
ble results: domains with small existing budgets (e.g., eco-
nomic development, B = $23.7 million) receive disproportion-
ately large allocations because even minimal dollar allocations
produce large s;/B; ratios, while domains with large budgets
(such as education, B = $3052.4 million) receive negligible
allocations with minimal regards to their assigned o weight.
The share-based formulation ensures that the optimization is
driven by the policy-relevant parameters o and 3.

Parameter Derivation

The benefit sensitivity weight (o;) was assigned to each do-
main by ranking them on three characteristics identified from
the domain-level literature reviewed above: (1) size of re-
ported causal effects on welfare outcomes, (2) consistency of
effects across the different independent studies and methods,
and (3) severity of the identified local funding gap in Fair-
fax County. The weight assigned to Education was the high-
est (a = 0.33) due to the highest documented causal effects
on long-run outcomes2®, the best replication across the body
of meta-analytic evidence’, and the largest documented local
gap of $568.7 million in annual underfunding from the JLARC
standards '°. Health and social services received a moderate to
strong weighting (o« = 0.22) based on moderate to strong evi-
dence of returns, but reported local gaps are smaller®*3. Pos-
itive, though more rapidly declining, returns to public safety
have been found at existing force levels in high amenity juris-
dictions, with & = 0.18'!. The lowest weight (ot = 0.05) was
assigned to the economic development category, because there
is a lack of evidence that incentives matter for economic de-
velopment, and Fairfax County already has locational benefits
to continue building*®. These three criteria were applied
to each domain and rated as High, Moderate, or Low (Table
1) and the o weights were then adjusted to the nearest value
that maintains the ordering and sums to 1.00. The diminishing
returns parameters 3 were also calibrated ordinally from the
same literature, increasing where returns were observed to be
persistent with increased spending, and decreasing where re-
turns were observed to decrease more rapidly with increased
spending (e.g., economic development vs. education). These
are composite policy-relevance parameters based on the crite-
ria and detailed evidence presented above, not the mechanical
output of a formula or direct estimates of elasticity, and their
influence on the results is examined directly through the sce-
nario analysis.

Optimization Procedure

This optimization problem is a concave maximization prob-
lem with a linear equality constraint and non-negativity con-
straints. This means that the optimal conditions state that the
marginal reward on a dollar of investment is identical in all the
domains for which the investment is positive>'. The marginal
award for domain i is:

dA;  oufi /si\Bi—1
L = ’B’(—’> =1 vV i
dS,' S S

Setting marginal awards equal across domains and solving
for the allocation shares returns the optimal s; values. The op-
timization was numerically carried out in practice by means of
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Table 1 Award Function Parameters by Domain

Domain Budget a Policy-relevance  Informing evidence (o) J Informing evi-
($M) rating (effect dence (8)
/ consistency /
gap)
Public Safety $704.35 0.18 Moderate / Mod- Mello!2; Chalfin & Mc-  0.55 Chalfin & Mc-
erate / Low Crary ! Crary 1!
Health $296.4 0.22 Moderate / High / Masters et al.”; Mays &  0.65 Mays &
Low Smith 1 Smith 1
Social Services $262.3 0.22 Moderate / Mod- Bradley et al.*3; Lee et 0.70 Elgin et al.
erate / Moderate ~ al.*¢
Schools (FCPS) $3,052.4  0.33 High/High/High Jacksonetal.?®; FCPS'® 0.75  Jackson et
al.2%; Baron?®
Economic Devel- $23.7 0.05 Low /Low/Low  Bartik*s; Fairfax  0.45 Glaeser™;
opment County Department Moretti’!
of Management and
Budget '’

Note: The value of 3 represents the diminishing-returns factor (0 < § < 1), and the value of « represents the benefit-sensitivity
weight (Y o = 1.00). Each domain is scored on three criteria (size of reported causal effects, consistency of the results across
independent studies, and severity of the local funding gap) and the weights on the ¢ are calibrated to preserve this ordering. The
cited studies inform these author-assigned parameters but do not directly estimate o or 3. Budget figures from the FY 2027
Advertised Budget Plan 7.

a bisection algorithm on the Lagrange multiplier A until the to-
tal of the allocations is § within a tolerance of $0.001 million.
The algorithm was programmed in JavaScript (Node.js) and
compared to closed form solutions for simplified two domain
cases. The dollar amounts have been rounded to the nearest
$0.01 million and the allocations in each scenario are con-
strained to sum to the full surplus; index values have been
rounded to three decimals and percentage shares to one deci-
mal.

Scenario Analysis

While the literature review led to the different o and 8 values
used in this study, it was also desired to test the results of
the optimization and investigate the sensitivity of the model
to the different policy priorities. Consequently, we developed
four alternative weighting scenarios, along with the uniform
baseline, as shown in Table 2.

Ethical Considerations

The sources employed are government documents and prior
academic research that are readily available. No human sub-
jects data were gathered and no institutional review board
(IRB) approval was needed. All budget numbers, sources of

parameters and optimization code are documented, assuring
transparency and reproducibility.

Limitations of the Methodology

We have several methodological drawbacks in our study. First,
the parameters o and 8 are not directly estimated by econo-
metric analysis of the elasticities for Fairfax County, but are
instead based on qualitative literature synthesis. This, there-
fore, brings subjectivity to the mapping of published esti-
mates onto the model parameters. Second, the model assumes
that all domains are independent, meaning that there are no
complementarities between spending categories. For exam-
ple, health and social services can be complementary services
and not distinct inputs. The model ignores these interactions,
so the direction of the bias is difficult to predict: allocations
that concentrate surplus away from complementary domains
may overstate their gain over the equal-dollar baseline, while
allocations concentrating within a complementary pair may
understate it. Third, the share-based formulation generates
shares of allocation that are independent of the value of sur-
plus S; this may preclude the inclusion of threshold effects
or nonlinearities that may occur at various levels of surplus.
Fourth, the five domain taxonomy does not include approx-
imately $1.6 billion in General Fund spending that does not
go to the marginal benefit analysis. Finally, the Monte Carlo
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Table 2 Alternative Weighting Scenarios

Scenario o Public Safety o Health « Social Services « Schools o Econ. Dev. Description

Uniform 0.20 0.20 0.20 0.20 0.20 Equal dollar split across

(flat) domains

Baseline 0.18 0.22 0.22 0.33 0.05 Literature-derived
weights

Equal o 0.20 0.20 0.20 0.20 0.20 Equal priority, opti-
mized shares

Health-first 0.15 0.35 0.25 0.15 0.10 Maximum weight on
health

Equity-first 0.18 0.22 0.35 0.20 0.05 Maximum weight on so-

cial services

Note: B values held constant across all scenarios. The Uniform scenario does not optimize; it simply allocates S/5 to each
domain regardless of the parameters. The equal & scenario uses equal weights but still optimizes the allocation, so the resulting
shares differ from 20% each due to differences in 8 across the domains. To test robustness to parameter uncertainty directly, a
Monte Carlo analysis re-solved the baseline optimization for 10,000 random samples, with each 8 sampled uniformly in the
range of its assigned value +0.10, and each o sampled uniformly in the range of its assigned value +0.05, with o being

renormalized to sum to 1.00 at each draw.

Table 3 Optimized Surplus Allocation ($23.17M) — Baseline Model

Domain o Budget Allocation % of Surplus  Award A; (0-1)
($M) ($M)

Public 0.18 $704.35 $2.29 9.9% 0.050

Safety

Health 022  $296.4 $3.39 14.6% 0.063

Social 022 $262.3 $3.15 13.6% 0.054

Ser-

vices

Schools  0.33  $3,052.4 $14.10 60.9% 0.227

(FCPS)

Econ. 0.05 $23.7 $0.24 1.0% 0.006

Dev.

Total 1.00 $4,339.15 $23.17 100.0% 0.402

Note: § =$23.1TM'7. A; = o x (si/S)Pi.

perturbation ranges are assumed rather than derived from esti-
mated uncertainty in the published literature.

Results

Baseline Optimized Allocation

The baseline weighting scenario (derived from the literature
using the o values) yields the allocation shown in Table 3.
The model assigns most of the surplus (60.9%) to the
schools category, as this was the category with the highest o
weight (0.33), and the highest 8 value (0.75), meaning that ed-
ucation has the highest policy priority and has the most stable
marginal returns. This concentration depends on schools hold-

ing the highest o and the highest 8 at once; a lower § would
impose sharper diminishing returns and redistribute surplus
elsewhere, as seen in the Health-first scenario (Table 5), where
schools receive only 3.1%.

Comparison with Uniform Allocation

Under uniform allocation, each domain receives S/5 = $4.63
million, regardless of its & and 3 parameters. The societal
benefit index for uniform allocation is 0.346, compared to
0.402 for the optimized baseline. Table 4 presents the domain-
level comparison.

As shown in the table, four of the five domains contribute
more to the index under uniform allocation than under the
optimized allocation. Public safety, health, social services,
and economic development all score higher individually when
given equal shares; however, schools’ contribution increases
from 0.099 to 0.227 under optimization, which more than
compensates for the reductions in the other domains. This
illustrates the fact that concentrating resources in the highest-
return domain increases the total index value, even if at the ex-
pense of lower individual contributions elsewhere. This con-
centration is quantified formally for all five scenarios below
(Table 6), using the Herfindahl-Hirschman Index and Gini co-
efficient.

Alternative Weighting Scenarios

Four different policy weighting scenarios were tested to exam-
ine the robustness of the optimization approach and sensitiv-
ity of the societal benefit index to the weighting of policies. It
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Table 4 Optimized vs. Uniform Allocation Comparison

Domain Optimized Allocation ($M)  Uniform Allocation ($M)  Optimized Award (0-1)  Uniform Award
Public Safety $2.29 $4.63 0.050 0.074
Health $3.39 $4.63 0.063 0.077
Social Services $3.15 $4.63 0.054 0.071
Schools $14.10 $4.63 0.227 0.099
(FCPS)

Econ. Dev. $0.24 $4.63 0.006 0.024
Total $23.17 $23.17 0.402 0.346

Note: Tndex contributions calculated as A; = o x (s;/S)5.

+0.058 +0.064

+0.056 0.418 0.413

0.402 +0.000 (= 0)
0.374 0374 o
0.346 = 0319

Model award score, A

Baseline Equal-a Health-first Equity-first

Equal-dollar allocation WM Optimized allocation

Figure. 1 Model award score for each weighting scenario, compar-
ing each scenario’s equal-dollar allocation with its optimized alloca-
tion. Values above each pair show the gain from optimization. The
gain is substantial when domain priorities differ and negligible under
equal priorities (equal-¢r), where the optimum nearly coincides with
the equal split.

should be emphasized at the outset that the dominance of opti-
mized over uniform allocation is not merely an empirical reg-
ularity observed across these particular scenarios; it follows
directly from optimizing a concave award function, though its
magnitude depends on the heterogeneity of the o weights. The
scenarios below therefore serve to illustrate the magnitude and
distribution of this gain under different policy priorities. The
index values are not strictly comparable across scenarios be-
cause each scenario has a different set of @ weights; the cross-
scenario comparisons below are descriptive, showing which
set of priorities attains the highest score under its own weight-
ing. Figure 1 summarizes the resulting societal benefit index
values for each scenario, and Table 5 reports the underlying
allocations.

For all four optimized scenarios, uniform allocation is
matched or outperformed. The baseline model (A = 0.402) re-
sults in a gain of 4+0.056 compared to uniform, with the bulk
of the gain going to schools. The smallest gain (approximately
0.000) is expected from the equal o model (A = 0.374) since
equal weights place the optimum almost exactly at the equal-
dollar split, leaving little room for § differences to improve the

allocation. Additionally, the health-first model (A = 0.418)
has the highest index of benefit to society of all the models,
with +0.058 over uniform. This is due to the high f for health
(0.65) and its high o weight (0.35), leading to a large marginal
return at concentrated allocation levels. Lastly, the equity-first
model (A = 0.413) delivers the second-highest societal benefit
index overall and the largest gain over its equal-dollar base-
line (4+0.064), with 65.5% of the surplus allocated to social
services. The relatively high B of social services results in
an index value that is closer to the health-first scenario. To
quantify how concentrated each allocation is, the Herfindahl—
Hirschman Index (HHI) and Gini coefficient were computed
across the five domain shares reported in Table 5; the results
are given in Table 6. Both confirm that the optimized sce-
narios concentrate surplus far more than uniform allocation,
making explicit the efficiency—concentration relationship dis-
cussed above.

Optimization Dominance

In all of the weighting scenarios the optimized allocation
matches or outperforms the uniform distribution by up to
0.064. The size of the net gain largely depends on the het-
erogeneity of the o weights; it is large when priorities differ
across domains and negligible when they are equal. The math-
ematical explanation for this is that the optimum allocation
reallocates resources from less productive domains towards
more productive ones until the marginal awards are equalized,
and that is valid for all domains because of the fact that f < 1
for all domains. Finally, the result demonstrates that the use
of evidence-based optimization for selecting the allocation of
surplus yields a higher value of the benefit index for the so-
ciety as a whole, though its size depends on the Board’s pri-
orities. The qualitative results are robust to parameter pertur-
bation: In the Monte Carlo analysis, the schools’ allocation
was the largest in 100.0% of the 10,000 draws, with a median
allocation of 59.8% (90% interval: 43.2% to 75.1%) and the
gain over the scenario’s own equal-dollar baseline was posi-
tive in every draw (median 0.060; minimum 0.022). The two
qualitative findings of the study are not dependent on the ac-
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Table 5 Surplus Allocation and Total Award by Scenario

Scenario Public Safety ($M)  Health ($M)  Social Services (M)  Schools ($M)  Econ. Dev. ($M)  Equal-dollar A  Total Award A
Baseline $2.29 $3.39 $14.10 $0.24 0.346 0.402
Equal $4.71 $4.81 $4.55 $4.36 0.374 0.374
Health-first $1.67 $14.36 $0.71 $0.90 0.359 0418
Equity-first $2.33 $3.46 $1.96 $0.24 0.349 0413

Note: Each scenario’s Total Award A is compared against its own Equal-dollar A. The equal-dollar A is the uniform-share allocation scored under that scenario’s own o and 3. f8
values are held constant across scenarios. All scenarios use the optimization procedure described in the Optimization Procedure section.

Table 6 Allocation Concentration by Scenario

Scenario HHI  Gini
Uniform (flat) 2,000 0.000
Baseline 4,201 0.498
Equal o 2,002  0.019
Health-first 4,487  0.551
Equity-first 4,689 0.542

Note: HHI = Herfindahl-Hirschman Index (sum of squared percent-
age shares; 2,000 = even five-way split, 10,000 = all surplus to one
domain). Gini = Gini coefficient across domains (0 = perfectly even,
0.8 = maximum for five domains). Both measure domain-level con-
centration, not social equity. Values computed from Table 5 alloca-
tions.

tual percentages assigned to the parameters, but rather on their
ordering.

Discussion

The Equity-Efficiency Tradeoff in Optimized Allocation

In terms of the two research questions, the results illustrate
that optimized allocation is either equal to or better than
each scenario’s equal-dollar baseline, and that the health-
first weighting generates the highest index value, followed by
equity-first. While uniform allocation might seem fair in that
it gives each domain an equal amount, it would result in a
lower value of the societal benefit index. Under optimized al-
location, the amount of resources allocated in higher return
domains (mainly schools) raises the overall index value while
reducing the value of the four other domains. This tension
mirrors Okun’s insight that the quest for equality often comes
at a cost to efficiency, and that there is a basic tradeoff be-
tween equality and efficiency in society®. However, it is im-
portant to acknowledge that the current results point to the fact
that this tradeoff may not be as strong as Okun’s formulation
would suggest in the case of public investment. In the U.S.
context, Meier et al. present results of citizen experiments
that test the effectiveness-equity-efficiency tradeoff in K-12
education programs and reveal that citizens value both effec-

tiveness and equity, and are not willing to sacrifice one for the
sake of the other, implying that there are significant limita-
tions for policy makers when attempting to make efficiency-
maximizing allocations®®. The award function operational-
izes the framework and gives the policymaker the flexibility to
determine the equity-efficiency trade-off, rather than the im-
plicit equity of one-size-fits-all. This can especially be seen
in the equity-first scenario, with A = 0.413. In this case, the
largest ¢ weight was moved to social services (0.35), and
the scenario resulted in a higher societal benefit index value
than the uniform allocation scenario — 65.5% of the surplus
going to the domain serving the most economically vulnera-
ble populations. The conclusion we can draw, then, is that
the priorities of equity are not at odds with optimization but
rather they yield another optimal allocation which is still bet-
ter than the flat allocation. A related concern is that the opti-
mization operates on surplus shares without reference to do-
mains’ very different existing budgets: public safety’s 9.9%
share ($2.29M against a $704M budget) and FCPS’s 60.9%
($14.10M against $3,052M) represent much closer propor-
tional increments (0.33% versus 0.46%). This is a deliberate
consequence of the share-based formulation (discussed un-
der the share-based formulation in the Methods), which was
chosen over a budget-relative formula that awarded dispropor-
tionate surplus to small-budget domains. The cost is that the
model does not capture how a dollar addition interacts with a
domain’s existing scale — a limitation discussed further under
scale invariance below.

Implementation Barriers in Evidence-Based Budgeting

While the mathematical results consistently show that opti-
mized allocation matches or outperforms uniform allocation
across the tested weighting scenarios, the practical implemen-
tation of this evidence-based budgeting faces significant insti-
tutional barriers. For example, 76% of state and local govern-
ment leaders surveyed by the Pew Charitable Trusts said that
data-driven decision-making is a significant challenge, and
less than half felt that their staff were sufficiently trained to
make data-driven decisions. Pew also notes that incremental
budgeting is built into the policy structure, making it a barrier
to evidence-based allocation®’. The National League of Cities
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and Government Finance Officers Association similarly sur-
veyed municipal officials, including mayors, city managers,
and staff (138 respondents), and found that over half identi-
fied difficulties in connecting the budget line items to organi-
zational goals and a lack of elected official knowledge of bud-
geting as major barriers to evidence-based allocation®®. To
combat this, the award function requires only two parameters
per domain (o and f3), both of which can be derived from ex-
isting published research without original data collection or
econometric estimation. The scenario analysis framework al-
lows policymakers to explore multiple configurations without
committing to a single set of weights, which reduces the po-
litical risk of adopting a quantitative framework. Neverthe-
less, the real challenge lies in the institutional barrier that is
described by Raudla: politicians tend to make limited use of
performance information in the budget process®®. The award
function provides the analytical infrastructure for this shift;
however, its adoption depends on the political will and orga-
nizational capacity that lie beyond the scope of mathematical
optimization.

The Scale Invariance Problem

One notable property of the share-based formulation (s;/S) is
that the optimal allocation shares are invariant to the level
of surplus S. Whether the Board allocates $23.17 million
or $230 million, the model recommends the same percent-
age distribution: 60.9% to schools, 14.6% to health, and so
on. While this property is mathematically convenient in terms
of ensuring that the model’s recommendations are robust to
changes in available surplus, it also represents a limitation.
This can largely be attributed to the fact that the returns on
public spending are likely to exhibit threshold effects that a
share-based model cannot capture. A $14 million increase in
FCPS funding may produce different marginal returns than
a $140 million increase, as the former could fund additional
teaching positions, compared to the latter, which could enable
systemic infrastructure improvements with potentially nonlin-
ear returns. Pritchett and Filmer revealed that the productivity
of education spending depends heavily on which inputs the
money purchases, suggesting that aggregate spending elas-
ticities may not be stable across contexts or spending lev-
els’°. Future work could build on this model by incorporating
a budget-relative component or piecewise-linear approxima-
tions of the award function at different surplus scales to ad-
dress this. There is also an absorptive-capacity concern at high
surpluses, because of this scale invariance. When the recom-
mended shares are fixed, a much larger surplus (e.g., $500M)
would direct 60.9% — approximately $304M — to FCPS in
one year, an amount the division may not be able to use pro-
ductively, which would in turn violate the diminishing-returns
premise upon which the model is based. One natural extension

is to add upper-bound constraints on the amount of each do-
main that can be absorbed in any given year, with the surplus
at the upper bound being moved to another domain.

Conclusion and Future Directions

This study developed and applied an award function opti-
mization model to the allocation of $23.17 million in dis-
cretionary budget surplus in Fairfax County, Virginia. The
model is based on the Cobb—Douglas production function>’,
the Bergson—Samuelson social welfare framework61'62, and
the public expenditure composition literature®. Moreover, its
parameters are calibrated to Fairfax County using evidence
from peer-reviewed research in education economics, public
health, public safety, social services, and economic develop-
ment. The main result of the paper is that the evidence-based
optimization matches or outperforms uniform allocation by
up to 0.064 on the societal benefit index under all four op-
timized weighting scenarios considered, showing robustness
to policy weighting. Furthermore, two allocation strategies
are presented: first, a baseline allocation strategy that allo-
cates 60.9% of surplus to schools, reflecting the gap caused
by the underfunding of the FCPS; and second, a health-first
allocation strategy that maximizes the societal benefit index
(0.418). The allocations are not prescriptions because the pa-
rameters are evidence-based and not locally estimated, and the
model does not include cross-domain complementarities and
parameter uncertainty. Future research should continue to es-
timate elasticities for counties based on local administrative
data and use this model with the parameters associated with
it. Adding more cross-domain complementarities (specifically
between health and social services) to the model and testing
the results of the model for generalizability in other jurisdic-
tions beyond Fairfax County will be key to explore in the fu-
ture. A complementary validation would retrospectively test
the model for several years of expenditure data from Fairfax
County and see if the historical expenditure allocations be-
tween years were in line with the direction of the model out-
put. If they prove to be consistent, this provides empirical
support for the parametrization. Conversely, if they diverge,
it would highlight areas where the parameters used in the lit-
erature do not seem to correlate well with the historical con-
ditions in Fairfax County. Finally, a longitudinal study which
contrasted the allocations in the model with the actual results
of the budget would constitute the most direct test of the va-
lidity of the award function as a budget policy.
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