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Abstract
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military personnel between 1988 and 2000. I propose a novel empiri-
cal strategy combining the synthetic control and instrumental variables
methods and estimate the causal effects on the equilibrium quantities
and prices of local labor, housing, and product markets. Contractions
in military personnel substantially reduced local civilian employment;
however, local populations adjusted quickly, mainly through reduced
in-migration, resulting in small changes in wages and large declines
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1 Introduction
Understanding the effects of local demand shocks is relevant for many govern-

ment policies and has drawn much attention in economic research (e.g., Topel,
1986; Blanchard and Katz, 1992; Bound and Holzer, 2000; Autor et al., 2013). As
local economic activities are inter-connected, demand shocks to one sector spill
over to other sectors and generate a multiplying effect in the local economy. Due
to this externality, governments have long been engaged in policies that aim to pro-
mote local demand.1 Mobility of labor and other factors across space eventually
dissipates these impacts, and the effects within the local economy may misrepre-
sent the true welfare impacts on different agents (Notowidigdo, 2013; Busso et al.,
2013). Largely due to empirical difficulties in identifying the causal effects, there
remains much debate on this topic (Gottlieb and Glaeser, 2008; Dao et al., 2015).

In this paper I study the local economic impacts of the contractions of employ-
ment in a special industry: the US military. I focus on the military personnel cuts
between 1988 and 2000, a period during which the size of the US military shrank by
30 percent. Focusing on county economies where military bases were located, I es-
timate the causal effects of the contractions in military personnel on various aspects
of the local economy and calculate the welfare impacts on workers, landowners, and
firms. The “post-Reagan military personnel contractions,” as they are referred to in
the rest of the paper, were motivated by fiscal and geopolitical considerations, are
easy to measure, and provide quasi-exogenous variation to credibly identify causal
impacts. The contractions provide a suitable case to study the impacts of demand
shocks on local economies.

Empirically, two types of endogeneity challenge the identification of causal ef-
fects. First, military personnel cuts were concentrated in places with large military
bases, which were not randomly distributed in space. Some local characteristics,
potentially unobservable to the econometrician, may not only attract military bases
but also directly affect the long-run performance of the local economy. This is the
endogeneity problem due to unobservable “location-specific time trends.” Second,
transitory local economic shocks may affect the allocation of the cutbacks. For ex-

1In 2012, the state and local governments in the United States spent 84 billion dollars on 1,874
incentive programs that aimed to attract new businesses or to retain existing ones (Story et al., 2012).
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ample, the Department of Defense (DoD) may avoid large cuts in places that were
just hit by a natural disaster. This is the endogeneity problem due to unobservable
“contemporaneous shocks.”

I address these two types of endogeneity separately. To partial out the location-
specific secular trend, the conventional approach is to include a host of pre-determined
variables as covariates. This approach is easy to implement but imposes restrictive
parametric assumptions. Alternatively, taking advantage of a pre-treatment period
and a large pool of counties that were not affected by the military cutbacks, I con-
struct for each county in the sample a “synthetic county” that serves as the coun-
terfactual (Abadie et al., 2010). This data-driven approach allows me to account
for flexible secular trends without imposing any functional form assumptions and
provides a straightforward way of testing match quality.

To address the endogeneity due to unobservable contemporaneous shocks, I
use a shift-share instrument: the interaction between a location’s historical military
presence (“share”) and the contemporaneous nationwide military cutback (“shift”).2

This instrument is uncorrelated with contemporaneous shocks as long as the “shift”
part of the instrument is not driven by idiosyncratic local shocks. But the validity of
the shift-share instrument hinges on credibly partialing out the unobservable secular
trend, as a county’s historical military presence is correlated with local characteris-
tics that may in part determine the secular trend of its economic performance.

I find sizable effects of military personnel contractions on the levels of local
economic activities. Between 1988 and 2000, cutting one military worker results
in the loss of 1.2 civilian jobs in the same county. There is a large population
adjustment: for every civilian job loss, the local economy loses on average 2.4
civilians. Large population adjustment results in small impacts on local wages and
substantial declines in rental prices.

To calculate the welfare impacts on different stakeholders in the local economy,
one needs to model multiple agents and their interactions (Bartik, 1991; Gottlieb
and Glaeser, 2008; Busso et al., 2013). Following the framework in Kline and
Moretti (2014), I build a spatial equilibrium model with local labor, housing and

2Also known as the “Bartik instrument” after Bartik (1991).
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product markets. The model derives expressions for changes in welfare for workers
and landowners and in profits for firms where the reduced-form empirical results
are sufficient statistics. I find that the welfare loss for workers is negligible: as a
result of reducing the military personnel as a share of population by one percentage
point—the average size of the shock in the sample—workers’ utility drops by a
mere 0.02 percent. Landowners bear most of the welfare loss.

This paper contributes to the large empirical literature on estimating the effects
of local demand shocks. Since Bartik (1991) and Katz and Murphy (1992), shift-
share instruments have been widely used to separate arguably exogenous compo-
nents of local demand shocks. The validity of this type of instrument hinges on
the key assumption that historical levels, the “share” part of the instrument, are un-
correlated with the error term. This assumption is in general not testable, and the
literature often takes it for granted. This paper stresses the importance of a serious
examination of this assumption and proposes a novel identification strategy that
explicitly partials out the unobservable endogenous secular trends.

Most studies on local demand shocks focus on the effect on the local labor mar-
ket and estimate the “local job multiplier”—the additional number of jobs gained
(or lost) in the local economy due to exogenously increasing (or reducing) one
worker in a local sector (Black et al., 2005; Moretti, 2010; Chodorow-Reich et al.,
2012; Wilson, 2012; Suarez-Serrato and Wingender, 2014; Shoag, 2012). This
study provides a credible new estimate of this multiplier. However, as different
aspects of the local economy are connected and factors move across locations, fo-
cusing only on the local job multiplier may misrepresent the true welfare impacts.
By checking various aspects of the local economy, I conclude that although the
local job multiplier is sizable, the welfare cost to workers is small. This paper con-
tributes to a new and growing literature that evaluates the welfare impacts of local
shocks through the lens of spatial general equilibrium models (e.g., Topel, 1986;
Glaeser and Gyourko, 2005; Notowidigdo, 2013; Kline and Moretti, 2014; Busso
et al., 2013; Suarez-Serrato and Zidar, 2016).

Debates exist on how local economies adjust to negative demand shocks. I find
a quick adjustment through changes in population, which is consistent with Blan-
chard and Katz (1992). However, recent studies have found slower adjustments,
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largely due to low migration rate, especially among low-skilled workers who are
more likely to be directly affected by negative local demand shocks (e.g., Molloy
et al., 2011; Yagan, 2016; Dao et al., 2015). I provide some evidence that popu-
lation adjustment occurs mainly through reduced in-migration instead of increased
out-migration, an explanation that potentially reconciles different findings in the
literature.

Variations in military spending have often been used in the macroeconomics
literature to estimate the fiscal multiplier at the national or subnational levels (e.g.,
Nakamura and Steinsson, 2014; Barro and Redlick, 2011). Surprisingly, few studies
exist on the impacts of military spending on local economies. Guthrie (1995) and
Aus-dem Moore and Spitz-Oener (2012) are among the few exceptions. However,
these papers focus on local labor market outcomes and, in general, do not address
potential endogeneity concerns.

The rest of the paper proceeds as follows: Section 2 introduces the historical
background. Section 3 discusses the empirical approach. Section 4 describes the
data and the sample. Section 5 presents the empirical results. Section 6 presents the
spatial equilibrium model and calculates the welfare impacts. Section 7 concludes.

2 The Post-Reagan Military Personnel Contractions
The size of the military personnel in the United States was largely stable for

most of the 1980s. The number of active duty military personnel increased slightly
between 1980 and 1987 to keep track with the population growth (Figure 1A and
1B). By the end of the Reagan administration, the rising federal deficit and the
changing geopolitical situation made military downsizing necessary. Fiscally, the
Reagan tax cut and increasing government spending substantially raised the federal
government debt.3 Geopolitically, with the Cold War winding down, the existing
military bases, many of which were built or expanded for WWII, seemed excessive
and called for a significant downsizing.

Between 1988 and 2000, the size of the military personnel declined by about

3A significant portion of the Reagan fiscal expansion was in military spending, which was mainly
dedicated to procuring new weapons, not to military personnel. I will return to the issue of military
procurement in Section 5.3.
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one-third. Figure 1A shows that the number of active duty military personnel de-
clined from 1.4 million in 1988 to less than 1 million in 2000, making it one of
the largest employment cuts from a single industry in recent US history.4 Unsur-
prisingly, the majority of the personnel cutbacks were concentrated in counties that
hosted military bases (henceforth referred to as “base counties”). Figure 1B shows
that the military-to-population ratio in these counties drop from 3 percent to 2 per-
cent, while the ratio in counties without a base (henceforth referred to as “non-base
counties”) was close to zero throughout. I include the base counties in the main
sample and use the non-base counties as potential comparisons.

Military bases bring jobs and investment; downsizings are hard to sell politi-
cally. To make substantial cutbacks possible, independent Base Re-Alignment and
Closure (BRAC) commissions were established. The BRAC replaced the rule that
each military base closure or downsizing needs to be voted in Congress individually
with comprehensive bills that involved hundreds of bases at the same time. In this
way, the BRAC insulated individual politicians from potential political penalties for
losing a military base in their jurisdictions and circumvented political gridlock. The
four rounds of BRAC (in 1988, 1991, 1993 and 1995) accounted for a large share of
military downsizing during this period, although many bases were cut back without
being listed on the BRAC.

The post-Reagan military personnel contractions were largely across-the-board.
Figure 1C shows that almost all base counties experienced declines in the military
presence, and those with higher military-to-population ratios in 1987 in general ex-
perienced larger cutbacks. However, the size of the cut could still be correlated with
potential economic outcomes for a few reasons. First, the BRAC commission ex-
plicitly listed “reducing local economic impacts” as one of the criteria in allocating
the cutbacks. Second, the primary criterion, the “military value” of each base, could
also be correlated with economic values. Third, the geographic distribution of mil-
itary bases could be correlated with local characteristics in the first place and thus
correlated with the long-run economic prospects. The endogeneity of the military
cuts is the key empirical issue that I will address in the next section.

4To provide a comparison, during the same period, the number of jobs in manufacturing declined
by 0.8 million, from 18.0 million to 17.2 million. (Source: Bureau of Labor Statistics.)
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3 Econometric Approach
3.1 Empirical Model and Challenges to Identification

The impact of the post-Reagan military personnel contractions on a local out-

come yk over the period of 1988 and 2000 is estimated using the following equation

among counties that hosted a military base in 1987:

∆ykc = αk+ βk∆milc +λc · γk +∆εkc. (1)

Notice that the unit of observation is the county, so there is no t subscript in the

regression. ∆ represents the 12-year difference between 1988 and 2000.5 ∆milc =

milc,2000−milc,1988 is the change in military presence in county c, where the mil-

itary presence, milc,t = Milct/Popc,1980, is the number of military personnel in

county c in year t scaled by the county’s population in 1980. Outcome variables

include changes in county labor markets, housing markets, and local businesses.6

Key outcomes include (1) changes in civilian employment; (2) changes in civilian

earnings; (3) changes in civilian population; (4) changes in log median rental price;

(5) changes in the number of private business establishments; and (6) changes in log

average demographic-adjusted wage. Outcomes in (1), (2), (3) and (5) are divided

by the county population in 1980. αk captures the outcome-specific trend common

to all counties.

The error term has two components. λc is a vector of potentially unobservable

county characteristics (such as geography and climate). λc ·γk is the county-specific

secular trend in outcome k, driven by those characteristics. ∆εkc captures unobserv-

able contemporaneous shocks pertinent to the outcome (such as natural disasters).

I assume that λc · γk and ∆εkc are orthogonal to each other.

Unobservable secular trends and contemporaneous shocks pose challenges to

5The 12-year difference can be largely interpreted as the “long-run” effect. Admittedly, this
specification does not capture the effects over time. In Section 5.4 I estimate the effects over time
by including future and past cuts in a panel of base counties.

6Housing market outcomes come from decennial population censuses and are measured between
1990 and 2000. They are re-scaled to the 12-year difference.
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empirically estimating the causal effects. Changes in military presence can be en-

dogenous to both secular trends and contemporaneous shocks, and the OLS esti-

mate of βk is likely to be biased. First, contractions in military personnel were

concentrated in counties with major military bases, and bases were not randomly

distributed across space. There may be particular locational characteristics that both

attract military bases and affect long-run trends in economic performance. For ex-

ample, the fact that San Diego is in a strategic location and has a seaport affects

both its economic performance as a port city as well as the DoD’s decision to place

a major naval base there. If military bases are disproportionately located in places

with economic advantages, the endogeneity due to unobservable secular trends is

likely to bias the OLS estimate downwards. Second, the magnitude of the decline

in military presence is likely to be positively correlated with the contemporaneous

shock. In order to minimize the economic and political cost of military contractions,

the DoD may avoid large cuts in places hit by unfavorable shocks. This endogene-

ity is also likely to bias the OLS estimate downwards. Identifying the causal effects

requires addressing both types of endogeneity. I propose a two-part identification

strategy with each part addressing one type of endogeneity.

3.2 Secular Trends
I use two approaches to partial out the unobservable county-specific secular

trends. The first, conventional approach to control for heterogeneous trends is by
including a vector of observable pre-determined characteristics, Xkc. Equation 1
becomes:

∆ykc = αk +βk∆milc +Xkc · γk +∆εkc. (2)

Xkc includes the changes in outcome k in county c during the period of 1980 and
1987.7 The underlying assumption for Equation 2 is that the choice of the pre-

7These variables include civilian employment, earnings level (scaled by 1980 population) and
growth from 1980 to 1987; log median housing price in 1980 and 1990; number of private business
establishments (scaled by 1980 population) and growth from 1980 to 1987. Results are robust to
controlling for state dummies and metropolitan status; demographic (racial, educational, age) and
industrial (2-digit sectors) composition in the latest available year; and other social and economic
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determined characteristics correctly specifies the secular trend.
This approach has a few limitations. First, although a rich set of county char-

acteristics can be included in a flexible way, the selection of these characteristics
remains largely arbitrary. There is no guarantee that the inclusion of these character-
istics correctly specifies the heterogeneous secular trend, and there is no good way
to test the validity of the specifications. Second, this approach imposes parametric
assumptions: it assumes that the secular trends in all counties can be described by
the same linear data-generating process. Since military bases are located in places
with all kinds of economic and geographic situations, a single data-generating pro-
cess may not fit all.

Alternatively, I propose a data-driven approach to control for the secular trend.
For each base county, I construct a counterfactual from non-base counties using
the synthetic control method (Abadie et al., 2010). Intuitively, since there was little
change in the size of the military personnel relative to population between 1980 and
1987 (see Figures 1A and 1B), this pre-treatment period can be used to measure the
secular trends. A synthetic control for each base county is constructed such that
its trajectories of the outcome variables in the pre-treatment period track those of
the base county. Because the synthetic control is made of counties with no military
presence and of those not affected by the subsequent military personnel contrac-
tions, the outcome trajectories of the synthetic control in the treatment period can
be used as the counterfactuals for the base county.8

Specifically, the synthetic control for each base county c is constructed as the
weighted average of non-base counties J, such that the secular trend in each out-
come k of the base county and that of the synthetic control is the same:

λc · γk = ∑
j∈J

wc jλ j · γk, (3)

indicators such as crime rate, number of physicians per 10,000 persons, population density, road
density, area, and terrain, as well as their quadratic terms. The results are also robust to an alternative
selection of covariates based on the Bayesian Model Averaging (BMA) approach (Hoeting et al.,
1999).

8The key assumption of this approach is that the movements in the outcomes of interest in the pre-
treatment period reflect the secular trend and are not affected by the presence of military personnel.
This is the standard parallel trends assumption.
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where wc j’s are the weights assigned to non-base county j ∈ J in the synthetic
county c. Note that there is no k subscript for the weights. The same set of weights
matches the secular trend of any outcome variable k. The weights are all bounded
between 0 and 1 and sum up to 1 as in Abadie et al. (2010).

In practice, the set of weights for each base county c, Wc, is calculated by
minimizing the distance between a vector of pre-treatment outcome trajectories of
county c and those of its synthetic control:

Wc = argmin
wc j∈Wc

||Zc−∑
j∈J

wc jZ j||. (4)

Z includes the pre-treatment changes in civilian employment, civilian earnings,
rental prices, and housing prices. Specifically, these variables are changes in civil-
ian employment between 1980 and 1984 and between 1980 and 1987; changes in
civilian sector income between 1980 and 1984 and between 1980 and 1987; changes
in log median rental prices and log median housing prices between 1980 and 1990.9

Table 1 reports the overall quality of the synthetic controls. Column 1 reports
the average changes in outcomes in the pre-treatment period for base counties; Col-
umn 2 reports those for non-base counties. On average local economies in base
counties grew faster than those in non-base counties. As reported in Column 4, the
differences are always statistically significant at the 1% level. Column 3 shows the
average values of the synthetic counties. The differences between synthetic coun-
ties and base counties are small and statistically insignificant at conventional levels,
regardless of whether the comparison is made across county pairs (Column 5) or
within each county pair (Column 6).10

To illustrate the identification strategy based on the synthetic control approach,

9All the predictors are given the same weight in the loss function. The results are quantitatively
similar when the inverse of standard deviation is used as the weight. The results are also robust to
alternative specifications of Z.

10I conduct two alternative experiments to test the match quality of the synthetic controls. In the
first, I construct synthetic controls using only the first half of the pre-treatment period and use the
trajectories in the second half to test the quality the synthetic control. In the second experiment,
I draw a random sample of the non-base counties and construct their synthetic controls using the
remaining non-base counties as potential comparisons. The second experiment allows me to evaluate
the quality of synthetic control during the treatment period. Both experiments confirm that the
synthetic control approach models the secular trend well.
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Figure 2 shows the case of San Diego County, which had the largest number of
military personnel in the United States. The four panels in Figure 2 show changes
in the military-to-population ratio and changes in four outcome variables for both
San Diego and synthetic San Diego. The levels of the outcome variables in 1980
are standardized to 1. Between 1980 and 1987, the ratio of military personnel to
the 1980 population in San Diego stayed at around 0.08. This number gradually
declined to below 0.06 in 2000. Synthetic San Diego, on the other hand, had a
military presence close to zero throughout the period. San Diego and its synthetic
control exhibit similar trajectories in all four outcomes before 1988. Afterwards
San Diego experienced a slower growth rate. The post-1988 differences are thus
attributed to military cuts in San Diego.

The secular trends are partialled out by comparing each base county to its syn-
thetic control. In the regression, each base county and its synthetic control form a
“county group,” and the secular trend is partialled out by including a county group
dummy in Equation 1, which becomes the following equation:

∆ykhg = αk+ βk∆milhg +θg +∆εkhg, (5)

where h can be a base county or a non-base county. θg is a set of county group
dummies. Each county h in group g is associated with a weight, which is equal to
1 for the base county, and is equal to wc j for the non-base county. Equation 5 is
estimated using a weighted least square estimate.11,12

The specification in Equation 5 has a few advantages over that in Equation 2.
First, the synthetic control approach allows for a county-specific secular trend for
each base county, which is more flexible than assuming that one model fits all the

11Weighted least squares estimation of Equation 5 is mathematically equivalent to estimating a
transformed equation where the secular trends are first partialled out: (∆ykc−∑ j wc j∆yk j) = αk +
βk(∆milc −∑ j wc j∆mil j) + ∆ε̃kc. Estimating this transformed equation using the sample of base
counties gives very similar results.

12The standard errors are two-way clustered at the county and the county-pair levels. Because
the weights are constructed from a first step, typically the standard errors should be obtained by
bootstrapping the whole estimation procedure. Although the bootstrap method fails at the simple
nearest neighbor matching, synthetic control is closer to kernel density matching and the bootstrap
approach should still work (Abadie and Imbens, 2008; Imbens and Wooldridge, 2009). I find that in
this case the bootstrapped standard errors are close to the two-way clustered standard errors.
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counties. Second, the synthetic control approach does not impose functional form
assumptions. This flexibility is crucial because, as will become clear in the follow-
ing sections, correctly specifying the secular trend is key to identification. Third,
the synthetic control approach provides an intuitive check of the quality of the coun-
terfactual, as is illustrated in Figure 2 as an example and presented in Table 1 for
the overall match quality.

3.3 Contemporaneous Shocks
The other endogeneity issue is the correlation between contractions in military

personnel and the contemporaneous shock, ∆εkc. To address this issue, I propose
a shift-share instrument widely used in the literature. Specifically, I instrument the
actual size of the cut in military personnel in each county with the product of its
pre-determined military presence and the size of the nationwide cut:

∆milIV
c = milc,1987 ·

NtlMil2000−NtlMil1988

NtlMil1988
. (6)

The first term of the instrument, milc,1987 = Milc,1987/Popc,1980, the “share” part of
the instrument. It is the military-personnel-to-population ratio in county c in the
year before the contractions. NtlMilt is the total number of nationwide military
personnel in year t. The second term is the percent change in nationwide military
personnel between 1988 and 2000 and is the “shift” part of the instrument. The
instrumental variable is the predicted contractions in military personnel had the
DoD committed to a simple rule by cutting military personnel proportional to the
county’s initial size of the military presence, regardless of what else happened to the
local economy contemporaneously. By construction, the instrument is uncorrelated
with contemporaneous shocks.

It is important to note that the validity of the instrument hinges on successfully
partialing out the secular trend. To see this point more clearly, notice that in esti-
mating Equation 5, the shift part of the instrument is the same for all observations,
the variation in the instrument comes only from milc,1987, which might be correlated
with the secular trend. In the example of San Diego, the fact that it has a seaport in a
strategic location (λc) leads to both a large military presence (milc,1987) and a good

12



economic prospect (λc · γ). In general, because the “share” part of the instrument
can be correlated with local fundamentals, without controlling for heterogeneous
secular trend, the instrument can be invalid.13

4 Data and Sample
The data used in this paper come from several publicly available sources. Loca-

tions of military bases are reported in DoD’s annual Base Structure Report (BSR).
The BSR provides a GIS map of military bases, which can be overlaid with a map
of county boundaries to decide which counties have military bases. Annual county-
level economic outcomes, including the number of military personnel, employment
and earnings by sector, come from the Regional Economic Accounts (REA), pub-
lished by the Bureau of Economic Analysis. Population, median housing price, and
rental price come from county-level tabulations of the decennial population cen-
suses. Annual numbers of private business establishments by sectors are from the
County Business Patterns.

I focus on counties with a major military base with more than 250 personnel.
I drop counties with fewer than 5,000 civilians in 1980. To focus on the effects
of negative demand shocks, I further drop about 10 percent of base counties that
experienced an increase in military presence between 1988 and 2000.14 The final
sample is a balanced panel of 335 base counties between 1980 and 2000. There
are 2,429 non-base counties serving as potential comparisons. The Data Appendix
provides more details on the sources and construction of key variables.

13When there is a pre-treatment period, as is the case here, another common approach to control
for a heterogenous secular trend is to include a unit fixed effect in the panel data. The problem with
this approach is that it may “over control” and result in a weak instrument. To see that, notice that
the variation of the “share” part of the instrument is cross-sectional and will be absorbed by the
fixed effect. In many cases, the cross-sectional variation in initial conditions accounts for most of
the variation of the shift-share instrument. Table B.1 in the Online Appendix reports the results of
estimating a panel model with two periods (1980-1988, 1988-2000) and a set of county dummies.
The first stage is much weaker, resulting in less precise estimates.

14Glaeser and Gyourko (2005) show that positive and negative demand shocks have asymmetric
effects. I drop these counties to focus on negative demand shocks. Another reason these counties are
dropped is that military units were consolidated during the contraction period, and those counties
gained military personnel because of the nationwide cutbacks. This is a direct violation of the
monotonicity assumption if the Two-Stage Least Squares estimate is to be interpreted as the Local
Average Treatment Effect (LATE).
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5 Empirical Results
5.1 Comparing Specifications

This subsection reports estimations of various versions of Equations 2 and 5.
To focus on the comparison of different specifications, Table 2 reports the results
of estimates using changes in civilian employment between 1988 and 2000 as the
outcome variable. Since both the outcome variable and the key explanatory variable
are scaled by the initial population, the coefficient associated with ∆milc can be
conveniently interpreted as the number of civilian job losses caused by cutting one
military person, which is the “local job multiplier.”

Column 1 is the OLS estimation of Equation 2 without controlling for any
county-level characteristics. The estimated effect is 0.85 and is statistically sig-
nificant at the 1% level. The estimate is likely to be biased downward due to the
endogeneity of both secular trend and contemporaneous shocks. To control for
the secular trend, Column 2 estimates Equation 2 with OLS and controlling for
the initial county characteristics. The estimated coefficient rises to 1.03. Alterna-
tively, Column 3 estimates Equation 5 using the weighted least squares estimate
and gets a similar coefficient of 1.02. The increase in the magnitude of the coeffi-
cient is expected, as counties with a large military presence are in general located
in places with characteristics preferable for economic development. Column 4 tries
to address the endogeneity concern due to contemporaneous shocks but ignores the
endogeneity due to the secular trend; it estimates a 2SLS model using the same
specification as in Column 1, but instruments changes in military personnel with
the shift-share instrumental variable. The first stage is strong with an excluded
F−statistic of about 56. However, this partial remedy does not improve the esti-
mation. In fact, the coefficient in Column 4 is even smaller than that in Column 1,
although a simple Hausman test cannot reject the null hypothesis that they are sta-
tistically the same. It is evidence that the instrument is likely to be invalid without
partialing out the secular trend, and an invalid instrument can exacerbate the bias
due to the endogenous secular trend, potentially leading it farther away from the
true parameter than the OLS estimate.15

15Let X be the endogenous variable, Z the instrumental variable and ε the error term. The bias
of the OLS estimate is (X ′X)−1X ′ε; when the IV is invalid, the bias of the simple IV estimate is
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The remaining two columns in Table 2 address both endogeneity concerns. Col-
umn 5 reports the result of the 2SLS estimation of Equation 2, controlling for pre-
determined county characteristics; and Column 6 reports the result of the weighted
2SLS estimation of Equation 5, using weights from the synthetic control. In both
columns the first stages are strong. The coefficients associated with military person-
nel cuts are similar in both specifications. Consistent with the expected directions
of biases due to both sources of endogeneity, the estimated effects are bigger than
those in Columns 1 to 3. Column 6 is the preferred specification.16

Table 2, Column 6 shows that the local job multiplier of military personnel
contractions is about 1.3. In other words, cutting one military worker between 1988
and 2000 reduced 1.3 civilian jobs in the county during the same period. This
number falls within the range of estimates from previous studies.17 The effect is
sizable. The average decline in the military-to-population ratio in the sample is
about 1 percentage point. Assuming the typical civilian-employment-to-population
ratio is 0.5, the civilian employment in the average base county drops by 2.6 percent.

5.2 Impacts on Local Economies
Table 3 reports the estimates of a vector of outcomes in local labor markets,

housing markets, and local businesses. All columns use the same specification as in
Table 2, Column 6. Column 1 repeats the result for civilian employment. The last
row shows the percent change in the outcome variable from pre-treatment averages
as the military-to-population ratio declines by one percentage point. The impacts

(X ′Z)−1Z′ε . Because |X ′Z| ≤ |X ′X | always holds, the bias of the IV estimate can be larger than that
of the OLS estimate.

16For estimations of Equation 5, bootstrapped standard errors are also reported. Each bootstrap
starts from the construction of synthetic controls. The use of bootstrapped standard errors aims to
take into consideration of the randomness in the construction of the synthetic controls. Both two-
way clustered and bootstrapped standard errors lead to similar statistical inferences. Because of the
similarity, discussion from now on is based on the clustered standard errors.

17Using price fluctuations of coal as exogenous shocks, Black et al. (2005) estimate that one coal-
mining worker brings an additional 0.35 workers to the local labor market within a four-year period.
This multiplier is one of the smallest in the literature. One possible reason for the small effect might
be that fluctuations in coal price were perceived as temporary shocks, so local businesses did not
adjust on the extensive margin. Moretti (2010) finds that one additional job in the manufacturing
sector creates another 1.6 jobs in the service industry at the MSA level over a decade, a number
similar to the one found in this paper.
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are likely to be larger in sectors whose outputs are mainly sold locally. Following
Black et al. (2005), I divide industries into the “tradable” and the “non-tradable”
sectors.18 Columns 2 and 3 separately estimate the effects on civilian employment
in those sectors. Consistent with previous studies, the effects are concentrated in
the non-tradable sector (e.g., Black et al., 2005). Cutting one military worker costs
only 0.04 jobs in the tradable sector, but 0.68 jobs in the non-tradable sector. To-
tal civilian earnings decline accordingly, although the estimate is not statistically
significant (Column 4). Cutting every tenth military worker costs the county one
private business establishment, suggesting that small businesses are hit particularly
hard (Column 5).

Cutting one military worker reduces 3.1 local civilian residents (Column 6), or
a loss of 2.4 civilian residents for each civilian job loss (dividing the coefficient in
Column 6 by that in Column 1). Due to this large population adjustment, it is not
surprising that the effect on the civilian employment-to-population ratio is small, of
the “wrong” sign, and not statistically significant at any conventional level (Column
7). The log demographic-adjusted average civilian wage drops by 0.47 percent for
a one-percentage decrease in the military-to-population ratio, and the coefficient is
also not statistically significant (Column 8).19 In contrast, occupied housing units
drop by 2.22 percent (Column 9), and rental prices decline by 1.34 percent (Column
10).20 Therefore, the welfare impact on a typical worker who remains in the same

18The “tradable sectors” include industries whose products are nationally or internationally
traded; “non-tradable sectors” are industries whose products are traded mainly locally. Following
Black et al. (2005), the tradable sectors here include manufacturing; non-tradable sectors include
construction, retailing, and services. Sectors not included in either tradable or non-tradable are
government (with an effect of 0.25), transportation and communication, and wholesale.

19The log demographic-adjusted average civilian wage is obtained as follows. First, I calculate
the “raw” average wage by dividing total county wage and salary earnings by total county wages and
salary employment, both from the REA. I then regress log raw county average wages on a vector of
county demographic characteristics. These characteristics include racial compositions (white, black,
and other), percent of adults with college degrees, and the quadratic terms of these variables. County
demographic characteristics are drawn from decennial censuses. Demographic characteristics in
non-census years are interpolated.

20An alternative measure of the local housing market condition is the median housing price. The
coefficient associated with changes in military presence when log median housing price is the out-
come variable is 0.9. Smaller responses in housing prices than in rental prices are common to the
literature, especially when housing prices are self-reported, as in decennial censuses. It is because
house transactions are not as frequent; self-reported housing prices may not reflect current housing
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county and chooses to be a renter is likely to be small, as wages drop only modestly
while rents declines substantially.

5.3 Population Adjustment
The finding of large population adjustment is consistent with Blanchard and

Katz (1992), who find that state economies adjust to demand shocks mainly through
migration. In contrast, some recent papers have documented declining migration
rates in the United States, especially among low-skilled workers, who are also more
likely to be affected by local demand shocks (Molloy et al., 2011; Glaeser and
Gyourko, 2005; Notowidigdo, 2013; Yagan, 2016). To reconcile these findings, I
further investigate the nature of the population adjustment.

I first check whether people affected by military personnel contractions are more
mobile than those affected by a typical local demand shock. Military workers tend
to have weak connections to the locations where they are stationed. Once dis-
charged, they are likely to leave the local economy with their dependents, some
of whom work in the local civilian economy. Veterans, who tend to cluster near
military bases in order to benefit from amenities such as commissaries and post
exchanges, also tend to leave as these amenities pull out along with the downsiz-
ing military presence.21 Some civilian workers employed by the DoD have special
skills and need to migrate to find good matches.

I test this hypothesis by estimating the effects of a different type of shock that
is arguably similar to conventional demand shocks. The post-Reagan military con-
tractions involved not only cuts in military personnel, but also cuts in military pro-
curement.22 People affected by declines in military procurement are mostly private
sector employees and are not directly associated with the military. If people af-

market conditions (Greenstone and Gallagher, 2008; Busso et al., 2013). Therefore, rental price is
the preferred measure.

21I find reducing one military worker increased about 0.2 new veterans in the county who served
during the 1990s. Over the same period, cutting one military worker on net is associated with about
4 new veterans. Thus the probability of new veterans staying in the county where they served is as
low as 5% (0.2/4).

22In a typical year, the DoD spends about 40 percent of its budget on compensation for military
personnel, 30 percent on procurement, and the rest on operational costs. In the 1990s, all these
components declined substantially.
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fected by military personnel contractions are particularly mobile, one would expect
a much smaller migration response to job losses due to contractions in military
procurement.

I use contract-level data from the Federal Procurement Data System (FPDS) and
measure changes in procurement between 1988 and 2000 as ∆procc =(Procc,98−00−
Procc,86−88)/Popc,1980, where Procc,y1−y2 is the average value of procurement awarded
to companies located in county c between years y1 and y2.23 I plug this term into
the right-hand side of Equation 5 and instrument it with the shift-share instrumental
variable:

∆procIV
c =

Procc,83−85

Popc,1980
× Proc98−00−Proc86−88

Proc86−88
, (7)

where Proc86−88 and Proc98−00 are three-year averages of nationwide aggregate
amounts of procurement. Procc,83−85/Popc,1980 is the three-year average procure-
ment per capita awarded to local firms before the contractions took place.

Columns 1 and 2 of Table 4 report the effects on civilian employment and pop-
ulation. Angrist-Pischke partial F-statistics suggest that both endogenous variables
have strong first stages. First note that including procurement contractions does
not change the estimates of the effects of personnel contractions. Therefore, the
baseline estimates do not pick up the effects of correlated procurement shocks.24

The estimates show that reductions in military procurement have negative effects
on civilian employment and population. Importantly, the size of population adjust-
ment is similar for job losses due to both personnel contractions and procurement
reductions. For the former, each job loss results in 2.4 fewer residents (3.2/1.3); for
the latter, this ratio is about 2.1 (0.156/0.075). Therefore, the large response in pop-
ulation is unlikely to be driven by the peculiarity of military personnel contractions.

The estimated “population loss” is relative to the counterfactual and could be a
combination of increased out-migration and reduced in-migration. To gauge how
much migration in each direction accounts for the estimated population adjustment,

23The reason for using a 3-year average is that procurement is a flow variable and is bumpy from
year to year. Changes in 3-year averages capture the gradual contraction in procurement in the
1990s.

24This is because the spatial correlation between the distributions of military personnel and mil-
itary procurement is low. Most military procurements are awarded to large manufacturers that are
more likely to be located in industrial clusters than near a military base.
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I use the county-to-county migration data from the Internal Revenue Service (IRS),
which are compiled from records of tax payers’ address changes. The remain-
ing two columns in Table 4 show that cutting one military worker results in 0.5
more out-migrants (Column 3, statistically insignificant) and 2.8 fewer in-migrants
(Column 4, statistically significant at the 5% level).25 Because places with military
bases have otherwise good economic development prospects and were experiencing
net in-migration before military contractions, population can be adjusted quickly,
relative to the counterfactual, by discouraging people from moving in. Thus the
large population adjustment found here is not necessarily in conflict with studies
that show that workers affected by local negative demand shocks do not have high
mobility rates. Admittedly, this finding also suggests that results found in this pa-
per may have limited external validity. Other places experiencing negative demand
shocks may be slow in population response if in-migration is already low.26

5.4 Dynamic Effects
The results thus far focus on the long-run effects of military contractions and

have ignored the dynamic adjustment of local economies. It is interesting to inves-
tigate how the local economy adjusts to the shocks over time and how long it takes
to achieve the new equilibrium. Even though there is little welfare loss for work-
ers in the new equilibria, the welfare cost could still be substantial if the transition
period is long.

The existing literature has not reached a consensus on how long it takes a lo-
cal economy to achieve a new equilibrium after demand shocks. Blanchard and
Katz (1992) and Feyrer et al. (2007) find that employment levels and unemploy-
ment rates in US states, MSAs, and counties recover from negative shocks within
a decade. Bartik (1991) finds a somewhat longer period of recovery. Still other
studies (e.g., Yoon, forthcoming) find that negative shocks can have lasting impacts
on local economies.

25The total population adjustment, 3.3 (2.8+0.5), is also similar to the baseline estimate of 3.1.
26Related to this finding, in a recent re-evaluation of Blanchard and Katz (1992), Dao et al.

(2015) find that the declining trend in mobility has been driven by weaker out-migration from
worse-performing states, while occasional mobility surges are mostly accounted for by stronger
in-migration to better-performing states.
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To study the dynamic effects, I include shocks from years before and after as ad-
ditional explanatory variables. Future shocks capture the expectation effect, while
the effects of previous shocks suggest the extent to which adjustment takes time. A
long panel would be ideal for such studies, however, my sample here only has 12
years.27 I therefore include leading and lagging terms up to two periods. Specifi-
cally, I estimate the following regression

∆ykhgt =
t+T

∑
s=t−T

βks∆milhgs +θgt +∆εkhgt , (8)

where, as earlier, h refers to a county, g refers to a county group constructed from
the synthetic control approach, and t indexes years. ∆ykhgt = ykhgt − ykhgt−1 is the
one-year difference in outcome k in county h. The outcomes include civilian em-
ployment, earnings, and private businesses. Dynamics of rental price, population,
and units of occupied housing are not included since they are available only de-
cennially. ∆milhgs = (Milhgs−Milhgs−1)/Poph,1980 is the one-year change in the
number of military personnel in the county, scaled by the 1980 county population.
I include past and future cuts up to two years (T = 2). ∆εkhgt is the error term.

∆milhgs is instrumented using the shift-share instrument as discussed earlier

∆milIV
hgs = milh,1987 ·

NtlMils−NtlMils−1

NtlMils−1
. (9)

milh,1987 = Milh,1987/Poph,1980 is the initial military presence. The second term on
the right is one-year percent change in nationwide military personnel. The variation
of the instrumental variable comes from both cross-county and over time. Finally,
the standard errors are two-way clustered at the county group and the county levels.

Table 5 reports the results. The Angrist-Pischke partial F statistics show that
all endogenous variables have a reasonably strong first stage. Column 1 shows
the dynamic effects on employment. Changes in employment are affected mainly
by changes in military personnel contractions that take place in the current year
(t) and those took place in the year before (t− 1). Both estimates are sizable and

27Although data before and after the sample periods are available, extending the panel is difficult.
There was not much variation in the size of military personnel before 1988 while the economy of
the military bases likely switched to a different regime after 9/11 in 2001.
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statistically significant. The sum of the effects in these two years (1.35) is close to
the effect found in the baseline specification that looks at the impact over 12 years
(1.26). Therefore, although the sample does not allow for the inclusion of more
lags, the results here suggest that the effect takes place within a couple of years
after the cut, and there is no evidence of recovery.

Since most of the cuts were planned and could be anticipated, future cuts could
have effects on current economic conditions. Contrary to that prediction, military
cuts in the next year (s = t + 1) or the year after (s = t + 2) have small and statis-
tically insignificant effects on employment. The dynamic effects on civilian sector
earnings (Column 2) and business establishments (Column 3) exhibit similar pat-
terns, although the estimates of the effects on earnings are not statistically signifi-
cant.

6 Welfare Effects
6.1 A Spatial Equilibrium Model

To understand the interactions among different agents of the local economy and
calculate welfare impacts, I build a spatial general equilibrium model with local
labor, housing, and product markets, following the framework in Kline and Moretti
(2014). The model features many locations, each is a small open economy. The key
feature of this framework that separates it from the classic Rosen-Roback frame-
work (Rosen, 1979; Roback, 1982) is that workers have heterogeneous preferences
over locations. After a negative shock, some workers will be infra-marginal and
bear some welfare incidence. I extend this framework by introducing a simple two-
sector model.28 Military personnel contractions directly reduce the demand for
housing and non-tradable goods.29

Workers. Each worker i chooses where to live and how much to consume.
28Introducing a two-sector model in the spatial equilibrium framework adds an inter-sectoral

wedge in local labor supply. Kovak (2013) includes a local non-tradable sector in the analysis
of trade shocks on local economies, but his model does not allow heterogeneity in preference for
locations.

29 Details of the model are available in Online Appendix A.
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Workers consume tradable and non-tradable goods and housing. Workers all have
the same productivity and each inelastically provides one unit of labor.30 For a
worker who lives in location c, her utility maximizing problem can be written as

max
hic,XN

ic ,X
T
ic

uic = lnAc +αlnhic +β lnXN
ic +(1−α−β )lnXT

ic + eic,

s.t., rchic + pcXN
ic + pT XT

i = wc.

Ac is the dollar value of amenities in location c, which are freely available to all
its residents. hic, XN

ic , and XT
ic are the amount of housing, non-tradable good, and

tradable good consumed by worker i, respectively. XT is the composite tradable
good XT = (

∫
j∈J x(σ

T−1)/σT

j d j)σT /(σT−1), where j ∈ J is a variety. σT > 1 is the
elasticity of substitution between any two varieties. pT is the price of XT , which
is standardized to 1. Both rental price, rc, and the price of the non-tradable goods,
pc, are determined by local housing and non-tradable goods markets equilibria and
differ across locations. The utility is in the Cobb-Douglas form. α,β , and 1−α−β

represent the shares of income spent on housing, non-tradable goods, and tradable
goods, respectively.

eic is the idiosyncratic utility worker i derives from living in location c. eic is
assumed to be i.i.d and follows a type-I extreme value distribution with a dispersion
parameter σW . Solving the worker’s problem, worker i’s indirect utility from living
in location c is

vic = uc + eic, (10)

where uc = a0+ lnwc−αlnrc−β lnpc+ lnAc is the same real income to all workers
living in location c. a0 is a constant.

The population size in location c is captured by the preference of the marginal
worker, with an idiosyncratic preference equal to e∗ic. The nationwide population
is assumed to be 1. Type-I extreme value distribution suggests that the population
size in location c can be written as Nc =

exp(uc/σW )

∑c′ exp(uc′/σW )
. The population size (and

30Empirically, I find that there is no effect on employment-to-population ration or local unem-
ployment rate in the long run.
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labor supply) is thus:

lnNc =
1

σW uc +
1

σW aC. (11)

aC is a constant. Local population is determined by the local real wage and the
distribution of preference across locations. The inverse of the dispersion of id-
iosyncratic preference across locations, 1/σW , is the elasticity of the local labor
supply with respect to local real wage uc. Intuitively, if σW is large, workers have
strong preferences for different locations. When there is negative demand shock to
the local economy, the migration response is low and local labor supply is inelastic.

Housing Market. Local residents’ total spending on housing is Ncαwc. Denote
mH

c > 1 as the demand shift due to the military presence. The aggregate housing
demand in location c is:

HD
c = NcαwcmH

c /rc. (12)

The housing supply is HS
c = κcrηc

c , where κc is the housing sector productivity and
ηc is the housing supply elasticity. The local housing market equilibrium is:

(1+ηc)lnrc = lnNc + lnwc + lnmH
c +aH , (13)

where aH = lnα − lnκc. Equation 13 is intuitive: the local rental price is higher
when the local population is larger, local wage is higher, workers spend a larger
share of income on housing, and the housing sector productivity is low.

Firms in the Tradable Sector. Each firm in the tradable sector produces one
variety j ∈ J. Since all j’s are symmetric, without the loss of generality, I assume
that there is only one firm producing in each location and it produces only one
variety. The production function is in the Cobb-Douglas form with constant returns
to scale, labor’s share equal to hT , and local productivity BT c:

x j = BT c(NT
c )

hT (KT
c )

1−hT . (14)

In a world of differentiated goods, each firm is a monopolistic competitor in the
national market. The demand for good j can be written as x j = I j/pσT

j , where I j is
a constant representing the nation’s total spending on x j; p j is the national price for
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j; σT > 1 is the elasticity of substitution between any two varieties. Since the firm
produces only one variety, changes in the production of x j do not affect the price of
the composite tradable good. The firm is a price-taker in factor markets. Solving
the profit maximizing problem, labor demand in the tradable sector is:

lnNT
c = [(1−hT )(σ

T −1)−σ
T ]lnwc +aT L, (15)

where aT L is a constant. Using the property of the CES production function, the log
profit can be expressed as:

lnπ j = lnϕ j +(σT −1)[lnBT c−hT lnwc− (1−hT )lnρ], (16)

where ϕ j is a constant.
Firms in the Non-Tradable Sector. Firms producing non-tradable goods face

a competitive market. Each firm’s production function is also in the Cobb-Douglas
form with constant returns to scale and productivity BNc:

XN
c = BNc(NN

c )
hN (KN

c )
1−hN . (17)

The demand for labor in the non-tradable sector is:

lnXN
c = lnNN

c +(1−hN)lnwc− (1−hN)lnρ +aNX , (18)

where aNX is a constant. Local demand for non-tradable goods can be expressed as
XN

c = βwcNcmN
c /pc, where β is the share of income spent on non-tradable goods.

βwc/pc is the amount of non-tradable goods demanded by each worker. mH
c > 1

is the demand shifter generated by the presence of military personnel in the local
economy.

The equilibrium of the non-tradable good market is achieved within the local
economy:

lnNN
c − lnNc = hN lnwc + lnmH

c − lnpc +aNL. (19)
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Finally, the zero profit condition in the non-tradable sector suggests:

hN lnwc = lnpc +bN , (20)

where bN is a constant.
Equilibrium Conditions. The equilibrium of the local economy can be de-

scribed in 5 equations: (1) local labor supply in Equation 11, (2) local housing
market equilibrium in Equation 13, (3) labor demand in the tradable sector in Equa-
tion 15, (4) labor demand in the non-tradable sector in Equation 19, and (5) zero
profit condition for firms in the non-tradable sector in Equation 20. Differencing
these conditions yields the effect of changes in military personnel on equilibrium
prices and quantities:

σ
W

∆lnNc = ∆lnwc−α∆lnrc−β∆lnpc (21)

(1+ηc)∆lnrc = ∆lnNc +∆lnwc +∆lnmH
c (22)

∆lnNT
c = [(1−hT )(σ

T −1)−σ
T ]∆lnwc (23)

∆lnNN
c −∆lnNc = hN∆lnwc +∆lnmN

c −∆lnpc (24)

hN∆lnwc = ∆lnpc. (25)

6.2 Expressions for Welfare Impacts
Workers. Figure 3 illustrates the impacts on workers as the local real wage (uc)

drops. The horizontal axis represents the nationwide population with eic increasing
from left to right. The vertical axis shows the utility of worker i living in location c

or some other location c′.
The upward sloping solid line shows that the utility of living in location c in-

creases with eic. The downward sloping dash-dots line shows that the utility of
living somewhere else drops as eic increases. The intersection of the two lines de-
termines the marginal worker, with eic = e∗ic, who is indifferent about living in c or
somewhere else. Denote F(·) as the c.d.f for eic; location c has a population equal
to Nc = 1−F(e∗ic).

When the real wage in c declines from uc to u′c due to contractions in military
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personnel, the utility of living in c moves down to the dashed line. Workers with
eic only slightly above e∗ic migrate out. The marginal worker in the new equilibrium
has an idiosyncratic preference of e∗∗ic . Population in location c drops to N′c = 1−
F(e∗∗ic ).

Workers with eic > e∗∗ic choose to stay. Each of these workers bears a decline in
utility level equal to ∆uc. (1−∆lnNc) share of residents choose to stay. The total
welfare loss for the staying workers is illustrated as area A in Figure 3 and is equal
to (1−∆lnNc) ·∆uc. Workers who choose to move out, who have idiosyncratic
preferences between e∗ic and e∗∗ic , suffer from a loss in utility as they move to a less
desirable location. ∆lnNc share of residents choose to move. The total loss for
movers is shown as area B, which can be approximated by ∆lnNc ·∆uc/2. The total
welfare change for workers can be approximated as:

∆VW = (1−∆lnNc) ·∆uc +
1
2

∆lnNc ·∆uc.

Recall that ∆uc = ∆lnwc−α∆lnrc−β∆lnpc, and solve Equation 25 for ∆lnpc. The
welfare change for workers is:

∆VW = (1− 1
2

∆lnNc) · [(1−βhN)∆lnwc−α∆lnrc] (26)

Landowners. The welfare change for landowners is equal to the change in the
aggregate rent:

∆V H = ∆ln(rcHc)=∆lnrc +∆lnHc, (27)

where Hc is the number of equilibrium housing units.
Firm in the Tradable Sector.31 The welfare change for the firm in the tradable

sector is the change of its profit (Equation 16):

∆V T = ∆lnπ j =−(σT −1)hT ∆lnwc. (28)

Notice that −(σT − 1)hT < 0. Since local labor becomes cheaper, firms in the
tradable sector gain from a negative demand shock to the non-tradable sector.

31Firms in the non-tradable sector are assumed to earn zero profit, so they do not bear welfare
incidence.
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6.3 Welfare Calculation
Welfare impacts for workers, landowners, and firms in the tradable sector can be

calculated using Equations 26, 27, and 28 and the reduced-form empirical results
from Table 3. I first calibrate the model parameters involved in these expressions.
I choose the values of the relevant parameters from national accounts as well as
from existing studies. The share of expenditure on housing, α , and the share of
income spent on non-tradable goods, β , come from the BEA National Income and
Product Accounts Tables: α = 0.18 and β = 0.46.32 Both the share of labor in the
non-tradable sector production, hN , and the share of labor in the tradable sector, hT

take the value of 0.7.33 The constant elasticity of substitution among differentiated
goods is taken from the trade literature: σT = 2.2.34 With a one percentage point
drop in the military-to-population ratio, which is the average decline among sample
counties, the changes in welfare for each agent are as follows:

∆VW = −0.02% (0.72%)

∆V H = −3.6% (0.39%)

∆V T = 0.3% (0.22%).

Standard errors using the Delta Method are reported in the parentheses for each
welfare calculation. Only the welfare impact on landowners is statistically signif-
icant. The aggregate welfare impact is small for workers and firms in the tradable
sector but is substantial for landowners.35

32Source: Section 2: Personal Income and Outlays. Table 2.3.5: Personal Con-
sumption Expenditures by Major Type of Product for 2012 full year. Expendi-
ture on housing includes “Housing and utilities” (line 15). Expenditure on non-
tradable goods includes all service items except for housing (lines 15-21). URL:
http://www.bea.gov/iTable/iTable.cfm?reqid=9&step=1&acrdn=2#reqid=9&step=3&isuri=1&903=65.
Last accessed on Aug 24, 2014.

33This value is the commonly used as labor’s share of national income (e.g., Krueger, 1999).
34Source: Broda and Weinstein (2006). The median value of 3-digit SITC codes for tradable

goods. URL: http://www.columbia.edu/~dew35/TradeElasticities/ElasticitiesBrodaWeinstein90-
01_SITCRev3_3-digit.xls. Last accessed Aug 24, 2014.

35The welfare analysis provided here does not account for potential government transfers and ben-
efit programs. Notowidigdo (2013) shows that they are important insurance mechanisms. Appendix
Table B.8 shows that military cutbacks increase income from government benefit, but the increases
are relatively small.
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7 Conclusions
The large-scale military downsizing in the 1990s raised serious concerns in

communities whose economies relied heavily on nearby military bases. In this
paper I draw a more complete picture of the economic impacts of the Post-Reagan
cutbacks in military personnel on these local economies. I find that although the
local job multiplier is sizable, due to quick population adjustment, the effect on
workers’ welfare is small. This finding suggests that many location-based policies
may be inefficient, and the benefits of these policies are likely to be consolidated in
local land prices instead of being reaped by workers (Gottlieb and Glaeser, 2008).
Admittedly, the welfare calculation is based on a model that makes several simplify-
ing assumptions: workers are assumed to be all renters and interchangeable across
sectors. Relaxing these assumptions would make the welfare calculation more nu-
anced. Also, given that the military cutback in the 1990s was a one-time negative
shock on local economies that were otherwise on an upward trajectory, cautions are
called for when extrapolating results found in this paper to other settings.

Empirically, I demonstrate that the validity of the shift-share instruments hinges
on the key assumption that the initial industrial composition (the “share” part of the
instrument) is not correlated with any unobservable secular trend of the outcome
variable. Because the location choices of economic activities are often correlated
with expected economic outcomes, this assumption can be violated. Given the set-
ting and the data, I develop a novel identification strategy that combines the syn-
thetic control method and the two-stage least square estimation. More generally,
given the popularity of this type of instruments, future work on its properties and
how to use them correctly will be valuable.

Data Appendix
Key explanatory variable
milct =Milct/Popc1980 is the military personnel in county c in year t as a ratio to

the county’s population in 1980. NtlMilt is the total number of military personnel in
the United States (not including those in overseas military bases) in year t. ∆milc =

milc,2000−milc,1988 is the change between 1988 and 2000. ∆milct = milct−milct−1
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is one-year difference. The number of military personnel in each county is from
DoD’s Annual Base Structure and the Regional Economic Accounts of the BEA.

Outcome variables
CivEmpct/Popc1980 is the civilian sector employment in county i in year t di-

vided by the county’s population in 1980.
CivIncct/Popc1980 is the civilian sector earnings (in thousand dollars, 2000 con-

stant dollar) in county c in year t divided by the county’s population in 1980.
Wagect is the demographic-adjusted average civilian sector wage in county c

in year t. It is calculated as follows. First, average wage per job is calculated as
CivIncct/CivEmpct . It is then regressed on a vector of county-level demographic
characteristics, and the demographic-adjusted average wage is the residual from the
regression.

Estabct/Popc1980 is the number of private business establishments in county c

in year t divided the county’s population in 1980. Private business establishments
are from County Business Patterns.

MedRentct is the median rental price in county c in year t and comes from
county-level tabulations in decennial censuses in 1980, 1990, and 2000.

Other variables
Other county characteristics are from various issues of County Data Books as

well as population censuses. These variables include share of white, share of black,
share of women, share of population aged between 25-64, share of college gradu-
ates, share of high school graduates, share of high school dropouts, share of urban
population, county geographic and climatic characteristics, population density, av-
erage temperature in January, average annual precipitation and snowfall, census
regions, etc.

In order to describe the demographic characteristics of the military personnel,
including educational attainment, marital status, residence status (live on or off
base), characteristics of military spouses (living arrangement, working status, etc),
and number of dependents, I use publicly available 5% individual level data of de-
cennial censuses in 1980, 1990, and 2000 from the IPUMS. The IPUMS data report
MSA and state but have no county identifiers. I impute county-level military de-
mographic characteristics by MSA, or by state when the county is not part of any
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MSA.
Military procurement is from DoD Form DD350, available from 1966 to 2006.

Form DD350 reports all DoD procurement contracts more than $25,000 awarded to
the primary contractor. I aggregate the procurement at the county-year level.

County-to-county migration flows are obtained from Internal Revenue Services
(IRS). These series are available since 1980.
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Figure 1: Post-Reagan Contractions in Military Personnel
A: Active Duty Military Personnel in the U.S.
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Note: Data for Graph A are from the annual report of the Distribution of Personnel from
the Department of Defense. Active-duty military in the 50 states and the District of
Columbia are included. Graph B shows the change in the military-to-population ratio by
whether the county had a major military base in 1987. Each cross in Graph C is a county
with military bases in 1987. The slope of the fitted value is -0.16 with a robust standard
error of 0.05.
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Figure 2: San Diego and Synthetic San Diego
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Note: This figure shows San Diego County, CA (solid lines) and its synthetic control
(dashed lines). Clockwise from top left, the graphs shows the trajectories of civilian sector
employment, civilian sector earnings, civilian population, and the number of private sector
establishments, respectively. For all trajectories, values in 1980 are standardized to 1. In
each graph the gray lines show the trajectory of the military-personnel-to-population ratio.
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Figure 3: Illustration of Workers’ Welfare
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Table 1: Pre-Treatment Trends
p− value

Bases No bases Synth (1)-(2) (1)-(3) (1)-(3)
(1) (2) (3) (4) (5) (6)

ln change in civilian employment 0.192 0.109 0.191 0.000 0.909 0.671
(0.186) (0.196) (0.204)

ln change in civilian payroll 0.228 0.093 0.226 0.000 0.946 0.792
(0.234) (0.25) (0.265)

ln change in civilian population 0.086 0.025 .084 0.000 0.827 0.391
(0.112) (0.111) (0.127)

ln change in private establishment 0.290 0.199 0.274 0.000 0.795 0.69
(0.156) (0.162) (0.175)

ln change in median housing price 0.508 0.368 0.505 0.000 0.916 0.775
(0.262) (0.213) (0.309)

ln change in median rental price 0.618 0.552 0.62 0.000 0.902 0.763
(0.157) (0.172) (0.202)

ln change in occupied housing units 0.163 0.087 0.157 0.000 0.152 0.176
(0.131) (0.134) (0.149)

county-group dummies N Y

Note: There are 335 counties with military bases, 2,764 without. The synthetic controls
have a total weight of 335. Each row shows the pre-period change in the outcome variable
as indicated. The first three columns tabulate the averages for each sample. Standard
deviations are in parentheses. Columns 4 to 6 report p−values of mean differences.
Column 4 reports the difference between Columns 1 and 2; Columns 5 and 6 report the
difference between Columns 1 and 3. Column 6 restricts the comparison to within each
base county and its synthetic control.
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Table 2: Military Personnel Contractions and Civilian Employment, 1988-2000

(1) (2) (3) (4) (5) (6)
dep var: ∆empc/popc,1980

∆milc 0.850 1.032 1.020 0.726 1.408 1.259
(0.303) (0.242) (0.309) (0.442) (0.331) (0.405)

{0.235} {0.338}
Control for secular trend none cov s.c. none cov s.c.
Estimation method OLS OLS WLS 2SLS 2SLS W2SLS
First stage F-statistics 55.612 55.193 70.688

First Stage
∆milIV

c 1.143 1.153 1.209
(0.153) (0.154) (0.142)

Note: The dependent variable is the change in civilian sector employment between 1988
and 2000, scaled by 1980 population. There are 335 observations in Columns 1, 2, 4, and
5. There are 19,787 observations in 335 county groups (each with a weight of 2) in
Columns 3 and 6. In the row “Control for secular trend,” “cov” indicates controlling for
secular trends by including a vector of county-level predetermined characteristics; “s.c.”
indicates controlling for secular trends by including synthetic controls. Columns 1 and 2
are estimated by OLS. Column 3 is estimated using weighted least squares. Columns 4
and 5 are estimated using 2SLS. Column 6 is estimated using weighted 2SLS. Standard
errors are in parentheses. In Columns 1, 2, 4, and 5, standard errors are robust to
heteroskedasticity. In Columns 3 and 6, standard errors in parentheses are clustered first at
the county group level, and then at the county level. Standard errors in curly brackets are
bootstrapped.
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Table 3: Military Contractions and County Outcomes, 1988-2000

(1) (2) (3) (4) (5)

civ emp
tradable non-tradable

civ earning
private busi

emp emp estab
∆milc 1.259 0.044 0.684 32.245 0.097

(0.405) (0.085) (0.266) (17.815) (0.032)
{0.338} {0.069} {0.223} {15.243} {0.025}

% chg -2.345 -0.587 -2.515 -1.796 -2.51

(6) (7) (8) (9) (10)

civ pop emp/pop log wage
occupied log

housing units median rent
∆milc 3.095 -0.263 0.468 0.902 1.336

(0.810) (0.227) (0.296) (0.183) (0.192)
{0.691} {0.222} {0.259} {0.162} {0.179}

% chg -2.903 0.438 -0.468 -2.227 -1.336

Note: Each column uses the outcome variable as indicated in the column headline. All
columns are estimated using the same specification as in Column 6 of Table 2. In Columns
1 through 6 and Column 9, outcome variables are scaled by 1980 population. Wages are in
1,000 dollars and are denominated in 2000 dollars. The first-stage F statistic is 70.69. The
percent change in the dependent variable with a one-percentage-point decrease in ∆milc is
shown in the last row. Standard errors in parentheses are two-way clustered. Standard
errors in curly brackets are bootstrapped.
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Table 4: Contractions in Military Personnel and Procurement

(1) (2) pop loss per (3) (4)

civ emp civ pop
emp loss

out-mig in-mig
(2)/(1)

∆milc 1.317 3.217 2.443 -0.494 2.812
(0.405) (0.804) (1.297) (1.316)
[72.380] [72.380] [81.806] [81.806]

∆procc 0.075 0.156 2.080
(0.049) (0.070)
[15.557] [15.557]

Note: The outcome variable for each column is indicated in the column headline. Each
column is estimated by weighted 2SLS; the two endogenous variables are each
instrumented with a shift-share instrument. The F-statistics (or Angrist-Pischke partial
F-statistics for Columns 1 and 2) are reported in brackets. Average in-migration and
out-migration rates between 1985 and 1987 are controlled in Columns 3 and 4. Two-way
clustered standard errors are reported in parentheses.
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Table 5: Dynamic Effects

(1) (2) (3)
emp earning estab

(Milcs−Milcs−1)/Popc1980

s = t−2 (previous shock) -0.038 9.591 0.041
(0.244) (14.323) (0.019)
[23.749] [23.749] [23.749]

s = t−1 (previous shock) 0.644 -0.062 0.036
(0.277) (9.339) (0.017)
[28.407] [28.407] [28.407]

s = t (current shock) 0.714 15.957 0.022
(0.281) (11.159) (0.018)
[15.009] [15.009] [15.009]

s = t +1 (future shock) 0.017 -2.427 -0.005
(0.310) (9.929) (0.017)
[12.253] [12.253] [12.253]

s = t +2 (future shock) -0.175 10.185 -0.010
(0.302) (10.347) (0.014)
[16.411] [16.411] [16.411]

obs 257231 257231 257231

Note: Years in the sample are from 1988 to 2000. All specifications are weighted 2SLS
estimates, where weights are from the synthetic controls. Outcome variables are the
one-year change of civilian sector employment per 1980 resident (Column 1), one-year
change in civilian sector labor income per 1980 resident (Column 2), and one-year change
in private business establishments per 1980 resident (Column 3). Standard errors are
two-way clustered at the county-group and the county level. The Angrist-Pischke
first-stage partial F-statistic for each endogenous variable is reported in brackets.
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ONLINE APPENDIX
(Not for Publication)

Appendix A: Model Details
The Tradable Sector (Derivation of Equation 15). From the firm’s profit max-

imizing problem:
max

NT
c ,KT

c

π j = p jx j−wcNT
c −ρKT

c ,

plug in the expression for p j, and the production function yields:

π j = (I j)
1/σT

(BT
c (N

T
c )

hT (KT
c )

hT )(σ
T−1)/σT

−wcNT
c −ρKT

c

First order conditions with regard to NT
c and KT

c are:

(I j)
1/σT σT −1

σT x−1/σT

j hT BT c(
KT

c
NT

c
)1−hT = wc (29)

(I j)
1/σT σT −1

σT x−1/σT

j (1−hT )BT c(
KT

c
NT

c
)−hT = ρ (30)

Stacking Equation 29 and Equation 30 yields the marginal rate of substitution
between the two factors:

KT
c

NT
c
=

wc

ρ

1−hT

hT
. (31)

Plugging Equation 31 back into Equation 29, I derive the expression describing the
demand for labor in the tradable sector as a function of factor prices and model
parameters:

hT (I j)
1/σT σT−1

σT B(σT−1)/σT

T c (1−hT
hT

)(σ
T−1)(1−hT )/σT

ρ−(σ
T−1)(1−hT )/σT

w(σT−1)(1−hT )/σT−1
c

= (NT
c )

hT /σT

Taking logs on both sides yields Equation 15

lnNT
c = [(1−hT )(σ

T −1)−σ
T ]lnwc +aT L.

Notice that [(1−hT )(σ
T −1)−σT ]< 0. The demand for labor in the tradable

sector decreases with local wage.
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Similarly, I derive the expression for demand for capital in the tradable sector
as a function of factor prices and model parameters:36

lnKT
c =−(σT −1)hT lnwc +aT K . (32)

The Non-Tradable Sector (Derivations of Equation 18 and Equation 19). I
start from the non-tradable firm’s profit function and derive first-order conditions:

max
NN

c ,KN
c

π
N
c = pcBNc(NN

c )hN (KN
c )

1−hN −wcNN
c −ρKN

c

wc = pcBNchN(
KN

c
NN

c
)1−hN (33)

ρ = pcBNc(1−hN)(
KN

c
NN

c
)−hN (34)

Stacking Equation 33 and equation 34, I obtain the marginal rate of substitution
(MRS) between the two factors:KN

c
NN

c
= wc

ρ

1−hN
hN

. Plug this back into the production
function of local non-tradable goods, the supply of local non-tradable goods is:

XN
c = BNcNN

c (
wc

ρ

1−hN

hN
)1−hN .

Taking logs on both sides leads to Equation 18. Taking logs on both sides of equa-
tion for non-tradable good demand, XN

c = βwcNcmN
c /pc and combining it with

Equation 18 yields Equation 19.37

Plugging the firm’s optimal choice into firm’s profit maximization equation and
requiring the maximized profit to be zero yields the zero-profit condition in Equa-
tion 20.38

36aT L = σT lnhT + ln(I j) + σT ln(σT−1
σT ) + (σT − 1)lnBT c + (σT − 1)(1 − hT )[ln(1 − hT ) −

ln(hT )] − (1 − hT )(σ
T − 1)lnρ . aT K = [(σT − 1)hT − σT ]lnρ + lnI j + σT ln σT−1

σT − lnBT c +

hT ln( 1−hT
hT

)+σT ln(1−hT )+σT lnBT c +σT hT ln 1−hT
hT

.
37aNX = lnBNc+(1−hN)[ln(1−hN)− ln(hN)]. aNL = lnβ − lnBNc−(1−hN)[ln(1−hN)− lnρ−

lnhN .
38bN = lnBNc +(1−hN)ln(1−hN)+hN lnhN− (1−hN)lnρ .
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Appendix B: Robustness and Heterogeneity
In this Appendix I conduct additional robustness checks and explore potential

heterogeneous effects. Table B.1 estimates a 2SLS model with county fixed effects
in a panel of base counties. The results are quantitatively similar to the baseline, al-
though the first stage is weaker and the estimates are less precise. Table B.2 reports
the estimates using various specifications as in Table 2 on other outcome variables.
Table B.3 reports the first stage and reduced form estimates corresponding to the IV
estimates in Table 2. Table B.4 reports the effects of changes in military personnel
and procurement on other outcomes.

One concern for the validity of the instrument is that the national shocks and the
main effects are driven by some influential counties. Table B.5 drops counties that
may exert particular policy influences. The results are very similar.

One may suspect that the effects are non-linear: a small cut may not have much
of an impact, while a large cut may flip the local economy around. Table B.6
excludes, respectively, a quarter, a half, and three-quarters of base counties ex-
perienced the smallest military personnel contractions relative to population. The
estimates are surprisingly stable.

One may also suspect that the negative effects of military personnel contrac-
tions are larger in sparsely populated areas as those economies lack variety and
thus are more susceptible to shocks. Table B.7 divides the sample into base coun-
ties with above-median population density and base counties with below-median
population density. Table B.7 shows some suggestive evidence that the effects in
low-population-density counties are larger, although most of these differences are
not statistically significant.

Table B.8 reports the effect on benefit incomes. It shows that cutting one mili-
tary worker increases income subsidies to county residents by $986, social security
benefits by $2,369, and no economically significant increase in unemployment ben-
efits. These effects are relatively small, considering that the total compensation to
an average military worker is close to $40,000.

Figure B.1 shows an alternative approach to looking at the dynamic effects of
military personnel contractions and how quickly the local economy adjusts to a new
equilibrium after a negative shock. I estimate a series of differenced equations with
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increasing number of years in between and see how long it takes for the estimates
to converge to a stable level. Assuming there is a one-time shock in year 0, this
approach builds on the intuition that if the local economy achieves a new long-run
equilibrium in year n, one would find the same effect by comparing local economic
conditions between year 0 and year n, or any year after year n, while the effect
between year 0 and any year before year n would be different. This observation
suggests that, as the estimation is repeated with an expanding time gap, the smallest
gap for which a converged level of effect is observed is likely to be the amount of
time it takes the local economy to achieve a new equilibrium. Formally, I estimate
a series of the following equation, each with a given l:

∆ykhtl = βkl∆milhtl +θgtl +∆εkhtl , (35)

where ∆ykhtl = ykh,t+l− ykh,t and ∆milhtl = milh,t+l−milht are l−year differences,
and θgtl is a dummy variable indicating county-group g and year t. The instrumen-
tal variable, ∆milIV

htl , is constructed in the same manner as in Equation 6, ∆milIV
htl =

milh,1987 · (NtlMilt+l −NtlMilt)/NtlMilt . The standard errors are two-way clus-
tered at the county group and the county levels. Recall that the cuts in military
personnel during the sample period were gradual, which means that cuts in two
different periods, ∆milhtl and ∆milht ′l , are likely to be positively correlated. For the
same reason, ∆milIV

ctl is also positively correlated with ∆milct ′l . Since ∆milct ′l are the
omitted variables in Equation 35, and the 2SLS estimate of Equation 35 is likely to
be over-estimated. The correlation will be smaller when t and t ′ are farther away or
when l is larger. Therefore, as l increases from 1 to 12, the bias in β̂kl will gradually
diminish. The smallest l for which β̂kl achieves a stable level is the number of years
the local economy takes to adjust.

Figure B.1 plots β̂kl with varying l for changes in civilian employment, civilian
population, and the number private businesses. For all three outcome variables,
β̂kl increases as l increases and achieves a plateau in about 3 years. It is a quick
adjustment compared with the literature on the dynamics of regional economies.
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Table B.1: Panel Regressions with County Fixed Effects, 1980-2000

(1) (2) (3) (4) (5) (6)
civ emp civ inc civ pop ln rent estab occ house

∆milct 0.763 33.115 2.247 2.601 0.012 0.735
(0.372) (17.782) (0.618) (0.963) (0.012) (0.174)

County FE X X X X X X
Period FE X X X X X X

Note: The sample includes 335 base counties. Each county has two periods (1980-1990,
1990-2000 for Columns 4 and 6; 1980-1988, 1988-2000 for the remaining columns). The first
stage F-statistic is 10.6. Standard errors clustered at the county level are reported in parentheses.
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Table B.2: Military Personnel Contractions and County Outcomes, 1988-2000

Panel A: tradable emp (1) (2) (3) (4) (5) (6)
∆milc -0.074 -0.003 0.034 -0.076 0.071 0.044

(0.048) (0.049) (0.075) (0.068) (0.073) (0.085)

Panel B: non-tradable emp (1) (2) (3) (4) (5) (6)
∆milc 0.545 0.344 0.523 0.528 0.488 0.684

(0.221) (0.162) (0.200) (0.296) (0.249) (0.266)

Panel C: Civilian inc (1) (2) (3) (4) (5) (6)
∆milc 42.976 51.055 21.637 58.033 80.145 32.245

(13.842) (12.234) (15.808) (19.039) (19.164) (17.815)

Panel D: private bus estab (1) (2) (3) (4) (5) (6)
∆milc 0.037 0.038 0.070 0.019 0.048 0.097

(0.013) (0.009) (0.018) (0.021) (0.015) (0.032)

Panel E: civilian pop (1) (2) (3) (4) (5) (6)
∆milc 1.385 1.683 2.592 0.968 2.610 3.095

(0.453) (0.398) (0.544) (0.644) (0.703) (0.810)

Panel F: civilian emp/pop (1) (2) (3) (4) (5) (6)
∆milc 0.046 0.041 -0.231 0.045 0.047 -0.263

(0.175) (0.176) (0.180) (0.253) (0.248) (0.227)

Panel G: log wage (1) (2) (3) (4) (5) (6)
∆milc 0.373 0.349 0.286 0.521 0.464 0.468

(0.207) (0.207) (0.223) (0.317) (0.288) (0.296)

Panel H: occupied housing (1) (2) (3) (4) (5) (6)
∆milc 0.609 0.601 0.886 0.346 0.600 0.902

(0.138) (0.125) (0.135) (0.211) (0.182) (0.183)

Panel I: ln med rent (1) (2) (3) (4) (5) (6)
∆milc 1.635 1.588 1.075 1.946 1.909 1.336

(0.278) (0.260) (0.158) (0.316) (0.313) (0.192)

Control for secular trend none cov s.c. none cov s.c.
Estimation method OLS OLS WLS 2SLS 2SLS W2SLS
First stage F-statistics 55.612 58.634 70.688

Note: See Table 2 for details of the specifications. See Table 3 for the outcome variables in each
panel.

46



Table B.3: First Stages and Reduced Forms

Corresponding to col. in Table 2
(4) (5) (6)

Panel A: First Stages dep var: ∆milc
∆milIV

c 1.143 1.153 1.209
(0.153) (0.154) (0.142)

Panel B: Reduced Forms dep var: ∆empc

∆milc 0.830 1.624 1.522
(0.523) (0.361) (0.442)

Control for secular trend none cov s.c.
Estimation method OLS OLS WLS

Note: This table presents the first stage (Panel A) and reduced form (Panel B) results
corresponding to the instrumental variable estimates in Table 2 (Columns 4, 5, and 6).

Table B.4: Contractions in Military Personnel and Procurement

(1) (2) (3) (4) (5) (6) (7) (8)

civ emp
civ

civ pop
busi log occ log emp

earning estab rent houses wage pop
∆milc 1.317 29.650 3.217 0.101 1.374 0.937 0.465 -0.240

(0.405) (18.818) (0.804) (0.032) (0.189) (0.185) (0.304) (0.236)
[72.380] [72.380] [72.380] [72.380] [72.380] [72.731] [72.380] [72.380]

∆procc 0.075 -3.295 0.156 0.005 0.048 0.042 -0.004 0.030
(0.049) (3.445) (0.070) (0.002) (0.046) (0.023) (0.046) (0.023)

[15.557] [15.557] [15.557] [15.557] [15.557] [15.617] [15.557] [15.557]

Note: See Table 4 for details.
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Table B.5: Influential Counties
(1) (2) (3) (4) (5) (6) (7) (8)

civ emp
civ

civ pop
busi log occ log emp

earning estab rent houses wage pop
Panel A: Excl. the DC area
∆milc 1.191 33.092 3.346 0.106 1.366 0.921 0.491 -0.492

(0.436) (19.084) (0.882) (0.036) (0.186) (0.189) (0.319) (0.213)
N 18579 18579 18579 18579 18579 18579 18579 18579
# of base counties 308 308 308 308 308 308 308 308
First stage F 49.8 49.800 49.8 49.8 49.8 49.8 49.8 49.8

Panel B: Excl. largest bases
∆milc 1.076 29.663 2.662 0.082 1.485 0.913 0.632 -0.282

(0.373) (18.457) (0.671) (0.026) (0.206) (0.204) (0.371) (0.224)
N 18885 18885 18885 18885 18885 18885 18885 18885
# of base counties 319 319 319 319 319 319 319 319
First stage F 76.973 76.973 76.973 76.973 76.973 76.973 76.973 76.973

Panel C: Excl. politically connected
∆milc 1.279 32.286 3.112 0.098 1.323 0.901 0.469 -0.261

(0.411) (17.634) (0.820) (0.033) (0.193) (0.185) (0.295) (0.230)
N 17912 17912 17912 17912 17912 17912 17912 17912
# of base counties 310 310 310 310 310 310 310 310
First stage F 69.272 69.272 69.272 69.272 69.272 69.272 69.272 69.272

Note: Each panel excludes a sub-sample as indicated. A county is politically connected if
a former member of Congress from this district was on the BRAC Committee, or a current
member of Congress from this district is on the Armed Services Committee in the House
or in the Senate. Each column uses the outcome variable as indicated in the panel headline.
See Table 3 for details.
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Table B.6: Effects by the Size of the Cut
(1) (2) (3) (4) (5) (6) (7) (8)
civ civ

civ pop
busi log occ log emp

emp earning estab rent houses wage pop
Panel A: Cuts ≥25th percentile
∆milc 1.326 36.319 3.025 0.100 1.342 0.922 0.457 -0.240

(0.403) (17.483) (0.803) (0.032) (0.192) (0.182) (0.296) (0.226)
N 16848 16848 16848 16848 16848 16848 16848 16848
# of base counties 270 270 270 270 270 270 270 270
First stage F 72.394 72.394 72.394 72.394 72.394 72.394 72.394 72.394

Panel B: Cuts ≥50th percentile
∆milc 1.340 38.090 3.002 0.100 1.344 0.926 0.459 -0.254

(0.405) (17.726) (0.802) (0.032) (0.192) (0.182) (0.295) (0.226)
N 11695 11695 11695 11695 11695 11695 11695 11695
# of base counties 180 180 180 180 180 180 180 180
First stage F 72.044 72.044 72.044 72.044 72.044 72.044 72.044 72.044

Panel C: cuts ≥75th percentile
∆milc 1.300 38.455 2.959 0.094 1.275 0.850 0.352 -0.276

(0.390) (16.872) (0.770) (0.031) (0.184) (0.162) (0.282) (0.221)
N 5996 5996 5996 5996 5996 5996 5996 5996
# of base counties 91 91 91 91 91 91 91 91
First stage F 72.858 72.858 72.858 72.858 72.858 72.858 72.858 72.858

Note: Each panel includes a sample as indicated. See Table 3 for details.
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Table B.7: Effects by Population Density
(1) (2) (3) (4) (5) (6) (7) (8)
civ civ civ busi log occ log emp

emp earning pop estab rent houses wage pop
Panel A: High population density
∆milc 1.103 2.570 2.793 0.063 0.917 1.147 0.370 0.009

(0.598) (27.972) (1.032) (0.036) (0.293) (0.380) (0.424) (0.471)
N 11031 11031 11031 11031 11031 11031 11031 11031
First Stage F 42.647 42.647 42.647 42.647 42.647 42.647 42.647 42.647

Panel B: Low population density
∆milc 1.338 47.402 3.249 0.114 1.550 1.168 0.518 -0.403

(0.498) (21.479) (1.065) (0.040) (0.213) (0.317) (0.376) (0.237)
N 8756 8756 8756 8756 8756 11031 11031 11031
First Stage F 38.415 38.415 38.415 38.415 38.415 42.647 42.647 42.647

Note: Each column uses the outcome variable as indicated in the column headline. Panel
A includes base counties that have 1986 population density above the median; Panel B
includes those with 1986 population density below the median. See Table 3 for details.

Table B.8: Changes in Benefit Income, 1988-2000

(1) (2) (3) (4)
income SS UI veteran

∆milct -0.986 -0.911 -0.076 -2.369
(0.310) (0.681) (0.097) (0.439)

First Stage F-statistic 70.789 68.320 71.180 69.721

Note: The dependent variables are the changes in the per civilian capita government benefits
between 1988 and 2000 (in 1,000 dollars). Each column represents one type of benefit. Column 1
is the income subsidies, Column 2 is the Social Security benefits, Column 3 is the unemployment
benefits, and Column 4 is the veteran benefits. County-level benefit incomes are from BEA
regional account data. Each column controls for the 1988 initial per capita benefit and the growth
of per capita benefit between 1980 and 1988. There are 19,787 observations in 335 clusters in all
columns. Standard errors are two-way clustered.

50



Figure B.1: Cumulative Effects by Grouping Years
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Note: Each dot is an estimated coefficient and standard error (in parentheses) associated
with changes in military-to-population ratio.
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