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Abstract

This paper analyzes the determinants behind the spatial distribution of the sex
industry in Thailand. We relate the development of the sex industry to an early
temporary demand shock, i.e., U.S. military presence during the Vietnam War. Com-
paring the surroundings of Thai military bases used by the U.S. army to districts close
to unused Thai bases, we find that there are currently 5 times more commercial sex
workers in districts near former U.S. bases. The development of the sex industry is
also explained by a high price elasticity of supply due to female migration from regions
affected by an agricultural crisis. Finally, we study a consequence induced by the large
numbers of sex workers in few red-light districts: the HIV outbreak in the early 1990s.
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1. Introduction

Thailand is known across the world as the largest supplier of commercial sexual services.
Since the 1970s, the Thai sex industry has experienced an unparalleled expansion charac-
terized by a high concentration of sex establishments in major red-light districts. While
this phenomenon has received a large amount of media attention, there is surprisingly
little analysis of the origins and development of this industry. Such spatially concentrated
activity is puzzling given the poor locational fundamentals of many red-light districts.

In this paper, we explain the geographic distribution of the sex industry in Thailand
by the U.S. military presence during the Vietnam War, and the associated large and
temporary shift in the demand schedule for sexual services near U.S. military bases.

Another factor also contributed to the development of the sex industry: a crop price
crisis hit Thailand in the 1980s and urban districts experienced a large influx of Thai
unemployed women. Our results suggest that the conjunction of these demand and supply
shifts explains almost 50% of the variation in the number of sex workers across districts
at the peak of the sex industry in 1990.!

In a first step, we study the impact of a pure, localized, and temporary demand shock:
the clustering of sex establishments in districts that formerly housed a U.S. military base.?
We use a unique census detailing the size of the sex industry at the district level between
1990 and 2012. In order to identify a causal impact, we create a set of counterfactual
locations that could have been used by the U.S. Army: the U.S. government covertly used
many Thai military bases during the Vietnam War, but many more were not used. We
compare bases strategically chosen by the U.S. Air Force (U.S.A.F.) versus counterfactual
bases, airfields and seaplane anchorages that were not used by the Americans during the
war. In order to isolate exogenous variation in the decision of U.S. military authorities, we

exploit the distance to active enemy bases in Vietnam. Our estimates in both specifications

!The spatial distribution of sex workers near former U.S. bases has remained mostly unchanged since
1990. Clustering forces such as information asymmetry and reputation may explain the persistence of the
sex industry in those districts. Along these lines, there was a transformation toward differentiated and
high-quality sexual services in these districts, thereby alleviating potential frictions between consumers and
sellers (especially after the HIV outbreak).

2We verify that the presence of U.S. servicemen was a pure temporary demand shock, i.e. that our
results are not driven by the U.S. government investment in roads and transport infrastructures during the
war.



suggest that districts in the neighborhood of former U.S. bases have 4 to 5 times more
commercial sex workers (CSWs) in 1990.

In a second step, we develop a logit model a la Berry (1994) in order to estimate the
supply-and-demand equations underlying the spatial equilibrium of sex market in 1990.
We rely on precise measures of sex act prices at the district level, and create a supply shifter
using an agricultural crisis implied by large fluctuations in crop prices. The construction
for the supply shifter builds on anecdotal evidence pointing to poverty incidence in rural
districts and female rural-urban migration as one important factor behind the growth of
the sex industry during the 1980s (Li 1995, Coxhead and Plangpraphan 1998). In order to
construct a district-specific measure of the agricultural crisis, we proceed as follows. First,
we create a price deviation from its long-term trend value for the commodity associated to
each crop. Second, we weight this price deviation with the district-specific crop incidence
in order to create the 1980s de-trended value for a district agricultural portfolio. The
disparities in agricultural activities across regions and the variations across crops in their
exposure to the crisis generate a large heterogeneity in the impact of the crisis across
districts. We show that the value of the agricultural portfolio strongly predicts female
out-migration from rural districts while we find no evidence of a male out-migration in
response to these shocks. Third, we apply a gravity matrix and transform exogenous
variations in out-migration incidence into immigration flows.

The variations induced by the former U.S. presence have the features of a local demand
shifter. The high willingness to pay of servicemen stationed in Thailand coupled with
the large disequilibrium in the local male-female ratio generated a high demand for sex
services. In contrast, the synthetic migration influx induced by the agricultural crisis
have the features of a supply shifter. The fall in crop prices provoked a shift in female
labor supply in cities which, coupled with high demand for sexual services, explain the
fast growth of the sex industry in few major red-light districts. These effects are largely
consistent with the predictions of Lee and Persson (2013) describing the role of (labor)
opportunity costs in the choice to work in the sex industry.

Using (i) the agricultural crisis as a supply shifter and (ii) the proximity to U.S. bases
as a demand shifter, we find large price elasticities of demand and supply for the sex

industry. A 10% increase in prices, triggered by an increase in labor opportunity costs,



would decrease the number of sex workers by about 17%. In parallel, a 10% increase in the
consumer willingness to pay for sexual services would increase the supply of sex workers by
about 30%. As regards the external validity of these findings, the shift in demand hinges on
a local and temporary gender imbalance, which may occur around many military camps,?
mining towns, construction sites or truck stops (Oster 2012b). However, one feature—quite
specific to the Thai context—may explain the high price elasticity of supply (and the large
impact of a demand shift). Following the agricultural crisis, many female workers migrated
to urban centers with very little opportunities in the manufacturing sector.

In a last section, we analyze one consequence of the implied concentration of sex workers
in few red-light districts: the outbreak of the HIV epidemics in these areas. For this
exercise, we rely on unique data with HIV testing of male conscripts, female sex workers and
pregnant women at the province level. We use a simple epidemiological model (Susceptible-
Infected) with proportional mixing (Anderson et al. 1992, Kaplan 1990, Oster 2005), and
analyze the impact of the spatial distribution of risky partnerships on HIV prevalence for
different sub-populations. Based on simple counterfactual exercises, we attribute about
1 percentage point of the HIV prevalence among male conscripts in 1991 (about 4.5%)
to the abnormally high number of sex workers in provinces affected by past U.S. military
presence. We then show that, because of non-linearities in HIV propagation, the spatial
concentration of the sex industry also plays a role. Intuitively, the likelihood of HIV
outbreak is very high in spatial clusters of high-risk partnerships (May and Anderson 1984),
and a spatially inhomogeneous population woud display a higher overall HIV prevalence.
Finally, we document one attenuation factor in HIV propagation. There is a negative
correlation between the estimated contact rates for sex workers and the size of the sex
industry, which disciplines HIV propagation in red-light districts. This correlation may
highlight a positive aspect of concentration: while there are many more risky matches in
red-light districts, each individual match is relatively safer.*

We make two important contributions in our paper. First, we identify the role of

demand-driven and supply-driven exogenous variations behind the development of the sex

3Similar red-light districts can be found around other large military facilities in South-East Asia, notably
the Philippines.

4This value to concentration may reflect policy interventions. There is anecdotal evidence of vertical
differentiation in red-light districts, especially after the peak of the epidemics, with health checks and high
turnover among sex workers (Wawer et al. 1996).



industry. The main barrier to studying the sex trade is the issue of data measurement.
We address this issue by relying on unique censuses—at a spatially disaggregated level-of
the sex industry. In particular, we observe the types of sex establishments and the average
price per type of establishment in each district. Second, we shed light on the role of the
sex industry in venereal disease propagation at a macro level. In this exercise, we rely on
unique data on HIV testing among groups of vulnerable individuals including sex workers
and conscripts during the HIV outbreak.

Our research contributes to the literature on the sex industry. We mostly relate to
theoretical contributions highlighting the role of opportunity costs either through labor
markets (Lee and Persson 2013) or the marriage market (Edlund and Korn 2002). Recent
empirical contributions have analyzed the market for sexual services focusing on the role
of disease risk and its compensating differential (Arunachalam and Shah 2013, Gertler
et al. 2005, Robinson and Yeh 2011, 2012, Rao et al. 2003, Shah 2013), competition (Li
et al. Forthcoming) or technological improvements (Cunningham and Kendall 2011). In
contrast with most of these analyses, we look at census records of the sex industry rather
than surveys (Li et al. Forthcoming, Robinson and Yeh 2012, Wawer et al. 1996) or news-
papers and online data sets (Cunningham and Kendall 2011, Seib et al. 2009), and study
the macroeconomic determinants of prostitution. Our findings also relate to the work of
Levitt and Venkatesh (2007) who study the sex industry in Chicago: we also find a strong
geographic concentration in prostitution and large price elasticities of supply.

Our work complements recent studies that analyze the economics of HIV/AIDS (Can-
ning 2006, Oster 2012b) and its relationship with sex work (Talbott 2007, Priiss-Ustiin
et al. 2013). In particular, our empirical investigation of HIV propagation relates to the
work of Oster (2005, 2012a), Geoffard and Philipson (1996), Philipson (2000). The dearth
of research on the sex industry and its role in the HIV epidemic is driven, in part, by the
lack of reliable data (Priiss-Ustiin et al. 2013). For instance, Oster (2010) overcomes the
lack of HIV data in early years of the epidemic by using inference from mortality data and
Talbott (2007) extrapolates sub-national estimates of the size sex industry based on non-
representative surveys to construct measures of the number of sex workers at the country
level.

Our findings relate to a recent literature that studies the long-run effects of historical



shocks in the spatial distribution of economic activity and its path dependence (e.g., the
division of Germany and Berlin in Redding et al. (2011) and Ahlfeldt et al. (2015), see
also Bleakley and Lin (2012), Dell (2010) among many others). In line with most of this
literature, we find long-term consequences of historical shocks.? However, our framework
differs from these contributions as we focus on the specialization in one specific industry
rather than estimating an impact on overall economic growth.

The remainder of this paper is structured as follows. Section 2 provides a brief historical
overview of the U.S. military presence in Thailand and its aftermath. Section 3 describes
the data collection, data construction and the empirical strategy. We present our main
results on the spatial distribution of the sex industry in Section 4 where we also provide
estimates for the price elasticities of demand and supply, and discuss external validity.
Finally, we analyze the role of sex industry clusters in the propagation of the AIDS epidemic

in Section 5. The last section briefly concludes.

2. Historical Background

In this section, we discuss the U.S. military presence during the Vietnam War and briefly

describe its aftermath.

2.1. U.S. Presence During the Vietnam War

The presence of United States servicemen in Thailand was a direct consequence of the
Vietnam conflict. The American air war against North Vietnam and other communist
regimes in Cambodia and Laos resulted in a pressing need for a safe haven from which
units could transit to the front and from which aerial raids could be launched. Thailand
was the unique country close to Vietnam with pro-American authorities. The increasing
presence of Communist rebels and guerrillas linked to the Pathet Lao who threatened the
borders of Thailand fostered this U.S.-Thai collaboration. Proximity of the front would
lower flight distances and fuel costs for air missions, and the U.S. army would provide
protection against insurgency in an unstable region (Baral 1973, Randolph 1979). Distance

to the front was the main factor determining the locations of U.S.A.F. bases in Northeast

By contrast, Davis and Weinstein (2002) and Miguel and Roland (2011) find very little evidence that
bombings in Japan and Vietnam affect the long-run development of some regions relative to others.



Thailand.5

The U.S. Army began to fly reconnaissance flights over Laos in 1961. By the end of
1966, there were already over 25,000 U.S.A.F. personnel and 400 U.S. combat aircraft in
Thailand. The number of bases and aircraft increased during the conflict. At the peak of
the Vietnam War, there were approximately 50,000 men stationed in Thailand, and it is
estimated that around 700,000 U.S. servicemen visited Thailand bases between 1962 and
1976 (Clift and Carter 2000). According to historical records, about 80% of U.S.A.F. air
strikes over North Vietnam originated from air bases in Thailand.

The U.S. Army did not encourage directly servicemen permanently stationed in Thai-
land to visit brothels. However, U.S. authorities organized Rest & Recreation (R&R) leave
for U.S. servicemen. Around 11 to 16% of total visitors during 1966-7 were R&R military
personnel from Vietnam, and they spent between 6.8 and 10.8 million U.S. dollars annually.
Ouyyanont (2001) writes that “In 1966, for example, there were at least 652 night clubs,
bars, and massage parlors in the whole country of which 336 were in Bangkok, 126 were in
the five provinces housing US bases in the northeast, and 190 in the other provinces partic-
ularly close to the two bases in provinces in the central region.” Many authors report that
it was common for troops to go to shanty towns of brothels surrounding U.S. bases (Enloe
1989). This practice was referred to as going to the “dogpatch.” Kislenko (2004) writes
that “A cluster of shanty towns sprang up around the base [U-Tapao], offering servicemen
everything from souvenirs to prostitutes.” Thompson (2003) echoes Kislenko and explains
that “Club bars provided a ready release from the tension of combat or the boredom of
desk duty. Just off base, Thai prostitutes did not want for customers, and the dispensary
at each base was handling about a thousand venereal disease cases a year.”

While U.S. or Thai authorities never invested directly in the development of the sex
industry,” they adopted several laws that facilitated the development of this new form of
entertainment across the country. The Tourist Organization of Thailand and the 1966
Service Establishment Act helped regulate the development of the sex industry. While

prostitution remained legally suppressed at the time, the 1966 Act permitted entertain-

5The military bases of Nakhon Phanom, Ubon, or Udorn are closer to the front than most U.S. military
bases in the South of Vietnam.

7U.S. authorities invested mainly in the maintenance of military installations and the construction of
adequate infrastructure.



ment establishments throughout the country to employ women who would offer “special
services.” For instance, massage parlors, bars and tea-houses where clients could request
these services were legalized under a license. The Service Establishment Act was followed
by the 1967 Rest & Recreation Treaty, which formalized the agreement of Thai authorities

to authorize entertainment services for U.S. servicemen.

2.2. End of the War and Aftermath

With the collapse in Laos and the fall of both Cambodia and South Vietnam in 1975, the
political climate between Washington and Bangkok began to sour, and the Thai govern-
ment demanded that the U.S. Army remove the bulk of its forces from Thailand by the
end of the year. Under operation Palace Lightning, U.S.A.F. withdrew its aircraft and

personnel from Thailand.

2.2.1. Tourism In the aftermath of the Vietnam War, demand for sexual services
remained partly sustained by tourists: the American presence drastically changed the
international travel image of Thailand. While there were only 200,000 international and
domestic tourists visiting Thailand in 1960, this number increased to 800,000 in 1970 and
5 millions in 1980. Despite the departure of American soldiers in 1975, their legacy in the
form of red-light districts around military bases changed the commercial sex industry.?
It is also important to point out that demand for sexual services has been sustained by
locals or domestic tourists. Cohen (1988) explains that “Thais visit the bars [...] and the
massage parlors on the main avenues, which were originally established to serve the needs
and preferences of the American G.I.s on R&R from Vietnam.”

The Thai government monitored the growth of the entertainment industry through
various policies before and after the U.S. military departure. In 1971, a delegation of
the World Bank met with Thai officials and advocated for the development of the Thai
entertainment industry, which could foster economic growth.” The Thai government then

adopted a National Plan of Tourist Development in 1975 (Li 1995).

8In the early 1990s, it was estimated that approximately 70% of travelers visiting Thailand were male
(Leheny 1995).

9Robert McNamara, President of the World Bank in the 1970s, was a member of this delegation.
Interestingly, he was also the U.S. Secretary of Defense during the signing of the 1967 Rest & Recreation
Treaty.



2.2.2. Poverty Incidence in Rural Areas In the 1980s—following the oil price crisis,
Thailand experienced a substantial economic slowdown especially in rural areas. As de-
scribed in Coxhead and Plangpraphan (1998), poverty incidence increased by 25% between
1982 and 1986 essentially driven by lower agricultural returns and low crop prices (e.g.,
rice). While overall rural-urban migration did not increase during this period, the migra-
tion of young female workers did increase quite markedly. As highlighted in Li (1995), the
“lack of economic opportunities in the countryside has coincided with the demand for more
prostitutes in the cities’ sex industry. Families in rural areas may sell their daughters for

money and then rely on the steady income provided by their prostituted daughters.”

3. Data

In this section, we describe our data sources. We then describe the construction of a
supply shifter for the sex industry: the synthetic female migration flows as predicted by
crop prices and crop incidence. We then discuss our main empirical strategy and provide

some descriptive statistics.

3.1. Data sources

The empirical analysis exploits the following data sources: (i) Military records allowing
us to locate military bases and their characteristics; (ii) Sex industry census and HIV
monitoring from the Ministry of Public Health in Thailand; and (iii) the 1990 Census of
Agriculture and World Bank Commodities Prices to extract local agricultural activity and

international prices.

3.1.1. Military Records We rely on two sources to construct indicators of U.S. mil-
itary presence in Thailand. For the locations and characteristics of U.S. military bases,
we use the Fact Sheets and Histories of the United States Air Force at Royal Thai Air
Force Bases, dated August 12, 1976, and published by the 13th Air Force Office of His-
tory. We also collect information on U.S. military bases from reports of the Thailand
Laos Cambodia (TLC) Brotherhood’s website.!? The second source of military data is

the National Archives and Records Administration (NARA), which reports on air combat

http://www.tlc-brotherhood.net



missions flown in Southeast Asia by the U.S. Air Force during the Vietnam War, deliveries
of materials, U.S. direct defense spending and U.S. military receipts in foreign countries.

Appendix Table A1 provides a list of all U.S. military bases with descriptive statistics,
including the number of air combat missions flown in Southeast Asia, the location of the
bases, the average distance to active enemy bases (as of 1969) and the evacuation date. In
the empirical analysis, we will mostly ignore the differences in the characteristics of U.S.
bases, e.g., their size, essentially because these characteristics fluctuated during the conflict
and we hardly observe these changes. Anecdotally, however, the largest concentration of
soldiers was in the South of Pattaya (with 3 military bases) and this city is now the biggest
red-light district in the world.

Finally, we collect information on pre-Vietnam War military installations and infras-
tructures. We first use military sources to identify the 33 active Thai military bases that
were not used by the U.S.A.F. in 1970 and the bases that were built during the war (from
1971 to 1975). We also collect information on airfields and seaplane anchorages. Second,
we digitize detailed 1954 military maps around all bases and airfields (see Figure 1 for
the surrounding of Ubon Ratchathani, Mukdahan/Savannakhet, Phetcha Buri and Lam-
pang) in order to capture existing infrastructure before American presence, e.g., roads and
railways.

In order to define proximity to military installations, former U.S. bases as well as
unused Thai bases, we rely on network routes and railways before the U.S.A.F. presence
(1954) and calculate the travel time from each district centroid to the nearest military

base.l1

3.1.2. Sex Worker Data In order to construct the number of sex workers at the dis-
trict level, we use an annual nation-wide survey conducted in Thailand by the Venereal
Disease Section of the Ministry of Public Health in collaboration with the Department of
Public Welfare of the Ministry of Social Development and Human Society (see Booncha-
laksi and Guest ((1994) and Guest ((1995) for a description of the survey design). Thai

authorities collect information on the commercial sex industry to monitor venereal dis-

1YWe consider six types of roads and two types of railways: hard surface two or more lanes, loose two or
more lanes, hard one lane, loose one lane, fair or dry loose lane, trail, railway normal gauge and railway
narrow gauge.

10



eases and design policies. Data collection began in the early 1970s and the survey is still
conducted on a yearly basis. In this study, we rely on the 1990 survey wave, the first year
in which data are reported at the district level, and we use later waves in some robustness
checks.

The survey objective is to provide an exhaustive registry of establishments offering
sex services over the whole country. A database with the locations of establishments in
the country is maintained over the years, and updated when receiving information from
customers, sex workers or surveyors. The nature of the sex industry facilitates the work
of the surveyors as sex workers need local customers and tourists to be able to find them
(Levitt and Venkatesh 2007). In addition, when a customer or a sex worker goes to a clinic
for a venereal disease test, the location of the establishment is recorded and added to the
database.

The database and detailed locality maps provided by the Thailand National Statistical
Office are used to plan each yearly field survey. The survey is conducted during the whole
month of January in all provinces of Thailand. At least one surveyor is familiar with the
local sex industry. Surveyors classify establishments in categories (e.g., brothels, massage
parlors), count the number of sex workers thus excluding cleaners, security guards or
waitresses, and report the average transaction price.

As the survey design differs from that of a census, there are reporting biases which
could be related to the treatment. In theory, the probability for an existing establishment
to be recorded as providing sex services depends upon its salience (e.g., visibility, number
of transactions or workers), its target customer and the frequency of health checks for sex
workers. For instance, given the survey design, surveyors mostly count sex workers in a
“permanent” location. Sex workers who operate in streets, public parks or stand around
non-suspicious entertainment locations are more likely to be excluded. Such measurement
error could bias the estimates of the demand shock upwards since the sex industry in
districts near former U.S.A.F. bases is more visible, specifically targets tourists and has
stricter health assessment rules. In order to minimize this bias, we will rely on the 1990
wave during the AIDS epidemic, when the survey had the largest coverage and ties between
officials and establishments were the strongest.

There exists other sources of measurement error. First, the survey is conducted during

11



peak season for tourism, and the annual activity of the sex industry markedly fluctuates
with tourism. Second, the survey counts the number of sex workers present in the estab-
lishment at the time of the survey: some workers may not be counted or counted twice
if working in two establishments or more. Third, while prostitution is practiced openly
in Thailand, there exist some pressure to close sex establishments employing minor sex
workers, and they are likely not to be reported by establishments.

We report statistics of the commercial sex industry at the district level in the first
lines of Table 1. There were 1.3 CSWs per 1000 inhabitants, and about 85,000 CSWs
in Thailand in 1990. Since most of the CSWs are women aged between 18 and 30 and
12% of the population are women in this age group, around 1% of women aged 18 to
30 were working in the sex industry in the early 1990s. Figure 2 displays the number
of commercial sex workers in each district per 10,000 inhabitants in 1990. This map
illustrates the relationship between the number of commercial sex workers per capita and
U.S. military bases during the Vietnam War.

To empirically capture the development of the sex industry, we use several measures.
Our baseline measure is the number of sex workers at the district level in 1990-normalized
by population. In robustness checks, we distinguish female from male sex workers and
we classify establishments per type in order to capture that some districts specialize in
providing sexual services for tourists in luxurious sex establishments and massage parlors
whereas other locations are specialized in a more “traditional” sex industry.

Finally, we use HIV testing data at the province level from the Venereal Disease Section
of the Ministry of Public Health. As a proxy for HIV prevalence in the general young
adult male population, we use the bi-annual HIV testing among 21-year-old Thai men just
selected for conscription by lottery.'? This data set is available from 1989 onward and the
province of residence of conscripts is reported. We also collect HIV testing conducted by
the Ministry of Public Health among vulnerable individuals such as drug addicts, blood

donors, pregnant women and sex workers.

3.1.3. Agricultural Shock In this subsection, we explain how we construct a supply

shifter for the sex industry from the interaction of (i) international commodity prices,

12Conscription is mandatory but young males from high social classes may be able to obtain exemptions
from the lottery, e.g., with educational deferments.
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(ii) the composition of crops in each potential origin district, and (iii) a distance matrix
between origins and destinations. The exogenous variation in migration inflows result
from exogenous variations in outflows from (neighboring) districts coupled with a fixed
predictor for origin and destination flows.

We collect geo-coded maps of harvested area from the 1990 World Census of Agricul-
ture, and potential yield as computed in the GAEZ Agricultural Suitability and Potential
Yields data set (Food and Agriculture Organization and the International Institute for Ap-
plied Systems Analysis). While the first measure is the actual harvested area for each crop
in 1990, the second measure is model-based and uses crop requirements, soil characteristics
and rainfall conditions to generate a frontier yield, i.e., the yield under ideal input usage.
These maps are defined at a very disaggregated level (grids of about 1 km x 1 km), and
we collapsed them at the district level such as to generate hg. and ygq ., respectively the
harvested area and frontier yield for crop c in district d. In order to construct the potential
yearly output, we consider the interaction hg.yq.. As apparent in Appendix Figure Al
with rice (left panel), cassava and sugarcane (right panel), there is a wide variation in the
crop composition across Thai districts even within the same region.!?

In parallel, we construct a measure capturing the levels of 1982-1989 crop prices using
World Bank Commodities Prices Data. We extract prices between 1960 and 2012 for the
main cash-crop commodities: banana, cassava, coffee, cotton, groundnut oil, maize, rice,
sorghum, sugar, tea, tobacco and wheat. We isolate the commodity-specific price deviation
as follows: we apply a Hodrick-Prescott filter on the logarithm of each crop-specific price
for the whole period and isolate the average 1982-1989 short-term deviation d. from this
trend. Appendix Figure A2 presents the series for three common exports in Thailand (rice,
sugar and cassava). As apparent, the price of rice is almost 40% below its long-term value
in 1986 while sugar is less affected. This variation is an example of the variation across
cultivated crops that will generate geographic dispersion in the extent to which districts
are hit by the agricultural crisis.

In order to generate a district exposure eg to the crop crisis, we combine the crop-

13Using measures of harvested areas in 1990, i.e., after the crop price crisis, may induce an attenuation
bias. For example, a decrease in the price of rice should incite farmers to switch away from rice, thus
leading the 1990 estimate of harvested area to be smaller than the actual 1980 harvested area. In that
respect, the estimates of the first stage will already incorporate this adjustment mechanism, and be biased
downward.

13



specific yearly output with international price deviations eq = > hq cya.cde/ D . Pd,cYd.c-
The district exposure is different across districts of Thailand and across districts housing
former U.S. bases. Indeed, while the two main former U.S. military bases in the Central
regions are surrounded by cassava, corn or sugar cane fields, military bases in the East
are in the middle of paddy fields and Southern districts mostly cultivate palm oil and
rubber. Over the year 1982-1989, there is a sharp decrease in the price of rice and sugar,
but an increase in the price of tea, coffee and oil. As such, regions heavily relying on rice
production are the ones that were most affected.

The previous measure captures the direct effect of international price variations on a
district. However, our main variable of interest is a proxy for the migration influx in a
given district generated by these shocks in neighboring districts. We associate a weight
Wo,q to each pair origin-destination (o,d), equal to the inverse distance, and calculate
the weighted exposure weq = ), 44 Wo,d€o- Appendix Figure A3 represents the synthetic
variation in migration flows (weighted exposure to international price shocks, right panel),
and compares it with actual migration inflows (left panel). There is some spatial correlation
in this measure but there are strong differences within provinces that are exploited in the

empirical analysis.

3.2. Empirical Strategy

In the benchmark specification, we collapse all variables at the district level and analyze
the association between the size of the sex industry and proximity to former bases using
all districts.!* In a robustness check, we restrict the sample to districts close to possible
military bases, and compare the size of the sex industry around bases used by the U.S.A.F.
versus unused Thai bases. This strategy allows us to use the distance to enemy bases in
North Vietnam as an instrument explaining which bases were used by the U.S. Army and
isolate an exogenous component in the decision to use some military installations versus

the others.

3.2.1. Benchmark Specification In our baseline equation, we compare districts close

to former U.S. military installations to other Thai districts controlling for covariates sus-

MProvince and district are respectively analogous to state and county. There are about 75 provinces
and 800 districts in Thailand.
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ceptible to affect the development of the sex industry and the location of military bases,
e.g., network and natural amenities.

Our baseline equation is:

CSWq, =a+ B, +YUSBg, +(Xqg+ €4, (S1)

where C'SWy, is the (logarithm of) number of commercial sex workers in district d and
region r. USBg,, our variable of interest, is a dummy indicating whether the district is
within a given distance of a former U.S. military base. 3, are region fixed effects and X,
is a set of control variables at the district level accounting for district features which could
correlate with the decision to settle in a military base and favor the development of the sex
industry (e.g., railways , major roads or pre-War population and economic activity). We
report standard errors clustered at the nearest military base (U.S. or Thai), which yields
a total of 47 clusters of districts in the full sample.

Since our identification strategy relies on the comparison between former U.S. military
base and unused bases, we construct proximity to 1970 Thai bases that were not used by
the U.S.A.F. (THBy,). We also compare districts near former U.S. bases to 1950s airfields
and seaplane anchorages in the Central, Northwest and South regions (i.e., not used by the
U.S.A.F.). We include these placebo treatments in specification (S1) to show that military

installations are usually not in districts prone to the growth of the entertainment sector.

3.2.2. Imnstrumental Variable A major concern with the previous specification is
that districts near facilities chosen by the U.S. Army could have unobserved characteristics
correlated with the development of the sex industry. For instance, U.S. officials may choose
locations for which support and supply of fuel or food are easier. Conversely, it is plausible
that the U.S.A.F. would prefer isolated locations since they needed to construct temporary
facilities for aircraft maintenance or landing.'®

In order to alleviate this issue, we provide a robustness check rationalizing the decision

to use certain facilities among the sample of potential Thai military facilities. In this

5Note that, in spite of U.S. investment, most of these bases converged back to their pre-war usage. In
unreported robustness checks, we control for the current status of these bases (e.g., major airport, minor
airport, minor Thai base, abandoned sites, etc.) and find similar estimates.
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robustness test, we keep districts that were reachable in less than half an hour from a U.S.
base or an unused Thai base using 1954 roads and railways, i.e., districts for which either
U SB%BO or TH Bgff‘o equal one. Among this subsample of districts, we create a variable,
By, which is equal to one if the nearest base was used by the U.S. army (i.e., US Bgf};go =1)
and zero if the nearest base was unused (i.e., TH Bg’}f’o = 1). For the sake of exposure, we
may refer to the former as treated districts and the latter as control districts.

The U.S.A.F. flew many flights from Thailand during the period 1965-1973, and the
willingness to diminish fuel costs and air travel time played a major role in determining
U.S. base locations. Our strategy relies on the fact that it is easier to reach the front from
districts close to Laos and Cambodia borders than from Northwest or South Thailand.
We use the base-specific average distance to the active enemy military bases in Vietnam
as of 1969 as an instrument for By, i.e., the decision of the U.S.A.F. to use only some Thai
16

bases among the existing Thai bases.

We estimate:
Bi=p+¢-DEy+9vXg+uy

A (S2)
CSWy=a+0Bg+(Xq+¢eq,

where d indexes a district and b denotes an “available” base. DUE} is the over-the-air
distance to the closest active enemy bases in Vietnam. For this specification, X, includes
longitude such as to clean for the East-West gradient. Finally, the instrument is the same
for all districts close to the same available Thai base and we thus rely on standard errors
clustered at the nearest military base level.

The instrument is valid if the distance to enemy bases is only correlated with the
subsequent increase in supply of CSWs through the presence of U.S.A.F. bases. We assume
(i) that, before the Vietnam War, the number of CSWs in districts close to enemy bases
in Vietnam was not higher than in districts farther away, and (ii) after the arrival of U.S.
servicemen, these districts did not experience a boom of the sex industry due to omitted
factors correlated with the distance to enemy bases. We will come back to the plausibility

of this assumption and potential biases when presenting the results.

16Note that we rely on distances to the front for the year 1969 in what follows because U.S. military
then reallocated their forces toward North-Eastern bases following the Tet Offensive. We also check the
robustness of our results with other years, and the point estimates are virtually the same.
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3.3. Descriptive Statistics

We provide a simple mean-comparison exercise along the proximity to former U.S. and
Thai facilities in Table 1. The first (resp. second) column shows descriptive statistics
for districts less than half an hour (resp. more than half an hour) from a U.S. military
base. The fourth column reports statistics for districts less than half an hour from an
unused Thai military base. Finally, column 3 reports the difference between “treated”
districts (column 1) and “control” districts from specification (S1)—column 2, while column
5 reports the difference between “treated” districts (column 1) and “control” districts from
specification (S2)-column 4.

Districts within half an hour of a U.S. base have, on average, 5.9 sex workers per
10,000 inhabitants in 1990, which is more than 8 times the national average of 0.7 (ex-
cluding districts near U.S. bases). The difference between the number of CSWs per 10,000
inhabitants for districts near a U.S. base (less than half an hour) and other districts is very
large and statistically significant at the 1% level. These numbers suggest that in 1990,
approximately 3.8% of young women aged 20-30 living in districts that are within half
an hour of a former U.S. base were commercial sex workers against the national average
(excluding districts near U.S. military installations) of 0.8% or 1.4% for districts within
half an hour of unused Thai bases.

Table 1 also displays differences between districts along other characteristics. We find
statistical differences with the other districts for the presence of provincial capitals, a rail
line (1954), a road (1954) and a temple or spiritual site, as well as the distance to the
closest ports of entry by land. Military installations are in urban districts. However, the
characteristics of treated districts and districts within half an hour of unused Thai bases
are quite similar. If anything, U.S. officials chose Thai bases that were in slightly less
urbanized areas and in districts less likely to have railways (1954). Our empirical findings
with specification (S2) will be consistent with this interpretation: Thai bases chosen by
the U.S. Army seem to have fewer amenities. Importantly for our empirical strategy (and
specification S2), U.S. bases are significantly closer to active enemy bases in Vietnam.

We present our results in the next section, first by relying on the geographic variation

in demand implied by the U.S. presence, and second by including the geographic variation
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in supply as predicted by movements in crop prices in a supply-and-demand model.

4. Empirical Evidence

In this section, we describe the relationship between the temporary demand shift, i.e.,
U.S. military presence during the Vietnam War, and the geographic distribution of the sex
industry in 1990. We also discuss identification issues and provide robustness checks to
shed light on potential mechanisms. Finally, we propose a simple logit model a la Berry
(1994) to extract and estimate supply and demand equations. We use the model and the

estimates of the price elasticities of demand and supply to discuss external validity.

4.1. Sex Industry Around Former U.S. Bases

4.1.1. Baseline Results Table 2 reports the results of specification (S1). The baseline
specification conditions the correlation between the number of CSWs and the proximity
to former U.S. bases by regional dummies, the logarithm of district population, a set
of controls at the district level accounting for transport networks before the American
presence (Oster 2012b) and dummies for whether it is a coastal district or a province
capital to control for additional network effects (Felkner and Townsend 2011, Townsend
2011).17

The estimated relationship between the size of the sex industry in 1990 and being a
district that could be reached in less than half an hour from a U.S. base is robust, positive
and statistically significant at the 1% level. The point estimates range is stable around
1.5, suggesting that there are 3.5 times more CSWs in 1990 in districts within half an
hour of a former U.S. military base (which corresponds to about two thirds of a standard
deviation in the dependent variable).

In column 2, we add indicators of proximity to U.S. bases: being a district within half
an hour and one hour of a U.S. base, within one hour and one hour and a half and within
one hour and a half and two hours. The estimates for the additional variables are not
jointly significant and very small, which shows that the impact of U.S. bases is local and

the sex industry is concentrated in red-light districts.®

"We report in Appendix Table A2 the estimates for covariates.
8Tn principle, spillovers on neighboring districts may be negative or positive. On the one hand, these
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In column 3, we also include two dummies for placebo treatments, i.e., districts reach-
able in less than half an hour from an unused Thai base (first control group) and an
unused Thai airfield or seaplane anchorage (second control group). The point estimates
are very small and statistically insignificant. In parallel, the coefficient of interest remains
unchanged.

We provide some insights for possible mechanisms in columns 4 to 6. The association
between former U.S. bases and the size of the sex industry may reflect a direct shift in de-
mand for sex services. It may also result from an indirect effect of the U.S. presence on the
local economy as a whole, either through consumption (and the development of services)
or investment in infrastructure (e.g., transport network). In column 4, we add controls for
infrastructures directly related to the U.S. military presence in 1967 (roads and railways
built during the Vietnam war) in order to condition for such direct investment. In column
5, we add nightlight intensity in 1992 as a proxy for economy activity around 1990. In col-
umn 6, we add controls for tourism (density of hotels and tourist attractions) and specific
infrastructure benefiting the service industry (roads, railways, presence of a commercial
airport) in 1990. As apparent in column 4, controlling for U.S. military investment in
infrastructures during the war does not alter the estimate. By contrast, the correlation
between former U.S. bases and the size of the sex industry is halved when controlling
for economic activity in 1992, and the association becomes non-significant when adding
covariates capturing current tourism and infrastructures for services. One interpretation
of these results would be that the military presence raised the demand for sex services,
thereby fostering the development of tourism and the economic activity as a whole.!?

One concern with the previous estimates is that they do not account for unobserved
components explaining the choice of the U.S.A.F. among this sample of military camps. We
present the estimates of specification (S2) in Table 3, where we directly compare districts
within half an hour of used and unused Thai bases. In the first three columns, we use
districts in the neighborhood of U.S. bases or 1970 Thai military bases. In the last three

columns, we use districts in the neighborhood of U.S. bases or Thai airfields. In columns

districts may benefit from some agglomeration economies. On the other hand, there could also be a
reallocation of sex workers away from these districts to the red-light districts.

19Tn unreported tests, we verify that, conditional on economic activity in 1992, the sectoral composition
of the economy does not differ markedly along the distance to former U.S. bases, apart from tourism and
the entertainment industry.
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1 and 4, we present OLS estimates. In columns 2, 3, 5 and 6, we present the 2-stage
estimates of specification (S2) in which we instrument the treatment in a first stage by the
over-the-air distance to active enemy bases.

The first stage is reported in Panel A. Consistent with Table 1, the first stage suggests
that U.S. bases were closer to enemy bases in Vietnam than unused Thai bases (see column
2) or airfields (see columns 5). The second stage estimates are presented in the bottom
panel. We find that districts within half an hour of U.S. bases compared to Thai bases
or airfields have substantially more sex workers. The 2SLS estimates are larger than the
OLS estimates when comparing U.S. bases to Thai bases and comparable when the control
group is airfields and seaplane anchorages.

The 2SLS strategy relies on the identifying assumption that distance to active enemy
bases in Vietnam, i.e., distance to the Northern regions just above the 17th parallel, affects
the size of the market for sex in 1990, only through the past presence of U.S. military.
Such proximity is correlated with the proximity to Laos, a major producer of opium. In
addition, the North-Eastern part of Thailand, Isan, is a poor, agricultural, matrilineal
society. As daughters inherit part of the family’s land, they are indebted to their parents
and are expected to meet their family’s needs. These features are confounding factors
which may explain the development of the sex industry in this region. In this regard, we
add some controls for alternative mechanisms in columns 3 and 6 with latitude, longitude

and distance to the nearest port of entry.2’

4.1.2. Robustness Checks We now discuss the sensitivity of our results to the choice
of covariates, dependent variables, and the definitions of our treatment and control groups.

First, we provide a sensitivity analysis for the set of covariates in Appendix Table A3.
The first two columns report a similar specification as in the first column of Table 2 with
different sets of fixed effects. In the first column, we omit the region fixed effects, while
we include province fixed effects (the unit just above district — there are 76 provinces in
Thailand) in the second column. In the third column, we add additional controls at the

district level for network and urbanization effects with the distance to the closest port of

20We can also control for characteristics of local female labor supply, and we will explore this channel
in the next section. In addition, we follow a falsification check used by Nunn (2008) in unreported tests
and estimate the reduced form relationship between the distance instrument and the sex industry in other
Asian countries including Cambodia.
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entry by land, presence of a temple or the longitude and latitude of the district centroid.
Column 4 of Appendix Table A3 adds amenities at the district level such as the presence of
natural parks, tourist beaches, or museums. Column 5 adds agricultural activity in 1960
to control for possible pre-War differences across districts. Finally, column 6 controls for
labor supply by adding the minimum wage in 1990 and migration inflows between 1984
and 1989. In all cases, the estimates are similar to the baseline specification.

Second, we replicate our previous analysis using survey waves from 1992, 1995 and
2012. In the early 1990s, two decades after the departure of U.S. servicemen, the sex
industry was very concentrated in few red-light districts near former U.S. bases. However,
we still do not know whether the effects of the temporary demand shocks are slowly
fading away, or instead remain unchanged because of agglomeration forces for instance.
Similarly, results may have changed during the HIV outbreak and temporarily modified
the distribution of sexual services. As shown in Appendix Tables A4 (specification S1) and
A5 (specification S2), there are no signs that the impacts of the shocks are fading away
nor changing between 1990 and 2012. The estimates are very similar to those in 1990.
Remark that the standard errors increase markedly in 2010 and 2012, which could be due
to the lower coverage in recent surveys compared to the HIV outbreak.

Third, we show that our findings are robust to alternative dependent variables. In
Appendix Table A6, we use (i) the 1995 survey of the commercial sex industry, in which
we can distinguish between informal and formal sex workers, and (ii) the 2000 Population
Census from which we extract the share of women between 18 and 30 working in the
service industry. The correlations between the proximity to U.S. bases and the number
of establishments (column 1), formal female sex workers (column 2), informal female sex
workers (column 3), male sex workers (column 4), and women working in the service
industry (column 5) generally confirm the results of our baseline specifications in Table 2.
It is to be noted, however, that formal sex workers working in brothels, i.e., low quality
establishments, are not more likely to be found in the proximity to former U.S. bases.

Fourth, we show that our findings are also robust to alternative definitions for our
treated and control groups in Appendix Table A7. In particular, our estimates are robust
to the exclusion of the whole region of Bangkok (columns 1 and 2), and to the inclusion

of Thai bases built during the war (columns 3 and 4).
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4.2. A Structural Approach

In this section, we estimate a simple supply-and-demand model underlying the spatial
equilibrium of sex market in 1990. In a first step, we describe a logit framework a la Berry
(1994), in which each district produces a different good variety. The identification of the
model requires a demand shifter—the location of former U.S. bases—and a supply shifter—
female migration to urban centers as proxied by the returns to agriculture in neighboring
districts. The use of instrumental variables accounts for the endogeneity of prices due to
the presence of unobserved product characteristics (e.g., transmission of diseases during
sex transactions in different districts). In a second step, we present the estimates for the

price elasticities of demand and supply, and we discuss external validity.

4.2.1. The Model We assume that there is a large number D of differentiated prod-
ucts, each corresponding to one Thai district. In each district, a mass of firms produce
one district-specific product variety and use labor as the only production factor.?!

We model demand as follows. There is a mass of consumers whose preferences depend
on the characteristics of the product and the consumer. Letting wu;q denote the utility of

a consumer ¢ for the good provided in market d, we have:

Uig = Xaf — apq + &4 +Vid
Ua
where x4 (resp. &g) is a set of observable (resp. unobservable) product characteristics,
pq is the price and v;4 is an identically and independently taste shock distributed across
individuals under an extreme value distribution.?? The unobserved characteristics &; are
assumed to be independent across districts, and independent of observed characteristics.
Consumers purchase the unit of goods that gives the highest utility among the D differen-

tiated varieties, and an outside good providing utility ug. Aggregating across consumers

2I'We do not explore possible substitution between different varieties of goods within each district, e.g.,
informal and formal prostitution: there is only one variety per district and the outside option (the nu-
meraire).

22 Alternatively, the taste shock can be interpreted as a consumer-specific mobility cost across districts.
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(and preference draws) gives the following market share for product d:

el

Sq = W.

We model supply as follows. One unit of labor is required to produce one unit of final
good, independently of the product variety. There is a mass of workers in each district
with preferences over a variety of jobs that are identically and independently distributed
under an extreme value distribution. Each worker will choose the job that gives the highest
utility, and letting v;4 denote the utility of a certain worker j providing sexual services in
market d, we have:

Vjg = awq + €47 + Y4 +Nid
N—
Va

where ¢y (resp. 74) is a set of observable (resp. unobservable) labor costs including district-
specific opportunity costs, and 7;4 is an identically and independently shock distributed
across jobs under an extreme value distribution. Aggregating across workers gives the

following labor supply in the sex industry:

eV

lg= =———.
d Zd’ 6Vd/
We assume that labor markets are competitive such that the price p; for the product
variety in district d equals the district wage wy. Market equilibrium ensures that labor
supply equals demand for sexual services (sq = [4) and the wage equals the price (wg = pg).

The equilibrium quantities (sg, pg) are thus defined by the supply-demand system,

In(sq) = —apqg +xaB + & ()

In(sq) = apg+cqy+va (D)

where £; and -, are unobservable product characteristics (or equivalently here, district
characteristics).

One issue in estimating this system of equations is that there may exist some c