
ONLINE APPENDIX FOR “WAR, MIGRATION AND
THE ORIGINS OF THE THAI SEX INDUSTRY”

Abel Brodeur
University of Ottawa

Warn N. Lekfuangfu
Chulalongkorn University

Yanos Zylberberg
Bristol University

E-mail: abrodeur@uottawa.ca (Brodeur); np warn@yahoo.com (N. Lekfuangfu);

yanos.zylberberg@bristol.ac.uk (Zylberberg)

Journal of the European Economic Association
Preprint prepared on September 12, 2017 using jeea.cls v1.0.



Brodeur et al. Online Appendix for “War, Migration and the Origins of the Thai Sex Industry” 2

A1. Appendix Figures

Figure A1. Harvested Areas in Thailand (1990).

(a) Rice (b) Sugarcane (blue) and Cassava (yellow-red)

Note: These two maps represent the relative harvested areas in 1990 for 3 common crops in Thailand, i.e.,
wetland rice (left panel), cassava and sugar cane (right panel). The data are from the 1990 World

Agricultural Census (Food and Agriculture Organization of the United Nations).
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Figure A2. Deviations from Trends for International Commodity Prices (red: rice, blue: sugar, teal: cassava).

Note: These series represent the Hodrick Prescott residual applied to the logarithm of international
commodity prices for three commodities: rice, sugar and cassava. The price of rice can be interpreted as

being 40% below its long-term value in 1986, which corresponds to the peak of the agricultural crisis.

Figure A3. Actual and Synthetic Migration Flows as Predicted by Agricultural Prices.

(a) Actual Migration Flows (b) Synthetic Migration Flows

Note: Panel A represents migrant inflows between 1984 and 1989 normalized by the receiving district
population. Light green is the lowest quintile and dark green the top quintile. Panel B represents the

weighted price shock as a proxy for migration inflows between 1984 and 1989. Yellow is the highest quintile
in the shock (and lowest predicted migration inflow) and red the lowest quintile (and highest predicted

migration inflow).
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Figure A4. Migration Flows and Distance.

Note: This figure represents the relationship between the share of province-specific female migration
outflows to a province of destination and the distance between origin and destination.

Figure A5. Distribution of Sex Act Prices (1990).

(a) Treated Districts (b) All Districts

Note: Distribution of sex act prices in bahts ($1 = 25.7 bahts). The price is the benchmark price reported
by commercial sex establishments for the annual national census. Panel A presents the distribution of sex

act prices across treated districts (USBd,r=1). Panel B presents the distribution of sex act prices across all
districts.
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Figure A6. Average HIV Prevalence Among Direct (blue) and Indirect (red) Female Sex Workers in Thailand
(1989-2012).

Source: Sentinel surveillance data from the Venereal Disease Section of the Ministry of Public Health
(1989-2012). Direct establishments are defined as locations having an actual “room” for sexual services

whereas indirect establishments are locations where sellers and buyers meet, but without a room on site.

Figure A7. Maps of HIV Prevalence (1991-1993).

(a) Conscripts (b) Females (c) Sex Workers

Source: Sentinel surveillance data from the Venereal Disease Section of the Ministry of Public Health. These
maps represent the average HIV prevalence for male conscripts, pregnant females and sex workers over the

waves 1991, 1992 and 1993 for the 76 provinces in Thailand.
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Figure A8. Province Level HIV Prevalence (1991-1993) and the Size of the Sex industry (1990).

(a) Conscripts (b) Sex Workers

Source: Sentinel surveillance data from the Venereal Disease Section of the Ministry of Public Health
(collapsed at the province level). The y-axis is the average HIV prevalence for conscripts and sex workers

over the waves 1991, 1992 and 1993 while the x-axis is the (log of) the number of sex workers in 1990
normalized by the total female population.

Figure A9. Counterfactual HIV Prevalence – Differences with Baseline (1991-1993).

(a) Experiment II.1 (b) Experiment II.2 (c) Experiment II.3

Source: Authors’ own calculations (see Table 7). These maps represent the differences in HIV prevalence
between the counterfactual experiments and the baseline for male conscripts, pregnant females and sex
workers over the waves 1991, 1992 and 1993 for the 76 provinces in Thailand. Dark (resp. Light) blue

indicates an increase (resp. a decrease) in HIV prevalence relative to the baseline.
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A2. Appendix Tables

Table A1. List of U.S. Military Bases

Base Name Lat. Lon. Evacuation Dist. Front Num. of
Date 1969 Missions

Bang Pla (Camp) 13.302 100.434 1975 746 0
Don Muang 13.544 100.362 1966 610 343
Kurat 14.560 102.044 1976 677 101,160
Mukdahan/Savanakhet 16.332 104.453 604 6,495
Nakhon Phanom 17.230 104.383 1975 772 66,736
Nam Phong 16.390 102.575 1975 719 18,325
Ruam Chit Chai (Camp) 17.230 104.383 1975 684 0
Samae San (Camp) 12.360 100.580 1975 704 0
Takhli 15.160 100.173 1975 852 51,774
Ubon Air Force 15.150 104.521 1975 493 215,527
Udorn Air Force 17.231 102.471 1975 788 97,723
U-Tapao 12.404 101.001 1975 887 37,261
Vayama (Camp) 12.404 101.001 1975 701 0
Pakse (Laos) 15.070 105.470 1976 437 13,017

U.S. Bases in neighboring countries

Luang Prabang (Laos) 15.070 105.470 1042
Long Tieng (Laos) 16.332 104.453 1975 905
Battambang (Cambodia) 13.060 103.120 500

This table describes the military bases housing U.S. military air forces during the Vietnam War, which are
used to define in-sample treated districts. We also use three U.S. bases at the border between Thailand and
Laos or Cambodia. Camps are military bases hosting supply or refueling units. Distance to the front (1969)
is the average distance to active enemy bases in 1969. The last column presents the number of distinct air

missions flown from each base during its period of activity as reported by the National Archives and
Records Administration.

Table A2. Relationship Between Covariates and the Sex Industry (1990) – Specification (S1).

Sex workers (1990) (1) (2)

U.S. Base (less 0h30) 1.477 1.457
(.304) (.317)

Population (1960, log) -0.079 -0.045
(.100) (.094)

Population (1990, log) 1.159 1.150
(.119) (.118)

Rails (1954) 0.125 0.145
(.210) (.210)

Roads (1954) 0.258 0.264
(.154) (.162)

Coasts 0.940 0.969
(.204) (.194)

Central District (Capital) 2.059 1.909
(.214) (.258)

Distance Ports Entry (log) -0.107
(.052)

Temples or Spiritual Sites 0.190
(.209)

Observations 778 778
Adjusted R-squared .444 .446
Fixed effects (region) Yes Yes

The dependent variable is (the log of) the number of commercial sex workers. The unit of observation is a
district. Standard errors clustered at the closest U.S. or unused Thai base are reported between parentheses.
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Table A3. Relationship Between U.S. Military Bases and Sex Industry (1990) – Sensitivity to Covariates,
Specification (S1).

Sex workers (1990) (1) (2) (3) (4) (5) (6)

U.S. Base (less 0h30) 1.635 1.231 1.386 1.460 1.476 1.366
(.366) (.368) (.298) (.264) (.254) (.263)
[.742] [.558] [.628] [.662] [.669] [.619]

Observations 778 778 778 778 764 764
Adjusted R-squared .420 .487 .462 .472 .472 .473
Fixed effects No Province Region Region Region Region
Controlling for...
Network No No Yes Yes Yes Yes
Amenities No No No Yes Yes Yes
Agriculture (1960) No No No No Yes Yes
Labor supply No No No No No Yes

The dependent variable is (the log of) the number of commercial sex workers. The unit of observation is a
district. Standard errors, clustered at the closest U.S. or unused Thai base, are reported between

parentheses. Standardized effects are reported between brackets. The set of baseline controls include
dummies for presence of railways (1954), presence of a major road (1954), coastal districts, a dummy for the
provincial capital, the (log of) 1960 district population and the (log of) 1990 district population. The set of

network controls add distance to port of entry (minor or major), presence of a spiritual site and
latitude/longitude. The set of controls for amenities include dummies for the presence of natural parks,

tourist beaches, zoos and safaris, and museums. Agriculture (1960) is the share of working-age population
working in agriculture in 1960, and Labor supply includes migration inflows between 1984 and 1989, and the

provincial minimum wage in 1990.

Table A4. Sensitivity with Other Census Waves: 1992, 1995, 2010, 2012 – Specification (S1).

Sex workers 1992 1995 2010 2012

U.S. Base (less 0h30) 1.459 1.763 1.294 1.154
(.279) (.320) (.542) (.433)

Observations 778 724 754 755
Adjusted R-squared .470 .531 .312 .369
Fixed effects (province) Yes Yes Yes Yes
District controls Yes Yes Yes Yes

The dependent variable is (the log of) the number of commercial sex workers. The unit of observation is a
district. Standard errors clustered at the closest U.S. or unused Thai base are reported between parentheses.
Standardized effects are reported between brackets. The set of baseline controls include dummies for coastal
districts, presence of railways (1954), presence of a major road (1954), a dummy for the provincial capital,

the (log of) 1960 district population and the (log of) 1990 district population.

Table A5. Sensitivity with Other Census Waves: 1992, 1995, 2010, 2012 – Specification (S2).
Second stage
Sex workers (1990) 1992 1995 2010 2012

U.S. Base 2.116 3.217 2.809 2.096
(.794) (.943) (1.744) (1.339)

Observations 90 87 89 89
District controls Yes Yes Yes Yes
F statistic (first stage) 13.33 13.57 13.74 13.74

The dependent variable is (the log of) the number of commercial sex workers. The unit of observation is a
district. Standard errors clustered at the closest U.S. or unused Thai base are reported between parentheses.
Standardized effects are reported between brackets. The set of baseline controls include longitude, dummies

for coastal districts, presence of railways (1954), presence of a major road (1954), a dummy for the
provincial capital, the (lof of) 1960 district population and the (log of) 1990 district population. Each

district is assigned a distance equals to the average over-the-air distance to active enemy bases in 1969.
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Table A6. Sensitivity to Other Sex Industry Indicators – Specification (S1).

Establishments Formal Informal Males Services

U.S. Base (less 0h30) 1.082 .086 2.41 .648 1.133
(.196) (.322) (.333) (.188) (.203)

Observations 724 724 724 724 695
Adjusted R-squared .529 .376 .492 .099 .349
Fixed effects (province) Yes Yes Yes Yes Yes
District controls Yes Yes Yes Yes Yes

The dependent variable is (the log of): the number of establishments in column 1, the number of formal
(resp. informal) female sex workers in column 2 (resp. column 3), the number of male sex workers in column

4, and the share of women between 18 and 30 working in the service industry in column 5 (Population
Census, 2000). The first three variables are constructed from the 1995 sex industry survey. The unit of
observation is a district. Standard errors clustered at the closest U.S. or unused Thai base are reported

between parentheses. The set of baseline controls include dummies for coastal districts, presence of railways
(1954), presence of a major road (1954), a dummy for the provincial capital, the (log of) 1960 district

population and the (log of) 1990 district population.

Table A7. Robustness Checks (other Control Groups) – Specification (S2).
Panel A: First stage
U.S. Base (1) (2) (3) (4)

Distance to the front -.00205 -.00146
(.00091) (.00039)

Observations 80 97
F statistic 14.98 13.50
Sample Thai Bases Thai Bases Thai Bases Thai Bases
Sample Drop Bangkok Drop Bangkok Since 1975 Since 1975
Controls (geography) Yes Yes
Panel B: Second stage
Sex workers (1990) (1) (2) (3) (4)

U.S. Base 1.033 2.170 1.175 3.232
(.663) (.754) (.714) (.909)

Observations 80 80 97 97
Sample Thai Bases Thai Bases Thai Bases Thai Bases
Sample Drop Bangkok Drop Bangkok Since 1975 Since 1975
Controls (geography) Yes Yes Yes Yes

The dependent variable is (the log of) the number of sex workers. The unit of observation is a district.
Standard errors clustered at the closest U.S. or unused Thai base are reported between parentheses.

Columns 1 and 2 omit the Bangkok region from the analysis. Columns 3 and 4 add the unused Thai bases
built over the period 1970-1975 in the control group. The set of geographic controls include dummies for

coastal districts, presence of railways or a major road, a dummy for the provincial capital and the (log of)
1990 district population. Each district is assigned a distance equals to the average over-the-air distance to

enemy bases.
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Table A8. Migration Flows, Price Shocks and Distance.
Panel A: Migration outflows and price shocks

Men Women 25-35
Migration Outflows (1) (2) (3) (4)

Price Shock .077 -.053 -.298 -.363
(.143) (.157) (.113) (.124)

Observations 882 880 882 880
Region fixed effects Yes Yes
District controls Yes Yes

Panel B: Migration flows and distance

Migration Flows (share) (1) (2) (3) (4)

Distance (kms) -.0023 -.0026
(.0002) (.0003)

Distance (inverse) .332 .353
(.022) (.028)

Observations 2,850 2,850 2,850 2,850
R-squared .030 .074 .024 .053

In panel A, the unit of observation is a district. The dependent variables are the share of migrants in
1984-1989 among the population of men (columns 1 and 2) and the share of migrants in 1984-1989 among

the population of women 25-35 years old (columns 3 and 4). In panel B, the unit of observation is a province
of origin × a province of destination. The dependent variables are the share of migrants from a province of
origin in 1984-1989 going to a certain province of destination. Robust standard errors are reported between

parentheses. The set of controls include longitude, latitude and regional fixed effects.

Table A9. Relationship Between Price Shocks and the Sex Industry (1990).

Sex workers (1990) (1) (2) (3) (4) (5)

Indirect Price Shock -.185 -.377 -.391 -.362 -.378
(.093) (.159) (.187) (.163) (.189)
[-.084] [-.169] [-.176] [-.167] [-.169]

Direct Price Shock -.129
(.048)

Migration (1984-1989) .001
(.263)

Observations 778 778 778 753 778
Adjusted R-squared .433 .479 .491 .487 .479
Fixed effects Region Province Province Province Province
District controls Yes Yes Yes Yes Yes
Extended controls No No Yes No No

The dependent variable is (the log of) the number of commercial sex workers. The unit of observation is a
district. The indirect price shock is the measure of crop price deviation interacted with the distance matrix
(see measure wed in Section 3). The direct price shock is the direct measure of crop price deviation for the
district (see measure ed in Section 3). Standard errors clustered at the closest U.S. or unused Thai base are

reported between parentheses. Standardized effects are reported between brackets. The set of baseline
controls include dummies for coastal districts, presence of railways (1954), presence of a major road (1954),

a dummy for the provincial capital, the (log of) 1960 district population and the (log of) 1990 district
population. Extended controls include latitude, longitude, distance to ports of entry, the shares of the

different types of establishments, the minimum wage in 1990, and the usual exposure to rainfall. Migration
(1984-1989) captures the migration inflows between 1984 and 1989.
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Table A10. Risky Behavior of 21-Year-Old Military Conscripts in 1991, 1993 and 1995.

Sexual Behavior 1991 1993 1995
Sexual Activity
Any .923 .932 .872
Before Age 17 .363 .465 .420
Visits to Sex Workers
Ever .815 .807 .638
In Past Year .571 .443 .238
Sexual Activity with Others
With Girlfriend .231 .271 .281
With Male Partner .028 .038 .048

Observations 1819 1667 821

This table presents descriptive statistics from a survey of military conscripts in 1991, 1993 and 1995 (?).
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A3. Appendix – S-I model

This appendix complements Section 5, and provides some details about the derivations of

underlying parameters from the equations characterizing the steady-state, and the equations

commanding HIV propagation when there are some spatial spillovers.

Steady-state characterization At the steady-state, we have ḣkC = 0, ḣkF = 0 and ḣkM = 0.

Using equations (Dm), (Dc) and (Df), we obtain:

πkC =
ln(1 − δhk

C

(1−hk
C)

)

ln(1 − vChkM )

πkF =
ln(1 − δhk

F

(1−hk
F )

)

ln(1 − vFhkM )

ρkC =
ln(1 − δhk

M

(1−hk
M )

) − ρF ln(1 − vFh
k
F )

ln(1 − vChkC)

These equations allow to separately set the annual contact rates (πkC)k∈{1,...,K} of type-

C sellers, the annual contact rates (πkF )k∈{1,...,K} of type-F sellers and the contact rates

(with type-C sellers) for buyers (ρkC)k∈{1,...,K} in order to match exactly HIV prevalences

(hkM , h
k
C , h

k
F )k∈{1,...,K}.

Spatial spillovers In order to account for spatial spillovers, we allow a fraction εk,j of buyers

in district k to seek sexual partnership in district j (May and Anderson 1984, Kremer and

Morcom 1998).1 We assume, as in gravity models, that εk,j depends on geographical distance

between k and j, and we set εk,j = ε̄ for the three nearest neighboring provinces denoted

(jk1 , j
k
2 , j

k
3 ) and 0 for the others.

1. As in May and Anderson 1984 and Kremer and Morcom 1998, we allow the HIV transmission rate to

differ between intra-location and inter-location partnerships.
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Letting (hkC , h
k
F , h

k
M ) denote the type-specific HIV prevalence rates, the evolution of HIV

prevalence among type-M in location k is characterized by:

ḣkM = −δhkM + (1 − ε)(1 − hkM )
[
1 − (1 − vhkF )(1 − vhkC)ρ

k
]

+
ε

3

∑
j=jk1 ,j

k
2 ,j

k
3

(1 − hkM )
[
1 − (1 − vhjF )(1 − vhjC)ρ

j
]

The evolution of HIV prevalence among type-C in location k is characterized by:

ḣkC = −δhkC + (1 − ε)(1 − hkC)
[
1 − (1 − vhkM )π

k
C )

]

+
ε

3

∑
j=jk1 ,j

k
2 ,j

k
3

[
(1 − hkC)(1 − (1 − vhjM )π

j
C )

]

The evolution of HIV prevalence among type-C in location k is characterized by:

ḣkF = −δhkF + (1 − ε)(1 − hkF )
[
1 − (1 − vhkM )π

k
F )

]

+
ε

3

∑
j=jk1 ,j

k
2 ,j

k
3

[
(1 − hkF )(1 − (1 − vhjM )π

j
F )

]

At the steady-state, we have ḣkC = 0, ḣkF = 0, ḣkM = 0 for all provinces, which generates

3 ×K equations for 3 ×K unknowns (hkM , h
k
C , h

k
F )k∈{1,...,K}.
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