Motivation & Background Contributions

. Second Indochina War 1955 - 1975:

: ) , . Fortu ne Sons, Unfortu nate People: 1. Provide evidence of the environmental effects
. South Vietnam & the US: South Vietnam as an independent political

) D . Literature focused on Agent Orange & direct-exposure health outcomes.
entity - away from communist influence

o o o o
. North Vietnam & National Liberation Front (NLF)/Viet Cong: a unified The Legacy Of HerbICIdaI Wa rfa ein Vletnam 2. Consider all herbicides with dioxin and arsenic components

Vietnam under communism . Literature focused on Agent Orange, which is incomplete.

. National Liberation Front (NLF) (a.k.a. Viet Cong) is a group of pro- . . . . . . : . : . .
communict South Vietnamese AUthOr. Tra ng Truong AdVISO rs: NICOle FO rhn & Fellpe ValenCIa CalcedO Enwronme':tal argi Health (Dioxin) Enwronmen"csl andBTeaIth (Arsenic) Env:onm?;:]al only
gent Orange gent Blue gent ite
ll. Operation Ranch Hand 1961 - 1971: Spraying of herbicides and defoliants Agent Pink
Goal: Derive NLF/Viet Cong’s and North Vietnamese Army’s vegetation . . . . Agent Purple
coverage and food sources Research QUEShOnS & Literature Key FlndlngS Agent Green
Outcomes: 3. Further evidence on the long-term effects of war
i L : 1. Does herbicide spraying have long-term effects on current years of 1. People in treated districts have fewer years of schooling and are more
+ 20 millions gallons of herbicides were sprayed on South Vietnam ! praying g ; y : P y g . Miguel & Roland (2011) - no long-term impacts of bombing on local
- 2.1 - 4.8 million Vietnamese civilians directly affected schooling, and employment outcomes: likely to be unemployed. overty rate, consumption levels, infrastructure, and literacy rate
. At least 20% of forests in South Vietnam were sprayed at least once . Nguyen (2023) — Agent Orange lowers years of schooling, increases — Long-term negative effects on educational and employment outcomes P YT P ’ ’ y e

unemployment rate, and (direct exposure) increases mobility disability.

o
lll. Herbicides used have 2 effects: . . Envi ronmental or Health7
Defolant & Arseric (PP EE T P .. onmental Effects 2. Are both the environmental and health effects persistent? gg I;_Iea!th effec:s.l Nﬁ? c;)ngrlu5|J\c/e evlldence oce fikely ¢ " :
\ ) ) : : : .b. Environmental effects: Ireatment groups are less likely to work In i i i
Herbicides , . Le, Pham, and Polachek (2022); Yamashita and Trinh (2022) — direct exposure . group Y There is no conclusive evidence for the health effects.
BTV toxic to human'’s consumption & exposure Health Effects to Agent Orange increases mobility disability. agriculture and allocate less land for agricultural products. Dependent Variables  Unable to work, disability & health  Ratio Children Survived-Born
. Appau et. al. (2021) — Agent Orange and negative household rice production. - Evidence that the environmental effects are persistent %L)S 2 25L5 3 %)S - 2505 "
Data Treated ( 2 50" percentile) -0.004™" -0.001 -0.002 -0.001 0.003 0.004
- . — ) o o (0.001) (0.004) (0.004) (0.001) (0.002) (0.002)
. SPV?Y'"E mission: H?rb.'c'de Reporting System Resea rCh DeSIg n— IV F| rSt Sta ge Resu ItS Mean in the control group 0.015 0.015 0.015 0.984 0.984 0.984
. Individual characteristics: 2009 Vietnam Population and Housing Census . T . . . e ” Treated ( = 70™ percentile) -0.001 -0.001  -0.004 -0.001 0.006 0.007
. Bombing Intensity: (Miguel and Roland, 2011) Instrument: Distance from a district centroid to an NLF/Viet Cong or North One km closer to a base increases the likelihood of receiving more gallons (0.001) (0.006)  (0.007) (0.001) (0.004)  (0.004)
. Land use data: Advanced Land Observing Satellite Science Project Vietnamese Army base (Le, Pham, and Polachek, 2022) than the 50t" tile level by about 43% Mean in the control group 0.015 0015 0015 0.984 0984  0.984
: : : : - : : : an the percentile level by abou ° Treated (2 90" percentile)  -0005~  -0.005  -0.016  -0.004" 0023  0.035
. Elevation and soil types: (Hawker and Neal, 2021) & Food and Agriculture . Exclusion Restriction: Base locations are designed to be mobile and 6.002) 0022)  (0.030) 0.002) 0016 (0024
1 1 : . . . > th - N th - N th . : : : . ' :
Organ!zahon of the l.JN . unpredlctable. On average, a base is active for about 2 years before Dependent Variables Treat(elc; (2 50 perg;nt"e} Treatg (270 Per(zf}r"t"el Treat:—; (z 90 Per(zf;"t"ﬂ Mean in the control group 0.015 0.015 0.015 0.984 0.984 0.984
. |..0C3tI0n of NLF/Viet Cong or North V'?tnamese Army bases being abandoned or destroyed. Distance to VC & NVA base 0084 0078 0.049™" 0043" 0013 .0.010™" Geographical characteristics Yes Yes Yes Yes Yes Yes
(instrument): Department of Defense, United States ] ] _ (km) (0.010) (0.010) (0.007) (0.007) (0.003) (0.003) Bombing Intensity Yes No Yes Yes No Yes
First-stage regression: Treated; = a, + a,Dist_base; + a;X;q + Vg4 Mean in the control group 0.191 0.191 0.115 0.115 0.028 0.028 Observations 6,920,278 6,920,278 6,920,278 930,356 930,356 930,356
- 1eti Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors clustered at the district level are in parantheses. There are 447 clusters.
Va ri ati O n i n H e rb i Ci d eS S p rayi n g S d t . Y ﬁ + ﬁ T _——-—I-:Hd + ﬁ X + (F3 StatIStI:S ch tericti 73.37 63.21 4‘3.10 33.16 13081 13;.73 All columni include di:mograpl?ic characteristics, education and disability status control. ’
econd-staqe reqression: id = 0 1 reatLe d 2 id u-d eograpnical characteristics es es es es es es . . . L o o (o)
gered 1 td T Bormbing Intensity No Vee No Voo No Voo The likelihood of an individual to work in agriculture sees a 84% decrease.
. . . . . NIGFE‘: =*p<001,** p<0.05,.“ p=<0.1. Standard errF)rs.cIustered_at.the district Ievelar.e in parantheses. There are 6,9_20.,278 obs.erva_t.ions and 447 clusters. Sample of individuals older than 15 years old. . R .
Dist base;— Distance between a district centroid and an NLF/Viet Cong or a NVA Distance to VC & NVA base s calculated from a district centroid in km. All columns include demographic characterlstics and disabilty status. The proportion of land used for agricultural purpose sees a 64% reduction.
Distribution of number of gallons dropped per district” base (in km)
All chemical agents (excluding Agent White) . ) i .. i . Dependent Variables Working in Agriculture Proportional Land Use - Agricultural
50th p 70th p 90th p Treatedy — Indicating variable if a district receives more gallons of herbicides than OLS 25LS OLS 251S
2 | : the cutoff at 50", 70", and 90" percentile i} (1) (2) (3) (4) (5) (6)
: C e e e e o . Treated ( = 50™ percentile) -0.042" -0.3727° -0.3907° -0.158°  -0.286  -0.336
| | o ¢
=N | | Yis — outcome of interests for individual i residing in district d IVla N Resu ItS. Ed UC ah on 0.017) 0.073) 0.082) (0.025] l0.050) 0061]
o :[ i /X?d— .a.set of controls at the |.nd|.V|duaI Ieyel, mgludmg demogra}phlc characterlshcs, h Mean in the control group 0.465 0.465 0.465 0.528 0.528 0.528
% : : dlsablllty §tatus; and at .the.dIStrl(.:t level, InC|Ud|ng rural, elevation, soil An individual in a treated district at the 50t percenﬁle level| sees a: Treated ( = 70" percentile) 0.070™" 0.643"  -0.700" 0157 0469  -0595"
-y | | composition, and bombing intensity. . . . (0.020) (0.136)  (0.163) (0.030) (0.094)  (0.129)
- | I *District level regression looks at the proportion of land use for agriculture . 8.9% decrease in years of schooling, and Mean in the control group 0.468 0.468 0.468 0.503 0.503 0.503
i ! - P TS o - o
A I . 100% decrease in the likelihood of attaining vocational training. Treated (2 90" percentile) 0015 -2.328°  -3.070 -0.141 -1.248  -1.882
o . . o (0.027) (0.690) (1.022) (0.047) (0.363) (0.639)
X x X + ®
- paralrel A 14 24500 59,650 _— D::ﬁizs 300000 M aln ReS U ItS. U nem p | Oym e nt . . . o Mean in the control group 0.462 0.462 0.462 0.481 0.481 0.481
X {"h""‘-‘ *Quitlier districts which received more than 300,000 gallons are omitted from graph o e . th . . ° The negatlve effeCtS on educahonal OUtcomeS Increase as treated dIStrICtS Geographical characteristics Yes Yes Yes Yes Yes Yes
P N s sop Individuals in 50 treated districts are 200% more likely to be unemployed. . , , Bombing Intensity Yes No Yes Yes No Yes
< "?’i ' are deﬁned to be more heaVIIy Sprayed (I’e'7 gOIng from treatment 1 to 3)' Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors clustered at the district level are in parantheses. There are 6,920,278 observations and 447 clusters
NLF/V|et Cong or x R -9 tt;"ﬁ o Dependent Variable Unemployed Columns (1)-(3) include demograpic characteristics, disability status, and education control.
North Vietnamese q‘;& a2 OLS 25LS Dependent Variables Years of Schooling Vocational Training
Army bases x A LR Three treatment definitions: 1) (2) (8) OLS 2515 OLS 25L5 : 0 1 .
R~ .\ , Treated ( > 50" percentile) ~ 0.004 0.018 0.020 (1) (2) (3) (4) (5) (6) Su ggeStlve Evidence™: Environmental
. . (district level — based on gallons received) (0.001) (0.003) (0.004) Treated ( 2 50™ percentile) 0037 0468 0563  -0003°  -0035  -0.041"
Number of Gallons X g *\ Treatment 1: received = 50" percentile Mean in the control group 0.010 0.010 0.010 ©030) (0086  (0102) ©001)  (0.006)  (0.007) OLS 2SLS
2o - B et S 38 Treated (s 70" i 0004 0031 0035 Mean in the control group 6340 6340 6340 0041 0041 0041 , (1) (2) (3)
th ot : A e . . reated\ 2 percentiie - - : A . i . i
50" - 70" percentile , xRN A Treatment 2: received > 70" percentile 0.001) 0.006) 10.008) Treated (> 70" percentile) ~ -0.024  -0.816™ -1.035"  -0002  -0061" -0.075 s 0 0 Panel A: Dependent variable: Years of Schooling *
O - 50 percent‘l|e % ' ' ‘\' ) ) ) (0 036) (0 174) (0 231) (0 002) (0 011) (0 015) s T TreatEd ( 2 50 percentHE) '0-035 '0.699 '0.720
0 > L4 ot }\ . th . Mean in the control group 0.010 0.010 0.010 ' ’ . . ' . g [environmental effects only] (0084) (03 18) (03 19)
e IR Treatment 3: received 2 90™ percentile : : : Mean in the control group 6.262 6262 6262 0.039 0.039  0.039 - e .
"9\@ & .’. o T th . e T e Y————————————— g o\ Mean in the control group 5.363 5.363 5.363
__ B GEE . reated ( 2 90" percentile) 0.002 0.111 0.153 th . - . s s :
ERo R X - ' ' ' 0047)  (0953)  (1797)  (0002)  (0.067)  (0.123) Henlth offocts, 2077 Unspraved L m e (5 50 tile) 0.007"  0028" 0027
T [N Poster focuses on the interpretation of treatment 1 and discusses M in th trol 0.011 0.011 0.011  Health effects, 20770 - jgiricts 41 .| [Meatedi= percentiie ' : '
N . : . €an In the control group - - - Mean in the control group 6.222 6.222 6.222 0.038 0.038 0.038 ' [environmental effects only]  (0.002) (0013)  (0.012)
* b, “ the magnitude of other treatments in relation to treatment 1. , . ) - 9 ] B R R _
o - Geographlcal characteristics Yes Yes Yes Geographical characteristics Yes Yes Yes Yes Yes Yes G i R Mean in the control group 0.015 0.015 0.015
e % Bombing Intensity Yes No Yes Bombing Intensity Yes No Yes Yes No Yes \ f/f’ s Panel B2: Dependent variable: Working in Agriculture
° ° Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors clustered at the district level are in parantheses. There are Note : *** p<0.01, ** p<0.05, * p<0.1. Standard errors clustered at the district level are in parantheses. There are 3,720,155 observations and 447 clusters. N - Treated ( 2 50th percent"e) -0.075 -0.496 -0.479
S u m m a ry Statl Stl CS 6,920,278 observations and 447 clusters. All columns include demographic and parents characteristics control. g [environmental offects only] (0.038) (0.219) (0.207)
All col include d hic ch teristics, educati d disability stat trol. .
columns inciude demograpnic charactleristics, eaucation an 1sanii status contro Environmen aI effects: Mean in the contr0| group 0419 0419 0419
O Control Treatment f . Geographical characteristics Yes Yes Yes
° . - TEWEr years of SChOOImg Bombing Intensity Yes No Yes
55 o
*standard errors are small or O M alin Res u ItS ° Yea I'S Of S C h 00 I 1 g by Age G rou p . more likely to be 417,038 absarvations for Panel B, and 253 custers. Samples e ajusted with Inverss Propensty Weghtg.
C : . 1
s In treated districts, post-war cohorts (i.e., 55 or younger) have fewer years of schooling. unemployed Weak IV
] . o . ] o . lower agriculture participation
The negative effects on schooling are larger for districts with higher levels of herbicide exposure. .
Treatment 1 (50" percentile) Treatment 2 (70" percentile) Treatment 3 (90 percentile) ConCI usion
- - " 1. 38 years after the last spraying mission, people in treated districts have
- fewer years of education & are more likely to be unemployed.
2.a. Fail to confirm health effects — strong survivor bias
2.b. Evidence for the environmental effects: lower agriculture participation
and less agricultural land use
’ 5 ,_ ’ _, ,_ _ ,., ’ - Slow catch-up growth, limit career options, and pose nutrient challenges
< 50th < 70th < 90th < 50th < 70th < 90th < 50th < 70th < 90th ° °
percentile percentile percentile percentile percentile percentile percentile percentile percentile Why do enVI ron mental effects perSISt?
1 o 1 o ° ° ° ° e [}
Years of Schooling ~ Unemployment (%)  Ever got married (%) . Arsenic inhibits rice growth and is extremely difficult to remove
R f <1 . r , . + 14 . r r . L . . r . . Mass spraying killed the area’s biodiversity and created space for invasive
ererence 25 or younger 2610 35 36 to 45 46 to 55 561065 66 or older 25 or younger 26 to 35 36 to 45 46 t0 55 561065 66 or older 25 or younger 2610 35 36 to 45 46 to 55 561065 66 or older species of grasses.
Miguel, E., & Roland, G. (2011). The long-run impact of bombing Vietnam. Journal of Development . Vietnam is a sub-tropical country: Without the canopy coverage, soil and

Economics, 96(1), 1-15. Cohorts that completed 12 years of high school education + 4 years of college before or during the war new growths are not protected from harsh sun.




