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We investigate the impact of U.S. bombing on later economic development in Vietnam. The Vietnam War

featured the most intense bombing campaign in military history and had massive humanitarian costs. We

use a unique U.S. military dataset containing bombing intensity at the district level (N=584) to assess

whether the war damage led to persistent local poverty traps. We compare the heavily bombed districts to

other districts controlling for district demographic and geographic characteristics, and use an instrumental

variable approach exploiting distance to the 17th parallel demilitarized zone. U.S. bombing does not have

negative impacts on local poverty rates, consumption levels, infrastructure, literacy or population density

through 2002. This finding indicates that even the most intense bombing in human history did not generate

local poverty traps in Vietnam.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The horrors inflicted bywar are clear to all, and so are its disruptive

effects for people's lives. Indeed, war displaces population, destroys

capital and infrastructure, disrupts schooling, and can produce

negative environmental impacts, damage the social fabric, endanger

civil liberties, and create health and famine crises. Any of these effects

could be argued to have impacts on later economic growth and

development, and their combined effects even more. Jean Drèze for

one forcefully expresses the view that “[w]ars or rather militarism is

the major obstacle to development in the contemporary world”

(Drèze, 2000: 1171).

Yet the net long-run effects of war are unclear a priori. Poverty trap

models of the kind developed by Azariadis and Drazen (1990), and

recently promoted among policymakers by World Bank (2003) and

Sachs (2005), predict that sufficiently severe war damage to the

capital stock could lead to a “conflict trap” that condemns an economy

to long-term underdevelopment. Standard neoclassical growth theory

yields different predictions regarding the effect of war on long-run

economic performance. To the extent that the main impact of war is

the destruction of existing physical capital and temporary reduction of

human capital accumulation, neoclassical models predict rapid

postwar catch-up growth as the economy converges back to its

steady-state growth rate, resulting in no long-run impact. At the same

time, war may also profoundly affect the quality of institutions,

technology, and social outcomes. These institutional effects of war

may in turn have negative or positive impacts on long-run economic

performance. For instance, it is often argued thatmilitary research and

development leads to faster technological progress, which may offset

war damage. Wars may also promote state formation and nation

building as was the case in Europe (Tilly, 1975), andmay induce social

progress via greater popular participation (Keyssar, 2000) or break

the power of entrenched groups that block growth-promoting

policies (Olson, 1982).

There is now a large literature, both theoretical and empirical, on the

causes of armed conflict (see e.g. Fearon, 1995; Fearon and Laitin, 2003;

Collier and Hoeffler, 1998, 2004; Powell, 2004) but the long-run

economic impacts of war remain largely unexplored empirically (as
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discussed in Blattman and Miguel, 2010), and this is so for several

reasons. One important issue is the difficulty of convincingly identifying

war impacts on economic growth in the presence of dual causality

between violence and economic conditions, and possible omitted

variable biases (Miguel et al., 2004). But a perhaps even more

fundamental constraint for empirical work is the lack of data on war

damage and economic conditions in conflict and post-conflict societies.

In this paper we exploit a data-rich historical episode to estimate

bombing impacts on long-run economic performance, the U.S.

bombing of Vietnam (what Vietnamese call “the American War”).

The Indochina War, centered in Vietnam, was the most intense aerial

bombing episode in history (Clodfelter, 1995):

“The United States Air Force dropped in Indochina, from 1964 to

August 15, 1973, a total of 6,162,000 tons of bombs and other

ordnance. U.S. Navy and Marine Corps aircraft expended another

1,500,000 tons in Southeast Asia. This tonnage far exceeded that

expended in World War II and in the Korean War. The U.S. Air

Force consumed 2,150,000 tons of munitions in World War II —

1,613,000 tons in the European Theater and 537,000 tons in the

Pacific Theater — and 454,000 tons in the Korean War.”

Vietnam War bombing thus represented at least three times as

much (by weight) as both European and Pacific theater World War II

bombing combined, and about fifteen times total tonnage in the

Korean War. Given the prewar Vietnamese population of 32 million,

U.S. bombing translates into hundreds of kilograms of explosives per

capita, more than the entire weight of the Vietnamese nation. For

another comparison, the atomic bombs dropped at Hiroshima and

Nagasaki had the power of roughly 15,000 and 20,000 tons of TNT,

respectively (Grolier, 1995). Since general purpose bombs – by far the

most common type of bomb used in Vietnam – are approximately 50%

explosive material by weight, each atomic bomb translates into

roughly 30,000 to 40,000 tons of such munitions. Measured this way,

U.S. bombing in Indochina represents roughly 100 times the

combined impact of the Hiroshima and Nagasaki atomic bombs.

We employ an unusual United States military district-level dataset

on bombs, missiles, rockets and other ordnance dropped in Vietnam.

The U.S. bombing of Vietnam was largely concentrated in a subset of

regions: roughly 70% of total ordnance was dropped in only 10% of the

584 sample districts. Fig. 1 highlights the 10% most heavily bombed

districts.

The heaviest bombing took place in Quang Tri province in the

central region of the country near the 17th parallel, the former border

between North Vietnam and South Vietnam. The province is the

geographic unit above the district. Quang Tri province was basically

bombed flat during the war, with most of its capital and infrastructure

destroyed: only 11 of 3500 Quang Tri villages were left unbombed by

the end of the war (Project RENEW Report, 2004: 3). Provinces

immediately north and south of Quang Tri also received heavy U.S.

bombing, although less than Quang Tri itself. Coastal regions of North

Vietnam and some districts of Hanoi were heavily bombed, as was the

region near Saigon adjacent to Cambodia. This region was the site of

frequent incursions by North Vietnam Army and NLF/Vietcong troops

into South Vietnam through the so-called Ho Chi Minh Trail that ran

through Laos and Cambodia.

There are many a priori reasons U.S. bombing could have long-run

impacts on Vietnamese economic development. First, the destruction

of local physical infrastructure may have inhibited commerce and

changed later investment patterns. For instance, U.S. bombing during

the Rolling Thunder campaign of the late 1960s “destroyed 65 percent

of the North's oil storage capacity, 59 percent of its power plants, 55

percent of its major bridges” (Clodfelter, 1995: 134).2 Second, U.S.

bombing displaced population and this could potentially have

reduced local economic activity if many individuals never returned.

Third, population displacement and the destruction of physical

infrastructure – including classrooms – disrupted schooling for

millions, affecting human capital accumulation. In terms of other

possible factors, we do not have complete information on unexploded

ordnance (UXO), landmines or Agent Orange use, and unfortunately

cannot focus on these in the main empirical analysis (however, there

is obviously a strong correlation between bombing and later UXO

density).3 Vietnam in the 1960s and 1970s was a society where one

might intuitively expect a poverty trap model to be quite empirically

relevant: at the start of the war in the 1960s, Vietnamwas already one

of the world's poorest countries, and it was subject to massive

devastation by American bombs, pushing income levels even lower.

By the late 1970s, Vietnamese per capita income was comparable to

that in the poorest African countries.

We compare the predictions of the neoclassical Solow growthmodel

to a modified theoretical framework including a poverty trap in

analyzing the long-run impacts of bombing Vietnam. In the neoclassical

Fig. 1.Map of Vietnam— 10% of districts with the highest total U.S. bombs, missiles, and

rockets per km2 shaded.

2 See Tilford (1991: 155) for further details on the extent of U.S. bombing damage.

3 UXOs as well as landmines can impair the use of agricultural land and are

expensive to find and remove. While UXOs and landmines can seriously hurt farming

families when an income earner is victimized, UXO and landmine injury rates in

Vietnam during the 1980s and 1990s declined rapidly relative to the immediate

postwar years (Project RENEW report, 2004: 16–18). The chemical agents used by the

U.S. could also generate long-term damage to population health and land. The best

known, Agent Orange, is a defoliant containing dioxins, and as late as 2001 traces of

dioxins specific to Agent Orange were still found in human blood in some areas.

Deforestation itself could also negatively affect the environment and agriculture by

increasing soil instability and affecting wildlife.

2 E. Miguel, G. Roland / Journal of Development Economics 96 (2011) 1–15



model, a heavily bombed region eventually returns to steady-state

economic performance despite the initial destruction of its capital stock.

In contrast, if the bombing shock makes the region “too poor” to save

and invest, a poverty trap model would predict that a region's income

per capita would be permanently depressed. In that case, one would

predict economic divergence between regions that were bombed

heavily and those that were not. However, there will be no inter-

regional economic divergence if there is sufficient factormobility across

regions of a country. There would be no regional poverty traps, or a

poverty trap at the level of the country, but in either case we would not

observe inter-regional divergence. Poverty traps can also be averted by

government redistribution of capital towards poorer regions, lifting

them above the poverty trap threshold, and thus ultimately generating

sustained saving, investment and growth.

We then perform tests of the impact of bombing on a number of

later economic development measures at both the district and

provincial levels. In the empirical analysis we find no robust adverse

impacts of U.S. bombing on poverty rates, consumption levels,

electricity infrastructure, literacy, or population density through

2002, and these results are consistent across a variety of specifications

and samples. There is a moderate negative effect of U.S. bombing on

consumption levels through 1992/1993 but also faster consumption

growth between 1992/1993 and 2002, suggesting that any negative

short-runwar impacts on local living standards dissipated over time as

a result of rapid catch-up growth. While we unfortunately cannot fully

characterize the precise mechanisms underlying these main results,

and in particular there is no reliable data on labor mobility across

Vietnamese districts during the immediate postwar period, there is

evidence that extra state investment in heavily bombed regions during

the early 1980s played a role in the postwar recovery, which is

consistentwith the theoretical predictions of themodel. These patterns

provide highly suggestive evidence against poverty trap models of

economic growth.4 If the destruction wrought by the most severe

bombing in humanhistory, in one of theworld's poorest countries, was

insufficient to push Vietnam into a persistent poverty trap, it is hard to

imagine where else a conflict-induced poverty trap might prevail.

The key issue for inference is the non-randomnature ofU.S. bombing

patterns. If regions with unobservably better economic growth

prospects were more (or less) likely to be heavily bombed, this could

bias estimated impacts. Understanding the sources of variation in U.S.

bombing is thus critical. An innovation of this paper is our attempt to

address the endogeneity of bombing. In this regard, the estimation

strategy benefits from the fact that themost heavily bombed areaswere

located near the 17th parallel north latitude, the border between North

andSouthVietnamduring thewar. This arbitrary border, set by the1954

Geneva Accords that ended French colonialism in Indochina, became a

locus for heavy fighting during the war, and its placement at 17°, rather

than 16° or 18°, can be viewed as a natural experiment. The border was

not drawn by Vietnamese, but was instead the outcome of fierce

negotiations among theUnited States and Soviet Union in the context of

the Cold War. The U.S. sought to push the border farther north, the

Soviet Union south. We use the north–south distance from a district to

the 17th parallel as an instrumental variable for bombing intensity in

our preferred specification, exploiting this source of variation.5

One limitation is that while this econometric strategy provides

estimates of differences across districts, the approach is unable to

capture aggregate nation-wide effects of the war on Vietnamese

development. The counterfactual – Vietnamese economic perfor-

mance in the absence of the “American War” – cannot be observed or

estimated. This is potentially important to the extent that the war led

to major institutional and social changes, or if the cross-region

spillovers of the war within Vietnam were large. Still the rapid rate of

economic growth in Vietnam since the early 1990s – at 6% on average

between 1993 and 2003 (World Bank, 2004) – indicates that any

nation-wide war impacts on economic growth rates were not

persistently negative, and did not generate a national-level poverty

trap. Note that the within-country empirical approach adopted in this

paper also has merits. Exploiting the common data sources and

postwar institutions and policies across Vietnamese regions allows us

to pinpoint local economic impacts of bombing more precisely than is

possible in cross-country analyses, where controlling for national

trends and institutions is more problematic.

In related work, Davis and Weinstein (2002) show that the U.S.

bombing of Japanese cities inWorldWar II had no long-run impact on

the population of those cities relative to prewar levels, and Brakman

et al. (2004) find a similar result for postwar Germany.6 Organski and

Kugler (1977, 1980) find that the economic effects of the two world

wars tended to dissipate after only 15–20 years (similar to our

postwar timeframe of roughly 25 years), for both capitalist and

socialist economies, after which there was a return to prewar growth

trends. Przeworski et al. (2000) similarly find rapid postwar recovery

in a cross-country analysis.

We view our results as complementary to these earlier studies. We

are able to measure the long-run impact of bombing on a larger set of

outcomes than other studies, which either only focus on population

effects or on aggregate growth. By examining the effect of bombing on

(i) variables that are central to leading economic growth theoretical

models– physical capital, human capital and population – and on (ii)

variables that relate directly to human welfare, including poverty

rates and consumption, we believe that we paint a broader picture of

long-run bombing impacts.

In terms of other differences with existing studies, note that

Vietnam during the 1960s and 1970s was much poorer than either

Japan or Germany and was an overwhelmingly rural country. The

urban agglomeration effects emphasized by some theories thus likely

played a less important role in Vietnamese recovery, while poverty

trap models are more relevant. Another major difference between

postwar Vietnam and Japan is that the former was a centrally planned

economy until it launched market reforms in the late 1980s while

the latter was always a market economy. This raises the question of

what general lessons we can learn from these empirical studies, since

other countries with different institutions might have reacted

differently. It is important to emphasize that institutions are often

quite country specific: Japan has unique capitalist institutions that

differ from the U.S., for example, and the Vietnamese form of socialism

was quite different from East German central planning. In our view it

is only through the accumulation of evidence across many settings

that researchers can create a convincing picture of war's long-run

economic effects.

To be absolutely clear, the humanitarian costs of the Vietnam War

itself – which led to millions of civilian deaths by all accounts – were

massive and the short term disruptive economic effects were certainly

quite strong. Nomatter how rapid the recovery, the war, in addition to

all the direct pain and suffering it wrought, meant an enormous

amount of time and energy was wasted fighting rather than engaging

4 Other have questioned the empirical plausibility of poverty trap models, notably

Srinivasan (1994), who argues strongly against nutrition-based efficiency wage

models, but we are among the first to assess the empirical relevance of economy-wide

conflict-induced poverty traps, like those discussed in World Bank (2003) and Sachs

(2005).
5 The second main concentration of heavy U.S. bombing lies in areas where the Ho

Chi Minh Trail entered South Vietnam. While not as clearly exogenous as the North–

South Vietnam border, the outlets of the Ho Chi Minh Trail into South Vietnam

reflected, to a large extent, geographical conditions along the South Vietnam–

Cambodia border rather than local socioeconomic conditions within Vietnam. At its

main southern outlet, there was less mountainous terrain than is the case farther north

along the border, facilitating troop movements into the Mekong Delta flatlands.

6 In subsequent work, scholars have found some evidence of multiple equilibria in

city population growth after intense WWII bombing in Germany, see Bosker et al.

(2007).
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in economically productive activities. Vietnam's southeast Asian

neighbors did not suffer from the American War, and income per

capita was $16,481 in Malaysia and $8666 in Thailand but only $3256

in Vietnam in 2005 (in 2005 U.S. dollars at PPP).7 This gap provides

suggestive evidence that Vietnam, despite its high recent growth

rates, might be much richer today had it not been for the war,

although this is admittedly speculative given all of the other

institutional, social and policy differences between these countries.

2. Theoretical framework

This section explores the possible long-run effects of wartime

bombing from the point of view of economic theory. In the

neoclassical growth model, war should have only temporary effects.

However, long-run effects may prevail if there are poverty traps. We

then discuss the conditions and policies under which local poverty

traps would exist or might be eliminated.

2.1. Economic theory and the effects of war and economic growth

It is useful to first recall results from the standard neoclassical

economic growth model to provide a baseline perspective on war's

possible economic impacts. If war leads to the partial destruction of

the physical capital stock but the production function remains

unchanged, there will be a temporary increase in capital accumulation

until the steady state is again attained. In other words, war has no

long-run effects on the economy but leads to a transitory increase in

investment and consumption growth relative to a situation without

war. If war leads to a loss of the capital stock in some areas but not

others, the former will experience temporarily higher growth. If

capital is mobile, capital will also flow to the war-damaged areas so as

to equalize marginal returns across regions. Postwar recovery

patterns are qualitatively similar for human capital (see Barro and

Sala-i-Martin, 2003 for a fuller treatment of two-sector growth

models). A reduction in human capital in a war-torn region will also

result in more rapid postwar accumulation of human capital there,

though again there will be no change in the steady state provided that

other model parameters are unchanged.8

The steady state of the economy could be affected by war,

however, if it falls into a poverty trap (Azariadis and Drazen, 1990;

World Bank, 2003). Given its very low initial income and the extensive

bombing, if ever a war induced “poverty trap” would be possible

Vietnam would be a good candidate.

Beyond the loss of physical and human capital, war could also lead

to institutional changes that would affect the aggregate production

function, by modifying its scale parameter. Theory does not provide

an unambiguous prediction as to the effect of war on institutions and

technology. Deterioration in institutions could lead to a new steady

state characterized by a lower long-run level of both capital and

income, while by symmetry, positive institutional changes brought

about by war could boost steady-state capital and income postwar.

The possibility of cross-regional spillovers is also important to the

extent that economic conditions in one region affect growth

elsewhere. Central government taxation and transfers may also

benefit some regions more than others, an issue we develop in the

formal model in the next sub-section. In the empirical analysis below,

we also explore the possibility of cross-district spillovers by

examining relationships at different levels of aggregation (namely,

at both provincial and district levels), and also examine postwar state

investment patterns to establish whether the areas most affected by

U.S. bombing benefited from additional investment.

2.2. A simple theoretical framework of regional war destruction

We focus our theoretical discussion on two plausible alternatives:

the standardneoclassical growthmodel and amodel including poverty

traps. We first introduce a version of the standard Solow model based

on districts within a country. Assume a country has i=1,…,n

districts. District i is assumed to have a Cobb–Douglas constant

returns to scale production function, Yit=AKit
αLit

1−α where Yit is

district output and Kit and Lit are, respectively, the stock of capital

and the labor force in district i. (We ignore human capital here

for simplicity but many of the implications for physical capital also

hold for human capital, as discussed above.) Assuming a constant

saving rate s for simplicity, such that St=sYt , and assuming a per

period capital depreciation rate δ, annual investment is equal to

It=ΔKt+1+δKt . Equating savings with investment leads to the

dynamics of capital accumulation:

Ki;t + 1 = 1 – δð ÞKit + sYit : ð1Þ

Expressing quantities in per capita terms, capital intensity is

kit=Kit/Lit, and the production function is yit=Akit
α with yit=Yit/Lit.

Dividing the capital accumulation equation by Lit:

1 + nð Þki;t + 1 = 1 – δð Þkit + syit ð2Þ

where n is the population growth rate.

In a modification of the standard model, assume there is a

minimum subsistence consumption level cminN0 below which

consumption per capita cannot fall. In that case, per capita savings

in district i are given by sit=min{yit−cmin, syit}. If the per capita

consumption hits the cmin constraint, a poverty trap will result: there

is a capital intensity level below which there will be no further per

capita capital accumulation: ki,t+1≤kit. Indeed, multiplying both sides

of this inequality by (1+n) and using (1+n)ki,t+1=(1−δ)kit+(yit−

cmin) when the subsistence consumption constraint is binding, we find

that ki,t+1≤kit if and only if:

Ak
α
it≤ n + δð Þkit + cmin: ð3Þ

Given this inequality, there is a ktrapN0 belowwhich inequality (3)

is strictly satisfied, and this ktrap is the poverty trap threshold level of

capital intensity. It is straightforward to see that ktrap increases with

cmin, n and δ, thus a higher minimum consumption level, faster

population growth, and a higher depreciation rate all increase the

poverty trap level of ktrap.

To derive the steady state in the context of multiple districts, we

need to make assumptions on both the nature of factor mobility and

government policy. Assume first that there is no factor (capital or

population) mobility across districts, and that initially at time zero

ki,0Nktrap in all districts. We assume that both ki,0 and ktrap are far

below the steady-state level of capital accumulation per capita, k⁎

(defined such that (1+n)k⁎=(1−δ)k⁎+sAk⁎α), an assumption

made to ensure that there is transitional economic growth.

Now imagine that at a later time t, however, mbn districts are hit

by a bombing shock destroying much of the local capital stock and

7 Source: Penn World Tables. These patterns are discussed further in Fisman and

Miguel (2008). We cannot rule out other explanations for the higher income levels in

Malaysia and Thailand compared to Vietnam such as for example better economic

policies and institutions in those countries.
8 The effects of a loss of capital stock in a vintage capital model are different. If

postwar investment consists of more recent and better quality capital, economic

performance could eventually exceed that of the prewar economy and thus regions

that suffered more from the war might eventually overtake regions that suffered less.

Gilchrist and Williams (2004) indeed argue that a vintage capital growth model is

more consistent with macroeconomic recovery patterns in postwar Japan and

Germany than the standard neoclassical model. Our main empirical findings below

appear to be consistent with both the neoclassical and vintage capital views, and we

do not attempt to decisively distinguish between these two models below since for us

the key issue is to determine whether or not persistent adverse economic impacts can

be detected, as a way to assess the empirical validity of poverty trap models.
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bringing kit below ktrap in these districts.9 In the absence of factor

mobility or government redistribution, thosem districts will fall into a

poverty trap, permanently condemning them to low income, while

the remaining n−m districts (where capital intensity is above the

critical ktrap level) will continue to experience positive economic

growth. In this case, bombing would lead to persistent differences in

per capita income (as well as in physical capital intensity) between

bombed and non-bombed districts.10

There are at least two sets of policies or conditions that would

alter this conclusion on the likelihood a poverty trap would prevail.

Assume first that there is extensive factor mobility across districts

within the same country. With mobile labor, then for any two

districts i and j, after the bombing there should be a reallocation of

labor such that the marginal products of labor are equalized across

districts: FiL=FjL⬄(1−α)Akit
α=(1−α)Akjt

α
⬄kit=kjt. Similarly, if

capital is mobile, marginal products of capital should be equalized

across districts. There should thus be equal capital intensity kM and

per capita income across districts once sufficient time has passed for

labor and capital to be optimally reallocated.11

Depending on whether kM is above or below ktrap, there will be

either the samepositive growth rate in all districts or zero growth in all

districts, as all have entered into a poverty trap12. With perfect factor

mobility, therewill thus be no long-run divergence in income between

the districts that are bombed heavily versus the other districts. There

may be a long-run nation-wide effect of bombing if it pushes the entire

country into a poverty trap, but this occurs in all districts.

Next assume that the government has sufficient authority to

intervene in the economy and reallocate capital across districts.

Consider the case where all districts start out below the poverty trap

level of capital accumulation ktrap. Private agents are unable to

internalize the growth externality inherent in a poverty trap, but

simply reallocate factors of production to those districts that have the

highest marginal return (in this case, zero). Yet as long as there is

sufficient capital in the economy as a whole for the government to

redistribute to a single district i′ and bring capital intensity there

above the poverty trap level, ki′tNktrap, then the government can allow

capital to accumulate in that district until a time t′ when “excess”

capital there Li′t′(ki′t′−ktrap) can be redistributed to a second district

to bring it above the poverty trap level of capital intensity. That second

district will thus leave the poverty trap and start accumulating capital

on its own as it transitions to a higher steady-state income level.

Capital accumulated above ktrap in these growing districts can then

gradually be injected into all other poor districts until the entire

country has exited out of the poverty trap.

To summarize the theoretical discussion, wartime bombing can

generate long-run income divergence between regions that were

heavily bombed versus those that were not if poverty traps are

possible, namely if capital accumulation is brought to a halt when per

capita consumption falls below a minimum threshold in the bombed

regions. However, even if the poverty trap consumption threshold

exists, we would not observe inter-regional economic divergence if

factors (labor and capital) are mobile, as in that case either all regions

or none would fall into the poverty trap. Moreover, even a national-

level poverty trap can be prevented if the government has the

authority to reallocate resources across regions, lifting the more

heavily affected regions out of the trap.

There are some limits to how closely we can tie this framework to

the available data for Vietnam to directly test the above predictions.

There is unfortunately no reliable Vietnamese per capita consumption

data at the sub-national level, nor data on inter-regional labormobility,

for the 1970s and 1980s, the immediate post-bombing period.We can,

however, examine government investment patterns at the province

level in the immediate postwar period, and can test the model's

reduced form implications by examining the effects of wartime

bombing on district poverty and consumption levels and growth, as

well as other economic development measures, since the early 1990s.

3. Data and econometric methods

3.1. Data description

We use a database assembled by the Defense Security Cooperation

Agency (DSCA)housed at theUnited StatesNational Archives in Record

Group 218, called “Records of the U.S. Joint Chiefs of Staff”.13 The

database contains information on all ordnance dropped from U.S. and

allied airplanes and helicopters in Vietnam between 1965 and 1975, as

well as artillery fired from naval ships.14 To our knowledge, these files

embody the most complete, comprehensive and reliable summary

available of U.S. and allied ordnance expended during the Vietnam

War. Some of the original tape archiveswere reportedly damaged soup

to several months of data may be missing, but unfortunately we are

unable to determine the precise extent of any missing data. The data

were originally recorded in aircraft mission logs and then reported to

Pacific Command and the Joint Chiefs of Staff. They were declassified

and provided to the Vietnamese government following the war.

The raw data include the bombing location, a summary bomb

damage assessment (which we unfortunately do not have access to),

and the quantity of ordnance by category and type. Categories include

general purpose bombs, cluster bombs, chemicals, incendiary, rockets,

missiles, projectiles, ammunition, mines and flares. Ordnance is

measured in units rather than by weight. Since the source of the

data is the U.S. Air Force and Navy, we miss anti-personnel landmines

that were placed by Army ground forces, which probably accounts for

a large share of U.S. landmines, and the landmine data are thus less

reliable than the other data. The raw data were then geo-coded by the

VVAF using Vietnam district boundaries employed in the 1999

Population and Housing Census to yield the dataset we use. (An

example of the raw data is presented in Appendix Fig. 1.)

General purpose bombs are by far the most common ordnance

category (Table 1). The Mark 82 and Mark 36 Destructor general

purpose bombs typically weighed between 500 to 750 lbs. Bombing

intensity was high, with an average of 32.3 bombs, missiles, and

rockets per km2 nationwide through the war, and there is extensive

variation across districts for all ordnance categories. The distribution

of bombing was skewed, with 10% of districts receiving nearly 70% of

all bombs, missiles and rockets15, and some districts receiving over

9 The bombing shock may also reduce local population, but because people can hide

or flee from bombing, we assume that the destruction of capital stock is proportionally

larger than for the labor force, such that bombing leads to a reduction in physical

capital intensity k.
10 Note here that we do not consider the case in which the local scale parameter Ai,

capturing local institutions and technology, is directly impacted by the bombing. We

do not believe that cross-district variation institutional quality is sufficiently large in

Vietnam to justify this approach, especially in the context of the strongly centralized

policy environment that characterized postwar Vietnam. However, note that

persistent differences in local institutions due to bombing damage would be another

way to generate lasting income gaps across regions.
11 The poverty trap prevents savings in a district if income falls below a certain level.

However, the marginal return of capital is not affected by the “trap” and thus capital

equalization still occurs under factor mobility.
12 Individual investors do not internalize the effects of their individual investment

decisions on capital accumulation in their district. When there is no investment in the

whole economy, it is implicit (though not explicitly modeled) that wealthier

individuals lend to poorer individuals to finance the minimum consumption level.

13 We obtained the data from the Vietnam Veterans of America Foundation (VVAF)

with authorization from DSCA and the Vietnam Ministry of Defense Technology Center

for Bomb and Mine Disposal. The Data Appendix discusses data sources in greater

detail.
14 In particular, data come from the 1965–70 Combat Activities-Air (CACTA), the

1970–1975 South East Asia (SEADAB), and Combat Naval Gunfire (CONGA) databases.

Unfortunately, it is simply the total over the time period and is not disaggregated by

year.
15 Quang Tri district in Quang Tri province, which is only 6 km2 in size, received over

3000 bombs per km2, the highest by far. We exclude this outlier in the analysis while

still using data from the rest of Quang Tri province.
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500 bombs per km2, while many districts were not bombed at all. The

most intense attacks took place near the 17th parallel that formed the

border between North and South Vietnam during the war. Note that

the poor northwestern region was hardly bombed at all, in part

because of the Johnson administration's reluctance to antagonize

China by bombing near its borders (Tilford, 1991: 153).

There is a positive and statistically significant correlation across all

ordnance categories (Table 1). In the analysis below, we mostly

employ total intensity of bombs, missiles, and rockets per km2, but

given the substantial correlation with other ordnance categories (e.g.

ammunition), this is also a good proxy for overall war activity.

Unfortunately, we do not have comparable data for North Vietnam

Army or NLF/Vietcong ordnance nor do we have ordnance damage

measures. Although we do not have disaggregated Agent Orange

exposure data, the broad regional patterns of exposure from the maps

in Stellman et al. (2003) correspond closely with those in our data

base.

We obtained 1960–61 provincial population density from both

South Vietnam and North Vietnam government sources (see the Data

Appendix) and use those data as baseline controls in the regressions

(Table 2). A variety of district geographic and climatic characteristics –

including proportion of land at high altitude, average district

temperature and precipitation, location in former South Vietnam,

and the proportion of land in 18 different soil type categories – are

also included as explanatory variables to partially control for

agricultural productivity (an important component of the scale factor

A in the economic growth framework for an agrarian society) and

factors potentially affecting military strategy (e.g., altitude). The soil

controls are excluded from the province level analysis due to limited

degrees of freedom, as there are only 55 provinces in the province

sample. The analysis principally focused on the more disaggregated

district level (N=584) but some analysis is conducted at the more

aggregated province level (N=55) for a robustness check, and in

particular to capture cross-district externalities.

We focus on multiple economic outcomes that flow from the

economic growth framework discussed above, and others that are of

independent policy interest. Poverty rate estimates are from Minot et

al. (2003), who use the Elbers et al. (2003) local regression method.

Table 1

Summary statistics — U.S. ordnance data, 1965–75.

Mean S.D. Max. Obs. Correlation with general purpose bombs

Panel A: district-level data

Total U.S. bombs, missiles, and rockets per km2 32.3 68.5 561.5 584

Total U.S. bombs, missiles, and rockets 14,692 37,349 36,5449 584

General purpose bombs 11,124 30,779 32,2111 584 1

Cluster bombs 706 2268 32,403 584 0.59⁎⁎⁎

Missiles 24.7 121.7 1600 584 0.27⁎⁎⁎

Rockets 2828 7208 10,6445 584 0.64⁎⁎⁎

Cannon artillery 8.6 51.9 772 584 0.37⁎⁎⁎

Incendiaries 795 16,431 11,667 584 0.65⁎⁎⁎

White phosphorus 70.7 306.6 3580 584 0.27⁎⁎⁎

Ammunition (000's of rounds) 5677 11,061 13,6416 584 0.54⁎⁎⁎

Panel B: province level data

Total U.S. bombs, missiles, and rockets per km2 30.6 51.7 335.5 55

Notes: The summary statistics are not weighted by population. Theminimum value is zero for all variables at the district level, and thus we do not present this in the table. The sample

throughout excludes Quang Tri district (one district within Quang Tri province), which has by far the highest total U.S. bombs, missiles, and rockets intensity per km2, at 3148; this

outlier is excluded from the analysis throughout. Significant at 90(*), 95(**), and 99(***) percent confidence.

Table 2

Summary statistics — economic, demographic, climatic, and geographic data.

Mean S.D. Min. Max. Obs.

Panel A: district-level data

Estimated district poverty rate, 1999 0.41 0.20 0.03 0.94 584

Population density, 1999 1659 5846 10 2332 584

Proportion of households with access to electricity, 1999 0.71 0.27 0.08 1 584

Literacy rate, 1999 0.88 0.11 0.24 0.99 584

Proportion of land area 250–500 m 0.11 0.19 0 1 584

Proportion of land area 500–1000 m 0.11 0.21 0 1 584

Proportion of land area over 1000 m 0.03 0.11 0 1 584

Total district land area (km2) 529 513 4 3230 584

Average precipitation (cm) 154.6 30.1 84.2 282.0 584

Average temperature (Celsius) 24.3 1.9 19.4 27.3 584

Former South Vietnam 0.49 0.50 0 1 584

Latitude (°N) 18.0 5.2 9.7 25.4 584

|Latitude−17°N| 4.9 2.0 0.0 8.4 584

Panel B: province level data

Population density (province), 1960–61 244 437 12 2868 55

Population density, 1985 401 533 34 3196 53

Population density, 1999 465 540 62 2908 55

Change in population density, 1985–2000 77.7 154.5 −439.4 745.1 53

Proportion not born in current village, 1997/98 0.26 0.23 0 1 55

Per capita consumption expenditures, 1992/93 (in 1998 Dong) 1831 591 997 3546 55

Per capita consumption expenditures, 2002 (in 1998 Dong) 3084 1007 2040 7505 55

Growth in per capita consumption expenditures 1992/93–2002 0.74 0.38 −0.08 1.67 55

Latitude (°N) 17.6 5.4 10.0 25.2 55

|Latitude−17°N| 5.0 2.0 0.3 8.1 55

Notes: The summary statistics are not weighted by population. District latitude is assessed at the district centroid, and province latitude is the average of the district latitudes,

weighted by district land area.
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This approach matches up 1999 Population and Housing Census

data –which has excellent geographic coverage but limited household

characteristics – with detailed 1997/8 Vietnam Living Standards

Survey (VLSS) household data. Log-linear regressions of real cost-of-

living-adjusted per capita consumption expenditures on the 17

household characteristics found in both the census and VLSS are

then carried out, and the results used to compute predicted household

consumption (details are in the Data Appendix). The poverty rate is

the proportion of population estimated to be living on less than the

official 1999 national poverty line of 1,789,871 Dong, and approxi-

mately 41% of the national population met this criterion (Table 2).

Related methods generate predicted average consumption levels and

the Gini coefficient (in per capita consumption) at the district level.

The 1999 census also provides information on household access to

electricity (71% of households nationwide) and literacy (88% of

respondents), our proxies for past physical and human capital

investments, respectively.

We obtained actual per capita consumption expenditure data from

both the 1992/3 and 2002 VLSS waves for a sample of households in a

subset of 166 districts. We focus on province level averages with the

VLSS, since the data was designed to be representative at this level of

aggregation. The disadvantage of this data set is its relatively small

sample size of households. The VLSS also contains useful retrospective

information on migration that we discuss below.

Finally, Vietnamese Statistical Yearbooks provide a consistent

series on province population for 1985 to 2000, and some information

on central government investment flows for 1985. Unfortunately,

more detailed sub-national economic data is lacking for the 1970s and

1980s, a period which constitutes a sort of statistical black hole. Recall

that in the aftermath of the “American War”, Vietnam also fought a

border war with China and occupied Cambodia to end Khmer Rouge

rule, and data collection was a low priority for the regime while the

country remained on a war footing.

Based on national accounts data in the PennWorld Tables, average

living standards were extremely low in Vietnam immediately after

the war ended in 1975. Per capita income (in 2005 U.S. dollars at PPP)

was only $964 in 1976, which was nearly identical to levels in Burkina

Faso and below Niger and Sierra Leone in that year, placing Vietnam

among the world's fifteen poorest countries in per capita terms.

Numerous academic and Vietnamese government sources all confirm

that the late 1970s were a period of mass deprivation, food shortages,

and pervasive poverty, as the country dealt with the legacy of wartime

destruction as well as sharp reductions in foreign aid (Dinh, 2003;

Harvie and Hoa, 1997; Kim 1992). We conclude that it is reasonable to

test for the presence of a poverty trap in this extreme setting.

3.2. Econometric approach

We focus on the following cross-sectional regression, where the

unit of observation is typically the district, denoted with subscript i:

yit = α + X ′
i β + γBOMBSi; 1965−75 + εit : ð4Þ

The dependent variables, y, are different outcomes important in

economic growth models, including per capita consumption levels

and growth (and related living standards variables, the poverty rate

and degree of inequality), population density, and both physical and

human capital investment levels. While some variables are generated

using local area regression methods, their use as dependent variables

does not typically require additional regression adjustment (see

Elbers et al., 2005).

The vector X contains fixed district characteristics including

geographic controls (soil type, elevation, and latitude) and population

density in 1960 (the pre-U.S. bombing baseline period), that are

meant to partially proxy for differences in steady-state outcomes. The

BOMBS term is the total intensity of bombs, missiles, and rockets

dropped in the district during 1965–1975 per km2. The coefficient

estimate on BOMBS is the main parameter of interest, capturing the

difference in outcomes in the postwar period between areas more

versus less affected by the U.S. bombing, which we relate to the

theoretical predictions of the poverty trap model described in

Section 2.2 We explored different measures of intensity, including

indicators for the most extreme bombing levels, and as we discuss

below, these yield similar results. The disturbance terms, εit, are

normally distributed and allowed to be correlated (“clustered”) across

districts within the same province, although the results are nearly

unchangedwhen they are allowed to be spatially autocorrelated using

the Conley (1999) method.

Below, we consider bombing impacts at both the province and

district levels. There are a number of reasons to consider outcomes at

different levels of aggregation. First, U.S. bombing of one district could

generate negative externalities for nearby districts. Provincial level

regressions are one way to partially capture these externalities,

although they still miss even broader national effects. Second, the

main baseline 1960–61 population density control is at the province

level, and thus when population density is the dependent variable at

least (in Section 4.3 below), a lagged dependent variable can be

included as a control.

3.3. Determinants of U.S. bombing intensity and the instrumental

variable approach

Before presenting the results, we discuss the existing literature on U.

S. bombing strategy during theVietnamWar. A distinction is oftenmade

between thenature of bombing inNorth Vietnamand in SouthVietnam.

U.S. bombing in North Vietnam is largely considered strategic bombing,

targeting transportation capabilities (e.g., airfields, railroads, bridges,

ports, roads), as well as military barracks, industrial plants, and storage

depots (Clodfelter, 1995: 134). The selection of targets inNorthVietnam

was directly supervised by Washington officials on a weekly basis

during the Johnson administration's “Rolling Thunder” air campaign

(Littauer and Uphoff, 1972: 37), and the number of approved targets

regularly fell below the requests of the military, with the bombing of

Hanoi, Haiphong and areas near China categorically ruled out. A broader

set of targets was approved under the Nixon administration's

“Linebacker” campaign, including the major population centers.

Bombing in South Vietnam, and in parts of North Vietnam near the

border, in contrast, was typically interdiction bombing or tactical air

support, which aimed to disrupt enemy troop movements and

support U.S. ground troop operations, rather than explicitly to destroy

infrastructure (Littauer and Uphoff, 1972: 55; Schlight, 1988: 292).

Below we present empirical results broken down by the former North

and South Vietnam in some cases, in addition to full sample estimates,

to investigate differential impacts. Some existing research suggests

there was no robust correlation between local population density and

U.S. bombing intensity (Nalty, 2000: 83) but other authors claim

poorer areas were actually more likely to be hit: “[i]n the remoter,

sparsely populated regions often used by the NLF/NVA [North

Vietnam Army] for staging, regroupment, and infiltration, area

saturation bombing is common” (Littauer and Uphoff, 1972: 10–11).

The central estimation concern is the non-random geographic

placement of U.S. bombing, in response tomilitary strategy and needs,

and most worryingly, potentially in response to local economic

conditions. To address these concerns we develop an instrumental

variable approach that relies on the arbitrary placement of the North

Vietnam–South Vietnam border at the 17th parallel north latitude, as

a result of ColdWar negotiations between U.S. and Soviet officials. The

first stage relationship relates bombing intensity to the district's

distance from the border (DISTANCE):

BOMBSi; 1965−75 = a + X
′

ib + cDISTANCEi + eit : ð5Þ
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The north–south distance from the 17th parallel is a strong

predictor of bombing intensity and is statistically significant in the

province level analysis (Table 3, regression 1), district-level analysis

(regression 2), and a specification that excludes Quang Tri province,

the most heavily bombed province (regression 3), as a robustness

check. The main district-level specification in regression 2 serves as

the first stage for the subsequent IV-2SLS analysis. Note that the

instrument is highly statistically significant with a t-statistic near

three in that case.

A remaining econometric concern is whether the instrumental

variable violates the exclusion restriction, in the sense that distance

from the 17th parallel has an independent impact on postwar

outcomes beyond any effects working through bombing intensity

(conditional on the control variables). One possible concern is that the

IV is correlated with distance to one of Vietnam's two major cities,

Hanoi and Ho Chi Minh City. If remoteness from these two booming

metropolitan areas is associated with lower incomes during the

postwar period, as seems likely, this would generate a negative

correlation between distance to the 17th parallel and poverty in 1999.

However, despite any such possible bias, below we find no significant

relationship between bombing and later poverty in the IV specifica-

tion. In other words, despite the fact that districts near the 17th

parallel had the double misfortune of being both heavily bombed and

far from major national markets, they are currently no poorer than

other regions (conditional on baseline characteristics).

None of the other explanatory variables is significantly related to

U.S. bombing intensity in a consistent way across the three

specifications in Table 3, including the indicator for former South

Vietnam, altitude measures, climatic conditions and latitude. The one

partial exception is the prewar 1960–61 province population density

measure, which is negative and statistically significant across the two

district-level specifications, suggesting that more rural areas were

somewhat more likely to be bombed, echoing some of the existing

historical literature. However, note that this result does not hold in

the province level analysis in regression 1. Thus overall, with the

exception of distance to the 17th parallel (the instrumental variable),

there are no consistent correlations between observables and

bombing intensity, partially alleviating the leading omitted variable

bias concerns.

4. The long-run impact of bombing Vietnam

4.1. Impacts on poverty and consumption expenditures

Total U.S. bombing intensity is negatively and marginally statisti-

cally significantly related to the 1999 poverty rate at both the province

level (Table 4, regression 1) and the district level (regression 2) in OLS

regressions. The district-level relationship between bombing intensity

and poverty is presented graphically in Fig. 2. The main empirical

results are similar if we consider only the intensity of general purpose

bombs, the major ordnance category, or if we consider a log

transformation of total bombing intensity (not shown). In terms of

other factors, areas that had higher population density in 1960–61

have significantly less poverty in 1999 as expected, as does South

Vietnam as a whole on average, while high altitude areas have

considerably more poverty (regressions 1 and 2). Climatic factors and

latitude, in contrast, are not robustly associatedwith poverty, although

high precipitation areas have significantly more poverty in some

specifications.

The district-level effect remains negative and is even more

statistically significant in specifications that include province fixed

effects (Table 4, regression 3) and exclude Quang Tri (regression 4).

Overall, the OLS specifications provide suggestive evidence that U.S.

bombing if anything moderately reduced later poverty, but estimates

are only marginally significant and not particularly robust. This

negative relationship may in part reflect the fact that some of the

poorest provinces in Vietnam, those in the northwest, were rarely

bombed by the U.S. due to their proximity to China, generating a

spurious correlation. More generally, some other unobserved source

of socioeconomic variation or potential could be driving both

bombing patterns and later poverty.

We thus next turn to estimates that rely on the placement of the

North Vietnam–South Vietnam border at the 17th parallel as

exogenous variation in bombing intensity. In the reduced form

specification (Table 4, regression 5), the north–south distance from

the 17th parallel is negative but not statistically significantly related to

1999 poverty, conditional on all other geographic factors. Using this

distance as an instrumental variable for bombing intensity in our

preferred specification, the relationship between bombing intensity is

positive but not statistically significant (regression 6): the coefficient

estimate on total bombing intensity is 0.00026 (standard error

0.00042).

To get an idea of the magnitude of this estimated bombing impact

on later poverty, first consider the effect of a change from zero

bombing up to the average bombing intensity of 32.3 bombs, missiles,

and rockets per km2. The average effect in this sense is (32.3)*

(0.00026)=0.008. This is a very small average effect, an increase in

the poverty rate by less than one percentage point and it is not

statistically significant. In terms of how precise this estimate is, the

95% confidence interval ranges from0.00026–2*0.00042=−0.00058,

up to 0.00026+2*0.00042=0.0011. Thus again considering the

effect of going from zero bombing up to the average intensity of 32.3,

the 95% confidence band of estimates is (32.3)*(−0.00058)=−0.019

to (32.3) * (0.0011)=0.035. In other words, plausible average

effects range from a 1.9 percentage point reduction in poverty up

to a 3.5 percentage point increase in poverty on a base poverty rate

of 41%, a reasonably tight range. The analogous exercise using

the OLS estimate (Table 4, regression 2) yields a point estimate of

(32.2)*(−0.00040)=−0.013, a 1.3 percentage point reduction in

poverty (going from zero bombing up to average bombing intensity),

and a 95% confidence interval from a −2.7 percentage point decrease

Table 3

Predicting bombing intensity.

Dependent variable:

Total U.S. bombs, missiles, and rockets per

km2

(1) (2) (3)

|Latitude−17°N| −14.8⁎⁎⁎ −17.0⁎⁎⁎ −10.2⁎⁎⁎

(5.3) (6.0) (2.2)

Population density (province), 1960–61 0.0050 −0.0035⁎⁎ −0.0034⁎⁎

(0.0043) (0.0016) (0.0014)

Former South Vietnam −138.5⁎ −134.5 −37.1

(74.9) (87.2) (27.7)

Proportion of land area 250–500 m 89.5⁎ −27.6 −26.6⁎

(47.1) (20.5) (14.2)

Proportion of land area 500–1000 m −49.6 −17.7 −10.5

(65.3) (18.9) (16.8)

Proportion of land area over 1000 m 156.3⁎ −6.0 −6.0

(81.4) (30.4) (19.1)

Average precipitation (cm) 0.26 0.22 0.15⁎

(0.17) (0.18) (0.08)

Average temperature (Celsius) 15.2 −0.2 −0.6

(0.8) (4.4) (3.6)

Latitude (°N) −8.7 −10.0 −2.3

(6.3) (7.1) (2.6)

District soil controls No Yes Yes

Exclude Quang Tri province No No Yes

Observations 55 584 576

R2 0.54 0.33 0.25

Mean (S.D.) dependent variable 30.6 (51.7) 32.3 (68.5) 27.1 (50.6)

Notes: Ordinary least squares (OLS) regressions. Robust Huber–White standard errors

in parentheses. Significant at 90(*), 95(**), and 99(***) percent confidence. Disturbance

terms are clustered at the province level in regressions 2–3. The district soil type

controls include the proportion of district land in 18 different soil categories. The

omitted altitude category is 0–250 m.
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in poverty up to a +0.1 percentage point increase, again a narrow

range of estimates around zero.

The effect of bombing on poverty is negative and statistically

significant in former North Vietnam (Table 5, regression 1) but not in

former South Vietnam (regression 2). The explanation for this North–

South difference is not entirely clear but it might reflect a postwar

government bias towards assisting heavily bombed areas in the North,

or the different nature of bombing across the two regions. Bombing

effects are not statistically significant in initially rural areas (districts

with baseline 1960–1 population density less than 200 per km2,

regression 3) but are statistically significant and negative in urban areas

(regression 4). There is some evidence for a nonlinear effect of bombing

intensity on later poverty rates: the linear bombing term remains

negative and statistically significant while the squared term is positive

and significant (regression 5). This pattern appears to in part reflect the

high poverty rates in Quang Tri province, the most heavily bombed

province in the country and suggests that war impacts might persist for

extremely intense bombing like that in Quang Tri, although that claim is

speculative. Point estimates are however not statistically significant

usinganalternativenonlinearmeasureofheavybombing(regression6).

In additional results not shown in the tables, we find that alternative

district-level welfare measures – the imputed average per capita

consumption level, and the Gini coefficient in consumption – are not

significantly related to U.S. bombing intensity at traditional levels.

Using the more detailed (but more aggregated) VLSS household

consumption expenditure data, average consumption per capita in

2002 is not robustly associated with bombing intensity across the full

sample (Table 6, Panel A, regression 1), or in a specification that

excludes Quang Tri province (regression 2), or in a specification that

includes the north–south distance to the 17th parallel as the main

explanatory variable (regression 3). In contrast, all three specifica-

tions indicate that more heavily bombed provinces were somewhat

poorer in 1992/93 (Table 6, Panel B), although effects are not

significant at traditional confidence levels. We find that provinces

that experienced more intense U.S. bombing had significantly faster

per capita consumption growth between 1992/93 and 2002 (Table 6,

Panel C), and this effect is significant at 95% confidence. The coefficient

estimate from the full sample (regression 1) implies that going from

zero to average U.S. bombing intensity is associated with (32.3)

(0.0030) or 10 percentage points faster consumption expenditure

growth during that ten year period, a substantial difference that

works out to be roughly one percentage point faster growth per year

on average.

These patterns suggest that more heavily bombed areas were

somewhat poorer than other areas soon after the war but they later

Table 4

Local bombing impacts on estimated 1999 poverty rate.

Dependent variable: estimated poverty rate, 1999

OLS OLS OLS OLS OLS IV-2SLS

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

Total U.S. bombs, missiles, and rockets per km2
−0.00087⁎ −0.00040⁎ −0.00065⁎⁎⁎ −0.00079⁎⁎⁎ 0.00026

(0.00048) (0.00022) (0.00012) (0.00016) (0.00042)

Population density (province), 1960–61 (÷100) −0.0089⁎⁎⁎ −0.0021⁎⁎ −0.0023⁎⁎ −0.0021⁎⁎ −0.0020⁎

(0.0016) (0.0009) (0.0010) (0.0010) (0.0010)

Former South Vietnam −0.317⁎⁎⁎ −0.174⁎⁎ −0.122⁎ −0.139⁎⁎ −0.104

(0.087) (0.071) (0.071) (0.058) (0.082)

Proportion of land area 250–500 m 0.341⁎⁎⁎ 0.339⁎⁎⁎ 0.182⁎⁎⁎ 0.325⁎⁎⁎ 0.342⁎⁎⁎ 0.349⁎⁎⁎

(0.096) (0.070) (0.067) (0.069) (0.070) (0.073)

Proportion of land area 500–1000 m 0.386⁎⁎ 0.261⁎⁎⁎ 0.157⁎⁎ 0.261⁎⁎⁎ 0.253⁎⁎⁎ 0.257⁎⁎⁎

(0.172) (0.052) (0.062) (0.053) (0.054) (0.055)

Proportion of land area over 1000 m 0.571⁎⁎ −0.048 −0.001 −0.066 −0.044 −0.043

(0.231) (0.113) (0.159) (0.111) (0.120) (0.116)

Average precipitation (cm) 0.00027 0.00111⁎⁎⁎ 0.00060 0.00110⁎⁎⁎ 0.00068⁎ 0.00063

(0.00044) (0.00035) (0.00046) (0.00033) (0.00038) (0.00044)

Average temperature (Celsius) 0.033 −0.012 −0.034 −0.013 −0.0143 −0.0143

(0.029) (0.019) (0.022) (0.020) (0.0196) (0.0199)

Latitude (°N) −0.0127 −0.0088 0.038 −0.0044 −0.0051 −0.0025

(0.0108) (0.0088) (0.026) (0.0088) (0.0081) (0.0100)

|Latitude−17°N| −0.0044

(0.0069)

District soil controls No Yes Yes Yes Yes Yes

Province fixed effects No No Yes No No No

Exclude Quang Tri province No No No Yes No No

Observations 55 584 584 576 584 584

R2 0.75 0.61 0.79 0.63 0.60 –

Mean (S.D.) dependent variable 0.39 (0.16) 0.41 (0.20) 0.41 (0.20) 0.41 (0.20) 0.41 (0.20) 0.41 (0.20)

Notes: Robust Huber–White standard errors in parentheses. Significant at 90(*), 95(**), and 99(***) percent confidence. Disturbance terms are clustered at the province level in

regressions 2–7. The district soil type controls include the proportion of district land in 18 different soil categories. The omitted altitude category is 0–250 m. The instrumental

variable in regression 6 is |Latitude−17°N|.

Fig. 2. 1999 estimated district poverty rate vs. total U.S. bombs, missiles, and rockets per

km2 in the district (conditional on 1960–61 province population density, South

Vietnam indicator, district average temperature, average precipitation, elevation, soil

controls, and latitude).
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caughtupduring the1990s economicboom, in linewith theneoclassical

growth model's prediction of especially rapid consumption growth

along the transition path to steady state. Unfortunately, due to data

limitations we cannot trace out consumption growth patterns in the

1970s and 1980s, and so cannot estimate the extent of poverty

immediately postwar. Nevertheless, by 2002, nearly thirty years after

U.S. troops pulled out of Vietnam, living standards in the provinces that

bore thebrunt of theU.S. assault are largely indistinguishable fromother

areas.16 This is strong evidence against persistent local poverty traps: in

that framework, consumption growth rateswould be significantly faster

in areas that had experienced less bombing, while the heavily bombed

areaswould stagnate or even experience fallingper capita consumption.

4.2. Impacts on physical infrastructure and human capital

There is a positive relationship between U.S. bombing intensity

and 1999 access to electricity across the standard set of province and

district specifications (Table 7, Panel A), and coefficient estimates are

statistically significant at 95% confidence in six of seven specifications.

The relationship is weaker when province fixed effects are included as

controls (regression 3), but the point estimate on U.S. bombing

remains positive and marginally statistically significant even in that

case. Note the negative and significant coefficient estimate on north–

south distance to the 17th parallel, suggesting particularly intensive

power sector investments near the former border.

Taken together these estimates provide some evidence of

technological “leapfrogging” in the heavily bombed regions, consis-

tent with either a vintage capital growth model, or investments in the

heavily bombed regions that exceeded war damage. Speculatively,

this may have been a political reward for regions that actively resisted

the U.S. during the war. However, given the limited data available

immediately postwar, we have little hope of determining the relative

contributions of these two explanations. Infrastructure investment

decisions in Vietnam in the 1970s, 1980s and 1990s likely reflected a

combination of central government redistributive goals as well as

potential private returns, especially in the aftermath of the economic

reforms, and it is difficult to disentangle these motives in the absence

of detailed micro-level public and private investment data, which do

not exist to our knowledge. International donors, non-governmental

organizations (NGOs) and even the U.S. government (following the

1995 normalization of relations with Vietnam) also played important

roles in reconstruction, further complicating interpretation.

Another key factor in economic growth models is human capital.

There are no statistically significant negative impacts of bombing on

either province or district literacy rates in 1999, a proxy for human

capital investment (Table 7, Panel B, regressions 1–6), and similarly

weak results hold for other 1990s human capital measures from the

VLSS database as well as for 1985 school enrollment data from

government yearbooks (results not shown).

There is thus no evidence that more heavily bombed districts have

either less physical infrastructure or human capital stocks 25 years

after the end of the war, consistent with the rapid postwar recovery in

consumption levels documented above. But this is not to say that the

war left no observable legacies in heavily bombed regions. For one

thing, more heavily bombed provinces have higher membership in

war veterans' associations – in a specification analogous to Table 6

regression 1, the point estimate is 0.00022, standard error 0.00011 –

and there is suggestive, though not always significant, evidence that

2002 disability rates are somewhat higher (regressions not shown),

perhaps in part due to war and landmine/UXO injuries.

4.3. Impacts on population density

Province population density in 1999 is not significantly related to

total U.S. bombing intensity (Table 8, regression 1), with a point

estimate of 0.13 and standard error 0.49. Provinces that had high

population densities in 1960–61 also tend to have high density in

1999 (the point estimate on 1960–61 density is 0.89, standard error

0.19) as expected, and former South Vietnam has somewhat higher

1999 population density overall, although that effect is only

marginally significant. In this province level specification, the effect

of a change from zero up to average province level U.S. bombing

intensity is (30.6) (0.13)=4.0 additional people per km2, a miniscule

effect of less than 0.01 of a standard deviation in 1999 province

population density, with a tight 95% confidence range from−26 to +

34 people per km2.

16 We examined attained adult height from the VLSS as a measure of living standards

for cohorts born before and during the war to gauge the extent to which living

standards fell in heavily bombed areas. We find that average height for the 1961–70

and 1971–80 birth cohorts is significantly lower in more heavily bombed regions.

However, it is also somewhat lower for earlier cohorts (born pre-1961) in those same

areas. The largest coefficient estimate on U.S. bombing intensity (for the 1961–70

cohort) is −0.0165, implying an average reduction of 0.5 cm when going from zero to

average U.S. bombing intensity — not a large effect. The relatively small sample sizes in

the VLSS, especially when the data are broken down by year of birth, gender, and

province cells, and the possibility that children across a range of ages could experience

some growth stunting, prevent us from drawing strong conclusions. The possibility of

differential child and infant mortality as a result of the war could also generate

selection effects that would further complicate the analysis.

Table 5

Local bombing impacts on estimated 1999 poverty rate — alternative specifications.

Dependent variable: estimated poverty rate, 1999

Ex-North

Vietnam

Ex-South

Vietnam

Rural: 1960–1 pop.

densityb200 per km2

Urban: 1960–1 pop.

density≥200 per km2

All Vietnam All Vietnam

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

Total U.S. bombs, missiles, and rockets per km2
−0.00051⁎⁎ −0.00009 −0.00021 −0.00088⁎⁎ −0.00114⁎⁎⁎

(0.00020) (0.00025) (0.00021) (0.00017) (0.00033)

(Total U.S. bombs, missiles, and rockets per km2)2

(÷100)

0.00019⁎⁎⁎

(0.00006)

Top 10% districts, total U.S. bombs, missiles, and

rockets per km2

−0.030

(0.026)

District demographic, geographic, soil controls Yes Yes Yes Yes Yes Yes

Observations 300 284 409 175 584 584

R2 0.70 0.66 0.60 0.65 0.62 0.60

Mean (S.D.) dependent variable 0.46 (0.20) 0.35 (0.18) 0.46 (0.19) 0.29 (0.16) 0.41 (0.20) 0.41 (0.20)

Notes: Ordinary least squares (OLS) regressions. Robust Huber–White standard errors in parentheses. Significant at 90(*), 95(**), and 99(***) percent confidence. Disturbance terms

are clustered at the province level. District demographic and geographic controls include Population density (province) 1960–61, Former South Vietnam, Proportion of land area

250–500 m, Proportion of land area 500–1000 m, Proportion of land area over 1000 m, Average precipitation (cm), Average temperature (Celsius), and Latitude (°N). The district soil

type controls include the proportion of district land in 18 different soil categories. The omitted altitude category is 0–250 m.
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Total U.S. bombing intensity is not significantly related to 1999

district population density in district-level OLS specifications (Table 8,

regression 2–4). Similarly, in neither the reduced form regression of

population density on the north–south distance from the 17th parallel

(regression 5), nor the IV-2SLS specification (regression 6) is the key

explanatory variable statistically significantly related to 1999 district

population density. However, one caveat to the district-level

population results are the large standard errors on the key coefficient

Table 6

Local war impacts on consumption expenditures and growth (VLSS data).

OLS OLS OLS

(1) (2) (3)

Panel A: dependent variable: 2002 per capita consumption expenditures

Total U.S. bombs, missiles, and rockets per km2 2.4 5.3

(1.7) (3.4)

|Latitude−17°N| 3.3

(54.5)

Exclude Quang Tri province No Yes No

Observations 55 54 55

R2 0.61 0.62 0.60

Mean (S.D.) dependent variable 3084 (1007) 3092 (1014) 3084 (1007)

Panel B: dependent variable: 1992/93 per capita consumption expenditures

Total U.S. bombs, missiles, and rockets per km2
−1.5 −2.0

(1.0) (2.2)

|Latitude−17°N| 53.9

(48.1)

Exclude Quang Tri province No Yes No

Observations 55 54 55

R2 0.46 0.44 0.47

Mean (S.D.) dependent variable 1831 (591) 1847 (585) 1831 (591)

Panel C: dependent variable: growth in consumption, 1992/93–2002

Total U.S. bombs, missiles, and rockets per km2 0.0030⁎⁎⁎ 0.0036⁎⁎

(0.0007) (0.0017)

|Latitude−17°N| −0.057⁎⁎

(0.028)

Exclude Quang Tri province No Yes No

Observations 55 54 55

R2 0.47 0.41 0.41

Mean (S.D.) dependent variable 0.74 (0.38) 0.72 (0.37) 0.74 (0.38)

Notes: Robust Huber–White standard errors in parentheses. Significant at 90(*), 95(**), and 99(***) percent confidence. All regressions contain controls (not shown) for Population

density (province) 1960–61, Former South Vietnam, Proportion of land area 250–500 m, Proportion of land area 500–1000 m, Proportion of land area over 1000 m, Average

precipitation (cm), Average temperature (Celsius), and Latitude (°N). The omitted altitude category is 0–250 m.

Table 7

Local war impacts on physical infrastructure and human capital.

OLS OLS OLS OLS OLS IV-2SLS

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

Panel A: dependent variable: proportion of households with access to electricity, 1999

Total U.S. bombs, missiles, and rockets per km2 0.00168⁎⁎⁎ 0.00036⁎⁎⁎ 0.00025 0.00043⁎⁎ 0.0019⁎⁎

(0.00055) (0.00012) (0.00016) (0.00017) (0.0009)

|Latitude−17°N| −0.033⁎⁎⁎

(0.009)

District soil controls No Yes Yes Yes Yes Yes

Province fixed effects No No Yes No No No

Exclude Quang Tri province No No No Yes No No

Observations 55 584 584 576 584 584

R2 0.59 0.57 0.75 0.57 0.58 –

Mean (S.D.) dependent variable 0.72 (0.21) 0.71 (0.27) 0.71 (0.27) 0.71 (0.27) 0.71 (0.27) 0.71 (0.27)

Panel B: dependent variable: proportion of literate respondents, 1999

Total U.S. bombs, missiles, and rockets per km2 0.00005 0.00003 0.00009 0.00012⁎⁎ 0.00041

(0.00012) (0.00006) (0.00006) (0.00006) (0.00037)

|Latitude−17°N| −0.0070

(0.0052)

District soil controls No Yes Yes Yes Yes Yes

Province fixed effects No No Yes No No No

Exclude Quang Tri province No No No Yes No No

Observations 55 584 584 576 584 584

R2 0.65 0.59 0.75 0.59 0.59 –

Mean (S.D.) dependent variable 0.89 (0.07) 0.88 (0.11) 0.88 (0.11) 0.88 (0.11) 0.88 (0.11) 0.88 (0.11)

Notes: Robust Huber–White standard errors in parentheses. Significant at 90(*), 95(**), and 99(***) percent confidence. Disturbance terms are clustered at the province level in

regressions 2–6. All regressions include Population density (province) 1960–61, Former South Vietnam, Proportion of land area 250–500 m, Proportion of land area 500–1000 m,

Proportion of land area over 1000 m, Average precipitation (cm), Average temperature (Celsius), and Latitude (°N). The district soil type controls include the proportion of district

land in 18 different soil categories. The omitted altitude category is 0–250 m. The instrumental variable in regression 6 is |Latitude−17°N|.
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estimates, which make these estimates less precise than the poverty

results. The leading explanation for these large standard errors in the

district-level regressions is the absence of a prewar district level

population density control: 1960–61 province population density is

only weakly correlated with 1999 district population density.

There is similarly no statistically significant effect of bombing on

1999 district population density in several other samples and

specifications, including in former North Vietnam and South Vietnam,

in rural areas (districts with baseline population density less than 200

per km2), when province fixed effects are included, and using

alternative measures of bombing intensity (regressions not shown).

The estimated effect of bombing is sometimes positive for urban areas

but the result is not robust (not shown).

We next trace out effects on population density over time from

1985 to 2000 using Vietnamese Statistical Yearbook data, and find no

effect of bombing intensity on population density in 1985 (Table 9,

Panel A). We also find no effects on province population density

growth rates from 1985 to 2000 (Panel B). So unlike for consumption,

there is no evidence of “catch-up” population growth. Moreover, as

was the case for 1999 population, there is no statistically significant

effect of U.S. bombing on province population in any year from 1985

to 2000 (results not shown). This suggests that if there were any large

postwar population movements into the more heavily bombed

regions, they must have occurred prior to 1985. Unfortunately,

disaggregated population figures are incomplete for the 1970s and

early 1980s, preventing us from extending the analysis back to the

immediate postwar period. Thus it remains possible that therewere in

fact short-run localized effects of the war on population that had

dissipated by 1985.

It is plausible that this lack of population effects is due to large

postwar inflows of migrants into heavily bombed districts, but while

we cannot rule this out, nor dowe find any compelling evidence that it

is in fact the case. Using the 1997/8 VLSS, U.S. bombing intensity does

not have a consistent effect on the proportion of individuals not born

in their current village of residence (Table 9, Panel C) although the

point estimate is positive andmarginally statistically significant in one

specification (regression 2). The leading interpretation of the data is

that most households displaced by the war simply returned to their

home areas shortly after conflict had ended. Vietnamese communities

developed elaborate responses to avoid injury during periods of

intense U.S. bombing, including hiding for extended periods in well

provisioned bomb shelters and in underground tunnels – thousands

of miles of which were built during the war – while others fled

temporarily before returning to rebuild (Herring, 2002: 174–176).

5. Discussion: why no long-run local economic impacts?

Why does the most intense bombing campaign in human history

not lead to inter-regional economic divergence 25 years later? There

are a variety of explanations, based on the theoretical framework, the

empirical analysis, as well as our reading of the historical literature.

First, much U.S. bombing targeted South Vietnam with the purpose of

impeding the progress of enemy troops (both North Vietnam Army

and NLF/Vietcong guerrillas) and took place in rural areas (Tilford,

1991: 105–6). These areas had little fixed infrastructure to destroy,

and instead bombing often led to the destruction of forest and

farmland, much of which could be expected to recover naturally over

time. Even U.S. military planners recognized early in the war that “the

agrarian nature of the [Vietnamese] economy precludes an economic

collapse as a result of the bombing” (Pentagon Papers, 1972: 232).

Even if the impact of bombing on infrastructure in rural areas was

not as devastating as the bombing intensity numbers suggest, one

should not underestimate the ingenious strategies employed by the

North Vietnamese to limit the damage to physical infrastructure that

did occur, especially in urban areas. First of all, some industrial

operations were dispersed across multiple sites (Kamps, 2001: 70).

Second, according to Tilford (1991: 112) “[r]oads (such as they were)

were quickly repaired. Bridges were bombed often but, in addition to

Table 8

Local bombing impacts on 1999 population density.

Dependent variable: population density, 1999

OLS OLS OLS OLS OLS IV-2SLS

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

Total U.S. bombs, missiles, and rockets per km2 0.13 2.0 12.4 6.1 −13.9

(0.49) (8.9) (10.9) (12.5) (19.7)

Population density (province), 1960–61 0.89⁎⁎⁎ 0.66 0.68 0.67⁎ 0.62

(0.19) (0.42) (0.42) (0.40) (0.45)

Former South Vietnam 282.7⁎ 857.9 344.4 1048.9 −821.7

(145.2) (1890.2) (1735.1) (862.8) (2899.1)

Proportion of land area 250–500 m −1332⁎⁎⁎ −3997 −1416 −3890 −3845 −4230

(426) (3125) (1721) (3133) (2830) (3272)

Proportion of land area 500–1000 m 13 −2164 −1762 −2181 −1829 −2075

(261) (1661) (1460) (1686) (1370) (1586)

Proportion of land area over 1000 m −1468⁎⁎⁎ −1264 −111 −1084 −1316 −1399

(489) (1983) (1722) (2014) (1745) (1982)

Average precipitation (cm) −1.27⁎⁎ −22.7 −9.9 −22.7 −14.1 −11.0

(0.55) (15.6) (9.2) (15.4) (11.2) (10.5)

Average temperature (Celsius) −46.7 767.3 470.0 774.9x 828.0 824.6

(49.2) (846.7) (373.6) (373.6) (887.3) (882.9)

Latitude (°N) 36.9⁎⁎ 103.2 −1317.1 60.4 91.0 −48.1

(16.5) (177.5) (904.5) (164.4) (120.2) (266.0)

|Latitude−17°N| 237.1

(328.6)

District soil controls No Yes Yes Yes Yes Yes

Province fixed effects No No Yes No No No

Exclude Quang Tri province No No No Yes No No

Observations 55 584 584 576 584 584

R2 0.86 0.16 0.56 0.15 0.15 –

Mean (S.D.) dependent variable 465 (540) 1659 (5846) 1659 (5846) 1678 (5884) 1659 (5846) 1659 (5846)

Notes: Robust Huber–White standard errors in parentheses. Significant at 90(*), 95(**), and 99(***) percent confidence. Disturbance terms are clustered at the province level in

regressions 2–6. The district soil type controls include the proportion of district land in 18 different soil categories. The omitted altitude category is 0–250 m. The instrumental

variable in regression 6 is |Latitude−17°N|.
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being difficult to hit, were easily bypassed with dirt fords, underwater

bridges, and pontoon bridges.” In North Vietnam up to half a million

people worked rebuilding infrastructure destroyed by U.S. bombing

(Herring, 2002: 176).

Another important factor counteracting the effects of U.S. bombing

was the major Vietnamese government reconstruction effort after the

war, with massive mobilization of labor and resources to rebuild

damaged infrastructure and demine the countryside (World Bank,

2002). The theoretical model we developed in Section 2.2 above

suggests that these sorts of government investment efforts were likely

critical in preventing the descent into local bombing-induced poverty

traps. Although we lack district-level investment data, government

yearbooks contain information on total state investment by province

during 1976–1985. For 1985 alone we are able to construct per capita

state investment figures (complete province population data is only

available for 1985), and we find that more heavily bombed provinces

did in fact receive somewhat more investment (in millions of 1985

Dong per capita): in a specification analogous to Table 6, column 1, the

point estimate on total U.S. bombing intensity is 0.0113 (s.e. 0.0071,

regression not shown), and this effect is nearly significant at 90%

confidence. This is a large effect: going from zero to average province

level bombing intensity leads to an increase of 1.5 standard deviations

in state investment.

Similarly, over the entire 1976–1985 period, the ratio of state

investment flows (in per capita terms) for provinces above versus

below the median in terms of U.S. bombing is greater than one. In

other words, the more heavily bombed provinces received more state

investment on average. As one can see in Fig. 3, this ratio starts close

to one (equal investment across more and less heavily bombed

regions) and increases rapidly after 1980, with the end of the border

conflict with China and the complete occupation of Cambodia,

suggesting that the redistribution of state investment across regions

became stronger over time. The average ratio of state investment to

heavily bombed versus other regions is 1.31 during 1981 to 1985, and

reaches 1.50 in 1985, implying that heavily bombed regions received

50% more state investment in per capita terms that year. These

patterns provide further evidence that the Vietnamese government

attempted to allocate additional resources to heavily bombed regions,

either as a political reward or for the higher investment returns (or

both). This may explain some of the gains in electricity infrastructure

and may also have laid the foundation for the rapid catch-up growth

in consumption discussed above.

Labor mobility may have also played a role. However, there exist

no reliable figures on migration across provinces (or districts) from

government and non-government data sources for Vietnam in the

1970s and 1980s. Yet there were several government-led large-scale

land reform and settlement campaigns in the Vietnam in the 1980s

(as discussed in UNDP, 1998). It is thus plausible that labor mobility

helps explain part of the economic convergence across regions after

the war.

Finally, despite the war, large-scale school expansion and literacy

campaigns were carried out during the 1960s and 1970s, especially in

North Vietnam, where promoting literacy was a central social goal of

the regime (Ngo, 2004). Since school infrastructure was vulnerable to

U.S. bombing, teachers and students dispersed into small groups to

Table 9

Local war impacts on other population characteristics.

OLS

(1)

OLS

(2)

OLS

(3)

Panel A: Dependent variable: population density, 1985

Total U.S. bombs, missiles, and rockets per km2
−0.18 (0.58) −0.99 (1.15)

|Latitude−17°N| −2.3 (10.4)

Exclude Quang Tri province No Yes No

Observations 53 52 53

R2 0.73 0.73 0.73

Mean (S.D.) dependent variable 401 (533) 407 (536) 401 (533)

Panel B: dependent variable: growth in population density, 1985 to 2000

Total U.S. bombs, missiles, and rockets per km2
−0.008 (0.164) 0.090 (0.362)

|Latitude−17°N| 7.5 (6.5)

Exclude Quang Tri province No Yes No

Observations 53 52 53

R2 0.24 0.24 0.24

Mean (S.D.) dependent variable 77.7 (154.5) 78.7 (155.8) 77.7 (154.5)

Panel C: dependent variable: 1997/98 proportion not born in current village

Total U.S. bombs, missiles, and rockets per km2 0.00037 (0.00041) 0.00127⁎ (0.00069)

|Latitude−17°N| 0.006 (0.016)

Exclude Quang Tri province No Yes No

Observations 55 54 55

R2 0.52 0.43 0.51

Mean (S.D.) dependent variable 0.27 (0.23) 0.27 (0.23) 0.27 (0.23)

Notes: Robust Huber–White standard errors in parentheses. Significant at 90(*), 95(**), and 99(***) percent confidence. All regressions contain controls for Population density

(province) 1960–61, Former South Vietnam, Proportion of land area 250–500 m, Proportion of land area 500–1000 m, Proportion of land area over 1000 m, Average precipitation

(cm), Average temperature (Celsius), and Latitude (°N). The omitted altitude category is 0–250 m.

Fig. 3. State investment (in per capita terms) 1976–1985, ratio of more heavily bombed

(above median) to less heavily bombed (below median) provinces.
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avoid strikes, and schools often had foxholes and helmets for students'

protection during U.S. attacks (Duiker, 1995; Vien, 1981).

These results taken together are broadly in line with the

predictions of the neoclassical growth framework: a loss of factor

endowments due to war led to rapid catch-up growth and

convergence back to the steady state, as proxied by performance in

regions that suffered hardly at all from U.S. bombing. There is no

evidence of a local poverty trap. The electricity infrastructure results

are consistent with a vintage capital growth model, but we feel that

distinguishing between the vintage and neoclassical models is less

fundamental than our main finding of no adverse long-run local

economic impacts, which provides evidence against poverty trap

models. The most provocative result, and one that resonates with

Davis and Weinstein (2002) and others in this emerging literature, is

that the transition back to the economic steady state can be extremely

rapid even after massive bombing and destruction.

6. Conclusion

We find no robust long-run impacts of U.S. bombing on local

poverty rates, consumption levels, or population density in Vietnam

over 25 years after the end of the “American War”. Given that the

bombing of Vietnam was the most intense bombing episode in world

history, and that Vietnam was one of the world's poorest countries

after the war, this is a surprising result from the point of view of

poverty trap models of economic growth. This empirical result can be

understood within the poverty trap model developed in this paper.

We showed that, under the relatively weak condition that there is

sufficient capital in the economy (or from foreign aid) postwar to lift

at least initially, one district out of the poverty trap selective

reallocation of capital by the central government towards poorer

districts will generally prevent a national poverty trap from occurring.

We then go on to find empirical evidence of substantial reallocation of

Vietnamese government resources towards the regions that were

more heavily bombed during the early 1980s. Most existing poverty

trap models neglect inter-regional differences and the possibility of

government intervention, and therefore exaggerate the theoretical

plausibility of a poverty trap. Poverty traps thus seem unlikely to

occur in practice as long as a reasonably capable government that

seeks to promote economic growth is in power. Vietnam's rapid

recovery from U.S. bombing – both in the bombed districts and in the

country as a whole – strongly corroborates this view.

As discussed above, our empirical approach comparesmore heavily

bombed areas to other areas and thus cannot directly estimate nation-

wide war effects on Vietnamese economic development. The theoret-

ical model illustrates that inter-regional economic convergence could

be due to the emergence of a national poverty trap, under extensive

factor mobility across regions. However, the vigorous investment and

growth observed in Vietnam during the postwar period does not

appear consistent with the interpretation that Vietnam has been stuck

in a national poverty trap due to the effects of wartime bombing.

Nevertheless, the counterfactual – national Vietnamese economic

outcomes in the absence of thewar – is impossible to reconstruct. If the

regions not greatly affected by the war assisted the more heavily

bombed regions through postwar resource transfers, as the state

investment data suggest, then differences between the more and less

heavily bombed areas would be dampened but overall Vietnamese

living standards could still have fallen. In that case, the actual

aggregate effects of U.S. bombing on long-run Vietnamese economic

performance would be more negative than our estimates imply. Yet

the legacy of the war has clearly not prevented Vietnam from

achieving rapid economic growth: Vietnamese growth in GDP per

capita has recently been among the fastest in the world, at 6% per year

between 1993 and 2003 (World Bank, 2004), following the reforms of

the 1980s and 1990s. Our data indicate that the 1990s were a crucial

period of economic convergence across regions.

Caution is called for in drawing broad lessons regarding war's

impacts on economic growth in general. Unlike many other poor

countries, postwar Vietnam benefited from relatively strong and

centralized political institutions with the power to mobilize human

and material resources in the reconstruction effort, and redistribute

from richer to poorer districts. Countries with successful postwar

recovery experiences (like Vietnam, Japan, and Germany) are also

probably more likely to collect the sort of systematic economic data

that make this study possible. This may lead to selection bias: war-

torn countries where the economy and institutions have collapsed

(e.g., Democratic Republic of Congo or Somalia) lack such data,

preventing the estimation of any persistent local war impacts in those

societies.

Vietnam also emerged successfully from war out of a long struggle

for national liberation17 against foreign occupiers (principally the

French and later the United States), an experience that fostered a

strong sense of nationalism that could be mobilized in the postwar

reconstruction. In contrast, the bulk of wars in the world today are

internal civil conflicts, which may exacerbate political and social

divisions and weaken national institutions rather than strengthen

them. Some recent research suggests that the low-level civil conflict in

the Basque region of Spain has significantly reduced economic growth

there relative to neighboring regions (Abadie and Gardeazabal, 2003),

for example. Collins and Margo (2004) find that the destructive U.S.

race riots of the 1960s had lingering effects on the average income of

local African–Americans up to twenty years later. The world's most

conflict prone region today is sub-Saharan Africa, where state

institutions are notoriously weak (Herbst, 2000). In such settings,

postwar reconstruction may drag on far longer than in Vietnam (or in

Japan, where postwar political institutions were also strong) leading

to more persistent adverse war legacies. Due to the uniqueness of

each society's institutions, politics, and history, in our view further

empirical evidence accumulated across cases is needed before general

claims about the effects of war on long-run economic performance

can be made with confidence.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in

the online version, at doi:10.1016/j.jdeveco.2010.07.004.

17 The conflict in Vietnam was a combination of a war of national liberation and a

civil conflict between the North and the South, but the postwar political rhetoric of the

victorious North usually emphasized the former.
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