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a b s t r a c t 

The paper provides credible evidence for life expectancy as a key determinant of optimal decisions on children’s 

human capital accumulation. The widespread use of landmines in Cambodia’s civil conflict since the 1970s, fol- 

lowed by a large-scale international landmine clearance effort, allows for the examination of a causal relationship 

between life expectancy and human capital investment. A twofold increase in landmine clearance efforts in af- 

fected areas during the 2004-2005 period led to a sharp decline in the intensity of landmine casualty. I use a 

triple difference model that exploits spatial and temporal variations in landmine accidents together with the 

male-biased nature of landmine accidents to estimate the causal impacts of prime-age mortality risk on human 

capital outcomes. The estimates show a sizeable, negative effect of landmine mortality on both school attain- 

ments and health investments. When the source of mortality risk is replaced by common road traffic accidents, 

any mortality effect on schooling outcomes disappears, suggesting that household optimal decisions may respond 

differently to different sources of risk. 
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. Introduction 

Earlier theoretical literature predicts that an increase in life ex-

ectancy raises the optimal level of human capital accumulation

 Becker 1962 , Ben-Porath 1967 ). Lower mortality is thought to raise

xpected returns to the investment by increasing the expected total life-

ime productive gains from the labour market, and also the horizon over

hich benefits from earlier investments in human capital could be en-

oyed (e.g., Galor and Weil 1999 , Soares 2005 , De la Croix and Licandro

999, Cervellati and Sunde 2005 , Hazan 2012 ). To test the theory, many

mpirical studies estimate the relationship between mortality and edu-

ation outcomes. 1 Particularly, in a developing country context, several

ecent studies exploit regional variations of various health conditions

nd provide causal evidence for the effects of life expectancy and mor-

ality risk on decisions related to human capital investments. They also

emonstrate that the scale of adverse effects of mortality risk is crucially
E-mail address: nlekfuan@eco.uc3m.es 
1 Evidence from cross-country data analysis has been mixed. Mortality is 

ound to have no association with higher education attainment in some stud- 

es ( Acemoglu and Johnson 2007 , Lorentzen et al. 2008 ) whilst others find a 

ignificant positive relationship ( Bils and Klenow 2000 , Manuelli and Seshadri 

014 ). With a lack of conclusive findings, statistical estimations using cross- 

ectional data have proven difficult to pin down causal relationships between 

ife expectancy and human capital development. 
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ensitive to the timing at which the risk is presented to the individuals

e.g., Fortson 2011 , Jayachandran and Lleras-Muney 2009 ). 2 

In this work, I shift away from a conventional focus on changes

n medical-related mortality risk, namely, medical innovations, infec-

ious diseases, or epidemiological transition. Instead, I examine the im-

lications of mortality risk that is resulted from the usage of warfare

eaponry and other similar materials capable of terminating lives. 3 

ortality risk derived from warfare weaponry is distinct from that of

eneral health-related risk in two main ways. First, it is a source of mor-

ality risk that is capable of shortening one’s lifespan directly and in-

tantaneously. Second, a risk of dying from warfare weaponry carries

ith it a stark element of fright and fear as it usually happens in open

pace - making it more easily to be witnessed and recalled compared to

ther more subtle medical causes. 
2 In detail, Fortson (2011) exploits the variation of HIV in Africa; 

ayachandran and Lleras-Muney (2009) study maternal mortality in Sri Lanka. 

n addition, Oster et al. (2013) and Stoler and Meltzer (2013) also find a positive 

ffect of personal health-related mortality risk on own human capital investment 

ecisions. 
3 An extensive microeconomic empirical analysis literature on health im- 

rovements in education choices exploits the exogenous variables of new med- 

cal diffusion ( Bhalotra and Venkataramani 2015 ), gender-specific epidemio- 

ogical shift ( Klasing and Milionis 2016 ), the longevity of previous genera- 

ions ( Soares 2006 ), or public health intervention ( Bleakley and Lange 2009 , 

leakley 2007 , Lucas 2010 ). 
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jective expectation provide robust evidence that optimal decision makings are 

influenced by subjective beliefs, such as migration ( McKenzie et al. 2013 ); ed- 

ucation and occupational choices ( Arcidiacono et al. 2020 , Wiswall and Zafar 

2021 ); and risky sexual behaviour ( Delavande et al. 2011 , Delavande and Kohler 

2016 ). 
6 See Justino (2012) and Blattman and Miguel (2010) for the review. 
7 See also, Akresh and de Walque (2009) , Shemyakina (2011) , Leon (2012) , 

Mansour and Rees (2012) . 
8 In another line of work, Prem et al. (2021) and Chiovelli et al. (2018) di- 

rectly evaluate the effect of landmine clearance on education outcomes and eco- 

nomic well-being. Specifically, Prem et al. (2021) show that only demining in 
Therefore, landmine prevalence and its entailed accidents in Cambo-

ia is a suitable setting for my empirical examination. Furthermore, the

ain victims of landmine casualties in the country are prime-age adults

accounting for 80 percent of total casualties ( CMVIS 2012 ). Precisely,

his is the type of mortality risk that does not affect the whole lifespan

f an individual but more specifically at the ages where individuals are

ctive in the labour market. Given this setting, the analysis can concen-

rate on the prime-age survival probability, which is known to be a key

eterminant of schooling decisions ( Cervellati and Sunde 2013 , De la

roix and Licandro 2013 , Strulik and Vollmer 2013 ). 

In detail, my main empirical approach uses a triple difference esti-

ation (TD hereafter), which exploits three key variations of landmine-

elated mortality risk: spatial, temporal, and gender-related. The spatial

ifference in landmine prevalence and accidents across Cambodia is a

onsequence of the military strategies of the Khmer Rouge at the end

f Cambodia’s civil conflict in the 1980s, which left the western part

f the country more heavily mined. The within-district temporal varia-

ion comes from the timing of international collaborations of landmine

learance operations around the years 2004 and 2005. The third source

f variation comes from the male-biased nature of landmine casualties

n Cambodia. According to the casualty statistics, adult males account

or around 90 percent of total landmine casualties in the past 20 years

 CMVIS 2012 , Roberts 2011 ). Therefore, the change in the intensity of

andmine mortality contributes directly to Cambodian males’ life ex-

ectancy whilst leaving that of the females predominantly unchanged.

uch a gender disparity in mortality risk allows me to use the females

s another key comparison group in the analysis and therefore account

or potential unobservables that vary across time and location but are

ender-neutral. In sum, my measure of landmine mortality risk is the

istrict-level number of gender-specific landmine casualties per 1,000

rime-age adults in a given year. 4 

My analysis uses individual-level data on school attainment from the

ambodian 1998 and 2008 censuses (IPUMS samples). In the first set of

he analysis, I estimate the effect of mortality risk on primary school

ttainment by, in effect, comparing the outcomes of male versus female

espondents living in the same district in the 1998 and 2008 censuses. I

nd that an additional casualty per 1,000 prime-age population (land-

ine casualty rate or LMR hereafter) is associated with a 4.2 percentage

oints ( pp ) decrease in the probability of having attended or graduated

rom primary school. This estimate is robust to reasonable changes in

pecification and estimation methods. In the second analysis, I look at

he effect of mortality risk on secondary school attainment of another

et of individuals from the censuses. The estimated marginal effect is

igher – at 6.1 pp. Nonetheless, the effect on secondary school attain-

ent declines to 3.1 pp when I alternatively use gender-specific LMR in

he estimation. 

In a supplementary analysis, I investigate the potential role of heuris-

ic probability in determining the extent to which mortality risks affect

uman capital investment decisions. Judging the frequency of an event

s found to be influenced by individuals’ subjective ability to remember

r recall such events and therefore leads to an exaggeration of the risk

agnitude in a situation where substantial publicity of the event or emo-

ions are at play ( Kahneman and Tversky 1979 , Slovic et al. 1982 ). In

his context, optimal decisions may not respond to a change in mortal-

ty risk from a low-probability event (landmine accidents) in the same

ay as that of a high-probability one (road traffic accidents) – even

hen both events are otherwise comparable (non-health, prime-age and

ale-biased mortality). The estimation shows that schooling outcomes

f children are responsive to the mortality risk resulting from landmines,
5 
ut not from road traffic accidents. 

4 The data is aggregated from the database on individual cases that are col- 

ected by Cambodia Mine Action Authority (CMAA) since 1979. 
5 A growing body of work has shown that parental subjective beliefs are de- 

erministic of their optimal investments ( Attanasio 2009 , Cunha et al. 2020 , 

ttanasio et al. 2019 ). Recent studies that can obtain direct elicitation of sub- 
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This article is also related to a growing literature that looks into

he legacy of civil conflicts and violence on human capital develop-

ent. 6 The existing evidence points that the effects of violence on ed-

cational achievements are mostly heterogeneous - depending partic-

larly on types of violence and educational outcomes. Recent studies

ave estimated the negative effects of being exposed to ongoing violence

n educational performances Looking at the effect of drug-induced vi-

lence in Mexico, Brown and Velasquez (2017) suggest that financial

ardship is a key driver of the negative effect on education outcomes,

hile Brück et al. (2019) focus on the implication of civil conflict on the

est Bank on high school students. Brück et al. (2019) find that violent

vents reduce the supply-side of education. 7 In contrast to Brown and

elasquez (2017) and Brück et al. (2019) , I can separately isolate the

ole of changes in mortality risk on human capital accumulation in a sit-

ation whereby other relevant factors in the case of ongoing conflicts,

or instance, uncertainties, school infrastructure damages, or psycho-

ogical costs, are of fewer concerns ( Koppensteiner and Menezes 2021 ,

erardino 2014 ). 

A smaller but growing literature has investigated the effect of land-

ines on socio-economic well-being. Closely related to my work is

errouche (2011) , which looks at the impact of exposure to landmine

ontamination during the civil conflict on the subsequent educational

ttainment of the affected birth cohorts. By focusing on the post-war

eriod, my TD estimation can arguably shut off other confounding chan-

els. 8 In addition, a quasi-experimental study on landmine-driven am-

utees by Takasaki (2020) shed light on the effect of disability, poverty

nd adverse intergenerational consequence. In particular, he shows a

ecline in children’s schooling and an increase in child labour in house-

olds with landmine-induced disabled parents. 9 

The article proceeds as follows: the next section discusses the con-

ext surrounding landmines in Cambodia. Section 2 outlines the histori-

al background of landmines and educational institutions in Cambodia.

ection 3 describes the data. Section 4 presents the estimation strategy

nd main findings. Section 5 shows robustness checks. Section 6 explores

ossible mechanisms and Section 7 concludes. Supplementary results

re presented in the Online Appendix. 

. Background 

.1. Historical background of landmines in Cambodia 

Landmines were laid in Cambodia since the 1950s. However, they

ecame more heavily used as a weapon of choice after 1979 and more

owards the end of the Khmer Rouge era. The areas in the northern

nd north-western parts of the country, especially along borders with

hailand, are where the predominant number of landmines was laid and
eacetime delivers positive gains. Additionally, as landmine clearance is found 

o bring multi-dimensional changes in the area, it lends further support to my 

riple difference approach used in this paper to estimate the consistent effect of 

ortality risk on schooling attainment in my Cambodian sample. 
9 Another related work in the Cambodia setting is Lin (2022) who shows the 

egative consequence of the remnants of US’s bombing during the Vietnam War 

n the productivity of agricultural lands in Cambodia decades after. 
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Fig. 1. Spatial distribution of landmine clearance productivity and landmine casualty rates (LMR) in 1997-1999 and 2007-2009 at the district level. 

Notes : Main data sources are the Cambodian Mine Action and Victim Assistance Authority (CMAA) and the Cambodia Mine Victims Information System (CMVIS). 

Panels A and B show the spatial distribution of landmine clearance productivity (in millions of squared km) across all districts in Cambodia in 1997-1999 and 

2007-2009, respectively. Panels C and D show the distribution of the number of landmine casualties per 1,000 prime-age population (as the main measurement of 

landmine casualty rates or LMR ) in 1997-1999 and 2007-2009, respectively. 
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ater recovered. It is estimated that nearly 44 percent of Cambodia’s land

s affected by landmines ( CMAA 2001 ). 10 

The practice of landmine laying is far from random as it is one of

he main strategies during the Khmer Rouge civil war. During its re-

reat away from the Vietnamese invasion, the Khmer Rouge army laid

andmines to prevent the invaders’ advance from the Eastern and South-

astern regions. As an implication, the western part of Cambodia is much

ore heavily affected by landmines than its eastern region (see Fig. 1. C).

iven the nature of the war, most of the mine-laying activities occurred

utside the capital city, Phnom Penh. Despite being strategically laid to

lock out the enemies, it is worth noting that landmines are not strictly

ound either in remote parts of the country or the most infertile parts. 11 

his suggests that economic conditions at the time were not determinant

actors of the landmine laying decision. By the end of the regime of the

hmer Rouge in 1979, Cambodia experienced almost complete destruc-

ion of their schooling system and the educated class – with shortages of

eachers countrywide and only few basic primary schools remained in

peration ( Kiernan 2001 , Desbarats 1995 , Kiljunen 1984 , Clayton 1998 ,
10 This is 4,460 square km or equivalently 3,037 suspected mined areas. Ap- 

roximately, 10 percent of the mined land directly affects the livelihood of com- 

unities (equivalent to 446 square km ). 
11 Several towns, for example, Battambang and Rattana Mondul situated in 

he western part of the country, were much more prosperous areas before 

979 ( Davies and Dunlop 1994 ). Moreover, given that Khmer Rouge pro- 

oundly imposed the regime that restructured a fundamentally agrarian utopian 

tate across the country, differences in economic conditions across the country 

ere thus neutralised during their brutal reign ( Etcheson 1984 , Kiernan 2001 , 

eitz 2009 ). 
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e Walque 2006 ). Therefore, it is highly likely that locational choices

f landmine-laying, which accelerated around 1979, were not explicitly

riven by the educational environments of the area. 

The magnitude of landmine usage slowed down along with the de-

line of ongoing internal violence after the Paris Peace Treaty in 1991.

owever, it was not until the signing of the Mine Ban Treaty in 1997

hat the fresh laying of landmines came to a virtual end. Since the de-

arture of the UN caretaker, UNTAC, in 1993, Cambodian societies have

een relatively free from violent conflicts. Most of all, the relatively

eaceful society in Cambodia after the ceasefire allows the analysis to

ule out the entailing effect of violence associated with weapon usage

n other contexts ( Camacho 2008 , Leon 2012 , Mansour and Rees 2012 ,

erardino 2014 ). 12 

.2. Landmine clearance operations and landmine casualties 

.2.1. Landmine clearance operations 

Humanitarian landmine clearance efforts began in 1992, during the

eriod of UNTAC peacekeeping presence and despite existing ongoing

inor fighting in the region. By 2004, the total areas of 162 square km

ad been cleared, at an approximate rate of 15 square km per year. 13 

n the years 2004/2005, several fundamental changes in the techniques
12 One of the advantages of this setting is that without ongoing fighting during 

he period of interest, we can separately identify landmine casualties as a sole 

ariation of mortality risk. 
13 There are three main agencies, namely, CMAC, Halo Trust, and MAG that 

perate in Cambodia. Over 90 percent of the funding is internationally financed. 
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Fig. 2. Trends of landmines productivity and landmine casualty rates (LMR) at the district level by LMR intensity. 

Notes : Data sources are the Cambodian Mine Action and Victim Assistance Authority (CMAA) and the Cambodia Mine Victims Information System (CMVIS). The 

districts by the intensity of the average annual number of landmine casualties per 1,000 prime-age population at the district level during 1997-2003 ( pre-2005 LMR 

hereafter). Then, a district is classified as high-intensity if its pre-2005 LMR is at the 65 th percentile or above; a district is classified as low-intensity if its pre-2005 LMR 

is at the 45 th percentile or below. Panel A shows the average landmine clearance productivity (in millions of squared km) at the district level over time between 

high- and low-intensity districts. Panel B shows the annual number of landmine casualties per 1,000 prime-age population at the district level (LMR) between high- 

and low-intensity districts. Panel C shows gender-specific LMR between high- and low-intensity districts. 
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15 I choose the 45 th /65 th cut-off criteria to separate between the low- and high- 

intensity groups while omitting the middle group (instead of at the median) in 

order to make these two groups more distinct. Similar patterns are observed 
nd methods of landmine clearance were introduced. These include the

tilisation of non-technical and technical surveys in order to facilitate

he landmine-marking process before a full clearance. As a consequence,

y the end of 2005, demining agencies achieved the highest productiv-

ty at 32 square km per year – equivalent to over 100 percent increase in

roductivity (CMAA 2005) and subsequent leading to a rise of 100 per-

ent in the number of landmines recovered nationally. 14 However, the

hange in the demining productivity around the year 2005 varied no-

iceably across the districts, with the highest intensity of demining con-

entrated in the north-western part of the country (see Fig. 1. A and B).

urthermore, to check if there are differences in the expansion of dem-

ning productivity over time across districts, first, I group the districts

y the intensity of the average annual number of landmine casualties

er 1,000 prime-age population at the district level during 1997-2003

 pre-2005 LMR hereafter). Then, a district is classified as high-intensity if

ts pre-2005 LMR is at the 65 th percentile or above; while a district is

lassified as low-intensity if its pre-2005 LMR is at the 45 th percentile or
14 I run tests for structural breaks with the data on clearance productivity at the 

rovince level, and find evidence supporting the break around the years 2004 

o 2006 ( Chow 1960 , Jayachandran and Lleras-Muney 2009 ). 

w

/

t
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4 
elow. Fig. 2. A now displays a large expansion of demining productiv-

ty over time in the districts with high intensity of landmine casualties.

y contrast, there is hardly any change in demining activities in the

ow-intensity districts. 15 

.2.2. Landmine casualties 

CMVIS collects and maintains the full list of landmine-related casu-

lties in Cambodia from 1979 until the present. The information of an

ncident contains its precise location, the profile of the victim, the activ-

ty performed at the time as well as the victim’s intention. 16 The level

f landmine casualties in Cambodia (defined as deaths and injuries) has

een in decline over time. Before 1999, the decline of landmine casual-
hen I vary the cut-off points to be at, for instance, the 45 th /55 th or the 35 th 

65 th . 
16 Before the ceasefire in the early 1990s, the majority of casualties were found 

o be from military exercises. In contrast, the data from the recent decade indi- 

ates that landmine accidents are more likely to occur either during travelling 

r working in the field (CMVIS). 
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18 MoEYS (2005) and Bray and Bunly (2005) calculate that despite the ex- 

clusion of school fees, direct costs of primary school per pupil in 2004 are at 

160,000 riels for urban households and 71,000 riels for rural households (1 

USD is exchanged for 4,000 Cambodian Riels). Especially in urban areas, the 
ies was a by-product of the peace treaty and the subsequent ending of

he armed conflict. From 1999 to 2004, the number of casualties became

ore constant – approximately 800 casualties per year. From 2004 to

005, the country experienced a sharp rise in landmine clearance pro-

uctivity, with a simultaneous decline in the level of landmine casualties

ationally. However, there is a notable spatial variation in landmine ca-

ualty rates across the districts (see Fig. 1. C and D). 

To further illustrate the spatial and temporal variations, I plot the av-

raged intensity of landmine casualties during 2000-2009 (with 2000-

004 being the period before the clearance productivity surge in 2005)

nd compare the rates between low- and high-intensity districts. Fig. 2. B

hows that there is not much change in their LMR amongst the low-

ntensity districts. By contrast, the high-intensity districts experienced

 dramatic decline in LMR in the years after 2005. To explicitly check

f demining activities are the main driver of reducing landmine casual-

ies, I run an additional simple fixed effects estimation. I use the annual

MR (measured at the district level) during 1997 and 2011 as the depen-

ent variable and the demining productivity rate at the district level as

y main determinant, controlling for the year and district fixed effects.

olumn 1 of Table A.1 of Online Appendix shows a strong, negative cor-

elation between demining and landmine casualties over time. When I

arrow down the districts to those of high and low LMR intensity, the

orrelation remains strong and significant only for the districts with pre-

iously high landmine victimisation rates (columns 2 and 3). 

Most importantly, the statistics show that landmine casualties over

ime are found to be male-biased. Working-age men are among the heav-

ly affected, with on average 80-90% of the total casualties across re-

ions (CMAA, CMVIS). 17 In particular, from 2005 to 2011, males in their

rime ages continued to be the largest demographic group of landmine

ictims. As a result, the surge in the productivity of demining operations

ed to an almost twofold decrease in landmine casualties among Cam-

odian adult males. Fig. 2. C shows that only the male-specific LMR in

he high-intensity districts experienced a sharp decline around the year

005. On the contrary, the female-specific LMR remains relatively flat

nd the same pattern is observed for the male-specific LMR in the low-

ntensity districts. There is also no noticeable change in casualty rates

mong younger age groups. 

.3. Educational institutions in Cambodia 

.3.1. Costs of education 

After the Khmer Rouge regime ended in 1979, Cambodia’s educa-

ional institutions were restarted from zero, and have since been gradu-

lly developed. The educational system had a major reform in 1996 and

he education years were set to a 12-year formula of 6 + 3 + 3. In 2000,

he National Education Strategic Plan of Education-for-All was put in

lace to implement a universal education policy. It introduced a free

ducation of 6 years of basic education for all children of certain age

ohorts in the country. Its main objective was to reduce cost burdens to

chooling by primarily abolishing the start of school year fees in primary

chools. Despite the efforts, children’s education in Cambodia remains

omewhat costly for the majority of households in the country. As in
17 Statistics on landmine casualties among civilians from other countries 

lso display the male-biased nature of landmine accidents. See, for example, 

habila et al. (2010) for Iraq; Meade and Mirocha (2000) for Sri Lanka. Based 

n a study by Nilsson and Rozes (2008) who conducted five in-depth interviews 

n Colombia, Lebanon, Mozambique, Sri Lanka and Sudan, expert respondents 

ited gender differences in mobility patterns, the daily divisions of labour, and 

ecreational activities as key reasons why over 80 percent of global landmine 

ictims are male. Supplementary reasons are that women are more cautious 

hen they move around as they are also more receptive to landmine-risk ed- 

cation. A report by Laws (2017) added that, in the case of Cambodia, aside 

rom men’s high exposure to landmines due to agricultural activities, gendered 

ecreational activities, such as fishing and drinking also increase the exposure 

isk. 
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5 
ost countries, the costs of education get more expensive the higher

he level of qualification. 18 Moreover, forgone earnings from children’s

abour market activities may also be considered a key contribution to the

otal cost of schooling – provided that child labour is not an uncommon

ssue in Cambodia. 19 

.3.2. Schooling in Cambodia 

Cambodia, over time, has witnessed a steady rise in the enrolment

ate of primary school children – with a completion rate showing much

tronger improvement. The net enrolment rate in primary school educa-

ion stands at 90 percent in 2008. On the other hand, the enrolment rate

or secondary school remains low at 38 percent (World Bank) – with a

arginally smaller rate among girls. Among 15-17 years old, the share of

conomically active children far exceeds those who remain in education.

hile the enrolment ratio at primary school is similar across regions,

he drop-out rates during primary school level in remote and rural areas

tand approximately 50 percent higher than in urban areas. By 2005,

ver 90 percent of primary school students in urban areas progress to a

econdary school level whilst only 26 percent from remote areas do so.

ater in Section 5.3 , I will present supportive evidence that despite the

evel differences across localities, educational outcomes amongst areas

ith different levels of landmine mortality intensity do move in tandem

ver time in the period before 2004. 

. Data 

.1. Individual-level schooling outcomes 

The principal data source is the General Population Censuses of Cam-

odia in 1998 and 2008 - IPUMS Sample (10 percent sample fraction).

y main outcome is educational attainment, which is measured at the

ndividual level. In the primary-school analysis, I look at the probability

hat an individual attended or graduated with a primary school qualifi-

ation. The sample in the analysis is composed of individuals aged 6 to

5 years old in the 2008 and 1998 censuses. Specifically, the after -2005

ample was aged between 6 to 15 in 2008. Equivalently, they were 3 to

2 years old in 2005 when the landmine clearance operations acceler-

ted. Subsequently, those aged 6 to 15 years in the 1998 census become

y comparison group. This gives me approximately 620,000 individuals

n the first set of the sample. 

In the secondary-school analysis, I analyse the mortality risk effect

f secondary school attainment. Based on the same sample selection

riteria, I use the individuals aged 13-18 years old in 2005 (that is, 16-

1 years old in the 2008 sample) as my after -2005 sample. That means,

or the comparison group, I use those aged 16-21 in the 1998 census

the before -2005 sample). There are approximately 518,000 individuals

n the secondary school analysis. 20 
ulk of these comes from costs of school uniforms and equipment as well as 

upplementary tutoring. In 2004, compare to the median level of household dis- 

osable income, the cost of schooling at the primary school level accounts for 13 

ercent of a rural household’s total expenses. The cost for an upper-secondary 

chool increases to 132 percent of the total household expenses as the level of 

chooling is no longer free. At a university level, the share of schooling cost 

o the total budget reaches almost 700 percent (Cambodia National Institute of 

tatistics). 
19 The 2001 Cambodian Child Labour Survey indicates that approximately 50 

ercent of children aged 7-14 were economically active. This rate is slightly 

igher than the low-income countries’ average. Nonetheless, only 9 percent of 

hese children worked exclusively. That means most Cambodian children in the 

001 survey worked and went to school at the same time. 
20 As a robustness check, I will alternatively focus only on the individuals from 

he 2008 census. Note that the pre-2005 cohorts from the 1998 census are the ex- 
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.2. Landmine casualties 

The Cambodian Mine Action and Victim Assistance Authority

CMAA) and the Cambodia Mine Victims Information System (CMVIS)

ollect a detailed census of landmine casualties in Cambodia since 1979.

his study focuses particularly on the dataset from 1997 to 2010, which

ollects detailed information on individual cases of landmine accidents

n Cambodia. For that, I calculate the treatment intensity from the num-

er of landmine casualties per 1,000 prime-age population at the district

evel ( LMR ). In sum, the intensity is computed as the overall rate as well

s the gender-specific rate. 21 

For the temporal variation of the treatment intensity, I assign the

-year average LMR of 2007-2009 for the 2008 sample ( after -2005 sam-

le) and analogously match the averaged LMR of 1997-1999 (exactly

0 years lagged) to the 1998 sample ( before -2005 sample). 22 Provided

hat there are no other changes in other mortality risks at the locality

n the same manner during the period of interest, this is equivalent to

ssigning the children from the post-2005 cohorts with an unexpected,

ositive shock on their life expectancy, relative to the pre-2005 group

ithin the same locality. 

.3. Descriptive statistics 

Here, we start by presenting descriptive statistics of key characteris-

ics of individuals and households in the period before 2005 in Table 1 .

sing the 1998 Cambodian IPUMS, the 2002 Cambodia’s Commune

ata and the 1998 Seila-CARERE2 database, I compare some charac-

eristics of households between those from the districts with high- and

ow-intensity of LMR (as defined in Section 2.2 ). In panel A, I further

ivide each intensity group into outcomes for males and females when

vailable. Low-intensity areas had slightly better educational conditions

han high-intensity areas. Nonetheless, within the same area, there are

o large gender differences in their educational outcomes, for instance,

iteracy rates, school attainment, and school attendance rates. 

Panel B of Table 1 shows that there are no significant differences

n basic infrastructures and livelihood conditions between districts that

ad previously experienced a higher level of landmine prevalence and

ccidents. Lastly, panel C illustrates the main differences between low-

nd high-intensity areas in terms of their landmine-related measures.

he landmine casualty rate before 2005 (measured as annual average

f LMR during 1997-2003) is at 0.314 per 1,000 prime-age residents

n the more seriously affected localities while the rate is only 0.0007

n low-intensity areas. Above all, LMR is highly male-biased and the

igh-intensity districts indeed experienced much higher male-LMR than

he rest. In addition, the high-intensity areas also received drastically

arger activities of landmine clearance. As a consequence, after 2005,

MR remains relatively unchanged in low-intensity areas while there is
ct birth cohorts as those who are ten years older in the 2008 census. Therefore, 

he alternative pre-2005 cohorts are equivalent to the cohorts of 16-25 years old 

n 2008 for the primary school and 22-30 years old in 2008 for the secondary 

chool. Analogously, these individuals would have faced landmine mortality risk 

n the years before the discontinuity in 2005 when their schooling decisions are 

nalised (see Figure A.1 of Online Appendix for an illustration.) Initially, a larger 

ap (i.e., going back 20 years) was considered for another alternative control 

roup. However, the control group from the 1988 census would not have fitted 

he common trend assumption as these children were living during the height 

f the Khmer civil war conflict. 
21 In Section 4 , the baseline model will use the overall rate while the gender- 

pecific rate is used as an extension in Section 5 . The reason why the prime-age 

opulation (defined as ages 18-35) is used as the denominator is that they are 

he main demographic of landmine victims in Cambodia (80 percent). 
22 The use of a three-year running average is mainly to minimise measure- 

ent errors in the mortality rate ( Jayachandran and Lleras-Muney 2009 ). Low- 

requency data on mortality rate is preferred so that noise from the data can be 

voided. It also allows for a clearer temporal distinction between comparison 

ohorts from the two censuses. 
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 reduction in LRM of nearly 6 times in the previously high-intensity

reas. 23 

. Main strategy: triple difference estimation 

I use the TD method as the main empirical strategy ( Gruber 1994 ).

hree variations (spatial, temporal and gender-related) are exploited in

rder to identify a causal effect of mortality risk on human capital ac-

umulation. First, the spatial variation of landmine prevalence and ca-

ualties in Cambodia is derived from the historical retreat strategies of

he Khmer Rouge away from the Vietnamese invasion at the end of the

urbulent civil conflict in the 1980s. Second, the temporal variation is

btained from the landmine clearance operations and the twofold ex-

ansion of their productivity around the years 2004 and 2005. Lastly,

he gender variation is derived from a unique pattern of landmine ca-

ualties in Cambodia i.e., that the victims are predominately males. 24 

herefore, the expansion of the landmine clearance effort in 2005 had

ed to a sharp decline in males’ mortality risk whilst presented not much

hange in that of females. The within-district, within-year gender dif-

erence in landmine mortality allows me to utilise the females from

he same location and same period as another key comparison group

n the analysis and therefore account for potential unobservables that

ary across time and district but are gender-neutral in nature. 

.1. Baseline specification 

The TD estimation is illustrated in Eq. (1) . 

 𝑖 𝑙 𝑡 𝑔 = 𝛽0 + 𝛽1 
(
𝐿𝑀𝑅 𝑙 𝑡 

)
𝜂𝑔 + 𝜂𝑙 𝜂𝑔 + 𝜂𝑡 𝜂𝑔 + 𝜂𝑙 𝜂𝑡 + 𝜀 𝑖 𝑙 𝑡 𝑔 (1)

here 𝐻 𝑖 𝑙 𝑡 𝑔 is our outcome of interest. It is equal to a probability of

ttaining a level of qualification of an individual, i , who belongs in a

ensus year, t , and lived in a district, l . For each education-level sample,

 assign a value of one to those who either attain the qualification (com-

lete and incomplete) or currently attending the qualification or higher

nd zero otherwise. 25 As described earlier, my analysis will first look at

rimary school attainment as the first set of outcomes, and then, with

 different sample of individuals from another age range, I analyse the

ffect on secondary school attainment (refer to Section 3 for the detail

f sample selection). The treatment variable, 𝐿𝑀𝑅 𝑙 𝑡 , is landmine ca-

ualty per 1,000 prime-age individuals in a given district. For the 2008

espondents, it is the average of 2007-2009 LMR, whilst for the 1998

espondents, it is the average of 1997-1999 LMR. The main treatment

ariable in my baseline TD specification is the interaction of 𝐿𝑀𝑅 𝑙 𝑡 

nd the male dummy, 𝜂𝑔 , which equals one if the sample is male and

ero if female 

Fixed effects variables in the TD include age fixed effects, gender

xed effects, district fixed effects ( 𝜂 ), and the census year fixed effects
𝑙 

23 Supplementary datasets: CMAA also collects data on annual landmine 

learance productivity at the district level (including the current stock of 

azardous lands). Additional data comes from bombing locations during 

he Vietnam War and mass graves during the 1970s Civil War (the Yale’s 

ambodian Genocide Database) (source: Yale’s Genocide Studies Program. 

ttps://gsp.yale.edu/cambodian-genocide-databases-cgdb ). Other annual vari- 

bles at the locality level are taken from the Cambodia Commune Database 

Cambodia Ministry of Planning), annual reports from Cambodia’s Ministry of 

ducation and Sports, and Cambodia’s Socio-Economic Surveys (National In- 

titute of Statistics). Data on health-related mortality is obtained from the an- 

ual reports of the Ministry of Public Health, and the 2008 Cambodia Mortality 

atabase. In sum, they provide useful information on education infrastructure, 

ealth-related conditions, and related economic circumstances (for example, 

overty rate and rice production activities). See the Data Appendix of Online 

ppendix for more details. 
24 In the past 20 years, adult males account for 90 percent of total landmine 

asualties (CMVIS, Roberts 2011 ). 
25 Note that, by construction, I assume that someone in their final year of a 

ualification is as good as someone in their first year. 

https://gsp.yale.edu/cambodian-genocide-databases-cgdb
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Table 1 

Summary statistics by the intensity of landmine casualties (the district level) 

Low LMR Intensity High LMR Intensity 

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

A: Educational Characteristics (IPUMS 1998) 

Male Female Male Female 

Primary (ages 6-15) 0.632 0.604 0.561 0.531 

Secondary (ages 12-20) 0.260 0.198 0.200 0.144 

Literacy (ages 6-15) 0.590 0.571 0.536 0.507 

Literacy (ages 12-20) 0.840 0.774 0.778 0.692 

School attendance (ages 6-14) 0.785 0.774 0.772 0.764 

School attendance (ages 15-17) 0.618 0.581 0.592 0.549 

B: Other Characteristics 

Rural (%) 0.812 0.890 

With electricity (%) 0.225 0.100 

With piped water (%) 0.102 0.015 

With toilets (%) 0.216 0.091 

Homeownership (%) 0.944 0.957 

Female as household head (%) 0.211 0.210 

Health centres in a district (per 100 hh) 0.0291 0.0158 

Poverty rate (%) 30.485 42.923 

C: Landmine-Related Measures (Annual Average) 

LMR (pre-2005) 0.0007 0.314 

Male-LMR (pre-2005) 0.001 0.565 

Female-LMR (pre-2005) 0.0003 0.064 

Male-LMR (post-2005) 0.0003 0.099 

Female-LMR (post-2005) 0.0000 0.014 

Demining rate (pre-2005) 4.05 394.80 

Demining rate (post-2005) 158.97 2152.08 

Notes: Data sources are IPUMS (1998), Cambodia’s Commune Database (2002), Seila-CARERE2 database (1998), 

and CMAA (2010). The districts are grouped by the intensity of the average annual number of landmine casualties 

per 1,000 prime-age population at the district level during 1997-2003 ( pre-2005 LMR hereafter). Then, a district 

is classified as high-intensity if its pre-2005 LMR is at the 65th percentile or above; while a district is classified 

as low-intensity if its pre-2005 LMR is at the 45th percentile or below. In Panel C, pre-2005 are the years during 

1997-2003; post-2005 are the years during 2007-2009. 
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Table 2 

TD estimates at the district level (the 1998 and 2008 census samples) 

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

Panel A: Primary School (ages 6-15 in 1998 and 2008) 

( 𝐿𝑀𝑅 𝑙 𝑡 )( 𝜂𝑔 ) -0.061 ∗ ∗ ∗ -0.054 ∗ ∗ ∗ -0.045 ∗ ∗ ∗ -0.045 ∗ ∗ ∗ 

[0.011] [0.014] [0.014] [0.014] 

R-Sq 0.0929 0.0933 0.0934 0.0934 

Obs 621066 621066 621066 621066 

Panel B: Secondary School (ages 12-20 in 1998 and 2008) 

( 𝐿𝑀𝑅 𝑙 𝑡 )( 𝜂𝑔 ) -0.042 ∗ ∗ ∗ -0.056 ∗ ∗ ∗ -0.056 ∗ ∗ ∗ -0.061 ∗ ∗ ∗ 

[0.009] [0.008] [0.008] [0.009] 

R-Sq 0.111 0.125 0.125 0.127 

Obs 518638 518638 518638 518638 

Additional controls: 

Rice income N Y Y Y 
 𝜂𝑡 ), as well as the double interactions of these fixed effects. Given that

he variations of LMR in Cambodia are direct implications of the ongoing

andmine clearance operation, the estimations account for the confound-

ng effect of income by controlling for average poverty at the province

evel as well as rice income as a proxy for direct gains from having more

gricultural lands as a result of landmine clearance. 26 Finally, the error

erm is 𝜀 𝑖 𝑙 𝑡 𝑔 . 
27 

I obtain the TD estimates using linear probability models with the

obust standard errors clustered at the province of residence. 𝛽1 is hy-

othesised to have a negative sign, indicating that mortality risk dis-

ourages human capital investment decisions. Provided that the main

dentifying assumptions are satisfied, 𝛽1 is a consistent estimate of the

nstantaneous marginal effect of an additional casualty per 1,000 prime-

ge population on the schooling probability. 
26 This is because the main source of income of Cambodian households, partic- 

larly in rural areas, is rice production. Approximately 80 percent of all available 

and in Cambodia is used for rice growing activity (Cambodia’s Socio-Economic 

urvey, Cambodia Commune Database). It is reported that after the allocation 

f demined land for resettlement, the second largest proportion of demined land 

approximately 30 percent) is returned to the local population for agricultural 

ctivities (CMAA). Therefore, I calculate the annual income of rice harvesting for 

ach district, using the information on annual land clearance, yield productiv- 

ty for each geography, and average rice prices from the nearest trading market. 

inally, I calculate the three-year average income for the periods corresponding 

o LMR at the district level. 
27 Altogether, the data comprises 624 grouped observations, which are derived 

rom gender (2), the district of residence (156) and census year (2). Alterna- 

ively, the analysis can be done at the province level to supplement the key find- 

ngs. In this case, the data is made up of 96 grouped observations (24 provinces 

f residence). 

Poverty rate N N Y Y 

Health conditions N N N Y 

Notes : Dependent variables are the probability of having at least a primary 

school education for panel A, and the probability of having at least secondary 

school for panel B. Each cell reports the coefficient from each separate re- 

gression. 𝐿𝑀𝑅 𝑙 𝑡 is the number of landmine casualties per 1,000 prime-age 

population in a district. The age ranges are 6-15 years old, and 12-30 years 

old in Panels A and B, respectively. All regressions include district-age co- 

hort, age cohort-gender, district-gender, and age fixed effects. Robust stan- 

dard errors, clustered at the province level are reported in square brackets. 
∗ significant at 10%; ∗ ∗ significant at 5%; ∗ ∗ ∗ significant at 1%. 
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.2. Results from the baseline model 

Table 2 shows the estimation results from the specification which

ompares the same age range but across different censuses and genders.

n the baseline model, a unit increase in LMR is associated with a 6.1 pp

ecrease in the probability of attaining primary school education (panel

). The magnitude of the mortality effect is smaller when I include addi-
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Table 3 

TD estimates of Equation 2 with gender-specific LMR 

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

Panel A: Primary School (ages 6-15 in 1998 and 2008) 

𝐿𝑀𝑅 𝑙 𝑡 𝑔 -0.046 ∗ ∗ ∗ -0.042 ∗ ∗ ∗ -0.042 ∗ ∗ ∗ -0.043 ∗ ∗ ∗ 

[0.009] [0.009] [0.009] [0.009] 

R-Sq 0.0943 0.0947 0.0947 0.0947 

Obs 621066 621066 621066 621066 

Panel B: Secondary School (ages 12-20 in 1998 and 2008) 

𝐿𝑀𝑅 𝑙 𝑡 𝑔 -0.029 ∗ ∗ ∗ -0.029 ∗ ∗ ∗ -0.029 ∗ ∗ ∗ -0.031 ∗ ∗ ∗ 

[0.007] [0.005] [0.005] [0.005] 

R-Sq 0.1119 0.1247 0.1247 0.1266 

Obs 518638 518638 518638 518638 

Additional controls: 

Rice income N Y Y Y 

Poverty rate N N Y Y 

Health conditions N N N Y 

Notes: Dependent variables are the probability of having at least a primary 

school education for panel A and the probability of having at least secondary 

school for panel B. 𝐿𝑀𝑅 𝑙 𝑡 𝑔 is the number of gender-specific landmine ca- 

sualties per 1,000 prime-age population in a district. See Table 2 for further 

details. 
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ional controls. The inclusion of potential rice income from having more

afe land reduces the size of the LMR effect to 5.4 pp (column 2). In the

odels that account for poverty rates and other health-related mortality

ates (i.e., malaria infection rate, child mortality and maternal mortal-

ty), the marginal effect of LMR is 4.5 pp for the primary school outcome

columns 3-4). 

In panel B, I find that an increase in landmine casualty is associated

ith a 4.2 pp decrease in secondary school attainment. By adding more

ontrols as previously, the effect is 6.1 pp (column 4). Note that there

s a difference in the size of the mortality effect between the two levels

f schooling. Given that one distinct difference between these levels of

ualification is that secondary school is not publicly financed, this find-

ng is aligned with a theoretical prediction in previous works, which sug-

ests that the marginal response of human capital investment is larger

hen credit constraints become more binding. 28 

. Robustness checks 

.1. Using gender-specific mortality rates 

So far, the identification in the baseline model requires that females

rom the same locality and same census act as a good control for the

quivalent males. By interacting 𝜂𝑔 with 𝐿𝑀𝑅 𝑙 𝑡 in Eq. (1) , I assume that

ortality risk induced by landmines affects only the male population in

he area, and by construction, the effect of LMR on females is assumed

o be null. In this step, I now relax this assumption and, instead, assign

he gender-specific variation of mortality risk, 𝐿𝑀𝑅 𝑙 𝑡 𝑔 . Specifically,

q. (2) is specified as: 

 𝑖 𝑙 𝑡 𝑔 = 𝛽0 + 𝛽1 𝐿𝑀𝑅 𝑙 𝑡 𝑔 + 𝜂𝑙 𝜂𝑔 + 𝜂𝑡 𝜂𝑔 + 𝜂𝑙 𝜂𝑡 + 𝜀 𝑖 𝑙 𝑡 𝑔 (2)

here additional fixed effects variables comprise age fixed effects, gen-

er fixed effects, district fixed effects, and the census year fixed effects.

he specification includes the same set of control variables as in Eq. (1) .

Table 3 reports the estimates of Eq. (2) . The marginal effect of LMR

emains robust at 4.23 pp for the primary school outcome (panel A)

hether or not I shut down the temporal change in the LMR of the fe-

ale population. By contrast, the effect of LMR on secondary school

ttainment decreases to 3.1 pp (panel B) in the gender-specific LMR es-

imation. This may suggest that for both sexes, schooling behaviours at

econdary school respond negatively to an increase in landmine-induced

ortality risk, but with a more sensitive response from households with

ale children. 
28 See Lochner and Monge-Naranjo (2012) for a review. 
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.2. Estimation results from the within-census comparison 

In this section, I show the results from several robustness checks.

n the first robustness check, I re-estimate the TD with an alternative

ample. Instead of relying on the cohort from the prior census (1998) for

he temporal variation, the alternative comparison group can be found

irectly from the same census year in 2008. Precisely, I track the same

irth cohorts from the 1998 census ten years forward and identify them

n the 2008 census. This allows me to compare schooling behaviours of

he children in the same census who otherwise faced different levels of

ntensity of LMR when the decisions over schooling are made. A unit

ncrease in LMR is associated with a 1 pp drop in the probability of

ttaining a primary school qualification (panel A of Table A.2 of Online

ppendix). For the secondary school, the effect is higher at 3.5 pp (panel

 of Table A.2). Again, the difference in the magnitude of the effect

f mortality on school attainment – between free (primary school) and

ostly (secondary school) qualifications – is observed in this Cambodia

ample. However, the estimated magnitude of the relationship is smaller

n the alternative sample. A possible explanation for the difference in

he pre-2005 samples found in the 1998 versus 2008 censuses could

e migration, which may have changed the composition of the older

ndividuals in the 2008 census who remained in the locality. 

.3. Threats to identification 

Interpreting the TD estimates reported in Tables 2 and 3 as causal is

ounded on the assumption that (i) other within-district determinants of

ducational attainment over the decades besides the LMR are gender-

eutral, and (ii) other potential drivers move in tandem over time before

005. In this section, I present supporting evidence for the validity of

he parallel trend assumption and address the issue of potential unob-

ervables by supplementing the main analysis with the two-stage least

quare estimations. 

.3.1. Parallel trend assumption 

In this context, the parallel trend assumption is violated if the main

utcomes and other potential confounding factors do not move in tan-

em before 2005. To check this, I firstly look at the time trend of key fac-

ors that may directly affect education outcomes (both from the demand

nd the supply sides), or influence aggregate mortality risk. Specifically,

 present evidence for the parallel trends of these variables across two

nteracted dimensions – (i) landmine casualty rate intensity (high- vs.

ow-intensity), and (ii) gender (male vs. female). Subsequently, I supple-

ent the analysis with an event-study exercise to show that there are no

ifferences in educational attainments among older age cohorts in my

ensus sample. 

To begin with, I check if the parallel trend assumption on educational

ariables is satisfied by looking at schooling outcomes across different

chool-aged groups. The data on school attendance (per 100 adults) and

he number of schools (per 1,000 students in the area) are available only

t the province level. Therefore, for this exercise, I group the localities

nto high- or low-intensity areas by utilising the LMR at the province

evel , with the same cut-off criteria as in the previous exercise at the

5 th /45 th , but now using the distribution of LMR at the province level).

he levels of school attendance (per 100 adults) among four subgroups

that is, gender x province-level LMR intensity) fluctuate in tandem over

ime (see Fig. 3 ). On the supply side, I repeat the same exercise with

he number of schools (per 1,000 students in the area) - a proxy for

he supply side of education. Since I do not observe any difference be-

ween provinces with high and low intensity of LMR, it points out that

here is no sharp change in the supply side of education around the year

005 when these localities experienced an abrupt change in their LMR
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Fig. 3. School attendance rates (number of pupils per 100 adults) at the province-level, by gender and the intensity of pre-2005 landmine casualty rates. 

Notes : Data sources are Cambodia’s National Institute of Statistics, Cambodia Commune Database (statistics on education in 1997-2004) and CMVIS (landmine 

casualties). The provinces are grouped by the intensity of the average annual number of landmine casualties per 1,000 prime-age population at the province level 

during 1997-2003 (pre-2005 LMR hereafter). Then, a province is classified as high-intensity if its pre-2005 LMR is at the 65 th percentile or above; a province is 

classified as low-intensity if its pre-2005 LMR is at the 45 th percentile or below. 
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 Fig. 4 ). 29 If we assume that there is no substantial gender bias in educa-

ional provisions, teacher-related inputs, and other investment-related

ariations (for instance, health and social capital), the TD specification,

hich uses females from the same age group and the same locality as the

hird variation, should suffice at accounting for unobserved confounding

actors that vary across local and temporal dimensions. 30 

To further check for no pre-trends in the actual outcomes of my anal-

sis (i.e., primary and secondary school attainments), I supplement the

revious analysis by performing an event-study style estimation. Pre-

isely, I apply the main TD specification of Eq. 1 but instead, I now
29 It is plausible that with the ongoing effort nationally to achieve the targets 

et by Millennium Development Goals, certain localities may have experienced 

ifferent trends in other confounding effects. 
30 Moreover, Figure A.2 of the Online Appendix presents aggregate health- 

elated mortality rates from the 2008 census for males and females across dif- 

erent ages. While Cambodian females have a marginally lower mortality rate 

han males (across the ages), their rates move in tandem over time, suggesting 

he absence of potential structural change in general mortality risk during the 

ime. This pattern of the results provides support for a parallel trend of general 

ortality across the groups. In addition, using poverty rates as a proxy for eco- 

omic well-being, I show in Figure A.3 of the Online Appendix that the local 

overty rates between both groups move in tandem over time (2002-2012), and 

here is no discontinuity in the poverty rates is observed over this period. 
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stimate the effect of LMR on schooling attainment for each single birth

ohort. In a standard event study, one would need to show that there is

o statistically significant effect of the treatment on the statistics that oc-

ur before the treatment takes place. To mimic the standard setup, using

y individual-level census data as before, I now combine the original

irth cohorts (of the main analysis in Section 4 ), which are expected to

e influenced by the change of LMR, with the older birth cohorts, which

he null effect of the LMR is anticipated. Specifically, the first exercise

hat uses the probability of attaining a primary school level as the depen-

ent variable consists of individuals aged 6-15 years old (the original)

nd 16-28 years old (the older cohorts). 31 Analogously, the second ex-

rcise with the secondary school attainment as the outcome combines

he original cohorts (aged 16-21) with the older cohorts (22-28 years

ld). 

Fig. 5 plots the estimated effect of LMR at each separate age (in 2008)

n school attainments at the primary school (panel A) and the secondary

chool (panel B), respectively (with the associated 95% confidence in-

erval). The vertical dotted line indicates the upper age limit where the

MR is hypothesized to show some effect. Notice that the effect of LMR
31 The reason I choose age 28 (the birth cohort of 1980) as the final age for this 

vent-study exercise because I want to avoid potential contaminating effects of 

iving through the Genocide, which ended in 1979. 
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Fig. 4. Average number of schools (per 1,000 students) at the province level, by the intensity of pre-2005 landmine casualty rates. 

Notes : Data sources are Cambodia’s National Institute of Statistics, Cambodia Commune Database (statistics on education) and CMVIS (landmine casualties). The 

provinces are grouped by the intensity of the average annual number of landmine casualties per 1,000 prime-age population at the province level during 1997-2003 

(pre-2005 LMR hereafter). Then, a province is classified as high-intensity if its pre-2005 LMR is at the 65 th percentile or above; a province is classified as low-intensity 

if its pre-2005 LMR is at the 45 th percentile or below. 

Fig. 5. The estimated effect of the landmine casualty rate (LMR) on school attainment in each single age group, including the original cohorts and the older cohorts 

from Census 2008 

Notes : The figure above plots the estimated effect of the district-level landmine casualty rate (LMR) at each separate age (in 2008) on school attainment, following 

the specification in Equation 1 . The dependent variable is the primary school attainment (panel A) and the secondary school attainment (panel B), respectively (with 

the associated 95% confidence interval indicated in the upper and lower lines with a lighter shade). The vertical dotted line indicates the upper age limit where the 

LMR is hypothesized to show some effect. 

10 
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c  
s not statistically different from zero in both outcome measures among

he older age cohorts on the right side of the vertical line. Hence, this is

nother statistical validation that there is no evidence for pre-trends in

y Cambodia sample. 

.3.2. Selection in landmine clearance effort 

In principle, the domination of the Khmer Rouge regime in Cambo-

ia, and, in particular, the regime’s implementation of equal agrarian

ociety ensures that there should not be any meaningful, spatial cor-

elation between the location choices of landmines usages and educa-

ional endowments (as shown in Fig. 3 ). Nevertheless, the spatial and

emporal variation of clearance activities in more recent years could

lso be related to local characteristics. Ideally, one would like to check

hether pre-determined observable characteristics correlate with dem-

ning efforts during the studied period. Specifically, I perform a balanc-

ng test (see Table A.3 of Online Appendix) that uses a simple linear

egression to compare key characteristics between districts with high-

nd low-intensity of clearance productivity and provides supportive ev-

dence that areas with different demining productivity levels during

005-2007 are not statistically different from one another in terms of

heir human capital conditions and schooling environment (measured

efore 2005). 32 One exception is that the districts with higher demining

roductivity are significantly poorer. 

.3.3. Instrumental variables using the stock of hazardous land 

In the previous section, I had addressed the validity of the paral-

el trend assumption. Yet, one remaining caveat is that households may

lso adjust their behaviours in response to landmine accidents hetero-

eneously. And if such changes vary simultaneously with gender, local-

ty, and time, the TD estimates may be biased. To mitigate the biases,

 employ the technique of two-stage least square (2sls) to supplement

he findings from the TD model. An ideal instrumental variable should

e strongly correlated with the changes of LMR over time but does not

ave a direct influence on households’ educational decisions. Given that

he pattern of LMR is influenced directly by the landmine clearance op-

rations, it becomes a suitable candidate for an instrument variable.

pecifically, I construct the yearly level of hazardous areas, which are

reas that had not yet been cleared, is calculated for each province and

s converted to the proportion of hazardous areas per total land area. 33 

owever, using the variation directly may invalidate the exclusion re-

triction. It is because landmine clearance operations are likely to lead to

hanges in other confounding factors, which may affect the educational

ecisions of households in the area aside from the change in mortality

isk. Therefore, I construct the hazardous area of its border provinces. 34 
32 In effect, I group all districts in Cambodia according to their level of total 

andmine clearance during 2005-2007, and compare selected observable char- 

cteristics (measured before 2005) between districts with landmine clearance 

roductivity below the 45 th percentile and those above the 65 th percentile. The 

-values shown in the final column of Table A.3 are obtained through a linear 

egression with each variable as the dependent variable and the indicator vari- 

ble (1 if the district is of a high clearance rate and 0 if the district is of a low 

ate) as the explanatory variable, with robust standard errors, clustered at the 

rovince level. 
33 Specifically, I exploit the information on landmine prevalence in all Cam- 

odian communes from the 2012 Cambodia Baseline Survey and incorporate it 

ith the landmine clearance database from CMAA. 
34 The instrument is valid under two main identifying assumptions 

 Bai et al. 2013 , Bartik 1991 , Bound and Holzer 2000 ). First, it is assumed that 

he pattern of landmine clearance in each province is determined by the clear- 

nce operation planning at the national level. Therefore, this aggregate shock 

nsures that there is a spatial correlation between the province of interest and 

ts neighbours. The second assumption is that, however, how landmine casu- 

lties are influenced by the landmine clearance and the remains of hazardous 

and areas at each point in time are province-specific events. That is there is 

o spill-over of the landmine mortality risk between neighbouring provinces. 

ouseholds’ decisions are not affected by what happened in other provinces. 
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I run the 2sls regressions with the specification in Eq. (1) with the

aseline sample (using both the 1998 and 2008 censuses) and report

he results in Table A.4 of Online Appendix. 35 For the primary school

panel A), having accounted for omitted variable bias, the effect of LMR

s 5.5 pp under the full specification. For secondary school (panel B), a

nit rise in LMR is associated with 13.6 pp in the probability of having

ad some secondary school education. In addition, I also repeat the 2sls

xercise with the specification based on Eq. (2) (Table A.5 of Online

ppendix). The negative effects of LMR on the probabilities of primary

chool and secondary school attainment are estimated at 3.1 pp , and

.8 pp , respectively. By accounting for potential omitted variable biases

hat the fixed effects in my TD cannot address, the 2sls effect of LMR is

omparable to the results of the baseline TD specification. 

.4. Health investments as alternative measures 

In this section, I test if mortality risk, using LMR as a proxy, has

egative effects on other measures of human capital along stages of

he life cycle by exploiting the Cambodian Demographic Health Surveys

CDHS hereafter). Specifically, I will analyse the effect of mortality risk

n parental investments in a child’s physical health capital. I focus on

ndividuals aged 1-5 years old from three different years of the CDHS

2000, 2005 and 2010). Given the timing of the acceleration of land-

ine clearance operations in 2005, the temporal variation comes from

ssigning the children from the 2000 and 2005 CDHS as the before -2005

espondents, whilst those from the 2010 CDHS as the after -2005 respon-

ents. 36 The outcomes of interest are probabilities of children having

een vaccinated (with a list of vaccination types), and having received

icro-nutrition supplements. I apply the TD specification analogously

o Eq. (1) in the previous section. 

Table 4 shows that an increase in mortality risk leads to a decrease

n healthy behaviours of the households. More precisely, there is a de-

rease in the probability of a child being vaccinated. A unit increase in

MR leads to a 4 pp reduction in BCG vaccination; a 4.3 pp reduction in

olio vaccination, and a 3.9 pp reduction in measles vaccination. 37 In

ummary, supplementary results from the CDHS analysis provide sup-

ortive evidence that mortality risk also poses a negative effect on hu-

an capital investments in the health-related dimension. 

.5. Effects of demining operation on economic well-being 

One concern is that landmine clearance operation, which I advo-

ate as the main driving factor for the reduction in mortality risk, may
iven that my instrument is constructed at the province level, I argue the large 

patial area size will mitigate spill-overs across its neighbouring regions. Statis- 

ical evidence indicates that migration in Cambodia is indeed high. However, 

round 80 to 90 percent of the migration movement is within the province. 

herefore, using the averaged hazardous land areas of neighbouring provinces 

ould not violate the exclusion restriction in this analysis. 
35 The first-stage regressions show a strong and positive relationship between 

he stock of hazardous areas in neighbouring provinces and the LMR of the 

ocality of interest, with the F-tests on the excluded variables equal to 20.75 for 

he primary school and 20.50 for the secondary school analysis (Table A.4 of 

nline Appendix). 
36 In the main specification, cohorts from the 2010 CDHS are assigned the av- 

rage value of LMR from 2007 to 2009 and the 2000 and 2005 CDHS 2000 are 

ssigned the average rate of the years 1997 to 1999. In an alternative speci- 

cation, I assign the average LMR of 2001 to 2003 to the 2005 CDHS so that 

he cohorts from each survey year are faced with a different level of landmine 

ortality risk. 
37 The regression also shows a weaker but insignificant effect of landmine mor- 

ality on the probability of a child receiving vitamin A dosage before 5 years old. 

n addition, when the 2005 CDHS cohorts are included as an additional control 

roup (and are assigned the 2001-2003 average of LMR), the effect of mortality 

isk on child health investments increases by twofold. Lastly, the full specifica- 

ions account for time-varying economic conditions and health-related mortality 

ates. 
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Table 4 

Health capital investments, using TD with the Cambodia DHS datasets 

BCG Polio Measles Vitamin A 

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

Panel A: Ages 1-5 years old, DHS 2000 and 2010 

( 𝐿𝑀𝑅 𝑙 𝑡 )( 𝜂𝑔 ) -0.040 ∗ -0.043 ∗∗ -0.039 ∗∗ -0.022 

[0.024] [0.019] [0.018] [0.015] 

Observations 15,550 15,559 15,427 15,371 

R-squared 0.173 0.111 0.107 0.569 

Panel B: Ages 1-5 years old, DHS 2000, 2005 and 2010 

( 𝐿𝑀𝑅 𝑙 𝑡 )( 𝜂𝑔 ) -0.093 ∗∗∗ -0.082 ∗∗∗ -0.062 ∗∗∗ -0.037 ∗ 

[0.025] [0.018] [0.021] [0.020] 

Observations 23,067 23,060 22,849 22,921 

R-squared 0.092 0.09 0.268 0.155 

Notes : Dependent variables are the probability of the individual having received 

a vaccination or micro-nutrition treatment by the observed age. The individuals 

in the sample were aged 1-5 years old in each Cambodia DHS (2000, 2005 and 

2010). All regressions include district-age cohort, age cohort-gender, district- 

gender, and age fixed effect. Robust standard errors clustered at the province 

level are reported in square brackets. 
∗ significant at 10%; 
∗∗ significant at 5%; 
∗∗∗ significant at 1%. 
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40 In addition, as shown in Jayachandran and Lleras-Muney (2009) , an alter- 
ave also led to improvement in economic well-being ( Prem et al. 2021 ,

hiovelli et al. 2018 ). Here, I test this proposition with asset data

rom the CDHS (2000, 2005 and 2010). As income effects may be

ender-biased in nature (e.g., Strauss and Thomas 1995 , Behrman 1988 ,

as Gupta 1987 ), it may bias the original estimate of the mortality ef-

ect downwards. To explicitly check if there is a significant correlation

etween wealth and the size of demined areas, I estimate the specifica-

ion of 𝑎𝑠𝑠𝑒𝑡 𝑖 𝑙 𝑡 = 𝜆0 + 𝜆0 𝑐𝑙𝑒𝑎𝑟 𝑙 𝑡 + 𝜀 𝑖 𝑙 𝑡 where 𝑎𝑠𝑠𝑒𝑡 𝑖 𝑙 𝑡 be a measure of

ssets in a household, i . 38 Let 𝑐𝑙𝑒𝑎𝑟 𝑙 𝑡 be the productivity rate of land-

ine clearance operations in a specific district, l , in a survey year, t .

he household sample is those with children aged 8-22 years old (at the

urvey year). If landmine clearance leads to better-off economic condi-

ions, 𝜆1 is expected to be positive and significant. The results in Table

.6 of Online Appendix show no statistically significant relationship be-

ween landmine clearance productivity and household wealth, which

ndicates that a change in household wealth did not take place, at least

n the immediate term, following the demining. 39 

. Potential mechanisms 

Using landmine accidents as the key variation of mortality risk allows

e to understand how risks derived from sources that are not healthcare

mprovements or medical breakthroughs can determine human capital

ccumulation. The empirical exercises presented thus far have provided

uggestive evidence that such a non-health mortality risk, in form of

MR, reduces human capital accumulation. In this section, I will provide

urther evidence to substantiate the main premise of this study that the

hange in LMR induces a sizeable increase in life expectancy and also in-

estigate if other mechanisms, namely mortality perception, disabilities

r other schooling patterns may potentially drive my results. 

.1. Life expectancy as the main driver 

To quantify the impact of LMR reductions on life expectancy be-

ween those living in districts with different LMR intensities in Cam-

odia and among adult males and adult females, I follow the standard
38 I use the DHS’s constructed Household Wealth Index and total household 

sset. 
39 I also estimate a 2sls specification to mitigate the issue of omitted variable 

ias. I instrument clear l t with a three-year average rate of landmine clearance of 

eighbouring provinces. I do not find evidence supporting changes in household 

ealth using the CDHS datasets. 

n

e

t

fi

b

i

t

12 
emographic method, which is also utilised in Jayachandran and Lleras-

uney (2009) . The main assumptions here are that, first, other sources

f deaths remain constant and, second, the change in landmine mor-

ality rate is distributed equally across each separate age within the

rime-age group. 40 In my data, the pre-2005 share of male-only LMR

o total deaths in high- and low-intensity districts are 1.473 and 0.003,

espectively. The equivalent rates for females are 0.167 and 0.000. Due

o the rise in demining activities around 2005, the male-only LMR de-

lined by 82.36% in high-intensity areas and 70.94% in low-intensity

reas. The fall in female-LRM during this time are 78.05% and 100%,

espectively. Therefore, the specific change in their mortality rates due

o LMR is 1.213, 0.002, 0.13, and 0.00 for high-intensity males, low-

ntensity males, high-intensity females and low-intensity females, re-

pectively. Note that in 2005, if a Cambodian is alive by age 35, an

verage female is estimated to have 42.33 additional years while an av-

rage male will have 37.65 more years (World Health Organization’s

ife Table 2022). Following the standard formula, I can re-compute the

xtra years of life gained due to the reduction of LMR among males in

igh- and low-intensity districts to be 0.457 and 0.001 more years, re-

pectively. Similarly, the extra years for females are 0.055 and 0.00 in

igh- and low-intensity areas, respectively. 

In other words, for Cambodian males who grew up in a high-risk

rea, the demining activity and the subsequent reduction in the land-

ine casualty risk raises their adult life expectancy by 0.457 years. By

ontrast, there is not much gain in life expectancy for males in low-risk

reas and females in general. Compared to the additional 1.4 years gain

ue to the reduction of maternal mortality in Bangladesh (with a 3%

ain in years of schooling) in Jayachandran and Lleras-Muney (2009) ,

he effect of LMR on life expectancy is smaller but remains substantial.

onetheless, the fact that the relatively small increase in actual adult life

xpectancy can sizeably raise school attainment could imply that there

ay be other forces at play here. In the next steps, I further investigate

f that is the case. 

.2. Road accidents and subjective perception of mortality risk 

In this exercise, I will check if the channel through which land-

ine mortality risk influences human capital investment decisions is

lso shaped by subjective perceptions of individuals on each particular

orm of risk. To check if the same magnitude of similar sources of mor-

ality risks do lead to similar effects on schooling decisions, I exploit

he variation of road traffic accidents in Cambodia. Like landmines, not

nly road accidents are non-health sources of mortality risk, but they

re also leading causes of death among the prime-age population in

ambodia - with males being the dominant victims of such accidents

see Figure A.4 of Online Appendix). On the other hand, road accidents

iffer drastically from landmines in two key dimensions. First, road ac-

idents are more likely to be controllable, or, at least, avoidable. 41 Sec-

nd, as road accidents happen much more frequently, the events become

argely common. According to the theory of the availability heuristic on

 low probability event ( Kahneman and Tversky 1979 , Slovic et al. 1982 ,

lovic 1987 ), individuals tend to perceive risks from a common event

road accidents) to be less salient than a rarer but more psychologically

raumatic event (landmine accidents) ( Gigerenzer 2004 ). Therefore, the

ame magnitude of mortality rate resulting from landmine accidents and

oad traffic accidents may not be translated equally to the same level of
ative way to calculate the effect of mortality rate of a specific cause on life 

xpectancy is to employ a regression analysis, which are free of the assump- 

ions above. 
41 By contrast, because they are buried underground, landmines are more dif- 

cult to observe, making it more difficult for households to adapt or adjust their 

ehaviours in response to the prevalence of landmines in their area. Despite be- 

ng clearly marked in most areas, landmine accidents continue to occur while 

he victims are travelling or working in the field (CMAA, CMVIS). 
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Table 5 

Probability of schooling and road accident mortality 

Prob (Primary School) Prob (Secondary School) 

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

( 𝑟𝑜𝑎𝑑 𝑙 𝑡 )( 𝜂𝑔 ) -0.106 -0.071 -0.148 -0.13 

[0.13] [0.11] [0.084] [0.19] 

Additional controls: 

No. motor vehicles N Y N Y 

Rice income N Y N Y 

Poverty N Y N Y 

R-Squared 0.081 0.085 0.091 0.112 

Observations 621,066 621,066 518,638 518,638 

Notes: 𝑟𝑜𝑎𝑑 𝑙 𝑡 is the number of road traffic casualties per 10,000 prime-age 

population (aged 18-35) in a province. See Table 2 for further details. 
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ortality risk. For this reason, I hypothesise that the effect of road traf-

c accidents on education outcomes would be smaller or undetected in

he empirical exercise. 

In practice, I modify the previous TD specification in Eq. (1) and es-

imate a possible causal effect of mortality risk induced by road traffic

ccidents on educational attainment. The main mortality rate is now

eplaced by the number of road accidents per 10,000 prime-age popula-

ion, which I compute using the data from the Cambodian Road Traffic

nd Victim Information System (RTAVIS). 42 In contrast to the findings

sing the landmine mortality rates, the alternative TD estimates with the

oad accident mortality are not statistically significant at any level of ed-

cation despite some evidence of a negative relationship (see Table 5 ). 43 

ence, based on the literature and the arguments illustrated above, it is

uggestive that a possible key mechanism driving the effect of landmine

ortality on schooling decisions in this study may be the subjectively

uantified variation in life expectancy, and less so the objective one

e.g., Krimsky and Golding 1992 , Kilka and Weber 2001 ). Nonetheless,

ue to the lack of elicited data on mortality perceptions, I remain cau-

ious with this conclusion. 

.3. Other potential pathways 

Besides life expectancy, there are other potential channels through

hich schooling may be affected. For instance, the presence of land-

ines around the school area or on their paths from their residence to

chool may deter some parents from sending children to school (for in-

tance, in Koppensteiner and Menezes 2021 ). Behavioural changes in

esponses to the presence of landmine are most plausible, for instance,
42 The empirical analysis uses the individual-level data on schooling attain- 

ent from the 1998 and 2008 Cambodia censuses as described in Section 4 . In 

etail, The RTAVIS contains all reported incidents and fatalities by traffic police 

nd hospitals in the country. Given the data availability, the level of locality is 

t province-level. As before, I assign the average rate of 2007-2009 to the indi- 

iduals from the 2008 census; and assign the average rate of 1997-1999 to those 

rom the 1998 census. The estimation also accounts for age, gender, locality and 

ime fixed effects. Additional controls are the number of motor vehicles and 

opulation across time for each locality. See also Figure A.5 of Online Appendix 

isplays the distribution of road accident at the province level for 1997-1999 

nd 2007-2009. 
43 I further address if the zero effect of traffic accidents may be caused by 

otential omitted variable bias by instrumenting 𝑟𝑜𝑎𝑑 𝑙 𝑡 by road networks of 

he neighbouring provinces, 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 𝑙 𝑡 . In sum, the first stage regression of 

he 2SLS estimation for the road traffic accident specification is: 𝑟𝑜𝑎𝑑 𝑙 𝑡 𝜂𝑔 = 
0 + 𝜆1 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 𝑙 𝑡 𝜂𝑔 + 𝜉𝑙 𝑔 𝑡 . Table A.7 of Online Appendix reports the results 

rom the 2sls estimations with traffic accident. The first-stage result shows 

 strong significant relationship between the magnitude of road networks of 

eighbouring provinces and the traffic accident rate in the province in a given 

ear (F-tests on the excluded variable equal to 34.18 and 33.40). For the second- 

tage, after controlling for time-varying covariates (economic conditions, motor 

ehicles), I find no significant relationship between road traffic accident and 

ducational outcomes – in both the primary- and secondary-school levels. 
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13 
n their commuting patterns or school absenteeism. On the one hand,

f such changes are common among boys and girls from the same loca-

ion, the TD specification can take care of the issue. On the other hand,

f such reactions of households from the same area are gender-specific,

his could potentially confound the effect of LMR on schooling in my

tudy. 

There are two reasons why decisions regarding commuting patterns

r school absentee of school-age children outlined above may not be of

erious concern in my analysis. First of all, recall that very few young

hildren fell victim to landmine accidents in Cambodia. Therefore, the

ain driver that dictates schooling responses during schooling ages re-

ains the mortality risk at prime ages, even if it may have indirect path-

ays via some of the changes discussed above. Secondly, the reactions in

esponse to the landmine risk have to be gender-bias for my TD estima-

ion to fail to account for. That means, for instance, boys and girls from

he same community would use gender-segregating modes of transport

r travel on different routes. 

Another potential channel is via disability as landmines do cause not

nly mortality but also high rates of disabilities. One concern is that the

irect impact of disabilities during the schooling ages could be driving

he educational outcomes, over and above the life expectancy channel.

ut since over 90 percent of landmine victims in Cambodia are prime-

ge adults, it is less likely that childhood disability is a key driver of my

esults. Having said that, it is much more likely that parents’ disabilities

ue to landmines are substantial determinants of children’s educational

uccess. As shown in Takasaki (2020) , children of amputees are more

ikely to have less schooling and more likely to work as child labour.

herefore, if the changes in household dynamic as a result of parents’

isabilities are not gender-neutral, it is likely that the effect of LMR on

chooling among such families is underestimated. 

. Concluding remarks 

According to economic theories of human capital development, life

xpectancy plays a key role in determining households’ optimal level

f schooling investments. I exploit a unique circumstance of landmine

revalence in Cambodia and establish a causal relationship between

ortality risk and human capital outcomes. Landmines share a common

eature with other combat weapons for their ability to cut short some-

ne’s life more instantaneously and dreadfully. Unlike medical treat-

ent innovations, a reduction in mortality risk from landmines, in par-

icular as a result of landmine clearance, can arguably be more easily

or ordinary local people to observe, making the risk perception more

alient. 

Causal identification in this analysis relies on the male-biased nature

f landmine accidents along with the timing of landmine clearance op-

rations. I show that a decrease in LMR leads to an increase in the prob-

bility of school attendance, both primary and secondary school levels

t approximately 5 percentage points. For physical health investment,

here is a sizeable negative effect of LMR on the likelihood of vaccination

mongst children aged under 5 years old. Different from other previous

ork, my empirical strategy allows me to separately isolate the role of

hanges in mortality risk on human capital accumulation in a situation

hereby other relevant factors due to ongoing conflicts, for instance, un-

ertainties, school infrastructure damages, or psychological costs, are of

ewer concerns. Additionally, the results from the analysis whereby LMR

s replaced with road traffic accident rates present suggestive evidence

hat household behaviours may not respond commonly and equally to

ll causes of death. Nevertheless, since I cannot directly observe a house-

old’s evaluation of life expectancy (for instance, through direct elici-

ation methods - see Dominitz and Manski 1996 , Delavande 2014 ), I

emain cautious with this conclusion. 

Lastly, due to data limitations, my analysis cannot address an-

ther important issue whether other relevant measures of human

apital are also affected by the change in landmine mortality risk.

n particular, cognitive skills, non-cognitive skills ( Monteiro and
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ocha 2017 , Prem et al. 2021 ) and perceptions of future prospects

 Koppensteiner and Menezes 2021 ) are likely to be malleable to the

hanges in prime-age mortality risks even when actual violence is no

onger present. In addition, it is also of interest for supplementary anal-

sis to address the extent to which parental disabilities resulting from

irect exposure to landmines may harm children’s human capital accu-

ulation. 
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