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ABSTRACT OF THE DISSERTATION 

 

 

Essays on Trade, Infrastructure, and Human Capital Outcomes in Developing Countries 

 

by 

 

Pallavi Panda 

 

Doctor of Philosophy, Graduate Program in Economics 

University of California, Riverside, June 2015 

Dr. Anil B. Deolalikar, Chairperson 

 

 

This dissertation presents three chapters on child health outcomes in India and sub-

Saharan Africa. The goal of this research is to analyze how large-scale policies have 

intended or unintended impacts on the lives of people living in underdeveloped regions. 

In the first chapter, I study the effects of a change in trade policy, the African Growth and 

Opportunity Act (AGOA), on infant and neonatal mortality in sub-Saharan Africa.  

Increased exports and increasing opportunities for employment of mothers may 

contribute towards improving health of the child, due to rising incomes (income effect) or 

may deteriorate health of the child as the mother stays away from home (substitution 

effect). Empirically, I find that the increase in exports from 30 sub-Saharan countries 

help in reducing infant mortality by 9% of the sample mean or around 7 deaths per 1000 

using the most comprehensive health data available for these countries, Demographic and 

Health Surveys (DHS). This decrease in infant deaths operates through increasing health 

seeking behavior of mother, increased possession of assets, and increased maternal labor 
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supply in non-agricultural sectors. The second chapter analyzes the paradox of decreasing 

infant mortality but not a corresponding improvement in malnutrition in India over time. 

We look at the effects of mortality selection on anthropometric scores in India using three 

rounds of National Family and Health Surveys (NFHS) and find evidence of significant 

negative mortality selection. Specifically, children with sample average characteristics 

that survive, with controls for unobservable characteristics of groups of women, have 

lower HAZ scores than a child randomly drawn from the population. In the third chapter, 

I delve into the impact of rural road creation (Pradhan Mantri Gram Sadak Yojana, 

PMGSY) on infant and neonatal mortality and sex-ratio in India. To study this effect at 

the village-level a unique micro dataset using nationwide health data surveys and online 

road construction data is created.  Using two different empirical approaches, I find no 

significant changes in these statistics after the road creation in the short term. These 

findings will help in conceptualizing future policy actions to effectively improve child 

health for these developing economies.  
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Chapter 1 

Does Trade reduce Infant Mortality? Evidence from Sub-Saharan 

Africa
*
 

Abstract 

This paper investigates the impact of a trade policy, the African Growth and Opportunity 

Act (AGOA), on infant mortality and fleshes out the likely mechanisms. This paper 

derives a causal estimate by developing a micro panel dataset across countries and 

exploiting within-mother variation in survival of infants. I find that the policy reduces 

infant mortality by about 9% of the sample mean. I also identify channels through which 

the mortality reduction operates including increasing health seeking behavior, increased 

possession of assets, and increased maternal labor supply in non-agricultural sectors. 

Disaggregation reveals heterogeneity of treatment at the country and individual level. 

Keywords: Infant Mortality, Child Health, Trade Openness, sub-Saharan Africa. 

JEL Codes: F13, I15, J21, J82, O15, O18, O19, O24. 

                                                             
*
 I would like to thank Hewlett foundation/IIE for awarding the 2013-2015 Hewlett Foundation 

Dissertation Fellowship in Population, Reproductive Health and Economic Development for this research. I 

am grateful to Anil B. Deolalikar, Aman Ullah, Mindy Marks, Jorge M. Agüero, and Joseph Cummins for 

their comments and guidance. This paper has benefitted from presentation at the PopPov conference in 

Kenya (Jan 2014), Population Association of America Conference (May 2014), International Society for 

New Institutional Economics Annual Conference (June 2014) and UC Global Health Day (April 2014). All 

remaining errors are my own.  
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1.1 Introduction  

Historically, trade routes have played a major role in increasing the prosperity of 

nations.
1
 Free trade can create access to a better variety of goods, increase women labor 

force participation, increase incomes and often leads to improvements in infrastructure 

investment (Dollar and Kraay, 2001; Broda and Weinstein, 2006; Wood, 1991; 

Storeygard, 2013). There are few empirical studies estimating the effect of trade on 

development, especially child health.
2
 This paper estimates the effect of being exposed to 

a trade policy on infant and neonatal mortality, analyzes heterogeneous effects both at the 

macro and micro level, and examines possible pathways in the context of sub-Saharan 

Africa.
3
 

Empirically, it is difficult to identify causal effects, as trade policy is likely to be 

endogenous to other socio-economic factors that also affect development. To overcome 

this, identification in previous literature has come from using instrumental variables like 

predicting trade volumes as a ratio of GDP using geographic factors.
4
 However, these 

approaches might have potential threats to validity as geographical trade share may be 

correlated with other factors that affect children’s welfare like presence of strong 

                                                             
1
 The infrastructure created to boost trade becomes the main arteries of countries and turn cities into 

“engines of growth”. Railroads had a great impact on the counties in American economy due to a change in 

that county’s “market access” (Donaldson and Hornbeck, 2013). 
2
 Edmonds, Pavcnik, and Topalova (2010) analyze effect of trade policy on schooling and child labor 

decisions in India; Topalova (2007), Porto (2004) focus on poverty and inequality in India after trade 

liberalization, Levine and Rothman (2006) focus on effect of trade on infant and child mortality and 

stunting in a cross-country cross-sectional setting. 
3
 It is developed by collating household surveys across 30 sub-Saharan African countries. Details are 

discussed in the Data section. 
4
 Levine and Rothman (2006), Frankel and Romer (1999) 
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institutions.
5
 This paper uses a novel way of combining micro datasets across countries to 

study the effect of macroeconomic trade policy on development outcomes. The effect of 

trade policy on infant mortality will be gauged by studying the varying exposure between 

the children born to same mothers but exposed to the trade policy or not in both policy-

affected and non-affected countries.  

Recently, sub-Saharan African countries signed a huge non-reciprocal trade agreement – 

the African Growth and Opportunity Act (AGOA) - which conferred on these sub-

Saharan African countries largely duty-free and quota-free access to US markets. The 

head of the countries signing these agreements hoped the agreement would increase 

export volumes and spur economic growth in these economies. Frazer and Van 

Biesebroeck (2010) found that AGOA had a large and robust impact on exports to US 

without decreasing the country’s export to Europe. Some countries like Kenya 

experienced an almost 700% increase in exports to US (from $36 million in 2000 to $284 

million in 2010) (Onyago and Ikiara, 2011). This agreement took effect in 2000 with 34 

sub-Saharan African countries eligible for the trade benefits included in the AGOA.  

Identification in this analysis is based on each country’s exposure to the trade policy at 

different points of time. Using retrospective birth histories from Demographic and Health 

Survey (DHS), I develop a micro panel dataset that spans 30 sub-Saharan African 

countries, and about 686,000 children born to 212,000 mothers. By observing different 
                                                             
5
 For example, Mauritius is surrounded by sea and has experienced an export boom in garments. But, this 

boom has been attributed to a sound economic strategy by the government underpinned by social and 

political arrangements. Mauritius also has very low infant mortality rates which would have been brought 

about by the safety nets provided by the government. Hence, role of institution has been playing an 

instrumental role in decreasing infant mortality as well as increasing trade, which may not be properly 

captured by an instrumental variable approach. For more details on institutions, see Rodrik (2001) 
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children of the same mother conceived before and after the trade policy change between 

AGOA affected and non-AGOA affected countries, a within-mother variation in survival 

of infant is carried out rather than cross-country or within-country variation. This analysis 

ensures that it is able to separate the effect of trade policy from other country level 

confounding factors since it is able to control for country specific time trends and 

unobservable time invariant characteristics of mothers and countries. Moreover, since this 

developed dataset are collated micro-level surveys across countries, it also overcomes the 

problem of small samples endemic to cross-country analysis. 

The results of this analysis suggest that infant mortality falls by about 0.7 to 0.8 

percentage points, or about 9%-10% of the sample mean, even after controlling for 

country-time linear trends as well as mother’s time invariant characteristics. The results 

are also robust to controlling for some time variant country characteristics. A large 

portion of this fall comes from a decrease in neonatal mortality. The drop in infant 

mortality is evident immediately after AGOA takes place. Dynamics of mortality reveal 

that there exists no effect prior to AGOA being implemented, corroborating that the 

decrease in infant mortality is due to AGOA. The benefits of AGOA are not equally 

distributed across countries and across households. The effect of AGOA on infant 

survival is stronger for countries that export large amounts of agricultural goods and 

mineral ores as compared to oil exporting countries. Results suggest that infant mortality 

falls more for socially disadvantaged women. Infant deaths fall more for employed 

women than unemployed women, hinting towards spurring employment in export sectors.  
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The theoretical effect of trade on household is ambiguous.
6
 Trade increases employment 

opportunities and, especially in a developing country context, opportunities for low-

skilled labor. Increasing opportunities for employment of mothers may contribute 

towards improving health of the child, due to increasing incomes (income effect) or may 

even deteriorate health of child as the mother stays away from home (substitution 

effect).
7
 By collating multiple rounds of household surveys for each country, this paper is 

able to identify three potential mechanisms at the household level: (a) change in 

household income/assets; (b) change in female employment in labor force; and (c) 

changing health seeking behavior of mothers.
8
 Since AGOA mainly boosted exports out 

of the country, access to a variety of goods for consumers does not seem to be a major 

pathway in infant reduction. This study finds that AGOA led to a significant decline in 

the number of households possessing no assets, a realignment of employment of female 

labor from agriculture to manual labor and increased delivery care and tetanus toxoid 

injections to kids.  

Evidence of macroeconomic trade policies on microeconomic outcomes like child health 

has been understudied. This paper provides new evidence of a causal effect of trade on 

development. AGOA has been studied mainly to look at the effectiveness of the policy in 

                                                             
6
 Various routes through which trade can affect infant health, both at the macro and micro level, are 

discussed in Section 2.2. 
7
 Kishor and Parasuraman (1998), find using NFHS Data for India in 1992-93 that mothers who are 

employed have a 10 percent higher IMR for their children and 36 percent higher child-mortality than 

mothers who are not employed. Many studies find strong relationship between increased female 

employment and increased exports (Wood, 1991, Standing, 1999). 
8
 Multiple rounds of DHS datasets are available for 22 of 30 countries. See Appendix for more details. 
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increasing exports from these countries.
9
 This study provides first estimates of the effects 

of AGOA on infant mortality, to the best of my knowledge. Results point towards 

dominance of an income effect in reducing infant mortality in this setting.  Income 

shocks may lead to realignment of preferences with respect to health care investment in 

children.
10

 The results are consistent with an increase and realignment of employment 

and increasing incomes being the driving force of the observed decrease in infant 

mortality. Mothers are also choosing to receive additional health care for their children 

after AGOA, either because of easier availability and better infrastructure or a change in 

investment preference in their child’s health when times are better.  

1.2 Background 

1.2.1  African Growth and Opportunity Act (AGOA) 

The African Growth and Opportunity Act (AGOA) provide for preferential treatment of 

exports from sub-Saharan Africa in the form of duty-free and largely quota-free access to 

US markets. It entails a series of incentives provided to African countries by the US 

opening its market for exports originating from these countries. AGOA has been part of 

the US international cooperation efforts for Africa since 2000. At the onset of the 

legislation, 34 countries were eligible for AGOA benefits.
11

 AGOA was initially set to 

                                                             
9
 Frazer and Biesebroeck (2007), Condon and Stern (2011), Collier and Venables (2007), Paulos et al. 

(2010) 
10

 Case (2001), Paxson and Schady (2005), Bhalotra (2007) 
11

 More countries were added for the benefits later and some were removed due to failures regarding 

political or democratic freedom. Cote D’Ivoire was removed from the list in January, 2005. Effective 

December 23, 2009, the President removed Guinea, Madagascar and Niger from the list of AGOA eligible 

countries. 
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expire in 2008 but was eventually extended to 2015. Under AGOA provisions, four main 

sectors account for over 90% of the exports - energy-related products, textiles and 

apparel, transportation equipment, and minerals and metals. Figure 1.2 plots the total US 

imports and exports from sub-Saharan Africa. There is a significant increase in exports 

from sub-Saharan Africa to US after 2001 when the AGOA took effect. Overall, total US 

imports from AGOA countries have increased from $5B in 2000 to over $25B in 2005 

(Paulos et al., 2010).   

The AGOA was implemented not only to boost exports but also improve and foster 

economic growth. Country eligibility for AGOA is determined by the US President, and 

takes into account whether countries have made efforts to improve human rights, follow 

open market economic policies, protect worker rights and remove child labor, combat 

corruption, and establish rule of law among others.
12

 The eligibility criteria for the 

Generalized System of Preferences (GSP), a US trade preference program that applies to 

more than 120 developing countries, and AGOA substantially overlap, and countries 

must be GSP eligible in order to be eligible for AGOA but the AGOA covers more 

product lines and includes additional criteria. Under initial AGOA legislation, 1800 

additional items were allowed to be exported duty-free in addition to the 4,600 under 

GSP. These newly added lines included items such as footwear, handbags, many 

agricultural products, chemicals, steel etc. These constituted the non-apparel exports 

                                                             
12

 Country eligibility is listed in Section 104 of African Growth and Opportunity Act. It states that countries 

need to "have established, or are making continual progress toward establishing the following: market-

based economies; the rule of law and political pluralism; elimination of barriers to U.S. trade and 

investment; protection of intellectual property; efforts to combat corruption; policies to reduce poverty, 

increasing availability of health care and educational opportunities; protection of human rights and worker 

rights; and elimination of certain child labor practices". 
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under AGOA and could be exported at zero import duties as soon as the countries were 

declared AGOA beneficiary. 

AGOA also places heavy emphasis on Africa’s emerging textile and apparel industry as 

the primary sector for trade benefits. While AGOA removes import duties on eligible 

African imports, preferential market access is granted only upon compliance with the 

relevant Rules of Origin. These rules prescribe the percentage value added that must take 

place locally in an AGOA-beneficiary country, while special provisions relating to 

apparel outline what processing must take place locally. However, the lesser-developed 

countries were eligible for a Special Rule and could source raw materials from all over 

the world until 2004 while still receiving AGOA benefits.
13

 AGOA also benefits these 

signatory countries as the exports under AGOA are not subject to a maximum volume 

ceiling as under GSP. However, with the ending of Multi-Fiber Agreements (MFA) in 

2005, the apparel exports from African countries have decreased in the face of 

competition from China, Bangladesh, and India. 

Many studies have been conducted to study the effectiveness of AGOA in increasing 

exports to US. Frazer and Biesebroeck (2007), Condon and Stern (2011) and Collier and 

Venables (2007) find a positive and significant impact of AGOA on exports.
14

 Thompson 

(2004) and Mattoo et al. (2006) show that the largest share of US imports from Africa 

remain to be the oil and energy sectors. These studies provide evidence on heterogeneous 
                                                             
13

 The lesser-developed beneficiary countries are countries with a per capita income of less than $1,500 in 

1998. By the end of 2002, 33 countries were beneficiaries of Special Rule provision. 
14

 There have been few studies questioning the distribution of benefits of AGOA inside the country. Paulos 

et al. (2010) review the progress of a decade of AGOA and find that even though exports may be 

increasing, it may not be benefitting the countries internally. Kimenyi (2009) argues that only a few 

countries from the whole of Africa actually reap the maximum benefits. 
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effects of AGOA based on country’s main item of export and volume of exports from 

these countries. In line with this argument, along with looking at the effect of AGOA on 

the people living in these economies, this study also explores the heterogeneity and 

inherent differences between the 30 sub-Saharan African beneficiaries to capture the 

differences in effects on those countries.  

1.2.2  Trade Linkages 

Trade can affect the development process of a country via various direct and indirect 

mechanisms, both at the macro and micro level. Trade affects the overall aggregate or 

macro state of the economy by affecting economic growth, government health 

expenditures, urbanization and increased job creation which in turn affects the socio-

economic indicators. Trade may improve health conditions by increasing tax revenues of 

the government allowing it to possibly increase health expenditures.
15

 Economic growth 

also results in higher household incomes, which in turn could improve health outcomes 

via mechanisms like improved nutrition, improved access to sanitation and health care 

etc. Trade also spurs employment in labor-intensive sectors in a developing economy. 

Increasing employment can benefit child health due to increasing incomes or worsen 

health due to increased time away from home by the mothers. 

                                                             
15

 (Adam, Bevan, and Chambas 2001) find that openness raises trade tax revenues in CFA franc countries 

while it has little effect in non-CFA franc countries in sub-Saharan Africa. (Agbeyegbe, Stotsky, and 

WoldeMariam 2006) find that trade liberalization is not strongly linked to aggregate tax revenue, but with 

one measure, is linked to higher income tax revenue in sub-Saharan Africa.  
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Most of studies concerning trade liberalization look at outcomes like growth rates, 

income inequality, productivity and wages.
16

 There are many studies estimating the 

effects of trade policy on income growth rates, showing a positive effect (Dollar, 1992; 

Frankel and Romer, 1999; Dollar and Kraay, 2001). Dollar and Kraay (2001) argue that 

the increase in growth rates with trade leads to proportionate increases in the income of 

the poor and therefore poverty reduction in poor countries. They also find that there is no 

systematic relationship between changes in trade and changes in inequality. The studies 

estimating the effect of trade on income growth rates are cross country studies over many 

developing nations using different indicators of openness like decade-over-decade 

changes in the volume of trade, index of real exchange rate distortion or geographically 

determined amount of trade to counter the issue of endogeneity. But, this large literature 

on trade remains inconclusive about a clear-cut effect of trade on both growth and 

development. Though they provide insights into the effect of trade on macroeconomic 

outcomes, drawing a causal conclusion between the two is difficult. 

Trade may also affect the individuals and households directly at the micro-level through 

multiple channels. International trade can affect economic outcomes by decreasing 

transportation costs (Clark, Dollar, and Micco, 2004; Hummels and Skiba, 2004; 

Storeygard, 2013). As transportation costs decrease, the price of traded goods decreases.  

In the scenario where trade promotes better infrastructure and better market access, it has 

been argued that access to transportation networks may not have large impact on the 

relative economic performance of those areas affected by improvements in transportation 

                                                             
16

 Goldberg & Pavnick (2007a), Frankel and Romer (1999), Winters, McCulloch, and McKay (2004), 

Hanson (2007) 
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infrastructure in a developing country (Banerjee, et al., 2012). Mobility of factors and 

development of institutions play a critical role in realizing the gains from trade. 

Institutional differences are a large factor in explaining the differences in economic 

prosperity between nations (Acemoglu, et al., 2001). 

Trade can also bring variety gains by making a bigger set of consumption bundle 

available for people in the country (Broda and Weinstein, 2006). Increased variety in 

food may also result in increased diversity of micronutrient consumption, which can be 

important for maternal and child health in countries where micronutrient deficiency is 

endemic.
17

 Topalova (2010) finds evidence that Indian districts with greater exposure to 

trade do not have a significant gain in consumption levels. In the Indian context, 

Topalaova (2007) establishes that rural areas experienced slower progress in poverty 

reduction but with no significant impact on inequality. 

Effect of trade directly on child health has been under-studied. Levine and Rothman 

(2006) use Frankel and Romer’s approach in predicting how much a country will trade 

based on exogenous geographical characteristics and then use this predicted trade share to 

obtain a cross-sectional effect of trade on children’s health. They find that for an average 

country, a 15-percentage point increase in predicted trade as a share of GDP (an increase 

of about 1 standard deviation) corresponds to approximately 4 fewer infant deaths per 

1000 births. However, they do not use a panel data set and hence are unable to capture 

how the change in trade affects change in infant mortality. The country specific effects 

are taken care by this latter channel of estimation.  

                                                             
17

 (Cutler, Deaton, and Lleras-Muney 2006), (Porto 2004) 
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1.3 Data 

The micro level health data for the sub-Saharan African countries comes from the 

Demographic and Health Surveys (DHS). DHS are nationally representative household 

surveys that provide data for population, health and nutrition The DHS questionnaire is 

(mostly) standardized across countries and rounds, and so allows for comparisons across 

countries. The Standard DHS Surveys have large sample sizes (about 5,000 households) 

and are typically conducted about every 5 years. Information regarding child health, 

immunizations, antenatal care, etc. is found in the surveys, along with mother and 

household characteristics.   

DHS collects data using three types of questionnaires – household, women’s and men’s 

questionnaires. Household questionnaire is used to collect data on household dwelling 

units, nutritional status, and anemia; while women’s questionnaire is used to collect data 

from women about the characteristics, reproductive behavior, contraception, children’s 

health etc. Women of reproductive age (15-49 years) are interviewed about the date of 

birth and death (if applicable) for up to 20 children they have had. This kind of 

retrospective survey gives an opportunity to build a panel dataset of mothers, with the 

time dimension being the child birth year. 

One problem with the recall data is measurement error. To be robust to measurement 

error and to capture the maximum effect of carrying out the siblings analysis, all children 
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born before 1990 were dropped from the sample.
18

 This ensures that the siblings are not 

very far apart in age and hence are broadly comparable. This also reduces the recall bias. 

Moreover, some sub-Saharan African countries in the sample gained their independence 

between 1975 and 1990
19

 and also experienced higher rates of civil wars, which may 

muddle with the effects of trade on infant mortality. Since the most recent year in the 

surveys have few observations, they have been merged with the previous year to prevent 

sharp spikes in infant death due to limited observations in the last year of survey.
20

 Even 

though, Mozambique, Liberia, Ethiopia and Cote D’Ivoire were given AGOA rights, in 

the sample they effectively behave as not treated since the law came into effect in the last 

year of the survey. These are in the non-treated group, along with Zimbabwe, which is 

not AGOA eligible. 

There are 36 DHS Surveys publically available for the sub-Saharan countries where DHS 

survey has been carried out at least once.
21

 The surveys for Central African Republic, 

Comoros, Gabon, South Africa, Sudan and Togo were all carried out before AGOA was 

implemented in these countries. The remaining 30 surveys are included in this analysis.
22

 

A dummy variable indicating if the child has died before reaching the age of 1 year is 

constructed based on mother’s birth history. This will be the indicator for individual-level 

                                                             
18

 The results are not dependent on the year of birth cut off. Other models with different year of birth (1994 

or 1995) cutoffs gave similarly significant results. See Table 1.13 for results. 
19

 Mozambique (1975), Cape Verde (1975), Comoros (1975), Sao Tome and Principe (1975), Angola 

(1975), Zimbabwe (1980), Namibia (1989) 
20

 Results are robust to not doing this. 
21

 These are most recent surveys at the time of analysis. Newer DHS has been carried out in past 2-3 years. 
22

 The list of DHS used and respective sample periods are listed in Table 1.A1 in Appendix. 
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infant mortality. As long as at least one round of survey has been conducted in a 

particular country, a panel dataset of mothers for that country can be built.
23

 

After dropping data for children born within twelve months of the survey, to ensure full 

exposure for every child in the sample and reduce measurement error, the sample 

includes 686,093 children born to 212,738 mothers. Infant (Neonatal) mortality rate is the 

number of deaths of children before reaching the age of one year (month) per 1000 live 

births. In this sample, it is calculated by multiplying the sample mean child deaths (in the 

appropriate age group) by thousand. The sample average infant mortality rate is 8.15% of 

live births while the sample neonatal mortality rate is 3.8% of live births. Since 

determinants of neonatal mortality may differ from infant mortality, an indicator for child 

dying before the age of 1 month is also constructed and effect of AGOA on it is studied. 

In Table 1.1, I show average infant deaths for the whole population, as well as infant 

mortality based on different characteristics of mother like education, place of residence 

and wealth levels.  Infant mortality varies significantly (based on t-statistic) between 

AGOA and non-AGOA countries. A mother is labeled as educated if she has attended 

any type of school and uneducated is defined as mother did not attend any school. Since 

DHS does not have income data, definition of poor is based on possession of assets. The 

wealth index is calculated using easy-to-collect data on a household’s ownership of 

selected assets, such as televisions and bicycles; materials used for housing construction; 

and types of water access and sanitation facilities using principal components analysis 

                                                             
23

 DHS dataset has been used in this manner to study the effect of income fluctuations on infant mortality 

(Bhalotra, 2007, Paxson and Schady,2005) and effect of democracy on infant mortality (Kudamatsu, 2012). 

This paper follows that methodology. 
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and is reported in DHS. A mother is categorized as poor if the wealth index is marked as 

poor or poorer, while mothers with wealth index being middle, richer or richest are 

categorized as non-poor. Rural or urban are defined by the place of residence of mother 

during the time of interview. Infant and neonatal deaths also vary between AGOA and 

non-AGOA countries for women of different socio-economic status. Among the child 

characteristics, birth order differs between these countries and is also included in 

controls.
24

 It is observed that these countries are similar in terms of sex composition, but 

the composition of mother’s age at birth is different across these countries. I include 

controls for maternal age at birth. 

Figure 1.1 plots the sample mean infant mortality rates by year for countries affected by 

AGOA by 2001, affected after 2001 and never affected by AGOA. It shows that AGOA 

affected countries have higher infant mortality than non-AGOA countries at the time of 

first implementation of AGOA in 2001. All three groups of countries exhibit a declining 

trend in infant mortality over the years and the difference seems to be decreasing after 

AGOA has been implemented. The differential trends in infant mortality will be 

accounted for by using country time trends in this analysis.  The mean infant mortality 

rates for the 25 AGOA affected sub-Saharan African countries in the sample by year of 

birth of child, 1990 onwards is shown in Appendix Figure 1.A2. The data shows a 

declining trend in infant mortality over time for all countries. A sharp fall in infant deaths 

in some of the countries after the year AGOA is implemented is observed, more 

prominently than others.  

                                                             
24

 Country specific birth order is also controlled for in robustness check. 
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Since the estimation strategy includes maternal fixed effects, it is the mothers giving birth 

both before and after AGOA that contribute to the identification of effect of AGOA. 

Thus, in Table 1.2, I compare the characteristics of mothers having two or more births 

before and after AGOA (column (3)) with mothers in the entire sample (column (1)) as 

well as mothers in AGOA countries (column (2)). Mothers who give birth at least twice 

and both before and after AGOA are less well educated, live in rural areas and poor. 

Since mother fixed effects estimation derives the effect of AGOA on infant mortality 

using those mothers giving birth both before and after AGOA, Table 1.3 shows the 

sample mean infant and neonatal mortality rates for mothers giving birth both before and 

after AGOA and for mothers with more than two births only before or after AGOA. The 

sample mean infant and neonatal mortality rates fall for mothers giving birth both before 

and after AGOA, after AGOA is implemented. Column (2) shows that the mean infant 

mortality is higher for the mothers giving birth only after AGOA than mothers in Column 

(1), but it is lower than the mean infant mortality for mothers giving birth only before 

AGOA.  

1.4 Empirical Strategy 

To analyze the effect of trade on infant mortality, I estimate the following equation using 

a linear probability model
25

: 

                                                             
25

 I also check for Logit estimates. They are significant. But due to easier interpretation of LPM estimates, I 

present those in the results. Also, LPM Model allows me to use a general form of mother fixed effects and 

since the estimations are deviations from the trend (after controlling for country-time control), the 

coefficient is likely to be small and should lie in the range of 0 to 1.  
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IMRimct= αm + βt + γTct + Ximctδ + µc.t + εimct                                                                    (1) 

for child i, born to mother m in country c in year t. IMR is a dummy which takes the 

value 1 if child i dies before reaching the age of 1 year, αm is mother fixed effect, βt is 

birth-year fixed effect and µc.t captures the country-time specific trend. Tct takes the value 

1 if the specific country was under AGOA throughout time t. Ximct is a vector of control 

characteristics including sex of the child, whether or not they are born in multiple births 

(i.e. twins, triplets, etc.), dummies for their birth order, mother’s age at birth and birth 

month of the child. It may also be argued that birth order trends differ between countries. 

As a robustness check, country specific birth orders are also controlled for. γ provides the 

estimate of the effect of AGOA on infant mortality. The standard errors are clustered at 

the country level to take into account any correlation of the error across space and time 

within each country.  

Treatment in this paper is defined as a child’s exposure to AGOA.
26

 This is a dummy 

variable which takes the value 1 if the child is born after AGOA is implemented. This 

ensures that the child has been fully exposed to AGOA through their lifespan. For 

example, if AGOA was signed and passed on 1
st
 October, 2001 for country C1, then 

AGOA takes the value of 2002 for C1. If instead, AGOA is passed on January 1, 2003 for 

country C2, then AGOA takes the value 2003 in C2. A child is then said exposed to 

AGOA if in C1, they are born in 2003 or later while in C2, they are born in 2004 or later. 

                                                             
26

 There have been concerns on using trade volumes as a measure of trade policy (Rodrik, 2001). Trade 

volumes generally reflect the outcomes of many different things like economy’s overall performance as 

well as productive capacity of the economy. Hence, trade volumes are not entirely controlled by the 

government, while trade policies are. Keeping this in mind, this study abstracts away from using trade 

volumes as an indicator of trade policy. 
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However, the results are not sensitive to this definition. Even if AGOA variable is 

defined to be the year it was announced, the results still remain highly significant. 

In the next specification, an interaction between mother’s birth cohort by child’s birth 

year (βbt)
27

 fixed effects are included: 

IMRimbct= αm + βbt + γTct + Ximbctδ + µc.t + εimbct                                                               (2) 

This specification accounts for the possibility that women may be delaying their fertility 

based on improvements in survival of their kids overtime. γ captures the average 

difference in changes in probability of death of infants born to the same mother between 

those countries that have been affected by AGOA vis-à-vis those that are not. Since 

AGOA implementation varies by countries as well as time, fixed effects estimation can 

be carried out for more robust estimates. 

For the estimates to be unbiased, the error cannot be correlated with any of the covariates 

and outcomes, not only contemporaneously but also in leads and lags as the same mother 

gives birth. Specifically: 

E(εimbct |Tct, βbt, αm, µc.t, Ximbct) = 0                       (3) 

This specification also assumes that treatment selection can be based on unobserved 

heterogeneity at country level, but within country which mothers and children got the 

treatment is unrelated to the gain from the program. Another concern is that mothers 

affected by AGOA in AGOA affected countries do not behave differently than mothers in 

                                                             
27

 Subscript b denotes the mother’s birth cohort. 
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non-AGOA countries, if they had been AGOA affected. Thus, mothers cannot be timing 

their fertility in response to AGOA. I test to see later if fertility selection bias is a major 

concern in the data. 

The main concern in studying the effect of such a policy is the difficulty of disentangling 

the effect of this policy from the prerequisites for being a signatory on the AGOA. In 

terms of disentangling this effect, this study does better than cross-country studies. Time-

invariant heterogeneity regarding geography, history, culture, politics and attitudes etc. 

are taken care of by the mother fixed effects (αm) since this is implicitly a country fixed 

effect – mothers of the children belong to a certain country of residence and hence 

controlling for mother’s characteristics implies controlling for the country characteristics.  

The year fixed effects (βt) control for an aggregate time variation involving improvement 

of health technology and year shocks. βbt controls for changing time of mother’s age at 

birth. The mother cohort by year fixed effects controls for fertility changes overtime in 

that region due to improvements in health technology. The country specific trends (µc.t), 

in fact, also allow country specific improvement in infant and maternal health i.e. 

differential states of development of the countries.  

But, there may be time variant heterogeneity which may affect both trade and infant 

mortality rates. Implementation of AGOA or how well the country does after its 

implementation may depend on the country’s political situation, GDP per capita, average 

female education of the country etc. Countries with a higher GDP per capita or in a 

democratic regime may experience a lower IMR too (Kudamatsu, 2012). Hence these 
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may bias the estimates. As a robustness check, at the country level there is a control for 

additional characteristics (Zct) like GDP per capita, political regime of the country, 

whether it is a democracy, degree of openness overtime, average level of female 

education etc. which may help control some of the time variant heterogeneity at the 

country level. To capture these effects, I estimate the following equation: 

IMRimbct= αm + βbt + γTct + Ximbctδ + µc.t + λZct + εimbct                                                                                         (4) 

To check for heterogeneity based on mother’s level of education, place of residence and 

possession of assets, the mother-FE regression is run with interactions to tease out the 

effects:  

IMRimbct= αm + βbt + γ(T*MC)ct + Ximbctδ + µc.t + εimbct                                                                                         (5) 

Where, MC defines the mother’s characteristics. The interaction term (T*MC)ct provides 

an estimate of treatment effect of AGOA on probability of infant death for a specific 

subsection of the population based on assets, education, employment and place of 

residence in comparison to the reference population. 

Heterogeneity at the country level is also necessary to observe given the difference in 

exports variety and volumes across AGOA beneficiaries. To capture these effects, I 

estimate the following regression: 

IMRimbct= αm + βbt + γ(T*CC)ct + Ximbctδ + µc.t + εimbct                                                                                           (6) 

CC captures differences in country characteristics like whether a country is a predominant 

petroleum exporter, apparel exporter, agricultural exporter, low income country, region etc. The 
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interaction term will indicate which types of countries are actually accruing the most benefits in 

reducing infant deaths via AGOA. 

1.5 Results 

1.5.1 Event-Study Graph 

I create an event-study graph for the treated countries to show the effect of AGOA on 

infant and neonatal mortality. Figure 1.3 graphs the likelihood of child death by year, 

with respect to the treatment, for the treated countries. The plotted estimates depict the 

differential trends in infant and neonatal mortality over four years before and after the 

AGOA announcement (with the year of announcement being the omitted year). The 

estimates θj are derived from the following regression: 

Deathimct= αc + βt + ∑ 𝜃4
𝑗=−4 jTc,t+j  + Xi’δ +  εimct                                                              (7)    

where Tc,t+j is 1 for j years of announcement of AGOA in country c. The specification 

controls for country and year fixed effects. The covariates included are mother’s age at 

birth, mother’s socio-economic characteristics, mother’s education, sex of child, birth 

order, birth month, and whether born in multiple birth. The standard errors are clustered 

at the country level. 

In both neonatal and infant mortality, there are no noticeable trends in the pre-treatment 

period. Consequently, F-test rejects the null hypothesis of joint significance of pre-

treatment years. After AGOA is announced, there is a sharp fall in both infant and 
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neonatal mortality. The child death drops are significant at the conventional levels for the 

1
st
, 3

rd
 and 4

th
 years after AGOA implementation. The point estimates are presented in 

Appendix Table 1.A8. The infant and neonatal mortality is below the pre-treatment level 

even after four years of implementation. 

1.5.2 Main Results 

Table 1.4 provides the main regression results of the effects of treatment on infant 

mortality Column (1) shows the results for country fixed effects, without controlling for 

linear country time trend. The resulting coefficient on AGOA is negative, but not 

statistically significant. Since there are country specific trends in infant mortality, not 

controlling for those trends is confounding with the effect of AGOA. Controlling for 

country time trends along with country fixed effects in (2) makes the coefficient 

statistically significant. The coefficient now indicates that AGOA reduces the probability 

of infant dying by 0.8 percentage points. Controlling for maternal fixed effects in (3) 

decreases the coefficient to about 0.7 percentage points.
28

  

Table 1.4, specification 2 (columns (4)-(7)) additionally controls for cohort-year fixed 

effects. In this specification, the changing time of mother’s age at birth due to 

improvements in survival of babies over time in Africa is accounted. The fixed effect 

controls for fertility changes over the years due to improvement in health technology. 

                                                             
28

 To be robust to the possibility of small number of clusters in the sample, I also test the significance of 

coefficients using method outlined in Donald and Lang (2007) and Cameron and Miller (2013). Since N 

within each group (country) is large, the resulting t-statistic will have a T(G-2) distribution rather than 

standard normal, where G is the number of groups. The t-statistic is computed using the estimated 

coefficient and clustered standard errors and is tested using the T(G-2) distribution critical levels. The 

critical values for a two-tailed test using T distribution with 28 degrees of freedom are 1.70 at 10%, 2.048 

at 5% and 2.763 at 1%. The coefficients still remain significant at these levels. 
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Even after controlling for these with an interaction of dummies for mother’s birth year 

(cohort) with child’s year of birth, the magnitude of the coefficient remains around 0.7 

percentage points statistically significant.
29

 

The absolute value of coefficient remains between 7.9 to 6.9 reductions in infant deaths 

per 1000 live births, as we move across specifications. Thus, the results are robust to 

various specifications. Mother fixed effects controls for factors like maternal ability to 

raise kids, genetic traits, household environment, parental education, place of residence 

etc. On carrying out mother fixed effects analysis of AGOA on neonatal mortality in 

column (7), a significant negative effect is found. Neonatal deaths reduce by 4.5 deaths 

per 1000, which is about 12% of the sample mean. Hence, about half of the reduction in 

infant deaths is coming via a decrease in neonatal deaths. 

The magnitude of the estimated effect is economically significant effects as well. 

Exposure to AGOA reduces infant mortality by 0.7 percentage points which is 9% of the 

sample mean and decreases deaths before age of one month by 0.4 percentage points, 

which is 12% of the sample mean. For comparison, the effect of Progresa, a conditional 

cash transfer program in Mexico, is an 8% reduction in rural IMR (Barham, 2011). 

Comparing this with previous literature
30

, the effect is higher in absolute magnitude using 

mother FE than in the cross-country setting, with trade openness contributing to a 

reduction of around 7 infant deaths per 1000 births. 

                                                             
29

 On testing sex selection at birth, I do not find differences in probability of infant dying based on gender. 

Results are presented in Appendix Table 1.A7. 
30

 Levine and Rothman (2006) find that for an average country, a 15-percentage point increase in predicted 

trade as a share of GDP results in 4 fewer infant deaths per 1000 births. 
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It is crucial that it is AGOA which brings about the change in infant mortality and we are 

not wrongly attributing the effects of some other change to AGOA. For the estimates to 

be unbiased, the error should not be correlated with any of the covariates and outcomes, 

not only contemporaneously but also in leads and lags as the same mother gives birth. To 

corroborate this, a regression involving lags and lead periods for AGOA has been 

estimated.
31

  Figure 1.2 graphs the dynamics of infant mortality from 2 years before 

AGOA implementation to 4 years after it. It can be seen that change in infant mortality 

had been almost constant, not significantly different from zero in the two years before 

AGOA was implemented. There is a significant drop in infant mortality as compared to 3 

years before implementation of AGOA in year 1, year 3 and year 4 of the AGOA being 

implemented.  

1.5.3 Robustness to Time-variant Factors 

Table 1.5 controls for country level variables like log GDP per capita, Democratic 

regime, Openness, female education etc. in the mother FE specification with cohort-year 

FE. Since some benefits of AGOA were based on income threshold, especially for 

Apparel exports, it is imperative to control for changing GDP per capita levels for the 

countries since higher income countries may also display better health of children. GDP 

per capita data is obtained from PWT 7.0 and log of GDP per capita is used to run the 

regression with cohort year fixed effects in Table 1.5 (1). Infant mortality was observed 

to decrease with an increase in the GDP per capita (significant at 10% level), but even 

                                                             
31

 Point estimates are shown in Appendix Table 1.A2. 
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controlling for GDP per capita did not reduce the magnitude of the AGOA coefficient 

much nor remove statistical significance.  

Some studies find that democracy and political regime may affect child health 

(Kudamatsu, 2012). Since AGOA emphasized political stability, it was the politically 

stable countries which acquired and retained AGOA rights.
32

 It may also have served as 

an incentive to turn into a democratic country to acquire AGOA rights. Hence, 

democracy may have served as a pre-condition for getting AGOA benefits. The effect of 

democracy and political regime is controlled for by using the democracy-dictator data 

from Cheibub et al. (2010) which is an updated dataset based on Przeworski et al. (2000). 

They define democracy as: the executive is directly elected or indirectly elected via the 

legislature; the legislature is directly elected; there is more than one party; and the 

executive power alternates between different parties under the same electoral rule. If a 

country satisfies these conditions, the democracy indicator takes the value 1. In Table 1.5 

(2) controlling for democracy status of the country, does not change the magnitude of the 

coefficient much from the results in Table 1.4. Democracy tends to reduce infant 

mortality but the coefficient is not significantly different from zero at the conventional 

level. 

Sub-Saharan African countries have increasingly received Official Developmental 

Assistance (ODA) from developed countries to promote economic development. It may 

be the case that at the same time AGOA was introduced, the trade-related or other parts 
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 For example, Cote D’Ivoire was removed as an AGOA beneficiary due to not implementing a peace plan 

and Eritrea was removed after failing to bring about democratic reforms. 
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of ODA also increased. ODA is intended to provide assistance in development and hence 

will aid in infant mortality reduction. To ensure that the actual effects of AGOA are 

observed, ODA is included as a control variable in Table 1.4 (3). It may be argued that a 

country which already had trade routes open under GSP would have benefitted more 

from AGOA and hence its coefficient maybe capturing the effects of already increased 

trade flows. But controlling for openness from PWT 7.0 in Table 1.5 (4), it is observed 

that the coefficient is not significantly different from zero and the original coefficient on 

AGOA does not decrease in absolute value or significance.  

Countries with higher growth of human capital such as average years of education of 

females in a country may be benefitting more than others in attracting trade flows as well 

as decreasing infant mortality. Thus, data for the average years of schooling of females 

15 years or older is collated from Barro and Lee (2010) and there is a control for average 

years of female education of the country in Table 1.5 (5). The number of countries for 

which this data is available falls to 21. It is seen that the coefficient is not significantly 

different from zero and also the coefficient on treatment to AGOA does not change much 

and stays statistically significant. 

Commodity price fluctuations have contributed to improved incomes and growth in 

Africa over the last decade (Deaton, 1999). Changes in international commodity prices 

can work through changes in consumption and government expenditure, which results in 

changes in national output. Since sub-Saharan Africa relies a lot on primary exports and 

these are subject to volatility in commodity prices, it is necessary to separate the effects 
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of a commodity price boom from the effects of AGOA. Considering this finding, the 

commodity price index derived from PWT 8.0 in Table 1.5 (6) is controlled for but this 

does not decrease the magnitude of the coefficient on AGOA much. The coefficient on 

commodity price index is itself significant and tends to increase infant mortality. In Table 

1.5 (7), all the macro variables are controlled for and that also does not reduce the 

magnitude or significance of the variable in question. It confirms that the coefficient on 

AGOA is robust to controlling for some of the important country level time variant 

factors.
33

 

1.5.4 Heterogeneity in Effects 

AGOA may affect the recipient countries differentially based on their composition of 

exports at the country level. At the individual level, heterogeneity may exist based on 

characteristic of the mother and the household. I explore these in the following section. 

Table 1.6 columns (1)-(4), check for heterogeneity in effects based on mother’s place of 

residence, education, possession of assets and employment.
34

 The AGOA differentially 

decreases infant deaths for uneducated mothers more than educated mothers.
35

 AGOA 

also has a significant effect in reducing infant mortality for mothers living in rural areas, 

but not for those living in urban areas. AGOA seems to be effective in significantly 

                                                             
33 I also check for robustness to controlling for ODA since sub-Saharan African countries were highly 

dependent on foreign aid and these changed with time, the coefficient still remain significant and similar in 

magnitude. 
34

 The definitions of variables are elaborated in Data Section. 
35

 The coefficients are not significantly different from each other using an F-test for educated and 

uneducated mothers. Though, individual coefficients point towards more reduction in infant deaths for 

uneducated mothers. F-statistic for difference in coefficients is significant for rural and poor mothers vis-à-

vis urban and non-poor mothers. 
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reducing infant deaths for poor more than non-poor; negating the widely held notion that 

trade increases inequality. While interpreting these results, it should be kept in mind that 

data on asset variables is available at the time of survey. So, as long as mothers have not 

moved across wealth categories (moving within wealth categories does not pose a 

problem), these results are informative. AGOA seems to be affecting the more backward 

sections of the society, where there is a larger scope of reducing infant mortality. This is 

consistent with standard economic theory (Hecksher-Ohlin model) stating that gains of 

trade should flow to abundant factors, and in this developing country setting, unskilled 

labor (uneducated rural poor mothers) should benefit the most. 

One of the main channels through which AGOA may affect women is by affecting their 

employment. The women who are working should benefit more than women who have 

no gainful employment. The results in Table 1.6 column (4) show this. Moreover, among 

the employed,  women employed in agriculture and manual labor benefit the most since 

many of these countries were apparel, mineral or agriculture exporting countries. This 

can be seen in Table 1.7. The infant mortality for mothers employed in the agriculture 

and manual labor sector, falls significantly by around 1.2 percentage points while those 

involved in household and services do not show a significant decline with respect to the 

fall in infant mortality for unemployed women.   

AGOA may affect the recipient countries differentially based on their predominant 

commodity of export. I use the trade volumes data from the Office of the United States 

Trade Representative, by commodity classification, to determine the main commodity of 
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export at the 3-digit level. In Table 1.8, it is seen that countries producing and exporting 

agricultural products as well as mineral ores and petrol and metals gain the most from 

AGOA. These countries see a higher relative decline in infant mortality than others. On 

further disaggregation, the five countries with highest declines in infant mortality are 

Rwanda, Kenya, Lesotho, Tanzania and Zambia.
36

 These are also majorly agriculture, 

apparel or mineral exporting countries, which benefitted the most under AGOA. It has 

been argued that with Oil and Gas being the most valuable export to US with AGOA, it 

does not create long term benefits for the economy. The results are in line with this 

reasoning. In fact Table 1.A7 shows that oil exporting countries like Angola and Nigeria 

see an increase in infant deaths (although statistically insignificant in case of Angola). It 

may well then be that resource rich countries are not able to effectively harness the 

developmental gains from trade.  

Table 1.8 column (2) shows that low-income countries in sub-Saharan Africa experience 

a significant decline in infant mortality due to AGOA vis-à-vis the middle income 

countries. There are heterogeneous effects by predominant religion of the country. 

Predominantly Islamic countries experience a larger fall in infant mortality than 

predominantly Christian countries. Many of the Islamic countries are in West Africa, 

dealing with mineral and ore exports.
37

 In terms of regional heterogeneity, East Africa 

experience larger gains in infant deaths. Four out of the five nations in East Africa are 

                                                             
36

 The full set of results for country effects are shown in Appendix Table 1.A5. 
37

 Guinea, Niger, Sierra Leone are mineral exporters which saw a significant decline (refer Appendix Table 

1.A5) 
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predominantly agricultural exporters, which corroborates the previous finding. Even at 

the macro level, AGOA helps in levelling the disparities. 

The benefits and heterogeneity we see at the micro level are reflected in the country level 

heterogeneity analysis. The benefits to the poor and uneducated are consistent with low 

income countries and countries with agricultural product exports benefitting more than 

countries with predominantly oil exports. This is because countries with agricultural 

exports or mining must be employing unskilled labor which is depicted by greater 

benefits accruing to that section of the society. This is also reflected in the results 

showing larger falls in infant mortality accrue to women employed in the agriculture or 

manual labor. On the other hand, countries with predominantly oil and energy exports are 

not able to reap the benefits despite generating new revenues.  

1.6 Pathways 

Table 1.9 delves into finding the possible pathways through which the effects are 

operating at the macro level. Country level macro data from World Development 

Indicators and Penn World Table has been used for this analysis. Controlling for GDP per 

capita and health expenditure per capita at country level does not change the magnitude 

of the effect of AGOA on infant mortality much. The magnitude of the coefficient on 

AGOA does not change may be due to the use of aggregate country-level data. The 

effects of AGOA on the country-level variables are hard to decompose since these 

variables are highly correlated with aggregate trends. Results suggest that increasing 

GDP per capita, health expenditure per capita and access to paved roads are important in 
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themselves in reducing infant mortality. Apart from income boost, AGOA possibly 

brings about changes in public and private health expenditures that are benefiting the 

individuals in those countries. AGOA does not seem to operate via increase in labor force 

participation rates as well as changing fertility.
38

 The pathway findings are similar to 

Levine and Rothman (2006).
39

 

Due to availability of micro level data, I can further verify at the household level if 

increase in income and increasing health expenditures after AGOA has been 

implemented contribute to this reduction in infant mortality. Families can increase 

investments in children’s health if income increases due to AGOA, thereby reducing 

infant mortality. Moreover, AGOA may directly affect the availability of health care 

interventions that are also known to affect the probability of infant survival, for instance 

tetanus toxoid injections to pregnant mothers, skilled delivery assistance, and access to 

piped water and toilets.
40

 AGOA may also affect the employment and distribution of 

employment in various sectors, thereby having an impact on infant mortality. Women 

working more as manual labor or managerial services may earn more or have better 

bargaining power affecting health of children than women staying at home.
41

  

                                                             
38

 Since the data from these data sources (World Bank and PWT) are sparse for some of the indicators, 

these results should be interpreted as more of a correlation than causation. 
39

 The authors find that trade predicts higher income, higher immunization rate, and larger public health 

expenditures. 
40

 Black et al (2003), Jones et al (2003) 
41

 Aguayo-Tellez et al (2010) show in the Mexican case of trade liberalization that employment of women 

increased and household bargaining power shifted in favor of women 
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DHS does not collect data retrospectively for other variables like possession of assets by 

the household and employment.
42

 These are collected only at the time of survey. 

Information on health care variables is available for live births for last five years. 

Therefore, mother fixed effects on a retrospective panel dataset created previously, can 

no longer be employed for this analysis. To gain more variation, a repeated cross-section 

sample of infants at each survey is created by collating data for various rounds of survey 

for each country. I have data on assets, employment and health care variables for 22 

countries, where DHS survey has been carried out more than once.
43

 Since mother fixed 

effects cannot be controlled for, I instead create ‘mother-cohorts’ defined by their year of 

birth, place of residence (country and urban/rural), and level of education (attended 

primary school or not). In the estimation of the effect of AGOA on change in health care 

services, assets of household and maternal labor force supply, I control for fixed effects 

by these mother cohort categories. 

Since tetanus toxoid injections are given to pregnant mothers, I estimate the effect of 

AGOA on probability of getting more tetanus toxoid injections if AGOA was present in 

the year when the mother was pregnant. Hence, the coefficient of interest is of Tc,t-1. For 

other healthcare variables like skilled delivery assistance, access to piped water and 

access to flush toilet, the treatment is the same as before as these help in reducing infant 

mortality after a child is born. The regressions control for birth year fixed effects, 

                                                             
42

 DHS does not have data on total income of the household. Instead it asks if the household possess certain 

assets at the time of survey. Accordingly I define a household as poor if it possesses no assets at the time of 

survey. 
43

 I drop Angola MIS surveys, which do not have data on the required variables and Burundi and Guinea do 

not have data on employment at time of survey. For more details of surveys used, see Appendix A4. 
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multiple births, gender, birth order and mother cohort characteristics fixed effects. The 

standard errors are clustered at the country level. 

Table 1.10 shows the results for healthcare and sanitation. The evidence suggests that 

mothers are more likely to get immunization and get a skilled delivery birth attendant for 

their deliveries after AGOA. This may be brought about by increased availability of 

infrastructure or by behavioral changes in mothers due to perception of giving birth in 

better times. In this sense, if trade shock is considered a positive income boost (or an 

upturn), health seeking behavior of mother changes according to the environment.
44

 The 

significant increase in health care access also points to the fact that we observe a big 

decline in neonatal mortality. On the other hand, the access to flush toilets and piped 

drinking water decreases after AGOA. The increase in health care expenditure per capita 

at the macro level indicates better access to health care facilities rather than improving 

infrastructure at homes. 

Maternal labor supply is likely to change after AGOA as the policy changes the 

opportunities available for women. After AGOA, more women are likely to be working 

in apparel or mineral and ores sector as manual labor since AGOA increased labor 

opportunities in those export sectors. This is reflected in the results presented in Table 

1.11. After AGOA, the probability of a woman working in agriculture decreases while 

probability of work in manual labor and managerial services increases. It is documented 

that children of mothers in agricultural work are more likely to contract diseases and less 

likely to be treated in downturns (Bhalotra, 2010). This shift away from agricultural work 

                                                             
44

 Paxson and Schady (2005) point out cyclicality in health seeking due to income cycle. 
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into manual labor and managerial services, points towards a benefit in terms of reduced 

infant deaths. 

AGOA also affects possession of assets by women. Since data on wealth index is not 

available for all surveys, I instead create an indicator for being poor as mother not 

owning any assets. Though it is not clear why some assets increase while others decrease 

after AGOA, results suggest a decrease in probability of being “poor” by 6.3 percentage 

points in Table 1.12. AGOA seems to be increasing affluence of mothers and hence help 

in decreasing infant deaths. Due to non-availability of data on consumption and food 

intake, I cannot estimate the effect of AGOA on that channel. But, since AGOA mainly 

increased exports, a greater increase in availability of food or decrease in consumer prices 

across the country via increased imports do not seem to be plausible channels in this case. 

1.7 Robustness Checks 

One concern in this analysis may be that AGOA may have affected fertility differently so 

that mothers who gave birth in those years in AGOA countries are not the same as the 

mothers who gave birth in the same year in non-AGOA countries. This may also differ by 

socio-economic status of women. To test this, I calculate the percentage of women of 

socio-economic status z giving birth in each country-cohort in year t by creating a panel 

for women aged 15 to 49 years of age.
45

 The regression estimates the effect of AGOA on 

this fertility indicator. To account for changes in maternal age by year of child birth, 

                                                             
45

 Fertility(Z) = number of births(Z)/total number of women(Z)*100 where Z refers to socio-economic type 

of woman being uneducated, poor or rural. The types are segregated as there is evidence of these types of 

women systematically differing in their fertility/mortality behavior (Paxson and Schady, 2005). 
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differing by ‘type’ of woman, the regression controls for cohort-year-type fixed effects. 

These regressions also control for effect of birth cohort of women on fertility differing by 

country and ‘type’ using cohort-country-type fixed effects. The results, presented in 

Table 1.13, show that the coefficients are not significantly different from zero. Fertility 

selection bias does not seem to be a major concern in the estimations. 

Placebo tests by allocating fake timing of AGOA is also carried out to rule out spurious 

effects of policy change.
46

 I re-estimate the effect of AGOA on infant mortality by 

assuming that AGOA has been implemented 1 to 5 years before the actual 

implementation. The t-statistics for each of the regressions is plotted in Figure 1.6. I 

expect to observe no significant effect of the fake treatment. None of the t-statistics for 

the previous periods are significant at the standard levels.
47

 

To alleviate the concern that the results may be driven by one outlier country, Figure 1.5 

shows that the result is robust to dropping one country at a time implying that these are 

not driven by changes due to an outlier country.
48

 Also, since there are 30 countries and 

there may be country specific differences in birth order or mother’s age trend, Table 1.14 

controls additionally for country specific birth order dummy and country specific 

mother’s age quadratic trend. The magnitude and significance of the coefficient derived 

in the main specification is unchanged, implying that the result is robust to differing 

trends and decline among countries in birth order and mother’s age.  

                                                             
46

 I also carry out another test where I allocate AGOA treatment and year of the treatment to the countries 

in the sample, randomly from a uniform distribution. I do not find any significant results. Results are 

available on request. 
47

 Point estimates are in Appendix Table 1.A6. 
48

 Point estimates are shown in Appendix Table 1.A3. 
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There may be concerns about whether it is the pre-conditions that are required for a sub-

Saharan African country to become AGOA eligible that is bringing about the change or it 

is implementation of AGOA and the changes in government policies thereafter which is 

helping in reducing infant mortality. This has been addressed in Figure 1.4. If it were the 

pre-conditions that were making infant mortality fall then we would have seen the drop 

even before AGOA was implemented; which is not the case. As an additional check I 

divide the group of countries into two – one who got AGOA status in 2001 and in the 

other group those who got later. It may be argued that countries who got the AGOA 

status in 2001, were already “ready” while those which got later, needed to work on pre-

requisites to get themselves an AGOA Beneficiary status. Hence, the estimates for the 

latter group should be bigger and significant if in fact it is the preconditions which lead to 

a fall in infant deaths. Table 1.15 (1) shows the results. It is observed that the group of 

countries which got AGOA status later does not significantly do better than those 

countries which got their AGOA status earlier in 2001 and in fact the group of countries 

which got the status earlier is more effective in decreasing infant mortality. 

I run additional robustness tests to include different cut offs for dropping the sample 

based on various year of birth of kids in Table 1.15 (2). The result is robust to using 

different years as cut offs on both ends. There may exist bunching of deaths at 12 months 

in the data in DHS. To account for this, I redefine the infant mortality variable to include 

children who died at 12 months as well. The results are presented in Table 1.15 (4). This 

does not change the effect of AGOA on infant mortality and the effect is still statistically 

significant with a fall in 0.8 percentage points in infant mortality. 
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Lastly, I re-estimate the models using different definitions for treatment to AGOA. In my 

first specification in Table 1.15 (3), a model is estimated where in instead of choosing an 

indicator variable to indicate the presence of AGOA policy, percentage change in trade 

volumes interacted with an indicator of the country becoming AGOA eligible, is used as 

the independent variable. Table 1.15 (3) indicates that the coefficient is still negative and 

significant. A 1% increase in percentage in trade volumes in AGOA affected countries 

decreases the probability of an infant dying by 0.0014 percentage points. With year-to-

year increases about 100% for some countries, this means it decreases the probability of 

infant dying by 0.14 percentage points. But, as pointed out earlier, it should be kept in 

mind that trade volumes in fact embody different aspects of an economy which may 

correlate with infant mortality and hence may not provide the best estimate. 

It could be argued that countries which got treated with AGOA earlier in 2001 are 

different from countries which got AGOA later and hence a treatment variable is defined 

such that it takes the intensity of treatment into account. In Table 1.15 (3), I redefine the 

treatment variable such that it differs by number of years exposed to AGOA. The 

countries which got AGOA earlier in 2001 get a value 2 for treatment while those which 

got AGOA after 2001, get a value of 1. The never treated countries in the sample get a 

value of zero. The resulting coefficient remains statistically significant at about 0.4 

percentage points fall in infant deaths. This fall in magnitude could be due to the 

heterogeneity in fall in infant mortality for those countries which got AGOA in 2001 vis-

à-vis later.  
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1.8 Conclusion 

The empirical study of the effect of trade on development has been limited, and in many 

cases confounding.  By creating a micro panel dataset for 30 sub-Saharan African 

countries in DHS, this study is able to better control for confounding factors at the 

country and mother level like poor institutions, macroeconomic instability, geography 

etc. and hence is able to derive a causal estimate of trade on infant mortality. The 

reduced-form results indicate trade policy has a positive developmental effect on the 

population in terms of reducing probability of infant and neonatal deaths. It should be 

noted that this does not imply that the trade policy leads to overall decrease in infant 

mortality rates; rather it changes the household experience of child death.  

I also find evidence of differential benefits to different sections of the population. AGOA 

reduces infant death significantly for the uneducated and rural mothers. This may be 

happening because uneducated rural mothers provide cheap labor which is employed 

with the job creation that comes with trade openness. In this sense, trade closes the gap 

between the groups. At the country level, countries with predominantly agricultural 

exports benefit more than others and so do low-income countries. Some oil and gas 

exporting countries see an increase in infant deaths after the policy. 

The fall in infant deaths accrues via a change in response to AGOA by mothers by 

increasing maternal labor supply in non-agricultural sectors and increased health seeking 

behavior. The results also indicate the presence of income channel in decreasing infant 

deaths as AGOA decreases the probability of being “poor”. The decrease in infant and 



39 
 

neonatal deaths is observed immediately after AGOA is implemented. The increased 

health seeking behavior of mother could bring about immediate changes in neonatal 

mortality. The improved health seeking behavior of the women could be attributed to 

increase in relative bargaining power for women due to increased income (Aguayo-Tellez 

et al., 2010) or realignment of preferences due to changing environment (Paxson and 

Schady, 2005). 

This study emphasizes that macroeconomic policies could have a positive causal effect 

on microeconomic development outcomes like health. With such a large policy change, 

which affects so many countries, it is difficult to simulate this experience through a 

randomized control trial. Even in a non-randomized setting, this analysis derives a clean 

estimate of the effect of trade policy on health outcomes and behavior using the variation 

of implementation in AGOA. It is important to develop a macro-micro synthesis and 

study the relationship between health and macroeconomic outcomes as this 

underdeveloped route will open up new channels of effective policy intervention which 

would help harness all the benefits that any macroeconomic policy may have on society’s 

welfare.  
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Figures 

Figure 1.1: Infant Deaths for AGOA and not-AGOA eligible countries 

 

Note: This graph plots the sample infant mortality rates for countries affected by AGOA by 2001, countries 

affected by AGOA after 2001 and never affected by AGOA countries, by year of child birth. The countries 

affected by AGOA by 2001 are – Benin, Cameroon, Chad, Congo, Ethiopia, Ghana, Guinea, Kenya, 

Lesotho, Madagascar, Malawi, Mali, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and 

Principe, Senegal, Swaziland, Tanzania, and Zambia. Countries which received AGOA benefits after 2001 

are – Angola, Burkina Faso, Burundi, Cote D’Ivoire, Democratic Republic of Congo, Liberia and Sierra 

Leone. Zimbabwe has never been an AGOA beneficiary.  
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Figure 1.2: Trade Volumes between US and sub-Saharan Africa 

 

 

 

 

 

 

 

Note: This graph has been plotted using the data from International Trade Administration, U.S. Department 

of Commerce. It depicts the total exports and imports between US and all the sub-Saharan African 

countries from 1990-2011. The solid black line represents the imports into US from sub-Saharan Africa 

while the dotted line represents the exports from US to sub-Saharan Africa. It is observed that both exports 

and imports from sub-Saharan Africa increase dramatically after 2001. A more distinct increase in exports 

from sub-Saharan Africa to US is observed. 
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Figure 1.3: Event-Time Study  

 

Note: These are the θj estimates plotted from estimating this equation:  

Deathimct= αc + βt + ∑ 𝜃4
𝑗=−4 jTc,t+j  + Xi’δ +  εimct  

Death takes the value of infant mortality of neonatal mortality. The sample is restricted to treated countries. 

The solid line at zero indicates the year of announcement of AGOA. The control variables are whether born 

in multiple birth, birth order, birth month, mother’s age at birth, mother’s education, place of residence, 

asset index.  Both the specifications control for year and country fixed effects.  
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Figure 1.4: Dynamics of Infant Mortality 

 

Note: The solid black line depicts the change in infant mortality compared to 3 years before 

implementation of AGOA controlling for mother fixed effects, cohort-year fixed effects, country specific 

linear trends, sex of child, whether born in multiple birth, birth order and birth month. Year 0 is the year of 

implementation of AGOA, such that the countries have been at least partially affected by AGOA in that 

year. The dotted lines represent the 95% confidence interval with standard errors clustered at the country 

level. The point estimates for 1, 3 and 4 years after being affected by AGOA are significant at least at 90% 

significance level. The point estimates are provided in Appendix Table 1.A2. 

 

 

 

 

 

 

-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

-2 -1 0 1 2 3 4

Dynamics of Infant Mortality 

P
o

in
t 

e
st

im
at

e
s 

o
f 

ch
an

ge
 in

 in
fa

n
t 

m
o

rt
al

it
y 

Years of being affected by AGOA 



50 
 

Figure 1.5: Robustness Check – Dropping one country at a time 

 

Note: In each of the separate regressions, one of the countries is dropped at a time in alphabetical order. 

The graph depicts the point estimates of the effect of treatment on infant mortality controlling for sex of 

child, whether born in multiple birth, birth order, birth month, mother fixed effects, country specific linear 

trends, mother’s cohort by child birth year FE. Standard errors are clustered at country level. All the 

estimates are significant at least at 5% significance level. The point estimates are provided in Appendix 

Table 1.A3.  
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Figure 1.6: Placebo Test – t-statistics for effect of policy change   

 

Note: In each of the separate regressions, the effect of AGOA is estimated at false policy timings. The 

graph depicts the t-statistic of the effect of “policy change” on infant mortality controlling for sex of child, 

whether born in multiple birth, birth order, birth month, mother’s age, year of birth fixed effects, mother 

fixed effects, and country specific linear trends. None of the years before the actual policy change give 

statistically significant results. The point estimates are provided in Appendix Table 1.A6.  
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Tables 

Table 1.1: Summary Statistics – Child Variables  

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

 
All 

Before 

AGOA 

After 

AGOA 
Non-AGOA T-test 

Child Variables      

Infant Mortality 0.0815 0.089 0.065 0.089 9.57 

               Uneducated 

               N 

0.0939 

342382 

0.1016 

201754 

0.0719 

93566 

0.104 

47062 
8.34 

               Educated 

               N 

0.0691 

343693 

0.075 

174889 

0.059 

124351 

0.074 

44453 
4.26 

               Poor 

               N 

0.0902 

300418 

0.101 

161300 

0.069 

97069 

0.098 

42049 
6.42 

               Non-Poor 

               N 

0.0747 

385675 

0.081 

215353 

0.061 

120856 

0.082 

49466 
6.53 

               Rural 

               N 

0.0866 

501284 

0.096 

272892 

0.067 

163277 

0.095 

65115 
8.27 

               Urban 

               N 

0.0677 

184809 

0.071 

103761 

0.057 

54648 

0.076 

26400 
5.73 

Neonatal Mortality 0.038 0.041 0.032 0.040 3.40 

Female 0.492 0.492 0.493 0.492 -0.06 

Multiple Births 0.035 0.034 0.037 0.033 -2.45 

Birth Order 3.47 3.38 3.64 3.45 -1.96 

Month of birth 6.15 6.10 6.23 6.07 -7.03 

Mother’s age at birth(20-

29yrs) 
0.50 0.499 0.483 0.49 -6.43 

Mother’s age at birth(30-

39yrs) 
0.24 0.23 0.26 0.24 -1.16 

Mother’s age at birth(40-

49yrs) 
0.02 0.015 0.045 0.027 5.88 

N 686093 468168 217925 91515  

Note: Sample means of all child level variables are reported. Column (1) is for the whole sample with 

AGOA affected and non-affected countries. Columns (2) and (3) report the sample mean infant mortality 

before and after the implementation of AGOA in AGOA affected countries. Column (4) reports the sample 

mean in non-AGOA countries. Column (5) gives the t-statistic testing if the means are significantly 

different between AGOA and non-AGOA countries. N refers to the number of observations in each sample. 

Educated implies having attended any type of school and uneducated is defined as mother did not attend 

any school. Poor is defined by a wealth index as defined as poor or poorer vis-à-vis with mothers who are 

non-poor based on the wealth index being middle, richer or richest. Rural and Urban are defined by the 

place of residence of mother during the time of interview. Female is 1 if sex of child is female. Multiple 

birth is a dummy variable indicating if the child is born in a multiple birth. It is 0 for a single birth and 1 for 

twins, triplets or quadruplets. 
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Table 1.2: Mother Characteristics – Full Sample and 2+ Mothers 

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

 Full Sample 
AGOA Countries All 

mothers 

2+ Sample both 

before and after 

AGOA 

T-test 

 Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.  

Mother’s 

age at birth 
25.72 6.44 25.72 6.42 26.03 6.39 -23.7 

Mother’s 

Education 
0.501 0.499 0.503 0.499 0.478 0.499 24.78 

Mother’s 

wealth 

index 

2.86 1.402 2.86 1.39 2.77 1.38 35.92 

Mother’s 

Residence 

(Rural) 

0.73 0.444 0.73 0.442 0.77 0.422 -37.29 

N 

N (M.Educ) 

686093 

686075 
 

594578 

594560 
 

391425 

391414 
  

Note: Sample means and standard deviations are reported for different samples of mothers. N refers to the 

number of observations in each sample. Column (1) gives the mean and standard deviation for different 

mother characteristics for the whole sample with AGOA affected and non-affected countries. Column (2) 

reports the same for all mothers in AGOA affected countries. Column (3) reports the sample mean and 

standard deviation for mothers with two or more children giving birth before and after AGOA. All 

variables are categorical variables except mother’s age at birth. Column (4) provides a difference in means 

t-test between (2) and (3). 
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Table 1.3: Mean Infant and Neonatal Mortality for Sample of 2+ Mothers in AGOA 

Countries 

 (1) (2) 

 Both before and after AGOA Only before or after AGOA 

 Mean Std. Dev. Mean Std. Dev. 

Infant Mortality 

Before AGOA 

 

0.090 

 

0.286 

 

0.091 

 

0.286 

After AGOA 0.063 0.243 0.077 0.267 

     

Neonatal 

Mortality 

Before AGOA 

 

0.041 

 

0.198 

 

0.0436 

 

0.202 

After AGOA 0.029 0.168 0.0425 0.187 

     

N 391425  165098  

Before AGOA 247784  117811  

After AGOA 143641  47287  

Note: Sample mean is reported in the top row and number of live birth observations for AGOA affected 

countries in the bottom row. Column (1) gives the sample mean and standard deviation for infant and 

neonatal mortality for the sample of mothers giving birth both before and after AGOA. Column (2) reports 

the sample mean and standard deviation for mothers with two or more children either only before AGOA or 

after AGOA. N represents the number of live births. 
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Table 1.4: Effect of AGOA treatment on infant and neonatal mortality 

 Specification 1 Specification 2 

 (1)  (2) (3) (4)  (5) (6) (7) 

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Neonatal 

Mortality 

Treatment 
-0.0071 -0.0081*** -0.0071** -0.0079*** -0.0079*** -0.0069** -0.0046*** 

(0.0028) (0.0028) (0.0028) (0.0019) (0.0028) (0.0027) (0.0011) 

Explanatory 

Variables 
YES YES YES YES YES YES YES 

Country time 

trend 
NO YES YES YES YES YES YES 

Country FE YES YES NO NO YES NO NO 

Mother FE NO NO YES NO NO YES YES 

Cohort-year 

FE 
NO NO NO YES YES YES YES 

Number of 

countries 
30 30 30 30 30 30 30 

Number of 

mothers 
212738 212738 212738 212738 212738 212738 212738 

Observations 686093 686093 686093 686093 686093 686093 686093 

Note: Treatment is defined as 1 for a child born after AGOA has been implemented in an AGOA affected 

country. The other control variables included in the specifications are sex of child, whether born in multiple 

birth, year of birth, mother’s age at birth, birth order and birth month. Standard errors clustered at the 

country level are reported in brackets. Specification 2 allows for changing mother’s age at birth for 

different year of birth of child. Hence, controls for mother’s age and year of birth of child are subsumed in 

these specifications. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.5: Country-level time varying variables 

 (1)  (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant  

Mortality 

Infant  

Mortality 

Infant 

Mortality 

Treatment 
-0.0068** -0.0076*** -0.0082*** -0.0069** -0.0067* -0.009*** -0.0066** 

(0.0025) (0.0026) (0.0025) (0.0026) (0.0032) (0.0025) (0.0028) 

Log GDP 

per capita 

-0.0099* 

(0.0054) 
     

-0.0175* 

(0.0094) 

Democracy  
-0.0041 

(0.0029) 
    

-0.0043 

(0.0028) 

ODA   
0.00009 

(0.0001) 
   

-0.00003 

(0.00007) 

Openness    
-0.00002 

(0.00007) 
  

0.00009 

(0.00005) 

Female 

Education 
    

0.0029 

(0.0053) 
 

-0.001 

(0.0048) 

Commodity 

Price Index 
     

0.0327*** 

(0.0067) 

0.0311*** 

(0.0066) 

Number of 

countries 
30 30 29 30 21 29 21 

Number of 

mothers 
212738 209721 205420 212738 134952 206137 131959 

Observation

s 
686093 673646 655443 686093 410833 663838 394715 

 

Note: The regressions control for sex of child, whether born in multiple birth, birth order, birth month, 

mother fixed effects, country specific linear trends, mother’s cohort by child birth year FE. Standard errors 

clustered at country level are reported in brackets. Data for (1) and (4) taken from PWT 7.0, (2) is taken 

from Democracy-Dictatorship (DD) Data by Cheibub et al (2010), (3) Net Official Development 

Assistance received as a % of GNI is taken from World Bank Indicators, (5) from Barro and Lee (2010), 

and (6) from PWT 8.0. Number of observations and number of mothers varies depending on availability of 

country level control variable from different data sources. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.6: Heterogeneity across different types of mothers 

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

Dependent Variable Infant Mortality Infant Mortality Infant Mortality 
Infant 

Mortality 

Educated 
-0.0054* 

(0.0031) 
   

Uneducated 
-0.0082*** 

(0.0029) 
   

Rural  
-0.0085*** 

(0.0028) 
  

Urban  
-0.0018 

(0.0031) 
  

Poor   
-0.0102*** 

(0.0028) 
 

Non-Poor   
-0.0044 

(0.0029) 
 

Employed    
-0.0095*** 

(0.0028) 

Unemployed    
-0.0057 

(0.0038) 

F-Stat 
0.83 

(0.371) 

5.71 

(0.021) 

7.82 

(0.009) 

2.25 

(0.145) 

Number of 

Countries  
30 30 30 28 

Number  of mothers 212732 212738 212738 197632 

Observations 686075 686093 686093 632951 

Note: The control variables are sex of child, whether born in multiple birth, birth order, birth month, mother 

fixed effects, country specific linear trends, mother’s cohort by child birth year FE. Standard errors 

clustered at country level are reported in brackets.  The treatment is interacted with the type/characteristic 

of mothers to get the treatment effect on those types of mothers vis-à-vis all mothers of control group. 

Column (1) includes the effect on infant mortality for educated mothers where educated implies having 

attended any type of school and uneducated mothers, where uneducated is defined as mother did not attend 

any school. Column (2) assesses this heterogeneity between women living in rural areas and urban areas at 

the time of interview. Column (3) has effect on infant mortality for mothers having a wealth index as 

defined as poor or poorer vis-à-vis with mothers who are non-poor based on the wealth index being middle, 

richer or richest. Column (4) specifies the effect of infant mortality for mothers who are employed, where 

employment has been categorized into 9 categories – Professional and managerial, clerical, sales, 

Agricultural self-employed, Agricultural employee, household and domestic, services, skilled manual and 

unskilled manual. Unemployed is defined for a mother who is not working. Data for employment status is 

not available for mothers in Angola and Nigeria in the DHS survey used. F-stat and the corresponding p-

values for equality of coefficients are also reported. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 



58 
 

Table 1.7: Heterogeneity across different employment groupings for mothers 

 Treat Agriculture 
Manual 

Labor 

Managerial 

Services 

Household 

and 

Services 

Infant Mortality 
0.0063 

(0.0040) 

-0.0185*** 

(0.0035) 

-0.0155*** 

(0.0043) 

-0.0081*** 

(0.0026) 

-0.0022 

(0.0061) 

F-Stat 
3.16 

(0.041) 
    

Number of 

Countries  
28     

Number  of mothers 148006     

Observations 484754     

Note: The control variables are sex of child, whether born in multiple birth, birth order, birth month, mother 

fixed effects, country specific linear trends, mother’s cohort by child birth year FE. All the coefficients are 

derived from the same regression. Robust standard errors clustered at country level are reported in brackets. 

Employment is categorized into four major sectors: (1) Agriculture - if the mother is working either as 

Agricultural self-employed or Agricultural employee, (2) Manual Labor - if the mother is employed as 

skilled manual or unskilled manual, (3) Managerial - if the mother is employed as Professional and 

managerial, clerical or sales, and (4) Household and services - if the mother is working in household or 

domestic services or the services sector. F-stat and corresponding p-value for equality of coefficients on 

employment categories is reported. Omitted category is the unemployed mothers. Data for employment 

status is not available for mothers in Angola and Nigeria in the DHS survey used. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.8: Heterogeneity across different country groupings 

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

Dependent Variable Infant Mortality Infant Mortality Infant Mortality Infant Mortality 

Apparel 
-0.00023 

(0.0046) 
   

Oil 
0.00142 

(0.0034) 
   

Agricultural Products 
-0.0132*** 

(0.0031) 
   

Mineral and ore  
-0.0109** 

(0.0048) 
   

Others  
-0.00764 

(0.0057) 
   

Non-Islamic  
-0.0038 

(0.0026) 
  

Islamic  
-0.0107*** 

(0.0034) 
  

Low income countries   
-0.0094*** 

(0.0031) 
 

Middle income 

countries 
  

0.00012 

(0.0038) 
 

East    
-0.0181*** 

(0.0031) 

West    
-0.0064 

(0.0038) 

Central    
-0.0055 

(0.0043) 

South    
0.0006 

(0.0009) 

F-Stat 
4.40 

(0.0066) 

3.30 

(0.079) 

6.02 

(0.0204) 

20.21 

(0.00) 

Number of Countries  30 30 30 30 

Number of mothers 212738 212738 212738 212738 

Observations 686093 686093 686093 686093 

Note: The regressions control for sex of child, whether born in multiple birth, birth order, birth month, mother fixed 

effects, country specific linear trends, mother’s age and child birth year FE. Standard errors clustered at country level 

are reported in brackets. The treatment is interacted with the different country groupings to get the treatment effect on 

those groups of countries. Column (1) includes separate effect of being affected by AGOA based on their predominant 

commodity of export. Countries with high volume of apparel exports are Kenya, Lesotho, Madagascar, Namibia, 

Malawi and Swaziland. Countries having majorly oil and gas exports are Angola, Congo, Cameroon, Nigeria and 

Democratic Republic of Congo.  Countries which had highest share of agricultural products exports are Burkina Faso, 

Burundi, Rwanda, and Tanzania. Countries with major mineral and ore exports (includes petrol, coal, minerals and 

ores) were Guinea, Ghana, Niger, Sierra Leone, and Zambia. Products not being classified under these above categories 

have been labeled as “other exports”. These include Forestry, animal and wood products, electronics chemicals etc. The 

countries exporting these types of products are Benin, Chad, Mali, Sao Tome and Principe, and Senegal. The data for 

predominant commodity of export from these countries into US has been collected from Office of the United States 

Trade Representative. Column (2) assesses heterogeneity in reduction in infant mortality for countries based on their 

predominant religion. Data for predominant religion of each country has been collected from CIA World Factbook. 

Column (3) divides the 30 countries based on World Bank’s ranking of incomes into low and middle income countries. 

Column (4) analyzes the impact on the countries based on their geographic location in sub-Saharan Africa. F-stat and 

the corresponding p-values for equality of coefficients are also reported. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.9: Possible Macro Pathways 

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

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Treatment 
-0.0067** -0.0071** -0.0086*** -0.0087*** -0.0066** -0.0086*** 

(0.0025) (0.0025) (0.0026) (0.0026) (0.0027) (0.0029) 

Log GDP per 

capita 

-0.0099* 

(0.0054) 
     

Health 

expenditure 

per capita 

 
0.00010** 

(0.00004) 
    

Paved Roads 

Access 
  

-0.00043** 

(0.00016) 
   

Female LFPR    
-0.00032 

(0.0007) 
  

Inequality     
0.000028 

(0.00044) 
 

Fertility      
-0.00017 

(0.016) 

Number of 

countries 
30 29 29 29 27 29 

Number of 

mothers 
212738 194638 190014 206137 163946 206137 

Observations 686093 519738 593076 663838 526782 663838 

Note: The control variables are sex of child, whether born in multiple birth, birth order, birth month, mother 

fixed effects, country specific linear trends, mother’s cohort by child birth year FE. Standard errors 

clustered at country level are reported in brackets. Data for (1) is taken from PWT 7.0, (2), (3), (4) and (5) 

are taken from World Bank Development Indicators. Inequality is measured by Gini Index and varies from 

0 to 100 with 0 being perfect equality. Even though Gini Index numbers are available from World Bank, 

the data is sparse between years and therefore an interpolated Gini Index has been constructed as a measure 

of inequality.  Number of observations and number of mothers varies depending on availability of country 

level control variable from different data sources. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.10: Micro Pathways – Health Care and Sanitation 

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

Dependent 

Variable 
Tetanus Toxoid 

Delivery 

Assistance 
Piped Water Flush Toilets 

Treatment 
0.132*** 0.102*** -0.069** -0.008* 

(0.044) (0.032) (0.025) (0.0048) 

Number of 

countries 
22 22 22 22 

Observations 118784 121797 119705 119657 

Table 1.11: Micro Pathways – Maternal Labor Force  

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

Dependent 

Variable 
Agriculture 

Manual 

Labor 

Managerial 

Services 

Household 

and Services 
Not Working 

Treatment 
-0.149*** 0.095** 0.061* -0.009 -0.044 

(0.015) (0.037) (0.034) (0.019) (0.039) 

Number of 

countries 
22 22 22 22 22 

Observations 74478 74478 74478 74478 122053 

Table 1.12: Micro Pathways –Ownership of Assets 

 (1) (2) (3) (4) (5) (6) (6) (7) 

Dependent 

Variable 
Electricity Radio 

Refrigerat

or 
Bike TV Scooter Car Poor 

Treatment 
-0.055*** 0.078*** -0.024*** 0.041* -0.033** 0.051*** 0.001 -0.063*** 

(0.014) (0.017) (0.007) (0.019) (0.013) (0.009) (0.005) (0.014) 

Number of 

countries 
22 22 22 22 22 22 22 22 

Observation

s 
115771 119206 113511 119149 117053 117921 117869 119148 

Note: These estimates in Table 1.10, 1.11 and 1.12 are derived from a pooled sample of mothers in multiple 

surveys across 22 countries. The sample includes all babies, both living and dead, born within twelve 

months of survey date. For details on the surveys included, refer to Appendix Table 1.A4. The models 

control for sex of child, whether born in multiple births, birth order, country specific linear trends, mother’s 

age at birth, dummy for year and mother group fixed effects. Standard errors clustered at country level are 

reported in brackets. For definition on employment categories, see notes in Table 1.7. Description of how 

health care and sanitation variables are created and definition of mother group is described in Section 6. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.13: Fertility Selection Effect  

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

 
Fertility 

(All) 

Fertility 

(Uneducated) 

Fertility 

(Poor) 

Fertility 

(Rural) 

AGOA 
-1.242 

(1.07) 

-0.567 

(0.981) 

-1.261 

(1.07) 

-1.252 

(1.135) 

AGOA*Woman’s 

type 
 

-0.265 

(0.712) 

0.338 

(0.839) 

-0.101 

(1.04) 

F-stat  
0.39 

[0.54] 

0.5 

[0.48] 

1.18 

[0.29] 

Number of Countries  30 30 30 30 

Observations 19250 38199 38290 38325 

Note: The dependent variable is percentage of (‘type’ of) women giving birth. Woman’s type is a dummy 

variable referring to if the woman is uneducated, poor or rural. For definitions of these, check notes in 

Table 1.1.  (1) refers to all types of women, (2) to uneducated women, (3) to poor women and (4) to rural 

women. Standard errors clustered at the country level are reported in brackets. F-test reports F-statistics and 

its associated p-values in brackets for the null that the sum of coefficients on AGOA and on its interaction 

term with Woman’s type is zero. All regressions control for country by woman’s birth cohort fixed effects 

and year of giving birth by woman’s birth cohort fixed effects which are also allowed to differ by woman’s 

type. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.14: Robustness Checks  

Note: The other control variables included in the specifications are sex of child, whether born in multiple 

birth, year of birth, mother’s age at birth, birth order and birth month. Standard errors clustered at the 

country level are reported in brackets. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 

 

 

 

 

 

 

 

 

 

 

 

 (1)  (2) 

Dependent Variable Infant Mortality Infant Mortality 

Specification Country Specific Birth Order 
Country Specific mother’s 

age quadratic trends 

Treatment 
-0.00688** -0.00681** 

(0.0025) (0.0026) 

Explanatory Variables YES YES 

Country time trend YES YES 

Country Specific Birth Order 

Dummy 
YES YES 

Country specific mother’s age 

quadratic trend 
NO YES 

Mother FE YES YES 

Cohort-year FE YES YES 

Number of countries 30 30 

Number of mothers 212738 212738 

Observations 686093 686093 
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Table 1.15: Effect of AGOA on different specifications 

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

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Sample 
AGOA in 

2001 

AGOA 

after 

2001 

YOB 

cutoff = 

1991 

1993< 

YOB< 

2008 

% change 

in trade 

volumes 

Intensity 

of 

treatment 

Including 

death at 12 

months 

Treatment 
-0.0163*** -0.0029 -0.0070** -0.0082*** -0.000014** -0.0041** -0.0085*** 

(0.0039) (0.0065) (0.0028) (0.0028) (0.0027) (0.0019) (0.0030) 

Explanator

y Variables 
YES YES YES YES YES YES YES 

Country 

time trend 
YES YES YES YES YES YES YES 

Mother FE YES YES YES YES YES YES YES 

Cohort 

Year FE 
NO NO NO NO NO NO NO 

Number of 

countries 
25 10 30 30 30 30 30 

Number of 

mothers 
176295 69667 209970 197072 209970 212738 212738 

Observatio

ns 
559498 218110 635844 536137 635844 686093 686093 

Note: YOB stands for year of birth. The covariates are sex of child, whether born in multiple birth, birth 

order, birth month, mother’s age, birth year. Standard errors clustered at country level are reported in 

brackets. (1) includes effect of trade on infant mortality in AGOA affected countries vis-à-vis no-AGOA 

countries, where AGOA was implemented in 2001 in column 1 vis-à-vis those nations where AGOA was 

implemented after 2001. (2) includes robustness check for birth year cut off for children in sample. (3) 

redefines the independent variable to percentage change in trade volumes from previous year for AGOA vs 

non-AGOA countries and another definition of treatment, with treatment taking the value 2 for AGOA 

affected countries in 2001, 1 for countries getting AGOA after 2001 and 0 for not being AGOA affected in 

the sample. (4) redefines the dependent variable to include deaths at 12 months as well.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Appendix 

Figure 1.A1: Map of AGOA eligible and not AGOA-eligible countries 
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Figure 1.A2(a): Sample mean infant mortality rates by country for AGOA affected 

countries overtime, 1990 onwards 

 



67 
 

 

Figure 1.A2(b): Sample mean infant mortality rates by country for AGOA affected 

countries overtime, 1990 onwards 
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Table 1.A1: List of 30 countries in sub-Saharan Africa used in the study, 

categorized by AGOA Eligibility, year made AGOA eligible, DHS survey used and 

sample period of births 

Sub-Saharan Africa 
AGOA 

Eligible 
Year made AGOA Eligible 

DHS 

used 
Sample period 

Angola Y December 30, 2003 2011 1990-2010 

Benin Y October 2, 2000 2006 1990-2005 

Burkina Faso Y December 10, 2004 2010 1990-2009 

Burundi Y January 1, 2006 2010 1990-2010 

Cameroon Y October 2, 2000 2011 1990-2010 

Chad Y October 2, 2000 2004 1990-2003 

Republic of the Congo Y October 2, 2000 2005 1990-2004 

Democratic Republic of the Congo Y October 31, 2003 – Suspended 2011 2007 1990-2006 

Cote d'Ivoire Y 
 2003 – Suspended 2005; restored 

2011 
2005 1990-2003 

Ethiopia Y October 2, 2000 2011 1990-2002 

Ghana Y October 2, 2000 2008 1990-2007 

Guinea Y 2000- Suspended 2009; restored 2011 2005 1990-2004 

Kenya Y October 2, 2000 
2008-

09 
1990-2008 

Lesotho Y October 2, 2000 2009 1990-2009 

Liberia Y December 29, 2006 2007 1990-2006 

Madagascar Y 2000-Suspended 2009; restored 2014 
2008-

09 
1990-2008 

Malawi Y October 2, 2000 2010 1990-2009 

Mali Y 
2000 – Suspended 2012; restored 

2014 
2006 1990-2005 

Mozambique Y October 2, 2000 2003 1990-2002 

Namibia Y October 2, 2000 
2006-

07 
1990-2006 

Niger Y 2000-Suspended 2009; restored 2011 2006 1990-2005 

Nigeria Y October 2, 2000 2010 1990-2009 

Rwanda Y October 2, 2000 2010 1990-2009 

Sao Tome and Principe Y October 2, 2000 
2008-

09 
1990-2008 

Senegal Y October 2, 2000 
2010-

11 
1990-2010 

Sierra Leone Y October 23, 2002 2008 1990-2007 

Swaziland Y October 2, 2000 
2006-

07 
1990-2006 

Tanzania Y October 2, 2000 2010 1990-2009 

Zambia Y October 2, 2000 2007 1990-2006 

Zimbabwe N  Non-AGOA 
2010-

11 
1990-2009 

Note: Since Liberia has sample size till 2006 and AGOA was implemented in 2006 for the country, it 

effectively in the sample behaves as not being AGOA affected. Similarly for Cote d’Ivoire, Ethiopia and 

Mozambique, since I merge the last year data with previous year due to few data points in the final year, 

these countries effectively behave as not affected by AGOA. 
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Table 1.A2: Point estimates for Dynamics of infant mortality 

 Pre 2 Pre 1 Pre 0 Post1 Post2 Post3 Post 4 

Infant  -0.0007 0.0008 -0.0026 -0.0067** -0.0043 -0.0087* -0.006** 

Mortality (0.0037) (0.0036) (0.0050) (0.0032) (0.0039) (0.0043) (0.0024) 

F-test 
0.15 

[0.924] 
      

Number of 

countries 
30       

Number of 

mothers 
212738       

Observations 686093       

Note: The explanatory variables included in the specifications are sex of child, whether born in multiple 

birth, birth order, birth month, mother’s age, country specific linear trends, year fixed effects and mother 

fixed effects. Standard errors clustered at country level are reported in brackets. F-test is for the coefficients 

on years before AGOA implementation are all zero.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.A3: Robustness Check – Dropping one country at a time 

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant  

Mortality 

Infant  

Mortality 

Infant 

Mortality 

 (1)Angola (2)Benin 
(3) Burkina 

Faso 
(4)Burundi 

(5)Came-

roon 
(6)Chad (7)Congo 

Treatment 
-0.00761** -0.00737** -0.00732** -0.00613* -0.0077** -0.00859*** -0.0068** 

(0.0029) (0.0026) (0.0025) (0.0032) (0.0031) (0.0027) (0.0026) 

 
(8)Congo, 

Dem. 

(9)Cote 

d'Ivoire 
(10)Ethiopia (11)Ghana (12)Guinea (13)Kenya 

(14)Les-

otho 

Treatment 
-0.00849*** 

(0.0026) 

-0.00648** 

(0.0026) 

-0.00686** 

(0.0026) 

-0.00703** 

(0.0026) 

-0.00681** 

(0.0026) 

-0.00664** 

(0.0026) 

-0.00677** 

(0.0026) 

 (15)Liberia 
(16)Madag-

ascar 
(17)Malawi (18) Mali 

(19)Mozam-

bique 
(20)Namibia (21)Niger 

Treatment 
-0.00665** 
(0.0027) 

-0.00733** 
(0.0027) 

-0.00713** 
(0.0028) 

-0.00653** 
(0.0026) 

-0.00667** 
(0.0026) 

-0.00682** 
(0.0026) 

-0.00688** 
(0.0026) 

 (22)Nigeria (23)Rwanda 

(24)Sao 

Tome & 

Principe 

(25)Senegal 
(26)Sierra 

Leone 

(27)Swazi-

land 

(28)Tanz-

ania 

Treatment 
-0.00737*** 
(0.0026) 

-0.00688** 
(0.0026) 

-0.00698** 
(0.0026) 

-0.00748*** 
(0.0026) 

-0.00597** 
(0.0025) 

-0.00715** 
(0.0026) 

-0.00654** 
(0.0026) 

 (29)Zambia 
(30)Zimba-

bwe 
     

Treatment 
-0.00677** 
(0.0026) 

-0.00616** 
(0.0025) 

     

Note: The explanatory variables included in the specifications are sex of child, whether born in multiple 

birth, birth order, birth month, mother fixed effects, country specific linear trends, mother’s cohort by child 

birth year FE. Standard errors clustered at country level are reported in brackets. In each of the separate 

regressions, one of the countries is dropped at a time in alphabetical order. 

 

 

  



71 
 

Table 1.A4: List of countries and surveys used in Pathway Analysis 

Sub-Saharan Africa 
Year made AGOA 

Eligible 

Infant 

mortality 

DHS used 

Pathway Analysis 

DHS Used 

Angola 2003 2011 No data for employment - dropped 

Benin 2000 2006 1996, 2001, 2006 

Burkina Faso 2004 2010 1993, 1998-99, 2003, 2010 

Burundi 2006 2010 No employment data - dropped 

Cameroon 2000 2011 1991, 1998, 2004, 2011 

Chad 2000 2004 1996-97, 2004 

Republic of the Congo 2000 2005 2005, 2011-12 

Democratic Republic of 

the Congo 
2003 2007 Two surveys not available - dropped 

Cote d'Ivoire 
2003 – Suspended 

2005; restored 2011 
2005 

1994, 2011-12 (1998/2005 do not have 

data on toxoid injections) 

Ethiopia 2000 2011 2000, 2005, 2011 

Ghana 2000 2008 1993, 1998, 2003, 2008 

Guinea 
2000- Suspended 

2009; restored 2011 
2005 No employment data - dropped 

Kenya 2000 2008-09 1993, 1998, 2003, 2008-09 

Lesotho 2000 2009 2004, 2009 

Liberia 2006 2007 
No employment data for 2 rounds of 

survey - dropped 

Madagascar 
2000-Suspended 

2009; restored 2014 
2008-09 1992, 1997, 2003-04, 2008-09 

Malawi 2000 2010 1992, 2000, 2004, 2010 

Mali 
2000 – Suspended 

2012; restored 2014 
2006 1995-96, 2001, 2006 

Mozambique 2000 2003 1997, 2003, 2011 

Namibia 2000 2006-07 1992, 2000, 2006-07 

Niger 
2000-Suspended 

2009; restored 2011 
2006 1992, 1998, 2006 

Nigeria 2000 2010 1990, 1999, 2008 (2010 is MIS Data) 

Rwanda 2000 2010 1992, 2000, 2005, 2010 

Sao Tome and Principe 2000 2008-09 Two surveys not available - dropped 

Senegal 2000 2010-11 1992-93, 1997, 2005, 2010-11 

Sierra Leone 2002 2008 Two surveys not available - dropped 

Swaziland 2000 2006-07 Two surveys not available - dropped 

Tanzania 2000 2010 1991-92, 1996, 1999, 2010 

Zambia 2000 2007 1992, 1996, 2001-02, 2007 

Zimbabwe Non-AGOA 2010-11 1994, 1999, 2005-06, 2010-11 

Note: Later survey has been included in the pathway analysis, if a newer survey is available at the time of 

the analysis, than the infant mortality analysis. The surveys needed to have information on health care 

variables, maternal employment and possession of assets to be included in the analysis. 
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Table 1.A5: Effect of AGOA on infant mortality by year and country 

Time effects: 

 2002 2003 2004 2005 2006 2007 2008 2009 

Infant  -0.0059 -0.0069** -0.0118 -0.0028 0.0028 -0.0084** -0.014*** -0.0104* 

Mortality (0.0042) (0.0030) (0.0073) (0.0102) (0.0082) (0.0034) (0.0048) (0.0061) 

Number of 

countries 
30        

Number of 

mothers 
212738        

Observa-

tions 
686093        

Note: These are estimates of AGOA interacted with the year dummies for each AGOA year. The 

explanatory variables included in the specifications are sex of child, whether born in multiple birth, birth 

order, birth month, mother’s age at birth, country time trend and mother fixed effects. Standard errors 

clustered at country level are reported in brackets. 

 *** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 

 

Country effects: 

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant  

Mortality 

Infant  

Mortality 

 (1)Angola (2)Benin 
(3)Burkina 

Faso 
(4)Burundi (5)Cameroon (6)Chad 

Treatment 
0.0043 -0.0022 -0.0068** -0.0148*** 0.0029 -0.0089* 

(0.0026) (0.0043) (0.0027) (0.0024) (0.0044) (0.0044) 

 (7)Congo 
(8)Congo, 

Dem. 
(11)Ghana (12)Guinea (13)Kenya (14)Lesotho 

Treatment 
-0.0154*** 

(0.0037) 

-0.0019 

(0.0033) 

0.0175*** 

(0.0045) 

-0.0157*** 

(0.0039) 

-0.0217*** 

(0.0043) 

0.0179*** 

(0.0044) 

 
(16)Mada-

gascar 
(17)Malawi (18) Mali (20)Namibia (21)Niger (22)Nigeria 

Treatment 
0.0026 

(0.0044) 

-0.00073 

(0.0043) 

-0.0209*** 

(0.0042) 

-0.00668 

(0.0044) 

-0.0104** 

(0.0042) 

0.00858* 

(0.0044) 

 (23)Rwanda 

(24)Sao 

Tome & 

Principe 

(25)Senegal 
(26)Sierra 

Leone 

(27)Swazi-

land 
(28)Tanzania 

Treatment 
-0.0223*** 

(0.0043) 

0.0057 

(0.0045) 

-0.0037 

(0.0044) 

-0.0175*** 

(0.0030) 

0.0072 

(0.0043) 

-0.0176*** 

(0.0044) 

 (29)Zambia      

Treatment 
-0.0186*** 

(0.0044) 
     

Note: These are estimates of AGOA interacted with the country dummies for each 25 AGOA affected 

country in the sample. The explanatory variables included in the specifications are sex of child, whether 

born in multiple birth, birth order, birth month, mother’s age at birth, country time trend and mother fixed 

effects. Standard errors clustered at country level are reported in brackets. 

 *** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.A6: Placebo test – False timing of AGOA   

 
5 years 

before  

4 years 

before 

3 years 

before 

2 years 

before 

1 year 

before 
Actual 

Infant  0.006 0.0030 0.0032 -0.0004 -0.0023 -0.0071** 

Mortality (1.58) (0.69) (0.70) (-0.11) (-0.68) (-2.53) 

Number of 

countries 
30      

Number of 

mothers 
212738      

Observations 686093      

Note: Each cell represents a different regression. The explanatory variables included in the specifications 

are sex of child, whether born in multiple birth, birth order, birth month, mother’s age, country specific 

linear trends, year fixed effects and mother fixed effects. Standard errors are clustered at country level. 

Resulting t-statistics are reported in brackets. These are placebo test run to test if there are false effects of 

AGOA on infant mortality before AGOA has been actually implemented.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 

 

Table 1.A7: Heterogeneity in effects by child’s gender 

 (1) (2) (3) 

Dependent Variable Infant Mortality Infant Mortality Infant Mortality 

AGOA 
-0.0072** 

(0.0028) 

-0.0062** 

(0.0026) 

-0.0062** 

(0.0025) 

AGOA*Son 
-0.0017 

(0.0012) 

-0.0017 

(0.0017) 

-0.015 

(0.0017) 

Son 
0.0138*** 

(0.0011) 

0.014*** 

(0.0011) 

0.014*** 

(0.0011) 

Explanatory 

Variables 
YES YES YES 

Country time trend YES YES YES 

Country FE YES NO NO 

Mother FE NO YES YES 

Cohort-year FE NO NO YES 

Number of Countries  30 30 30 

Number  of mothers 212738 212738 212738 

Observations 686093 686093 686093 

Note: The control variables are whether born in multiple birth, birth order, birth month, and country 

specific linear trends.  Mother’s age at birth and year of birth of child fixed effects is included in 

specifications (1) and (2), and it is subsumed in Cohort-year fixed effects in (3). AGOA is interacted with 

the gender of child (if the child is a male). Standard errors clustered at country level are reported in 

brackets. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 1.A8: Effect on the likelihood of child death 

Note: These are the θj estimates derived from estimating this equation:  

Deathimct= αc + βt + ∑ 𝜃4
𝑗=−4 jTc,t+j  + Xi’δ +  εimct . All coefficients are from the same regression. The sample 

is restricted to treated countries. The standard errors are clustered at the country level and reported in 

brackets. The control variables are whether born in multiple birth, birth order, birth month, mother’s age at 

birth, mother’s education, place of residence, asset index.  Both the specifications control for year and 

country fixed effects. F-statistics and the corresponding p-values are reported for the joint significance of 

pre-treatment years and post-treatment years. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 

 

 

 

 (1) (2) 

Dependent Variable Infant Mortality Neonatal Mortality 

T-4 
0.0009 

(0.0024) 

-0.00005 

(0.0021) 

T-3 0.0047* 0.0019 

 (0.0027) (0.0013) 

T-2 
-0.0009 

(0.0029) 

-0.0014 

(0.0019) 

T-1 
0.0028 

(0.0048) 

-0.0015 

(0.0027) 

F-stat 

PRE 

1.83 

(0.1569) 

1.10 

(0.378) 

T+1 
-0.0122** 

(0.0053) 

-0.0052*** 

(0.0016) 

T+2 
-0.0046 

(0.0043) 

-0.0032 

(0.0022) 

T+3 
-0.0082*** 

(0.0028) 

-0.0074*** 

(0.0018) 

T+4 
-0.0161** 

(0.0059) 

-0.0075** 

(0.0034) 

F-stat 

POST 

4.03 

(0.0122) 

7.34 

(0.0005) 

Number of countries 25 25 

Observations 594560 594560 
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Chapter 2 

Are Children at Higher Risk of Malnutrition Surviving? Evidence 

from India
*
 

Abstract 

India presents itself as a paradox with low infant mortality and high malnutrition. Using 

pooled health surveys from 1993-2005 and a pseudo-panel selection model, this study 

finds that the change in HAZ scores can be explained by mortality selection. Specifically, 

children with sample average characteristics that survive with controls for unobservable 

characteristics of groups of women, have 14.7% less HAZ scores than a child randomly 

drawn from the population. This is consistent with the hypothesis of weaker children 

surviving due to skilled delivery which pulls down the overall HAZ scores. 

Heterogeneity in selection is observed for children of different gender and birth order 

with males and males of lower birth order having higher negative selection. 

Keywords: Infant Mortality, Child Health, Nutrition, India.  

JEL Codes: J11, J13, I15. 

                                                             
*
 I am grateful to Anil B. Deolalikar, Mindy Marks, Joseph Cummins, and Aman Ullah for their comments. 

All remaining errors are my own.  
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2.1 Introduction 

Malnutrition has presented itself as a serious burden, especially in India. Malnutrition has 

been shown to decrease labor productivity and intelligence and lower ability to earn 

future income, perpetuating a vicious cycle of poverty (Belli, 1971). Due to the high 

socio-economic impacts of malnutrition, reduction of malnutrition and eradication of 

poverty and hunger is one of the UN Millennium Development Goals. India presents 

itself as a paradox with low infant mortality and high malnutrition. Many sub-Saharan 

African countries have lower rates of malnutrition than India, despite having much higher 

infant and child mortality rates and lower income per capita.
1
 This paper provides 

evidence of mortality selection as an explanation to the paradox of low infant mortality 

and high malnutrition in India – due to improved health infrastructure and neonatal care, 

India is able to save weaker children from dying and who by surviving, lower the average 

anthropometric scores leading to higher rates of malnutrition prevalence in the data. 

Even though this paradox is widely discussed, there are not many empirical studies 

analyzing the paradox. Panagariya (2013) compares the malnutrition rates across India 

and sub-Saharan Africa and concludes that the way malnutrition is measured could be the 

problem as it does not take into account micro-nutrient deficiencies and other aspects of 

malnutrition.  This paper looks at a different phenomenon and takes a different approach. 

We use the widely used anthropometric measure, height-for-age z-score (HAZ Scores) as 

a measure of malnutrition to explain the paradox of low infant mortality and high 
                                                             
1
 For example, Chad had IMR of 124 vis-a-vis 50 for India in 2009. While, Chad had 44.8% children below 

the age 5 as stunted while 47.9% in India for the same period (World Health Statistics Report,2011). 



77 
 

malnutrition within India.
2
 Bias in this literature can work in two ways. First, weaker 

malnourished children are more probable to die in the sample resulting in a sample 

selection such that it pushes up the anthropometric measures. On the other hand, due to 

improved technology and skilled birthing assistance, survival of weaker kids increases 

which instead pushes the HAZ scores down. The second source of bias is consistent with 

the paradox of low infant mortality and high malnutrition in India in recent years. To 

study this selection effect, we use three rounds of National Family and Health Surveys 

(NFHS) to examine the probability of survival of a child and link it to nutritional 

outcomes of the surviving children.  

Using pooled national health surveys across years allows us to study how a change in 

infant mortality affects change in rates of HAZ scores. This is an improvement over any 

cross-sectional analysis where it concentrates on levels rather than changes and is unable 

to explain the relationship between changes in the outcome and explanatory variable. 

Moreover, since we can observe different cohorts of women overtime, we can control for 

cohort specific time-invariant unobserved heterogeneity which can produce biased 

estimates in both mortality and malnutrition regression. As long as women belonging to 

certain cohorts based on their age group, location and socio-economic characteristics are 

predicted to have similar unobserved characteristics, this study does better than others. In 

our empirical analysis, we estimate a sample selection model where in stage one, we 

estimate a pooled probit model of whether or not the child is alive for all children. For 

                                                             
2
 HAZ Scores are the most common anthropometric measure to track malnutrition and is used by UN and 

WHO. We focus on height instead of weight because the height is considered as a long-run measure of an 

individual's health (Behrman and Deolalikar, 1988). But, we do also check for robustness of results with 

WAZ scores. 
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those children that are currently alive, we then estimate a least squares model with state 

and cohort fixed effects to examine the factors influencing child malnutrition. If infant 

mortality is ignored and only data from those children who are currently alive is used to 

study nutritional outcomes, there is the possibility of sample selection bias.  

The paper’s findings suggest that infant mortality selection is significant and leads to an 

underestimation of HAZ scores in the sample, after controlling for child characteristics 

and mother cohort’s time invariant characteristics. This result is also robust to controlling 

for state-time trends, flexible specification to control for survey timing and mother’s age 

at birth. We observe negative mortality selection in the estimates with respect to both 

infant and neonatal mortality. A child with sample average characteristics who survives 

with controls for unobservable characteristics of groups of women, has 14.7% less HAZ 

scores than a child randomly drawn from the population. The negative mortality selection 

points towards the survival of weaker kids in the sample which would have otherwise 

died if not saved by superior birthing technology and skills.  

The mortality selection differs by the part of HAZ or WAZ distribution the child belongs 

to. For stunting and being underweight which are measures of severe malnourishment, we 

in fact find a positive selection indicating that severely malnourished kids die leaving the 

sample with higher anthropometric scores than the population. The negative selection is 

observed at the upper end of the distribution.  

The micro level health dataset also helps in identifying the heterogeneous effects based 

on child characteristics like birth order and gender. We observe the familiar gender and 
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low birth order preference pattern in India. With better technology, parents put more 

effort in saving a male child and even a lower birth order male child. This in turn reflects 

in a negative selection for these groups and the average HAZ scores for these groups are 

lower than the overall population. Results suggest there is spatial heterogeneity in 

selection as well. States with historically better child sex-ratios like Kerala display no 

mortality selection while states like Punjab and Haryana display high negative mortality 

selection. 

Change in HAZ can be brought about by improvement in nutrition which is a causal 

channel. But, the changes in HAZ could be brought about by changes in probability of 

survival which changes latent health. Another way in which the increasing trends could 

be explained is by fertility change where better mothers give birth or certain kind of 

mothers stop giving birth. This paper provides evidence of mortality selection being a 

significant channel in change in HAZ scores after controlling for demographic change of 

mothers and types of households. 

2.2 Literature Review 

Mortality and fertility selection has been acknowledged as a potential source of bias in 

the literature. A large number of studies show the effect of anthropometric indicators on 

child mortality indicating malnourished children are more likely to die (Caulfield et al., 

2004; Pelletier, 1994; Rice et al., 2000). Boerma et al. (1991) study 17 cross-sectional 

surveys and other longitudinal data in developing countries to find that malnutrition is 

more prevalent for deceased children but the survivor bias is small. Pitt (1997) estimates 
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factors affecting child mortality and child health allowing for past selective fertility and 

mortality behavior in the context of sub-Saharan Africa. He finds fertility selection to be 

a significant determinant of mortality in 14 sub-Saharan African countries but with very 

little change in parameters when selection is accounted for. Dancer, Rammohan, and 

Smith (2008) study the differences in in survival probabilities by gender and consequent 

differences in gender based child nutrition in Bangladesh and find that after correcting for 

selection, female children were more likely to have lower HAZ and WHZ scores. Even 

though these studies concentrate on selective mortality, the context and approach to the 

problem is different in this paper.  

Another strand of literature looks at the effect of selective mortality and nutrition on the 

heights of the adult population with the premise that childhood nutrition and disease 

environment has a significant effect on adult height (Akachi and Canning, 2010; Bozzoli 

et al., 2009; Moradi, 2010). Deaton (2007) offers a framework of scarring and selection 

where he explains that positive selection effect in terms of removing shorter individuals 

by mortality outweighs the negative scarring effect in high mortality environments, 

resulting in taller adults in the case of sub-Saharan Africa. Bozzoli et al (2009) examine 

adult height of 31 cohorts in England, US and 10 European countries and show that the 

postneonatal mortality rate of the country predicts the average adult height of the birth 

cohort. Unlike developed countries where fall in infant mortality is accompanied by 

increasing heights, Akachi and Canning (2010) do not find evidence of the same in sub-

Saharan Africa. If adult height is regarded as a measure of well-being, falling infant 

mortality may not be contributing to increased health in different settings.  
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The paradox between falling infant mortality but small improvements in health status has 

been documented where the reductions in child mortality are brought about by directed 

interventions. Epidemiology literature has documented that vaccinations and 

interventions aimed at reducing mortality does not reduce morbidity. Pinchinat et al. 

(2004) find that in southern Senegal, no nutritional improvement was found in children in 

1962-1992, despite a big drop in infant mortality. With medical improvements and 

directed efforts at reducing infant mortality, without complementary increase in protein 

and other micronutrient intake by kids, India may be facing a similar situation. 

The paper closest to this research is by Alderman et al. (2011), where they construct 

simulated nutritional status of the child population for all the children in India who die 

before the age of 3 years, assuming they were alive using a proportional hazard model. 

This is based on matching of individuals based on observable characteristics to impute 

HAZ scores of children who had died. They use the three rounds of NFHS to construct 

the simulations and find a 5 percent difference between the counterfactual and the actual 

height-for-age z-scores. The problem with matching on observables is that if there are 

unmeasured confounding factors, the analysis could be biased. In terms of controlling for 

unobserved mother cohort characteristics which may affect survival and malnutrition, this 

study does better. 



82 
 

2.3 Model 

Following Pitt (1997), we can estimate the effect of selective mortality in anthropometric 

measures of child health by reduced form equations of infant and neonatal mortality and 

health: 

CH =  Xcβc + δmhµm + νc = Xcβc + εc                         (1) 

M* = Xmβm + µm + νm = Xmβm + εm              (2) 

Where Xc and Xm are exogenous regressors, the error in both equations contain a 

heterogeneous error term µm which determines parental preferences over unwanted births 

(especially in the case of India, son preference), woman or cohort specific effects of 

women who observe higher mortality of kids tend to also have kids which are 

malnourished, general medical interventions and shocks which may affect mortality etc. 

Child health data is observed only for surviving children and hence it needs to be 

corrected for selective mortality.  

If the errors have zero means, and νc and νm are uncorrelated, then covariance between the 

error terms can be written as: 

Cov (εm, εc) = δmhVar(µm)               (3) 

Therefore, selection bias results if δmh is not equal to 0 that is there is a feedback between 

mortality and child health. If medical technology is saving weaker infants, which then 

become malnourished due to improper care, then δmh>0. 
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In the analysis, we define survival (s) as a kid not experiencing neonatal or infant 

mortality. If the population errors are jointly normally distributed, the health of children 

conditioned on survival is: 

E(CH|Xc, S*>0) =  Xcβc + Cov (εm, εc)λ             (4) 

where λ is the Inverse Mill’s Ratio. Omitting this λ creates a bias in the estimates of βc. 

Considering the HAZ scores for the whole population, 

Zpop = Zs(1-Pd) + ZdPd                (5) 

Where Zs and Zd are average Z-scores of surviving and deceased children and Pd is the 

proportion of deceased children. The population Z score will change if deceased children 

survived: 

θ= Zs – Zpop = (Zs-Zd)Pd               (6) 

According to (6), Zs>Zd and θ>0 if more malnourished children die, leading to higher 

existing HAZ scores of the sample than the population. Instead, if weaker children 

survive due to improvements in technology and other interventions such that Zs<Zd and 

θ<0, then it will result in an underestimation of HAZ-score distribution in the sample. 

2.4 Data 

This analysis uses data from three waves of India’s National Family Health Survey 

(NFHS) – 1992/93, 1998/99 and 2005/06. The NFHS follows the pattern of a standard 
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Demographic and Health Survey and is a large scale survey covering a representative 

sample of households throughout India. For the 1992/93 survey, interviews were 

conducted with a nationally representative sample of 88,562 households and 89,777 ever-

married women in the age group 13-49, from 24 states and the then National Capital 

Territory of Delhi. The 1998/99 survey covered a representative sample of about 91,000 

ever-married women age 15-49 from 26 states in India. NFHS-3 conducted interviews 

with over 230,000 women age 15-49 and men age 15-54 throughout India.
3
 

The survey is administered to ever-married females and contains detailed information 

about their reproductive history, asset ownership, vaccinations and preventive care, 

reproductive health, and educational characteristics etc. Women of reproductive age are 

interviewed about the date of birth and death (if applicable) of their pregnancy histories. 

This kind of retrospective survey gives an opportunity to build an indicator of infant and 

neonatal mortality and in turn the survival probabilities.
4
 

The NFHS provides height and weight data for children under age of 48 months in 

1992/93, under age of 36 months in 1998/99, and under age of 60 months in 2005/06.
5
 

The NFHS contains no anthropometric information for deceased children at the time of 

their death. The NFHS collects information on weight at birth in addition to weight at the 

time of the survey and asks mothers to categorize the weight of their children at birth as 

large, average, or small. It also collects information on height/length of the child and age 
                                                             
3
 http://www.rchiips.org/nfhs 

4
 One problem that can be raised with the recall data is the measurement error problem. Since the birth 

histories do not go too much into the past, it is lesser of a problem in this case.  Moreover, since deaths of a 

kid are important in a mother’s life, this variable should be recorded without much measurement error.  
5
 We also check for the mortality selection effect if we constrain the results to kids born under 36 months 

across different survey years in Table 2.7. The results are unchanged. 
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for children up to five years of age. In the sample, we have 766364 children born to 

234548 mothers. Out of these, 72116 children have non missing data on HAZ scores and 

81018 children have data on WAZ scores. 

In Table 2.1, we show the summary statistics. The average infant mortality rate is 82 kids 

per 1000 while the average neonatal mortality rate in the sample is 51 per 1000 children. 

The mean HAZ score is -2.13 and mean WAZ score is -1.84. About 55% of the children 

in the sample are stunted (HAZ<-2) and 44% are underweight (WAZ<-2). Over the 

survey years, HAZ has been increasing and infant mortality has been falling (Appendix 

Figure 2.1). The infant mortality was about 92 deaths per 1000 in 1993 and has fallen to 

70 deaths per thousand live births. Mean HAZ scores did not change a lot between 1993 

and 1998, with it being around -2.3 but it increased by 2005 with the score at -1.89. This 

is shown in Fig. 3f. The average mother’s age at birth is 23 years. Around 64% mothers 

have delivery at home and 44% mothers have their delivery by a skilled birth attendant. 

Figure 2.1 plots the relationship between HAZ and WAZ and decline in infant mortality. 

All panels show a decline in HAZ or WAZ score with higher rates of declines in infant 

mortality between 1993-1998, 1998-2005 and 1993-2005. The scatterplots show the 

states. As expected, Gujarat, Bihar, Uttar Pradesh and Madhya Pradesh lie below the 

fitted line with lower HAZ for the mortality decline. Figure 2.2 plots the sample mean 

infant mortality rates by year in different regions of India. Most states exhibit a declining 

trend in infant mortality over the years. Kerala stands out in the southern region with a 

distinctly lower level of mortality rate.  
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A mother is labeled as educated if she has attended any type of school and uneducated if 

mother did not attend any school. Since DHS does not have income data, definition of 

poor is based on possession of assets. A mother is categorized as poor if she does not 

possess any asset. Rural or urban are defined by the place of residence of mother during 

the time of interview. Around 59% of women interviewed are uneducated, 68% live in 

rural areas and 29% hold no assets in their possession. Figure 2.3 plots the difference in 

HAZ densities by mother characteristics. HAZ distributions for rural, uneducated, and 

poor women are skewed to the left. Mothers of different age groups also showcase 

different HAZ distributions. Keeping this in mind the mother cohorts are constructed 

later. 

2.5 Empirical Strategy 

We have pooled cross-section data overtime where same individuals are not observed in 

different time periods and interview years. We expect individual heterogeneity to be 

present in the error term. Moreover the selection process may be varying with time and 

individual.
6
 Deaton (1985) emphasizes on using cohort to obtain consistent estimates in 

pseudo-panels even in the case of correlation between individual effects and explanatory 

variables. The individual heterogeneity can be written as cohort effect plus individual 

                                                             
6
 If the selection process is identical over time, then the fixed effects estimator will remove the selection 

bias in a panel data. 
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deviation. The child health equation in our case can be written with HAZ score as the 

dependent variable:
7
 

HAZi(t)t= Xi(t)tβ + αi(t) + µit                                                                                  (7) 

Where, αi(t) = Ʃδcαc + σi(t)               (8) 

And the survival equation, indicating selective mortality is described by: 

Si(t)t* = Zi(t)tγ + ηi(t) + ui(t)t ; Si(t)t = 1 [Sit∗>0]             (9) 

Infant mortality is defined as a child dying before the age of 1 year and neonatal mortality 

is defined as child dying before the age of 1 month. Survival accordingly is the 

observation of child not dying in the data till the age of 1 year and in case of neonatal 

survival, till the age of 1 month. The child health equation estimated by pooled OLS will 

be biased if correlated individual heterogeneity is present or selection process is 

nonrandom and αi(t) is not a random component of the error. To eliminate individual 

effects, fixed effects method can be used where cohort-specific dummies control for the 

cohort effect. Since deviation from cohort is independent from the selection process 

itself, the correlation between them should be zero which would lead to efficient 

estimates. 

Rodriguez and Muro (2014) develop a selection bias estimation for pseudo-panel data 

and show that using probit model with cohorts as instruments, a cohort level inverse 

                                                             
7
 We use the 2006 WHO standards for HAZ, computed using the Stata package “haz06" which requires the 

data for age, height, and gender from NFHS. I have also run this using the HAZ scores reported in the 

NFHS. But, it does not change the results qualitatively. 



88 
 

Mills ratio can be derived and which can be replaced in the child health equation to 

derive estimates of selection bias. Accordingly, the selection equation is estimated by a 

probit model with controls for cohort dummies. A cohort is defined by a group of 

mothers belonging to the same age group (based on their year of births), residence, 

education and economic condition. Controlling for mother cohorts also controls for 

changing demography and fertility which may be bringing about a change in HAZ, which 

we may erroneously attribute to improvement in nutrition. Since there are considerable 

differences in the distribution of HAZ scores by these characteristics, the mother-cohort 

groups are constructed keeping that in mind.
8
 Since NFHS does not have data on income 

or wages, the economic condition of woman or household is determined by the assets that 

she possesses. In this analysis, if the woman has no assets, she is defined as poor. Along 

with cohort dummies, the selection equation controls for gender, multiple births, month 

of birth of the child, survey year, birth order, interaction between being a female and birth 

order, caste of the household, religion of the household, mother’s age at birth, whether 

the residence has access to piped water, has a toilet and has electricity.  

For us to be able to identify the parameters of reduced form mortality selection and 

determinants of health, we need at least one exogenous variable that affects mortality or 

survival but does not affect child health and anthropometric scores. It has been noted in 

the literature that to avoid weak identification, there should be some variables in the 

selection equation which are not there in the child health equation so that the effect is not 

                                                             
8
 Including different characteristics with missing values, increases the number of cohorts but decreases the 

observations within cohorts; which is not desirable computationally and otherwise for consistency (Borjas 

and Sueyoshi, 1993) 



89 
 

identified solely off of nonlinearity in the inverse Mills ratio (Little, 1985; Vella, 1998). 

Not having any excluded variable may inflate the standard errors and give unreliable 

estimate of β in the second stage. In this analysis, this excluded variable is if the woman 

has her delivery by a professional doctor or nurse.
9
 Having a delivery done by a 

professional affects the probability of survival of the kid but does not directly affect the 

HAZ score of the child later on. 

In the parametric estimation, after the estimation of selection equation over all 

observations, the inverse Mills ratio is constructed, which is the ratio of probability 

density function and the cumulative distribution function of the standard normal 

distribution. This ratio then is used as an additional regressor in the child health equation 

to consistently estimate the parameters: 

HAZi(t)t= Xi(t)tβ + θλi(t)t + µit                                                                                  (10) 

The equation controls for all the independent variables in the selection equation, except 

for the excluded variables (delivery by skilled birth attendant). If θ is statistically 

significant, it points towards a selection effect operating through selective mortality on 

health measures. If θ>0, there is a positive selection meaning those who survive have a 

higher HAZ than a random drawing from the population with the same characteristics. If 

θ<0, there is a negative selection meaning those who survive have a lower HAZ than a 

random drawing from the population with the same characteristics. Moreover since this 

                                                             
9
 Skilled delivery assistance is measured by delivery being assisted by doctors, nurse/midwife, auxiliary 

midwife, ayurvedic doctor, and any other India-specific health professional. It is not considered as skilled 

assistance if the baby is born with the help of trained birth attendant, traditional birth attendant, relatives, 

other persons or no one. 
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equation is able to control for mother-cohorts, any cohort specific time invariant 

heterogeneity is taken care of. Any health specific shocks and survey-year differences are 

captured through the year dummies. Standard errors are clustered at the mother-cohort 

level to improve inference. 

In India, especially in rural areas, studies have shown that differential health outcomes 

can be expected by birth order of the child and also by gender (Behrman and Taubman, 

1986; Horton, 1988; Savage, Derraik, Miles, et al., 2013). To test if there is a differential 

selection effect, we run the child health specification separately for children with first and 

second birth order versus children of later birth order. The negative selection effect 

should be prominent in later birth children as they are more probable to be saved by 

neonatal care units but get lower nutrition inputs in a budget constrained household. 

Similarly, we postulate that females with higher birth order should be more affected than 

males or females in lower birth order. Heterogeneity is also expected by state and time.  

2.6 Results 

2.6.1 Selection Effects 

The mortality selection effect is captured by the coefficient on inverse Mills ratio and is 

presented in Table 2.2. Columns (1)-(3) provide the effect of inverse Mills ratio on HAZ 

and WAZ scores which conditions for survival of kids till 1 year of age. Probit estimates 

are provided in Appendix Table 2.A1.
10

 Skilled birth assistance is significant at the 1% 

                                                             
10

 The results include the coefficients of important variables. The full table is available on request. 
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level and more skilled birth delivery increases the survival and therefore decreases both 

infant and neonatal deaths. Table 2.2, column (1) finds evidence of negative selection, 

even in the absence of cohort fixed effects. Columns (2) and (3) control for mother 

cohorts and see the effect on HAZ and WAZ respectively. In both the results, the 

coefficient is similar to (1) and highly statistically significant at 1% significance level. 

With mean inverse Mills ratio in the sample being 0.116, the coefficient of -1.18 implies 

an average truncation effect of (0.116*1.18) = 0.137. Thus the HAZ scores are shifted 

down due to the selection effect. A child with sample average characteristics who 

survives with controls for demographic change in fertility of women, has -(exp(0.137)-

1)*100 = 14.7% less HAZ scores than a child randomly drawn from the population. 

In Table 2.2, (4)-(6), first stage probit estimates the probability of survival till 1 month of 

age. The resulting inverse Mills ratio is calculated and included in these regressions. With 

only the state fixed effects, the ratio is highly significant and similar in magnitude as 

before. With the inclusion of cohort effects, the coefficients are now significant at 10% 

level. But, the sign of the coefficients is still negative and magnitude similar, albeit a little 

bit smaller. The negative inverse Mills ratio points towards the direction of a negative 

selection, implying that the HAZ and WAZ scores of the sample are lower than a 

population taken at random. This supports our hypothesis that weaker kids are surviving 

due to skilled delivery which pulls down the sample anthropometric scores. 

It is interesting to note the coefficients on some other important variables that are 

historically deemed to be important in determination of malnutrition in children. We run 
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the OLS regression of HAZ score on all the control variables in Table 2.2, (7) without 

accounting for selection, where being a female or born in a multiple birth significantly 

affects HAZ. However, after controlling for selection, being born in a multiple birth is 

not statistically significant in almost all specifications and the coefficient of female 

dummy reduces. Birth order, access to clean drinking water, having a toilet and access to 

electricity all remain significant and similar in magnitude, even after accounting for 

selective mortality. With skilled delivery and medical inputs, the complications arising 

due to multiple births are taken care of, resulting in no differentiation in HAZ between 

multiple birth children and single birth children conditional on surviving. 

According to WHO Standards, both HAZ and WAZ score use the cutoff of -2 to measure 

moderate and severe under nutrition.
11

 Having a low HAZ score is termed as stunted 

growth while a low WAZ score leads to the child being underweight. Stunted growth 

refers to a child below 5 years being short for his/her age and is an indicator of chronic 

malnutrition. Low WAZ can be either due to the child being thin or short for his/her age. 

This is a combination of chronic and acute malnutrition. Table 2.3 checks for the 

presence of mortality selection at various points of the HAZ and WAZ distribution. For 

stunting and underweight children, we find effects of positive selection whereas for HAZ 

and WAZ scores greater than -2 negative mortality selection we observe negative 

selection.  

                                                             
11

 A z-score of zero indicates the median of gender and age specific reference population, -1 is 1 standard 

deviation below and +1 is 1 standard deviation above the reference median population. 
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This is consistent with our hypothesis. At the lower end of the distribution, the kids are 

severely under-nourished. This would mean that they are at a higher risk of dying of less 

nourishment leaving the sample HAZ scores higher than the whole population. On the 

other hand, with HAZ and WAZ scores greater than -2, if medical intervention is able to 

save the children and they do not get enough nourishment later they survive but the 

presence of these children lowers the HAZ score than the anthropometric score for the 

population. 

Table 2.4 approaches the problem of selection by another method. We can calculate the 

predicted HAZ score if dead children were included in the sample. In NFHS, we have 

fertility history of mother and many women give birth to more than one child. Assuming 

that mothers have similar abilities in raising all their children and siblings who died will 

be similar to the ones who survived, after controlling for child characteristics, we develop 

a predicted HAZ score for the whole sample, including the kids who died. This predicted 

HAZ is better in terms of being able to control for mother unobserved characteristics than 

random matching based on observable covariates. Since over the years medical 

technology has improved with better neonatal care, HAZ scores in later survey years will 

be an underestimate in the sample. We expect that in the predicted sample, the coefficient 

on 2005 survey year is less positive and statistically significant in increasing HAZ scores. 

HAZ has been increasing over the survey years.
12

 But some of this increase is explained 

by changing child demographics and women demographics. Table 2.4, column (1) 

provides the results of regression of HAZ on child covariates and survey years. The 

                                                             
12

 Graph in Appendix Figure 2.A1. 
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coefficient on 2005 survey year is positive and statistically significant. Further, we 

control for mother characteristics in (2). The coefficient on 2005 dummy is still positive, 

statistically significant but a little lesser in magnitude. Column (3) now uses the predicted 

HAZ as the outcome variable. Predicted HAZ is obtained by regressing HAZ on child 

covariates and family fixed effects and getting a linear prediction. This now includes the 

HAZ scores for kids who have died, if instead they would have survived. The coefficient 

on the 2005 interview year dummy is significant but almost similar in magnitude. 

Similarly, in (4)-(6), the WAZ scores are positive and significant, but not very different 

in magnitudes. 

2.6.2 Heterogeneity in Selection 

India presents a case of strong gender preferences and birth order differences in health 

outcomes (Behrman, 1988). As plotted in Appendix Figure 2.A2, the changes in infant 

mortality also differ by birth order and gender.
13

 Hence, we expect to see differential 

selection outcomes based on gender, birth order and an interaction between the two. This 

hypothesis is tested and results are presented in Table 2.5. For both infant and neonatal 

survival selection, we see that while male HAZ scores have a significant negative effect 

of selection, no such effect is found for the female group. This would be the case if 

parents especially put more effort in getting even a weaker male kid to survive but do not 

put such an effort in the case of a girl child. Given the patriarchy structure in India, with a 

lot of emphasis on male kids being the driver of the family heritage, this seems plausible.  

                                                             
13

 Similarly, percentage change in HAZ also differs by gender and birth order, as shown in Appendix 

Figure 2.A4. 
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Parents and families face different financial constraints over time and hence may devote 

less or more resources to latter-born kids. If the family is more constrained, the outcome 

for health of latter born kid will be negatively affected than their older counterparts. 

Mothers giving birth at an older age way back in time would face higher probability of a 

latter-born kid dying than mother giving late birth in a new era when technology is able 

to save her kids, without changing family’s health behavior much. This is represented in 

the data in Appendix Figure 2.A2. States with higher proportion of high birth order kids 

(>2) display a greater decline in infant mortality over the survey years than states with 

low birth order (<=2). 

Results in Table 2.5, columns (2) and (4), reflect this finding. High birth order kids 

display a negative selection bias implying that technology may have been able to save the 

inherently weak kids lowering the HAZ and WAZ scores. On the other hand, low birth 

order kids have positive selection bias implying those who are surviving are in fact 

healthier than the population in general. 

The distinction between birth orders is also apparent when females are higher birth order 

kids. Being a female at higher birth order acts as double disadvantage for female kids as 

in a resource constrained environment, females receive fewer resources than their male 

counterparts and if family size is bigger and they are later born, this distinction should be 

sharper. Table 2.5, columns (3) and (6), test for the differences in selection by birth order 

and gender. Both male and female kids with high birth order display negative selection, 

consistent with columns (2) and (4). Male kids see a higher negative selection (-3.29) 



96 
 

than females (-2.64). It reinforces the fact that higher order male kids are more likely to 

be survived by advanced technology than the female kids at higher birth orders. 

We expect to see space and time variation in selection effect. Later years should display a 

negative relationship between survival and child health as later years will have improved 

technology vis-a-vis earlier years making it possible to save weaker kids from dying. The 

results are presented in Table 2.6, columns (2) and (5). Even though the coefficients on 

inverse Mills ratio are negative and later survey years are more negative than the first 

survey year, they are not statistically significant.  

Based on regions displaying different culture of son preference, heterogeneity by states is 

also expected. Kerala has distinctively better male-to-female child sex ratio (1.04) than 

the average in India (1.08), according to 2001 census. Since most of the negative 

mortality selection is observed in male child, with parity, we should observe no selection 

effect for this state. Table 2.6 column (1) and (4) displays the results. There is no 

statistically significant evidence of mortality selection in Kerala. The magnitude of the 

coefficient is also small and positive. According to Census 2001, while Kerala has a high 

child sex ratio, there are six states which perform poorly and below the national average – 

Gujarat, Punjab, Haryana, New Delhi, and Himachal Pradesh. With a strong preference 

for boys documented for these states, the effect of negative mortality selection should be 

more pronounced. Table 2.6 columns (3) and (6) show that the coefficient for mortality 

selection is negative, high in magnitude, and statistically significant. 
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2.6.3 Robustness Checks 

It could be argued that the excluded variable of skilled birth delivery may not satisfy the 

exclusion restriction since it can be taken as a proxy for accessibility to health center 

which also affects HAZ. Even though this exclusion conditional on other covariates, 

cannot be tested econometrically, we provide evidence that it does not belong in the 

second stage HAZ regression. To account for accessibility to health inputs, another 

variable detailing the number of antenatal visits made by mother to the hospital is 

included in both the first and second stage regressions. For infant mortality selection, as 

presented in Table 2.7 (5), the inverse Mills ratio is negative and statistically significant. 

The results are also robust to changing the outcome variable from HAZ and WAZ to 

height in centimeters and weight in kilograms. As seen in columns (3) and (4) of Table 

2.7, we still find effects of negative mortality selection and it is significant at the 

conventional levels. The model is also robust to inclusion of state time trends, which take 

into account differential levels of development of the states implying that this selection is 

observable within mothers of similar characteristics within state as well. Lastly, since 

there are three pooled surveys which have been carried out in different years and at 

different times of the years, to control more flexibly for survey time; a linear, quadratic 

and cubic term of the month-year survey time is added to the specification along with age 

of child and year of birth. This does not significantly affect the results and the coefficient 

is similar as before. 
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Since the height and weight data for children in different rounds of NFHS differs by age 

of child, we restrict the sample to children within 36 months of interview year across all 

survey years to maintain comparability. The estimates are given in Table 2.7, column (6). 

The coefficient on inverse Mills ratio is virtually unchanged from the previous 

regressions. 

2.7 Conclusion 

This paper analyzes the paradox of decreasing infant mortality but not a corresponding 

increase in health anthropometric scores in India over time. Using three rounds of health 

surveys in India, we find evidence of negative mortality selection. This negative selection 

is observed when the anthropometric scores are above -2 standard deviations. With 

improved technology, weaker kids are surviving pulling down the sample HAZ and WAZ 

scores than what the scores would have been otherwise. With a lot of emphasis on 

reduction in mortality and improving child nutrition as part of Millennium Development 

Goals, this result should be taken into consideration. The improved efforts to decrease 

infant and neonatal deaths by providing one shot interventions should be followed by 

health and nutrition interventions to keep malnourishment away. If weaker kids survive 

due to successful neonatal interventions, without provision of appropriate care 

afterwards, it would worsen the case of malnutrition. 

We also find evidence of heterogeneous effects based on gender and birth order of the 

child. Given the strong son preference in India this is not surprising. Male children are 

more likely to experience negative selection in mean HAZ and WAZ scores with no such 
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effects for the female child. With a patrilineal structure in India, all efforts to save a male 

child are expected, which makes the probability of finding a weaker male child in the 

distribution higher; pulling down the overall anthropometric scores. In terms of birth 

order, we observe negative selection effect in higher birth order children, for both males 

and females. Spatial heterogeneity is also observed with states historically better off in 

child sex ratio composition like Kerala displaying no evidence of selection while states 

with skewed sex ratios like Punjab, Haryana, Gujarat, New Delhi and Himachal Pradesh, 

display a strong negative selection indicating the presence of son preference. These 

patterns of mortality selection may be depressing the child anthropometry scores, hiding 

the fact that India maybe doing better in terms of number of malnourished children in the 

population overtime than the raw data suggests. 
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Figures 

Figure 2.1: Infant Deaths and Malnutrition - By Survey Years  

    

    

Note: In the first row, these graphs plot the decline in sample infant mortality deaths for India between 

1993 and 2005. First panel plots the fitted line and the confidence interval of the relationship between IMR 

Decline Rate and HAZ scores. Second panel plots the relationship between WAZ scores and IMR Decline 

rate. In the second row, these graphs plot the decline in sample infant mortality deaths for various states 

between 1993 and 1999 (first and second NFHS Surveys) and 1999 and 2005 (second and third NFHS 

surveys). For both the panels, a fitted line is drawn to indicate the relationship between IMR Decline Rate 

and HAZ scores. 
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Figure 2.2: Infant Mortality Rates - By Region 

   

   

   

Note: These graphs plot the mean infant mortality deaths over time for different geographic regions of 

India. North region consists of Haryana, Punjab, Jammu and Kashmir, Himachal Pradesh, and New Delhi. 

South consists of Kerala, Karnataka, Andhra Pradesh, and Tamil Nadu. East region has the states of West 

Bengal, Orissa, Bihar, and Jharkhand. West has Goa, Gujarat, and Maharashtra. Central is divided into 

Madhya Pradesh, Uttar Pradesh, Uttaranchal, Chhattisgarh, and Rajasthan. North-east consists of Assam, 

Arunachal Pradesh, Meghalaya, Mizoram, Nagaland, Sikkim, and Tripura. 
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Figure 2.3: Variation in HAZ Scores Density  

   

   

   

Note: These graphs plot the kernel density estimates of HAZ Scores by various mother, year and region 

characteristics. Fig 3(a), 3(b), 3(c), and 3(e) plot the kernel density by mother characteristics like place of 

residence, age group, possession of assets and education respectively. Fig 3(d) plots the HAZ scores by 

region and 3(f) plots it by year of survey. 

 

Fig 2.3(a) Fig 2.3(b) 

Fig 2.3(c) Fig 2.3(d) 

Fig 2.3(e) Fig 2.3(f) 
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Tables 

Table 2.1: Summary Statistics  

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

 Obs Mean Std. Dev. Min Max 

Infant Mortality 766364 0.0818 0.274 0 1 

Neonatal Mortality 766364 0.0511 0.22 0 1 

HAZ Score 72116 -2.13 1.7 -6 6 

Stunted (HAZ<-2) 72116 0.546 0.497 0 1 

Normal (HAZ>-1) 72116 0.22 0.414 0 1 

WAZ Score 81018 -1.84 1.3 -5.99 4.93 

Underweight (WAZ<-2) 81018 0.444 0.496 0 1 

Normal (WAZ>-1) 81018 0.252 0.434 0 1 

Age in Months 90818 30.5 12.4 10 59 

Height (cm) 74795 82.9 12.17 0 922.2 

Weight (Kg with 

decimal) 
81499 10.48 2.91 0.5 97 

Female 766364 0.48 0.499 0 1 

Multiple Births 766364 0.013 0.113 0 1 

Birth Order 766364 2.71 1.79 1 18 

Mother’s age 766364 35.4 7.74 14 49 

Mother’s age at birth 766364 23.3 5.12 13 48 

Uneducated 766364 0.59 0.49 0 1 

Rural 766364 0.68 0.47 0 1 

Poor 759987 0.29 0.45 0 1 

Non-Working 765768 0.612 0.48 0 1 

Father Uneducated 761687 0.325 0.47 0 1 

Hindu 766364 0.749 0.43 0 1 

Muslim 766364 0.138 0.35 0 1 

SC/ST 766364 0.294 0.45 0 1 

Home Delivery 99187 0.639 0.48 0 1 

Public Delivery 99187 0.198 0.40 0 1 

Private Delivery 99187 0.156 0.37 0 1 

Delivery, Skilled 

Personnel 
99282 0.444 0.49 0 1 

Access to piped water 766364 0.192 0.39 0 1 

No access to toilet 766364 0.567 0.49 0 1 

Electricity 760183 0.642 0.47 0 1 

Note: Sample statistics of the variables are reported. Educated implies having attended any type of school 

and uneducated is defined as mother did not attend any school. Poor is defined by a mother not owning any 

asset as collected in NFHS. Rural and Urban are defined by the place of residence of mother during the 

time of interview. Female is 1 if sex of child is female. Multiple birth is a dummy variable indicating if the 

child is born in a multiple birth. It is 0 for a single birth and 1 for twins, triplets or quadruplets. 
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Table 2.2: Selective Mortality and correction for selection 

 Infant Mortality Neonatal Mortality  

 (1)  (2) (3) (4)  (5) (6) (7) 

Dependent 

Variable 
HAZ HAZ WAZ HAZ HAZ WAZ HAZ 

Inverse Mills 

Ratio 

-1.42** -1.38*** -1.18*** -1.99*** -1.21* -0.82*  

(0.52) (0.45) (0.37) (0.33) (0.62) (0.47)  

Female 
0.048** 

(0.021) 

0.045* 

(0.02) 

0.028 

(0.02) 

0.04* 

(0.021) 

0.05** 

(0.025) 

0.039* 

(0.019) 

0.077*** 

(0.022) 

Multiple 
0.221 

(0.22) 

0.21 

(0.17) 

0.121 

(0.127) 

0.34** 

(0.15) 

0.091 

(0.19) 

-0.05 

(0.14) 

-0.27*** 

(0.06) 

Birth order 2 
-0.22*** 

(0.025) 

-0.24*** 

(0.027) 

-0.19*** 

(0.022) 

-0.24*** 

(0.024) 

-0.24*** 

(0.026) 

-0.18*** 

(0.02) 

-0.18*** 

(0.022) 

Birth order 3 
-0.37*** 

(0.028) 

-0.40*** 

(0.032) 

-0.29*** 

(0.028) 

-0.44*** 

(0.032) 

-0.40*** 

(0.034) 

-0.29*** 

(0.03) 

-0.33*** 

(0.026) 

Birth order 4 
-0.39*** 

(0.033) 

-0.41*** 

(0.040) 

-0.35*** 

(0.030) 

-0.49*** 

(0.037) 

-0.42*** 

(0.042) 

-0.35*** 

(0.031) 

-0.37*** 

(0.033) 

Birth order 5 
-0.50*** 

(0.057) 

-0.50*** 

(0.047) 

-0.42*** 

(0.032) 

-0.64*** 

(0.058) 

-0.53*** 

(0.048) 

-0.43*** 

(0.034) 

-0.49*** 

(0.046) 

Birth order 6 
-0.62*** 

(0.072) 

-0.60*** 

(0.053) 

-0.49*** 

(0.042) 

-0.74*** 

(0.068) 

-0.62*** 

(0.054) 

-0.52*** 

(0.04) 

-0.65*** 

(0.052) 

Birth order 7 
-0.72*** 

(0.086) 

-0.67*** 

(0.066) 

-0.48*** 

(0.049) 

-0.88*** 

(0.078) 

-0.71*** 

(0.065) 

-0.51*** 

(0.05) 

-0.76*** 

(0.065) 

Birth order 8 
-0.74*** 

(0.091) 

-0.67*** 

(0.089) 

-0.52*** 

(0.066) 

-0.88*** 

(0.093) 

-0.68*** 

(0.09) 

-0.55*** 

(0.06) 

-0.82*** 

(0.08) 

Birth order 9 
-0.86*** 

(0.145) 

-0.73*** 

(0.095) 

-0.62*** 

(0.08) 

-1.04*** 

(0.153) 

-0.79*** 

(0.92) 

-0.68*** 

(0.077) 

-0.95*** 

(0.10) 

Birth 

order>10 

-0.87*** 

(0.166) 

-0.70*** 

(0.126) 

-0.56*** 

(0.102) 

-1.03*** 

(0.162) 

-0.77*** 

(0.126) 

-0.61*** 

(0.10) 

-0.99*** 

(0.116) 

Piped water 
0.15*** 

(0.018) 

0.13*** 

(0.021) 

0.13*** 

(0.014) 

0.19*** 

(0.017) 

0.14*** 

(0.021) 

0.14*** 

(0.014) 

0.17*** 

(0.018) 

No toilet 
-0.21*** 

(0.032) 

-0.21*** 

(0.02) 

-0.25*** 

(0.014) 

-0.29*** 

(0.031) 

-0.22*** 

(0.021) 

-0.26*** 

(0.014) 

-0.24*** 

(0.017) 

Electricity 
0.117*** 

(0.029) 

0.13*** 

(0.019) 

0.13*** 

(0.015) 

0.19*** 

(0.027) 

0.14*** 

(0.02) 

0.14*** 

(0.016) 

0.15*** 

(0.02) 

State FE YES YES YES YES YES YES NO 

Cohort FE NO YES YES NO YES YES NO 

Number of 

groups 
27 233 233 27 223 223  

Observations 68345 67886 76662 67532 67532 76274 68422 

Note: Mortality selection effect is captured by the Inverse Mills Ratio. The procedure of deriving the ratio 

is described in the text. Mother cohort is defined by mothers grouped by rural or urban residence, 

education, poverty and age. The other control variables included in the specifications are age of child, 

mother’s age at birth, female-specific birth order, birth order, birth month, year of survey, caste, religion, 

and state dummies. Standard errors clustered at the group level (cohort/state) are reported in brackets. 

Column (7) provides OLS estimates without any selection correction. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 2.3: Selection by HAZ and WAZ Profile 

 HAZ WAZ 

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

Dependent 

Variable 
HAZ<-2 

-2<HAZ<-

1 
HAZ>-1 WAZ<-2 -2<WAZ<-1 WAZ>-1 

Inverse 

Mills Ratio 

1.05*** -0.493*** -0.562*** 0.578*** -0.424*** -0.432*** 

(0.087) (0.073) (0.071) (0.085) (0.079) (0.092) 

Explanatory 

Variables 
YES YES YES YES YES YES 

Cohort FE YES YES YES YES YES YES 

Interview 

Dummy  
YES YES YES YES YES YES 

Number of 

groups 
233 233 233 233 233 223 

Observation

s 
67886 67886 67886 76662 76662 76274 

Note: Mortality selection effect on HAZ and WAZ scores are evaluated at different cutoffs. The other 

control variables included in the specifications are sex of child, whether born in a multiple birth, mother’s 

age at birth, birth order, female interacted with birth order, birth month, year of survey, whether the 

household has access to piped water, electricity and toilet, caste, religion, and state dummies. Mother 

cohort is defined by mothers grouped by rural or urban residence, education, being poor and age. Standard 

errors clustered at the mother cohort level are reported in brackets.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 2.4: Including dead kids in HAZ and WAZ 

 HAZ WAZ 

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

Dependent 

Variable 
HAZ HAZ HAZ-hat WAZ WAZ WAZ-hat 

Child’s Age  
-0.004*** -0.009*** -0.005*** -0.002*** -0.006*** -0.0035*** 

(0.0007) (0.0015) (0.006) (0.0005) (0.001) (0.0003) 

Female 
0.294*** 

(0.037) 

0.30*** 

(0.037) 

-0.0065 

(0.033) 

0.27*** 

(0.028) 

0.28*** 

(0.028) 

-0.28 

(0.019) 

Multiple 
-0.149** 

(0.073) 

-0.216** 

(0.070) 

-0.342*** 

(0.074) 

-0.186*** 

(0.061) 

-0.25*** 

(0.058) 

-0.502*** 

(0.044) 

Interview 

Year 
      

1998 
-0.021 

(0.018) 

-0.041** 

(0.018) 

0.180 

(0.016) 

0.103*** 

(0.013) 

0.064*** 

(0.013) 

0.0107 

(0.009) 

2005 
0.496*** 

(0.016) 

0.374*** 

(0.016) 

0.340*** 

(0.014) 

0.279*** 

(0.012) 

0.134*** 

(0.012) 

0.203*** 

(0.008) 

Mother and 

House 

Controls  

NO YES NO NO YES NO 

Observation

s 
72116 70271 90818 81018 79141 90818 

Note: HAZ and WAZ represent the available anthropometric scores of all the living children. HAZ-hat and 

WAZ-hat are the predicted HAZ and WAZ scores for the full sample including the dead children. The 

predicted values are calculated by a regression of HAZ and WAZ on child characteristics and controlling 

for mother fixed effects. The other child control variables included in the specifications are birth order, 

female specific with birth order, and birth month. Mother and house characteristics include mother’s age at 

birth, caste, religion, rural or urban residence, education, being poor and mother’s age. Standard errors 

clustered at the mother level are reported in brackets.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 2.5: Heterogeneity by gender and birth order  

 Infant Mortality Neonatal Mortality 

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

Dependent Variable HAZ HAZ HAZ HAZ HAZ HAZ 

Female 
-0.266 

(0.739) 
  

1.64 

(1.13) 

  

N 32586   32417   

Number of Cohorts 231   221   

Male 
-2.43*** 

(0.73) 
  

-1.44** 

(0.657) 

  

N 35300   35300   

Number of Cohorts 233   233   

Birth order<=2  
1.96*** 

(0.56) 
  

5.62*** 

(0.853) 

 

N  38190   38138  

Number of Cohorts  217   212  

Birth Order>2  
-2.94*** 

(0.438) 
  

-3.03*** 

(0.673) 

 

N  29696   29394  

Number of Cohorts  219   209  

Birth order<=2 & 

Male 
  

2.02*** 

(0.691) 
 

 4.52*** 

(0.95) 

N   19726   19698 

Number of Cohorts   205   200 

Birth order>2 & Male   
-3.29*** 

(0.663) 
 

 -3.29*** 

(0.88) 

N   15574   15417 

Number of Cohorts   213   203 

Birth order<=2 & 

Female 
  

2.13** 

(1.06) 
 

 7.61*** 

(1.40) 

N   18464   18440 

Number of Cohorts   207   203 

Birth order>2 & 

Female 
  

-2.64*** 

(0.59) 
 

 -2.87*** 

(1.00) 

N   14122   13977 

Number of Cohorts    212   202 

Note: All the cells represent different regressions on a pooled sample of mothers in multiple surveys in 

India, according to different criterions. The sample is restricted to females or males in (1) and (4), lower 

birth order (<=2) or higher birth order (>2) in (2) and (5), and interaction between gender and birth order in 

(3) and (6). The control variables are sex of child, whether born in multiple birth, birth order, birth month, 

mother cohort fixed effects, interview-time dummies, mother’s age at birth, caste, religion, piped water 

availability, access to toilet, and whether house has electricity. Standard errors clustered at mother cohort 

level are reported in brackets.   

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 2.6: Heterogeneity by place and time 

 Infant Mortality  Neonatal Mortality 

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

Dependent 

Variable 
HAZ HAZ HAZ HAZ HAZ HAZ 

Kerala 
0.649 

(7.79) 
 

 2.86  

(4.36) 

  

N 596   592   

Number of 

Cohorts 
81  

 
79 

  

Interview 

year=1993 
 

-0.92 

(0.81) 

  -0.54 

(1.15) 

 

N  20459   20337  

Number of 

Cohorts 
 232 

  
222 

 

Interview 

year=1998 
 

-2.12** 

(0.93) 

  -1.87 

(1.18) 

 

N  16705   16639  

Number of 

Cohorts 
 225 

  
218 

 

Interview 

year=2005 
 

-1.13 

(0.712) 

  -0.95 

(0.928) 

 

N  30722   30556  

Number of 

Cohorts 
 230 

  
220 

 

Worse sex ratio 

states 
  

-7.2*** 

(0.82) 

 
 

-9.63*** 

(1.20) 

N   15133   15060 

Number of 

Cohorts  
  227 

 
 217 

Note: All the cells represent different regressions on a pooled sample of mothers in multiple surveys in 

India, according to different criterions. The sample is restricted to state of Kerala in (1) and (4), the three 

survey years in (2) and (5), and worse sex ratio states – Gujarat, Punjab, Haryana, New Delhi and Himachal 

Pradesh in (3) and (6). The control variables are sex of child, whether born in multiple birth, birth order, 

birth month, mother cohort fixed effects, interview-time dummies, mother’s age at birth, caste, religion, 

piped water availability, access to toilet, and whether house has electricity. Standard errors clustered at 

mother cohort level are reported in brackets.   

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 2.7: Robustness - Different specifications for mortality selection 

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

Dependent 

Variable 
HAZ HAZ 

Height in 

CM 

Weight in 

KG 
HAZ HAZ 

Sample 

Including 

state time 

trends 

Including 

year of birth, 

square and 

cubic terms 

of survey 

year 

Replace the 

outcome 

variable, 

HAZ 

Replace the 

outcome 

variable, 

WAZ 

Include 

Antenatal 

Visits 

(infant) 

<3years 

from 

interview 

date 

Inverse 

Mills Ratio 

-3.3*** -1.51*** -15.55*** -1.27*** -2.29*** -1.87*** 

(0.37) (0.46) (1.33) (0.37) (0.324) (0.53) 

Explanatory 

Variables 
YES YES YES YES YES YES 

Cohort FE YES YES YES YES YES YES 

Interview 

Dummy  
YES YES YES YES YES YES 

Number of 

groups 
233 233 233 233 229 226 

Observation

s 
67886 67886 70480 77125 57360 57025 

Note: All the cells represent different regressions on a pooled sample of mothers in multiple surveys in 

India, according to different criterions. The regression controls for state-time trends in addition to state and 

year of survey dummies in (1), (2) includes the year of birth along with age at birth and linear, quadratic 

and cubic controls for survey month-year, (3) replaces the HAZ outcome variable to height measured in 

centimeters and (4) measures the outcome in weight measured in kilograms instead of WAZ, (5) includes 

antenatal visits as a control in both first and second stage regressions, and (6) includes restricting sample to 

births within 36 months. The control variables are sex of child, whether born in multiple birth, birth order, 

birth month, mother cohort fixed effects,  interview-time dummies, mother’s age at birth, caste, religion, 

piped water availability, access to toilet, and house has electricity. Standard errors clustered at mother 

cohort level are reported in brackets.   

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Appendix 

Figure 2.A1: Mean HAZ Scores and IMR, by Survey Years 

   

 

Note: These bar graphs plot the mean HAZ Scores and mean infant deaths by the three survey years – 

1993, 1998 and 2005 in our sample.  
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Figure 2.A2: Infant Mortality Change, by Child Characteristics 

   

 

 Note: The first graph shows how change in infant mortality varies by birth order. The changes in infant 

mortality are calculated by changes in mean infant deaths by birth order over 1993 to 2005, divided by 

mean infant mortality over that cell in 1993 and multiplied by 100. The second graph plots a bar graph of 

infant mortality changes for males and females where male is denoted by female=0. 
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Figure 2.A3: Infant Mortality Trends, by Gender and Birth Order 

  

 

Note: This graph shows the decline in infant deaths overtime (1980-2005) by gender. Panel 2 plots the 

mean infant deaths by birth order for the two survey years, 1993 and 2005. 
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Figure 2.A4: Changes in HAZ (1993-2005), by Gender and Birth Order 

     

 

Note: The first graph shows how change in HAZ varies by birth order, where change is defined as the 

difference between mean HAZ by birth order between 1993 and 2005, divided by HAZ in 1993 and 

multiplied by 100. The second graph plots a bar graph of HAZ changes for males and females where male 

is denoted by female=0. 
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Table 2.A1: First-Stage Probit Estimates (Marginal Effects) 

 (1)  (2)  (3)  

Dependent Variable Survival till 1 year Survival till 1 month Survival till 1 year 

Delivery 
0.0076*** 

(0.002) 

0.0038** 

(0.0019) 

0.0104*** 

(0.002) 

Female 
0.010*** 

(0.003) 

0.007*** 

(0.002) 

0.010*** 

(0.003) 

Multiple 
-0.24*** 

(0.012) 

-0.195*** 

(0.013) 

-0.24*** 

(0.012) 

Piped water 
0.007 

(0.004) 

0.004 

(0.023) 

0.009** 

(0.004) 

No toilet 
-0.006*** 

(0.002) 

-0.006*** 

(0.016) 

-0.008*** 

(0.003) 

Electricity 
0.007*** 

(0.002) 

0.007*** 

(0.002) 

0.01*** 

(0.002) 

Mother’s Age at Birth 
0.0014** 

(0.0005) 

0.0011*** 

(0.0002) 

0.0022** 

(0.0002) 

State FE YES YES YES 

Cohort FE YES NO NO 

Observations 93999 94614 94614 

Note: These are the first stage probit estimates of deriving the inverse Mills ratio. Other included variables 

are birth dummy, female interacted with birth dummy, survey year, month of birth, caste, religion, and state 

dummies. Mother cohorts are also included in (1). Standard errors are clustered at the state level. 
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Chapter 3 

Roads to Better Health: Linkages between Infrastructure and Child 

Health Outcomes in India
*
 

Abstract 

Many people in rural areas in developing countries live at a distance from an all-weather 

road. This constrains their ability to access health care facilities and markets. This paper 

studies the impact of road construction on health outcomes of those affected by a large 

scale rural road construction program in India. This study creates a new dataset involving 

health and road construction information at the village level for India and estimates the 

causal outcome using two different estimation techniques to overcome any issue in 

identification and endogeneity of road placement. In the short run, I do not find any 

statistically significant effect of road construction on child health outcomes like infant 

and neonatal mortality and sex ratio at birth.  

Keywords: Infant Mortality, Child Health, Infrastructure, India. 

JEL Codes: I15, O18, J13. 

                                                             
*
 I am grateful to Anil B. Deolalikar, Aman Ullah, Mindy Marks, and Joseph Cummins for their comments 

and guidance. I am extremely grateful to Paul Novosad and Sam Asher for sharing their PMGSY matched 

data. All remaining errors are my own.  
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3.1 Introduction 

Lack of access to the nearest market or health center significantly constrains people’s 

economic and social opportunities. About 900 million rural dwellers worldwide live more 

than two kilometers―a 20 to 25 minute walk― from the nearest all-weather road (World 

Bank 2006). Henceforth, significant budgetary allocations are made towards 

infrastructure development in developing countries. In 2000, 40 percent of villages in 

India lacked an all-weather road. Access to transportation infrastructure can increase 

labor force participation, increase incomes, create access to a better variety of goods, 

increase domestic and international trade but on the other it may increase pollution or 

increase inequality (Akee, 2006; Qian et al., 2012; Limão and Venables, 2001; Bohemen 

and Lak, 2003). There are few empirical studies estimating the effect of rural road 

construction on child health.
1
 Empirically, it is difficult to establish causality as road 

placement is likely to be endogenous to other socio-economic factors which also affect 

development. This paper estimates the effect of being exposed to road construction on 

infant and neonatal mortality by developing a unique matched micro panel dataset on 

both health outcomes and road construction in India. 

Recently, India experienced a massive rural road building program – Pradhan Mantri 

Gram Sadak Yojana (PMGSY) - which was launched in 2000 with the aim of providing 

all-weather access roads to all villages with a population of 500 or more. By March 2011, 

                                                             
1
 There have been studies detailing the effects of road construction on economic growth, consumption, 

schooling, employment (Mu and Walle, 2007; Khandker et al., 2009; Aggarwal, 2014) but the effect on 

health is understudied.  
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over 420,000 km of roads had been sanctioned to connect nearly 110,000 habitations at a 

total cost of 1.19 trillion INR (about $27 billion) (Ministry of Rural Development, 2012). 

PMGSY is a large scale India-wide program to provide rural roads with a priority to 

provide access to villages with a population of 1000 or above and consequently provide 

roads to villages with a population of 500 or above. This phase-wise allocation of roads 

to different villages benefitting from the road construction at different points of time, 

based on their population, permits me to carry out two different empirical strategies to 

derive a causal estimate.   

Estimating the causal impact of infrastructure on any outcome is complicated by the fact 

that infrastructure is not allocated randomly. These placements are generally endogenous. 

For example, places which need the infrastructure most and are deemed the most 

backward would get it first. Alternatively, endogeneity can also arise if program 

placement is a function of time-varying factors. For example, the cities with maximum 

growth potential get the better road which makes it difficult to disentangle the effect of 

roads versus the growth trajectory. Endogeneity is still a concern in the impact evaluation 

of road construction at the micro level since there might be unobserved but 

geographically determined individual characteristics which are also correlated with the 

program placement.
2
 In the economic literature, identification has come from a use of 

instruments based on historical routes or from calculating straight line distance. Apart 

from the fact that valid instruments are hard to find, it is also difficult to use these 

                                                             
2
 For more details on problems in impact evaluation of road construction, refer to van de Walle (2009). 
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measures for identification when infrastructure creation leads to path dependencies.
3
 The 

ideal scenario would be to be able to exploit if road projects are randomized but given the 

intensive investment, random assignment of roads to communities is not feasible. Instead, 

in this paper, I use the quasi-random experiment of the roll-out of roads under PMGSY 

and differential access to these roads by the villages at different points of time. 

India does not have any nationwide survey individual-level health data which has village 

identifiers. But, PMGSY was implemented at the village level. To get a cleaner 

identification of treatment, individual-level data from District Level Household Survey 

(DLHS-3) is matched with the 2001 Census Data to derive village identifiers and then is 

matched with the road construction data. This paper then develops a causal estimate by 

using two different empirical methods. First, using retrospective birth histories from 

District Level Household Survey (DLHS-3), a within-mother variation in survival of 

infant is carried out before and after the road construction; which in turn develops a 

causal analysis of effect of road construction on health. Second, given the roll-out of the 

program concerning different thresholds, a fuzzy regression discontinuity design is 

invoked. The paper’s findings suggest that road construction under PMGSY does not 

bring about a statistically significant fall in infant and neonatal deaths in the short run as 

may be expected. In all the specifications the effect is greater in magnitude for villages 

with population of 1000 or more. I also do not find any evidence of change in sex ratio at 

birth, as measured by the probability of a male child being born after the village is 

affected by PMGSY. 

                                                             
3
 Berger and Enflo (2013); Bleakley and Lin (2012) 



122 
 

The rest of the paper is organized as follows. Section 2 elaborates on the program 

specification and implementation of PMGSY and the linkages through which road 

building is expected to affect health outcomes. Section 3 summarizes and describes the 

data used and section 4 provides details on the different empirical specifications used. 

Section 5 presents the empirical results and section 6 concludes.  

3.2 Background 

3.2.1 Pradhan Mantri Gram Sadak Yojana (PMGSY) 

Government of India launched the Pradhan Mantri Gram Sadak Yojana (PMGSY) on 

25th December, 2000 to provide all-weather access to unconnected habitations. The goal 

of the PMGSY was to provide connectivity, by an all-weather road, such that all 

unconnected Habitations with a population of 1000 persons and above were covered in 

three years (2000-2003) and all unconnected habitations with a population of 500 persons 

and above by the end of the Tenth Plan Period (2007).
4
 The 2001 Census population was 

the basis for determining the population size of the Habitation as well as eligibility for the 

program. Precedence was given to new connectivity with priority to connect villages with 

higher population. The PMGSY also permitted upgradation of the existing roads in those 

districts where all the eligible habitations of the designated population size had already 

been provided all-weather road connectivity.  In upgradation work, priority was given to 

                                                             
4
 The threshold for hill states, desert and tribal areas was a population of 250.  
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through routes of the rural core network.
5
 The District Panchayat approved the core 

network. The program had a huge scope with an investment of USD 26 billion and 

connecting 170,000 eligible habitations across India. The program has recently been 

extended to include all habitations with populations above 100. 

The unit for this program was a habitation, which is different from a revenue village or a 

panchayat. A habitation is a cluster of population, living in an area, the location of which 

does not change over time.
6
 An unconnected habitation was defined as a habitation 

located at a distance of at least 500 meters or more from an all-weather road or a 

connected habitation.
7
 The eligible Unconnected Habitations were intended to be 

connected to nearby Habitations already connected by an all-weather road or to another 

existing all-weather road so that services like educational and health facilities and 

markets, which were not available currently, become available to the residents. The core 

states that benefitted most under PMGSY were Madhya Pradesh, Uttar Pradesh, 

Chhattisgarh, Bihar, Rajasthan, Orissa, West Bengal, Jharkhand, Assam and Himachal 

Pradesh. 

                                                             
5
 A Core Network is a minimal network of roads that is essential to provide basic access to essential social 

and economic services to all eligible habitations in the selected areas through at least single all-weather 

road connectivity. A Core Network comprises of Through Routes and Link Routes. Through Routes are the 

ones which collect traffic from several link roads or a long chain of Habitations and lead it to marketing 

centers. Link Routes are the roads connecting a single Habitation or a group of Habitations to Through 

Routes or District Roads leading to market centers. (Source: PMGSY Guidelines) 
6
 PMGSY Guidelines (2004) 

7
 1.5 Kilometers in case of hills 
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3.2.2 Linkages 

Providing all-weather rural roads to unconnected villages can affect child and maternal 

health by direct and indirect mechanisms. Roads provide an easier access to health 

centers by reducing the travel time and transportation cost. Studies have shown that a 

reduction in travel time and cost leads to increase in use of formal health care (Wong et 

al., 1987; Adhvaryu and Nyshadham, 2014). Brenneman (2002) surveys the literature on 

transportation and health and finds that better transport leads to easier access to health 

care, better staffing in hospitals and easier operation of clinics.  Improved access to 

hospitals and utilization of formal health care will lead to a reduction in child mortality.  

Building of roads has shown to increase household per capita income and consumption 

(Khandker et al., 2009; Gibson and Rozelle, 2003). Gibson and Rozelle (2003) analyze 

how infrastructure could affect in reducing poverty in Papua New Guinea. They analyze 

the consumption and price effects of access to roads and find that a 1-hour increase in 

travelling time decreases real consumption by almost 10%. And hence, an improvement 

in transportation could be pivotal in poverty reduction. Access to rural roads, specifically 

in the context of India, leads to variety gains in consumption as well (Aggarwal, 2014). 

Increased variety in food may also result in increased diversity of micronutrient 

consumption, which can be important for maternal and child health in countries where 

micronutrient deficiency is endemic.
8
 

                                                             
8
 Cutler, Deaton, & Lleras-Muney (2006); Porto (2004) 



125 
 

More broadly, rural roads create access to markets and local market development (Mu 

and Walle, 2007). Mu and Walle (2007) find a sizable increase in perishable and non-

perishable food items and also find heterogeneous impacts with poorer communes 

benefitting more by a rural road construction project in Vietnam. Not only does roads 

create access to farther off markets, it also can increase agricultural produce by local farm 

households and decrease cost of living, with a fall in consumer prices (Jacoby, 2000). A 

study in India using data from the International Crops Research Institute for the Semi-

Arid Tropics from 1970 through 1974, with 5,450 observations of irrigated and non-

irrigated districts showed that for irrigated districts, road density (km roads/1000 sq km 

cropped land) was strongly and positively correlated with agricultural output in irrigated 

zones. With a decrease in cost of living and a resource-constrained rural household 

setting, an increase in disposable income could be expected which could be applied to 

accessing health care and preventing child deaths. 

At a macroeconomic level, building of transport infrastructure boosts trade (Buys et al. 

2006; Donaldson, 2013; Duranton et al., 2013). The production and trade in goods and 

services, relies heavily on an efficient distribution network. Therefore, road construction 

will aid trade and improve production. Datta (2011) studies the impact of highway 

construction in India on the firms’ inventories and finds that building of the highway 

leads to a reduction in inventory of affected firms. Reduced trade barriers also increase 

the demand for skilled labor. Michaels (2008) uses the U.S. Interstate Highway System as 

an experiment to identify the labor market effects of reduced trade barriers and finds that 

in rural counties that had a highly educated workforce, highways increased the relative 
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wage-bill of nonproduction workers, and where the workforce was less educated, 

highways decreased the relative wage-bill of nonproduction workers pointing to a 

heterogeneous effect. Trade policy has been shown to have a causal effect on child health 

outcomes. Panda (2014) shows that improved exports from sub-Saharan African 

countries under African Growth and Opportunity Act helps in decreasing infant and 

neonatal mortality by change in household assets, change in female employment in labor 

force and changing health seeking behavior of mothers. This indirect channel of 

increasing trade by access to all-weather roads will improve child health.  

Change in transportation costs play an important role in growth of cities and economic 

activity (Storeygard, 2012; Limão and Venables, 2001; Hummels and Skiba, 2004; Qian 

et al. 2012; Chandra and Thompson, 2000). Qian et al. (2012) show that proximity to 

transportation networks has a large positive causal effect on per capita GDP growth rates 

across sectors. Construction of rural roads helps in decreasing transportation cost and 

therefore boosting economic activity. Calderon and Serven (2004) evaluate the impact of 

infrastructure development on economic growth and income distribution using a panel 

data set for 121 countries for 1960-2000 and show that infrastructure development can be 

effective in combating poverty. Labor is an important factor in income of rural 

households in developing countries. Imperfections in rural labor market have been 

viewed as an impediment to income and employment of rural households (Bardhan, 

1979). With improved infrastructure, decreased search costs and access to faraway labor 

markets, even part-time agricultural workers will have the opportunity to improve their 

living conditions (Michaels, 2008).  Improved economic activity, increased opportunities 
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of employment and increasing incomes will improve health outcomes by mechanisms of 

improved nutrition and improved access to sanitation and health care. 

While there has been no work on studying the effects of road on child health, there has 

been some work on the effect of community infrastructure like access to electricity, 

improved sanitation and public health expenditure on child mortality (Wang, 2003; 

Galiani et al., 2005; Fay et al., 2005, Benefo and Schultz, 1996). Fay et al. (2005) use 

Demographic and Health Surveys for 39 developing countries to generate an index of 

infrastructure access involving household with a sanded floor, access to water, without 

sanitation and with access to electricity as a proxy for exposure to pathogens and find that 

community infrastructure is significant in determination of stunting and child mortality. 

Aggarwal (2014) studies the effect of PMGSY on outcomes like school enrollment, 

variety gains in consumption, price dispersion, women’s labor force participation, and 

adoption of new technologies. She finds a significant impact on the consumption basket 

as well as increased women’s labor force participation. Since these are some of the 

mechanisms through which road construction would affect child health, a priori I expect 

child health to improve in the districts and villages affected by PMGSY. 

This paper contributes to the literature in analyzing the effect of rural road construction 

on child health outcomes in rural areas. To the best of my knowledge, these are the first 

estimates of PMGSY on child health outcomes. 
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3.3 Data 

To study the effect of road construction on child health, a micro panel dataset is 

developed by matching the household survey data for health information (DLHS-3), the 

data on road construction (OMMS) and Census 2001 Data. Moreover, the reproductive 

birth history from DLHS-3 is used to create a panel dataset from the survey. 

3.3.1 PMGSY Data 

Effective monitoring of the program was carried out with the officials are required to 

furnish, online, all the data and information, as may be prescribed by the NRRDA from 

time to time, in the relevant module of the Online Management & Monitoring System 

(OMMS). Data for PMGSY is obtained from the OMMS. This includes data on roads 

built, habitations affected each year, baseline habitation connectivity status, road 

sanctioning dates, and population. This data is reported either at the habitation level or 

the road level.  

3.3.2 Health Data 

The micro level health data comes from the third round of the District Level Household 

Survey (DLHS-3) of India. DLHS-3 is a district level survey conducted between 

December 2007 and December 2008 and provides estimates on maternal and child health, 

family planning and other reproductive health services. The DLHS Surveys is one of the 

largest ever demographic and health surveys carried out in India, with a sample size of 

about 720,320 households covering all districts of the country. Information regarding 
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child health, immunizations, antenatal care, etc. is found in the surveys, along with 

mother and household characteristics.  

DLHS-3 collected data using four types of questionnaires – household, village, individual 

“ever married" women (15-49 years of age), and individual “never married" women (15-

24 years of age). Household questionnaire is used to collect data on household dwelling 

units, religion, caste, head of the household etc.; while ever-married women’s 

questionnaire is used to collect data from eligible women about the characteristics, 

reproductive behavior, antenatal and prenatal care, contraception, reproductive health etc. 

The village questionnaire collects information regarding the availability and accessibility 

of various services. Women of reproductive age (15-49 years) are interviewed about the 

date of birth and death (if applicable) during the last three years preceding the survey 

date.
9
 This kind of retrospective survey gives an opportunity to build a panel dataset of 

mothers, with the time dimension being the year of childbirth given by each mother.
10

 

Even though DLHS collects data at village level, no village identifiers are available in the 

dataset. But, for each village DLHS-3 records the population according to 2001 Census. 

Therefore, by using village population I match the 2001 Census Data to DLHS-3 

Individual file to get village names and codes for each observation. The matching is done 

at the sub-district level to avoid any duplicates as well as all villages are dropped within a 

                                                             
9
 This gives a complete list of all the pregnancies the woman has had since January 1, 2004. 

10
 One problem that can be raised with the recall data is the measurement error problem. Since the birth 

histories do not go too much into the past, it is lesser of a problem in this case.  This ensures that the 

siblings are not very far apart in age and hence are broadly comparable. Moreover, since deaths of a kid are 

important in a mother’s life, this variable should be recorded without much measurement error. Even if 

measurement error exists, it is improbable that it is systematically correlated with implementation of 

PMGSY.  



130 
 

sub-district if they have the same population. This process of matching enables me to 

uniquely match 18,513 of the 22,825 (81%) villages interviewed in DLHS-3.  This 

individual-level data is also matched to village questionnaire data to obtain village level 

characteristics. 

The PMGSY data is recorded at the habitation level, but it does not record the 

corresponding village names or codes.
11

 Therefore, a matching of this data is carried out 

with the 2001 census data by matching names of villages and habitations, where village 

codes are missing, by using a fuzzy matching algorithm.
12

 After matching village names 

to each habitation at the sub-district level, village codes are obtained and are 

subsequently matched with the merged DLHS-3 data now having the village codes.  

Treatment in this paper, for the household fixed effects specification, is defined as a 

child’s exposure to PMGSY. This is a dummy variable which takes the value 1 if the 

child is born in a village after PMGSY is implemented in the village. This ensures that 

the child has been fully exposed to the road construction through their lifespan. For 

example, if PMGSY mandated building of a road in village V1 in 2004-2005, then 

PMGSY takes the value of 2005 for V1. A child is then said exposed to AGOA if in V1; 

they are born in 2005 or later. A dummy variable indicating if the child has died before 

reaching the age of 1 year is constructed, based on mother’s birth history. This will be the 

indicator for individual-level infant mortality.  

                                                             
11

 This data is taken from the state reports at http://pmgsy.nic.in/ 
12

 This data has been compiled by Paul Novosad and Sam Asher by developing a hindi-name matching 

algorithm. I’m thankful to them for providing me with this data to develop the new dataset by matching 

with DLHS-3. 
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Since PMGSY was applicable to only rural areas, I restrict the data to the rural sector. 

After the matching and dropping data for children born within twelve months of the 

survey, to ensure full exposure for every child in the sample, the sample includes 151,370 

children born to 122,526 mothers. Infant (Neonatal) mortality rate is the number of 

deaths of children before reaching the age of one year (month) per 1000 live births. In 

this sample, it is calculated by multiplying the sample mean child deaths (in the 

appropriate age group) by thousand. The sample average infant mortality rate is 3.9% of 

live births while the sample neonatal mortality rate is 2.3% of live births. Since 

determinants of neonatal mortality may differ from infant mortality, an indicator for child 

dying before the age of 1 month is also constructed and effect of AGOA on it is studied. 

In Table 3.1, I show the summary statistics. In the sample, 46% children are females. In 

terms of mother characteristics, 51% of women did not attend any type of school, 76% 

are hindu, 41% belong to Other Backward Classes (OBC) and 48% have low wealth 

index. Since DLHS does not collect income or wage data, the wealth index is constructed 

by using data on asset possession by the individuals and is reported in DLHS. 50% of the 

surveyed individuals live in villages which has access to electricity for more than 6 hours 

a day and 78% villages are connected to a health sub-center. The average distance to the 

nearest town is about 15 kilometers and villages on average are about 40 kilometers away 

from a railway station. 
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3.4 Empirical Strategy 

3.4.1 OLS with household fixed effects 

To analyze the effect of road construction under PMGSY on infant mortality, I estimate 

the following equation using a linear probability model
13

: 

IMRimvt= αm + βt + γTvt + Ximvtδ + µd.t + εimvt                                                                   (1) 

for child i, born to mother m in village v in year t. IMR is a dummy which takes the value 

1 if child i dies before reaching the age of 1 year, αm is mother fixed effect, βt is birth-

year fixed effect and µd.t captures the district-time specific trend.
14

 Tct takes the value 1 if 

the specific village had a road constructed under PMGSY at time t. Ximct is a vector of 

control characteristics including sex of the child, whether or not they are born in multiple 

births (i.e. twins, triplets, etc.), dummies for their birth order, mother’s age at birth and 

birth month of the child. γ provides the estimate of the effect of PMGSY on infant 

mortality. The standard errors are clustered at the district level to take into account any 

correlation of the error across space and time within each district.  

It may be of concern that the villages may have selected into getting the roads or the 

program guidelines were not followed. I plot the probability of getting a road by village 

population and it is observed that there are jumps at both 500 and 1000 population levels 

                                                             
13 Due to easier interpretation of LPM estimates, I present those in the results. Also, LPM Model allows me 

to use a general form of mother fixed effects and since the estimations are deviations from the trend (after 

controlling for country-time control), the coefficient is likely to be small and should lie in the range of 0 to 

1.  
14 Since the plans were drawn at the district levels, I control for district-time trends to control for 

unobserved factors at the district level that may change with time and could be correlated with road 

construction.  
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as well as probability of getting a road for villages with a population of thousand or 

higher is more than that of villages with a population of 500. Another concern would be 

corruption involved in such a wide-scale program in India. It could be that the money 

allocated to road building was spent elsewhere, without any road being built. But, given 

the monitoring of the project and involvement of state and central governments, it seems 

unlikely. 

In addition, to alleviate any concerns about program placement based on prerequisites, I 

control for household (and in turn district or village) unobserved characteristics. Time-

invariant heterogeneity regarding geography, history, culture, politics and attitudes etc. 

are taken care of by the mother fixed effects (αm). The year fixed effects (βt) control for 

an aggregate time variation involving improvement of health technology and year shocks. 

The district specific trends (µd.t), in fact, also allow district specific improvement in 

infant and maternal health i.e. differential states of development of the districts in 

different states.  

Another outcome that this study is interested in is the sex ratio at birth. India has 

historically seen skewed sex ratios with lower female births than male births and it is 

especially acute in certain states. To measure the effect of road construction on sex ratio, 

I estimate: 

SRimvt= αm + βt + γTvt + Ximvtδ + µd.t + εimvt                     (2) 
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Here, the outcome variable is an indicator variable taking the value of 1 if the child is 

male and 0 if child is female. The time of treatment for the sex-ratio regression is 1 year 

prior to when the road was built and implies treatment at conception. 

3.4.2 Fuzzy Regression Discontinuity Design 

Since the program rollout was according to village population cut-offs with cut-offs at 

1000 and 500, I can also exploit a regression discontinuity design framework. Even if 

selection into PMGSY is based on political or economic factors, these factors should not 

change discontinuously at the cut-off population levels and this will provide a causal 

evidence of the effect of road construction on outcome variables. Since the program was 

a large scale program, some deviations from the plans are expected. For example, if a 

village lies in the route of construction of connecting a bigger village to link road, even 

though it has lower population and lesser priority. The likelihood of getting a road in the 

village should be a function of the population size of the village, as per 2001 Census, and 

it should discontinuously jump at the population thresholds. Keeping this in mind I use 

the Fuzzy Regression Discontinuity Design framework. 

In Fuzzy RD, the discontinuity becomes an instrumental variable for the treatment status 

(Angrist and Pischke, 2009). I therefore use the two-stage least squares estimation 

strategy: 

First Stage equation:  

Tivd = α + f(Xvd) + λ4*C1 + λ5*C2 + µd + δivd                     (3)  
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Second Stage equation:  

IMRivd = β0 + β1*Xvd + β2*X
2

vd + β3* X
3

vd + β4*C1 + β5* Tivd + µd + εivd         (4)  

Where, C1 = first cutoff, at 1000 and, 

IMRivd = β0 + β1*Xvd + β2*X
2

vd + β3* X
3

vd + β4*C2 + β5* Tivd + µd + εivd         (5)  

Where, C2 is the second cut-off at 500 

Here, X is the running variable i.e. the population of village v in district d, T is treatment 

of child and his/her village i.e. the village gets a road by the time of DLHS-3 survey 

(2008), C1 is an indicator variable indicating the village population is greater than 1000 

and similarly C2 is an indicator variable for population greater than 500. f(Xvd) represents 

a flexible control for village population.
15

 The outcome is measured by infant or neonatal 

deaths of children living in village v in district d. Though village controls, mother and 

child controls, and district fixed effects are not required for identification, these are 

included to improve efficiency in the second stage regressions. β5 in the second stage 

equations are the estimated effect of treatment on infant mortality at cutoffs C1 and C2 

respectively. Having two separate second stage equations lets me estimate separate local 

average treatment effects for the two cutoffs.  

                                                             
15

 I include first, second and third degree polynomial of the population variable in my estimation. 
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3.5 Results 

3.5.1 Regression Discontinuity Graphs 

For the Fuzzy RD design to be valid there should be a discontinuous jump in probability 

of assignment of roads at the cutoffs. Figure 3.1 plots the probability of road 

construction/sanction by village size and we observe discontinuity and a jump at cutoffs 

of 500 and 1000, validating the use of a Fuzzy RD design. Moreover, the average values 

of outcome variables infant and neonatal mortality display a discontinuity at the same 

population levels of 500 and 1000, as is shown in Figure 3.2. The outcome variables do 

not look discontinuous at other population levels as well.  

To ensure that it is only the assignment of road that brings about the changes in outcome 

variable at the population thresholds, and other things are not changing, I graph the 

covariates in Figure 3.3. The y-axis plots the proportion of villages having access to 

health sub-center, primary health clinic, access to more than 6 hours of electricity in a 

day, and villages having drainage facility. The scatterplots show no apparent change in 

density at the cutoff level of 1000.   

Lastly, to check that there is no “gaming of the cutoff” that is villages in order to get the 

road report their populations to be just above the cutoff, I plot the population density 

graphs at 500 and 1000 village population cutoffs. Given that the plans were drawn based 

on Census 2001 population level, it is unlikely to be a problem. If in fact we see a huge 

bump in density around the cutoffs, it is a cause of concern and invalidates the design. 
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Figure 3.4 plots the density functions. We do not observe any special increase in density 

of villages with population of 500 or 1000. 

3.5.2 Regression Estimates 

Table 3.2 presents the results of the OLS specification. Column (1) – (3) present the 

effect of road construction on infant mortality. Column (1) controls for district fixed 

effects and year fixed effects along with controls for mother characteristics like religion, 

caste, education of mother, and being poor and village characteristics like number of 

households in the village, distance from nearest town, distance to district headquarter, 

distance from nearest railway station, source of drinking water in village, village 

connected to health sub center, primary health clinic or dispensary. The coefficient on the 

treatment is negative, small in magnitude and not statistically significant at the 

conventional levels. Column (2) adds the household fixed effects instead of district fixed 

effects, and even though the absolute magnitude of the coefficient increases, significance 

is unchanged. Column (3) includes district time trends as well without much change in 

the coefficients. Columns (4) – (6) show the results for neonatal mortality. Again the 

coefficients are small in magnitude and not statistically significant.  

Next, I present the results from the Fuzzy RD analysis. First, to check if the cutoffs are 

valid instruments, I present the first stage results in Table 3.3. The two cutoffs at 500 and 

1000 are highly significant with F-statistics much greater than 10 for both of them. This 

regression controls for linear, squared and cubic term for population, and village controls 

for number of households in the village, distance from nearest town, distance to district 
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headquarter, distance from nearest railway station, source of drinking water in village, 

village connected to health sub center, primary health clinic or dispensary along with 

district fixed effects.  

Table 3.4 presents the results of effect of road construction on infant mortality using the 

cutoffs at 500 and 1000 as instruments in a two-stage least squares method following a 

fuzzy RD design. These regressions include controls for village and mother 

characteristics to improve efficiency. Since the conditional distribution of covariates is 

continuous at cutoffs, inclusion of these in the regression should not change the effect of 

treatment on the outcome. Moreover, the presence of covariates includes the precision if 

these covariates are in fact linked to the outcome of interest.  The effect of road 

construction as measured at the cutoff of 500, with and without village and mother and 

child level controls, are similar at 18 deaths per thousand reduction in infant mortality 

albeit not statistically significant. The effect is higher in magnitude at around reduction of 

24 deaths per thousand at cutoff of 1000 but is again not statistically significant at 

conventional levels. The coefficient in column (5) is significant at 10% level, when no 

mother-child characteristics are included in the regression. With a mean sample infant 

mortality of about 39 per thousand, this implies a reduction by around 38% of sample 

mean. 

The Fuzzy RD estimates of effect of PMGSY on neonatal mortality are presented in 

Table 3.5. The magnitudes are similar across specifications with road construction having 

a greater effect on villages with population nearing 1000 than at 500. Road construction 
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reduces neonatal mortality by 5-7 deaths per thousand in villages with population around 

500 while it decreases neonatal deaths by 13 deaths per thousand in villages with 

population of 1000. In both cases though, the effects are not statistically significant.  

I also present the estimates on sex-ratio as an outcome variable. This is defined as 

probability of male child being born if the mother is affected by PMGSY during 

conception in the OLS specification. In the Fuzzy RD framework, since this is a cross-

section with no time dimension, treatment is defined as any mother being affected by 

PMGSY till the survey year. Table 3.6 presents both the OLS and the Fuzzy RD results. 

It is important to keep in mind that the OLS results are more generic in terms of the effect 

on overall population while the Fuzzy RD estimates are more localized and true for 

villages with similar characteristics across the cutoffs. The OLS estimates with controls 

for household fixed effects imply the probability of being born male increases by 1.5 

percentage points, though it is not statistically significant. The Fuzzy RD estimates show 

that the probability of being male decreases by about 4.9 percentage points at the cutoff 

of 500 (significant at 10% level) while it decreases by about 1 percentage point when the 

cutoff is 1000.  

3.6 Conclusion 

Road infrastructure can affect the health of a population by giving them access to health 

care, variety of goods and services, and markets. This paper studies the impact of road 

construction on infant and neonatal mortality of those affected by a large scale rural road 

construction program in India. To study this effect a unique micro dataset involving 



140 
 

individual level nationwide health data and road construction data is created. The analysis 

suggests that road construction does not have a statistically significant impact on infant 

and neonatal mortality. 

This could be due to various reasons. First, since this is a short term estimation of effect 

the gains of road construction may not have been realized yet. It is required that for roads 

to have an immediate effect on infant and neonatal mortality, the mechanisms should 

have a dramatic change almost immediately. This may not be the case. The growth of 

cities and marketplace as well as increased trade activity may show some lag in 

responding to this change, which a short term study like this is not able to capture. 

Second, it is possible that even though the road has been built, it is not specifically used 

to access better health care due to household financial constraints. Access to healthcare or 

markets does not imply a necessary change in healthcare behavior especially by 

financially constrained households. Third, even though roads have been provided, 

individuals may not have proper access to means of transport to utilize the roads. For 

example, households need a cycle or car or public transport like buses to visit a hospital 

which is farther off. Construction of roads reduces time cost to access those places but 

does not provide means of access. 

A longer horizon study in studying the effect of road construction on health outcomes is 

therefore called for. Unfortunately, nationwide health data available in India till now do 

not provide us with enough detailed village level information with a wide time range to 

carry on this type of analysis at this point in time. It will also be interesting to analyze the 
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mechanisms at work to observe if there is an actual change in the medium through which 

this program would be able to bring a significant change in the health outcome variables. 
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Figures 

Figure 3.1: Probability of road sanctioning at population cutoffs

 

 

Note: This graph plots probability of assignment of road at the two village population cutoffs, 500 and 

1000.  Separate local linear smoothed fits are plotted to the left and the right of the cutoff points. 
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Figure 3.2: Mean infant and neonatal deaths at population cutoffs 

   

    

Note: The first row of graphs plot the discontinuity in average infant deaths as the outcome variable based 

on the village population size. The second row of graphs plot the discontinuity in average infant deaths as 

the outcome variable based on the village population size. The cutoffs are at village population of 500 and 

1000.  Separate local linear smoothed fits are plotted to the left and the right of the cutoff points. 
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Figure 3.3: Covariates at population cutoffs 

 

   

Note: These scatterplots show the distribution of mean village covariates by the village population size. 

The covariates included are access to health sub-center, access to primary health center, access to at least 6 

hours of electricity and availability of drainage facility in the village.  

 

 

 

 

 

 



148 
 

Figure 3.4: Density of population at population cutoffs 

 

 

Note: These graphs plot the density of population at the two village population cutoffs, 500 and 1000, in 

the micro health and road merged data.   
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Tables 

Table 3.1: Summary Statistics  

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

 Obs Mean Std. Dev. Min Max 

Infant Mortality 151370 0.039 0.19 0 1 

Neonatal Mortality 151370 0.023 0.15 0 1 

Female 149838 0.46 0.49 0 1 

Multiple Births 151370 0.015 0.12 0 1 

Birth Order 142611 2.69 1.89 1 25 

Village Population (500-

1000) 
32114 757.8 143.5 501 999 

Village Population (>1000) 88754 3733 5016 1000 99506 

Mother Characteristics      

Uneducated 151350 0.51 0.49 0 1 

Hindu 151368 0.76 0.42 0 1 

Muslim 151368 0.14 0.34 0 1 

SC 148337 0.20 0.40 0 1 

ST 148337 0.18 0.39 0 1 

OBC 148337 0.41 0.49 0 1 

Low Wealth Index (Poor) 151336 0.48 0.49 0 1 

Medium Wealth Index 151336 0.23 0.42 0 1 

High Wealth Index 151336 0.28 0.45 0 1 

Mother’s age at birth 151369 24.5 5.37 0 1 

Village Characteristics      

No electricity 151361 0.20 0.40 0 1 

More than 6 hours 

electricity 
151361 0.50 0.49 0 1 

Drainage Facility 151361 0.36 0.48 0 1 

Access to Dispensary 151361 0.71 0.45 0 1 

Access to Primary care 151361 0.74 0.44 0 1 

Access to Health sub center 151361 0.78 0.41 0 1 

Distance to nearest town 

(KM) 
151361 14.9 14.5 0 99 

Distance to district 

headquarter (KM) 
151248 44.9 35.7 0 865 

Distance to nearest railway 

station (KM) 
150390 40.7 64.7 0 900 

Number of households in 

village 
150818 390.5 765.4 0 9905 

Note: Sample statistics of the variables for the rural sample are reported. Educated implies having attended 

any type of school and uneducated is defined as mother did not attend any school. Female is 1 if sex of 

child is female. Multiple birth is a dummy variable indicating if the child is born in a multiple birth. It is 0 

for a single birth and 1 for twins, triplets or quadruplets. 
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Table 3.2: Effect of PMGSY on infant and neonatal mortality - OLS 

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

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Neonatal 

Mortality 

Neonatal 

Mortality 

Neonatal 

Mortality 

Road 
-0.0008 -0.011 -0.003 -0.0002 -0.0013 0.003 

(0.0017) (0.0087) (0.009) (0.0014) (0.0074) (0.0083) 

Explanatory 

Variables 
YES YES YES YES YES YES 

District FE YES NO NO YES NO NO 

Mother FE NO YES YES NO YES YES 

Year FE YES YES YES YES YES YES 

District-time 

trends 
NO NO YES NO NO YES 

Number of 

groups 
561 120765 120765 561 120765 120765 

Observations 138368 142606 142606 138368 142606 142606 

Note: Treatment (Road) is defined as 1 for a child born after PMGSY has been implemented in PMGSY 

affected district. The other control variables included in the specifications are sex of child, whether born in 

multiple birth, year of birth, mother’s age at birth, birth order and birth month. The regressions with only 

district FE also control for mother characteristics like religion, caste, education of mother, and being poor 

and village characteristics like number of households in the village, distance from nearest town, distance to 

district headquarter, distance from nearest railway station, source of drinking water in village, village 

connected to health sub center, primary health clinic or dispensary are also included. Standard errors 

clustered at the district level are reported in brackets. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 3.3: First Stage – Fuzzy Regression Discontinuity Design 

Road/Treatment Coefficient 

Robust 

Standard  

Error 

t-statistics p-value 

Cutoff 1 (500) 0.104*** 0.011 9.28 0.000 

Cutoff 2 (1000) 0.058*** 0.012 4.95 0.000 

District FE YES    

Flexible population 

controls 
YES    

Village controls YES    

F-Stat (Cutoff1) 86.16    

F-Stat (Cutoff2)  24.52    

Clusters 561    

Observations 149818    

Note: It presents the first stage estimates to check for weak identification. Flexible population controls refer 

to linear, squared and cubic terms of village population. The village control variables included in the 

specifications are number of households in the village, distance from nearest town, distance to district 

headquarter, distance from nearest railway station, source of drinking water in village, village connected to 

health sub center, primary health clinic or dispensary. Standard errors clustered at the district level are 

reported in brackets. 

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 3.4: Effect of PMGSY on infant mortality - FRDD 

 Cutoff=500 Cutoff=1000 

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

Dependent 

Variable 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Infant 

Mortality 

Road 
-0.018  -0.018 -0.0175 -0.024 -0.029* -0.024 

(0.012) (0.012) (0.013) (0.014) (0.015) (0.015) 

Village 

Controls 
NO YES YES NO YES YES 

Mother-Child 

Controls  
NO NO YES NO NO YES 

Flexible 

Population 

Controls  

YES YES YES YES YES YES 

District FE YES YES YES YES YES YES 

Number of 

clusters 
561 561 561 561 561 561 

Observations 153519 149818 138369 153519 149818 138369 

Note: This is a Fuzzy RD estimate of the effect of road construction on infant mortality for cutoff=500 and 

cutoff=1000. Treatment is defined as child in a village being affected by PMGSY by 2008, time of DLHS 

survey. The mother-child control variables included in the specifications are sex of child, whether born in 

multiple birth, mother’s age at birth, birth order, birth month, religion, caste, education of mother, and 

being poor. Flexible population controls refer to linear, squared and cubic terms of village population. The 

village control variables included in the specifications are number of households in the village, distance 

from nearest town, distance to district headquarter, distance from nearest railway station, source of drinking 

water in village, village connected to health sub center, primary health clinic or dispensary. Standard errors 

clustered at the district level are reported in brackets.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 3.5: Effect of PMGSY on neonatal mortality - FRDD 

 Cutoff=500 Cutoff=1000 

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

Dependent 

Variable 

Neonatal 

Mortality 

Neonatal 

Mortality 

Neonatal 

Mortality 

Neonatal 

Mortality 

Neonatal 

Mortality 

Neonatal 

Mortality 

Road 
-0.005  -0.006 -0.007 -0.013 -0.017 -0.013 

(0.009) (0.009) (0.009) (0.011) (0.011) (0.012) 

Village 

Controls 
NO YES YES NO YES YES 

Mother-Child 

Controls  
NO NO YES NO NO YES 

Flexible 

Population 

Controls  

YES YES YES YES YES YES 

District FE YES YES YES YES YES YES 

Number of 

clusters 
561 561 561 561 561 561 

Observations 153519 149818 138369 153519 149818 138369 

Note: This is a Fuzzy RD estimate of the effect of road construction on neonatal mortality for cutoff=500 

and cutoff=1000. Treatment is defined as child in a village being affected by PMGSY by 2008, time of 

DLHS survey. The mother-child control variables included in the specifications are sex of child, whether 

born in multiple birth, mother’s age at birth, birth order, birth month, religion, caste, education of mother, 

and being poor. Flexible population controls refer to linear, squared and cubic terms of village population. 

The village control variables included in the specifications are number of households in the village, 

distance from nearest town, distance to district headquarter, distance from nearest railway station, source of 

drinking water in village, village connected to health sub center, primary health clinic or dispensary. 

Standard errors clustered at the district level are reported in brackets.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Table 3.6: Effect of PMGSY on sex ratio at birth 

 OLS FRDD 

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

Dependent 

Variable 
Male Male Male Male Male 

Treatment 
-0.005  0.015 0.015 -0.01 -0.049* 

(0.005) (0.023) (0.025) (0.035) (0.029) 

Cutoff    1000 500 

Village and 

Mother 

Controls 

YES NO NO YES YES 

Child 

Controls  
YES YES YES YES YES 

Flexible 

Population 

Controls  

NO YES YES YES YES 

District FE YES NO NO YES YES 

Mother FE NO YES YES NO NO 

District-time 

trends 
NO NO YES NO NO 

Number of 

clusters 
561 120765 120765 561 561 

Observations 138368 142606 142606 138369 138369 

Note: These provide the regression estimates of the effect of road construction on probability of being a 

male in both OLS and Fuzzy RD framework. For the OLS framework, a child is said to be treated if his/her 

mother was affected by PMGSY in the year of conception. The child control variables included in the 

specifications are sex of child, whether born in multiple birth, mother’s age at birth, birth order, and birth 

month. Additional mother specific control variables are religion, caste, education of mother, and being 

poor. Flexible population controls refer to linear, squared and cubic terms of village population. The village 

control variables included in the specifications are number of households in the village, distance from 

nearest town, distance to district headquarter, distance from nearest railway station, source of drinking 

water in village, village connected to health sub center, primary health clinic or dispensary. Standard errors 

clustered at the district level are reported in brackets.  

*** Significant at 1% level, ** significant at 5% level, * significant at 10% level. 
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Conclusion 

This research studied the impact of macroeconomic policies on child health outcomes and 

demography in the context of developing countries. I look at heterogeneous impacts 

across agents and how initial levels of endowments affect the accrual of benefits 

presented by a change in economic policy. I study the response of economic agents to 

these policies, and determination of optimal household decisions regarding health and 

labor market participation. 

The findings of the first chapter reinstate how the same economic policy may have 

differential effects on different sections of the population. In studying the effect of 

African Growth and Opportunity Act (AGOA) in 30 different sub-Saharan African 

countries, I find heterogeneity in the effects of the policy on rural and poor mothers in 

lowering their probability of infant deaths after the policy is implemented. Similarly, at 

the macro level, I do not find significant reductions in infant deaths for oil exporting 

countries, supporting the widely cited hypothesis of “resource curse”. On an average, I 

find a significant reduction in infant and neonatal deaths almost immediately after the 

policy is implemented in these nations. With many developing countries relying on trade 

openness to boost their economic growth, this study brings forth this discussion to 

economic development and opens up new channels of effective policy intervention to 

improve human capital outcomes of the society. 

The second chapter emphasizes on the importance of well-rounded policy interventions. 

We find evidence of negative mortality selection in India indicating survival of weaker 
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kids due to neonatal interventions. Moreover, given the patrilineal structure, there is 

evidence of son preference and differential effects by birth order. If weaker kids survive 

due to successful neonatal interventions, without provision of appropriate care 

afterwards, it would worsen the case of malnutrition. 

Lastly, the third chapter presents evidence of no short run impact of a policy change like 

rural road construction on the health outcomes of children in India. This chapter 

highlights the fact that only access to infrastructure may not be enough in improving 

outcomes. Complementary policies of provision of means of transportation and reducing 

financial constraints may help accrue full benefits of provision of infrastructure, 

especially for the rural and poor. 

This research presents evidence of effectiveness of different kinds of policies on 

improving child health outcomes and shows that policies may have heterogeneous 

effects, policies need to be complemented with other policies for better effectiveness, as 

well as, there may be some lag between policy implementation and realization of benefits 

for the society. 
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