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Professor Judith Thornton

Economics

This dissertation consists of three essays in development economics. I explore various house-

hold behaviors in developing economies, using India and Tanzania as examples. The first

two chapters focus on urban slums to capture the inequality within cities and to evaluate the

impact of an intervention during urbanization. The third chapter investigates the influence

of an inheritance law reform on child labor.

The first chapter, which is a joint work with Claus Pörtner, examines the differences in

child health across rural, urban non-slum and slum areas. The developing world is rapidly

becoming more and more urban, but our understanding of the differences between urban

and rural areas is still limited, especially in the important area of child health and its deter-

minants. Simple averages show clearly that child health in India is worst in rural areas and

best in urban areas—with slums in between—but it is unclear exactly what accounts for

these differences. We examine the determinants of these differences and to what extent the

same mechanisms affect child health in different areas using the 2005-06 National Family

Health Survey (NFHS-3) data from India. Once we control for environmental conditions

and wealth status, the urban advantage in child health disappears and slum children fare

substantially worse than their rural counterparts. We also examine the impact of maternal

education on child health across rural, urban, and slum areas and find that the positive

effect of mother’s education on child health is significantly stronger in rural areas than in



cities and almost entirely absent in slums. Potential explanations for these results, such

as school quality and migration, are explored, but these are unlikely to fully explain the

differences in health.

The second chapter, which is a joint work with Aidan Coville, evaluates the impact of

a slum upgrading project in Tanzania. Developing countries spend significant amounts of

their budgets annually on slum upgrading activities, with the broad objectives of alleviating

poverty, improving health and well-being and strengthening the social fabric within these

communities in a holistic and integrated manner. Rigorous evidence on the impact of these

programs is sparse. Isolating the causal impact of these interventions presents a challenge,

since the outcomes of interest are often correlated with the site selection for upgrading,

and randomized controlled trials are not usually feasible for practical implementation rea-

sons. While rigorous research is beginning to emerge on the effects of slum upgrading on

diarrhea, acute respiratory illness (ARI) and the crowding out of private investments, very

little is known about the broader impacts of the upgrading process that serve to motivate

these interventions in the first place. This paper evaluates the Community Infrastructure

Upgrading Program (CIUP) financed by the World Bank with the aim of improving the

lives of slum dwellers in Dar es Salaam, Tanzania through targeted investments in com-

munity infrastructure such as roads, drainage systems and streetlights. We find that the

CIUP interventions increased household sizes and decreased out-migration, halved diarrhea

rates for children under 5, and increased female school enrollment rates, but did not have

significant impacts on employment, business operations, income and expenditure, private

investment or social cohesion. We review possible confounding factors that influence the reli-

ability of these estimates and present the results in light of these methodological constraints.

The third chapter examines the relationship between female autonomy and child labor

in India. Many children in developing countries are engaged in various forms of child

labor. It is important to understand the determinants of child labor and to evaluate its



welfare implications. Intra-household bargaining has been considered an important factor in

household decision-making for investment in children. This paper uses the Hindu Succession

Act Amendment (HSAA) in India as a source of exogenous variation in woman’s bargaining

power and information from the 2005-06 National Family Health Survey (NFHS-3) to study

the effect on child labor. I find that the increase in mothers’ bargaining power is associated

with a lower probability of child labor, and this negative impact is especially strong for

teenage daughters. A daughter of 12 to 14 years old is less likely to be working by 30

percentage points and is less likely to do family work by 20.6 percentage points if her

mother is exposed to the HSAA. The HSAA also shows differential impact on families with

different sizes and wealth status.
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Chapter 1

WHAT EXPLAINS DIFFERENCES IN CHILD HEALTH BETWEEN
RURAL, URBAN, AND SLUM AREAS? EVIDENCE FROM INDIA

1.1 Introduction

Health affects current well-being and is a crucial determinant of future outcomes at both

individual and societal levels. This is especially the case for child health, which is a key

indicator for future labor productivity and economic growth. For developing countries, we

know a good deal about what determines health in rural areas, but we have much less

information about determinants of health in urban areas while the developing world is

rapidly becoming more urban. The urban population in the developing world is projected

to increase from 2.7 billion in 2011 to 5.1 billion in 2050 (United Nations 2012). A major

unanswered question is whether or not this increase in urban population will improve child

health in developing countries. To answer this question and to understand how urbanization

affects our policy choices, we need to understand the differences in determinants of child

health between rural and urban areas.

This paper utilizes recent data from India that cover rural, urban, and slum areas to

examine what explains differences in health for children across these areas and how the

determinants of child health differ across the three areas. The data come from the Indian

2005-06 National Family Health Survey (NFHS-3). NFHS-3 has detailed information on

child health from rural, urban, and slum areas and covers a sufficiently large sample to allow

us to examine differences across these areas. Simple averages show clearly that children in

urban areas are significantly healthier than slum children, who in turn are significantly

healthier than rural residents. This may, however, simply reflect differences in household

characteristics between areas. We therefore examine what the main drivers are behind

these differences in health by studying the impact of wealth, environmental conditions, and

household characteristics on child health. Maternal education is often mentioned as the key
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driver of improved child health, with increased maternal education having a strong positive

effect on child health. Hence, we focus in depth on whether the effect of maternal education

on child health differs between the three areas.

When examining the issue of child health, it is important to consider slums in addition

to rural and urban areas. Slums are often considered the first stop for people moving from

rural areas in search of new opportunities, but most existing data usually exclude slum

areas because they are considered illegal settlements. When slums are included in the data

collection, the sample size is often too small to allow any reasonable slum-specific estimates

(Fotso 2007). A simple definition of a slum is “a heavily populated urban area characterized

by substandard housing and squalor” (UN-HABITAT 2003). More specifically, a slum is an

area that has one or more of the following characteristics: inadequate access to safe water,

inadequate access to sanitation and other infrastructure, poor structural quality of housing,

overcrowding, and insecure residential status. In NFHS-3, the definition of a slum is a

compact area of at least 300 people—or about 60 to 70 households—living in poorly built

congested tenements, in an unhygienic environment, usually with inadequate infrastructure,

and lacking in proper sanitary and drinking water facilities.

India is in many ways the ideal country to study differences in health across rural,

slums, and urban areas. Approximately 31 percent of India’s population lives in urban areas

with a large and rapidly-growing slum population (Burra 2005). According to the Indian

government (Housing and Urban Poverty Alleviation Minister Kumari Selja in 2010), India’s

slum-dwelling population had risen from 27.9 million in 1981 to 75.26 million in 2001 and

is expected to increase to 93.06 million in 2011. In India’s largest city, Mumbai, more than

half of the population resides in urban slums even though slums occupy only about 8.75

percent of the city’s land, and the number of slum dwellings has grown 40 percent since

1995 (Murthy 2012).

Our main contribution in this paper is that we analyze an important question that has

received limited attention in the literature; namely, how child health and its determinants

vary across rural, urban, and slum areas, whereas the prior literature has generally focused

solely on one type of area. Specifically, this allows us to begin understanding how the impact

of maternal education varies across areas, something that has important policy applications
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given the increasing urban and slum population. Contrary to prior studies, we use a data

set that has sufficient number of observations to identify any potential differences across

areas.

We show that simple averages of child health, as measured by height-for-age and weight-

for-height Z-scores and survival, are best in urban areas, followed by slum areas and finally

by rural areas. Once we control for environmental conditions and wealth status, however,

the urban advantage in child health disappears and slum children fare substantially worse

than their rural counterparts. We also find that the positive effect of mother’s education

on child health is significantly stronger in rural areas than in cities and is almost entirely

absent in slums. There is weak evidence that school quality plays a role in the absence of an

effect of maternal education in slums, but neither quality nor selective migration can fully

explain the differences in health.

1.2 Literature Review

With the number of poor and undernourished living in urban areas is increasing more

quickly than in rural areas, the locus of poverty and malnourishment is gradually shifting

from rural to urban areas (Haddad et al. 1999). Urbanization has traditionally been linked to

development and development with health, but the growth of slums is now often associated

with poor health (Vlahov et al. 2007).1 From the late 1970s to the early 1990s, infant

mortality underwent a much slower decline in cities of one million or more residents than in

towns and villages in developing countries of Latin America, Africa and the Near East, while

infant mortality has risen substantially in small and medium-sized cities of sub-Saharan

Africa (Brockerhoff and Brennan 1998). Recently, in two urban slums in Nairobi, close to

40 percent of children were found to be stunted (Abuya et al. 2012).

Comparing children across rural, urban and slum areas in Bangladesh, children from

slum areas are significantly more likely to have serious behavioral problems (Mullick and

Goodman 2005). Data from Ahmedabad, the largest city in Gujarat, India, indicate that the

1 Basta (1977) made one of the earliest attempts to use slums as a way to capture the intra-urban
differences of nutrition and health but only had limited descriptive information for four cities in Philippines,
India and Pakistan.
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child health conditions in urban slums are worse than the national average, in terms of child

mortality, immunization rates and other indicators, but the greater availability of health

practitioners is an advantage for slum children over their rural counterparts. Slums often

turn out to be stable and homogeneous communities rather than chaotic agglomerations

(Fry et al. 2002).

The poor environment and resulting conditions can be the main threat to health for

slum dwellers. For example, the inadequate distance between wells and pit latrines and

slum dwellers’ poor sanitary practices can lead to contamination of water sources (Kimani-

Murage and Ngindu 2007). In Indonesian slums, conditions such as a lack of garbage

service, a poorly-kept yard, and the presence of stagnant water around the dwelling are

associated with a greater incidence of sickness (Brueckner 2013). Sickness is, however, not

related to toilet access, an outside water source, the presence of a sewer connection, poor

ventilation, the presence of waste and trash, or the proximity of a stable. Households living

in dirt-floored dwellings have a lower incidence of sickness.

To the extent that urbanization is believed to be a force for better health, it is clear

that the health benefits of urbanization are not uniformly distributed. Children of both

rich and poor families benefit from urban living, but the rich gain more (Dye 2008). In

both urban and rural areas, children from the poorest households stand a greater risk of

being undernourished than their counterparts in the most privileged households, but the

socioeconomic inequality in stunting is significantly larger in urban areas (Fotso 2006).

Child malnutrition in sub-Saharan Africa is lower in urban than rural areas, but these

urban-rural gaps are abolished in almost all Sub-Saharan African countries when community

socioeconomic status, household wealth and maternal education are controlled for (Fotso

2007).

The influence of the urban environment on health is clearly complex. Controlling for

socioeconomic status, environmental conditions are strongly related to child mortality in

Egypt and Brazil, to stunting in Ghana and Egypt and to diarrhea prevalence in Brazil

and Thailand (Timaeus and Lush 1995). In addition, the effect of improved water and

toilet facilities on child health may vary between individuals and populations depending on

parental education (Stephens 1984). In Ghana, the presence of piped water and private
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latrines is associated with lower child mortality, but the advantages of better sanitation

facilities are severely limited when mothers are not educated. Marx et al. (2013) argue that

slums can be poverty traps because slums’ living conditions lead to extremely poor health

and low levels of human capital. They show that the prevalence of underweight, stunting,

and wasting is greater in the slum outskirts of Sierra Leone’s capital Freetown than in

rural areas nationwide. Overall, we can see that using a simple urban-rural dichotomy to

characterize child health may be misleading. Examining the rapidly growing urban slum

population can be one way to understand the health inequality within cities.

1.3 Theoretical Framework

Following Rosenzweig and Schultz (1983), we assume that the preference ordering of a

household j over a composite consumption good Xj , a composite health environment good

Yj , and a vector Hj = (H1j , H2j , . . . ,Hij , . . . ,Hnj) over the health of the n children in the

household, can be represented by a utility function

Uj = U(Xj , Yj ,Hj). (1.1)

Child health is determined by the health environment good Yj , a child specific health input

Iij that does not affect parental utility directly, and a child health endowment µij . The

health environment composite good Yj consists of goods that affect both utility and child

health directly. This may, for example, be smoking, the number of children in the household,

the level of household sanitation, or the source of water. Child specific health inputs might

be nutritional intake and individual care. In this case, the child health production function

is

Hij = Γ(Yj , Iij , µij). (1.2)

The budget constraint of the household is given by

Mj = Xj + pY Yj + pIIj, (1.3)

where Mj is household income, pY and pI are the prices of the health environment good and
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the child specific health inputs relative to the price of the non-health consumption goods,

and Ij is a vector of the child specific health inputs. Both household income and input

prices are assumed to be exogenous to the household.

From maximization of (1.1) subject to the health production function (1.2) and the

budget constraint (1.3), the reduced form household demand functions for the composite

goods X, Y, and I are

Dc = D(pY , pI ,Mj , µj), c = X,Y, I. (1.4)

Reduced form household demand functions for health inputs were among the principal

objects of study in the empirical analyses of household health in the 1970’s. Following

Rosenzweig and Schultz (1983), however, later studies have concentrated on estimating the

underlying technical relationships embedded in the health production function (1.2). This

is also what we examine here, focusing specifically on how Y impact child health.

1.4 Data and Estimation Strategy

The data come from the 2005–06 National Family Health Survey (NFHS-3). NFHS-3 is

the third in a series of national surveys; earlier NFHS surveys were carried out in 1992–93

(NFHS-1) and 1998–99 (NFHS-2). We use only NFHS-3 because the first two survey did

not disaggregate urban into slums and non-slums. All three surveys were conducted under

the stewardship of the Ministry of Health and Family Welfare, Government of India, with

the International Institute for Population Sciences, Mumbai, serving as the nodal agency.

Within each state, the urban and rural samples were drawn separately and, unless

oversampling was required to permit separate estimates for urban slum and non-slum areas,

the sample within each state was allocated proportionally to the size of the state’s urban

and rural populations. The same sample design was adopted in all states. The rural

sample was selected in two stages, where Primary Sampling Units (PSUs) were selected

with a probability proportional to population size at the first stage, followed by the random

selection of households within each PSU in the second stage. In urban areas, a three-

stage procedure was followed. In the first stage, wards were selected with a probability
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proportional to population size. In the next stage, one PSU was randomly selected from

each sample ward. In the final stage, households were randomly selected within each selected

PSU.

Each PSU in eight large cities (Chennai, Delhi, Hyderabad, Indore, Kolkata, Meerut,

Mumbai, and Nagpur) were classified as a slum or non-slum by two different measures:

according to the census and as identified by the survey supervisor. We consider an area a

slum if it has been identified as such either by the census or by the survey supervisor.2 We

restrict our sample to the seven states that have slum samples in order to make the rural,

slums, and urban samples more comparable. The seven states with slum samples are Delhi,

Uttar Pradesh, West Bengal, Madhya Pradesh, Maharashtra, Andhra Pradesh, and Tamil

Nadu.

1.4.1 Estimation Strategy

We can think of Yj in (1.2) as also capturing both where the household lives and the

characteristics of the area in which it lives. To understand the determinants of child health,

we begin by estimating the following:

Hij = α+ Ajβ1 + Cijβ2 + εij , (1.5)

where Hij is the health status of child i in household j. We use height-for-age Z-scores as

the main indicator for child health. A child with a Z-score of zero is exactly at the mean of

the comparison population in terms of height-for-age, while children with negative Z-scores

are shorter than average. The results of weight-for-height Z-scores are also reported in

the basic estimation for comparison.3 Aj captures the area of residence of the household,

divided into three exclusive areas: rural, urban non-slum, and urban slum areas. Cij is a

vector of personal characteristics of that child, including gender and age in months. This

specification shows how the three areas compare in terms of child health controlling for child

2The replications of the main results by using the census identification and the supervisor identification
are available upon request.

3We do not use the information on diarrhea, cough, and fever because of the noisiness of these self-reported
variables.
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gender and age.

For all models we also analyze boys and girls separately to explore potential gender

differences. All results make use of the provided weights to account for oversampling of

slum areas. Furthermore, we use robust standard errors clustered at PSU level throughout.

The second specification considers basic parental and household characteristics.

Hij = α+ Ajβ1 + Cijβ2 + Pjβ3 + εij , (1.6)

where Pj is a vector of parental characteristics, including mother’s and father’s level of

education, and mother’s height, household religion, caste, and fixed effects for state and the

month of survey being conducted.4

To examine how the household wealth and the local environment are correlated with

children’s health conditions, we estimate:

Hij = α+ Ajβ1 + Cijβ2 + Pjβ3 + Wjβ4 + Rjβ5 + εij , (1.7)

where Wj is a vector of the household’s wealth status and Rj is a vector of area character-

istics for household j. For each area characteristic variable we use the “minus-i” method:

Rj = 1
n−1

∑
R−j , where −j indicate that the sum is over all other households in the pri-

mary sampling unit (PSU) except for j. Thus, Rj is the average living condition in the

PSU excluding household j. This approach is often used to deal with endogeneity issues

(Aizer 2010). The advantage of this approach is that, by construction, area characteristics

are no longer correlated with the unobserved characteristics of the individual household.

Household wealth is captured using the NFHS-constructed wealth index, described in detail

below.

Another measure of child health is child mortality. We estimate the effects of individual,

household, and area characteristics on child mortality using the Cox proportional hazard

model in which the instantaneous hazard rates of death is specified for child i, at age t

4The father’s height is not included because the information is missing for more than half of the children
in our sample.
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measured in months, conditional on still being alive at age t, as:

λ(t | Xijt) = λ0(t) exp(Xijtβ). (1.8)

The baseline hazard, λ0(t), is a nonparametric, time-varying function. Xijt is a vector

of regressors that combined the explanatory variables in the previous specifications. In

addition to being of interest in its own right, the child mortality results also provides an

indication of whether differential mortality across areas lead to a mortality selection problem

for our height-for-age and weight-for-height results. Say, that we have two equally low-health

children, but that the likelihood of a child dying at that level of health is higher in rural

areas than in urban areas. That would lead us to overestimate the health status of children

in rural areas because the weakest children are no longer observed in the sample. In other

words, this would make the unhealthy areas seem less bad than they are.

A potentially important issue here is endogenous migration. For example, if households

believe that living in slums is bad for their children’s health, those who care more about child

health are more likely to move away from slums. Similarly, urban dwellers that do poorly in

their economic lives may be more likely to move to slums, and rural people seeking ways to

improve their living conditions may see slums as a first step toward living in the urban non-

slum areas. This implies that unobservable household characteristics, place of residence,

and child health may be correlated, which would bias the estimated effects. Unfortunately,

NFHS-3 does not provide much information about migration. The only questions available

are how long the respondent has been living continuously in the current PSU, and if the

respondent has moved at one point, was the last previous place of residence in a city, in a

town, or in the countryside. This makes it difficult to control for selective migration. To

examine whether selective migration based on preferences for child health is important, we

present results by migration status as sensitivity checks, estimating separately for children

of women who have always lived in the current area and for those who have moved at one

point in their lives.
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1.4.2 Variables and Descriptive Statistics

Table 1.1 presents descriptive statistics by area of residence: rural, slums, and urban non-

slums. We limit the sample to children less than five years of age because anthropometric

information is not available for older children. The two Z-scores used as dependent variables

are height-for-age and weight-for-height. Height-for-age Z-score is generally considered the

better measure of children’s long-term health. Weight-for-height Z-score is also presented

here and in some of the later analyses for a more comprehensive examination of child health.

The table also shows individual, household, and area characteristics.

As expected, the overall health status of children in the sample is poor. The average

height-for-age Z-score is -1.77, which means that the average child in the sample is close to

being stunted. Clearly, children in rural areas on average do worst, with a height-for-age

Z-score of -1.99, while slum children have an average height-for-age Z-score of -1.59, and

urban children are the healthiest with a height-for-age Z-score of -1.48. The differences

between the three areas are all statistically significant.5 Hence, despite the common view

of slums as being detrimental to health, the children do surprisingly well according to the

simple averages, although still worse than urban children. Weight-for-height shows a similar

pattern, but the differences are less distinct than for height-for-age. The differences between

rural and both slum and urban are both statistically significant, but the difference between

slum and urban is not.6

The natural sex ratio at birth is around 105 boys per 100 girls.7 This means that, in

the absence of sex selective abortions and differential mortality between boys and girls, we

should expect 48.8 percent of the sample to be girls. The percentage of girls in rural areas is

only slightly lower than the expected number. In urban areas, 47.4 percent of the people in

the sample are girls, whereas only 46.4 percent are girls in slum areas. This might provide

some indication of the use of sex selective abortions in urban and slum areas, although given

5The t-statistic between rural and slum is 11.24, between rural and urban it is 16.14, and between slum
and urban it is 2.63.

6 The t-statistic between rural and slum is 7.47, between rural and urban it is 10.24, and between slum
and urban it is 1.34.

7 For a detailed discussion of sex ratios at birth and an analysis of sex selective abortions in India see
Pörtner (2013).
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the small sample size, these numbers should not be overinterpreted.8

Corresponding to the height differences between children, mothers are, on average, tallest

in urban areas, followed by slum areas, and finally by rural areas. Intriguingly, the average

level of education of both mothers and fathers in urban non-slums and slum areas are similar,

and both are substantially higher than in rural areas.9 There is less than a year’s difference

in the average education levels between slum areas and urban areas for both mothers and

fathers.

Given the common perception that slums are mainly populated by a transient popula-

tion, it is interesting that 28 percent of the slum children’s mothers are born in the same

PSU as they are surveyed in. This is higher than both urban–where 22 percent have never

moved–and rural, where only 14 percent are living where they were born. The low number

for the rural population is most likely the result of the Indian practice of exogamy, where

a woman marries into a household in another village and becomes part of her husband’s

household. The high number of non-migrant mothers is also consistent with the very new

argument: slum in developing countries nowadays are not a transitory phenomenon char-

acteristic of fast-growing economies (Marx et al. 2013), and many people live in slums for

generations.

The dominant religion is Hinduism: 85 percent of children in rural areas and around

70 percent of slum and urban children are Hindu. Slums and urban areas have a higher

proportion of Muslims than rural areas, with around 25 percent in slums and urban areas

and 13 percent in rural areas. The remainder is comprised of Christians and others (Sikhs,

Buddhists, Jains, Jews, no religion, and others). There is also a substantial number of

children in one of the historically-disadvantaged groups: around 77 percent of rural, 59

percent of slum, and 60 percent of urban children fall into this category.

The wealth index is constructed in NFHS-3 based on 33 assets and housing characteristics

by principle components analysis.10 Not surprisingly, rural is the poorest among the three

8 See Pörtner (2013) for a discussion of the issues associated with estimating the use of sex selective
abortions from small sample sizes.

9 For the estimations below, we use a set of dummies to capture parental education rather than having
them enter linearly. The dummies are for 1–4 years, 5–7, 8–9, 10–11, and 12 plus years of education.

10Each asset was assigned a weight (factor score) generated through principle components analysis, and
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areas, with close to 60 percent the children belonging to a household that is among the

bottom 40 percent of Indian households in terms of wealth. Urban areas have the highest

proportion in the top category (category 5), with 47 percent of children in that category, but

interestingly, slums are not far behind with 38 percent in the top category. Furthermore,

78 percent of children in slums belong to one of the top two groups, while only 75 percent

of children in urban areas are in the top two. Hence, although children in slums are, on

average, poorer than children in urban areas, this difference is much smaller than what we

originally expected.

The bottom half of Table 1.1 shows the area characteristics. These characteristics fall

into three categories: environment, assets, and wealth. Environment includes characteristics

that are thought to broadly reflect the healthiness of the living conditions of the area. These

include water access, captured by the average time to fetch water and whether an improved

source of drinking water is available, access to improved cooking fuel, sharing a toilet with

ten or more households, access to improved toilet facilities, and the average number of

people per room. Assets include improved building materials (floor, wall, and roof), radio,

television, refrigerator, bicycle, motorcycle/scooter, car, telephone (land-line and mobile),

watch, cart, and computer. Area wealth is captured by the percentage of households in

each of the five wealth categories. For each household, area characteristics are calculated as

the average of households in the PSU, excluding the household itself as described in Section

1.4.1.

The time to fetch water is essentially identical across urban and slum areas at around six

minutes, which is about half the time it takes on average in rural areas. We follow the official

NFHS-3 report for the definition of access to improved sources of drinking water. In addition

to water piped into the dwelling, yard or plot, an improved drinking water source includes

water available from a public tap or standpipe, a tube well or borehole, a protected dug

the resulting asset scores were standardized in relation to a standard normal distribution with a mean of
zero and a standard deviation of one. The sum of the scores of the assets possessed by each household
resulted in that household’s wealth index factor or score. The sample was then divided into population
quintiles, with each quintile given a rank from one (poorest) to five (wealthiest). In NFHS-3, the wealth
index has been developed for the whole sample and for the country as a whole. Thus, at the national level,
20 percent of the household population is in each wealth quintile although this is not necessarily true at
the state level.
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well, a protected spring, rainwater, and bottled water. Following this definition, around

96 percent of households in urban and slum areas have access to an improved source of

drinking water, with rural areas only slightly behind at 87 percent. Access to improved

cooking fuel is important because smoke from solid cooking fuels is a serious health hazard

(International Institute for Population Sciences (IIPS) and Macro International 2007).11

Interestingly, the proportion of households that use improved cooking fuels is higher in

slums than in urban areas, with 79 percent in slums and 70 percent in urban areas. Rural

areas are far behind, with only 7 percent using an improved cooking fuel. At 19 percent,

slums have the highest percentage of households sharing toilets with ten or more other

households, probably because most slum dwellers rely on public toilets in the community.

In urban areas, 6 percent of households share with 10 or more households, while less than

1 percent do so in rural areas. About three-quarters of of households in slums and urban

areas have access to improved toilets, while only 17 percent in rural areas have similar

access. Finally, slums and rural areas have essentially the same number of people per room

at 3.7, with urban households having an average of 3.3 people per room. Although number

of people per room does provide some indication of crowding, it fails to capture the fact

that dwellings in slums areas are located much closer together than in either urban or rural

areas. Ideally, having information on the number of people per square kilometer would be a

better measurement, but that is not available in our data. Unfortunately, because NFHS-3

does not provide information about the exact location of survey areas, it is not possible to

match PSU location with secondary data.

As expected, given the distribution of wealth discussed above, slums and urban areas

are relatively similar in terms of assets holdings and wealth distribution, while households

in rural areas generally have fewer assets and less wealth. As for housing, there are more

households in slum ares than in urban areas that have improved building material, although

the differences are not large. The same goes for television. Hence, even though the general

perception of slums is one of squalor and poor living conditions, these descriptive statistics

paint a somewhat different picture. There are relatively wealthy slum residents who have

11 Solid cooking fuels include coal/lignite, charcoal, wood, straw, shrubs, grass, agricultural crop waste
and dung cakes. We consider electricity, natural gas, biogas and kerosene as improved cooking fuel.
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high education levels, and slum children, although they clearly are worse off than children

in urban areas, do not lag far behind in terms of health and certainly are in better health

than rural children. Now, the question is whether or not these simple averages provide

an adequate description of child health and its determinants. Therefore, we turn to our

estimation of the child health production function.

1.5 Determinants of Child Health

Table 1.2 presents the results for our estimation of the health production function as de-

scribed above for child height-for-age Z-scores. Columns 1 to 7 show the results for different

sets of control variables, beginning with a specification that only includes child age and sex

and ending with a specification that includes all variables. The results are shown both for

girls and boys combined and for each sex separately. To ease interpretation only the main

results for the differences between areas are presented here.12

The simplest specification, column (1), which includes only age dummies, shows that

children in urban slums have better health than rural children, and children in urban areas

are the healthiest. Compared with rural children, slum children have, on average, a 0.386

higher height-for-age Z-score, and for urban children it is 0.435 higher. Both are statistically

significant at the 1 percent level. Controlling for parental education, mother’s height, and

state and survey month fixed effects in column (2) substantially reduces the urban health

advantage and there is now no statistically significant difference between children’s health

in rural and slum areas. When including further variables, shown in columns (3) through

(7), there is generally a statistically significant negative effect on child health from being in

a slum. This means that when controlling for household wealth and area characteristics, in

addition to standard individual and parental characteristics, children in slums are actually

significantly shorter than their counterparts in rural areas. In the full specification, column

(7), holding all other factors that we can observe constant, a slum child is 0.18 standard

deviations shorter than a rural child.

The difference between boys and girls in terms of height-for-age is not significant when

12 Full results are available upon request.
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we pool girls and boys together. When we estimate using the sample of boys only, there

is no significant difference between urban and rural in columns (3) through (7), although

both slums and urban areas have a negative effect relative to urban areas. Furthermore,

where the dummy for slum in the combined estimates were about twice the size of the

urban dummy, there is little difference between urban and slum when looking only at boys’

health. The estimates for girls show only a very small difference between child health in

rural and urban areas for columns (3) through (7). The effect of slums relative to rural is,

however, substantial for girls, although it is only statistically significant for the specification

with area assets, column (5). The large effect in the full model, where slum girls are 0.23

standard deviation shorter than rural girls, could be an indication of more discrimination

against girls in slums, although this result has to be interpreted with care since the effect

is not statistically significant.

Table 1.3 shows the same specification as for Table 1.2 but with weight-for-height Z-score

as the dependent variable. In the literature on child health, the results for height-for-age

are often stronger than for weight-for-height. That being said, the results for weight-for-

height are strikingly similar to the results for height-for-age. The basic specification shows

an advantage in child health over rural children for both slums and urban children with the

strongest effect for urban children. The differences between slum, urban, and rural areas are,

however, not statistically significant in the specifications that include area characteristics.

1.5.1 Mortality Across Areas

To examine how child mortality differs by area we expand the sample above to also include

children who have died before their fifth birthday but who would have been surveyed for

height and weight if they had been alive. A total of 1,143 children born within the last

five years of the survey have died, making the total sample 16,760 children ever born. As

expected, the mortality rate is highest in rural areas where 8.3 percent of children have

died. For those born in slums, 5.3 percent have died, and 5.1 percent of urban births did

not survive. Figure 1.1 shows non-parametric Kaplan-Meier that do not control for any of

the explanatory variables but which does account for the weights provided in the data. As
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expected, the majority of mortality is concentrated within the first months of life, and for

urban and slums, essentially all of the mortality occurs within the first two years of life, with

slums showing a further decline in survival after age 2. Survival, using the weighted data,

is actually slightly better in slums than in urban areas, although the difference is small.

Table 1.4 follows the same specifications as height-for-age and weight-for-height to fur-

ther examine how child mortality differs by area, except that the age of the child is incorpo-

rated directly into the baseline hazard. The coefficients presented are hazard ratios. Hence,

a coefficient less than 1 indicates that there is a lower risk of death compared to the reference

group, whereas a coefficient greater than 1 indicates that there is a higher risk than the

reference group. For the pooled sample of boys and girls in the simplest specification, where

there are no explanatory variables, we see a hazard that is more than 40 percent lower for

children in slums and urban areas than in rural areas, and this effect is statistically signif-

icant different from 1. The main difference from the height-for-age and weight-for-height

results is that including additional explanatory variables does not materially reverse this

pattern. Urban children have around 20 to 25 percent lower mortality hazard than rural

children with the same characteristics and this effect is statistically significant in all models.

Slum children have a similar advantage, or even higher, but the effect is barely outside the

normal significance interval for the full model in column (7).

Estimating using all children, girls appear to be slightly more likely to die than boys

before their fifth birthday, but the difference is never statistically significant. This does,

however, hide some substantial differences that can be seen from the separate estimates

for boys and girls. For boys in slums, there is an elevated risk of dying compared to rural

boys in the full model, with a close to 20 percent higher hazard rate, but the effect is

never statistically significant, and in some of the specifications mortality is lower for boys

in slums than for boys in rural areas. Girls show a distinctly different pattern from boys.

In all specification, girls from both slums and urban areas are substantially less likely to

die than girls from rural areas. What is more, girls from slums have lower mortality than

girls from urban areas in all specifications. In the complete model, column (7), the hazard

for slum girls is 70 percent lower than the hazard for rural girls, whereas urban girls have

only slightly more than 40 percent lower hazard. Both of those differences are statistically
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significant.

The mortality results do complicate the story. Using the pooled sample, slum children

do significantly worse than rural children in terms of health for the full model, but they

also have lower mortality, and although the lower mortality is not statistically significant,

it is very close. Hence, it is possible that part of the explanation for the worsened health

outcomes in slum areas when we take into account composition effects is due to mortality

selection. Imagine a situation where there was no difference in predicted health between a

slum child and a similar rural child, but that among the low health children there was a

higher likelihood of dying in rural areas than in slum areas. In that case, we could end up in

a situation like this because of the mortality selection. If more children survive in slums than

in rural areas, this would make the rural children appear to be more healthy when compared

with the slum children. In principle, it is possible that there could be mortality selection

for urban children as well, but there are no statistically significant differences between rural

and urban children in terms of height-for-age and significantly lower mortality for urban

children compared with rural children.

A further complication arises from the different results by sex. Boys in slums have

higher mortality and worse health as compared with rural boys, although none of these

differences are statistically significant. In urban areas, boys have slightly worse health

but lower mortality risk. But again, none of these effects is statistically significant. The

implication is that it is hard to see evidence of selective mortality driving the health results

for boys.

Girls have substantially worse health in slums, although the effect is not statistically

significant at the normal levels, but also substantially and statistically significant lower

mortality in the full models. There is little difference between urban and rural in terms

of health but significantly lower mortality for girls. Hence, it is possible that part of the

reason why we are observing poorer health outcomes in slums is due to the much lower

mortality among girls in slums relative to rural girls. Of course, this interpretation is

further complicated by the fact that the sex ratios are most biased against girls in slum
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areas.13 To the extent that this is an outcome of sex selective abortions rather than an

artifact of sampling, and given the small sample size, which is a very real concern, we can

think of the poorer health outcomes for girl as evidence of discrimination against girls, but

that clearly does not explain the much lower mortality that we observe. To further probe

the estimated differences between rural, slum, and urban areas and what is behind them,

we turn to the effects of mother’s education.

1.5.2 Maternal Education and Child Health

Maternal education has consistently been shown to have a positive effect on child health

(Behrman and Deolalikar 1988; Berhman 1990; Strauss and Thomas 1995; Lam and Duryea

1999; Glewwe 1999). The exact mechanisms behind the positive effect of maternal educa-

tion on child health is still under exploration, but are generally thought to work through

income, information, or health knowledge (Thomas et al. 1991; Glewwe 1999; Kovsted et al.

2003). Across all our specifications in the above sections, maternal education is significantly

correlated with improved child health.14

Understanding whether there are differential effects of maternal education between areas

may help explain the results found above. We therefore estimate the following equation:

Hij = α+ Ajβ1 + Mjβ2 + AjMjβ3 + Cijβ4 + Pjβ5 + Wjβ6 + Rjβ7 + εij , (1.9)

where Mj is a vector of the categorical variable for mother’s education levels and Aj is

the vector of area dummies. The remaining explanatory variables are the same as in the

original specification.

Table 1.5 presents the estimation results where the effect of mother’s education is allowed

to vary by area. Column (1) shows results for the pooled sample, whereas columns (2)

and (3) show results for girls and boys estimated separately. The excluded category in the

estimations is rural women with no education. The interactions between area and education

13 In the mortality slum sample 46.2 percent are girls, which is very close to the 46.4 percent for the health
estimation sample.

14Full results of our estimations are available upon request.
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level show the estimated effect of that level of education relative to having no education in

each of the three areas. Hence, the dummy for slum shows the effect of living in a slum for

a child whose mother has no education relative to a child living in rural areas whose mother

also has no education in slums. Slum interacted with 1–4 years of education then shows the

effect for children living in slums of having a mother with 1–4 years of education relative to

having a mother with no education.

Children of mothers with no education are worse off in both slums and urban areas than

in rural areas, although these differences are not statistically significant. As expected, given

the prior literature, there is a positive effect of maternal education for all levels except 1–4

years of education for rural children, and the effect is statistically significant from 8 years

of maternal education and up. For slum areas there is, however, no statistically significant

effect of maternal education on child health. Furthermore, the coefficients are generally

small, or even negative, except for the effect of 12-plus years of maternal education, but

even here the estimated effect is lower than for the same level of education in rural areas.

In urban areas, there is a positive effect from 5 years of education and up, and a substantial

and statistically significant effect of having 12-plus years of education. This large effect

is possibly the result of the larger number of women in this category who have university

degrees in urban areas relative to rural areas.

Estimating the effects of maternal education by the sex of the child show somewhat

diverging patterns between boys and girls. For rural children, there appears to be a slightly

more positive effect of maternal education on boys than on girls, although among the best-

educated women there is a larger effect of education on girls than on boys. In slums there is

also a mostly similar effect of increasing mother’s education for boys and girls, but the lack

of statistical significance makes it difficult to draw any strong conclusions. Interestingly,

for urban children the health gradient of maternal education is stronger for girls than for

boys. None of the interactions are statistically significant for boys, whereas the girls show

statistically significant effect from the 5–7 years of education group and up.

A potential issue here is the relatively small cell sizes in the data. There are, for example,

606 children in rural areas, 154 in slums, and 217 in urban areas who have a mother with

1–4 years of education. Although this education level is by far the smallest, it does point to
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the potential problems with trying to determine the effect of maternal education. Another

potential issue is that the other variables are not allowed to vary by area, and that could

potentially impact the education effects. We did estimate each the same set of models for

each area separately, and the results are essentially the same and have the same significance

levels.15

A potential explanation for the differential impact of mother’s education across areas

is that the quality of education varies across areas. If there are differences in quality, an

equal number of years of schooling may not yield the same benefit in terms of child health.

Quality of education is difficult to measure directly, so to proxy for quality we use literacy

of the mother and the household wealth status as dependent variables.

We estimate the following equation:

Qj = α+ Ajβ1 + Mjβ2 + AjMjβ3 + β4Xj + εj , (1.10)

where Qj is the quality proxy for mother j and Xj is a vector of mother characteristics,

which includes mother’s age and age squared, household religion, caste and state. The

results are reported in Table 1.6.

Columns (1) and (2) show the result for the relation between mother’s education and

household wealth. The dependent variable is wealth index constructed by the NHFS-3

that we use as an explanatory variable above. To the extent that quality of educational

investment is transformed into higher wealth status we can tell whether similar education

level translate into similar wealth outcomes across areas. Column (1) shows OLS result

where we treat the wealth index as a continuous variable and column (2) shows the ordered

Logit results. Higher education levels are clearly associated with higher wealth status. The

wealth gradient for education is higher in rural and urban areas than in slums, but part

of the explanation for this is that it is likely that women with no education in slums have

significantly higher wealth status than women with no education in urban and especially

rural areas. This means that women with medium levels of education (some primary and

completed primary) actually live in higher wealth households in slums than in both rural

15 The results are available upon request.
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and urban areas.

Another approach to establishing whether there are differences in the amount of human

capital acquired by going to school a specific number of years is to look at the mother’s

literacy. In NFHS-3, rather than relying on self-reported literacy, the respondent was shown

a sentence and the enumerator assessed her ability to read and write it. Women with 6 or

more years of education were assumed to be literate and were therefore not given the literacy

test during the survey. Hence, columns (3) and (4) show the results when limiting the sample

to only women with less than 6 years of education. The sample consists of 3,982 rural, 828

slum, and 1,159 urban women. Just over 15 percent of rural women are literate, compared

to 27 percent in slums and 25 percent in urban areas. Column (3) shows linear probability

model results, whereas column (4) shows Logit results.

As for wealth, there appears to be a slightly lower gradient for literacy in terms of being

literate, but interestingly, significantly more women with no education are literate in slums

than in urban and rural areas. Despite the higher base level in slums, if we look only

at women with 5 years of education, it is about 7 percent less likely that a women in a

slum is literate compared to a woman in either rural or urban areas, but this difference

is not statistically significant. Hence, the result makes it hard to conclude that there is a

lower quality of education in slums compared to rural and urban areas. Women with some

education are better off in terms of wealth in slums, but appear to have somewhat lower

literacy skills.

1.5.3 How Sensitive are the Results to Migration?

Part of the problem in establishing the effect of living in different areas and the effect of

maternal education between these areas is the possibility of selective migrations, either in

or out of specific areas, based on unobservables. As we explain above, there is no good way

to directly address migration because of data limitation. What we can do is to examine to

what extent the results above are driven by either those who have never moved and/or by

those who have migrated. This exercise is complicated by the fact that there is substantial

marriage migration in India, which means that the sample of non-migration will be small.
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In other words, those who do not migrate might be different along other (unobservable)

dimensions, and we might therefore substitute one selection problem for another. With

these caveats, Table 1.7 presents the results for the full models of child health and mortality

split by mothers who have never moved and women who were not born in the area in which

they were surveyed.

Based on height-for-age results it appears that the negative effect of slums is due to

the children whose mothers were not born in the area of survey. The only statistically

significant effect is for girls in slums with migrant mothers, although there is also a negative

coefficient on slum for boys of migrant mothers. What makes the picture more muddled is

that the results for weight-for-height are essentially the complete opposite: In slums, boys

of non-migrant mothers do statistically significantly worse than boys of migrant mothers,

and there is no statistically significant effect for girls at all. In terms of survival, girls have

much better survival chances in slums and urban areas than in rural areas, and that effect

holds for both migrants and non-migrants. Boys of non-migrants mothers have substantially

higher mortality risks in slums and urban areas compared to rural areas, whereas boys of

migrant mothers have lower mortality risk in slums and urban areas compared with rural

areas. However, here the small sample size problem is especially acute. For non-migrant

mothers there are a total of 204 deaths (113 boys and 91 girls) among 3,203 children across

all areas.

Table 1.8 presents results when the effect of mother’s education is allowed to vary by

area, split by migrant and non-migrants and by sex of the child. What is interesting here

is that children of migrant women in slums appear to do relatively poorly for all education

levels. The gradient is at best very low and at worst even negative. Furthermore, this

pattern is relatively stable between boys and girls. Children of non-migrant women, on the

other hand, show a more positive effect of increasing education.

Table 1.9 shows OLS regression of the relation between mother’s education and wealth

and literacy by area estimated by migration status. There are no discernable differences

in the wealth gradient or the literacy gradient for education between migrants and non-

migrants. Hence, there is no substantial evidence that differences between migrants and

non-migrants are the driving force behind the negative effects on health for children in
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slums relative to rural children.

1.6 Conclusion

Child health is an important indicator of economic development as children’s health has

long-term impacts on their health and productivity as adults. With the rapid urbanization

of the developing world, understanding the differences in child health across areas – and the

determinants for child health – is an important undertaking and potentially has important

policy implications in both the short and the long term.

Simple averages from the third round of India’s National Family Health Survey show

that child health is worst in rural areas and best in urban areas, with slums in between. This

runs counter to the common belief that slums are very unhealthy. Another aspect of the

distribution between rural, slums, and urban areas that runs counter to common perceptions

is that slum residents are only slightly less well-off compared to urban residents, and that

the education levels for women are comparable. Clearly, the simple averages on height-for-

age of children do not take into account this composition effect of parental characteristics,

and the composition of the population may obscure or even swamp the negative or positive

health effects of specific areas.

When we control for wealth and environment variables, however, we find that urban

children are not really doing better than rural children, and that children in slums fare

substantially worse. These findings confirm that the composition effect is responsible for

the simple averages that show relatively healthy children in slum areas.

In other words, it appears that moving a child from a rural setting to a slum setting

while keeping parental characteristics the same would lead to worse health outcomes for the

child. Another way of looking at it is that people in slums do not get as high returns to

their wealth status in terms of child health as they would get in rural areas.

Furthermore, the standard policy recommendation of increasing mother’s education to

achieve better child health outcomes appears to work less well in slums than in rural areas.

In slums, there is little apparent difference in child health outcomes between a mother with

no education and one with up to 11 years of education, holding wealth status and area

characteristics constant. We explore whether the lower efficiency of mother’s education in
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creating child health is the result of lower-quality schools for mothers in slums. Although

there do appear to be slightly lower levels of literacy for given years of schooling in slums, the

effect is not large, and there is not much difference in terms of the wealth status achieved.

We conclude that something about the health environment that we are unable to ade-

quately capture in the data is responsible for both the lower levels of health in slums when

controlling for parental and area characteristics and for making maternal education less ef-

ficient at impacting child health. To some extent, this might not be too surprising. It might

not matter much for health that a mother knows to wash her hands, to boil water before

use, and to take a sick child to the doctor if the local playground is an open sewer, or if

diseases are allowed to spread quickly and easily because of too-high population density. On

the other hand, the greater density of slum population means that policies and interventions

can reach a much larger number of people at a lower cost compared to less dense areas.

Hence, in addition to the variables which have been included in this paper, future re-

search should consider other factors that can better capture residential crowding and health

service facilities. In addition, dealing with the potential endogeneity issue caused by se-

lective migration might shed more light on the potential mechanisms at work among the

urban poor, but exploring that issue also requires better data than what is currently avail-

able. Creating a better understanding of what it is, exactly, about slums that make them

unhealthy and why there is less effect of maternal education on child health in slums are

important areas for future research.

Our results do, however, provide some guidance for policies that aim to improve child

health. If our current results hold true, we should expect to see a greater impact on child

health from “soft” investments such as education and female empowerment in rural areas,

whereas in urban, especially slum areas, priority should be given to “hard” investments,

which deal with housing and environment. To ensure the health and overall well-being of

the growing urban population, policymakers and researchers should focus more attention on

interventions that improve city environments and what the impact of those improvements

may be. This supports a need for public health and public infrastructure projects that

directly target health conditions in slums. The upside is that given the density of population

in urban areas in general, and in slums in particular, there is the potential for appropriate
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policies to generate substantial effects and to become effective at lower costs.
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Tables and Figures

Table 1.1: Descriptive Statistics

Variable Rural Slum Urban Total

Dependent Variables
Height-for-age Z-score −1.986 −1.587 −1.483 −1.766

(1.670) (1.627) (1.691) (1.684)
Weight-for-height Z-score −1.036 −0.827 −0.784 −0.924

(1.293) (1.341) (1.386) (1.334)
Individual and Household Variables

Girl 0.485 0.464 0.474 0.478
Age of child (months) 30.004 30.398 30.606 30.252

(17.014) (16.795) (16.726) (16.891)
Mother’s height (cm) 151.217 152.074 152.451 151.735

(5.603) (5.755) (5.858) (5.733)
Mother’s education (years) 3.324 6.736 7.519 5.178

(4.269) (5.018) (5.600) (5.211)
Father’s education (years) 5.981 7.989 8.779 7.167

(4.982) (4.747) (5.319) (5.195)
Mother born in PSU 0.143 0.280 0.223 0.192
Hindu 0.853 0.691 0.717 0.783
Muslim 0.127 0.258 0.229 0.181
Christian 0.008 0.022 0.018 0.014
Other religion 0.012 0.028 0.036 0.022
Scheduled caste 0.243 0.219 0.183 0.221
Scheduled tribe 0.096 0.033 0.022 0.063
Other backward classes 0.434 0.333 0.392 0.403
Not a scheduled/backward caste/tribe 0.227 0.414 0.404 0.314
Wealth category 1 (poorest) 0.327 0.010 0.035 0.183
Wealth category 2 0.273 0.043 0.068 0.170
Wealth category 3 0.222 0.166 0.152 0.191
Wealth category 4 0.137 0.403 0.272 0.226
Wealth category 5 (richest) 0.042 0.378 0.473 0.230

Area Variables
Average time to get water, and return (minutes) 11.615 6.742 6.169 9.123
Percentage with improved cooking fuel 0.072 0.787 0.695 0.387
Percentage with improved source of drink water 0.869 0.960 0.964 0.914
Percentage sharing toilet with 10 plus households 0.002 0.191 0.056 0.054
Percentage that has improved toilet 0.171 0.741 0.759 0.448
Average number of people per room 3.653 3.674 3.310 3.559
Percentage that has improved floor material 0.227 0.779 0.768 0.487
Percentage that has improved wall material 0.526 0.929 0.902 0.711
Percentage that has improved roof material 0.698 0.943 0.922 0.809
Percentage that has radio 0.269 0.368 0.400 0.325
Percentage that has television 0.264 0.743 0.733 0.490
Percentage that has refrigerator 0.036 0.281 0.349 0.173
Percentage that has bicycle 0.588 0.455 0.540 0.549
Percentage that has motorcycle/scooter 0.095 0.247 0.328 0.191
Percentage that has car 0.006 0.034 0.060 0.027
Percentage that has telephone (non-mobile) 0.046 0.171 0.250 0.128
Percentage that has a mobile telephone 0.054 0.336 0.380 0.202
Percentage that has a watch 0.705 0.907 0.918 0.805
Percentage that has an animal-drawn cart 0.081 0.007 0.013 0.047
Percentage that has computer 0.004 0.048 0.081 0.034
Percentage in wealth category 1 (poorest) 0.342 0.010 0.030 0.189
Percentage in wealth category 2 0.285 0.045 0.070 0.178
Percentage in wealth category 3 0.210 0.169 0.143 0.183
Percentage in wealth category 4 0.120 0.398 0.281 0.219
Percentage in wealth category 5 (richest) 0.041 0.378 0.476 0.230

Observations 8,159 2,971 4,487 15,617

Notes. Standard deviations in parentheses (not shown for categorical variables). All area variables
are calculated as the mean for the household’s PSU, excluding the household itself.
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Table 1.2: Determinants of Child Health: Height-for-Age

(1) (2) (3) (4) (5) (6) (7)

Child age dummiesa Yes Yes Yes Yes Yes Yes Yes

Parental education and mother’s heightb No Yes Yes Yes Yes Yes Yes
Household religion and castec No Yes Yes Yes Yes Yes Yes

Household wealth statusd No No Yes No No No Yes
Area environmente No No No Yes No No Yes

Area assetf No No No No Yes No Yes
Area wealth distributiong No No No No No Yes Yes
State and survey month fixed effects No Yes Yes Yes Yes Yes Yes

All children (n=15,617)
Slum 0.386∗∗∗ 0.079 −0.103∗ −0.185∗ −0.116 −0.135∗ −0.176∗

(0.057) (0.058) (0.059) (0.105) (0.079) (0.081) (0.106)
Urban 0.435∗∗∗ 0.132∗∗∗ −0.033 −0.081 −0.051 −0.082 −0.089

(0.054) (0.042) (0.048) (0.067) (0.064) (0.070) (0.071)
Girl 0.013 0.013 0.013 0.015 0.017 0.016 0.015

(0.029) (0.027) (0.027) (0.027) (0.027) (0.027) (0.027)

Boys (n=8,155)
Slum 0.390∗∗∗ 0.124 −0.087 −0.160 −0.063 −0.099 −0.129

(0.077) (0.080) (0.082) (0.124) (0.103) (0.105) (0.125)
Urban 0.413∗∗∗ 0.123 ∗ ∗ −0.058 −0.107 −0.078 −0.105 −0.114

(0.061) (0.052) (0.058) (0.086) (0.078) (0.084) (0.090)

Girls (n=7,462)
Slum 0.382∗∗∗ 0.037 −0.119 −0.205 −0.178∗ −0.166 −0.225

(0.077) (0.080) (0.085) (0.140) (0.107) (0.109) (0.144)
Urban 0.461∗∗∗ 0.154∗∗∗ 0.004 −0.037 −0.014 −0.046 −0.051

(0.067) (0.057) (0.064) (0.087) (0.080) (0.088) (0.090)

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. Weighted OLS with robust standard errors clustered at PSU level in parentheses.
a Age dummies for 4-7, 8-11, 12-17, 18-23, 24-35, 36-47, and 48-59 months old, with 0-3 as the excluded category.
b Education dummies for mother and father. The dummies are for 1-4 years, 5-7, 8-9, 10-11, and 12 plus years of education.
c Religion dummies for each of Muslim, Christian, and other, with Hindu the excluded category. Caste dummies for each of scheduled
caste, scheduled tribe, and other backward class, with none of the above the excluded category.
d Wealth dummies for the household being in wealth category 2, 3, 4, and 5, respectively
e Area environment variables include water access, captured by the average time to fetch water and whether an improved source of drinking
water is available, access to improved cooking fuel, sharing toilet with ten or more households, access to improved toilet, and the average
number of people per room. Each calculated as the average of households in PSU excluding the household itself.
f Area assets include improved building materials (floor, wall, and roof), radio, television, refrigerator, bicycle, motorcycle/scooter, car,
telephone (land-line and mobile), watch, cart, and computer. Each calculated as the average of households in PSU excluding the household
itself.
g Area wealth is the percentage of households in wealth categories 2 through 5. Each calculated as the average of households in PSU
excluding the household itself.
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Table 1.3: Determinants of Child Health: Weight-for-Height

(1) (2) (3) (4) (5) (6) (7)

Child age dummiesa Yes Yes Yes Yes Yes Yes Yes

Parental education and mother’s heightb No Yes Yes Yes Yes Yes Yes
Household religion and castec No Yes Yes Yes Yes Yes Yes

Household wealth statusd No No Yes No No No Yes
Area environmente No No No Yes No No Yes

Area assetf No No No No Yes No Yes
Area wealth distributiong No No No No No Yes Yes
State and survey month fixed effects No Yes Yes Yes Yes Yes Yes

All children (n=15,617)
Slum 0.189∗∗∗ 0.064 −0.019 −0.066 −0.075 −0.039 −0.105

(0.048) (0.051) (0.056) (0.089) (0.069) (0.071) (0.092)
Urban 0.223∗∗∗ 0.138∗∗∗ 0.068∗ 0.015 0.054 0.045 −0.005

(0.042) (0.036) (0.040) (0.061) (0.051) (0.056) (0.064)
Girl 0.021 0.027 0.027 0.029 0.028 0.029 0.026

(0.024) (0.023) (0.023) (0.023) (0.023) (0.023) (0.023)

Boys (n=8,155)
Slum 0.152 ∗ ∗ 0.074 −0.028 −0.048 −0.064 −0.023 −0.059

(0.065) (0.069) (0.073) (0.110) (0.091) (0.091) (0.113)
Urban 0.229∗∗∗ 0.152∗∗∗ 0.061 0.029 0.051 0.058 0.022

(0.052) (0.047) (0.051) (0.076) (0.066) (0.069) (0.078)

Girls (n=7,462)
Slum 0.232∗∗∗ 0.063 0.005 −0.091 −0.081 −0.042 −0.149

(0.057) (0.066) (0.073) (0.120) (0.092) (0.093) (0.119)
Urban 0.214∗∗∗ 0.126∗∗∗ 0.085 −0.009 0.059 0.037 −0.033

(0.050) (0.046) (0.052) (0.077) (0.067) (0.074) (0.078)

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. Weighted OLS with robust standard errors clustered at PSU level in parentheses.
a Age dummies for 4-7, 8-11, 12-17, 18-23, 24-35, 36-47, and 48-59 months old, with 0-3 as the excluded category.
b Education dummies for mother and father. The dummies are for 1-4 years, 5-7, 8-9, 10-11, and 12 plus years of education.
c Religion dummies for each of Muslim, Christian, and other, with Hindu the excluded category. Caste dummies for each of scheduled
caste, scheduled tribe, and other backward class, with none of the above the excluded category.
d Wealth dummies for the household being in wealth category 2, 3, 4, and 5, respectively
e Area environment variables include water access, captured by the average time to fetch water and whether an improved source of drinking
water is available, access to improved cooking fuel, sharing toilet with ten or more households, access to improved toilet, and the average
number of people per room. Each calculated as the average of households in PSU excluding the household itself.
f Area assets include improved building materials (floor, wall, and roof), radio, television, refrigerator, bicycle, motorcycle/scooter, car,
telephone (land-line and mobile), watch, cart, and computer. Each calculated as the average of households in PSU excluding the household
itself.
g Area wealth is the percentage of households in wealth categories 2 through 5. Each calculated as the average of households in PSU
excluding the household itself.
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Table 1.4: Determinants of Child Health: Mortality

(1) (2) (3) (4) (5) (6) (7)

Parental education and mother’s heighta No Yes Yes Yes Yes Yes Yes

Household religion and casteb No Yes Yes Yes Yes Yes Yes
Household wealth statusc No No Yes No No No Yes

Area environmentd No No No Yes No No Yes
Area assete No No No No Yes No Yes

Area wealth distributionf No No No No No Yes Yes
State and survey month fixed effects No Yes Yes Yes Yes Yes Yes

All children (n=16,760)
Slum 0.550∗∗∗ 0.793 0.879 0.675 0.787 0.817 0.654

(0.087) (0.137) (0.155) (0.178) (0.156) (0.161) (0.175)
Urban 0.590∗∗∗ 0.768∗∗∗ 0.827∗ 0.730 ∗ ∗ 0.805∗ 0.802∗ 0.722 ∗ ∗

(0.055) (0.076) (0.088) (0.103) (0.103) (0.106) (0.102)
Girl 1.108 1.098 1.098 1.101 1.096 1.098 1.097

(0.075) (0.075) (0.075) (0.075) (0.075) (0.075) (0.075)

Boys (n=8,735)
Slum 0.688 ∗ ∗ 0.936 1.075 1.321 0.842 0.969 1.190

(0.122) (0.187) (0.226) (0.360) (0.218) (0.235) (0.337)
Urban 0.654∗∗∗ 0.818 0.908 0.881 0.849 0.862 0.841

(0.079) (0.107) (0.128) (0.158) (0.149) (0.148) (0.154)

Girls (n=8,025)
Slum 0.413∗∗∗ 0.620∗ 0.660 0.289∗∗∗ 0.662 0.638 0.295∗∗∗

(0.100) (0.163) (0.179) (0.122) (0.197) (0.190) (0.123)
Urban 0.527∗∗∗ 0.715 ∗ ∗ 0.742 ∗ ∗ 0.562 ∗ ∗ 0.759 0.737 0.568 ∗ ∗

(0.069) (0.099) (0.112) (0.127) (0.140) (0.148) (0.126)

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. Cox regresions with robust standard errors clustered at PSU level in parentheses.
Coefficients presented are hazards ratios.
a Education dummies for mother and father. The dummies are for 1-4 years, 5-7, 8-9, 10-11, and 12 plus years of education.
b Religion dummies for each of Muslim, Christian, and other, with Hindu the excluded category. Caste dummies for each of scheduled
caste, scheduled tribe, and other backward class, with none of the above the excluded category.
c Wealth dummies for the household being in wealth category 2, 3, 4, and 5, respectively
d Area environment variables include water access, captured by the average time to fetch water and whether an improved source of drinking
water is available, access to improved cooking fuel, sharing toilet with ten or more households, access to improved toilet, and the average
number of people per room. Each calculated as the average of households in PSU excluding the household itself.
e Area assets include improved building materials (floor, wall, and roof), radio, television, refrigerator, bicycle, motorcycle/scooter, car,
telephone (land-line and mobile), watch, cart, and computer. Each calculated as the average of households in PSU excluding the household
itself.
f Area wealth is the percentage of households in wealth categories 2 through 5. Each calculated as the average of households in PSU
excluding the household itself.
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Table 1.5: Mother’s Education and Child Health

All Girls Boys

Rural × 1-4 years of education −0.012 −0.068 0.023
(0.070) (0.107) (0.089)

Rural × 5-7 years of education 0.030 −0.023 0.088
(0.051) (0.071) (0.069)

Rural × 8-9 years of education 0.132 ∗ ∗ 0.088 0.176 ∗ ∗
(0.059) (0.086) (0.083)

Rural × 10-11 years of education 0.202 ∗ ∗ 0.161 0.228 ∗ ∗
(0.086) (0.122) (0.109)

Rural × 12+ years of education 0.232∗∗∗ 0.281 ∗ ∗ 0.187∗
(0.084) (0.119) (0.113)

Slum −0.065 −0.198 0.046
(0.140) (0.188) (0.177)

Slum × 1-4 years of education 0.112 0.523 −0.145
(0.169) (0.512) (0.229)

Slum × 5-7 years of education −0.091 0.042 −0.193
(0.158) (0.232) (0.200)

Slum × 8-9 years of education −0.228 −0.208 −0.257
(0.147) (0.218) (0.190)

Slum × 10-11 years of education 0.069 0.284 −0.111
(0.159) (0.190) (0.226)

Slum × 12+ years of education 0.242 0.288 0.211
(0.176) (0.261) (0.196)

Urban −0.107 −0.133 −0.063
(0.088) (0.111) (0.114)

Urban × 1-4 years of education −0.101 −0.202 −0.007
(0.141) (0.219) (0.160)

Urban × 5-7 years of education 0.163 0.208∗ 0.123
(0.101) (0.124) (0.143)

Urban × 8-9 years of education 0.103 0.300 ∗ ∗ −0.117
(0.108) (0.149) (0.131)

Urban × 10-11 years of education 0.101 0.208 −0.036
(0.122) (0.174) (0.169)

Urban × 12+ years of education 0.321∗∗∗ 0.398∗∗∗ 0.220
(0.107) (0.136) (0.143)

female 0.015
(0.027)

Child age dummiesa Yes Yes Yes

Father’s education and mother’s heightb Yes Yes Yes
Household religion and castec Yes Yes Yes

Household wealth statusd Yes Yes Yes
Area environmente Yes Yes Yes

Area assetf Yes Yes Yes
Area wealth distributiong Yes Yes Yes
State and survey month fixed effects Yes Yes Yes
Observations 15,617 7,462 8,155

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. Weighted OLS with robust
standard errors clustered at PSU level in parentheses.
a Age dummies for 4-7, 8-11, 12-17, 18-23, 24-35, 36-47, and 48-59 months old, with
0-3 as the excluded category.
b Education dummies for father. The dummies are for 1-4 years, 5-7, 8-9, 10-11, and
12 plus years of education.
c Religion dummies for each of Muslim, Christian, and other, with Hindu the ex-
cluded category. Caste dummies for each of scheduled caste, scheduled tribe, and
other backward class, with none of the above the excluded category.
d Wealth dummies for the household being in wealth category 2, 3, 4, and 5, respec-
tively
e Area environment variables include water access, captured by the average time to
fetch water and whether an improved source of drinking water is available, access to
improved cooking fuel, sharing toilet with ten or more households, access to improved
toilet, and the average number of people per room. Each calculated as the average
of households in PSU excluding the household itself.
f Area assets include improved building materials (floor, wall, and roof), radio, tele-
vision, refrigerator, bicycle, motorcycle/scooter, car, telephone (land-line and mo-
bile), watch, cart, and computer. Each calculated as the average of households in
PSU excluding the household itself.
g Area wealth is the percentage of households in wealth categories 2 through 5. Each
calculated as the average of households in PSU excluding the household itself.
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Table 1.6: Relationship between Mother’s Education and
Wealth and Literacy

Wealtha Literacyb

Ordered
OLS Logit LPM Logit

Rural × 1-4 years of education 0.377∗∗∗ 0.762∗∗∗ 0.495∗∗∗ 4.419∗∗∗
(0.054) (0.102) (0.026) (0.198)

Rural × 5-7 years of education 0.707∗∗∗ 1.342∗∗∗ 0.790∗∗∗ 5.887∗∗∗
(0.044) (0.082) (0.020) (0.202)

Rural × 8-9 years of education 1.048∗∗∗ 1.909∗∗∗
(0.051) (0.096)

Rural × 10-11 years of education 1.446∗∗∗ 2.652∗∗∗
(0.076) (0.146)

Rural × 12+ years of education 1.979∗∗∗ 3.643∗∗∗
(0.059) (0.126)

Slum 1.455∗∗∗ 2.431∗∗∗ 0.031 ∗ ∗ 1.083∗∗∗
(0.088) (0.182) (0.015) (0.405)

Slum × 1-4 years of education 0.375∗∗∗ 0.808∗∗∗ 0.509∗∗∗ 3.664∗∗∗
(0.118) (0.240) (0.075) (0.479)

Slum × 5-7 years of education 0.543∗∗∗ 1.141∗∗∗ 0.685∗∗∗ 4.431∗∗∗
(0.084) (0.180) (0.061) (0.460)

Slum × 8-9 years of education 0.789∗∗∗ 1.772∗∗∗
(0.087) (0.197)

Slum × 10-11 years of education 0.888∗∗∗ 2.075∗∗∗
(0.099) (0.258)

Slum × 12+ years of education 1.164∗∗∗ 3.210∗∗∗
(0.093) (0.276)

Urban 1.115∗∗∗ 2.042∗∗∗ 0.010 0.390
(0.078) (0.151) (0.007) (0.322)

Urban × 1-4 years of education 0.232 ∗ ∗ 0.437 ∗ ∗ 0.477∗∗∗ 4.084∗∗∗
(0.108) (0.193) (0.049) (0.335)

Urban × 5-7 years of education 0.623∗∗∗ 1.097∗∗∗ 0.786∗∗∗ 5.521∗∗∗
(0.077) (0.141) (0.034) (0.339)

Urban × 8-9 years of education 1.021∗∗∗ 1.949∗∗∗
(0.079) (0.160)

Urban × 10-11 years of education 1.363∗∗∗ 2.866∗∗∗
(0.085) (0.193)

Urban × 12+ years of education 1.666∗∗∗ 4.262∗∗∗
(0.074) (0.190)

Observations 11,318 5,969

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. All regressions weighted and with
robust standard errors clustered at PSU level in parentheses. Explanatory variables not
shown are mother’s age and age squared, religion dummies for each of Muslim, Christian,
and other, with Hindu the excluded category. Caste dummies for each of scheduled caste,
scheduled tribe, and other backward class, with none of the above the excluded category,
and state dummies.
a Outcome is household being in wealth category 1, 2, 3, 4, or 5.
b Literacy is coded 1 for being literate and 0 if not being literate. Women with 6 or more
years of education were assumed to be literate and where therefore not given the literacy test
during the survey. The sample consists of 3,982 rural, 828 slum, and 1,159 urban residents.
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Table 1.7: Area of Residence and Child Health by Migration Status

All Girls Boys

Non-migrants Migrants Non-migrants Migrants Non-migrants Migrants

Height-for-age Z-score
Slum 0.052 −0.244 ∗ ∗ 0.214 −0.325∗ −0.084 −0.172

(0.194) (0.121) (0.281) (0.170) (0.264) (0.139)
Urban −0.053 −0.088 0.030 −0.052 −0.155 −0.110

(0.137) (0.081) (0.193) (0.098) (0.196) (0.102)
Girl 0.151∗ −0.011

(0.079) (0.029)
Observations 2,999 12,618 1,432 6,030 1,567 6,588

Weight-for-height Z-score
Slum −0.363∗ −0.048 −0.148 −0.147 −0.559 ∗ ∗ 0.037

(0.205) (0.098) (0.296) (0.135) (0.256) (0.122)
Urban −0.093 0.012 0.111 −0.061 −0.344∗ 0.084

(0.147) (0.064) (0.181) (0.085) (0.207) (0.077)
Girl 0.065 0.019

(0.067) (0.024)
Observations 2,999 12,618 1,432 6,030 1,567 6,588

Cox regression on survival
Slum 0.892 0.556∗ 0.162∗ 0.311 ∗ ∗ 2.598∗ 0.860

(0.436) (0.169) (0.156) (0.152) (1.361) (0.295)
Urban 1.077 0.649∗∗∗ 0.470 0.605 ∗ ∗ 1.959∗ 0.665∗

(0.359) (0.102) (0.305) (0.149) (0.782) (0.139)
Girl 0.811 1.156 ∗ ∗

(0.144) (0.085)
Observations 3,203 13,557 1,523 6,502 1,680 7,055

Child age dummiesa Yes Yes Yes Yes Yes Yes

Parental education and mother’s heightb Yes Yes Yes Yes Yes Yes
Household religion and castec Yes Yes Yes Yes Yes Yes

Household wealth statusd Yes Yes Yes Yes Yes Yes
Area environmente Yes Yes Yes Yes Yes Yes

Area assetf Yes Yes Yes Yes Yes Yes
Area wealth distributiong Yes Yes Yes Yes Yes Yes
State and survey month fixed effects Yes Yes Yes Yes Yes Yes

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. Top two panels show weighted OLS and bottom panel shows Cox regression on
length of life. All have robust standard errors clustered at PSU level in parentheses.
a Age dummies for 4-7, 8-11, 12-17, 18-23, 24-35, 36-47, and 48-59 months old, with 0-3 as the excluded category.
b Education dummies for mother and father. The dummies are for 1-4 years, 5-7, 8-9, 10-11, and 12 plus years of education.
c Religion dummies for each of Muslim, Christian, and other, with Hindu the excluded category. Caste dummies for each of scheduled
caste, scheduled tribe, and other backward class, with none of the above the excluded category.
d Wealth dummies for the household being in wealth category 2, 3, 4, and 5, respectively
e Area environment variables include water access, captured by the average time to fetch water and whether an improved source of
drinking water is available, access to improved cooking fuel, sharing toilet with ten or more households, access to improved toilet, and
the average number of people per room. Each calculated as the average of households in PSU excluding the household itself.
f Area assets include improved building materials (floor, wall, and roof), radio, television, refrigerator, bicycle, motorcycle/scooter,
car, telephone (land-line and mobile), watch, cart, and computer. Each calculated as the average of households in PSU excluding the
household itself.
g Area wealth is the percentage of households in wealth categories 2 through 5. Each calculated as the average of households in PSU
excluding the household itself.
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Table 1.8: Mother’s Education and Child Health by Migration Status

All Girls Boys

Non-migrants Migrants Non-migrants Migrants Non-migrants Migrants

Rural × 1-4 years of education −0.048 −0.018 −0.288 −0.022 0.300 −0.035
(0.195) (0.073) (0.259) (0.115) (0.284) (0.094)

Rural × 5-7 years of education −0.017 0.020 −0.095 −0.031 0.053 0.071
(0.141) (0.055) (0.184) (0.078) (0.190) (0.074)

Rural × 8-9 years of education 0.048 0.132 ∗ ∗ 0.080 0.087 0.008 0.175 ∗ ∗
(0.164) (0.064) (0.218) (0.093) (0.226) (0.089)

Rural × 10-11 years of education 0.242 0.165∗ −0.149 0.195 0.630 ∗ ∗ 0.130
(0.204) (0.093) (0.240) (0.140) (0.294) (0.115)

Rural × 12+ years of education 0.093 0.250∗∗∗ 0.007 0.328 ∗ ∗ 0.172 0.173
(0.227) (0.094) (0.271) (0.131) (0.309) (0.126)

Slum −0.074 −0.060 −0.079 −0.173 −0.063 0.031
(0.278) (0.161) (0.391) (0.217) (0.375) (0.204)

Slum × 1-4 years of education −0.029 0.191 0.138 0.561 −0.164 −0.080
(0.370) (0.302) (0.363) (0.673) (0.524) (0.244)

Slum × 5-7 years of education 0.132 −0.188 0.385 −0.119 0.006 −0.244
(0.241) (0.211) (0.351) (0.301) (0.322) (0.260)

Slum × 8-9 years of education 0.040 −0.363 ∗ ∗ 0.059 −0.369 0.041 −0.383∗
(0.272) (0.182) (0.408) (0.246) (0.417) (0.228)

Slum × 10-11 years of education 0.269 0.008 0.908∗ 0.033 −0.132 −0.011
(0.353) (0.173) (0.466) (0.212) (0.470) (0.238)

Slum × 12+ years of education 0.545∗ 0.098 0.318 0.177 0.658∗ 0.045
(0.294) (0.217) (0.420) (0.313) (0.379) (0.232)

Urban 0.011 −0.118 −0.068 −0.134 −0.067 −0.083
(0.197) (0.096) (0.273) (0.118) (0.262) (0.125)

Urban × 1-4 years of education −0.204 −0.128 −0.091 −0.246 0.035 −0.043
(0.283) (0.160) (0.495) (0.234) (0.343) (0.177)

Urban × 5-7 years of education −0.102 0.198∗ −0.097 0.286 ∗ ∗ 0.076 0.120
(0.265) (0.102) (0.346) (0.125) (0.376) (0.143)

Urban × 8-9 years of education 0.016 0.117 0.799 ∗ ∗ 0.227 −0.327 −0.024
(0.277) (0.118) (0.401) (0.160) (0.306) (0.144)

Urban × 10-11 years of education 0.019 0.099 −0.084 0.211 0.173 −0.068
(0.254) (0.132) (0.405) (0.180) (0.334) (0.186)

Urban × 12+ years of education 0.073 0.359∗∗∗ −0.155 0.510∗∗∗ 0.365 0.194
(0.246) (0.115) (0.354) (0.143) (0.323) (0.157)

female 0.151∗ −0.010
(0.080) (0.029)

Child age dummiesa Yes Yes Yes Yes Yes Yes

Parental education and mother’s heightb Yes Yes Yes Yes Yes Yes
Household religion and castec Yes Yes Yes Yes Yes Yes

Household wealth statusd Yes Yes Yes Yes Yes Yes
Area environmente Yes Yes Yes Yes Yes Yes

Area assetf Yes Yes Yes Yes Yes Yes
Area wealth distributiong Yes Yes Yes Yes Yes Yes
State and survey month fixed effects Yes Yes Yes Yes Yes Yes
Observations 2,999 12,618 1,432 6,030 1,567 6,588

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. Top two panels show weighted OLS and bottom panel shows Cox regression on
length of life. All have robust standard errors clustered at PSU level in parentheses.
a Age dummies for 4-7, 8-11, 12-17, 18-23, 24-35, 36-47, and 48-59 months old, with 0-3 as the excluded category.
b Education dummies for mother and father. The dummies are for 1-4 years, 5-7, 8-9, 10-11, and 12 plus years of education.
c Religion dummies for each of Muslim, Christian, and other, with Hindu the excluded category. Caste dummies for each of scheduled
caste, scheduled tribe, and other backward class, with none of the above the excluded category.
d Wealth dummies for the household being in wealth category 2, 3, 4, and 5, respectively
e Area environment variables include water access, captured by the average time to fetch water and whether an improved source of
drinking water is available, access to improved cooking fuel, sharing toilet with ten or more households, access to improved toilet, and
the average number of people per room. Each calculated as the average of households in PSU excluding the household itself.
f Area sssets include improved building materials (floor, wall, and roof), radio, television, refrigerator, bicycle, motorcycle/scooter,
car, telephone (land-line and mobile), watch, cart, and computer. Each calculated as the average of households in PSU excluding the
household itself.
g Area wealth is the percentage of households in wealth categories 2 through 5. Each calculated as the average of households in PSU
excluding the household itself.
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Table 1.9: Relationship between Mother’s Education and
Wealth and Literacy by Migration Status

Wealtha Literacyb

Non-migrants Migrants Non-migrants migrants

Rural × 1-4 years of education 0.408∗∗∗ 0.364∗∗∗ 0.485∗∗∗ 0.495∗∗∗
(0.126) (0.058) (0.060) (0.029)

Rural × 5-7 years of education 0.635∗∗∗ 0.708∗∗∗ 0.678∗∗∗ 0.808∗∗∗
(0.095) (0.047) (0.056) (0.021)

Rural × 8-9 years of education 1.041∗∗∗ 1.038∗∗∗
(0.114) (0.057)

Rural × 10-11 years of education 1.282∗∗∗ 1.476∗∗∗
(0.143) (0.084)

Rural × 12+ years of education 2.069∗∗∗ 1.948∗∗∗
(0.129) (0.062)

Slum 1.352∗∗∗ 1.467∗∗∗ 0.075 0.022∗
(0.208) (0.086) (0.053) (0.012)

Slum × 1-4 years of education 0.593∗∗∗ 0.304 ∗ ∗ 0.512∗∗∗ 0.501∗∗∗
(0.222) (0.145) (0.140) (0.079)

Slum × 5-7 years of education 0.646∗∗∗ 0.521∗∗∗ 0.556∗∗∗ 0.749∗∗∗
(0.196) (0.090) (0.111) (0.079)

Slum × 8-9 years of education 0.911∗∗∗ 0.732∗∗∗
(0.221) (0.087)

Slum × 10-11 years of education 0.900∗∗∗ 0.905∗∗∗
(0.212) (0.102)

Slum × 12+ years of education 1.363∗∗∗ 1.068∗∗∗
(0.200) (0.096)

Urban 0.817∗∗∗ 1.148∗∗∗ 0.003 0.010
(0.195) (0.078) (0.015) (0.008)

Urban × 1-4 years of education 0.331 0.227∗ 0.558∗∗∗ 0.453∗∗∗
(0.258) (0.126) (0.112) (0.049)

Urban × 5-7 years of education 0.747∗∗∗ 0.615∗∗∗ 0.654∗∗∗ 0.811∗∗∗
(0.198) (0.081) (0.088) (0.034)

Urban × 8-9 years of education 1.139∗∗∗ 1.020∗∗∗
(0.230) (0.080)

Urban × 10-11 years of education 1.514∗∗∗ 1.364∗∗∗
(0.212) (0.088)

Urban × 12+ years of education 1.830∗∗∗ 1.655∗∗∗
(0.201) (0.075)

Observations 2,223 9,095 919 5,050

Notes. * sign. at 10%; ** sign. at 5%; *** sign. at 1%. All regressions OLS weighted and with
robust standard errors clustered at PSU level in parentheses. Explanatory variables not shown are
mother’s age and age squared, religion dummies for each of Muslim, Christian, and other, with
Hindu the excluded category. Caste dummies for each of scheduled caste, scheduled tribe, and other
backward class, with none of the above the excluded category, and state dummies.
a Outcome is household being in wealth category 1, 2, 3, 4, or 5.
b Literacy is coded 1 for being literate and 0 if not being literate. Women with 6 or more years of
education were assumed to be literate and where therefore not given the literacy test during the
survey. The sample consists of 3,982 rural, 828 slum, and 1,159 urban residents.
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Chapter 2

FROM THE GROUND UP: AN IMPACT EVALUATION OF THE
COMMUNITY INFRASTRUCTURE UPGRADING PROGRAM IN

DAR ES SALAAM

2.1 Introduction

The rapid and largely uncontrolled population growth concentrated in informal settlements

and slum areas has been recognized as one of the most important challenges in the twenty-

first century (UN-HABITAT 2011). According to the recent estimates by UN-HABITAT,

32.7 per cent of the world’s population live in slums. Although the member countries

of the United Nations had found it necessary to commit themselves to the objective of

“promoting, where appropriate, the upgrading of informal settlements and urban slums

as an expedient measure and pragmatic solution to the urban shelter deficit” (UNCHS

Habitat), this population is still growing. Between 2000 and 2010, the number of slum

dwellers in developing countries increased from 767 million to 828 million, and the figure

might reach 889 million by 2020 (UN-HABITAT 2010). Given the trends in urbanization and

slum populations in developing countries, and the pressures this places on both the urban

centers and livelihoods of those living in slum conditions, finding sustainable approaches

to effectively support the transformation of these areas into holistic human settlements

conducive to human and economic development is critical.

Demolition, relocation and in situ upgrading are the most common approaches to ad-

dressing the challenge of informal settlements. Demolition is considered a short-sighted

approach, addressing the symptoms rather than the causes of informal settlement creation.

Without offering a sustainable housing alternative, people simply rebuild their huts in the

same location or shift to another unoccupied piece of land nearby (Burra 2005). Even if

people do not move back to the same or another slum, demolition and relocation disrupt

the social networks, job opportunities and schooling of residents (Huchzermeyer 2009). Re-

locating slum dwellers in distant areas might cause unemployment or increase considerable
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transportation costs (Cadavid 2010; UN-HABITAT 2003). As such, it is increasingly being

accepted that informal settlements are not a problem that should be removed, but rather

a necessary equilibrium that should be integrated, through an incremental approach, into

the city’s development plans (Santosa et al. 2005).

The general trend is to support in situ upgrading or redevelopment with the active

participation of communities and NGOs where this is possible, and with minimal relocation

of residents. Despite critics and discussions on the advantages and disadvantages of various

policies (Mukhija 2001; Okpala 1999; Werlin 1999), UN-HABITAT has already claimed that

“experience accumulated over the last few decades suggests that in situ slum upgrading is

more effective than resettlement of slum dwellers and should be the norm in most slum-

upgrading projects and programs (UN-HABITAT 2003).”

The steady growth of Dar es Salaam has been mirrored by a growing informal settlement

population. The total number of houses in the unplanned areas of Dar es Salaam was about

50,000 housing units in 1974, and the figure was estimated to be more than 200,000 units

in 2000 (URT 2000). 2008 figures indicated that approximately 2.15 million people, or

65 percent of the Dar es Salaam population should be considered living in slums (UN-

HABITAT 2008). The number of informal settlements in the city increased from 40 in 1985

to over 150 in 2003 (Kombe 2005). The historical development of these settlements, with the

Government of Tanzania (GoT) becoming more tolerant since the 1970’s, in contrast to their

“demolition” approach characterizing earlier interventions, together with the National Land

Policy (1995) acknowledging the tenure status of “long-standing occupation” has meant that

residents enjoy de facto rather than de jure property rights.

With a very low threat of eviction, unplanned settlements in Dar es Salaam are charac-

terized by durable dwelling constructions through a continual process of private upgrading.

The 2007 Household Budget Survey for instance shows that, at the time, the typical dwelling

had a cement floor (90%), cement walls (88%) and galvanized metal sheets for roofing (94%),

highlighting the permanence of these structures. However, these settlements are also char-

acterized by a basic lack of access to basic community infrastructure − roads, drainage

systems, and waste removal containers for instance (UN-HABITAT 2008).

On this backdrop, the World Bank agreed to finance the Community Infrastructure Up-
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grading Programme (CIUP) to be implemented through the Dar es Salaam City Council

and Local Government partners across the 3 districts of the city from 2006 to 2012. The

program focuses on community infrastructure investments that provide public goods to set-

tlements with the aim of unlocking the economic potential of these settlements, focusing on

incremental in situ upgrading, while minimizing the disruptive effects of relocation wherever

possible.

While there is clear intrinsic value for improving the livelihoods of slum dwellers through

community infrastructure investments, this process is hypothesized to affect households

across a broad range of potential outcomes, from health and happiness, to migration, in-

creased private investment and strengthened social cohesion. Understanding the causal

mechanisms underlying the link between the upgrading process and these outcomes of in-

terest can provide tremendous value to the design of upgrading programs in the future by

helping to shed light on some of the unintended consequences of the process as well as identi-

fying how the potential positive impacts may be maximized. However, rigorously measuring

the causal impact of these types of projects is challenging for a variety of reasons.

This paper explores the reasons for why “impact” results in the literature should be

handled with care, and presents the design and results of an impact evaluation conducted on

the CIUP. We find that the CIUP interventions increased household sizes and decreased out-

migration, halved diarrhea rates for children under 5, and increased female school enrollment

rates, but did not have significant impacts on employment, business operations, income and

expenditure, private investment or social cohesion.

The data and design limitations of the study are also reflected on to ensure that these

results are interpreted within the correct context. While the impact evaluation literature has

recently begun to grow, this is the first World Bank informal settlement upgrading program

that has been evaluated using counterfactual analysis to go beyond the identification of

correlation between intervention and outcomes of interest, to being able to estimate the

causal impact of the program, controlling for external factors. In this light, the results

presented here should be seen as a positive step in the right direction to improving the

evidence base from which World Bank support and Government policy decisions are made.

We begin with a review of the impacts of informal settlement upgrading interventions in
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Section 2. We then describe the CIUP in more detail in Section 3. Section 4 describes the

methodological framework to measure impact through “difference-in-difference matching”

technique along with the sampling details. Section 5 presents the results of the impact

evaluation, measuring the effect of the CIUP on health, education, migration, economic and

social cohesion outcomes. Finally, we reflect on these results with recommendations and

conclude in section 6.

2.2 Literature Review

Identifying a strong correlation between an intervention and an outcome of interest does not

necessarily imply that the program caused the observed change in outcomes. The reason for

this is clear in the case of informal settlement upgrading projects. By doing a simple “before

and after” analysis, measuring the beneficiary outcomes at baseline and then during a follow

up after the intervention has been implemented, any change observed in the outcome can be

the result of anything that may have influenced these individuals during the period between

baseline and follow up. This could include natural trends, or external shocks that would

have caused these changes even in the absence of the program.

To measure the true impact of the CIUP, we need to understand what would have

happened to those living in the upgraded settlements had upgrading never taken place.

Theoretically, this would require observing the same households at the same point in time

both with and without having been exposed to the upgrading program. This is clearly im-

possible, in which case we try to identify a counterfactual or “control” group of households

having not received the program, that proxies for what the upgraded, or “treated” house-

holds would have been like in the absence of the program. The more plausible the control

group is for comparison, the more plausible any impacts measured using this control group

as a basis are. Comparing, for instance, households in the upgraded areas to a random

selection of households that were not upgraded begs the question: why were the others not

upgraded and what does this mean about their comparability with the treatment group?

In many cases the choice of upgrading sites has both practical and political compo-

nents. If, for instance, the upgraded sites were chosen because they were better connected

politically, this may apply to other Government interventions too, leading to a potential
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overestimate of the project impacts. Conversely, if the upgrading settlements were target-

ing poor and marginalized communities specifically, comparing to households not receiving

the upgrade could lead to an underestimate of program impact when treatment households

were worse off than control households before the intervention took place. Treated house-

holds are likely to differ from untreated households for a range of reasons intrinsically linked

to the fact that they are part of the treatment group in the first place. This selection bias

needs to be overcome in order to generate plausible impact results.

The gold standard would be to conduct a randomized controlled trial (RCT) which

randomly assigns individuals to treatment or control status, much in the same way as clinical

trials are conducted. By definition, these two groups are balanced on both observable (eg.

age) and unobservable (eg. motivation) variables and any change in outcomes observed

can be directly attributed to the intervention. Random allocation of upgrading locations is

neither feasible nor desirable in many cases, and alternative “quasi-experimental” methods

are used to replicate the conditions of a laboratory trial as closely as possible.

The range of potential impacts from an upgrading program (or any of its sub-components)

is large. There is a wealth of literature showing strong correlations between housing, service

provision and child health (Alderman and Lavy 1996; Lavy et al. 1996; Mwabu et al. 1993;

Newman et al. 2002). Few studies, however, have been able to account for the potential bias

(households with solid dwellings, water and electricity are also likely to be richer with better

access to health services) and those that have, either through RCTs or quasi-experimental

approaches have found mixed results. RCTs looking at a large government informal settle-

ment upgrading program in Mexico (Alegria et al. 2012) and an NGO-implemented housing

intervention providing prefabricated structures to households in El Salvador and Uruguay

(Cooper et al. 2011) found no health effects, but identified improvements in satisfaction and

social cohesion. Similarly, a study looking at the provision of household taps found improve-

ments in happiness without any impact on health (Devoto et al. 2012). However, Cattaneo

et al. (2009) found strong evidence that concrete floors improve health and cognitive de-

velopment indicators in children under five years old effectively cutting the transmission

mechanism through which fecal matter is ingested by children, increasing the presence of

intestinal parasites, increasing the likelihood of anemia and diarrhea and stunting the men-
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tal and physical development of children in these conditions. A recent Cochrane review

(Turley et al. 2013) identified 5 rigorous slum upgrading evaluations globally with no clear

consensus on the results, highlighting the importance of research such as this to help fill an

important knowledge gap as well as feeding into improved project design.

Rigorous evidence linking improved tenure security to increased labor supply (Field 2007)

and incentivizing private investment by increasing the long-term returns to investment and

improving access to capital by using the land as collateral for loans is also well-founded in

the literature (eg. Field (2010)), giving credence to de Soto (2000) hypothesis that there are

large potential gains to formalization, unlocking the capital potential of informal land assets.

The provision of public infrastructure, by increasing the potential returns, also theoretically

will have an effect of increasing private investment. While very little evidence exists on

the empirical foundation of this hypothesis, an experimental study in Mexico constructing

pavements in slums was found to increase household credit, vehicle ownership and home

improvements (Gonzalez-Navarro and Quintana-Domeque 2010).

Finally, Katz et al. (2001); Kling et al. (2004) use a random lottery for relocating house-

holds to better neighborhoods in Boston and find that “moving to opportunity” improves

safety, behavioral problems among boys and health outcomes with no sustained behavioral

change improvements for boys in the long run.

Beyond this handful of rigorous evaluations on upgrading-related interventions, and de-

spite the clear value broader evidence could provide both to the theory and implementation

of upgrading program, evidence is limited (Field and Kremer 2006; Legovini 2010). For

instance, there is sparse evidence on the effects of upgrading on schooling achievement.

Electrification has been shown to be correlated with increased time spent on homework by

being able to work at night (The World Bank 2008) and improvements in safety through

informal settlement upgrading seems to have an effect on school enrollment rates (Archam-

bault et al. 2012).

Migration is also a critical component to any upgrading activity. Understanding how pull

factors influence household decisions to migrate is critical to developing effective upgrading

strategies to account for potential shifts in population size and demographics endogenous

to the upgrading process. The migration theory explaining how households choose between
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living in rural areas and moving to urban settlements is well established (Brettell and Holli-

field 2000). The empirical evidence supporting this claim is, however, lacking. Archambault

et al. (2012), using extensive longitudinal datasets of informal settlements and combining

this with census information in Nairobi find 25% fewer children in an average informal

settlement compared to other areas. Quasi-experimental evidence in South Africa also sug-

gests a strong shift in household demographics as a result of their Upgrading of Informal

Settlements Programme. Evidence from the Limpopo Province of South Africa showed that

informal settlements were characterized by migrant laborers sending remittances to family

members in rural areas. After the upgrading intervention, household sizes increased, re-

mittances decreased and the ratio of children in the settlement increased highlighting the

household choice to protect children from the poor conditions faced in informal settlements

(The World Bank 2011).

A review of the literature highlights the fact that more rigorous evaluation is needed,

looking at a broad spectrum of potential impacts resulting from the upgrading process to

fully understand all of the various dynamics that it creates. Through a careful evaluation

of the CIUP, and implicitly, its full package of interventions, this study explores some of

these issues further, adding to the literature, while offering concrete suggestions on moving

forward with upgrading support in the future.

2.3 CIUP and Data

The Community Infrastructure Upgrading Programme (CIUP), financed by the World

Bank, is a community-driven infrastructure upgrading program that targeted unplanned

areas in Dar es Salaam. Dar es Salaam consists of 3 districts: Ilala, Kinondoni and Tameke.

These districts are made up of 73 wards which in turn are broken into 276 sub-wards or

“mitaa”. CIUP targeted 31 mitaa for upgrading in two phases, covering approximately

327,980 people based on the 2002 census data (Torero). The project was phased in order

to test and learn from the initial experience and incorporate these lessons into the design

and implementation of Phase 2. Upgrading of Phase 1 took place between 2007 and 2009,

while Phase 2 was implemented afterwards and fully completed in 2011.

The CIUP was designed as an inclusive, holistic and participatory approach to the
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upgrading process in Dar es Salaam, with the objective of providing important public in-

frastructure to unplanned settlements lacking these facilities. Working through the local

government with a budget of 18.8 million USD with an estimated cost of 18,000 USD per

hectare (or 50 USD per capita) of upgrading, the project focused on public infrastructure

investments that had the most potential to impact the lives of the approximately 300,000

people living in the affected areas (Mehta and Dastur 2008). While the broad set of in-

terventions available through the program was agreed upon ex ante, by working with local

leaders, a tailored plan was developed for each of the selected mitaa’s that could meet

their specific needs. A total of 31 mitaa’s were supported through the program provid-

ing (i) paving of trunk roads, (ii) footpaths; (iii) public toilets; (iv) drainage systems; (v)

streetlights; (vi) pedestrian crossings; (vii) upgraded water kiosks and (viii) solid waste con-

tainers. This “hard” infrastructure was complemented by marketing campaigns to promote

sanitation improvements in the community, similar to the Water and Sanitation Program

(WSP) sanitation campaigns in rural Tanzania, encouraging households to look after and

upgrade their toilet facilities for health and social status reasons. The project completed

40.3km of two-way roads, 57.8km of one-way roads, 26.3km of footpaths, 132.5km of road

side drains, 548 culverts, 8.6km of trunk drains, 3153 pedestrian crossings, 83 solid waste

containers, 2780 street lights, and 24 public toilets (see Table 2.1).

A core component of the project was an impact evaluation to test measures beyond the

standard outputs described in the results framework of the project. In this case, the impact

evaluation began in 2006 with a baseline survey of all 31 intervention mitaa together with

12 unaffected mitaa for use as a control group. The treatment and control groups were

selected through the following process. The Government of Tanzania initially considered

all 310 unplanned settlements across the 3 districts in Dar es Salaam. Scores between 23

and 33 were provided to each area, and mitaa were then deemed eligible for upgrading if

they reached a score of 30 or more. This reduced the number of eligible mitaa to 63. A

restriction was placed on the selection of eligible mitaa to ensure that 300Ha were to be

upgraded in each of the three districts, with a total of 900Ha, and any mitaa falling below

10Ha in size would be combined with a neighboring mitaa to be considered for upgrading

to benefit from economies of scale. The selection process generated 31 mitaa that were
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chosen for participation in the CIUP. These clear selection criteria ensured that the process

was transparent and void of potential political interference. The process also helped to

identify candidate mitaa to be considered as control group comparisons for the purposes

of the evaluation. Since a rigorous ranking system was conducted, all mitaa meeting the

same ranking criteria were likely to be similar across a range of measures, and households

within these mitaa were likely to be following the same growth trajectory. Baseline results,

however, showed some important differences between the two groups before any intervention

took place that should be kept in mind when interpreting the results.

A sample of 1860 households across treatment and control groups was identified at

baseline after conducting power calculations. Of these, 1080 were included in the treatment

group while 780 were included in the control. A larger sample of treatment households

was selected in order to have the opportunity to compare Phase 1 with Phase 2 results

independently of the control group comparison. The analysis of this paper focuses primarily

on the difference between control and treatment households, but future research may further

compare the Phase 1 and Phase 2 communities to assess the longer term impacts of the

CIUP.

A total of 31 treatment mitaa (ie all mitaa selected for program participation) and 12

control mitaa were selected. Using 2002 census data, the sample was stratified by mitaa (in

control and treatment groups independently). Proportional samples at the mitaa level were

then rounded to the nearest 15, determining the number of EAs chosen from each mitaa.

EAs were then selected within the mitaa with probability proportional to size (PPS), a full

listing of all existing residential dwellings was taken and a random sample of 15 households

drawn from each EA. So, for example when calculating the sample size for Kilimani mitaa,

we multiple the total sample size (1080) by the percentage share Kilimani population has

in relation to all mitaa in the treatment group. Using census data this produces:

(1080×13464)
327980 = 44.3

This is rounded to 45, resulting in 3 EAs to be selected with PPS and 15 households

randomly sampled from each of these EAs. The sampling frame ensures that mitaa sample

is representative for the mitaa and does not require reweighting for analysis. This assumes,
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however, that the population growth trajectory was the same in all EAs between 2002 and

2006 when the sample was taken.

Although originally planned as a panel survey, tracking original households at baseline

through to endline, the survey company did not keep identifiable records that could be used

to accurately identify and follow up with original baseline households. While not ideal, and

limiting the possibilities for analysis, a few options were still available, as described in the

following sections.

Given the features of the CIUP project described above, a number of important issues

need to be considered in order to measure the impact of the program. Firstly, in the absence

of the possibility of randomization, the specific selection of the mitaa included in the CIUP

means that any potential control group needs to meet the same selection criteria in order to

avoid a selection bias influencing the results. Secondly, the interventions provided through

CIUP were at the community rather than household level. Thus, even though we wish

to measure household-level impacts, the unit of intervention is the mitaa, and this has

implications on the sampling frame and potential power of the study. A small sample size

runs the risk of not being able to identify a statistically significant impact even if a true

impact (for the population exists). Accounting for the independence of sampling units when

preparing the sample size calculation is thus critical to ensuring that the sample has enough

power to detect any hypothesized effects. Lastly, the regression model specifications used

here to measure the size of the treatment effect need to adequately control for potentially

confounding variables. The design presented has its limitations and, as such, any inferences

coming from the study should be treated with care bearing in mind the important caveats.

2.4 Empirical Strategy

As a first step, we are interested in measuring the change in outcomes of interest in each

upgraded mitaa as a result of the program. Since matching directly on individual households

was not feasible given the data constraints, using the baseline to difference out individual

fixed effects (through a dif-in-dif model) is not possible. A second best option is conducting a

dif-in-dif regression at the EA level since EAs have not changed between baseline and endline

− this measures the change in the average household characteristics within a treatment
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EA over time over and above any change coming from other external factors that would

influence control EAs, such as time trends, or city/country-level shocks. Since the baseline

and endline surveys differed somewhat, this dif-in-dif approach was possible for a subset of

questions and is described using the following equation:

Ȳij = β1Tij + β2t+ β3t× Tij (2.1)

where Ȳij corresponds to the average outcomes of interest for households in EA i at time j

where i = 1 to 124 and j = 1 (baseline) or 2 (endline). We define Tij = 1 if the EA is in the

treatment group, and 0 otherwise; t = 1 if EA observation is at endline, and 0 otherwise. β1

reflects the average difference between treatment and control group EAs at baseline, β2 is

the time trend associated with both groups and β3 is the difference-in-difference estimator

providing the measure of impact for the program, controlling for control/treatment group

differences at baseline and any shared trend over time across the two groups.

In cases where we have outcomes of interest only at endline, we run a cross-sectional

regression controlling for baseline characteristics collected through retrospective endline

questions. The model is less robust than Equation (1) since it cannot difference out fixed

effects and make strong assumptions about the nature of the two groups − namely, that,

controlling for observable characteristics, the two groups were the same at baseline and

would have had similar trends over time in the absence of the CIUP intervention. The

model is specified as

Yk = µ+ β1Tk + β2Xk (2.2)

where Yk corresponds to the outcome of interest for household k. We define Tk = 1 if the

household is in the treatment group, and 0 otherwise; Xk is a vector of exogenous control

variables collected through a retrospective module in the endline survey; and µ is the mean

of Y in the control group when all Xk = 0. In this case β1 reflects the average treatment

effect of the program controlling for possible confounding variables.

While Equation (1) gives us a reasonably robust measure of impact at the EA level −

ie, identifying the change in average household characteristics over time − Equation (2) is
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less robust, requiring strong assumptions to justify a credible causal interpretation. Beyond

this, the average treatment effect may not be the most important measure we are looking

for.

There are two ways in which we may think about the measure of program impact:

(1) Changes in the average household characteristics living in the upgraded settlement;

(2) Changes in the lives of the original residents

We often tend to assume we are after (1) but there are important reasons why (2) should be

measured as well. By looking at changes at the community level, we may see improvements

for two reasons:

A. Improvements in the environment can improve attractiveness, drive up prices and push

poorer residents out; or

B. Improvements can increase access to opportunities, leveraging on this to improve the

lives of original residents.

Being able to differentiate between these two scenarios is difficult. While the data do not

allow for us to completely differentiate the two cases, we run the following regression to

disentangle these effects and try to understand how impacts for in-migrants differ from

non-migrants:

Yk = β1Tk + β2Dk + β3Dk × Tk + β4Xk (2.3)

where Yk, k, Xk and Tk are defined as before. Dk = 1 if the household is a non-migrant

(defined as having stayed in the settlement for 6 years or more), and 0 otherwise. In this case

β3 measures the impact on original migrants over and above the impact for in-migrants.

In the case where β3 is negative, this indicates that most of the observed differences in

outcomes is due to changes resulting from in-migrants rather than original residents.

These three equations each have their own flaws; however, interpreted holistically, they

provide an opportunity to explore further into the underlying mechanisms through which

changes in household outcomes are being created − through a real change in household
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outcomes, or through a migration effect. The next section explores these issues in more

detail, and presents the key findings from the analysis.

2.5 Results

Given the multidimensional nature of slum upgrading, the results presented here reflect

a wide range of indicators that could potentially be influenced by public infrastructure

interventions. Of course, it is impossible to cover the entire range of possible outcomes, and

any review will only reflect on a subset. In this case we restrict the study to present results

that have clear underlying causal mechanisms, grounded in economic theory and identified

in the urban upgrading and infrastructure literature.

Since this is not a randomized evaluation, assigning causality to the results needs to be

done with care. Before presenting results on the outcomes of interest, we consider three

important threats to the validity of the impact measurements, in order to ensure that

results are interpreted with the requisite assumptions and caveats. We review: (i) baseline

balance; (ii) potential contamination of CIUP in control areas and confounding external

interventions; and (iii) selective migration.

Threats to validity

We start by presenting “baseline balance” statistics. This offers two things. Firstly, it

provides an overview of the state of residents in the selected unplanned settlements before

the CIUP was implemented to paint a picture of the living conditions and socioeconomic

state of households at the time. Secondly, it plays an important role in determining the

effectiveness of our identification strategy by highlighting whether the assumption that

residents in control and treatment areas were indeed similar at baseline is true, which is a

necessary condition for the analysis to provide a rigorous measure of the causal impact of the

program. In the case that control and treatment groups differ at baseline, understanding

where and how they differ is also important in later analysis as it can provide guidance

on the level of robustness checks and controls required when measuring the impact of our

outcomes of interest.

We then provide details of the types of interventions received in the study sub-wards

to (i) verify that there has indeed been a differential impact between treatment and con-
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trol communities in terms of the level of community infrastructure upgrading taking place

and (ii) whether there have been any other interventions directed to control or treatment

areas outside of the program that may confound the results. The underlying causal chain

leading from intervention to outcome relies on there being a greater increase in infrastruc-

ture upgrading in the treatment areas than in control areas and, if similar upgrading had

taken place in control areas, it would undermine any subsequent analysis. If the CIUP has

not made significant changes to the infrastructure in treatment areas, we cannot claim any

observed outcomes resulting from the analysis could be attributed to the program. Further-

more, if other interventions (eg. from NGOs or other Government ministries) selectively

targeted either control or treatment areas with other programs (such as a health or educa-

tion campaign), disentangling these interventions from the CIUP would not be possible. As

long as external interventions are equally distributed across treatment and control areas,

their effect can be controlled for, allowing us to isolate the impact of CIUP interventions.

Finally, we review, to the extent possible given data availability, the migration patterns of

control and treatment households, how this influences household demographics, and what

implication this has for interpreting results.

Outcomes

With a good understanding of the caveats and assumptions made in the analysis, results

are then presented on four areas of interest:

1. Economic activity: employment; income and expenditure; asset accumulation; busi-

ness ownership and investment; housing tenure; credit; housing investments and ren-

ovation

2. Health: diarrhea, acute respiratory illness and overall morbidity across age groups

3. Education and time use: school enrollment across age groups and gender, time spent

on daily activities

4. Social cohesion: awareness of and participation in community activities, reliance on

and support for neighbors in daily activities, community outreach.
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Baseline comparability

Table 2.2 provides an overview of a range of baseline indicators on demographics, em-

ployment, education, health, tenure status, services and dwelling characteristics, time use,

assets and crime collected in 2006 before the CIUP had been implemented. Of the 73

indicators reported on, we find 26 significantly different indicators for the treatment and

control groups, which implies that these groups likely had differing characteristics before

the intervention took place.

We find that household demographics across the groups were fairly similar in 2006. The

typical household had 3.8 household members, with a 39 year old household head having

8 years of education and a 75% chance of being a male. On average, 0.9 children per

household were enrolled in school. Employment is slightly lower in the treatment area, with

87% of household heads employed compared to 91% in the treatment area (most of whom

are “self-employed”). Household monthly income hovered between 140,000 and 150,000 TZS

(approximately 100 USD) which is not significantly different across groups.

Treatment households had stayed in their dwellings for slightly more than two years

longer than control households and were more likely to have paying tenants on their property,

although the proportion of households owning their dwelling was indistinguishably different

across groups, at around 38%. Ownership of individual assets differed across groups but not

systematically, providing no strong indication that one group had a broader asset base than

the other. Health outcomes measured at baseline suffered from poor data quality, which

makes it difficult to use this information, however, the available data indicate that diarrhea

rates were lower for treatment households, while the incidence of acute respiratory illness

was the same across groups at baseline.

Services and infrastructure across groups in 2006 was relatively similar, with 45% to

48% of households having electricity connections and walking 5 to 6 minutes to access their

primary water source. Housing structures did not resemble the corrugated iron shacks

usually synonymous with unplanned settlements, and 94% of households had a cement floor

and 97% of dwellings had walls made of brick or cement. Dwellings in the control area were

slightly bigger, with an average of 2.7 rooms, compared to 2.4 rooms in the treatment area.

The results highlight some important differences between groups that need to be ac-
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counted for in the subsequent analysis. Differential employment rates, length of residence,

living conditions and health outcomes at baseline imply that the assumption that treat-

ment and control groups are the same does not strictly hold. In this case, where possible, a

difference-in-difference estimate will be calculated at the EA level (as from Equation (1)),

that can control for EA-level fixed effects, and still provides a valid estimator as long as

there are no differential trends in outcomes across time, or time-varying shocks specific to

the control or treatment group. Where a difference-in-difference estimator is not possible

(ie. when the baseline did not collect this measure), a cross-sectional analysis of the dif-

ference in means between treatment and control areas needs to make sure it adequately

controls for these underlying differences between groups to increase the accuracy of the

estimate. A table listing the control variables used for the endline cross-sectional analysis

at the household level is provided in Table 2.3, and the change in household size is used

for the difference-in-difference analysis at the EA level. Even after including these controls,

the results from the cross-sectional analysis should be interpreted with care, especially with

attempting to draw a causal link between intervention and outcome.

Self-reported upgrading interventions

The CIUP was responsible for the following upgrading activities in the treatment sub-

wards: street lights, drainage systems, toilet marketing (and some public toilets), water

kiosks, trunk roads, foot paths, and waste management. Understanding how much activity

in these areas has been ongoing since the baseline was conducted in 2006 in both treatment

and control areas is helpful in determining whether and what type of impacts should be

expected.

Administrative data provides us with information about the physical construction that

has taken place in the treatment areas but it does not give us an idea of (i) what types of

similar upgrading has taken place in the control areas and (ii) how aware households are

of the upgrading process. In this case, the survey asks whether households know of any

community upgrading interventions that have taken place to improve the: (i) water supply;

(ii) toilets; (iii) sewerage; (iv) garbage collection; (iv) electricity; (v) internal roads; (vi)

water drainage; (vii) street lights; (viii) land regularization; (ix) schools; and (x) health

services. The results, presented in Table 2.4 are broadly consistent with the CIUP stated
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interventions in the treatment areas, and the absence of other external interventions that

may have been implemented differentially in treatment or control areas. We find no differ-

ence between control and treatment areas in health, schooling, sewerage, electricity, or land

regularization programs. Since none of these were part of the CIUP package of intervention,

this serves only to confirm that other interventions are unlikely to confound our results. We

do, however, see strong, positive impacts in self-reported knowledge of community interven-

tions taking place for toilets, garbage collection, internal roads, water drainage and street

lights. Responses on “water supply” provide no differential between control and treatment

areas; however, we explore this further by breaking water supply into: (i) piped water; (ii)

yard tap; and (iii) water kiosks. As expected with the CIUP interventions, a significant

increase in upgrading support to water kiosks is observed. Interestingly, however, control

households report having received upgrading to their piped water supply. This is important

to note, as it implies that a piped water program may have been implemented in some of

the control sub-wards during the study duration, while not being provided in the treatment

sub-wards.

Access to services

The next logical change to be expected in the causal chain is better access to the services

that households reported having been upgraded. We use “time taken to get to X” and

“whether household has X” as proxies for access to services, and find that the results are

aligned with self-reported interventions (see Table 2.5 and Table 2.6). No differences are

reported on access to electricity, schools or health clinics. However, distance to a water

supply decreases significantly from 3 minutes to 1.5 minutes, and toilets from 13 to just

under 4 minutes. Households report streetlights being available on their roads up from 2% in

the control area to 46% in the treatment area, reducing time to reach a street light from 15.5

minutes to 3 minutes. Access to water drainage directly outside dwellings increased from

14% to 37% and time to point decreased from 7.5 minutes to 1 minute. Finally, households

indicating that the access road to their dwelling was “somewhat improved” jumped from

7% to 48%. Garbage collection systems were already relatively high in the control area

at 71%, however household access to a collection system increased further to 91% through

CIUP. It is clear that the CIUP interventions have had measurable impact in improving
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access to infrastructure and services in treatment areas aligned with the program’s targets,

however, whether this translates into measurable outcomes in the well-being of participating

households is still an empirical question.

Although large infrastructure investment resulted in increased access for households,

the sustainability of this infrastructure poses a challenge. Of the households that reported

having streetlights on their street outside their home, 48% of these people reported that the

lights were not working. Similarly, 29% of households reported their drainage systems as not

in working order. However, garbage collection activities (94%) and community roads (98%)

were mostly seen as functioning in the way they were expected to. This raises important

questions about the sustainability of community infrastructure and the need for ongoing

support from local government moving forward. Sustainability of these interventions must

be borne in mind when interpreting reported impacts.

Demographics and Migration

Possibly one of the most important and interesting questions to answer regarding urban

upgrading projects is whether the gentrification improves the lives of current residents, or

just improves the settlement characteristics by inducing out-migration by the most marginal-

ized, opening opportunities for in-migration from relatively better-off households. Under-

standing this link is important from a poverty reduction and equity point of view. While

more traditional targeted interventions to alleviate poverty such as conditional cash trans-

fers can be directed to individuals, minimizing the potential for capture from third parties,

the dynamics of public infrastructure investments are more ambiguous. Understanding the

migration issues present in slums is also important for identification purposes − observed

differences between control and treatment households may be a direct effect on recipient

households, or it could just reflect differential migration patterns across the groups. Inter-

pretation of the results then clearly relies heavily on at least a basic understanding of these

migration patterns. The following need to be considered explicitly:

(i) Differences in rate of migration between treatment and control areas: upgrading can

increase the attractiveness of a settlement, reducing the likelihood of out-migration;

however it could also increase living costs, speeding up out-migration of poorer resi-
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dents. The direction of impact is therefore ambiguous.

(ii) Differences between original residents and in-migrants post intervention: it is expected

that in-migrants are likely to be younger, and earlier in their life cycle than original

residents.

(iii) Differences between the in-migrant characteristics across treatment and control: the

community upgrading may influence the attractiveness of treatment areas compared to

control areas, incentivizing relatively more well-off households to move into upgraded

communities.

(iv) Differences of original residents’ selection to remain in the settlement: Aside from the

differential rate of out-migration described in (i), those that decide to remain may differ

systematically in control and treatment areas. For instance, wealthier households able

to afford to stay in the upgraded location may choose to remain in higher proportions

than would otherwise be the case in the control areas

(v) Within-household migration decisions: Improved infrastructure may also influence

household decisions on whether to bring other members to stay with them. For in-

stance, Archambault et al. (2012) finds that household will bring children from rural

areas to stay with them in the newly upgraded urban areas as they provide a more

conducive environment for child development.

These factors all add layers of complexity to the analysis and we need to get a sense of

how important each of these is to our sample. Addressing (i): By the nature of our sampling

procedure, the rate of migration, (i), can be estimated by the proportion of sampled house-

holds moving in (out) after the baseline survey was conducted in 2006. A large difference

exists, more than doubling migration rates: in treatment areas, 24% of households moved

in after baseline, compared to 53% in the control group (see Table 2.7).

Addressing (ii) and (iii): Here, we explore the differences between original dwellers and

in-migrants post intervention (ii), and differences in the characteristics between in-migrants
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across treatment and control group (iii) using Equation (3) from the model described in

Section 4. From a set of retrospective questions asked to all survey participants in the

endline, as well as time-invariant indicators such as gender (described in Table 2.8), we

compare the household characteristics of in-migrants with original residents in 2006 (since

no original baseline data are available for in-migrants, this method offers the most consistent

framework for comparing groups).

As expected, there are a range of indicators on which in-migrants differ from original

residents that are consistent with the “life cycle” hypothesis. Original residents had a

household head that is 13 years older and 28 percentage points more likely to be married on

average, a larger family, more assets, more children enrolled in school, more likely to own a

house and own a business 6 years ago.

The characteristics of in-migrants across treatment and control are more similar than

the comparison with original residents, but there are still a few differences. Treatment

in-migrants household heads are 4 years older, 12 percentage points more likely to run a

business and 14 percentage points more likely to own their dwelling 6 years ago than their

counterpart control in-migrants, supporting the hypothesis that in-migrants to treatment

areas are relatively better off, although the results here are weak.

Addressing (iv): We then reproduce Table 2.8 by restricting our sample to original

dwellers only. We find that treatment original households are more likely to have an income-

generating business and have more household members. The treatment original household

heads are slightly older and less likely to have a savings account. The original households

in treatment group also had lived there for longer before the CIUP. Other things like access

to services and assets are similar between control and treatment groups (see Table 2.9).

The review of migration rates and its implication on comparability offers the following

insights:

1. Differential in-migration (both rates of migration and demographics) implies that any

analysis comparing the full sample of control and treatment households will not be

able to differentiate between the effect of the program on resident well-being vs. the

effect of the program on changing the population demographic through migration
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changes. Results of this nature should thus be interpreted as the overall impact of the

program on the community through welfare improvements and induced migration.

2. Since it is not apparent that original dwellers have differentially selected to move

out in control or treatment areas, restricting the regression to original residents of

the community in the sample can provide a plausible measure of direct impact of

the program on residents (ie independent of the effect of migration on community

demographics). Self-selection issues are still not overcome in this type of analysis, so,

even though the results can provide some indication of resident impact, they should

be interpreted with care. In light of this, we present results for all outcomes as the

four equations described in Section III. to provide a more holistic view of impacts at

both the individual and community level.

While we have explored the influence of migration as a way to improve our identification

of other outcomes, migration itself can be seen as an outcome of interest. We have already

noted that control households are significantly more likely to move than treatment house-

holds, but another important area of consideration is within-household migration decisions

and their influence on demographics and other household outcomes. We find the household

size is also significantly larger in treatment areas, increasing from 3.97 to 4.23 people per

household, but when restricting the analysis to non-migrants, the impact of 0.36 people per

household is even larger, indicating that this is not just a result of larger in-migrant house-

holds, but a choice of original residents in the treatment area to expand their households

(see Table 2.10). This expansion may occur from in-migration of household members from

other locations, but could also be caused by other mechanisms, such as increased fertility

in the treatment area. We examine the ratio of children to adults to follow Archambault et

al. (2012) who show that the ratio of children to adults in Nairobi slums implies that many

households choose to leave their children in rural areas when the infrastructure available

in slums is not conducive to child development. However, the child/adult ratio is similar

across treatment and control households at both baseline (Table 2.2) and endline (Table

2.10). Unfortunately the data cannot clearly identify the exact transmission mechanism

through which our impact is being directed; however, acknowledging that upgrading has an
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effect on household sizes, regardless of the mechanism, offers important insights into urban

planning in the future.

2.5.1 Economic Activity

There are various mechanisms through which unplanned settlement upgrading could af-

fect economic activity. Firstly, investment in public infrastructure offers potentially higher

returns to private investment, inducing (local) business investments and private dwelling up-

grades. Through increased business investment, an expanding economy could offer more job

prospects, increasing employment, income and expenditure. Second, an improved environ-

ment may reduce morbidity, increasing productivity and labor participation. Improvements

in services may also lead to increased acquisition of assets and in-migration of household

members, reducing the time required, to collect firewood for instance, redistributing time

allocation to more productive activities such as paid work. The arguments for efficiency and

productivity gains, although plausible, are weakly, if at all, linked to actual increased labor

force participation, and the strongest potential link is through increased private investment.

However, it is argued that a strong property rights are a prerequisite for increased private

investments with large potential gains to formalization, unlocking the capital potential of

informal land assets (de Soto 2000). Increased tenure security through formalization has

been shown to incentivize private investment and upgrading of slum properties by increas-

ing the long-term returns to investment and improving access to capital by using the land

as collateral for loans (eg. Field (2010)). However, with no specific land titling scheme

included in the CIUP, the level of private investment to be expected through the public

infrastructure investment is unclear.

Employment

Employment of household heads is high in both groups at close to 90%, with treatment

employment rates slightly (but not significantly) lower (see Table 2.11). The majority of

people are self-employed with their own business. For all individuals between age 15 and

65, the endline treatment employment is significantly lower than the control by almost 8

percentage points (see Figure 2.1). The youth employment is much higher in the control
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group, especially for girls (see Figure 2.2), consistent with the findings about the school

enrollment which will be discussed later. Average yearly household income of 3,660,000

TZS (about 2,500 USD) and expenditure (both actual and per capita) also remain indis-

tinguishable across groups; however, these data are very noisy, making it difficult to obtain

reasonable and reliable estimates. Households in the treatment group tend to have more

micro-enterprises as shown in Figure 2.3, and the likelihood of opening a business at first

appears stronger in the treatment group. However, when running robustness tests and a

difference-in-difference regression to control for baseline business ownership, the effect falls

away, indicating the observed impact is most likely due to differences between groups at

baseline (Table 2.12).

Upgrading

The survey collected a range of renovation and upgrading indicators to assess the total

private expenditure on upgrading as well as the specific areas in which upgrading took place,

if at all (Table 2.13).

Although there is a slight increase in the total amount of investment for upgrading the

household’s dwelling over the past 6 years (up from 290,000 to 360,000 TZS − a difference of

approximately 50 USD), this is not statistically significant, the overall investment amount

is low, and the measurement is noisy, making it difficult to obtain more precise estimates.

There is very little difference across groups on the probability of conducting any particular

upgrading activity (eg. plastering, extensions, upgrading building material, etc.); however

there is a significant increase in the likelihood that a household has upgraded their toilet in

the last 6 years (from 10% in the control group to 18% in the treatment group), which is

driven almost entirely by original residents rather than in-migrants. This, however, does not

translate into significantly different toilet facilities in the treatment area. The upgrading

results are modest in comparison to titling programs that have been evaluated in the past,

but point to some interesting conclusions. With unclear property rights, inducing private

investment through public infrastructure investments cannot be taken as given; however

when combined with a particular promotion campaign (such as the sanitation marketing

conducted as part of the CIUP package of interventions), it has the potential to influence

investment decisions, if only modestly.
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2.5.2 Health

The link between the environment and health is well established, and most of the urban

upgrading literature focuses on this. Waterborne diseases and ARI are the health chal-

lenges most commonly linked to urban upgrading programs. Decreased density, better

housing structures with improved ventilation coming from private upgrading investments,

and cleaner cooking methods (eg. when electricity is provided) have been shown to directly

impact the incidence of ARI for children and females living in the affected households (Tur-

ley et al. 2013), while water source and sanitation improvements, drainage and garbage

disposal mechanisms held to reduce the incidence of diarrhea, especially for children under

5 (Wolff et al. 2001). Despite the clear causal pathway for upgrading projects to improve

health, results from rigorous evaluations do not all lead to the same conclusions. In fact,

many rigorous evaluations (Cooper et al. 2011; Devoto et al. 2012) have seen no effect

on child health, while, on the other extreme, Cattaneo et al. (2009) find that increased

presence of fecal matter in densely populated areas with poor sanitation is also a major

contributor to child anemia, which, in turn, causes physical and cognitive stunting during

early child development. The authors show that an investment in concrete floors removes

this transmission mechanism, ultimately improving cognitive development for children.

Focusing on the two main sicknesses associated with slums, we find an overall decrease

in diarrhea and ARI incidence in the treatment area (Table 2.14). This result, however,

masks the distributional impact of the CIUP on health. Breaking the results down by age,

we observe that, consistent with the literature, there is a much stronger impact on children

under 5. Diarrhea almost halves, from 22% to 12%, and ARI incidence drops from 27% to

18% in the past 12 months. These illnesses are also more severe and last longer in control

areas. When restricting only to non-migrant households (implying that the child would

have spent their entire life in the settlement if they stayed with the family from birth),

the impacts increase even further. When restricting the analysis to children under 18, the

positive impact on health remains but reduces somewhat. Finally, when restricting the

sample to household members older than 18, all of the impacts on diarrhea and ARI fall

away, with treatment household members in fact being 3 percentage points more likely to
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be sick on the day of the visit. We should be noted that baseline diarrheal rates did differ,

however it is not possible to do a dif-in-dif analysis, as the way in which sickness episodes

were captured at baseline differed from endline. As such, the results should be treated

with care, but do support the clear link, already identified in the literature, between urban

upgrading and child health, while having no impact on adult household members.

2.5.3 Education

Education enrollment can be affected by urban upgrading projects in myriad ways. First,

schooling programs may be included explicitly as part of the upgrading activities. Second,

through a decrease in crime associated with the urban upgrading (eg. with the provision

of street lights), going to school can become safer and more accessible. Third, improved

road infrastructure may make transport options more viable, improving the time and ef-

fort required to get to school. Fourth, through improved access to electricity and lighting,

studying opportunities increase and an environment more conducive to learning may help

students study more and stay in school. Fifth, time reallocation through household de-

mographic shifts and improved access to services may reduce home and work duties for

children, decreasing the opportunity costs to staying in school.

We find that the CIUP interventions are associated with an overall increase in student

(age 6 to 18) school enrollment from 85% to 89% (Table 2.15). Including gender and an

interaction between gender and the treatment, the results show that all of the impact is

driven by increased enrollment in the treatment group for girls, while there is no impact on

boys’ enrollment. We further break the analysis down by age and find no impact on children

aged 6 to 12. The cohort driving the observed impact is girls aged 13 to 16. 13 to 16 year old

girls in the control group have a 79% enrollment rate compared to 93% for the same-aged

girls in our treatment group. No such difference is seen for boys, where both control and

treatment boys have a 93% enrollment rate. An impact is still observed for older children

(aged 17 to 19), but this is lower and borderline significant. Control group girls have a 62%

enrollment rate compared to a 74% enrollment rate for girls in the treatment group. Figure

2.4 highlights the stark contrast between control group females and the rest of the cohort.
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The large improvement in school enrollment was discussed in detail in the January

2013 stakeholder focus group. Although striking, a number of plausible reasons for this

improvement were discussed:

1. Improved security, as a result of streetlights, footpaths, etc. makes it safer for children

to go to school. This would affect female adolescents more than their male counterparts

especially when considering crimes related to sexual harassment, especially prevalent

in slum areas.

2. Improved health has been shown to improve female school participation rates where

health and schooling are complements, while increasing labor force participation for

males, for whom improved health increases strength, and thus attractiveness in the

(manual) labor market (Pitt et al. 2012).

3. Increased female decision-making power has been shown in the literature to increase

household resources directed to children. Improved female empowerment, resulting

from the continuous community engagement events focusing particularly on involving

females in the decision making process may translate into increased decision power in

the household by females and more emphasis on schooling (especially for girls).

4. An increase in the household size resulting in changing household member roles reduces

the burden and opportunity costs for females (who are often the ones required to tend

to household chores), making schooling relatively more attractive.

We then ran tests to confirm or reject these hypotheses. For improved security, we find no

correlation between the household’s perception of safety in the settlement and the likelihood

that a child is enrolled in school. Similarly, we find no differential correlation between

health and schooling across gender. It is not possible to directly test a relationship between

the community meetings and female empowerment; however, a commonly identified result

in the literature shows that increased female decision making in the household leads to

a reduction in expenditure on cigarettes and tobacco and an increase in expenditure on

schooling. We find consistency in the data − treatment households are 3 percentage points
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less likely to spend money on cigarettes and tobacco and 11 percentage points more likely

to spend money on monthly schooling costs. While far from identifying a rigorous causal

relationship, the results support a message that improved female empowerment induced

through the community engagement may play a part in reducing high school drop out for

girls.

The “household size− enrollment” relationship, however, provides the strongest evidence

of a potential causal pathway. We see a strong relationship between the number of children in

the household and whether girls are enrolled in school. Accounting for the treatment group

status, and overall household size, each extra child in the household is associated with a

2.5 percentage point increase in the likelihood that a girl child attends school; however,

the number of children in the household has no relationship with boys’ enrollment. Taking

this further, we find that over 50% of children that are not enrolled in school cite work

as the reason for leaving school. This is even more common for females (55%) than males.

Restricting our analysis only to females that have dropped out of school, we find a borderline

significant increase in the control group by 18 percentage points in selecting “work” as the

reason for leaving school. This substantiates an argument that an increase in household size

(induced by the upgrading) influences female school enrollment rather than male enrollment,

ostensibly because of the change in opportunity costs, releasing time for females (who are

the most likely to be required to help with housework, etc.) to attend school.

2.5.4 Social Cohesion

Finally, we consider what potential impact the CIUP could have on more nuanced “social

cohesion” indictors. Since in situ community upgrading is often supported because of its

potential to enhance the social fabric of a community, it is useful to try to quantify this

more intangible outcome. We focus on revealed rather than stated preferences by asking

questions that relate to direct actions within the community. At the first level, we would like

to see if people are aware of community activities such as volunteer programs, neighborhood

security groups and organized sports clubs, for instance. We then assess whether any

change in awareness of community activities is accompanied with actual participation. We
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also explore neighbor dynamics by finding out how much people rely on (and help) their

neighbors on a range of day-to-day activities such as child care, transport and job search.

We find that, while there is weak evidence of an increase in awareness regarding a handful

of community activities, this does not translate into increased participation, and reliance

on neighbors is indistinguishably different across treatment and control groups (Table 2.16

and Table 2.17).

2.6 Conclusion

This paper presents a unique opportunity to fill an important knowledge gap on slum up-

grading interventions. With only a handful of rigorous evaluations done on slum upgrading

activities (none of these on World Bank projects that we are aware of), and the importance

of finding ways to improve slum conditions in a rapidly urbanizing world, this evaluation of-

fers insights into a broad range of impacts that similar community infrastructure upgrading

projects may expect.

Despite a focus on rigor and quality, a number of caveats to the study need to be carefully

included in any interpretation of the findings. With some important differences between

treatment and control group at baseline, and an inability to track households migrating out

of the study wards, the control group as an effective comparison for analysis can be called

into question. The bias of any results is unknown, but various robustness checks, and a

focus on the theory of change, combined with an ex-post qualitative review to contextualize

any seemingly anomalous results helps to provide justification (and skepticism) when it is

due.

Strong results in access to infrastructure, household sizes, and health show that, even

with community infrastructure interventions that do not include the full range of standard

upgrading activities can still have an important impact on communities. Although it in-

cluded a comprehensive community engagement component, the project was void of any

specific social/health/education/titling programs that are commonly included in similar

programs. We see no change in social cohesion in these communities, and perhaps this is

to be expected given the context; but important impacts, such as reduced diarrhea and

increased household sizes are substantial.
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While some intuitive results have been verified through this study, a number of un-

expected results that should feed into further policy discussion have been identified. In

particular, the potential pull factors drawing new household members to the upgraded com-

munities has a number of knock-on effects that are critical for the policy debate. On the

one hand, upgrading planning needs to account for the potential in-migration that results

from the intervention and the implication this has on the ability for the community infras-

tructure to provide effectively to these populations. On the other hand, policymakers need

to understand more carefully what a change in household size might mean for the ways in

which households, and household members make decisions. For instance, the link between

household size and school attendance, while tenuous, provides new insight into ways in

which slum upgrading programs may serve the development objectives of a wider range of

stakeholders.

Ex ante impact expectations need to take into consideration baseline levels, and what

room for improvement there is when setting targets. We see no increase in employment

rates, (most) upgrading indicators and households running businesses. This may not be

surprising given the high levels from which the outcomes of interest started at baseline.

Employment rates for household heads were 90% at baseline, while almost all households

were made with concrete walls and floors. This leaves very little room for improvement,

with marginal increases becoming harder to achieve at these high baseline levels. As such,

finding no impact in these indicators can be expected.

There is still room for improvement: poor maintenance, low private investment and

unclear economic benefits provide space for reflection on what can be done to achieve these

objectives in future projects. We see that drainage systems and streetlights in particular

suffer from sustainability challenges. Identifying supporting community incentive schemes,

for instance, to overcome collective action problems associated with common goods could

be considered to maximize potential development impacts. The project did not include any

tenure security component. While it cannot be identified here, there is strong evidence that

improved tenure security substantially increases private investment. The results from the

study show limited private investment taking place, calling into question whether the added

effort of including such a component would be justified. Other, incremental tenure options
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such as the provision of street addresses for instance, could be included and tested in future

programs, identifying ways to stimulate private investment through improved perception of

tenure security while limiting the complexity of the intervention.

Future research can focus on areas that this study has not been able to address ade-

quately: namely, spillover effects and migration. It is expected that investments in com-

munity infrastructure in one area are likely to provide potential benefits to neighboring

communities, through improved hygiene, security and economic opportunities that are not

necessarily confined to the treatment area. If neighboring control communities are improved

through such spillovers, the comparison between treatment and comparison groups would

underestimate the program impact. Differential in- and out-migration also changes the

households in a treatment community such that, by tracking only people that remain in

the community, we do not get a clear picture of the overall program impact. Lower-income

households could be forced to move out due to increase living costs, making way for higher-

income groups − resulting in a false interpretation about benefits accruing to households (in

this case the community may improve, but at the expense, not for the benefit of, the house-

hold). Alternatively the upgrading scheme may catalyze growth, lifting households out of

poverty traps and opening opportunities to move out of the slum. These two contrasting

conclusions would lead to two very different policy recommendations. This study does not

include analysis of out-migrants and results should thus be interpreted as improvements to

the community rather than to households.
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Tables

Table 2.1: Completed CIUP activities based on project monitoring data

Total Phase 2 Phase 1

Two way roads Km 40.3 14.9 25.5
One way roads Km 57.8 33.9 23.9
Footpaths Km 26.3 10.7 15.6
Road side drains Km 132.5 63.6 69
Culverts Lines 548 319 229
Pedestrian crossing Number 3153 1020 2133
Solid waste containers Number 83 35 48
Street lights Number 2780 1630 1150
Public toilets Number 24 17 7
Trunk drains Km 8.6 3 5.6
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Table 2.2: Baseline comparability

Variable treatment control p-value 5% sig

Demographics
Male 0.49 0.53 0 YES
Age in years 24.22 23.53 0.08
Enrolled in school 0.9 0.92 0.24
Male (HHH) 0.75 0.77 0.26
Age (HHH) 39.49 38.29 0.06
Household size 3.8 3.83 0.82
HH child ratio (child: age 0-19) 0.32 0.32 0.78
HH child ratio (child: age 5-19) 0.2 0.2 0.95
Employment
employed=1 0.38 0.41 0.03 YES
employed=1 HHH 0.87 0.91 0.01 YES
Total household income (TZS) 149739.06 142772.27 0.52
Total household income (TZS, drop > 650, 000 = top1%) 131388.42 128432.13 0.51
Education
Years of education completed 6.86 6.8 0.72
Years of education completed (HHH) 8 8.05 0.81
Age 6 - 12 school enrollment 0.9 0.92 0.24
Age 6 - 12 female school enrollment 0.9 0.94 0.14
Health
Experienced diarrhea in last month 0.02 0.05 0.01 YES
Experienced acute respiratory illness in last month 0.05 0.07 0.21
Tenure
Length of time occupying the same dwelling (years) 8.7 6.47 0 YES
Number of paying tenants 2.46 1.38 0 YES
Rental per room per month for tenants (TZS) 5860.68 2855.56 0.09
Increase in rent from last year for tenants (TZS) 216.82 144.45 0.25
Expected sale price of dwelling (TZS) 28565960 19140820 0.04 YES
Total rent (if HH does not own) 10633.08 10564.85 0.97
Increase in HH rent since last year (TZS) 551.5 632.2 0.36
A HH member owns the dwelling 0.38 0.4 0.34
Services and structure
HH has an electricity connection 0.45 0.48 0.32
Monthly electricity charge (TZS) 8686.31 9031.47 0.68
Number of hours per day of electricity provision 15.6 14.33 0.01 YES
Number of blackouts per week 3.02 3.03 0.87
Monthly expenditure on water (TZS) 7585.65 6182.92 0.08
Length of time to walk to primary drinking source 5.56 5.11 0.15
HH boils water before drinking 0.67 0.68 0.57
HH filters water before drinking 0.51 0.53 0.57
Monthly expenditure on waste collection 712.3 504.23 0 YES
HH has a telephone 0.57 0.54 0.2
Monthly telephone charge 10086.94 9814.81 0.77
Dwelling has a brick/cement floor 0.94 0.94 0.9
Dwelling has brick/cement walls 0.97 0.98 0.02 YES
Brick/cement roof=1 0.08 0.11 0.02 YES
C I. Sheet/wood rood=1 0.91 0.89 0.06
Number of rooms in HH (excluding bathroom, garage) 2.43 2.74 0.01 YES
HH premises have been flooded in past year 0.25 0.34 0 YES
Time use
Time spent on activity yesterday (minutes)
Work outside home 608.18 608.8 0.95
School classes or homework 253.29 300.05 0.59
Grinding grains, cooking and food shopping 147.89 126.02 0 YES
Doing dishes, laundry, ironing, or cleaning your house 146.13 114.2 0 YES
Collecting water 61.48 67.33 0.28

(Continued on next page)
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(Continued from previous page)

Variable treatment control p-value 5% sig

Collecting firewood 48.17 75.71 0 YES
Doing other household chores (child caring, sick caring) 156.16 174.14 0.2
Feeding yourself (breakfast, lunch, dinner), sleeping 669.73 634.17 0 YES
Activities not mentioned before? 212.15 216.81 0.78

Assets
A HH member owns at least one of the following assets
Radio 0.77 0.81 0.02 YES
TV 0.33 0.35 0.28
Iron (electric or coal) 0.46 0.57 0 YES
Stove 0.9 0.94 0.01 YES
Fan 0.34 0.39 0.05
Sofa 0.22 0.23 0.88
Table 0.86 0.84 0.49
Chairs 0.73 0.78 0.02 YES
Beds 0.98 0.95 0.01 YES
Bicycle 0.1 0.07 0.17
Motorcycle/scooter 0 0.01 0.26
Car or truck 0.02 0.03 0.18
Cart 0.04 0.04 0.64
Pack animals 0 0 0.39
Sewing machine 0.1 0.06 0.01 YES
Loom 0.01 0.01 0.12
Tools 0.12 0.05 0 YES
Urban land (Hectares) 0.08 0.12 0.01 YES
Rural land (Hectares) 0.16 0.08 0 YES
Crime
HH burglary in last 6 months 0.07 0.07 0.66
At least one HH member was a victim of theft in last 6 months 0.17 0.19 0.13
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Table 2.3: Description of control variables for endline cross-sectional analysis

Variable

number of months living in the settlement before 2006
gender of the household head (male=1)
age of the household head
In 2006, the dwelling had electricity=1
In 2006, the dwelling had running water=1
In 2006, the dwelling had toilet with running water=1
In 2006, the dwelling had concrete/cement floor=1
In 2006, the dwelling had brick/cement walls=1
In 2006, the dwelling had separate kitchen=1
In 2006, the household head ran any form of income-generating business=1
In 2006, number of household members living in this dwelling
In 2006, any household member owned (rather than rented) the structure or land=1
the head of household was also the head of the household 6 years ago=1
In 2006, the household head was employed=1
In 2006, the household head was married=1
Six years ago, the household head had a savings account or participated in any savings institution=1
Six years ago, number of household members were enrolled
number of radios owned in 2006
number of televisions owned in 2006
number of irons (electric or coal) owned in 2006
number of stoves owned in 2006
number of fridges owned in 2006
number of microwaves owned in 2006
number of cell phones owned in 2006
number of computers owned in 2006
number of fans owned in 2006
number of sofas owned in 2006
number of tables owned in 2006
number of chairs owned in 2006
number of beds owned in 2006
number of other home durables owned in 2006
number of bicycles owned in 2006
number of motorcycles/scooters owned in 2006
number of cars or trucks owned in 2006
number of carts owned in 2006
number of pack animals (donkeys, horses) owned in 2006
number of other transport goods owned in 2006
number of sewing machines owned in 2006
number of looms owned in 2006
number of tools owned in 2006
number of other business assets owned in 2006
number of urban land (hectares) owned in 2006
number of rural land (hectares) owned in 2006
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Table 2.4: Community upgrading interventions in past 6 years

Interventions Internal Land tenure Private Yard tap
in the past Water Garbage Electricity community Water Street and regu- Health connection (shared Water
6 years Supply Toilets Sewerage receptacles connections roads drainage lights larization Schools services to piped water connection) kiosk
Observations 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810
Endline Control: 0.24 0.12 0.05 0.32 0.51 0.25 0.23 0.09 0.22 0.66 0.58 0.18 0.1 0.36
Endline Control N: 778 778 778 778 778 778 778 778 778 778 778 778 778 778
Endline Treatment: 0.36 0.19 0.12 0.65 0.54 0.76 0.66 0.54 0.23 0.69 0.58 0.11 0.18 0.56
Endline Treatment N: 1077 1077 1077 1077 1077 1077 1077 1077 1077 1077 1077 1077 1077 1077
Control Mean: 0.241 0.0996 0.0546 0.336 0.523 0.262 0.228 0.0955 0.224 0.673 0.583 0.186 0.111 0.367
with controls
treatment 0.09 0.09** 0.03 0.29*** 0.01 0.48*** 0.41*** 0.44*** -0.01 0 -0.03 -0.09** 0.06 0.20**

(0.064) (0.036) (0.032) (0.093) (0.076) (0.058) (0.063) (0.063) (0.042) (0.070) (0.086) (0.038) (0.042) (0.086)
Observations 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806
no-move interaction
treatment 0.12* 0.08* 0.02 0.26** 0.01 0.48*** 0.41*** 0.46*** -0.03 0 -0.03 -0.12*** 0.04 0.24**

(0.065) (0.047) (0.034) (0.099) (0.085) (0.058) (0.064) (0.065) (0.043) (0.068) (0.084) (0.040) (0.047) (0.092)
lived here for 6yrs+ 0.07* -0.02 0.01 -0.04 -0.05 0.04* 0 0 0.03 0.02 0.01 -0.02 -0.02 -0.02

(0.035) (0.031) (0.020) (0.031) (0.049) (0.024) (0.026) (0.029) (0.032) (0.030) (0.034) (0.035) (0.023) (0.045)
treatment*6yrs+ -0.07 0.01 0.02 0.05 0.01 -0.01 -0.01 -0.03 0.02 0 0 0.05 0.03 -0.05

(0.055) (0.036) (0.025) (0.039) (0.056) (0.034) (0.043) (0.052) (0.044) (0.045) (0.052) (0.034) (0.040) (0.064)
Observations 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1

Table 2.5: Time taken to access services

Time taken to Water Toilets Garbage Community Water Street Primary High Health Police
get to ... in minutes supply sewerage disposal Electricity roads drainage lights schools Schools clinics station
Observations 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810 1,810
Endline Control: 3.17 13.3 2.66 0.59 1.24 7.87 15.91 7.43 11.91 10.42 9.75
Endline Control N: 778 778 778 778 778 778 778 778 778 778 778
Endline Treatment: 1.1 3.06 0.54 0.55 0.78 0.77 2.39 5.55 9.65 9.61 6.66
Endline Treatment N: 1077 1077 1077 1077 1077 1077 1077 1077 1077 1077 1077
Control Mean: 2.96 13.3 2.634 0.613 1.31 7.947 15.56 7.663 12.01 10.8 10.15
with controls
treatment -1.78*** -9.76*** -2.09*** -0.04 -0.62 -6.92*** -12.85*** -2.07 -2.55 -1.11 -3.33**

(0.619) (2.119) (0.627) (0.226) (0.495) (1.164) (1.725) (1.622) (1.618) (1.490) (1.587)
Observations 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806
no-move interaction
treatment -1.70** -10.53*** -2.45** -0.27 -0.94 -8.35*** -14.21*** -3.70* -3.28* -1.38 -3.56*

(0.687) (2.567) (0.943) (0.315) (0.687) (1.316) (1.848) (1.966) (1.828) (1.908) (1.851)
lived here for 6yrs+ -0.06 -1.25 -1.06 0.01 -0.32 -2.09** -1.82* -1.57 -0.08 -0.79 -0.23

(0.553) (1.247) (1.069) (0.365) (0.400) (0.880) (1.036) (1.099) (1.180) (1.317) (0.953)
treatment*6yrs+ -0.11 1.39 0.74 0.35 0.53 2.53** 2.39** 2.74** 1.1 0.55 0.39

(0.651) (1.330) (0.978) (0.351) (0.489) (0.969) (1.052) (1.176) (1.347) (1.443) (1.151)
Observations 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Table 2.6: Access to services

HH has access Dwelling is access road to There is Streetlights
HH uses HH uses to garbage connected your dweeling a drain on

flush public collection to is somewhat outside the household’s
VARIABLES toilet latrine system electricity improved dwelling street
Observations 1,805 1,805 1,811 1,812 1,812 1,812 1,812
Endline Control: 0.12 0.09 0.72 0.62 0.06 0.13 0.02
Endline Control N: 772 772 777 778 778 778 778
Endline Treatment: 0.11 0.09 0.91 0.62 0.47 0.4 0.43
Endline Treatment N: 1076 1076 1079 1079 1079 1079 1079
Control Mean: 0.121 0.0864 0.714 0.617 0.0668 0.143 0.0232
with controls
treatment -0.01 0.01 0.20** -0.01 0.41*** 0.23*** 0.42***

(0.026) (0.023) (0.080) (0.022) (0.043) (0.050) (0.054)
Observations 1,799 1,799 1,805 1,806 1,806 1,806 1,806
no-move interaction
treatment 0.02 0.02 0.19** -0.01 0.44*** 0.27*** 0.47***

(0.032) (0.027) (0.079) (0.025) (0.049) (0.052) (0.054)
lived here for 6yrs+ 0.01 0.01 -0.03 0 0.04 0.07* -0.02

(0.024) (0.017) (0.036) (0.023) (0.023) (0.035) (0.023)
treatment*6yrs+ -0.05 -0.02 0.02 0 -0.05* -0.07 -0.07**

(0.031) (0.024) (0.042) (0.029) (0.027) (0.045) (0.032)
Observations 1,799 1,799 1,805 1,806 1,806 1,806 1,806
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1

Table 2.7: Migration rates by treatment status

Migrant status Control Phase 1 Phase 2

Original resident 47% 75.61% 75.60%
Arrived post-2006 53% 24.39% 24.40%
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Table 2.8: Baseline comparison between migrants and non-migrants

Control lived here treat
VARIABLES Obs mean treatment sd for 6yrs+ sd *6yrs+ sd
Dwelling 6 years ago had...
Electricity 1,809 0.577 -0.01 (0.056) -0.05 (0.058) 0.02 (0.068)
Running water 1,809 0.182 -0.03 (0.043) -0.04 (0.028) 0.05 (0.037)
Toilet with running water 1,809 0.311 0.05 (0.060) 0 (0.037) 0.01 (0.053)
Concrete/cement floor 1,809 0.937 -0.05* (0.026) -0.04 (0.023) 0.03 (0.029)
Brick/cement walls 1,809 0.966 -0.05* (0.025) -0.02 (0.015) 0.04 (0.026)
Separate kitchen 1,809 0.257 0.05 (0.036) 0.12*** (0.034) -0.06 (0.049)
Status 6 years ago
HH had a income-generating business 1,809 0.446 0.12*** (0.037) 0.07** (0.033) 0.02 (0.047)
HH size 1,808 3.453 0.55 (0.335) 1.72*** (0.248) 0.47 (0.382)
HH owned dwelling 1,809 0.335 0.14*** (0.027) 0.51*** (0.035) -0.17*** (0.049)
HHH employed 1,809 0.888 -0.01 (0.034) 0 (0.026) -0.02 (0.039)
HHH married 1,809 0.587 0.11* (0.053) 0.28*** (0.043) -0.08 (0.056)
HHH had a savings account 1,809 0.363 0.04 (0.036) 0.18*** (0.028) -0.10*** (0.038)
Number of HH members enrolled in school 1,809 0.978 0.21* (0.122) 0.73*** (0.092) -0.11 (0.132)
months living here before 2006 1,809 66.29 0 0.000 141.3*** (10.792) 45.04*** (12.077)
Number of assets owned 6 years ago
Radio 1,807 0.724 -0.03 (0.052) 0.08*** (0.021) 0.09* (0.051)
TV 1,807 0.572 0.06 (0.059) 0.09** (0.037) -0.05 (0.052)
Iron (electric or coal) 1,807 0.518 0.08 (0.048) 0.17*** (0.053) -0.05 (0.064)
Stove 1,807 0.755 0.05 (0.065) 0 (0.039) -0.01 (0.056)
Fridge 1,807 0.268 0.05 (0.036) 0.14*** (0.033) -0.05 (0.045)
Microwave 1,807 0.0848 -0.02 (0.031) 0.04* (0.026) 0 (0.031)
Cell phone 1,807 1.65 -0.02 (0.160) 0.30** (0.143) -0.17 (0.167)
Computer 1,807 0.0876 -0.01 (0.024) 0.04* (0.025) -0.04 (0.031)
Fan 1,807 0.565 0.06 (0.072) 0.13*** (0.040) -0.03 (0.068)
Sofa 1,807 1.321 0.09 (0.111) 0.48*** (0.059) -0.15 (0.106)
Table 1,807 0.878 0.05 (0.065) 0.37*** (0.055) -0.1 (0.080)
Chairs 1,807 1.018 0.17 (0.162) 0.68*** (0.181) -0.41* (0.234)
Beds 1,807 1.684 0.12** (0.061) 1.06*** (0.113) -0.24* (0.137)
Another home 1,807 0.149 -0.04 (0.049) 0.06 (0.046) 0.08 (0.074)
Bicycle 1,807 0.104 0.01 (0.028) 0.07* (0.036) -0.01 (0.042)
Motorcycle/scooter 1,807 0.0383 0 (0.017) -0.01 (0.018) -0.01 (0.021)
Car or truck 1,807 0.0492 0.02 (0.020) 0.04* (0.020) -0.05* (0.029)
Cart 1,807 0.0164 0 (0.009) 0.01** (0.006) 0.01 (0.011)
Pack animals 1,807 0 0 0.000 -0.00*** 0.000 0 (0.002)
Sewing machine 1,807 0.235 -0.18 (0.215) -0.11 (0.208) 0.14 (0.212)
Loom 1,807 0.0082 0 (0.006) 0 (0.005) 0.01 (0.010)
Tools 1,807 0.0698 0.11 (0.105) -0.01 (0.055) 0.13 (0.183)
Urban land (Hectares) 1,807 0.198 0.15 (0.108) 0.27* (0.149) -0.26 (0.183)
Rural land (Hectares) 1,807 0.233 -0.08 (0.121) 0.03 (0.113) 0.41*** (0.135)
Demographics
HHH male 1,809 0.777 0 (0.033) -0.05 (0.039) 0.01 (0.050)
HHH age (years) 1,809 40.07 4.26*** (1.033) 13.02*** (0.901) -1.65 (1.305)
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Table 2.9: Retrospective comparison between treatment and control, non-migrants only

VARIABLES Obs Control Mean: treatment sd
Dwelling 6 years ago had the following
Electricity 1,158 0.551 0.01 (0.057)
Running water 1,158 0.163 0.02 (0.052)
Toilet with running water 1,158 0.312 0.06 (0.069)
Concrete/cement floor 1,158 0.918 -0.02 (0.028)
Brick/cement walls 1,158 0.953 -0.01 (0.017)
Separate kitchen 1,158 0.321 -0.01 (0.033)
Status 6 years ago
HH had a income-generating business 1,158 0.484 0.15*** (0.041)
HH size 1,158 4.367 1.01*** (0.320)
HH owned dwelling 1,158 0.603 -0.03 (0.056)
HHH employed 1,158 0.886 -0.02 (0.025)
HHH married 1,158 0.738 0.02 (0.026)
HHH had a savings account 1,158 0.461 -0.07** (0.031)
Number of HH members enrolled in school 1,158 1.367 0.11 (0.117)
months living here before 2006 1,158 141.3 45.04*** (12.072)
Number of assets owned 6 years ago
Radio 1,157 0.767 0.06 (0.037)
TV 1,157 0.621 0.01 (0.057)
Iron (electric or coal) 1,157 0.606 0.03 (0.050)
Stove 1,157 0.755 0.04 (0.042)
Fridge 1,157 0.341 0 (0.042)
Microwave 1,157 0.108 -0.02 (0.036)
Cell phone 1,157 1.81 -0.18 (0.150)
Computer 1,157 0.111 -0.05* (0.028)
Fan 1,157 0.633 0.03 (0.082)
Sofa 1,157 1.574 -0.06 (0.117)
Table 1,157 1.076 -0.06 (0.074)
Chairs 1,157 1.379 -0.24 (0.229)
Beds 1,157 2.245 -0.12 (0.153)
Another home 1,157 0.181 0.04 (0.085)
Bicycle 1,157 0.14 0 (0.033)
Motorcycle/scooter 1,157 0.035 -0.01 (0.012)
Car or truck 1,157 0.07 -0.03 (0.022)
Cart 1,157 0.0233 0 (0.011)
Pack animals 1,157 0 0 (0.002)
Sewing machine 1,157 0.178 -0.03 (0.023)
Loom 1,157 0.00875 0.01 (0.007)
Tools 1,157 0.0671 0.24 (0.148)
Urban land (Hectares) 1,157 0.344 -0.12 (0.147)
Rural land (Hectares) 1,157 0.251 0.33*** (0.088)
Demographics
HHH male 1,158 0.752 0.02 (0.036)
HHH age (years) 1,158 46.98 2.60** (0.977)
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Table 2.10: Demographics

hh child ratio hh child ratio
VARIABLES hh size hhh married=1 (child: age 0-19) (child: age 5-19)
Observations 1812 1812 1,812 1,812
Endline Control: 3.95 0.69 0.3 0.19
Endline Control N: 778 778 778 778
Endline Treatment: 5.13 0.72 0.32 0.21
Endline Treatment N: 1079 1079 1079 1079
Control Mean: 3.97 0.7 0.3 0.18
treatment 0.26*** 0.01 0.02 0.02

(0.110) (0.018) (0.011) (0.010)
Observations 1,806 1,806 1,806 1,806
no-move interaction
treatment 0.11 0.03 0.02 0.02

(0.108) (0.029) (0.016) (0.012)
lived here for 6yrs+ -0.19 -0.08*** 0.03 0.05***

(0.158) (0.024) (0.020) (0.015)
treatment*6yrs+ 0.27 -0.02 -0.01 -0.01

(0.203) (0.031) (0.022) (0.017)
Observations 1,806 1,806 1,806 1,806
exclude in-migrants
treatment 0.36* 0.02 0.01 0.01

(0.183) (0.021) (0.015) (0.013)
Observations 1,157 1,157 1,157 1,157
EA Dif-in-Dif
Baseline Control: 3.84 0.66 0.33 0.2
Baseline Control N: 44 44 44 44
Baseline Treatment: 3.8 0.69 0.32 0.2
Baseline Treatment N: 71 71 71 71
Endline Control: 3.97 0.69 0.3 0.18
Endline Control N: 44 44 44 44
Endline Treatment: 5.13 0.72 0.32 0.21
Endline Treatment N: 71 71 71 71
control for household size change
treatment 1.20*** -0.02 -0.04* -0.01

(0.225) (0.031) (0.020) (0.015)
Control Mean: 0.137 0.0317 -0.0276 -0.0195
Observations 115 115 115 115
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Table 2.11: Income, employment and expenditure

HH head Yearly total months living in rent or monthly per capita total value
VARIABLES employed HH income this settlements own (own=1) expenditure monthly expenditure of assets
Observations 1812 1812 1815 1815 1810 1810 1810
Endline Control: 0.9 3606101.37 113.74 0.31 511938.47 154788.61 11229553.15
Endline Control N: 778 778 781 781 778 778 778
Endline Treatment: 0.82 4162997.29 199.09 0.48 587136.98 140225.04 14691193.98
Endline Treatment N: 1079 1079 1079 1079 1077 1077 1077
Control Mean: 0.9 3661000 112.4 0.31 520823 157139 9111000
with controls
treatment -0.03 254,737.44 43.41*** 0.02 6,244.95 -5,165.31 1,384,744.29

(0.018) (673163.715) (10.004) (0.019) (56608.148) (15036.591) (2303407.105)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809
no-move interaction
treatment -0.03 1,560,586.09 -14.68** -0.01 -8,754.91 -13,754.25 -3025052.15

(0.022) (1819960.763) (5.492) (0.029) (55223.003) (25029.625) (2263459.346)
lived here for 6yrs+ 0.03 141,561.68 134.86*** 0.08*** 30,828.50 -11,866.34 -4844335.07*

(0.021) (819577.514) (9.906) (0.022) (66110.858) (27215.337) (2471156.089)
treatment*6yrs 0 -1838433.73 50.89*** 0.03 53,565.48 26,531.96 7,554,878.57**

(0.027) (1617996.947) (11.806) (0.031) (88363.226) (33457.416) (3117791.186)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809
EA Dif-in-Dif
Baseline Control: 0.92 1723928.33 84.24 0.41 131770.08 42120.36 2346807.94
Baseline Control N: 44 44 44 44 44 44 44
Baseline Treatment: 0.87 1595084.94 125.9 0.38 131855.78 41563.55 2036738.35
Baseline Treatment N: 71 70 71 71 71 71 71
Endline Control: 0.9 3708773.88 113.46 0.31 520778.38 158243.34 9736363.47
Endline Control N: 44 44 44 44 44 44 44
Endline Treatment: 0.82 4135070.68 199.4 0.48 590207.12 140639.77 14788143
Endline Treatment N: 71 71 71 71 71 71 71
control for household size change
treatment 0.01 -294,477.59 13.54 0.10** 16,518.29 -7,844.84 4,155,025.61

(0.032) (468944.536) (10.892) (0.047) (68471.441) (21933.297) (3826039.715)
Control Mean: -0.0215 1984845 29.22 -0.0958 389008 116123 7389556
Observations 115 114 115 115 115 115 115
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Table 2.12: Micro-enterprise activity

Run a microenterprise in last 12 months Endline only Dif-in-dif

Observations 1815 1815
Endline Control: 0.44 -0.02
Endline Control N: 781 781
Endline Treatment: 0.57 -0.04
Endline Treatment N: 1079 1079
Control Mean: 0.42 -0.02

with controls
treatment 0.07** -0.02

(0.036) (0.033)
Observations 1,809 1,809

Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Table 2.13: Renovations

Per capita Added or How much
Expenditure on expenditure on upgraded did you spend

Repair and Repair and Upgraded Upgraded Upgraded your hh Upgraded Upgraded in total on
maintenance maintenance the wall the roofing the floor perimeter your your upgrading
of household of household materials materials materials /fencing toilet kitchen your dwelling
during the during the since since since since since since over the

VARIABLES last year last year 2006 2006 2006 2006 2006 2006 past 6 yrs
Observations 1810 1815 1815 1815 1815 1815 1815 1815 1,812
Endline Control: 103843.19 30705.98 0.09 0.09 0.12 0.05 0.1 0.04 288751.08
Endline Control N: 778 781 781 781 781 781 781 781 778
Endline Treatment: 124164.81 21895.1 0.14 0.16 0.17 0.05 0.23 0.06 477702.14
Endline Treatment N: 1077 1079 1079 1079 1079 1079 1079 1079 1079
Control Mean: 109877 32498 0.09 0.09 0.13 0.05 0.1 0.04 288183
with controls
treatment -11,262.40 -6,232.99 0.01 0.02 -0.01 -0.02 0.08*** 0 70,702.12

(53307.937) (10490.553) (0.020) (0.024) (0.028) (0.017) (0.024) (0.016) (61076.608)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809
no-move interaction
treatment -5,778.11 7,946.20 0.01 0.02 0.02 0 0.01 0 98,576.97

(41965.327) (11865.743) (0.023) (0.023) (0.027) (0.018) (0.020) (0.016) (82929.029)
lived here for 6yrs+ 141,655.31 56,862.53 0.03 0.04 0.09*** 0.01 0.05 0 80,211.21

(112928.361) (38589.493) (0.021) (0.026) (0.031) (0.020) (0.030) (0.019) (73524.041)
treatment*6yrs -60,306.28 -38,988.85 -0.01 0 -0.05 -0.03 0.09** 0 -46,520.34

(101447.682) (30492.629) (0.026) (0.030) (0.037) (0.025) (0.038) (0.026) (98280.837)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809

EA Dif-in-Dif household per capita
Baseline Control: 8815.15 2147.89
Baseline Control N: 44 44
Baseline Treatment: 7833.28 2610.13
Baseline Treatment N: 71 71
Endline Control: 115370.77 34649.05
Endline Control N: 44 44
Endline Treatment: 122613.47 21722.72
Endline Treatment N: 71 71
control for household size change
treatment -46,502.68 -21,358.54

(87002.475) (27914.199)
Control Mean: 106556 32501
Observations 115 115
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Table 2.14: Health impacts by age

How many days For how For how For how
has this person Is this many days many days many days
been unable to person still was this ARI was this was this
perform his/her currently diarrhea person in person breathing another person
main activity sick in last 12 sick with last 12 sick w/ cough with type of sick with

VARIABLES during the last 6 months (Yes=1) months=1 diarrhea months=1 an ARI =1 sound=1 sickness=1 this illness
age ≤ 5
treatment -0.49 0 -0.10** -0.33* -0.09** -0.77* -0.10** -0.07** -0.12*** -0.63*

(0.414) (0.022) (0.041) (0.189) (0.038) (0.404) (0.039) (0.030) (0.038) (0.329)
Observations 946 946 946 946 946 946 946 946 946 946
Control Mean: 2.417 0.0588 0.219 0.885 0.267 2.241 0.265 0.155 0.396 2.497
≤ 5, hh lived here 6 yrs+
treatment=1 -0.12 -0.01 -0.16** -0.60** -0.11** -0.64 -0.11* -0.10** -0.19*** -1.05***

(0.460) (0.025) (0.065) (0.295) (0.055) (0.515) (0.057) (0.044) (0.039) (0.363)
Observations 580 580 580 580 580 580 580 580 580 580
Control Mean: 1.75 0.0549 0.28 1.098 0.274 2.037 0.268 0.171 0.439 2.549
≤ 18
treatment 0.13 0.02 -0.06** -0.20* -0.07*** -0.83*** -0.08*** -0.05*** -0.12*** -0.77***

(0.240) (0.015) (0.021) (0.116) (0.016) (0.228) (0.015) (0.014) (0.026) (0.183)
Observations 2,939 2,939 2,939 2,939 2,939 2,939 2,939 2,939 2,939 2,939
Control Mean: 1.621 0.0416 0.141 0.562 0.181 1.608 0.175 0.0978 0.337 2.06
> 18
treatment 1.02* 0.03** -0.01 0 -0.02 0.01 -0.01 -0.01 -0.11*** -0.86***

(0.607) (0.011) (0.013) (0.042) (0.014) (0.248) (0.012) (0.009) (0.024) (0.253)
Observations 4,938 4,938 4,938 4,938 4,938 4,938 4,938 4,938 4,938 4,938
Control Mean: 3.034 0.0569 0.0659 0.22 0.08 0.908 0.0715 0.0366 0.328 2.918
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Table 2.15: School enrollment and time use by age group

VARIABLES currently
enrolled
in school

not enrolled
in school to
help with
housework
=1

not en-
rolled
because
of work

(mins)
working
outside
the home

(mins)
school
classes
or home-
work

(mins)
grinding
grains cook-
ing and food
shopping

(mins) doing
dishes laun-
dry ironing or
cleaning your
house

(mins)
collecting
water

(mins)
collecting
firewood

(mins) doing
other house-
hold chores
(child caring
sick caring)

(mins)
feeding
yourself,
sleeping,
dress

(mins)
relaxing/
enter-
tainment

Observations 2,003 266 266 2,003 2,003 2,003 2,003 2,003 2,003 2,003 2,003 2,003
Endline Control: 0.85 0.27 0.58 251.98 131.17 54.7 63.72 23.39 12.76 37.25 612.32 206.02
Endline Control N: 714 107 107 2978 2978 2978 2978 2978 2978 2978 2978 2978
Endline Treatment: 0.88 0.3 0.49 250.34 138.7 54.38 66.3 29.44 13.82 41.58 596.53 195.97
Endline Treatment N: 1343 165 165 5078 5078 5078 5078 5078 5078 5078 5078 5078
Control Mean: 0.847 0.287 0.604 66.36 413.1 32.02 54.88 24.25 10.01 15.18 598 176.7
with controls
treatment 0.04** -0.03 -0.15* 23.43 -0.9 -2.71 -1.52 6.18** 1.32 4.96 -20.17 -7.2

(0.016) (0.081) (0.085) (13.970) (20.307) (4.012) (4.376) (3.028) (1.583) (3.250) (20.093) (18.002)
Observations 1,996 264 264 1,996 1,996 1,996 1,996 1,996 1,996 1,996 1,996 1,996
Control Mean: 0.848 0.29 0.61 66.57 413.3 32.11 54.86 24.28 9.992 14.86 597.9 177.2
gender interaction
treatment 0.08*** -0.06 -0.12 14.05 6.12 -2.56 0.76 5.16** 1.99 1.66 -17.04 -10.63

(0.023) (0.093) (0.093) (13.383) (7.504) (5.836) (4.208) (2.445) (1.473) (4.072) (19.147) (15.595)
male 0.09*** -0.15 -0.01 203.48*** 26.95*** -84.18*** -59.02*** -21.72*** -8.21*** -54.45*** -6.64 3.16

(0.026) (0.119) (0.107) (9.526) (8.929) (4.338) (3.746) (1.470) (1.503) (2.520) (8.720) (7.358)
treatment*male -0.07** 0.08 -0.08 -27.85** -0.31 3.54 1.44 -0.48 -0.58 7.59** 3.96 6.54

(0.030) (0.141) (0.133) (12.953) (10.737) (4.972) (4.373) (1.957) (1.997) (3.263) (9.458) (8.664)
Observations 1,996 264 264 7,856 7,856 7,856 7,856 7,856 7,856 7,856 7,856 7,856
Control Mean: 0.848 0.29 0.61 253.6 132.2 53.82 62.79 23.12 12.69 37.24 614.1 202.6
age 6-12
treatment 0.03 -2.97 -1.31 10.16* 5.22 3.73 3.09 3.9 -11.48 -16.55

(0.017) (20.304) (21.874) (5.476) (5.977) (3.765) (2.586) (3.179) (18.848) (22.850)
individual’s age 0.01** 0 0 2.12 28.80*** 1.74** 5.51*** 2.30*** 0.45 1.08* -15.88*** -16.10***

(0.003) (.) (.) (2.283) (3.358) (0.834) (0.836) (0.618) (0.331) (0.590) (2.182) (3.125)
treatment*male -0.01 35.57** -19.54 -14.09** -1.24 6.68 -2.96 1.79 0.17 14.11

(0.020) (13.211) (22.031) (6.950) (7.031) (4.211) (3.104) (4.917) (12.820) (18.131)
male 0.02 -0.22 -0.14 -29.29*** 35.39** -1.55 -7.23 -5.77* 1.56 -0.17 -0.4 -11.89

(0.016) (.) (.) (8.727) (16.102) (4.851) (4.523) (2.941) (2.219) (3.904) (7.937) (14.486)
Observations 1,058 25 25 1,062 1,062 1,062 1,062 1,062 1,062 1,062 1,062 1,062
Control Mean: 0.963 0.462 0.462 46.54 463.8 9.543 30.26 14.17 6.343 4.714 611.7 189.1
age 13-16
treatment 0.15*** -0.03 -0.03 45.74* 27.52 -26.30** -3.67 4.94 -0.47 -9.42 -32.44 -7.44

(0.055) (0.138) (0.117) (24.097) (37.952) (11.542) (10.215) (6.339) (3.960) (8.791) (23.031) (23.697)
individual’s age -0.09*** -0.06 -0.03 19.53** -46.77*** 6.25** 6.66** 1.19 1.61 4.51* 4.84 0.83

(0.012) (0.059) (0.052) (8.273) (10.094) (2.399) (2.989) (1.659) (1.395) (2.532) (6.087) (4.344)
treatment*male -0.15** 0.35 0.02 -23.5 -37.74 37.71*** 2.71 0.42 3.73 19.94 16.12 -13.67

(0.069) (0.235) (0.240) (37.977) (51.825) (10.449) (9.591) (7.845) (4.800) (13.153) (21.546) (21.041)
male 0.15*** -0.39* -0.1 61.96* 46.88 -72.57*** -39.12*** -16.25** -4.88 -30.29*** -6 47.68***

(0.047) (0.210) (0.181) (32.009) (37.969) (7.467) (6.477) (6.870) (4.244) (11.129) (13.205) (14.669)
Observations 568 108 108 568 568 568 568 568 568 568 568 568
Control Mean: 0.788 0.289 0.5 66.03 406.8 49.94 72.12 31.2 12.65 20.45 581.2 170.4

(Continued on next page)
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VARIABLES currently
enrolled
in school

not enrolled
in school to
help with
housework
=1

not en-
rolled
because
of work

(mins)
working
outside
the home

(mins)
school
classes
or home-
work

(mins)
grinding
grains cook-
ing and food
shopping

(mins) doing
dishes laun-
dry ironing or
cleaning your
house

(mins)
collecting
water

(mins)
collecting
firewood

(mins) doing
other house-
hold chores
(child caring
sick caring)

(mins)
feeding
yourself,
sleeping,
dress

(mins)
relaxing/
enter-
tainment

age 17-19
treatment 0.12* -0.06 -0.25 5.19 -40.07 -18.78 -22.37 11.36 1.51 32.74* -1.6 20.3

(0.068) (0.145) (0.157) (22.275) (42.989) (12.405) (15.295) (7.551) (4.312) (16.670) (28.869) (20.779)
individual’s age 0.04 -0.07 -0.01 14.7 -27.1 -3.42 -0.26 -3.45 -3.15 -3.3 5.07 15.32**

(0.046) (0.077) (0.105) (14.184) (17.072) (5.174) (4.194) (2.953) (1.879) (6.200) (6.840) (5.880)
treatment*male -0.13 -0.02 -0.14 -13.08 59.22 11.87 4.49 -10.53 -6.73 -21.3 3.92 -4.47

(0.084) (0.203) (0.219) (47.356) (48.321) (11.007) (20.125) (7.896) (5.997) (18.316) (29.245) (29.461)
male 0.19*** -0.19 0 104.10*** 42 -83.23*** -44.67** -10.66** -1.15 -39.03*** -8.31 9.45

(0.070) (0.159) (0.173) (33.096) (42.257) (5.182) (17.444) (5.202) (4.356) (10.753) (23.292) (22.321)
Observations 370 131 131 531 531 531 531 531 531 531 531 531
Control Mean: 0.623 0.245 0.735 127.5 283.5 67.38 100.5 37.73 15.19 32.73 576.4 158
EA Dif-in-Dif
enrollment rate age 6-12
Baseline Control: 0.94 N=44
Baseline Treatment: 0.91 N=71
Endline Control: 0.96 N=44
Endline Treatment: 0.98 N=71
control for
household size change
treatment 0.07* (0.037)
Control Mean: 0.0276
Observations 115

Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Table 2.16: Social cohesion: awareness and participation in community activities

Do you have...active in
your settlement?

A neigh-
borhood
improve-
ment
group

Volunteers A sports
club

A neigh-
borhood
security
watch or-
ganization

Local pol-
itics

Religious
groups

Women
or youth
groups

community
savings
group

Parent-
teacher
associa-
tions

Observations 1815 1815 1815 1815 1815 1815 1815 1815 1815
Control: 0.06 0.04 0.19 0.27 0.28 0.29 0.23 0.27 0.11
Control N: 781 781 781 781 781 781 781 781 781
Treatment: 0.11 0.08 0.11 0.39 0.22 0.28 0.19 0.24 0.1
Treatment N: 1079 1079 1079 1079 1079 1079 1079 1079 1079
Control Mean: 0.05 0.04 0.19 0.28 0.26 0.29 0.24 0.26 0.11
with controls
treatment 0.06** 0.03* -0.08** 0.11* -0.07 -0.03 -0.06 -0.05 -0.02

(0.025) (0.018) (0.030) (0.061) (0.057) (0.053) (0.043) (0.048) (0.037)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809
no-move interaction
treatment 0.06* 0.05** -0.09** 0.12* -0.11 -0.09 -0.07 -0.04 0

(0.033) (0.020) (0.035) (0.066) (0.070) (0.065) (0.048) (0.057) (0.041)
lived here for 6yrs+ -0.03 0.02 0.02 -0.01 -0.05 -0.01 0.03 -0.02 0.04*

(0.018) (0.020) (0.030) (0.035) (0.032) (0.029) (0.034) (0.027) (0.018)
treatment*6yrs+ 0 -0.02 0.02 0.01 0.09* 0.10** 0.02 0 -0.04

(0.031) (0.027) (0.035) (0.046) (0.047) (0.039) (0.040) (0.041) (0.026)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809

Does anybody from
this hh participate
in...?

A neigh-
borhood
improve-
ment
group

Volunteers A sports
club

A neigh-
borhood
security
watch or-
ganization

Local pol-
itics

Religious
groups

Women
or youth
groups

community
savings
group

Parent-
teacher
associa-
tions

Observations 1815 1815 1815 1815 1815 1815 1815 1815 1815
Control: 0.02 0.04 0.05 0.13 0.11 0.17 0.1 0.08 0.07
Control N: 781 781 781 781 781 781 781 781 781
Treatment: 0.03 0.05 0.05 0.15 0.09 0.15 0.09 0.09 0.06
Treatment N: 1079 1079 1079 1079 1079 1079 1079 1079 1079
Control Mean: 0.01 0.03 0.05 0.14 0.1 0.17 0.1 0.08 0.07
with controls
treatment 0.02** 0.01 0 0 -0.02 -0.04 -0.02 -0.01 -0.02

(0.009) (0.016) (0.014) (0.040) (0.035) (0.045) (0.029) (0.024) (0.026)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809
no-move interaction
treatment 0.02 0.02 0 0.03 -0.05 -0.06 0.01 -0.01 -0.01

(0.014) (0.015) (0.018) (0.043) (0.044) (0.057) (0.030) (0.031) (0.028)
lived here for 6yrs+ 0.01 0.02 0.02** 0.04 -0.01 0.02 0.06** 0.01 0.03*

(0.009) (0.020) (0.011) (0.030) (0.026) (0.033) (0.023) (0.025) (0.016)
treatment*6yrs+ -0.01 -0.02 0 -0.04 0.04 0.03 -0.04 0.01 -0.02

(0.016) (0.023) (0.019) (0.033) (0.035) (0.038) (0.029) (0.031) (0.021)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1



82
Table 2.17: Social cohesion: dependence and support for neighbors

Does your hh rely your
neighbors for any of the
following?

Child
care

Transport Sharing
of food

Medical
care or
emergency

Job
search

Household
services (water
electricity etc.)

Security (eg.
watching home
while away)

Other

Observations 1815 1815 1815 1815 1815 1815 1815 1815
Control: 0.23 0.15 0.23 0.42 0.14 0.49 0.74 0.04
Control N: 781 781 781 781 781 781 781 781
Treatment: 0.25 0.16 0.23 0.37 0.15 0.38 0.65 0.01
Treatment N: 1079 1079 1079 1079 1079 1079 1079 1079
Control Mean: 0.23 0.14 0.22 0.41 0.14 0.48 0.74 0.05
with controls
treatment 0.01 -0.01 -0.02 -0.08 -0.01 -0.12** -0.11 -0.03*

(0.035) (0.039) (0.034) (0.067) (0.028) (0.050) (0.080) (0.017)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809
no-move interaction
treatment -0.03 -0.04 0.01 -0.08 0 -0.14** -0.16** -0.03

(0.037) (0.045) (0.046) (0.078) (0.037) (0.053) (0.069) (0.022)
lived here for 6yrs+ -0.01 -0.01 0.02 0.03 0.03 0.04 0 0.01

(0.024) (0.027) (0.030) (0.048) (0.021) (0.043) (0.052) (0.023)
treatment*6yrs+ 0.07** 0.06 -0.03 0 -0.01 0.02 0.08 -0.01

(0.033) (0.039) (0.039) (0.056) (0.032) (0.055) (0.062) (0.023)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809

Does your hh help
neighbors for any of the
following?

Child
care

Transport Sharing
of food

Medical
care or
emergency

Job
search

Household ser-
vices

Security Other

Observations 1815 1815 1815 1815 1815 1815 1815 1815
Control: 0.24 0.15 0.22 0.4 0.12 0.37 0.73 0.04
Control N: 781 781 781 781 781 781 781 781
Treatment: 0.26 0.14 0.22 0.34 0.11 0.3 0.62 0.01
Treatment N: 1079 1079 1079 1079 1079 1079 1079 1079
Control Mean: 0.23 0.14 0.21 0.39 0.12 0.38 0.73 0.05
with controls
treatment 0.01 -0.03 -0.01 -0.08 -0.03 -0.09 -0.13 -0.03**

(0.037) (0.038) (0.035) (0.068) (0.028) (0.056) (0.080) (0.016)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809
no-move interaction
treatment -0.01 -0.04 0.03 -0.08 -0.01 -0.12** -0.19** -0.03

(0.035) (0.041) (0.044) (0.078) (0.038) (0.052) (0.071) (0.021)
lived here for 6yrs+ -0.02 0 0.06* 0.04 0.01 0.03 0 0

(0.027) (0.022) (0.032) (0.047) (0.025) (0.036) (0.052) (0.023)
treatment*6yrs+ 0.06* 0.02 -0.06 0 -0.02 0.04 0.1 0

(0.030) (0.032) (0.037) (0.054) (0.032) (0.045) (0.063) (0.023)
Observations 1,809 1,809 1,809 1,809 1,809 1,809 1,809 1,809
Notes: Robust standard errors in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Figures

Figure 2.1: Employment status of individuals age 15-65
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Figure 2.2: Employment rate of individuals 14-18 by gender
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Figure 2.3: Distribution of number of micro-enterprises in the endline
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Figure 2.4: School enrollment rate by age and gender
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Chapter 3

INTRA-HOUSEHOLD BARGAINING AND CHILD LABOR:
EVIDENCE FROM INDIA

3.1 Introduction

Child labor is an age-old phenomenon and of enormous importance in the contemporary

world. The latest estimates indicate that 11–15% of the world’s children are child laborers

(ILO-IPEC 2013; UNICEF 2014b). According to the International Labour Office (2013),

the largest absolute number of child laborers is found in the Asia and the Pacific region

but Sub-Saharan Africa continues to be the region with the highest incidence of child labor

with more than one in five children in child labor. Child labor may deprive children of

their childhood and time for education. Moreover, children who are engaged in hazardous

work or working under unhygienic conditions are exposed to high risks of health, safety and

moral development.

With an estimated 12.6 million children engaged in hazardous occupations, India has the

largest number of child laborers under the age of 14 in the world (UNICEF 2014a). Recently,

the Government of India passed new legislations and established new administration unit

to deal with issues related to child labor. However, basic legal protections for children

remain weak. Legislation to prohibit work for children under the age of 14 and to proscribe

hazardous work for children under 18 has been introduced in Parliament but has yet to be

passed. The worst forms of child labor continue to exist in many sectors, particularly in

dangerous activities in agriculture and the manufacturing of goods in the informal economy,

according to the US Department of Labor’s Bureau of International Labor Affairs (2013).

While the existence of child labor is frequently condemned as odious and immoral1,

1 Some studies examine the relation between education and child labor and find that the two activities
are not always mutually exclusive, and there may be important complementarities between them. In some
cases, working actually makes it possible for the children to go to school. Hence, a restricted amount of
child labor and schooling can actually be complementary. See Basu (1999) for a comprehensive review.
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the real issue is to better understand the determinants of child labor so as to evaluate its

welfare implications (Baland and Robinson 2000). Intra-household bargaining models have

been widely used to examine parental investment in children. In this paper, I utilize the

Hindu Succession Act Amendment (HSAA) in India as a source of exogenous variation in

woman’s unearned income to study how a mother’s bargaining power can affect child labor.

An instrumental variable strategy is used to deal with the endogenous timing of marriage.

This paper contributes to the literature by understanding the causes of child labor and

the consequences of the reform to women’s inheritance rights. I find that the increase in

mothers’ bargaining power is associated with a lower probability of child labor, and this

negative impact is especially strong for teenage daughters. A daughter of 12 to 14 years old

is less likely to be counted as working by 30 percentage points and is less likely to do family

work by 20.6 percentage points if her mother is exposed to the HSAA. The HSAA also has

differential impact for different families and seems to generate more child labor reduction

for the more disadvantaged– poorer and larger families.

The rest of the paper proceeds as follows. Section 2 summarizes the related literature.

Section 3 presents the theoretical framework. Section 4 describes the data and empirical

strategy that I use to test the collective model’s predictions. Section 5 presents the results.

Section 6 concludes.

3.2 Literature Review

This paper examines the impact on child labor from the change in intra-household bargain-

ing power due to the Hindu Succession Act Amendment (HSAA). Therefore, the related

literature can be put into three categories. First, the consequences of the reforms to women’s

inheritance rights. Second, the impact of intra-household bargaining power on outcomes

related to children. Third, the causes of child labor.

Previous literature has examined the Hindu Succession Act Amendment (HSAA) and

other reforms to women’s inheritance rights. Roy (2008) finds that the HSAA increases

women’s autonomy within their marital families. Deininger et al. (2013) and Roy (2013)

both find positive impact on education for girls. Heath and Tan (2013) find that the HSAA

increases women’s autonomy and labor supply, particularly into high-paying jobs. On the
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other hand, Anderson and Genicot (2014) finds that the HSAA increases the incidence of

wife beating, and Rosenblum (2014) finds that the HSAA caused an increase in female child

mortality because giving daughters inheritance rights increases the cost of daughters. In

other countries, studies find that inheritance law reforms decreased the use of son-biased

fertility stopping rules (Carranza 2012) and increased women’s education and bargaining

power (Harari 2013).

The distribution of intra-household bargaining power has been used to study various

resource allocation within a household. Traditionally, each household is treated as a single

agent maximizing a single utility function for the household as a whole. This unitary

approach ignores the different preferences of individual household members and violates

the individualism, which is the foundation of microeconomic theory. Both theoretical and

empirical research have challenged the unitary models. A lot of research finds that the

bargaining power between parents affects how parents allocate resources on their children.

The seminal paper of Lundberg et al. (1997) shows that when the household allowance for

children to be handed over to the women, instead of men, there was a rise in the expenditure

on children’s clothing. Other studies examine the impact of bargaining power on children’s

welfare, including child health (Allendorf 2007; Atkin 2011; Duflo 2003; Ghuman 2003;

Maitra 2004; Pitt et al. 2003; Thomas et al. 2002), use of prenatal and delivery care (Beegle

et al. 2001), and children’s education (Rangel 2006; Afridi et al. 2012).

Research on child labor is enormous and scattered across disciplines. Rosenzweig and

Evenson (1977) make one of the first attempts to construct a formal model to study child

labor. Their one-period model illustrates joint family decisions concerning fertility and the

allocation of male and female child time to schooling and work activities. Their empirical

findings from rural India indicate that when variables positively associated with the eco-

nomic contribution of children have high values, namely when size of landholdings, farm

productivity and child wage rates are higher, child labor and fertility increase while ed-

ucation decreases. Basu and Van (1998) present a model showing multiple equilibria by

assuming that (i) child labor only occurs if adult wage is too low, and (ii) adult labor and

child labor are perfect substitutes. They argue that the mass phenomenon of child labor

does not reflect the selfishness of parents wanting to enjoy more leisure time while their
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children work, but rather that poverty compels them to send their children to work. Baland

and Robinson (2000) build a model to show that child labor is inefficient, and a small ban

on child labor may improve the efficiency. Ersado (2005) utilizes data from Nepal, Peru,

and Zimbabwe and suggests that increasing adult educational level and wage will help curb

the prevalence and intensity of child labor. More recently, Bharadwaj et al. (2013) find that

after India’s child labor ban, child labor actually increases, child wages decrease, and school

enrollment decreases. Microfinance, one of the most popular interventions for poverty allevi-

ation, has been proved to both mitigate and increase child labor (see reviews such as Doorn

and Churchill (2004) and Blume and Breyer (2011)). Furthermore, Lakdawala (2011) finds

that the expanded access to credit increases child labor in households at the middle of the

wealth distribution. See Basu (1999) and Edmonds (2007) for more reviews of theoretical

ideas, data challenges, empirical evidence, and policy debates.

A few studies have examined the relationship between intra-household bargaining and

child labor. Basu and Ray (2002) and Basu (2006) use collective models to show that child

labor can initially decline and then rise again as the mother’s power rises. Galasso (1999)

uses data from Indonesia and finds that as the share of household assets owned by the

mother increases, child labor of girls falls but that of boys does not. However, when the

sample is split further along ethnic lines, mother’s assets at marriage have about an equal

effect on the child labor of boys and girls. Reggio (2011) uses data from Mexico and finds

that an increase in a mother’s bargaining power is associated with fewer hours of work for

her daughters but not for her sons. While the above papers estimate bargaining power from

household survey information, I use an exogenous legislation change to capture the change

in bargaining power.

3.3 Theoretical Framework

Becker and Lewis (1973) introduce a simple quantity-quality trade-off model to analyze

parental investments in children. Fan (2004) modifies the Becker-Lewis model to include

child labor into analysis. The household solves the following problem:

maxU = U(c, n, s) (3.1)
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s.t.

c+ n(π + αc) + sb = w + (n− s)wc (3.2)

where c is consumption of material goods, n is the total number of children, and s is the

number of educated children. π denotes the constant cost of raising a child so π + αc

represents each child’s consumption, which is assumed to be equal across children and each

child’s consumption is related to the level of his or her parents’ consumption by parents’

altruism toward children (α). b is the cost of education. The wage rates of adults and

children are denoted by w and wc, respectively.

This type of models suggests that the productivity of child labor is crucial in determining

whether parents will send some children to work. Higher productivity also increases fertility

(Rosenzweig and Evenson 1977). In the case of the HSAA, changes in mother’s autonomy

should not influence child labor if the productivity of child labor does not change. However,

this model of a unitary household obscures the potentially divergent goals of men and

women regarding the number and treatment of children as women bear all the physical

risks of childbirth and provide most of the effort required to raise children (Bardhan and

Udry 1999). Therefore, I use a intra-household bargaining model instead.

Following Reggio (2011)’s collective model, I consider a general household’s utility max-

imization problem, for a household that lives two periods and consists of two parents and

one child. Children do not make decisions, and fertility and living arrangements issues are

not considered at this stage. The household makes Pareto efficient decisions.

max
c1,c2,lf ,lm,h,s

2∑
t=1

λUmt(ct, lf , lm, h, z) + (1− λ)Uft(ct, lf , lm, h, z) (3.3)

s.t.

c1 + τe+ s =
∑
p=m,f

Ap +
∑
p=m,f

wp(1− lp) + wch (3.4)

c2 = (w − wc)e+ wc +Rs (3.5)

and

h+ e+ lc = 1 (3.6)
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where Um and Uf denote mother’s and father’s utility respectively. λ corresponds to wife’s

weight in the household utility function. The term ct denotes the aggregate consumption

in period t. The leisure of parent p is denoted by lp. Both parents care about the child’s

welfare, affected by the time allocation between education (e), work (h) and leisure of the

child (lc). Specifically, parents get disutility from sending the child to work. Finally, z

is a vector containing the individual, household and community characteristics that affect

parent’s utilities.

In the first period, household’s income comes from parents’ nonlabor income (Ap), par-

ents’ labor income (wp(1 − lp)) and from their child’s labor (wch).2 The price of the con-

sumption goods is normalized to one. The term τ represents the cost of sending the child

to school. In the second period the child works and her salary depends on the education

received in the first period. The child’s wage in the second period is (w − wc)e + wc. The

wage increases with the amount of child’s education. For example, if the child does not

attend school in the first period, her salary remains constant at wc. The household also gets

income from first period savings: s denotes savings and R the gross return on the house-

hold wealth. The intertemporal household budget constraint is obtained by combining the

budget constraints for both periods. It is given by:

c1 +
c2

R
+ (τ − w − wc

R
)e =

∑
p=m,f

Ap +
∑
p=m,f

wp(1− lp) + wch+
wc
R

(3.7)

and the time constraint for the child is equation (3.6).

Solving this model generates two testable hypotheses. First, if the parent with larger

marginal disutility for child labor has more power, the model predicts that child labor

decreases with this parent’s bargaining power. Second, if the parent with larger marginal

utility for consumption also has more power, the model predicts that child labor increases

with this parent’s bargaining power.

2 Households who work on agriculture production might not receive nominal wage as wage labor and
might face a different budget constraint. Here we assume the returns in agricultural production can be
treated as wages in this model. The data used in this paper do not provide wage information. Parental
education is used as a proxy for potential wages of parents and discussed after the main results.
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3.4 Empirical Strategy

3.4.1 Background on the Hindu Succession Act Amendment

Hindu Succession Act Amendment (HSAA) is the legal reform used for identification in this

paper. Traditionally, Indian women were allowed to inherit ancestral property from fathers

or late husbands only in the absence of male heirs. The Hindu Succession Act of 1956 unified

different traditional schemes and clarified women’s rights to inherit their father’s “separate

property” and his “notional” portion of joint family property, but continued to leave women

out of the inheritance of “joint family property”. Since land is the most common form of

property in rural areas and is typically family-owned, such biased rights create significant

gender discrimination.

Although the Hindu Succession Act of 1956 is a central law, the Indian constitution

grants both the federal and state governments legislative authority over inheritance. In

subsequent years, various states enacted amendments that explicitly granted daughters di-

rect inheritance rights and the right to a share by survivorship in joint family property,

equal with their brothers. Table 3.1 presents the timing in different states. For more de-

tails about the reform, see Agarwal (1994), Deininger et al. (2013), Heath and Tan (2013),

Rosenblum (2014) or Roy (2013).

These reforms only applied to women who are Hindu, Buddhist, Sikh or Jain, and only

to women who were not yet married at the time of the reform. Deininger et al. (2013)

and Roy (2013) both find that women affected by the HSAA are more empowered through

increasing education or dowries.3 Heath and Tan (2013) show that the reform increased a

woman’s autonomy, and their results coincide with other programs estimating the effects of

women’s property rights or inheritance rights on her autonomy (Wang 2013; Roy 2008).

3The direct impact on women’s propensity to inherit actually remains controversial. Although Deininger
et al. show that HSAA increased the likelihood of land inheritance by 15 percentage points, Roy finds no
significant impact on women’s propensity to inherit. Roy argues that the main reason for this difference
is that Deininger et al. use the variation in the timing of death of the father of the woman to define
treatment status. This definition might just reflect the fact that fathers who lived longer were more likely
to acquire land during India’s rapid economic growth and leave a share to their daughters.
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3.4.2 Identification Strategy

I follow Heath and Tan (2013) to estimate the program effects using an instrumental variable

approach. This is because the exposure to the program is determined by year of marriage,

which is an endogenous choice. If the timing of marriage responded to the HSAA, an

OLS estimate of treatment effects would capture this selection. This instrumental variable

approach uses only variation in a woman’s religion, year of birth, and state, which are

predetermined at the time of the law change, to predict her exposure to the treatment.

In the first stage, that mother i’s treatment status is instrumented by the fixed effects

for each religion (r) - year of birth (τ) - state (j) cell:4

Tijrτ = δjrτ + υijrτ (3.8)

In the second stage, I assume that child k’s outcome is a function of his or her mother’s

fitted probability of treatment, child and family characteristics (Xkijrτ ), as well as fixed

effects for mother’s year of birth, religion, and state and double interactions between year

of birth and religion, year of birth and state, and state and religion:

ykijrτ = βT̂ijrτ +Xkijrτ + θτ + υr + ϕj + γrτ + λjτ + µjr + εkijrτ (3.9)

ykijrτ is the outcome variable of child k born to mother i. The outcome variables of

interest include the status of working, the number of working hours for children who are

working, and the status of school enrollment. For the binary variable of child labor, I use

the definition of child labor according to the UNICEF. A child is considered to be involved

in child labor under the following conditions: (i) children 5 to 11 years old who, during the

reference week, did at least one hour of economic activity or at least 28 hours of household

chores, or (ii) children 12 to 14 years old who, during the reference week, did at least 14

hours of economic activity or at least 28 hours of household chores. Binary variables of

4There are 1,914 dummies (29 states × 33 years of birth × 2 religions) in the child labor sample. Following
Heath and Tan (2013), I use the criteria of weak instruments suggested by Stock et al. (2002): the first-
stage F statistic must be exceeding 10 for TSLS inference to be reliable. The F statistic in my first stage
is 79.75 so weak instruments should not be a major concern in this case.
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whether a child is engaged in non-household work, household chores, and family work are

also analyzed. For working hours, I use a Heckman selection model (Heckman 1976) to

estimate the impact.

The coefficient of interest is β. If we assume mothers have larger marginal disutility for

child labor, the sign of β should be negative when y indicates child labor, and the sign of β

should be negative when y indicates school enrollment. Xkijrτ includes the child’s gender

and age, the residence being urban or rural, and a dummy variable for the month of survey.

The coefficient for living in urban areas is expected to be negative since children tend to

work more in rural than urban areas (Edmonds 2007). The month of survey is considered

to avoid biased estimates due to seasonal differences.

3.4.3 Data

I use the latest Indian National Family Health Survey (NFHS-3, 2005-2006) to test the

theoretical predictions. NFHS-3 is the third in a series of national surveys. Earlier NFHS

surveys were carried out in 1992-93 (NFHS-1) and 1998-99 (NFHS-2). The NFHS is designed

along the lines of the Demographic and Health Surveys (DHS) that have been conducted in

many developing countries around the world. All three surveys were conducted under the

stewardship of the Ministry of Health and Family Welfare, Government of India, with the

International Institute for Population Sciences, Mumbai, serving as the nodal agency. The

data is nationally representative with a large sample size: 45,073 children of 5 to 14 years

old with parental information from 22,816 families. The survey includes year of marriage,

state of residence,5 and religion, which are used to determine a mother’s treatment status.

Table 3.2 reports the summary statistics for children between 5 and 14 years old. Boys

are 4 percentage points more than girls. 43% of the sample live in urban areas. Fathers have

2.2 more years of education than mothers on average. 13% of the mothers in the sample

have the inheritance rights according to their state of residence and year of marriage. 9% of

5The exposure to the inheritance rights reform was jointly determined by a woman’s state of birth and
year of birth. Unfortunately, NFHS does not contain information on an individual’s state of birth so the
state of residence is used instead. Fortunately, Roy (2013) finds that inter-state migration of females is
relatively low. Heath and Tan (2013) also show that their main results on female labor supply are driven
by women who came to their current place “after marriage” instead of “before or at the time of marriage”.
These findings provide some reassurance that selective migration should not be a critical concern.
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the children was considered working in the past week. 6% worked for someone who is not a

member of this household. 52% helped with household chores, such as shopping, collecting

firewood, cleaning, fetching water, or caring for children. 5% did other family work, such as

work on the farm or in a business, or selling goods on the street. For children who reported

working hours, the average hours of working in a week are about 12 hours for non-household

members, 9 hours for household chores, and 13 hours for other family work. 76% of the

children are currently attending school.

Table 3.3 presents the rates of child labor participation and school enrollment by age

and gender. For both boys and girls, older children are more likely to work. A drop at age

of 12 is probably due to the stricter definition of child labor from age of 12. The school

enrollment increases by age at the beginning, peaks at 11 years old and then decreases.

3.5 Results

3.5.1 Main Results

A. Probability of working

The main results are estimated by equation (3.9) and reported in Table 3.4. The first

column shows the OLS estimation for comparison. The remaining columns present the

estimation using the instrumental variable approach. From the third column, the samples

are restricted to older children given the assumption that the labor supply of older children

can be more elastic. This assumption is partially supported by Table 3.3, where older

children are consistently more likely to work. The third column examines children who are

10 years old or above. The age of 10 is selected due to the significant jump in percentage

of child labor. This cut-off point also allows my results to be more comparable with Reggio

(2011), who only examines children between 10 and 14 years old. The last three columns

examine children who are 12 years old or above. This cut-off point is chosen because the

UNICEF definition treats children of 12 to 14 years old with a stricter criteria of being

working. As shown in Table 3.3, girls who are 12 to 13 years old are more likely to work

than boys of the same age, the fifth and sixth columns report results for boys and girls,

respectively, to capture potential gender differences.
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In Table 3.4, across all specifications, children of mothers exposed to the HSAA are

significantly less likely to work. All children are 5.1 percentage points less likely to work.

Children who are 10 years old and above are 8.8 percentage points less likely to work. This

impact is especially strong for children who are 12 to 14 years old. When both genders

are pooled, children are 21.3 percentage points less likely to work.6 The boys are 11.4

percentage points less likely to work, which is insignificant but still stronger than younger

children. The girls are significantly less likely to be working by 30 percentage points. This

stronger effect for girls is consistent with previous studies showing that mothers prefer to

devote resources to improving the nutritional status of their daughters (Thomas 1990), and

women’s nonlabor income has a positive impact on the health of her daughter but not on

her son’s health (Thomas 1994).

B. Different work types

Table 3.5 breaks work into three categories: work for non-household members, household

chores, and other family work. For children at all ages, children of mothers exposed to the

HSAA are less likely to work,7 but the impact is only significant for doing family work. A

child is 5.4 percentage points less likely to do family work. The reduction is stronger for

children who are 12 to 14 years old (by 17.1 percentage points), especially for daughters (by

20.6 percentage points).

Regarding other demographic characteristics, boys are more likely to work for non-

household members and to do other family work. Girls are more likely to do household

chores. Older children are more likely to work, and urban children are less likely to work,

which is consistent with the literature (Edmonds 2007).

Table 3.6 reports the estimation for the hours of working, using the Heckman selection

model. Consistent with Table 3.5, boys spend longer hours on non-household members and

other family work, while girls work for more hours in household chores. Older children work

longer, especially for non-household work. Compared with rural children, urban children

6Children are less likely to work by 21.3 (16.7) percentage points if the sample is restricted to children
who are 13 (11) years old and above. Detailed estimations are available upon request.

7 For children 12 years old or above, the coefficient of non-household work is small (0.013) and insignificant.
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work for fewer hours in household chores and for about the same time in other work. The

interpretation for mothers exposed to the inheritance law reform is challenging. Children of

these mothers work almost 20 hours more for non-household members. This puzzling result

might coincide with previous research showing that the child labor response to higher power

of mother is U-shaped, where child labor will rise again beyond a point. Previous studies

(Basu and Ray 2002; Basu 2006) argue that when one parent has most of the power, child

labor is more attractive since the extra income can be allocated to the consumption of the

powerful parent’s favorite goods.

I also restrict the sample to children who are 10 years old and above to compare with the

results of Reggio (2011). Surprisingly, a mother’s exposure to the HSAA does not decrease

the hours of child labor. Treated children work longer for non-household work and work

shorter for household chores and family work, but none of the impact is significant. My

findings here show that the HSAA decreases the child labor along the extensive margin but

not the intensive margin. The results of non-household work coincide with Reggio (2011),

who argues that when children work for significant number of hours, for pay, outside the

home, the decision seems to be made by both parents or be determined by variables other

than the distribution of power within the household.

C. School enrollment

Table 3.7 reports the estimation for school enrollment in the same order of Table 3.4.

Boys and urban children are more likely to be in school than girls and rural children. For

children of 10 to 14 years old, older children are less likely to be attending school. This

is consistent with Table 3.3, where school enrollment increases by age, peaks at 11 years

old and then decreases. Mother’s exposure to the HSAA has a positive impact on school

enrollment. The impact is small and insignificant for the whole sample but strong and

significant for older children. Children of 10 to 14 years old are 9.9 percentage points more

likely to be enrolled, and children of 12 to 14 years old are 13 percentage points more likely

to be enrolled. The impact is the strongest for boys of 12 years old and above, who are 20

percentage points more likely to be attending school.

The fact that the HSAA does increase the school enrollment for girls who are 12 to 14
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years old might contradict with Deininger et al. (2013) and Roy (2013), who both show that

the HSAA increases girls’ education. Since both studies examine women who were directly

affected by the HSAA and have completed their education, it is possible that the the direct

effect of the HSAA is stronger than the indirect effect through a more empowered mother.

If we consider more schooling and less child labor as household public goods, the findings

here support Heath and Tan (2013)’s theoretical prediction that the HSAA will increase the

supply of the household public good. Their empirical finding shows that the HSAA leads to

decreases in anemia for children under 5 years old. Here we see that the public good effect

extends to older children by reducing child labor and increasing schooling.

3.5.2 Discussion

A. Fertility and wealth

There are a few other potential channels which can affect child labor. The first factor

to consider is the fertility decision. Heath and Tan (2013) find that the HSAA decreased

the fertility, which coincides with other research showing that higher female bargaining

power leads to fewer children in Brazil (Klawon and Tiefenthaler 2001), Malaysia (Rasul

2008), and Indonesia (Varanasi 2010). The number of children can lead the child labor to

two opposite directions. A larger household may increase the manpower of the household,

decrease each person’s workload, and release some children from child labor. On the other

hand, more children might incur more household tasks, such as child care, which are often

undertaken by elder siblings, especially elder sisters. In two empirical studies (Patrinos and

Psacharopoulos 1995, 1997), Patrinos and Psacharopoulos show that the number of siblings

increases child labor.

Table 3.8 examines the differential impact of mother’s exposure to the HSAA in smaller

families and larger families.8 Among smaller families, treated children are more likely to

work: 5.2 percentage points for all children and 26 percentage points for boys who are 12

to 14 years old. In contrast, among larger families, treated children are less likely to work:

27.3 percentage points for all children, 70.8 percentage points for teenage boys and 65.6

8 Families with no more than 4 children are considered smaller families. 74% of the children and 83% of
the families in our sample belongs to smaller families.
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percentage points for teenage girls. Understanding the resources allocation among siblings

through birth order (Ejrnaes and Pörtner 2004; Emerson and Souza 2008) should shed more

light on this differential impact. Unfortunately, the birth order information is missing for

most of our sample: only 290 out of 45,073 children have birth order information. Future

research may deal with the issues of endogeneity and see whether and how birth order may

drive the results presented above.

The second factor is the family wealth status. In Basu and Van (1998), they argue that

children will only work when the household is too poor so higher family wealth should de-

crease child labor. In the case of the HSAA, if the mother actually received more inheritance

from her father, there will be an increase in family wealth. However, for part of the sample,

we might only be able to capture the effect of an “expected” increase in wealth because

this increase would only occur if the mother’s father has already died. Besides, the family

wealth might be negatively affected by the father’s sisters who are eligible for the HSAA,

but the NFHS-3 does not have information about the father’s sisters. Furthermore, since

both the wealth and mother’s autonomy would decrease child labor, it is hard to disentangle

these two effects.

Given the available information, I examine the differential impact of mother’s exposure

to the HSAA by family wealth status. The sample are divided into 5 categories: the

poorest, poorer, middle, richer, and the richest families according to the NFHS-3 wealth

index, which was constructed by taking the sum of household assets and using weights

generated by principal components analysis. Table 3.9 shows that children in the poorest

families experience the largest reduction of child labor by 20.6 percentage points, while

children in richer families are more likely to work when their mothers are exposed to the

HSAA.

When we look at Tables 3.8 and 3.9 together, it seems that the HSAA generates greater

benefits for the more disadvantaged– children in larger and poorer families. Table 3.10

confirms that mothers in poorer families tend to give more births than richer families so the

child labor reduction in Tables 3.8 and 3.9 might be driven by the same group of people.

However, since the sample I use here only includes children who are 5 to 14 years old, the

numbers of observation by wealth status indicate that there are fewer children of this age
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in the poorest families and more children outside of this age range than wealthier families.

Future research might examine the age structure within families in more detail to see how

that might affect child labor.

There are some potential reasons for the stronger impact in poorer and larger families.

First, it is possible that mothers in poorer and larger have lower bargaining power initially. If

we assume that the marginal benefit decreases when the level of bargaining power increases,

we should see greater benefits for mothers with lower initial bargaining power. Second, it is

possible that the poorer children and richer children participate in different types of work.

Children from poorer families are more likely to work to sustain the family while children

from richer families might do “work” which has more social and educational benefits. Given

the different nature of work, when mothers in richer families get more power, they might

encourage children to do more work, but more empowered mothers in poorer families might

pull children out of work. It will be ideal to test this hypothesis with data which contain

more detail information about the content of work.

B. Robustness checks

Similar to the wealth hypothesis, parental wage rates might have to be considered. In

Basu and Van (1998), they argue that children will only work when parents’ wages are too

low. Since the NFHS-3 data do not provide wage information, I use parental education as

a proxy for potential wages of parents.

Whether the mother works away from home can also drive the child labor into two

opposite directions. On the one hand, if the mother works away from home, child labor,

especially household chores, may increase because children who stay home have to take care

of household chores. On the other hand, if mothers who work away from home earn more

income, children may work less because the family gets wealthier.

The above concerns – number of living children, parental education, wealth, and whether

the mother works away from home – are added as controls into the original estimation as a

robustness check. The results are reported in Table 3.11 and are similar to the results before

adding controls. As expected, more educated fathers and higher wealth are associated with

lower child labor. Having more children seems to generate more needs than manpower so
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child labor rises. The higher income earned by mothers who work away from home is not

enough to reduce child labor.

Another robustness check is performed by excluding the state of Jammu and Kashmir.

Agarwal (1994) points out that the Hindu Succession Act of 1956 does not apply to state

of Jammu and Kashmir. Because the Jammu and Kashmir HSA 1956 contains most of

the provisions of the HSA 1956, I keep this state in the main analysis but exclude it for

robustness check. The results in Table 3.12 are almost identical to Table 3.4 so the inclusion

of Jammu and Kashmir should not be a concern.

C. Questions for future research

In addition to the factors discussed above, several issues await further examination. The

first issue is how to incorporate the landowning status of households into the analytical

framework. Whether the household owns land or not should be considered for at least two

reasons. First, children in households with land are probably more likely to participate in

family work, which includes work on the farm. Second, in the context of HSAA, women in

landowning households are most relevant to the reform and experienced a larger increase

in education than women in non-landowning households (Roy 2013). Although the data do

not reveal whether the mother came from a landowning household, the landowning status

of the child’s household is available and should be utilized with care.

The second issue is how mothers allocate their own time. Heath and Tan (2013) find that

the HSAA increases women’s labor supply, but the NFHS-3 data do not have information

about the hours of working outside and working at home, such as for child care and other

home production. Besides, if a more empowered mother starts to run her own microenter-

prise, child labor might increase due to the higher labor demand of family work. Future

research may use more detailed data to study mother’s time allocation and its impact on

child labor.

The third issue is child mortality. Although many studies show positive influences on

girls through the HSAA, Rosenblum (2014) finds that the female child mortality increases.

Future research may explore how this might change the child labor through channels such

as the sex compostion of children or the family size.
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3.6 Conclusion

By using the exogenous variation in women’s unearned income due to the HSAA, I find

that the increase in mothers’ bargaining power is associated with a lower probability of

child labor, and this negative impact is especially strong for teenage daughters. A daughter

of 12 to 14 years old is less likely to be counted as working by 30 percentage points if her

mother is exposed to the HSAA. After dividing work into non-household work, household

chores, and family work, the treated mothers only show significant difference for children

doing family work, and the reduction is especially strong for daughters of 12 to 14 years

old. The HSAA also increases school enrollment. These results reject the unitary model

and are consistent with the model and previous empirical studies by Galasso (1999) and

Reggio (2011).

I also find interesting differential impact for families of different sizes and wealth levels.

When mothers are exposed to the HSAA, children in larger families are less likely to work

while treated children in smaller families are more likely to work. Children in the poorest

families experience the largest reduction of child labor while children in richer families are

more likely to work. This differential impact might be driven by the dinimishing marginal

benefit of bargaining power or different types of work chosen by children in different families.

The exact mechanism awaits further investigation.

The findings of this paper suggest that reforms which increase women’s bargaining power

can reduce child labor, especially for the more disadvantaged – teenage daughters, larger

families, and poorer families. This result is most relevant to countries where poverty and

child labor is high and women have lower status and education attainment. In situations

where direct bans on child labor is not feasible or more likely to generate perverse con-

sequences (Bharadwaj et al. 2013), policies targeting women’s empowerment may have

spillover effects on child labor.
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Tables

Table 3.1: The Timing of HSA Amendments

Year State

1976 Kerala
1986 Andhra Pradesh
1989 Tamil Nadu
1994 Maharashtra and Karnataka
2005 all states
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Table 3.2: Summary Statistics (N = 45,073)

Variable Mean Std. Dev.

child’s gender (male=1) 0.52 0.50
child’s age 9.36 2.83
attending school 0.76 0.42
urban 0.43 0.50
mother’s years of schooling 4.12 4.85
father’s years of schooling 6.31 5.07
wealth -0.18 0.95
owns land 0.44 0.50
mother works away from home 0.39 0.49
number of living children 3.67 1.70
mother’s treatment status (treated=1) 0.13 0.34

in the past week...

child was working* 0.09 0.29
worked for non-hh member 0.06 0.24
for ... hours (2,656 reported) 12.16 20.64
helped with hh chores 0.52 0.50
for ... hours (23,252 reported) 8.93 8.55
did other family work 0.05 0.23
for ... hours (2,423 reported) 12.86 13.64

Notes:
* A child is considered to be involved in child labor under the following
conditions: (i) children 5 to 11 years old who, during the reference week,
did at least one hour of economic activity or at least 28 hours of household
chores, or (ii) children 12 to 14 years old who, during the reference week,
did at least 14 hours of economic activity or at least 28 hours of household
chores.
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Table 3.3: The Percentage of child labor and school enrollment by age

child labor school enrollment
child age girls boys girls boys

5 3% 3% 26% 24%
6 4% 4% 53% 52%
7 6% 6% 76% 77%
8 8% 8% 85% 86%
9 9% 11% 89% 91%
10 14% 13% 87% 92%
11 14% 14% 90% 94%
12 11% 9% 85% 90%
13 14% 12% 82% 87%
14 15% 15% 80% 82%
Total 9% 9% 75% 77%

Table 3.4: Child work

OLS IV-all IV 10+ IV 12+ IV-boys 12+ IV-girls 12+

treat -0.010 -0.051*** -0.088** -0.213*** -0.114 -0.300***
(0.009) (0.020) (0.039) (0.051) (0.071) (0.072)

male -0.004 -0.004* -0.010** -0.017***
(0.004) (0.002) (0.004) (0.004)

child age 0.017*** 0.018*** 0.007*** 0.038*** 0.039*** 0.038***
(0.001) (0.000) (0.002) (0.003) (0.004) (0.005)

urban -0.046*** -0.046*** -0.080*** -0.090*** -0.069*** -0.106***
(0.006) (0.003) (0.005) (0.006) (0.008) (0.008)

mean dep var -0.082 -0.082 0.367*** -0.040 0.032 -0.511***
(0.115) (0.112) (0.120) (0.133) (0.149) (0.174)

N 45,073 45,073 21,773 13,054 6,900 6,154

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed effects for Hindu X year of birth X state and
include a dummy for Hindu and fixed effects for year of birth, state, month of survey, Hindu X year of
birth, Hindu X state, and state X year of birth. The Hindu dummy also includes Sikhs, Buddhists, and
Jains, as described in section 4. All regressions include sampling weights. Boostrap standard errors in
brackets, clustered at the level of the primary sampling unit.
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Table 3.5: Non-household work, household chores, and
family work

non-hh work hh chores
all 12+ all 12+

treat -0.017 0.013 -0.057 -0.095
(0.016) (0.056) (0.043) (0.079)

male 0.008*** 0.026*** -0.133*** -0.181***
(0.002) (0.005) (0.004) (0.007)

child age 0.010*** 0.010*** 0.072*** 0.012**
(0.000) (0.003) (0.001) (0.005)

urban -0.004 -0.018*** -0.071*** -0.091***
(0.002) (0.005) (0.005) (0.009)

mean dep var 0.107 0.299** -0.111 0.697***
(0.094) (0.132) (0.143) (0.157)

N 45,073 13,054 45,073 13,054

family work
all 12+ boys 12+ girls 12+

treat -0.054*** -0.171*** -0.060 -0.206***
(0.014) (0.042) (0.074) (0.055)

male 0.020*** 0.051***
(0.002) (0.005)

child age 0.018*** 0.022*** 0.027*** 0.011***
(0.000) (0.004) (0.004) (0.004)

urban -0.056*** -0.116*** -0.121*** -0.106***
(0.002) (0.005) (0.008) (0.007)

mean dep var -0.430*** -0.399*** -0.599*** -0.126
(0.055) (0.083) (0.143) (0.105)

N 45,073 13,054 6,900 6,154

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed effects for Hindu X
year of birth X state and include a dummy for Hindu and fixed effects for year
of birth, state, month of survey, Hindu X year of birth, Hindu X state, and
state X year of birth. The Hindu dummy also includes Sikhs, Buddhists, and
Jains, as described in section 4. All regressions include sampling weights.
Bootstrap standard errors in brackets, clustered at the level of the primary
sampling unit.
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Table 3.6: Hours of working

In the past week, hours worked for non-household member household chores family work

All children:
treat 19.946*** 0.429 -8.105

(5.859) (1.207) (8.268)
male 1.371** -2.286*** 1.140***

(0.616) (0.089) (0.310)
child age 3.537*** 1.005*** 1.973***

(0.160) (0.021) (0.115)
urban 1.150* -1.610*** 1.557**

(0.625) (0.089) (0.672)
mean dep var 0.674 6.985** 12.062

(5.428) (3.305) (7.363)
N of selected equation 45,073 45,073 45,073
N of hours equation 2,656 23,252 2,423

10 years old and above:
treat 4.528 -3.459 -5.285

(7.557) (2.510) (8.492)
male 1.324* -3.039*** 1.360***

(0.778) (0.118) (0.355)
child age 5.909*** 1.119*** 2.195***

(0.353) (0.052) (0.205)
urban 0.845 -2.112*** 1.849**

(0.750) (0.133) (0.738)
mean dep var -48.506*** 9.140*** -10.376

(7.198) (2.728) (11.250)
N of selected equation 21,773 21,773 21,773
N of hours equation 1,767 14,828 1,967

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed effects for Hindu X year of birth X state and include
a dummy for Hindu and fixed effects for year of birth, state, month of survey, Hindu X year of birth, Hindu X
state, and state X year of birth. The Hindu dummy also includes Sikhs, Buddhists, and Jains, as described
in section 4. All regressions include sampling weights. Bootstrap standard errors in brackets, clustered at
the level of the primary sampling unit.
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Table 3.7: School enrollment

OLS IV-all IV 10+ IV 12+ IV-boys 12+ IV-girls 12+

treat 0.022* 0.017 0.099** 0.130** 0.209** 0.054
(0.013) (0.032) (0.039) (0.053) (0.087) (0.089)

male 0.031*** 0.031*** 0.062*** 0.059***
(0.005) (0.004) (0.004) (0.005)

child age 0.040*** 0.039*** -0.033*** -0.040*** -0.041*** -0.042***
(0.001) (0.001) (0.002) (0.004) (0.004) (0.005)

urban 0.034*** 0.034*** 0.064*** 0.079*** 0.036*** 0.122***
(0.008) (0.004) (0.004) (0.006) (0.008) (0.008)

mean dep var -0.317* -0.314*** 0.844*** 0.885*** 0.577*** 1.049***
(0.176) (0.107) (0.118) (0.139) (0.161) (0.172)

N 45,073 45,073 21,773 13,054 6,900 6,154

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed effects for Hindu X year of birth X state and
include a dummy for Hindu and fixed effects for year of birth, state, month of survey, Hindu X year of
birth, Hindu X state, and state X year of birth. The Hindu dummy also includes Sikhs, Buddhists, and
Jains, as described in section 4. All regressions include sampling weights. Bootstrap standard errors in
brackets, clustered at the level of the primary sampling unit.
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Table 3.8: Child labor by number of children

OLS IV-all IV 12+ IV-boys 12+ IV-girls 12+

4 or fewer children:
treat -0.008 0.052** 0.040 0.260*** -0.110

(0.009) (0.023) (0.055) (0.068) (0.095)
male -0.007 -0.006** -0.017***

(0.004) (0.003) (0.005)
child age 0.013*** 0.013*** 0.025*** 0.021*** 0.032***

(0.001) (0.001) (0.004) (0.004) (0.006)
urban -0.045*** -0.046*** -0.086*** -0.065*** -0.105***

(0.006) (0.003) (0.006) (0.009) (0.010)
mean dep var -0.148** -0.167*** -0.200*** 0.839*** -0.378***

(0.065) (0.047) (0.073) (0.096) (0.134)
N 33,292 33,292 9,236 5,103 4,133

5 or more children:
treat -0.014 -0.273*** -0.664*** -0.708*** -0.656***

(0.060) (0.074) (0.110) (0.127) (0.185)
male 0.006 0.005 -0.008

(0.008) (0.005) (0.012)
child age 0.028*** 0.028*** 0.071*** 0.093*** 0.064***

(0.002) (0.001) (0.006) (0.010) (0.009)
urban -0.038*** -0.038*** -0.085*** -0.082*** -0.088***

(0.014) (0.007) (0.012) (0.019) (0.017)
mean dep var -0.606** -0.712*** -1.242*** -0.428** -0.588**

(0.250) (0.168) (0.237) (0.213) (0.236)
N 11,781 11,781 3,818 1,797 2,021

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed effects for Hindu X year of birth X state
and include a dummy for Hindu and fixed effects for year of birth, state, month of survey, Hindu
X year of birth, Hindu X state, and state X year of birth. The Hindu dummy also includes Sikhs,
Buddhists, and Jains, as described in section 4. All regressions include sampling weights. Bootstrap
standard errors in brackets, clustered at the level of the primary sampling unit.
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Table 3.9: Child labor by wealth index

poorest poorer middle richer richest

treat -0.206*** -0.015 -0.019 0.099*** 0.033
(0.079) (0.065) (0.044) (0.036) (0.032)

male -0.011* -0.018*** -0.000 0.005 0.010**
(0.007) (0.006) (0.005) (0.005) (0.004)

child age 0.032*** 0.028*** 0.014*** 0.011*** -0.002***
(0.001) (0.001) (0.001) (0.001) (0.001)

urban -0.004 -0.035*** -0.007 -0.014** -0.021***
(0.017) (0.009) (0.006) (0.006) (0.006)

mean dep var 0.041 0.216 1.403*** -0.138 0.087
(0.114) (0.207) (0.163) (0.164) (0.111)

N 6,959 8,400 9,508 10,337 9,869

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed effects for Hindu X year
of birth X state and include a dummy for Hindu and fixed effects for year of birth,
state, month of survey, Hindu X year of birth, Hindu X state, and state X year of
birth. The Hindu dummy also includes Sikhs, Buddhists, and Jains, as described
in section 4. All regressions include sampling weights. Bootstrap standard errors in
brackets, clustered at the level of the primary sampling unit.

Table 3.10: The number of children by wealth status

mean std. dev. obs

poorest 4.37 1.73 6,959
poorer 4.11 1.73 8,400
middle 3.83 1.71 9,508
richer 3.51 1.60 10,337
richest 2.82 1.30 9,869
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Table 3.11: Robustness Check – Child work,
adding controls

OLS IV

treat 0.009 -0.048**
(0.009) (0.019)

male -0.002 -0.002
(0.004) (0.002)

child age 0.018*** 0.017***
(0.001) (0.001)

urban -0.011* -0.011***
(0.006) (0.003)

mother’s education 0.000 0.000
(0.001) (0.000)

father’s education -0.001** -0.001***
(0.001) (0.000)

wealth -0.021*** -0.021***
(0.004) (0.002)

number of living children 0.006*** 0.006***
(0.002) (0.001)

mom works away from home 0.031*** 0.031***
(0.005) (0.003)

mean dep var -0.148 -0.143
(0.108) (0.117)

N 45,073 45,073

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed ef-
fects for Hindu X year of birth X state and include a dummy
for Hindu and fixed effects for year of birth, state, month of
survey, Hindu X year of birth, Hindu X state, and state X year
of birth. The Hindu dummy also includes Sikhs, Buddhists,
and Jains, as described in section 4. All regressions include
sampling weights. Bootstrap standard errors in brackets, clus-
tered at the level of the primary sampling unit.
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Table 3.12: Robustness Check – Child work, excluding Jammu and Kashmir

OLS IV-all IV 10+ IV 12+ IV-boys 12+ IV-girls 12+

treat -0.010 -0.051*** -0.088** -0.213*** -0.114* -0.300***
(0.009) (0.019) (0.043) (0.048) (0.059) (0.069)

male -0.004 -0.004 -0.010** -0.017***
(0.004) (0.003) (0.004) (0.005)

child age 0.017*** 0.018*** 0.007*** 0.038*** 0.039*** 0.038***
(0.001) (0.001) (0.002) (0.003) (0.004) (0.005)

urban -0.046*** -0.047*** -0.080*** -0.090*** -0.069*** -0.106***
(0.006) (0.003) (0.005) (0.006) (0.007) (0.008)

mean dep var -0.083 -0.082 0.365*** -0.043 0.028 -0.513***
(0.115) (0.119) (0.123) (0.125) (0.148) (0.138)

N 44,490 44,490 21487 12859 6,788 6,071

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1
All IV regressions have treatment instrumented by fixed effects for Hindu X year of birth X state and
include a dummy for Hindu and fixed effects for year of birth, state, month of survey, Hindu X year of
birth, Hindu X state, and state X year of birth. The Hindu dummy also includes Sikhs, Buddhists, and
Jains, as described in section 4. All regressions include sampling weights. Bootstrap standard errors in
brackets, clustered at the level of the primary sampling unit.
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Ejrnaes, Mette and Claus C. Pörtner, “Birth Order and the Intrahousehold Allocation

of Time and Education,” The Review of Economics and Statistics, 2004, 86 (4), 1008–

1019.
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