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1 Introduction

There is wide consensus that investment in human capital is an important way to escape
poverty and to foster economic growth and development. However, an extensive literature
documents that children born in poverty lag behind in both physical and non-physical areas
of child development, with gaps emerging at birth and widening with child age (Grantham-
McGregor et al., 1991, Case et al., 2002, Fernald et al., 2011 among others). Poor child
physical growth and child health in the early years impacts longer-term health, and human
capital accumulation more generally (Hoddinott et al., 2008, 2013, Maluccio et al., 2009,
Victora et al., 2010, Almond and Currie, 2011).Moreover, these early health disadvantages
can persist over generations (Behrman et al., 2009, Bhalotra and Rawlings, 2013), making
them difficult to overcome without well designed interventions targeted to break these cycles

or poverty traps (Ghatak, 2015).

It is thus of utmost policy importance to identify the factors constraining child growth and
development in low-income countries. The medical literature highlights the importance of suf-
ficient nutrition and a healthy environment that limits infections as key factors shaping child
physical growth in the early years. Indeed, extensive efforts have been made to improve poor
nutritional practices prevalent in these settings: for example, rates of exclusive breastfeeding
— giving a child only breastmilk until age 6 months — increased from 34% to 48% in least
developed countries between 1995 and 2011. However, an emerging literature suggests that
nutritional investments on their own are insufficient in reducing the high levels of poor child
physical growth, particularly stunting seen in low-income countries (Humphrey [2009], Mbuya
and Humphrey, 2016). In particular, it is conjectured that nutritional investments ought to
be complemented with improvements to the disease envrionment within which a child grows
up. This is because a poor disease environment increases exposure to fecal matter, which
may increase susceptibility to infections such as diarrhoea, and also lead to an inflammation
in the gut called environmental or tropical enteropathy, which reduces the ability of the small
intestines to effectively absorb nutrients (Lunn et al., 1991, Campbell et al., 2003, Lin et al.,
2013, Prendergast et al., 2014, Gough et al., 2016, Mbuya and Humphrey, 2016 and George
et al., 2016). As a result, improvements in water, sanitation and hygiene (WASH), which could
improve disease environments, have received a lot of attention in policy circles as possible key
complements. However, little rigorous causal evidence exists on the nature and magnitude of
the relationship between WASH and nutrition in determining child physical growth and the

extent to which this relationship varies with the type of nutritional inputs.

This paper aims to provide, to our knowledge, the first causal evidence on this important
question. To do so, we estimate production functions for child physical growth in early
childhood using rich data from the Cebu Longitudinal Health and Nutrition Survey (CLHNS)
in the Philippines. A production function approach is particularly advantageous since it allows

us to estimate both the size of the marginal productivities of inputs, as well as the direction



and magnitude of interactions between these. The CLHNS follows a cohort of around 2,800
children born between 1983-1984 from the third trimester of pregnancy to age 27 years. It
has bi-monthly measurements for each child for the first 24 months of life. Importantly,
the dataset also has rich information on child-level nutrition practices and WASH practices
at the household level. We consider child physical growth in the first two years of life, as
measured by child height and weight, and model it to be a function of nutrition and WASH
investments. Our choice of including WASH investments, rather than infections such as
diarrhoea is motivated by the fact that a poor disease environment could affect child physical
growth through environmental enteropathy, and not just through easily observable infections.
Environmental enteropathy is not easy to measure, particularly in large samples of children in
low-income settings, since it requires the collection of stool samples, and analysis of these for
specific biomarkers which may be possible only within highly specialised laboratories. WASH
investments are thus likely to capture effects of environmental enteropathy on child physical

growth.

Our estimation uses a flexible functional form for the production function — the semi-translog
production function — which does not require us to impose any restrictions on the interactions
between the inputs. Moreover, we estimate the production function separately for two stages
of life — 0-6 months and 6-24 months — since nutritional inputs and their interactions with
WASH practices are likely to be different for these two stages. Specifically, breastmilk forms
a key part of the diet of children aged 0-6 months, and less so for children aged 6-24 months,
for whom semi-solid and solid food intake is more important. The medical literature has
established that breast milk can insulate children from infectious diseases by transmitting
maternal antibodies to breastfed children (see, for example Sadeharju et al. [2007] and Victora
et al. [1987]). In this case WASH and nutrition (breast milk) could act as substitute inputs,
rather than complement inputs, in the production of child health. This mechanism would
also mean that breastfed children are more likely to be able to absorb nutrients beyond
their breastfeeding period, even in the presence of poor WASH practices, due to increased
antibodies. However, breastfeeding can also act as an external barrier to water- and food-
borne pathogens, by just preventing these pathogens getting into the body in the first instance.
Indeed, there is evidence that children that are breastfed but not exclusively are more likely
to develop infections (Popkin et al. [1990]). Thus, breastfeeding and WASH could also be
complements in this age group. By contrast, the discussion on environmental enteropathy

suggests that WASH and nutrition are likely to be complements in the older age-group.

An important concern is that nutrition and WASH investments are endogenous: parents may
choose the levels of these inputs in response to shocks that also affect child physical growth
and are unobserved by the econometrician; or they may have unobserved preferences for
child health that may affect both the levels of inputs chosen and child health. Our estimation
strategy addresses this concern using an instrumental variables strategy. Our instruments con-

sist of variables which, conditional on a rich set of individual, household and community con-



trols, are unlikely to affect child physical growth through channels other than affecting either
nutrition or WASH investments. Specifically, our instrument set consists of community-level
prices of food and sanitation, community-level geological features, community-level wages,
distances to shops selling infant food, and a powerful typhoon that hit the study area. We
discuss in detail the issue of instrument validity in this context. The instrument set satisfies

the Stock and Yogo [2005] conditions for instrument strength for the 6-24 month sample.

We find that nutrition and WASH investments do interact in the formation of child height,
and that this interaction varies with the stage of development. For children aged 6-24 months,
our findings indicate that WASH and nutrition inputs are complements, particularly for girls:
the coefficient between WASH and nutrition intake is positive and statistically significant.
Moreover, we also find that the marginal effect of WASH investments on log height is positive
for girls, though it is not statistically significant across all specifications. We do not find evid-
ence of any significant complementarities or substitutabilities between WASH and nutrition
intake for weight for this sample, particularly once we correct for endogeneity of WASH and
nutrition. For the 0-6 month sample, we find evidence of substitution between breastfeeding
and WASH in the OLS estimation. However, our instruments for breastfeeding are weak in

the preliminary IV estimation, limiting our ability to provide causal estimates for this age
group.

This paper contributes to different strands of the economics and child health literatures.
First, it contributes to the established literature on the importance of nutrition for child
health, and child physical growth in particular. Adair and Guilkey [1997] look at age-specific
determinants of stunting in Filipino children and highlights the importance of breastfeeding,
preventive healthcare and maternal height to decrease the likelihood of stunting. Studies
that use a production function approach to quantify the marginal contribution of different
endogenous inputs are particularly relevant to our study. Some of these studies also use the
CLHNS dataset. For instance, Puentes et al. [2016] estimate production functions for height
and weight gain among children aged 6-24 months in Guatemala and Philippines focusing on
protein and calories as (endogenous) nutritional inputs. They find that protein in particu-
lar plays an important role in height and weight gain. However, they do not consider the
contributions of WASH indicators and infections, though they include these as controls. Cao
[2015] also uses the CLHNS to estimate a production function of child height in the first two
years of life, which depends on the following endogenous inputs: breastmilk, calories, and
diarrhea. However, she uses a linear production function, which imposes an assumption of
perfect substitutability between inputs, which our results show to be a strong assumption. A
study by Team et al. [1992] is also closely related. They estimate production functions for
child weight, diarrhoea and respiratory illness as a function of parental background, parental
investments and community characteristics. Again WASH practices enter as control variables

in the production function but are not the focus.

Second, it contributes to the more recent and growing literature that investigates the im-



portance of WASH practices and disease environment for health outcomes, in particular child
height, in low-income countries. Many of these studies focus on the negative impact of poor
sanitation on child height. For example, Hammer and Spears [2016] provide evidence of the
prevalence of poor sanitation and its causal negative impact on child height using data from
India. Gertler et al. [2014] shows how substantial reductions in open defection at the vil-
lage level significantly increases child height. Spears [2012] and Geruso and Spears [2015]

investigate the link between sanitation and child mortality.

However, to the best of our knowledge, there is no robust evidence about the relative import-
ance, and interaction of WASH and nutrition in determining child health. Our paper aims to
fill in this gap by quantifying the relative importance of different nutritional inputs and WASH
as well as their interactions for child physical growth. Our strategy is informed by the growing
medical literature that emphasises the importance of the interaction between nutrition and
WASH practices. As we discussed earlier, environmental enteropathy, caused by poor WASH
practices that facilitate fecal-oral contamination, seems to be crucial in explaining low capa-
city in infants to absorb nutrients in low-income countries, leading to stunting. As mentioned
above, Humphrey [2009] discusses this in detail. There are a range of related studies that have
documented the relationship between poor WASH practices, gut infections or environmental
enteropathy and impaired child growth suggesting that the returns to WASH investment may
be higher than previously thought. These include George et al. [2016], Mbuya and Humphrey
[2016], Gough et al. [2016], Prendergast et al. [2014], Lin et al. [2013], Campbell et al. [2003]
and Lunn et al. [1991], among others. Our study hence also relates to the literature on the ef-
fects of other environmental factors and diseases on child and adult health, in both developed
and developing countries. A number of studies look at the negative impact of air pollutants on
child health in the US context, for example, Chay and Greenstone [2003], Currie and Neidell
[2005] and Currie et al. [2009].

Finally, our paper also relates to the growing literature on the determinants of early child
development that uses a production function approach to identify and quantify the contribu-
tion of different (endogenous) inputs to child physical growth. Rosenzweig and Schulz [1983]
is an early contribution, which treats health inputs as choice variables that are endogenous,
and estimates Cobb-Douglas and translog production functions. Related papers include Liu
et al. [2009], who use the CLHNS data to estimate child health input demand functions and
child health production functions for the first two years of a child’s life, with a specific focus
on parental compensatory behaviours. However, they consider linear production functions,

which ignore complementarities between inputs; and also do not focus on WASH inputs.

The remainder of the paper is structured as follows. Section 2 lays out the theoretical frame-
work of our analysis, section 3 discusses the CHLNS data itself, section 4 discusses our estim-

ations strategy and section 5 we lays out our results.



2 Theoretical framework

To estimate the impact of nutrition, WASH and their interaction on child physical growth
we take a production function approach. Our key measures of child physical growth are child
height and child weight. The discussion below will focus on child height, though we will
formulate similar production functions for child weight. In its most general terms, height in
period ¢ can be seen as some function of all previous inputs. In our specification we assume

that this function can be written in a value added form, denoted as follows.

Hy = Hy|Nig—1, Sir—1, H—1 ({Nis }o23, {Sis 23, i X, €t (1)
where ¢t denotes the child’s age in bi-monthly bins, N;;_1 is nutrition at age ¢t — 1, S;_1
is WASH at age t — 1 and { N 2;21 and {S;s ';;21 are the set of all nutritional and WASH
inputs in all previous ages. Letu; be the child’s initial health endowment, X be a vector of
individual, household and community controls, and ¢; be some time-varying child-level shock.
This formulation specifies that only past nutrition and WASH investments can affect today’s
height, which is reasonable since it takes time for nutritional intake and WASH investments to
affect height. The benefit of a value added production function is that it dramatically reduces
the number of lagged inputs, which we will treat as endogenous variables, in our estimation
equation. However, for this approach to be valid lagged height must entirely capture of
the effect of past inputs. As discussed in Todd and Wolpin [2003] this imposes a series of
assumptions on the nature of this function; namely that the function does not vary with age
and that lagged input coefficients and the health endowment geometrically decline (at the
same rate) in importance as time passes. Appendix A specifies the assumptions that are
needed to obtain unbiased parameters of the value-added form. Our empirical analysis makes
use of bi-monthly data over the age range of 0 - 24 months, making the former assumption

reasonable in our case.

To estimate this production function as flexibly as possible we take a semi-translog approach.!
This approach avoids imposing any assumptions about the functional form of the early child-
hood height production function. This is often a problem when estimating a linear or CES
production function, which both impose assumptions on the substitutability between inputs.
Using an estimation which imposes some sort of functional form restriction on the production
function seems unlikely to be the optimal approach given the acknowledged unknowns in the
medical science literature. Our semi-translog approach thus provides some flexibility on this
front. As shown in Boisvert [1982], the translog approximation of any function can be inter-
preted as the second-order taylor expansion of that function around the geometric mean of

its arguments.?

1Other studies estimating translog production functions for child health or child development include Rosen-
zweig and Schulz [1983] and Agostinelli and Wiswall [2016].
2The Kmenta [1967] approximation of the CES production function takes the same form as the translog



This leaves us with a function of the form

H, = apN®, 592 o N%(WNN1nNt—1+’YNs1H5t—1+7NH1nHt—1)
- t—1~t—1""t—1""t—1

St%_(’lYSN In Nt—1+vssInSe—1+ys5m In Ht—l)Ht% (iYHN In Ny—1+ypsInSi—1+vgpIn Ht—1)e(5tx+git) (2)

where nutrition, WASH and height are denoted as before, and the vector X is an additional
set of controls.®> Including these controls within a semi-translog framework means that our

estimates should be interpreted as average effect across these characteristics.

Running a semi-translog equation for a value added function has some additional implications.
While a translog estimation of the whole production function would include every period’s
inputs and their interaction, we only implicitly control for interactions between sanitation and
nutrition outside of contemporaneous periods. This is achieved by interacting lagged height
with lagged nutrition, which captures the effect of all the interactions that nutrition at ¢ — 1
had with all other inputs and endowments in all prior periods as manifest in lagged height.
The same logic is applied to WASH; the interaction between WASH yesterday and nutrition
in all prior periods to that is captured in the interaction between WASH at t — 1 and log
height at t — 1.

Whilst this value added approach deals with the confounding effects of individual health
endowments, it is still susceptible to other forms of endogeneity. In particular, parental
investments might be chosen in response to unobserved shocks. We will address this issue

using instrumental variables. This is discussed in greater detail in Section 4.1.

In our analysis we divide our sample into two separate age ranges — 0 to 6 months and 6 -
24 months — and estimate the production function separately for each of these. The primary
reason we do this is due to the changing nature of nutritional intake over the course of the
first two years of a childs life. As is shown in table 3, which is discussed in greater detail
later, the proportion of children who are no longer predominantly breast fed (i.e. who are
no longer given only breastmilk and medicinal /ceremonial liquids, according to the WHO
definition) increases dramatically between the ages of 2 and 6 months. By 8 months (where
our second sample starts) almost all children are no longer being breastfed as their primary
source of nutrition. This means that we ought to allow for different nutritional inputs for
the two stages. In particular, our key nutritional input for the 0 - 6 month sample will be
breastfeeding, while for the 6-24 month sample, we consider calorie and protein intake as the

key nutritional inputs of interest.*

production function. Moreover, the translog production function can be considered to be a generalisation of
the well-known Cobb-Douglas production function.

3We additionally exclude square terms, ynn = vss = vyuu = 0 and let v;; = v;; Vi,j € {N, S, H}.

4In the 6-24 month sample, we continue to control for breastfeeding.



3 Context, Data and Measures

We use data from the Cebu Longitudinal Health and Nutrition Survey (CLHNS), an ongoing
study of a cohort of Filipino children born between May 1, 1983 and April 30, 1984. Originally
conceptualised to study infant feeding patterns and their role in shaping child health, this
data contains exceptionally detailed information on infant feeding, child health indicators,
and measures of sanitation, water and hygiene practices, collected regularly over the first two
years of the child’s life; making it particularly suitable for testing our hypothesis. In addition,
the surveys also collected detailed background health and socio-economic information on the
mother, index child and the household, as well as a range of community variables, including
monthly surveys between 1983 and 1986 to collect prices on key foods. This information

which will be particularly useful in dealing with some of the endogeneity issues.

All mothers of children born between May 1, 1983 and April 30, 1984 living in 33 neighbour-
hoods (barangays), 17 urban and 16 rural, around metropolitan Cebu area were surveyed at
multiple points in time during pregnancy and during the first two years of the child’s life. The
first interview took place at the start of the third trimester of pregnancy (March 1983 - April
1984), and was followed by surveys a few days after they gave birth (on average five days)
and every two months thereafter until the child turned 24 months. Further follow-up surveys
were conducted at older ages. In this paper, however, we will focus on the data relating to
the first two years of the child’s life.

Participation rates in the survey were high. At baseline, 3277 women were successfully in-
terviewed. Of these, 65% were surveyed in every single follow-up survey in the 2-year study
period, and a further 11% completed a number, though not all, of the follow-up surveys. 446
mothers (and children) migrated out of the study area, 155 children died and 66 mothers

withdrew from the study.® Our analysis includes women with single live births only.

Table 1 provides an overview of the sample. A significant majority — over three quarters —
live in urban neighbourhoods. On average, before the birth of the child, household heads
are just over 35 years of age, 94% of them were employed, and they have just over 7 years of
education. Households live in neighbourhoods with significantly less developed infrastructure.
On average, 67% of our sample has a safe toilet (77% urban, 35% rural), 50% have access to
electric lighting and less than half of all households have access to water from a pipe or pump.
Less than 20% of households live in houses constructed from strong materials (e.g. cement).
Asset ownership is low, with fewer than 7% owning a refrigerator, and around 70% owning
benches or chairs. 6.3% of household heads are female. Mothers are around 26 years of age,

and have just over 7.5 years of education

Though this data was collected over 30 years ago, conditions faced by the study sample are

similar in many dimensions (e.g. education level, household composition and size, water

®Characteristics of the attriting mothers and children are detailed in Appendix B.3.



Table 1: Sample Characteristics

Variable Mean Sd N
Household and Barangay Characteristics

Percentage in urban barangay 0.765 0.424 2872
Distance to nearest public hospital, km 5.819 4.880 2872
Age of household head 35.38 12.28 2869
Percentage of household heads in employment 0.944 0.231 2870
Household head’s years of education 7.395 4.096 2863
Proportion of households with safe toilets 0.670 0.470 2871
Proportion of households with pumped/piped water 0.475 0.499 2872
Home made of concrete, (1=Yes) 0.183 0.387 2872
Household head is female 0.063 0.243 2870
Number of household members 5.586 2.790 2872
Home ownership 0.656 0.475 2872
Households own a refrigerator, (1=Yes) 0.067 0.250 2872
Households ownbenches/chairs, (1=Yes) 0.692 0.462 2872
Percentage of homes with electric lighting 0.505 0.500 2872
Mothers Characteristics

Years of education 7.594 3.716 2871
Household head/spouse, (1=Yes) 0.774 0.419 2872
Age 26.73  5.92 2871
Number of children under the age of 5 1.208 0.991 2872
Pregnancy at least part covered by insurance, (1=Yes)  0.103 0.303 2798
Percentage working during pregnancy 0.366 0.482 2872
Child Birth Characteristics

Child Gender, (1=Female) 0.474 0.499 2872
Child Birth Weight, g 3041.3 438.6 2853
Child Birth Height, cm 49.265 2.123 2866




Figure 1: The evolution of HAZ and WAZ scores with child age in months
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Notes to Table: This Figure plots the evolution of the height-for-age (left) and weight-for-age (right)
z-scores with child age, by wealth quintile. The wealth quintile is calculated using the procedure described

in Section B.4.

and sanitation access) to those faced by poor households living in low-income settings today.
Thus, it is informative for understanding the process of child health formation in developing

countries today.

3.1 Variables of interest
3.1.1 Child health

The CLHNS includes a range of measures of child health, including anthropometric measure-
ments and maternal reports of illnesses including diarrhoea. Anthropometric measurements
are collected at birth, and during the bi-monthly follow-ups, while the maternal illness reports
are available in the bi-monthly follow-ups only. We calculate height-for-age and weight-for-age
z-scores, which compare the child’s height (and weight) relative to the median height (weight)
for children of the same gender and age (in months) in the WHO reference population. Figure

1 displays the evolution of these scores with the child’s age by wealth quintile.b

5The construction of the wealth index and wealth quintiles is detailed in Section B.4 in the Appendix.

10



Figure 1 indicates that the average child in our sample is shorter than the WHO reference
population at birth, and experiences a growth trajectory that diverges away from the healthy
growth trajectory. Moreover, it also indicates substantial differences across wealth quintiles.
At birth, the gap between the top and bottom quintiles is around 0.3 standard deviations.
This increases with age to around 1 standard deviation by 20 months of age. Remarkably, we
observe a significant gap between children in the top quintile and the 4th wealth quintile as

well.

Moreover, by age 16 months, the average child in the bottom 4 quintiles is stunted, i.e. has
a HAZ score that is 2 standard deviations less than the WHO reference population, which
corresponds with being over 6¢m shorter than children from the healthy reference population.
Stunting rates in this sample are high. At birth, 9.3% of children are stunted, and this
increases to 62.4% by age 2 years.

Child weight follows a similar, if less dramatic, pattern. The difference between the top and
bottom quintiles at birth is only 0.3 standard deviations, but this gap grows to around 0.7
std deviations by the time the children reach 24 months. The difference between the top and
4th quintile is again surprisingly large, with a 0.4 standard deviation gap opening up by the
end of the survey. Relative to the WHO reference population, at birth around 10% of our

sample is underweight, increasing to 37% by the age of 2 years.

The poor child growth outcomes are likely to be linked to infections. Table 2 displays illness
rates among our sample at different ages. Respiratory illnesses are particularly high among
this sample, with over three-fifths of children reported to have suffered a cough at ages between
4 months and 24 months, and a fifth of children reported to have experienced a fever in the
7 days prior to the survey. Diarrhoea rates are also high. At age 4 months, around 12%
of children experience diarrhoea. This rate increases sharply to over 20% from 6 months of
age, when semi-solid and solid foods, and other liquids are introduced in the child’s diets.
Diarrhoea rates persist at this higher level until around age 24 months, when they drop to
18%.

Table 2: Illness incidence at different ages

Child Age, months
Proportion of children suffering

from illness in the past 7 days 4 6 8 12 18 24
Diarhhea 0.12 0.20 0.24 0.23 0.22 0.18
(0.33) (0.40) (0.43) (0.42) (0.41) (0.38)
Cough 0.61 0.66 0.64 0.61 0.61 0.58
(0.49) (0.47) (0.48) (0.49) (0.49) (0.49)
Fever 0.19 0.23 0.24 0.24 0.23 0.22

(0.39) (0.42) (0.43) (0.42) (0.42) (0.41)
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3.1.2 Nutrition

The CLHNS data contains exceptionally detailed information on food intake over the first
two years of the infant’s life. Data was collected on the commencement of breastfeeding,
breastfeeding, and the intake of all liquids, solids and semi-solids in the 24 hours prior to the
bi-monthly survey by trained survey enumerators. Questions were asked about all the meals
consumed by the child, and the quantities consumed. Data was also collected on the fre-
quency of breast-feeding, and the discontinuation of breastfeeding.” Particular attention was
paid to measuring quantities consumed accurately: the survey enumerators were equipped
with measuring aids, which allowed for accurate measurement (in common units) of quant-
ities consumed. Quantities of nutrients were then calculated using food composition tables
published by the Filipino Food and Nutrition Research Institute, which were supplemented
with nutrient composition information obtained directly from manufacturers for foods such

as infant formula (Bisgrove et al. [1989, 1991], Perlas et al. [2004] provide more details).

We use the information on breastfeeding to compute indicators for the proportion of time a
child was exclusively breastfed (so given breastmilk only), the proportion of time he/she was
predominantly breastfed (given breastmilk and ceremonial liquids and medicines only), when
complementary foods are introduced, and breastfeeding duration. Table 3 provides descriptive

statistics of these feeding patterns with age.

A number of interesting patterns emerge from table 3. First, a high proportion of mothers
breastfeed their children (80% at age 4 months), but this rate drops steadily as the child
grows so that by age 24 months, almost no child is still being breastfed. However, despite
the high breastfeeding rates, rates of exclusive breastfeeding (as defined by the World Health
Organisation) are low. At age 2 months, only 31% of infants are breastfed exclusively. A key
reason for such a low rate of exclusive breastfeeding is the provision of sugar water to babies
for ceremonial purposes in the first two days of life. Excluding such intake, as well as that
of medicines (embodied in the definition of predominant breastfeeding) indicates that around
68% of children are given only breastmilk until age 4 months, after which solid foods and

other liquids are introduced.

Semi-solid and solid foods are introduced, for the most part, from the age of around 4 months,
and increase in terms of quantity and nutrient intake (excluding breastfeeding) with age. This
is apparent from the increased intake of protein, fats and carbohydrates with child age. For
instance, sampled children take, on average 6.78 g of protein and 38.7 g of carbohydrates per
day at age 6 months, 12.3 g of protein and 73.1 g of carbohydrates per day at age 12 months,
and 21.6 g of protein and 129.1 g of carbohydrates per day at age 24 months. These intakes

are in line with, or even exceed, WHO recommendations for daily macro-nutrient intake.

Micronutrient intakes also increase, for the most part, with child age. However, they do

not increase in line with medical recommendations. For instance, the average retinol intake

"Data on the quantities of breastmilk was not collected, though this might be difficult to measure accurately.
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is around 147.3mg/day in the sample at age 24 months, which is significantly below the
200mg/day recommended by the WHO and FAO (FAO and WHO [2005]).
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Table 3: Nutritional Inputs by Age

Child Age, months

2 4 6 8 10 12 14 16 18 20 22 24
Proportion of time exclusively breastfed since last interview 0.31 0.18 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.44)  (0.36) (0.19) (0.057) (0.020)  (0.0027) (0) (0) (0) (0) 0) (0)
Proportion of time predominantly breastfed since last interview  0.88 0.68 0.24 0.026 0.0024 0.00031 0 0 0 0 0 0
(0.29)  (0.39) (0.34) (0.13) (0.041) (0.013) (0) (0) (0) (0) (0) (0)
Proportion of children breast feeding in some way 0.86 0.80 0.74 0.69 0.64 0.56 0.45 0.34 0.23 0.14 0.057  0.00037
(0.34)  (0.40) (0.44) (0.46) (0.48) (0.50) (0.50) (0.47) (0.42) (0.34) (0.23)  (0.021)
Grams/day of protein consumed 2.77 4.45 6.78 8.76 10.2 12.3 14.8 16.0 17.6 19.2 20.2 21.6
(5.26)  (7.45) (9.05) (11.0) (11.4) (12.1) (13.6) (13.9) (14.3) (14.6) (14.5) (15.6)
Grams/day of fat consumed 4.33 5.56 6.47 6.93 7.71 8.79 9.04 9.44 9.92 11.0 11.2 12.4
(8.42) (10.2) (11.3) (11.7) (12.4) (13.1) (12.8) (13.1) (13.5) (15.0) (15.6) (18.3
Grams/day of carbohydrates consumed 13.1 21.7 38.7 53.8 64.4 73.1 91.3 100.6 110.7 120.2 126.0 129.1
(24.0)  (34.0) (40.9) (47.9) (50.3) (53.8) (57.5) (58.9) (63.0) (64.0) (64.2) (60.8
Milligrams/day of thiamin consumed 0.11 0.15 0.20 0.21 0.22 0.23 0.24 0.25 0.25 0.26 0.26 0.26
(0.23)  (0.31) (0.34) (0.38) (0.36) (0.33) (0.33) (0.32) (0.30) (0.31) (0.28) (0.26)
Milligrams/day of iron consumed 1.38 1.81 2.42 2.92 3.09 3.33 3.80 4.35 4.75 5.28 5.51 5.87
(3.05) (3.73) (4.20) (4.39) (4.00) (3.88) (4.03) (4.41) (4.72) (4.74) (4.75) (4.98)
Milligrams/day of retinol consumed 20.2 33.7 54.2 89.8 103.7 177.4 146.2 135.7 144.7 146.2 139.2 147.3
(85.0) (114.6) (173.6) (1026.6) (1039.5)  (801.1)  (943.1) (474.3) (694.7) (598.4) (485.1) (420.4)

Notes to Table: Nutrient calculations exclude nutrients in breastmilk.



3.1.3 Water, Sanitation and Hygiene

The data contain a number of measures of water, sanitation and hygiene practices related to
child and his/her home environment. These include indicators for the type of toilet facility
owned by the household (collected at baseline), how mothers dispose of their child’s feces
(collected when the child was around 18 months old), the household’s main source of drinking
water, and whether drinking water given to the child was treated or not (collected in the

longitudinal survey rounds), and soap expenditures (collected at baseline).®

For the sanitation variables, we construct indicators for whether or not a household owns a
safe toilet — defined as either a flush, water sealed or antipolo toilet — and whether a child’s
feces are safely disposed of — defined as disposal, either of wash water or directly, into a toilet.”
For water, we construct indicators for whether a child was given no water, or if he/she was
given water and whether it was treated or not. The former is relatively common before age 4
months. We also construct indicators for whether a household’s main water source is through
a water pump or a pipe, which are safer sources than open wells or springs, rivers and lakes.
Finally, we take community level averages of each of these variables, excluding the household
itself.

Table 4 provides some descriptive statistics of these variables for our sample. We see that
around 67% of households own a safe toilet, but only 16% use that toilet to safely dispose of
child excreta. Moreover, households spend 203 pesos on average on soap, and 38% percent of

0-6 month olds were given untreated water compared to 98% of 6-24 month olds.

Table 4: Water, Sanitation and Hygiene Variables

mean sd N

Safe toilet in household (dummy) 0.67 0.47 3006
Child’s feces is disposed of safely (i.e. toilet)  0.17 0.37 2502
Weekly household soap expenditure (Pesos)  203.81 164.38 3001
Was untreated water fed to child

0-6 months 0.38 0.49 5154
6-24 months 0.98 0.13 13055

For our analysis, we combine all parental investments in WASH into a single variable. In doing

so, we assume that all variables that directly affect the disease environment faced by the child

8The surveys also collect information on whether children are given leftovers, and if so, how food given
to the child is stored, and interviewer observations of the cleanliness of the cooking area, and of the general
area around the household. Unfortunately, the factor loadings associated with these variables were very low in
the factor analysis described below, indicating that they did not provide much more information or variation
beyond that captured by other variables included in the factor analysis.

9A significant proportion of households (27%) report disposing feces in the garbage. This need not corres-
pond to safe disposal of feces, according to the UNICEF-WHO joint monitoring program.
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are to some extent driven by a common factor — parental investment in WASH. We do this
for two reasons: first, including all the different inputs will complicate the interpretation of
the interaction effects of interest; and second, to make it easier to solve the endogeneity issue.
Including all the different WASH variables would require a sufficiently strong instrument for
each variable, which can be challenging to find. By using this one variable instead of the full
collection of hygiene- and sanitation-related variables, we can use only one instrument and
include WASH as a single term in a production function, allowing us to more easily interpret

its relationship with nutrition.

We construct the WASH score using polychoric factor analysis both for our primary analysis
sample of 6-24 months and for children aged 0-6 months.'® We include the following variables:
(i) an indicator for whether the household has a safe toilet, (ii) household soap expenditures
(in logs), (iii) an indicator for whether the child’s excreta is safely disposed of, and (iv)
whether the child is given no, or treated water. We drop variables with factor loadings <
0.3, which offer little additional explanatory power. As a result, the last variable is dropped
from the construction of the WASH score for the 0-6 month group. A second WASH score
includes, in addition to these child- and household-level variables, a community-level average
of these variables. We retain the first factor as the WASH score. In all cases, the eigenvalue

associated with the first factor was always greater than 1.

Table 5 provides the factor loadings for the 4 different WASH scores constructed. Columns
1 and 2 displays those for the 0-6 months sample, while columns 3 and 4 displays those
from the 6 - 24 month sample. In addition, columns 1 and 3 display the factor loadings for
scores constructed from child- and household-level variables only, while those in columns 2
and 4 include barangay-level averages of these variables as well. Table 5 indicates that safe
toilet ownership has the highest factor loading among the household-level variables across
all constructed scores. The barangay-level averages also have relatively high loadings, while
those on soap expenditures and the provision of no or treated water have lower loadings than

the sanitation-related variables.

10Polychoric factor analysis allows us to combine binary, categorical and continuous variables.
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Table 5: Factor loadings on WASH score

Factor Loadings

0-6 months 6-24 months

[1] 2] 3] [4]

Household Level Variables

Safe toilet ownership 0.716 0.791 0.875 0.793
Safe disposal of child excreta 0.623 0.568 0.632 0.545
Log household soap expenditures 0.405 0.328 0.412 0.376
Child was given no or treated water 0.455 0.371
Barangay Averages

Safe toilet ownership 0.911 0.919
Safe disposal of child excreta 0.878 0.851
Log household soap expenditures 0.784
Child given no or treated water 0.755
N 7947 7947 21756 21756

We assess how the resulting WASH scores correlate with various child-, household- and
community-level variables. Tables 6 and 7 summarize these findings for the 0-6 month and
6-24 month samples respectively. For the 0-6 month sample, there is no correlation between
either WASH score and the child’s age, while an increasing and concave relationship is de-
tected for the 6-24 month sample. We also detect no systematic correlation with the child’s
gender, as indicated by the small and usually statistically insignificant coefficient on the fe-
male dummy. We detect an important positive wealth gradient in the all the WASH scores,
with children in wealthier households having a significantly larger WASH score. Interestingly,
WASH scores are also larger in households with female heads, and where the household head
has more education, particularly high school or greater. Wealthier households should be bet-
ter able to afford to make (costly) water, sanitation and hygiene investments, while those with
more educated heads might also be better informed about the benefits of these investments.
Households in larger, urban barangays also have larger WASH scores. This is not surprising
since safe water and sanitation facilities are much more widely available in urban barangays

than in rural ones.
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Table 6: Correlations between WASH score and Observed Variables, 0-6 months

() (2) 3) () (5) (6)
WASH score, HH variables WASH score, HH + Barangay
Means
Child age (months) 0.0000 -0.0016 -0.0019 -0.0015 -0.0020 -0.0026
[0.0038]  [0.0033] 0.0030] 0.0034] 0.0032] 0.0020]
Child age sq (months) -0.0001 0.0001 0.0002 0.0000 0.0001 0.0003
[0.0005]  [0.0004] 0.0004] [0.0004] 0.0004] 0.0003]
Female -0.0070 0.0002 0.0072 -0.0264** -0.0216** -0.0055
[0.0078]  [0.0084] 0.0076] 0.0105) 0.0104] [0.0048]
2nd wealth quintile 0.0445%* 0.0497*** 0.0133 0.0209***
[0.0163] [0.0144] [0.0204] [0.0067]
3rd wealth quintile 0.1127*** 0.0960*** 0.0639** 0.0245%**
(0.0171] 0.0135] [0.0241] 0.0061]
4th wealth quintile 0.1936*** 0.1665*** 0.0934*** 0.0314%**
[0.0166] [0.0138] [0.0290] 0.0075]
5th wealth quintile 0.2584*** 0.2232%** 0.1090*** 0.0305***
[0.0219] 0.0192] [0.0306] 0.0093]
Head’s age 0.0006 0.0004 0.0003 0.0001
0.0027] [0.0022] [0.0024] [0.0012]
Head’s age-sq 0.0000 0.0000 0.0000 0.0000
0.0000] 0.0000] 0.0000] 0.0000]
Head is female 0.0416* 0.0213 0.0612%*** 0.0182*
[0.0207] [0.0180] [0.0193] [0.0105]
Head has no schooling -0.2979*%¥*  _0.1892%** -0.3291%**  _0.1001***
[0.0225) 0.0269] [0.0529] [0.0256]
Head has some elementary schooling -0.1855***  _0.1150%** -0.2172%%*  _0.0684***
[0.0266] [0.0229] [0.0373] 0.0208]
Head has elementary schooling -0.1105***  -0.0756*** -0.1159%**  .0.0414**
[0.0245) 0.0210] [0.0275) 0.0179]
Head has some high school -0.0330** -0.0218* -0.0399* -0.0173*
[0.0157] [0.0118] [0.0218] [0.0102]
Head has completed high school -0.0038 -0.0044 0.0048 0.0027
0.0126] 0.0133] (0.0113) 0.0095]
Barangay popn (logs) 0.0753*** 0.1501***
[0.0204] [0.0420]
Urban 0.1233** 0.2651%*
0.0567] 0.1090]
Observations 8,405 8,381 8,381 8,405 8,381 8,381
R-squared 0.0002 0.3104 0.4520 0.0021 0.2030 0.7730

Robust standard errors in brackets
*¥** p<0.01, ** p<0.05, * p<0.1

4 Estimation Strategy

In this section, we formulate our estimation strategy, and discuss how we identify the key
parameters of interest — the marginal productivities of nutritional and WASH investments,

and the complementarity /substitution parameter between the two inputs.
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Table 7: Correlation between WASH scores and observed variables
1) (2 (3) (4) (5) (6)
WASH score, HH variables WASH score, HH + Barangay
Means

Child age (months) 0.0025%* 0.0018%* 0.0015* 0.0020%* 0.0014 0.0009
0.0010] [0.0008] 0.0007] [0.0010] 0.0009] 0.0008]

Child age sq (months) -0.0001***  -0.0001*%**  -0.0001***  -0.0001** -0.0001** -0.0001**
(0.0000] [0.0000] [0.0000] [0.0000] [0.0000] (0.0000]
Female -0.0046 0.0031 0.0114 -0.0156* -0.0115 -0.0013
0.0107] 0.0106] 0.0101] [0.0084] 0.0079] [0.0054]

2nd wealth quintile 0.0692** 0.0780*** 0.0354* 0.0412%**
[0.0271] 0.0230] [0.0207] 0.0081]

3rd wealth quintile 0.1603*** 0.1340*** 0.1048*** 0.0652***
[0.0249] 0.0202] [0.0229] 0.0073]

4th wealth quintile 0.2938*** 0.2517*** 0.1686*** 0.1072%**
0.0262] 0.0206] 0.0275) 0.0084]

5th wealth quintile 0.3985*** 0.3411%%* 0.2211%** 0.1410%**
[0.0350] 0.0301] [0.0306] 0.0118]
Head’s age -0.0002 -0.0008 -0.0002 -0.0006
0.0039] 0.0030] 0.0028] 0.0013]
Head’s age-sq 0.0000 0.0000 0.0000 0.0000
0.0000] [0.0000] 0.0000] [0.0000]
Head is female 0.0588** 0.0296 0.0609*** 0.0234*
0.0277] 0.0243] 0.0201] 0.0122]

Head has no schooling -0.3988***  _(0.2501%** -0.3297*F%*  _(0.1442%**
[0.0326] [0.0358] [0.0436] 0.0232]

Head has some elementary schooling -0.2653*%**  -0.1626%** -0.2200%**  -0.0937***
0.0404] [0.0342] [0.0326) 0.0203]

Head has elementary schooling -0.1536***  _0.1070*** -0.1163***  _0.0602%**
0.0362] 0.0304] 0.0247] 0.0174]

Head has some high school -0.0506** -0.0347* -0.0383%* -0.0200%*
[0.0245) [0.0188] 0.0186] 0.0098]
Head has completed high school -0.0116 -0.0141 0.0017 -0.0026
0.0182] 0.0196] 0.0100] [0.0088]

Barangay popn (logs) 0.1062*** 0.1138***
[0.0268] [0.0343]

Urban 0.1810** 0.2605***
(0.0715] [0.0835]
Observations 22,104 22,056 22,056 22,104 22,056 22,056
R-squared 0.0001 0.3350 0.4765 0.0012 0.3359 0.7504

Robust standard errors in brackets
¥k p<0.01, ** p<0.05, * p<0.1
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To obtain our estimation equation, we take logs of Equation (2), which yields the following

linear-in-logs equation:

InHy =ap+a1InNy—1+a2InSy—1 +oslnHy1 + vy InSi—1In Ny
+yspIn Sy 1InHy—1 +ywepInHy—1In N1 + ;X 4 €44 (3)

Where Sj;_1, Ni_1and Hj;;_1 are as defined in Section 2, and the vector X is a set of controls
including child gender, household wealth quintile, birthweight, child’s age (quadratically),
child illnesses, the education of the mother and the household head, the age distribution of the
household, regional and interview month fixed effects, as well as logged barangay population
and an indicator for whether the household lives in an urban barangay. This specification can
be easily estimated using OLS, which is a further advantage of the semi-translog production
function. We cluster standard errors at the barangay level. We obtain a similar estimation

equation for child weight.

From this specification, we can obtain the marginal effects of nutrition and WASH investments

on child height as follows:

8111H7;t
_— = InS;_ InH;;— 4
N, . a1 +vsyInSip—1 +yve In Hyp—q (4)
81HH¢¢
_— = In N InH;; 5
9IS, az +ysyIn Ny + s In Hypq (5)

where a7 captures the direct effect of nutritional investments, ygy captures the complement-
arity /substitution parameter between nutrition and WASH, and vy g the interaction effect
between nutrition and log height at age t — 1. aso captures the direct effect of WASH, and sz
the interaction effect between log height at age t —1 and WASH investments. A positive value
of vgn indicates that WASH and nutrition are complements, while a negative value indicates

that they are substitutes.

We estimate the production function pooling data for all children aged 6-24 months, and 0-6
months respectively. Thereafter, since boys and girls face different growth patterns, we split

the sample by gender, and estimate the production functions separately for males and females.

4.1 Endogeneity

Although our estimation approach deals with the confounding influence of individual health
endowments, it leaves several other forms of endogeneity. In particular, unobserved parental
preferences, or parental reactions to unobserved past shocks would create correlations between

our variables of interest — nutrition, WASH and the interaction term — and the error term.
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Our estimates for the effect of nutrition on child height for example would be biased if parents
changed their investment behaviour in response to unobserved child health shocks in previous
periods. To address this we take an instrumental variable approach, dividing our instruments

into two sets, one for children aged 0-6 months, and the second for children aged 6-24 months.

Nutritional Intake

6-24 months For nutritional intake for children between 6 and 24 months we use the natural
log of food prices at the time of the interview and those from the interview immediately prior.
Using food prices as an instrument is a common approach when estimating health production
functions (Todd and Wolpin [2003], Attanasio et al. [2015]Liu et al. [2009]). Given the small
proportion of the community which was sampled for the CHLNS dataset, as well as considering
that we control for regional fixed effects and have extensive barangay level controls, it is likely
that the remaining price variation is (exogenously) driven by supply side factors. One source
of variation in prices is a large inflationary spike partway during the sample period, which
was caused by political turmoil and the consequent large devaluations of the peso. The spike
affected prices of tradeable goods such as evaporated milk more than those of nontraded goods
such as tomatoes. Moreover, it affected children in our sample differently depending on their
age: children born in May 1983 were older than those born in April 1984 when the spike hit,
and their families experienced higher prices of foods for a shorter fraction of the first 2 years
of the child’s life, thereby suggesting that at least part of the variation in prices we rely on
is from sources that could not be influenced by the household itself. The set of prices we
use includes the price of rice, corn, cooking oil, dried fish, various milks, eggs, tomatoes and
kerosene (which is used for cooking). These prices vary by both barangay and time, and are

deflated using the Filipino consumer price index as provided by the World Bank.

In addition, we also use log average male wages for the two largest employers in each barangay,
collected in the baseline community survey, as another instrument. This captures labour
market conditions in each barangay, and affects household investments in nutrition, and po-
tentially also WASH, through the budget constraint. For it to be a valid instrument, it ought
to capture factors associated with labour demand, which the household itself may be unable

to influence. This is likely to hold in our context.

0-6 months In our younger sample we use as instruments a set of variables that are likely to
influence mothers’ breastfeeding decisions. In particular, we use community-level milk prices
(evaporated milk, condensed milk and formula milk) and their lags, the community-level
median walking time in minutes to the nearest infant formula store, an indicator for whether
the mother was working during the final trimester of pregnancy (as captured in the baseline
survey), and an indicator for whether the mother had emotional or health problems when she

started to breastfeed. set of prices as instruments that better reflect a mothers decision on
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breastfeeding. Milk prices, and the distance to the nearest infant formula store to capture
available substitutes to breastmilk: mothers in communities with high milk prices would be
more likely to continue breastfeeding, and similarly those with distant stores selling infant
formula would have fewer alternatives and hence be more likely to breastfeed their child.
Those mothers working late into their pregnancy are more attached to the labour market
than their non-working peers and thus are more likely to return after the child has been
born, inhibiting their ability to breastfeed. Additionally, there is evidence that if a mother
struggles to start breastfeeding soon after birth she is much less likely to do so in future.
Along this vein we create a dummy for if the mother had emotional or health problems when
she first started to breastfeed. Given the nature of the problems listed in the survey it is
unlikely that these are correlated with the underlying health of the mother (and therefore
do not contribute to the child’s initial health endowment). Another instrument we use for
breastfeeding is a dummy for whether the mother herself has been ill in the past 24 hours at
the time of interview. Short term illnesses like this will drive a mothers decision to breastfeed

but may not necessarily reflect underlying maternal health.

We further instrument nutritional intake for all ages with the occurrence of Typhoon Nitang,
which killed over 1400 people when it hit the island in September 2nd 1984. The estimated cost
of Nitang was large, with an estimated $76.5 million worth of crop damage in the Philippines
alone. This along with documented evidence on the effect of extreme weather conditions
on malnutrition and disease (Ugaz and Zanolini [2011]) makes it likely that Nitang had an
impact on households ability to invest in nutritional intake, without affecting child height
directly. Furthermore there is evidence to suggest that the impact of natural disasters on
early childhood development is larger the younger a child is when it occurs (Rosales-Rueda
[2014]). Along these lines we follow Cao [2015] and create a dummy variable equal to one if the
child was under the age of 1 when the hurricane hit. Natural disasters can also be expected to
impact WASH practices (it is difficult for example to give your child treated water if you've

just been flooded), and as such typhoon Nitang can also be used as an instrument for WASH.

WASH In both child age categories, we instrument for WASH score using the cost of in-
stalling an antipolo toilet. Antipolo toilets are a type of sealed toilet introduced to the Phil-
ippines by the American colonial government in the early 20th century, and were designed as
a cheap and easy alternative to traditional flushing toilets. They are still popular in poorer
parts of the Philippines to this day, and are often seen as the easiest way for households
without a toilet to construct a safe formal one. We observe the estimated price of such toilets,
inside and outside the household, across barangays only in the baseline survey, but despite

the lack of time variation they prove to be a strong predictor of WASH investments.

A further instrument used is the average soil depth in the barangay. This feature influences
the type of toilet that can be built in the area. In areas with low soil depth, the water table

may be relatively shallow, and soils wet so that relatively cheap pit toilets cannot be built.
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Interestingly, areas with low soil depth may be well suited for agriculture, so that soil depth

could affect nutritional investments as well.

5 Results

We report the results for two measures of nutrition — calorie intake and protein intake —
for the pooled 6-24 month sample, and then separately for males and females. In what
follows, we display results for the WASH score constructed using child- and household-level
variables only. This will capture primarily household-level WASH investments. Thereafter,
we report preliminary results for children aged 0-6 months, where the key nutrition indicator
is breastfeeding. We start by reporting the results for height, before displaying those for child
weight.

5.1 Child Height

6-24 months Our empirical results for the pooled 6-24 month sample are shown in Tables

8 and 9, before estimating separately the production functions for males and females.

We run a semi-translog specification both with and without the interaction between our
primary inputs and lagged height. Columns 1 and 3 display the coefficients from an OLS
estimation of the production functions, while Columns 2 and 4 display the IV estimates.
The OLS coefficients indicate a positive and statistically significant interaction term between
log WASH and calories and log WASH and protein intake, suggesting that linear production
functions may not sufficiently capture the process of child height formation. Interestingly,
the coefficient on the log WASH term becomes significant on the addition of the interaction
terms between the inputs and log lagged height, underscoring the importance of including

these controls.

When we correct for endogeneity of inputs, we obtain more nuanced results. The diagnostics
for all of our instruments are shown in appendix B.2. In most cases, the F-test values exceed
a value of 10, indicating that the instruments are sufficiently strong. The IV coefficient on
calorie intake displays a negative sign in the augmented translog specification, while that on
log WASH is also negative but statistically insignificant from 0. We also obtain a positive
interaction coefficient between log WASH and log calories, though this is statistically insig-
nificant from 0, given the large standard errors. For protein intake, the coefficients on log
protein intake and log WASH are both positive, but statistically insignificant from 0. We also
obtain a positive, but statistically insignificant interaction term between protein intake and
log WASH.

We obtain more meaningful, and interesting results when we estimate the production functions

separately for boys and girls. These results are displayed in Tables 10 and 11 for boys,
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Table 8: Calories 6 - 24 Months

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.8118**  0.8111"*  0.8083***  0.8018***
(0.0066)  (0.0082)  (0.0070) (0.0596)
Log of previous calorie intake 0.0003 -0.0061  -0.0007**  -0.0317***
(0.0002)  (0.0042)  (0.0003) (0.0082)
IWASH 6 24HH 0.0012* 0.0072 0.0237 -0.0630
(0.0006)  (0.0112)  (0.0232) (0.4991)
WASH-Nutrition interaction term 0.0000 -0.0033 0.0007* 0.0024
(0.0003)  (0.0042)  (0.0003) (0.0093)
Birthweight (kg) -0.0003 -0.0003 -0.0002 -0.0002
(0.0002)  (0.0004)  (0.0002) (0.0005)
Child gender (1=female) 0.0006** 0.0004 0.0006** -0.0000
(0.0002)  (0.0004)  (0.0002) (0.0005)
Child age (months) -0.0022%**  -0.0014**  -0.0022*** -0.0023***
(0.0002)  (0.0007)  (0.0002) (0.0007)
Child age squared 0.0001***  0.0001***  0.0001***  0.0001***
(0.0000)  (0.0000)  (0.0000) (0.0000)
Child still breastfed in some way 0.0020***  -0.0002  0.0020*** 0.0009
(0.0003)  (0.0017)  (0.0003) (0.0017)
Fever Dummy 0.0005* 0.0005* 0.0005** 0.0008**
(0.0002)  (0.0003)  (0.0002) (0.0003)
L.Fever Dummy -0.0002 -0.0005 -0.0001 0.0003
(0.0002)  (0.0004)  (0.0002) (0.0005)
Diarrhoea dummy -0.0005**  -0.0005**  -0.0005** -0.0003
(0.0002)  (0.0002)  (0.0002) (0.0003)
L.Diarrhoea dummy -0.0004 -0.0006 -0.0004 0.0004
(0.0004)  (0.0004)  (0.0004) (0.0006)
Previous Log Weight 0.0520***  0.0539***  0.0518***  0.0505***
(0.0016)  (0.0024)  (0.0016) (0.0032)
Nutrition and lagged log height interaction 0.0003***  0.0069***
(0.0001) (0.0020)
WASH and lagged log height interaction -0.0055 0.0118
(0.0055) (0.1198)
Constant 0.7323**  0.7609***  0.7507***  0.8947***
(0.0231)  (0.0442)  (0.0252)  (0.2420)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 18667 18665 18667 18665
Adjusted R? 0.941 0.938 0.941 0.911

Standard errors in parentheses. * p < 0.10, ™ p < 0%521, ** p <0.01

Community controls include municipality dummies, interview month dummies, census population and an
urban/rural dummy. Household controls include wealth quintile, age of household head and their education,
mother age and education as well controls for the distribution of ages within the household



Table 9: Protein 6 - 24 Months

Translog Augmented Translog
(1) (2) (3) (4)
OLS IAY OLS v
Log of previous height 0.8114***  0.8125***  0.7946***  0.8205***
(0.0065) (0.0075) (0.0098)  (0.1682)
Log of previous protein intake 0.0007*** -0.0000 -0.0210** 0.0798
(0.0002) (0.0038) (0.0088)  (0.2299)
IWASH 6 24HH 0.0002 -0.0057 0.0475* 0.2575
(0.0007) (0.0121) (0.0280)  (0.5860)
WASH-Nutrition interaction term 0.0005* 0.0012 0.0007** 0.0080
(0.0003) (0.0044) (0.0003)  (0.0093)
Birthweight (kg) -0.0002 -0.0003 -0.0002 -0.0001
(0.0002) (0.0003) (0.0003)  (0.0005)
Child gender (1=female) 0.0006** 0.0006* 0.0006** 0.0005
(0.0002) (0.0003) (0.0002)  (0.0004)
Child age (months) -0.0022%**  -0.0020*** -0.0021***  -0.0023
(0.0002) (0.0007) (0.0003)  (0.0021)
Child age squared 0.0001***  0.0001***  0.0001*** 0.0001
(0.0000) (0.0000) (0.0000)  (0.0001)
Child still breastfed in some way 0.0021*** 0.0012 0.0021*** 0.0011
(0.0003) (0.0015) (0.0003)  (0.0016)
Fever Dummy 0.0005** 0.0005** 0.0005**  0.0007**
(0.0002) (0.0003) (0.0002)  (0.0003)
Lag Fever Dummy -0.0002 -0.0002 -0.0002 -0.0002
(0.0003) (0.0004) (0.0003)  (0.0004)
Diarrhoea dummy -0.0005**  -0.0005*  -0.0005**  -0.0004
(0.0002) (0.0003) (0.0002)  (0.0003)
Lag Diarrhoea dummy -0.0004 -0.0005 -0.0004 -0.0006
(0.0004) (0.0004) (0.0004)  (0.0005)
Previous Log Weight 0.0519***  0.0520***  0.0517***  0.0514***
(0.0016) (0.0025) (0.0016)  (0.0034)
Nutrition and lagged log height interaction 0.0051** -0.0181
(0.0021)  (0.0538)
WASH and lagged log height interaction -0.0111 -0.0642
(0.0066)  (0.1398)
Constant 0.7343***  0.7220"*  0.8046™*** 0.6837
(0.0226) (0.0289) (0.0369)  (0.7012)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 18753 18751 18753 18751
Adjusted R? 0.941 0.941 0.941 0.938

Standard errors in parentheses. * p < 0.10, ™ p < 0%%, ** p <0.01

Community controls include municipality dummies, interview month dummies, census population and an
urban/rural dummy. Household controls include wealth quintile, age of household head and their education,
mother age and education as well controls for the distribution of ages within the household



and Tables 12 and 13 for girls. For boys, we find very small and statistically insignificant
interaction terms between log WASH and the two nutrition indicators. Moreover, the IV
coefficients in Table 11 indicate a large positive impact of protein intake for height for boys,

though we also estimate a surprisingly negative effect of log WASH.

For girls, by contrast, we obtain positive and statistically significant interactions between log
WASH and nutrition intake (calories and protein) in both OLS and IV specifications. The
direct effects of the nutrition input are often small and statistically insignificant, though with
negative coefficients. Indeed, the estimates for calorie intake indicate that all effects of calorie
intake on child height go through the interaction term, suggesting that calories are unlikely
to be effective in improving height without related WASH investments. Log WASH has a

positive impact on height for girls, particularly in the augmented translog specifications.

A further point of interest is the importance of the interaction between current inputs and
lagged height endowment. As has already been discussed, these terms catch the interaction
between nutrition or sanitation and all previous inputs. Our results suggest that this dynamic
interaction between sanitation and nutrition in periods far removed from each other also has
an influence on child height. From an economic point of view our results could be read as
showing diminishing returns to sanitation where there is a significant negative value, as seen
in table 9. Further to this, the fact that these seem to be statistically significant effects
lends weight to the argument that it is not sufficient to run linear production functions when

estimating a height production function.

Other general coefficients of interest continue to take the expected sign as we change our
specification. A prominent example of this is our illness dummies, with both fever and diarrhea
having significant negative impacts on child height. The negative coefficient on age should
be interpreted in the context of how fully we control for prior height. Here we see that the
change in height is decreasing in percentage terms as the child grows older, a result in line

with expectations.

0-6 Months We additionally estimate the production function under the age of 6 months
using breastfeeding variables as our key nutritional inputs. However both our nutritional
intakes under the age of 6 months the instrumental variable regressions are under identified,
with robust F-stats under 10. This is still a work in progress, and there are sets of instruments
which have been relevant under different specifications in previous versions of our estimations
which have produced significant results, so we remain hopeful that future versions of this paper
will include more robust findings for children under the age of 6 months. Despite this we still
observe some promising results, displayed in full in appendix B.1. In tables 20 and 21 we see
hints of subsitutability between nutrition and sanitation in the interaction term. This switch
between complementarity and subsitutability is exactly what we would expect to see given the
established role breastfeeding has on insulating children from diseases (Sadeharju et al. [2007]

and Victora et al. [1987]), as well as the growing literature on how WASH investment can
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Table 10: Effects of calories and WASH on height, males

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.8150***  0.8150***  0.8127***  (0.8408***
(0.0101)  (0.0119)  (0.0106) (0.0359)
Log of previous calorie intake 0.0001 -0.0101*  -0.0009**  -0.0315***
(0.0003)  (0.0060)  (0.0004) (0.0105)
IWASH 6_24HH 0.0017** 0.0226 0.0117 -0.3350
(0.0007)  (0.0173)  (0.0284) (0.3231)
WASH-Nutrition interaction term -0.0002 -0.0101 0.0003 -0.0125
(0.0003)  (0.0067)  (0.0004) (0.0085)
Birthweight (kg) -0.0007**  -0.0012**  -0.0006** -0.0010
(0.0003)  (0.0006)  (0.0003) (0.0007)
Child age (months) -0.0018**  -0.0012  -0.0018*** -0.0021***
(0.0003)  (0.0008)  (0.0003) (0.0006)
Child age squared 0.0001***  0.0000***  0.0001***  0.0001***
(0.0000)  (0.0000)  (0.0000) (0.0000)
Child still breastfed in some way 0.0021***  -0.0001  0.0021*** 0.0002
(0.0004)  (0.0018)  (0.0004) (0.0017)
Fever Dummy 0.0004 0.0003 0.0005 0.0005
(0.0003)  (0.0004)  (0.0003) (0.0004)
Lag Fever Dummy -0.0006**  -0.0010**  -0.0005* -0.0006
(0.0003)  (0.0005)  (0.0003) (0.0006)
Diarrhoea dummy 0.0001 0.0002 0.0001 0.0004
(0.0003)  (0.0003)  (0.0003) (0.0005)
Lag Diarrhoea dummy -0.0002 -0.0002 -0.0002 0.0004
(0.0005)  (0.0005)  (0.0005) (0.0006)
Previous Log Weight 0.0510***  0.0546™*  0.0509***  0.0541***
(0.0025)  (0.0036)  (0.0025) (0.0045)
Nutrition and lagged log height interaction 0.0003**  0.0047***
(0.0001) (0.0016)
WASH and lagged log height interaction -0.0026 0.0831
(0.0067) (0.0778)
Constant 0.7197**  0.7714™*  0.7330***  0.7498***
(0.0370)  (0.0603)  (0.0390) (0.1590)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 9837 9837 9837 9837
Adjusted R? 0.941 0.934 0.941 0.909

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 11: Effects of protein intake and WASH on height, males

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.8141***  0.8174™*  0.8084***  1.3797***
(0.0100)  (0.0111)  (0.0142) (0.1913)
Log of previous protein intake 0.0006* -0.0015 -0.0058 0.7450***
(0.0003)  (0.0038)  (0.0110) (0.2355)
IWASH 6_24HH 0.0006 0.0032 0.0219 -1.4415**
(0.0009)  (0.0130)  (0.0317) (0.6927)
WASH-Nutrition interaction term 0.0003 -0.0031 0.0004 -0.0096
(0.0004)  (0.0048)  (0.0004) (0.0085)
Birthweight (kg) -0.0006**  -0.0009**  -0.0006**  -0.0023**
(0.0003)  (0.0004)  (0.0003) (0.0010)
Child age (months) -0.0019***  -0.0019**  -0.0018*** -0.0081***
(0.0003)  (0.0007)  (0.0003) (0.0018)
Child age squared 0.0001***  0.0001***  0.0001***  0.0002***
(0.0000)  (0.0000)  (0.0000) (0.0001)
Child still breastfed in some way 0.0022*** 0.0018 0.0022*** 0.0026
(0.0004)  (0.0014)  (0.0004) (0.0019)
Fever Dummy 0.0005 0.0004 0.0005 0.0001
(0.0003)  (0.0004)  (0.0003) (0.0004)
Lag Fever Dummy -0.0006* -0.0007 -0.0005* -0.0012*
(0.0003)  (0.0004)  (0.0003) (0.0007)
Diarrhoea dummy 0.0000 0.0000 0.0000 0.0001
(0.0003)  (0.0003)  (0.0003) (0.0004)
Lag Diarrhoea dummy -0.0002 -0.0002 -0.0002 -0.0005
(0.0005)  (0.0005)  (0.0005) (0.0006)
Previous Log Weight 0.0511***  0.0519***  0.0510***  0.0595***
(0.0025)  (0.0031)  (0.0025) (0.0052)
Nutrition and lagged log height interaction 0.0015 -0.1749***
(0.0025) (0.0557)
WASH and lagged log height interaction -0.0050 0.3394**
(0.0074) (0.1636)
Constant 0.7227*  0.7084***  0.7470***  -1.6480**
(0.0363)  (0.0404)  (0.0546) (0.8052)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 9895 9895 9895 9895
Adjusted R? 0.941 0.941 0.941 0.908

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 12: Effects of calorie intake and WASH on height, females

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.8033***  0.8012***  0.7977*  0.7020***
(0.0079) (0.0092) (0.0085) (0.0747)
Log of previous calorie intake 0.0005 -0.0009 -0.0005 -0.0131
(0.0003) (0.0037) (0.0005) (0.0103)
IWASH 6_24HH 0.0006 -0.0111 0.0417 0.7177
(0.0009) (0.0093) (0.0301) (0.5881)
WASH-Nutrition interaction term 0.0004 0.0054* 0.0012**  0.0212***
(0.0004) (0.0032) (0.0005) (0.0082)
Birthweight (kg) 0.0004 0.0005 0.0004 0.0003
(0.0005) (0.0005) (0.0005) (0.0007)
Child age (months) -0.0025***  -0.0017***  -0.0025*** -0.0020***
(0.0003) (0.0006) (0.0003) (0.0007)
Child age squared 0.0001***  0.0001***  0.0001***  0.0001***
(0.0000) (0.0000) (0.0000) (0.0000)
Child still breastfed in some way 0.0019*** -0.0002 0.0019*** 0.0014
(0.0004) (0.0017) (0.0004) (0.0017)
Fever Dummy 0.0005 0.0007** 0.0006 0.0009**
(0.0004) (0.0003) (0.0004) (0.0004)
Lag Fever Dummy 0.0003 0.0002 0.0003 0.0008*
(0.0004) (0.0004) (0.0004) (0.0005)
Diarrhoea dummy -0.0012***  -0.0012*** -0.0012***  -0.0011**
(0.0004) (0.0004) (0.0004) (0.0004)
Lag Diarrhoea dummy -0.0007*  -0.0011**  -0.0007* -0.0007
(0.0004) (0.0005) (0.0004) (0.0008)
Previous Log Weight 0.0540**  0.0543"*  0.0538*  0.0503***
(0.0021) (0.0027) (0.0021) (0.0033)
Nutrition and lagged log height interaction 0.0003***  0.0049**
(0.0001) (0.0022)
WASH and lagged log height interaction -0.0100 -0.1790
(0.0071) (0.1401)
Constant 0.7640***  0.7638***  0.7910***  1.2119***
(0.0276)  (0.0412)  (0.0311)  (0.2942)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 8830 8828 8830 8828
Adjusted R? 0.938 0.935 0.938 0.920

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 13: Effects of protein intake and WASH on height, females

Translog Augmented Translog
(1) (2) 3) (4)
OLS v OLS v
Log of previous height 0.8035***  0.8024***  0.7774***  0.5749***
(0.0079) (0.0088) (0.0128)  (0.1735)
Log of previous protein intake 0.0008** 0.0034 -0.0327**  -0.1643
(0.0003) (0.0037) (0.0138)  (0.2859)
IWASH 6_24HH -0.0004 -0.0199* 0.0742**  1.1116**
(0.0009) (0.0106) (0.0346)  (0.5405)
WASH-Nutrition interaction term 0.0009* 0.0084** 0.0011**  0.0226***
(0.0005) (0.0037) (0.0005)  (0.0086)
Birthweight (kg) 0.0003 0.0003 0.0004 0.0008
(0.0005) (0.0005) (0.0005)  (0.0008)
Child age (months) -0.0026***  -0.0023*** -0.0023***  -0.0005
(0.0003) (0.0006) (0.0003)  (0.0023)
Child age squared 0.0001***  0.0001***  0.0001*** 0.0000
(0.0000) (0.0000) (0.0000)  (0.0001)
Child still breastfed in some way 0.0019*** 0.0010 0.0020*** 0.0011
(0.0004) (0.0017) (0.0004)  (0.0018)
Fever Dummy 0.0005 0.0007** 0.0005 0.0009**
(0.0004) (0.0004) (0.0004)  (0.0004)
Lag Fever Dummy 0.0003 0.0004 0.0003 0.0006
(0.0004) (0.0004) (0.0004)  (0.0005)
Diarrhoea dummy -0.0012*** -0.0011*** -0.0012*** -0.0010**
(0.0004) (0.0004) (0.0004)  (0.0004)
Lag Diarrhoea dummy -0.0006 -0.0008 -0.0006 -0.0011
(0.0004) (0.0006) (0.0004)  (0.0007)
Previous Log Weight 0.0538***  0.0528***  0.0536***  0.0499***
(0.0021) (0.0028) (0.0022)  (0.0045)
Nutrition and lagged log height interaction 0.0079** 0.0407
(0.0032)  (0.0668)
WASH and lagged log height interaction -0.0176**  -0.2717**
(0.0081)  (0.1296)
Constant 0.7648***  0.7507***  0.8736***  1.6852**
(0.0271) (0.0330) (0.0491)  (0.7185)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 8858 8856 8858 8856
Adjusted R? 0.938 0.935 0.938 0.920

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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affect the efficacy of childhood nutritional intake (George et al. [2016], Mbuya and Humphrey
[2016]).

5.2 Child Weight

Tables 14 and 15 display the findings for child weight for the pooled 6-24 month sample,
while Tables 16 - 19 display those for boys and girls separately. As before, Columns 1 and 3
display the OLS results for the semi-translog production function, and the augmented translog

production function, while Columns 2 and 4 display coefficients from the IV estimation.

In the pooled sample, the OLS estimates indicate a positive, though small, effect of calories and
protein on weight, a very small and statistically insignificant effect of log WASH, and a positive
and usually statistically significant interaction term. When we correct for endogeneity, we
obtain a larger and statistically significant effect of protein intake on weight, and a surprisingly
negative effect of calories on weight. The IV coefficients also indicate no statistically significant
effect of log WASH or the interaction between log WASH and nutrition on weight.

When we estimate the production functions separately by child gender, we see that calorie
intake has a statistically significant and large effect on weight for boys, but not for girls when
we correct for endogeneity of inputs. Moreover, the OLS estimation indicates positive and
statistically significant interaction between log WASH and nutrition for both girls and boys,
particularly with the augmented translog production function. However, when we correct for
endogeneity of inputs, we fail to obtain a statistically significant interaction term for any of
the specifications. Interestingly, the magnitude of the interaction term increases for the female
sample in the IV estimation. However, the standard errors also increase, yielding statistically

insignificant results.

Throughout, the magnitude of the interaction term remains small, compared to the magnitude

of the coefficients on nutrition intake or log WASH.

6 Conclusion

Nutrition and WASH investments play an important and nuanced role in early childhood
development. Whilst much evidence exists that both are separately important, our results
show that the interaction between them plays an equally important role. Our results, although
still preliminary, provide clear evidence that there exists an interaction between environmental

levels of sanitation and nutritional intake on child health.

When the primary source of nutrition is breastmilk, environmental factors and nutrition are
(in a correlational way) substitutes for each other. This fits with to the findings of Sadeharju
et al. [2007] and Victora et al. [1987] who argue that breastfeeding insulates children from

disease and infection in early life, which in turn drives our own finding of subsitutability.
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Table 14: Effects of calorie intake

and WASH on weight, pooled sample

Translog Augmented Translog
(1) (2) (3) (4)
OLS I\Y OLS v
Log of previous height 0.2131**  0.2125"*  0.2119"*  0.2082***
(0.0174)  (0.0197)  (0.0171)  (0.0222)
Log of previous calorie intake 0.0021***  -0.0119* 0.0007 -0.0359**
(0.0007) (0.0062) (0.0011) (0.0164)
IWASH _6_24HH -0.0005 0.0090 0.0251 0.0329
(0.0023) (0.0261) (0.0161) (0.2103)
WASH-Nutrition interaction term 0.0014 -0.0057 0.0026** 0.0020
(0.0009) (0.0104) (0.0010) (0.0164)
Birthweight (kg) 0.0035***  0.0033***  0.0036***  0.0036***
(0.0007) (0.0009) (0.0007) (0.0010)
Child gender (1=female) -0.0043***  -0.0049***  -0.0044*** -0.0053***
(0.0006) (0.0006) (0.0006) (0.0008)
Child age (months) -0.0067***  -0.0050***  -0.0066"**  -0.0052***
(0.0006) (0.0012) (0.0006) (0.0015)
Child age squared 0.0002***  0.0002***  0.0002***  0.0002***
(0.0000) (0.0000) (0.0000) (0.0000)
Child still breastfed in some way 0.0019* -0.0031 0.0020** -0.0020
(0.0010) (0.0021) (0.0010) (0.0027)
Fever Dummy -0.0097***  -0.0096***  -0.0096***  -0.0093***
(0.0009) (0.0009) (0.0009) (0.0008)
Lag Fever Dummy 0.0032***  0.0025"**  0.0032***  0.0033***
(0.0007) (0.0009) (0.0007) (0.0012)
Diarrhoea dummy -0.0124***  -0.0123*** -0.0124*** -0.0121***
(0.0008) (0.0008) (0.0008) (0.0009)
Lag Diarrhoea dummy 0.0054***  0.0050***  0.0055***  0.0059***
(0.0009) (0.0010) (0.0009) (0.0010)
Previous Log Weight 0.8575***  0.8616™*  0.8490™*  0.8175***
(0.0087) (0.0090) (0.0115) (0.0523)
Nutrition and lagged log height interaction 0.0009 0.0137*
(0.0006) (0.0077)
WASH and lagged log height interaction -0.0134* -0.0223
(0.0077) (0.1065)
Constant -0.5032***  -0.4488***  -0.4773***  -0.2669**
(0.0587) (0.0871) (0.0535) (0.1319)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 18680 18678 18680 18678
Adjusted R? 0.917 0.915 0.917 0.911

Standard errors in parentheses
*p<0.10, ™ p < 0.05, *** p < 0.01
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Table 15: Effects of protein intake and WASH on weight, pooled sample

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.2103***  0.2123"*  0.2097***  0.2398***
(0.0171) (0.0192) (0.0168) (0.0309)
Log of previous protein intake 0.0022*** -0.0046 0.0028 0.2695**
(0.0008) (0.0074) (0.0063) (0.1293)
IWASH 6 _24HH -0.0018 -0.0054 0.0243 -0.2079
(0.0023) (0.0307) (0.0179) (0.2691)
WASH-Nutrition interaction term 0.0020* -0.0006 0.0027** 0.0075
(0.0010) (0.0116) (0.0011) (0.0184)
Birthweight (kg) 0.0035***  0.0033***  0.0036*** 0.0024
(0.0007) (0.0008) (0.0007) (0.0014)
Child gender (1=female) -0.0044***  -0.0044***  -0.0044***  -0.0043***
(0.0006) (0.0006) (0.0006) (0.0009)
Child age (months) -0.0067***  -0.0056*** -0.0066*** -0.0116***
(0.0006) (0.0013) (0.0007) (0.0038)
Child age squared 0.0002***  0.0002***  0.0002***  0.0004***
(0.0000) (0.0000) (0.0000) (0.0001)
Child still breastfed in some way 0.0019* -0.0015 0.0019* -0.0024
(0.0010) (0.0025) (0.0010) (0.0026)
Fever Dummy -0.0096***  -0.0096*** -0.0096***  -0.0093***
(0.0009) (0.0009) (0.0009) (0.0009)
Lag Fever Dummy 0.0032***  0.0028***  0.0033***  0.0021**
(0.0007) (0.0010) (0.0007) (0.0011)
Diarrhoea dummy -0.0122***  -0.0122*** -0.0122*** -0.0121***
(0.0008) (0.0008) (0.0008) (0.0009)
Lag Diarrhoea dummy 0.0054***  0.0049***  0.0054***  0.0049***
(0.0009) (0.0009) (0.0009) (0.0009)
Previous Log Weight 0.8578***  0.8600***  0.8520***  1.1924***
(0.0087) (0.0093) (0.0153) (0.1962)
Nutrition and lagged log height interaction -0.0001 -0.1308**
(0.0030) (0.0633)
WASH and lagged log height interaction -0.0130 0.0929
(0.0085) (0.1371)
Constant -0.4842***  -0.5067*** -0.4705*** -1.2568***
(0.0570) (0.0727) (0.0530) (0.4664)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 18766 18764 18766 18764
Adjusted R? 0.917 0.916 0.917 0.901

Standard errors in parentheses
*p<0.10, ™ p < 0.05, *** p < 0.01
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Table 16: Effects of calorie intake and WASH on weight, males

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.2153***  0.2216™*  0.2139***  0.2053***
(0.0175) (0.0224) (0.0170) (0.0255)
Log of previous calorie intake 0.0017* -0.0148 0.0006 -0.0211
(0.0009) (0.0124) (0.0012) (0.0151)
IWASH 6_24HH 0.0006 0.0398 0.0390* 0.2973*
(0.0026) (0.0447) (0.0205) (0.1747)
WASH-Nutrition interaction term 0.0011 -0.0201 0.0024* -0.0066
(0.0010) (0.0178) (0.0013) (0.0225)
Birthweight (kg) 0.0025** 0.0013 0.0026** 0.0022*
(0.0010) (0.0013) (0.0009) (0.0013)
Child age (months) -0.0057***  -0.0055***  -0.0056***  -0.0039*
(0.0008) (0.0019) (0.0008) (0.0022)
Child age squared 0.0002***  0.0002***  0.0002***  0.0001**
(0.0000) (0.0000) (0.0000) (0.0000)
Child still breastfed in some way 0.0023** 0.0001 0.0024** -0.0011
(0.0011) (0.0034) (0.0011) (0.0035)
Fever Dummy -0.0091***  -0.0095***  -0.0090***  -0.0088***
(0.0011) (0.0012) (0.0011) (0.0013)
Lag Fever Dummy 0.0029***  0.0023**  0.0030"**  0.0026**
(0.0009) (0.0011) (0.0009) (0.0013)
Diarrhoea dummy -0.0136**  -0.0134*** -0.0135"** -0.0133***
(0.0011) (0.0012) (0.0011) (0.0012)
Lag Diarrhoea dummy 0.0061***  0.0063***  0.0062***  0.0063***
(0.0012) (0.0015) (0.0012) (0.0015)
Previous Log Weight 0.8568***  0.8624™**  0.8457***  0.7916***
(0.0094) (0.0117) (0.0134) (0.0510)
Nutrition and lagged log height interaction 0.0009 0.0044
(0.0006) (0.0087)
WASH and lagged log height interaction -0.0192* -0.1297
(0.0099) (0.0863)
Constant -0.5251***  -0.4614™** -0.4947*** -0.2413
(0.0564) (0.1199) (0.0499) (0.1548)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 9843 9843 9843 9843
Adjusted R? 0.911 0.907 0.911 0.906

Standard errors in parentheses
* p<0.10, ™ p < 0.05, *** p < 0.01
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Table 17: Effects of protein intake and WASH on weight, males

Translog Augmented Translog
(1) (2) (3) (4)
OLS I\Y OLS v
Log of previous height 0.2103***  0.2201**  0.2090***  0.2193***
(0.0174) (0.0214) (0.0166) (0.0385)
Log of previous protein intake 0.0017* -0.0096 -0.0026 0.0793
(0.0009) (0.0120) (0.0131) (0.1244)
IWASH_6_24HH -0.0003 0.0295 0.0444* 0.1571
(0.0030) (0.0480) (0.0255) (0.2815)
WASH-Nutrition interaction term 0.0015 -0.0160 0.0024* -0.0061
(0.0012) (0.0184) (0.0013) (0.0214)
Birthweight (kg) 0.0026*** 0.0014 0.0027*** 0.0013
(0.0009) (0.0012) (0.0009) (0.0017)
Child age (months) -0.0057***  -0.0056*** -0.0055***  -0.0063
(0.0008) (0.0019) (0.0008) (0.0047)
Child age squared 0.0002***  0.0002***  0.0002*** 0.0002
(0.0000) (0.0000) (0.0000) (0.0001)
Child still breastfed in some way 0.0021* 0.0008 0.0022* -0.0005
(0.0012) (0.0033) (0.0011) (0.0036)
Fever Dummy -0.0091***  -0.0096*** -0.0091***  -0.0093***
(0.0010) (0.0012) (0.0010) (0.0013)
Lag Fever Dummy 0.0030***  0.0024**  0.0031*** 0.0022*
(0.0009) (0.0012) (0.0008) (0.0012)
Diarrhoea dummy -0.0133***  -0.0134*** -0.0133*** -0.0133***
(0.0011) (0.0012) (0.0011) (0.0012)
Lag Diarrhoea dummy 0.0061***  0.0059***  0.0061***  0.0059***
(0.0012) (0.0015) (0.0012) (0.0015)
Previous Log Weight 0.8574**  0.8619™*  0.8421"*  (0.9259***
(0.0095) (0.0120) (0.0241) (0.1811)
Nutrition and lagged log height interaction 0.0023 -0.0413
(0.0061) (0.0579)
WASH and lagged log height interaction -0.0218* -0.0648
(0.0120) (0.1329)
Constant -0.4986™**  -0.5244™**  -0.4642***  -0.6505
(0.0562) (0.0804) (0.0557) (0.4831)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 9901 9901 9901 9901
Adjusted R? 0.911 0.909 0.911 0.907

Standard errors in parentheses
* p<0.10, ™ p < 0.05, *** p < 0.01
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Table 18: Effects of calorie intake and WASH on weight, females

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.2140***  0.2131**  0.2131"**  0.2168***
(0.0245) (0.0261) (0.0245) (0.0307)
Log of previous calorie intake 0.0024** -0.0083 0.0008 -0.0354**
(0.0010) (0.0056) (0.0020) (0.0177)
IWASH 6_24HH -0.0010 -0.0190 0.0153 -0.0520
(0.0026) (0.0211) (0.0218) (0.1613)
WASH-Nutrition interaction term 0.0016 0.0054 0.0027** 0.0109
(0.0012) (0.0087) (0.0013) (0.0101)
Birthweight (kg) 0.0049***  0.0053***  0.0049***  0.0042***
(0.0011) (0.0013) (0.0011) (0.0016)
Child age (months) -0.0077***  -0.0055***  -0.0077*** -0.0061***
(0.0008) (0.0013) (0.0008) (0.0013)
Child age squared 0.0002***  0.0002***  0.0002***  0.0002***
(0.0000) (0.0000) (0.0000) (0.0000)
Child still breastfed in some way 0.0017 -0.0049** 0.0018 -0.0029
(0.0013) (0.0025) (0.0013) (0.0031)
Fever Dummy -0.0104***  -0.0099*** -0.0103*** -0.0100***
(0.0014) (0.0013) (0.0014) (0.0012)
Lag Fever Dummy 0.0033***  0.0029**  0.0034***  0.0038***
(0.0011) (0.0011) (0.0011) (0.0014)
Diarrhoea dummy -0.0111*  -0.0112*** -0.0111"* -0.0112***
(0.0014) (0.0013) (0.0014) (0.0015)
Lag Diarrhoea dummy 0.0045***  0.0035***  0.0046***  0.0048***
(0.0011) (0.0012) (0.0011) (0.0012)
Previous Log Weight 0.8556***  0.8576™*  0.8489***  (.8218***
(0.0122)  (0.0120)  (0.0146)  (0.0428)
Nutrition and lagged log height interaction 0.0010 0.0158*
(0.0009) (0.0084)
WASH and lagged log height interaction -0.0090 0.0045
(0.0106) (0.0800)
Constant -0.4928***  -0.4771*  -0.4712***  -0.3358**
(0.0835) (0.1027) (0.0811) (0.1620)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 8837 8835 8837 8835
Adjusted R? 0.913 0.909 0.913 0.904

Standard errors in parentheses
* p<0.10, ™ p < 0.05, *** p < 0.01
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Table 19: Effects of protein intake and WASH on weight, females

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.2138***  0.2136™*  0.2137**  0.2148***
(0.0247) (0.0264) (0.0245) (0.0323)
Log of previous protein intake 0.0026*** 0.0002 0.0058 0.0545
(0.0009) (0.0058) (0.0066) (0.1341)
IWASH 6_24HH -0.0027 -0.0326 0.0101 0.0331
(0.0027) (0.0221) (0.0227) (0.1894)
WASH-Nutrition interaction term 0.0025* 0.0099 0.0028** 0.0166
(0.0013) (0.0088) (0.0013) (0.0110)
Birthweight (kg) 0.0048***  0.0049***  0.0048***  0.0051***
(0.0011) (0.0013) (0.0011) (0.0014)
Child age (months) -0.0077***  -0.0065*** -0.0078***  -0.0076**
(0.0008) (0.0014) (0.0009) (0.0037)
Child age squared 0.0002***  0.0002***  0.0002***  0.0002**
(0.0000) (0.0000) (0.0000) (0.0001)
Child still breastfed in some way 0.0018 -0.0025 0.0018 -0.0019
(0.0013) (0.0028) (0.0013) (0.0032)
Fever Dummy -0.0103***  -0.0099*** -0.0103*** -0.0097***
(0.0013) (0.0013) (0.0013) (0.0013)
Lag Fever Dummy 0.0034***  0.0033***  0.0034***  0.0034***
(0.0011) (0.0012) (0.0011) (0.0012)
Diarrhoea dummy -0.0110***  -0.0110*** -0.0110*** -0.0110***
(0.0014) (0.0013) (0.0014) (0.0013)
Lag Diarrhoea dummy 0.0045***  0.0037***  0.0045***  0.0036***
(0.0011) (0.0011) (0.0011) (0.0011)
Previous Log Weight 0.8557***  0.8557"*  0.8557"*  (0.8911***
(0.0122)  (0.0124)  (0.0172)  (0.1771)
Nutrition and lagged log height interaction -0.0015 -0.0250
(0.0032) (0.0654)
WASH and lagged log height interaction -0.0065 -0.0362
(0.0110) (0.0939)
Constant -0.4831***  -0.5208***  -0.4825***  -0.5925
(0.0829) (0.0949) (0.0824) (0.4134)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 8865 8863 8865 8863
Adjusted R? 0.913 0.911 0.913 0.910

Standard errors in parentheses
* p<0.10, ™ p < 0.05, *** p < 0.01
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However, our more substantial and policy relevant result is that the nature of this interaction
changes as the child grows older. After the age of 6 months we find a statistically significant
positive coefficient on the interaction between WASH investments and protein, particularly

for girls.

This finding suggests that contamination of solid foodstuffs plays a major role in transmitting
illnesses in the home; once children are weaned they are more exposed to the consequences
of poor sanitary conditions in their environment. When this happens WASH investment
stops being a substitute to nutrition and becomes a compliment to it. This story fits with
the existing medical literature on the value of nutrition in child development, which places
increasing emphasis on the impact of poor sanitary conditions on stunting and other poor
health outcomes. This result goes some way to explaining the puzzle of stubbornly high

stunting rates in some countries, even in the face of significant income growth.
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A Proofs

A.1 Translog with full history of Endowments

Consider production functions for height and weight at date ¢!!
Hzt - Ht |:{N }s 1 {S }s 1v/“0752t:| (6)
Wiz = Wy |:{N s= 17 {S }s 15 M0, 5%t:| (7)

where {N};_; is the set of all lagged nutritional inputs, {S}:—; all lagged sanitation inputs,
1 is the child’s initial height endowment and ¢ is some time varying shock. To estimate this
most general form of the height and weight production functions we are going to adapt an
approximation of it using a translog estimation. To do this we are assuming that this function
is separable in its arguments, smooth, doubly differentiable and continuous. To illustrate the
assumptions made to get from (6) and (7) to something estimatable we consider first the

translog estimation of the entire function in its exponential form.

t—1 t—1

t—1 t—1 t—1
h h l. 1N+2 15) (2 In Njs+375 In S;s) h h
o h alt B 2( ’YNq7 n Nis ’YN” nojs bl ’YS§7 n Njs ’Yng nOjs P X 4o 0+€q
Hy = |:a0 | S ] | | S2 eOr Xtoi pioteir)

(8)

Taking logs and letting aft = ol Vi

InHy = of + oo+ e+ "X + o InNy + ..+ ol In Ny + B In Sy + ... + 8" | In Sy,
t—1 t—1 t—1 t—1

Z'yNﬂlnN —i—z'yNﬂlnS)lan—i— 4= Z'yNﬁ 1 In V; —G—Z'yNﬁ 1 InS;) In Ny—q

J
t—1 t—1 t—1 t—1

275]1111]\7 +szjlln5’)ln51—|— A+ szﬂt 1 In IV +Z'YSJt 1InS;)In Sy

Let ’y]}(,/js = ’yg;-s = 0 and 'y]f{,js = 'ngs = ’y]hs for all s. In practical terms this means we are
assuming the effect of the squared logarithmic in each period for each input is zero. The

second statement clears up the nomenclature.

1 This current draft has left out parental preferences and the endogeneity that creates.
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t—1 t—1 t—1 t—1
InH; =of+ Y ofInNe+ ) BlnS,+> Y AhInNInS; +ofpo+ 6/ X+e  (9)

s J

The translog parts of this equation are the same as the taylor series expansion of the underlying
production function around its geometric mean. We can follow the exact same procedure for

the weight equation to get to the following

t—1 t—1t—1
InW, = of +ZawlnN +Z,Bwln5 +ZnysjlnN InS; + 0o+ 6" X +¢¢ (10)
s

To reduce the number of endogenous variables we make a few further assumptions.

Only contemporaneous interactions between sanitation and nutrition matter. That is: 'yﬁ,j =
0 Vs, j where s # j

Fori € {h,w}: ol =Xa’ |, L= A3l |, 9L =y, |,05 = Aos_1. The impact of past inputs
follow a monotonic rate of change, A, which is common across both weight and height. Using

assumption 1 and taking the first differences in height and weight to get to the following

-2
AlnH;=al {InNy +6" InS; 1+~ InN;_1InS; 1 + Z(a’; —al )In N,

t—2
+Z(Bg_ 1) In.Ss +Z — At )InNyIn S, + (o — of o + (07 — 6} )X + e — 1

We can then apply assumption 2 to get to

t—2
AlnHy=af | InNe 1+ 88 IS 1+ N, In S+ (A= 1) a1l N,

t—2 t—2
+(A—1 Z,@S 1In Sy+(A—1 Z% 110 Ny In Sg+-(A—1)ot; po+(00 =01 )X+ —el; (11)

We then make a further assumption about the crossover between the coefficients of inputs on

weight and height.

The coefficients of inputs on height are the same as those on weight up to a constant, which

is true for all inputs. o = aa? " = ap? A" = ay?, o = ac? where a is some scalar

constant.
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Taking the difference between (9) and (10) gives us

t—2 t—2
InHi —InWog =’ —a” +) (ol —af)InNy+ > (8! = ) In S,
S S

t—2
+ Z(’Y? — ) I NeIn Ss + (011 — o )+ (61 — 62 )X + ey —efy
S

Applying assumption 3 to this expression simplifies it to

InHy g —InWig —a" +a” —ef +ey — (6, — 6°1)X =
t—2 t—2 t—2
(a—1) [Zas_l In Ny + Zﬂs_l InSs + Z’Ys—l In NgIn S, + J{Ll,ug
S S S

We can then put this back into (11) to get to

AlnHy = k' +al ;In Ny 146 InS; 1+9" ;InN;_;In st_1+2 — 1 In Ht_l—z — i In Wi_1 +b" X472
(12)

where

=

nph = e — el + ST

The exact same logic can be applied to the change in weight estimation.
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B Additional Tables

B.1 0-6 Month Estimations

Table 20: Breast Feeding dummy

Translog Augmented Translog
(1) (2) 3) (4)
OLS v OLS v
Log of previous height 0.5245***  0.5220***  0.5475™*  -1.2632
(0.0148) (0.0152) (0.0278)  (1.5526)
Previous Log Weight 0.0720***  0.0710**  0.0716™*  0.0952***
(0.0043) (0.0080) (0.0042)  (0.0210)
Was the baby breast fed this period (Dummy) 0.0081** 0.0537 0.1683* -0.4953
(0.0035)  (0.0633)  (0.0864)  (3.0518)
WASH score for 0-6 months old using HH characteristics only  0.0130*** 0.0747 -0.0595 -10.5285
(0.0039) (0.0842) (0.1004)  (6.9306)
WASH-Nutrition interaction term -0.0089** -0.0785 -0.0078* 0.0113
(0.0041) (0.0860) (0.0038)  (0.1310)
Birthweight (kg) 0.0017* 0.0025* 0.0016* -0.0019
(0.0009) (0.0014) (0.0009)  (0.0033)
Childs gender (1=female) -0.0063***  -0.0064*** -0.0064***  -0.0023
(0.0009) (0.0010) (0.0009)  (0.0032)
Childs age (months) -0.0068 -0.0006 -0.0053 -0.0090
(0.0126)  (0.0162)  (0.0129)  (0.0379)
Childs age squared 0.0004 -0.0003 0.0002 0.0001
(0.0012) (0.0016) (0.0013)  (0.0037)
Fever Dummy 0.0016** 0.0021** 0.0016** 0.0023
(0.0007) (0.0009) (0.0007)  (0.0014)
L.Fever Dummy 0.0002 0.0002 0.0002 -0.0001
(0.0009) (0.0011) (0.0009)  (0.0015)
Diarrhoea dummy -0.0001 -0.0006 -0.0001 0.0002
(0.0009) (0.0010) (0.0009)  (0.0019)
L.Diarrhoea dummy -0.0012 -0.0008 -0.0012 -0.0014
(0.0012)  (0.0012)  (0.0012)  (0.0026)
Nutrition and lagged log height interaction -0.0395* 0.1157
(0.0209)  (0.7542)
WASH and lagged log height interaction 0.0176 2.5837
(0.0244)  (1.6904)
Constant 1.8958***  1.8433**  1.8001*** 9.1746
(0.0581) (0.1106) (0.1249)  (6.3836)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 5370 5323 5370 5323
Adjusted R? 0.743 0.725 0.743

Standard errors in parentheses
* p<0.10, ™ p < 0.05, *** p < 0.01

Community controls include municipality dummies, interview month dummies, census population and an
urban/rural dummy. Household controls include wealth quintile, age of household head and their education,
mother age and education as well controls for the distribution of ages within the household
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Table 21: Predominant Breast Feeding

Translog Augmented Translog
(1) (2) (3) (4)
OLS v OLS v
Log of previous height 0.5245***  0.5224**  (0.5430*** -1.3169
(0.0148) (0.0161) (0.0227) (1.6990)
Previous Log Weight 0.0726***  0.0652"**  0.0719***  0.0928***

(0.0043)  (0.0069)  (0.0041)  (0.0281)

Proportion of time predominantly breastfed since last interview  0.0036** 0.0608* 0.1991** 0.2066
(0.0016) (0.0327) (0.0853)  (3.8409)

WASH score for 0-6 months old using HH characteristics only 0.0067*** 0.0349 -0.0245 -11.5564
(0.0017) (0.0241) (0.1035)  (11.0791)
WASH-Nutrition interaction term -0.0031 -0.0719 -0.0025 -0.0579
(0.0029) (0.0447) (0.0031) (0.0836)
Birthweight (kg) 0.0016* 0.0023** 0.0016* -0.0022
(0.0009) (0.0010) (0.0009) (0.0046)
Childs gender (1=female) -0.0063***  -0.0072*** -0.0063***  -0.0026
(0.0009) (0.0010) (0.0009) (0.0048)
Childs age (months) -0.0064 0.0054 -0.0042 -0.0151
(0.0121) (0.0154) (0.0121) (0.0538)
Childs age squared 0.0003 -0.0005 0.0001 0.0003
(0.0012) (0.0014) (0.0012) (0.0052)
Fever Dummy 0.0016**  0.0022**  0.0016** 0.0028
(0.0007) (0.0008) (0.0007) (0.0020)
L.Fever Dummy 0.0002 0.0004 0.0001 -0.0003
(0.0010) (0.0011) (0.0010) (0.0026)
Diarrhoea dummy -0.0001 0.0004 -0.0000 0.0002
(0.0009) (0.0010) (0.0009) (0.0026)
L.Diarrhoea dummy -0.0012 -0.0000 -0.0013 -0.0017
(0.0012) (0.0013) (0.0012) (0.0038)
Nutrition and lagged log height interaction -0.0482**  -0.0468
(0.0211) (0.9464)
WASH and lagged log height interaction 0.0076 2.8475
(0.0252) (2.7223)
Constant 1.8999***  1.8496**  1.8203*** 9.3877
(0.0568) (0.0705) (0.0942) (6.9837)
Community Controls Yes Yes Yes Yes
Household Controls Yes Yes Yes Yes
Observations 5370 5323 5370 5323
Adjusted R? 0.743 0.704 0.743

Standard errors in parentheses
*p<0.10, ™ p < 0.05, ™ p < 0.01

Community controls include municipality dummies, interview month dummies, census population and an
urban/rural dummy. Household controls include wealth quintile, age of household head and their education,
mother age and education as well controls for the distribution of ages within the household
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B.2 Instrument Relevance Tests

B.2.1 6 - 24 months

Pooled Sample

Boys

Table 22: F-tests for calorie intake regression, pooled sample

Rsq AdjRsq Part Rsq RobustF

prevlogweight _logprevpro 0.50
prevlogweight IWASH_ 6_24HH  0.52
logprevpro IWASH 6_24HH 0.30
IWASH_6_24HH 0.52
logprevcal 0.45

0.49
0.52
0.30
0.52
0.45

0.01
0.03
0.02
0.03
0.01

24.29
37.11
15.31
33.52
37.61

Table 23: F-tests for protein intake regression, pooled sample

Rsq AdjRsq Part Rsq RobustF

prevlogweight_logprevpro 0.50
prevlogweight IWASH 6_24HH  0.52
logprevpro IWASH 6_24HH 0.30
IWASH_6_24HH 0.52
logprevpro 0.43

0.49
0.52
0.30
0.52
0.42

0.01
0.03
0.02
0.03
0.01

25.40
42.59
17.07
37.15
29.05

Table 24: F-tests for calorie intake regression, males

Rsq AdjRsq Part Rsq RobustF

prevlogweight _logprevpro 0.50
prevlogweight IWASH 6_24HH  0.53
logprevpro IWASH 6_24HH 0.32
IWASH _6_24HH 0.53
logprevcal 0.46

0.50
0.52
0.32
0.53
0.46

0.01
0.04
0.02
0.03
0.01

46.35
12.89
12.35
10.53
28.05

Table 25: F-tests for protein intake regression, males

Rsq AdjRsq Part Rsq RobustF

prevlogweight _logprevpro 0.50
prevlogweight IWASH_ 6_24HH  0.53
logprevpro IWASH 6_24HH 0.32
IWASH 6 _24HH 0.53
logprevpro 0.43

0.50
0.52
0.32
0.53
0.43

0.01
0.04
0.02
0.03
0.01

52.20
13.75
12.36
10.48
64.76
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Girls

Table 26: F-tests for calorie intake regression, females

Rsq AdjRsq Part Rsq RobustF

prevlogweight_logprevpro 0.49
prevlogweight IWASH 6_24HH  0.52
logprevpro IWASH 6_24HH 0.30
IWASH 6_24HH 0.52
logprevcal 0.44

0.48
0.52
0.29
0.52
0.44

0.01
0.02
0.02
0.02
0.01

18.59

9.38
11.74
11.25
32.24

Table 27: F-tests for protein intake regression, females

Rsq AdjRsq Part Rsq RobustF

prevlogweight _logprevpro 0.49 0.48 0.01 20.30
prevlogweight IWASH 6_24HH  0.52 0.52 0.02 8.38
logprevpro IWASH 6_24HH 0.30 0.29 0.02 12.79
IWASH _6_24HH 0.52 0.52 0.02 10.31
logprevpro 0.42 0.42 0.01 18.65
B.2.2 0 - 6 months
Table 28: Breast Feeding Dummy
Rsq AdjRsq Part Rsq RobustF
Previous height - Nutriton Interaction 0.12 0.11 0.02 9.24
Previous height - Sanitation Interaction 0.50 0.49 0.05 10.47
Nutrition - Sanitation Interaction 0.18 0.17 0.03 18.46
Sanitation 0.49 0.49 0.05 10.50
Breast Feeding Dummy 0.12 0.11 0.02 9.11

Table 29: Proportion of time predominantly breastfed

Rsq AdjRsq Part Rsq RobustF
Previous height - Nutriton Interaction 0.33 0.32 0.01 6.48
Previous height - Sanitation Interaction 0.49 0.49 0.05 12.18
Nutrition - Sanitation Interaction 0.28 0.27 0.02 9.63
Sanitation 0.49 0.48 0.05 12.24
Proportion of time predominantly breastfed 0.33 0.33 0.01 6.57
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B.3 Attrition

We document the extent of attrition over the sample period. The table shows the causes of

sample loss over the panel rounds, by urban and rural barangays.

The table below displays the characteristics of those who attrited and those who stayed in

the sample. Across almost all of the baseline characteristics described, attributed and non-

attrited children are not statistically significantly different. There are however some notable

exclusions to this rule, the most obvious being home ownership. That attrited mothers are

significantly less likely to own the home they lived in during the baseline survey is hardly a

surprise; home ownership is likely to make mothers less mobile and therefore more likely to

stay in the survey. That attrited mothers are also significantly younger is again possibly a

function of younger mothers being more able or willing to move out of the survey area.

Table 30: Attrited vs Non-Attrited Samples

Mean

Variable Not Attrited Attrited p value

Household and Barangay Characteristics

Percentage of Households in Urban Barangay 0.754 0.813 0.809
(.113) (.214)

Distance to nearest public hospital, km 5.92 5.392 0.849
(1.29) (2.44)

Age of household head 35.519 34.738 0.427
(.456) (.863)

Percentage of household heads in employment 0.947 0.933 0.509
(.009) (.018)

Heads years of education 7.268 7.71 0.662
(.469) (.889)

Proportion of households with safe toilets 0.65 0.752 0.517
(.073) (.139)

Proportion of households with pumped/piped water 0.48 0.462 0.911
(.074) (.14)

Home made of concrete, (1=Yes) 0.18 0.18  0.996
(.025) (.047)

Household head is female 0.063 0.07 0.662
(.008) (.016)

Number of household members 5.64 5.321 0.136
(.099) (.187)

Home ownership 0.691 0.486 0.074
(.053) (.1)
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Continued from previous page

Variable Not Attrited Attrited p value

Households own a refrigerator, (1=Yes) 0.067 0.07 0.892
(.011) (.022)

Household owns benches/chairs, (1=Yes) 0.704 0.652 0.202
(.023) (.033)

Household has electric lighting (1=Yes) 0.484 0.528 0.7
(.065) (.094)

Mothers Characteristics

Years of education 7.484 7.868 0.65
(.394) (.745)

Head/Spouse of head 0.777 0.764 0.72
(.017) (.032)

Age 26.827 26.503 0.509
(.201) (.445)

Number of children under 5 1.233 1.074 0.08
(.042) (.079)

Pregnancy at least part covered by insurance, (1=Yes) 0.101 0.102 0.99
(.012) (.024)

Percentage of mothers working during pregnancy 0.376 0.325 0.337
(.025) (.046)

Child Birth Characteristics

Child Gender, (1=Female) 0.473 0.449 0.54
(.016) (.036)

Child Birth Weight, g 3045.19  2957.08 0.237

(29.221)  (-67.713)

Child Birth Height, cm 49.252 49.218 0.881

(.093) (.205)

B.4 Wealth Index

Like most other surveys in developing countries the CHLNS provides very detailed information

on household assets, and it is necessary to reduce the dimensionality of the wealth information

provided to create a wealth index which captures the underlying socio-economic status of

the household. To do this we use a polychoric principle component analysis, following the

approach laid out in Kolenikov and Angeles [2009]. This allowed us to construct a wealth

index combining continuous, categorical and discrete variables to estimate the underlying

wealth factor for each household without violating any assumptions of normality or the loss
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of information associated with a standard PCA approach.

Figure 2: Wealth Distribution

1.5

-1 0 1 2
Standardized wealth index

o
IS

Discrete variables on furniture ownership (cupboards, benches, tables etc), electrical appli-
ances (electric fans, refrigerators, televisions, radios) and home ownership are used with cat-
egorical variables such as light source and cooking fuel type to construct the wealth index
score, the standardized distribution of which is shown below. The first principle component
in this analysis explains around 73% of the variation in these variables. The scree plot for
this analysis is shown below. This standardized wealth score is then broken into 5 evenly

populated quintiles for use in later stages of the analysis.

B.5 Determinants of Breastfeeding
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Table 31: Linear Probability model for if the child is breastfed

(1) (2) (3) (4)
Mother is ill at time of survey -0.0082 -0.011 -0.0092 -0.010
(0.0062) (0.0062) (0.0061) (0.0063)
Mother is employed 0.015 0.0037 0.0018 -0.0015
(0.011) (0.010) (0.0099) (0.010)
Mother is pregnant again -0.26*** -0.26™** -0.26™** -0.26%**
(0.0091) (0.0095) (0.0096) (0.0095)
Gender, 1=Female 0.020 0.024* 0.023 0.023
(0.011) (0.011) (0.012) (0.012)
Child Age, months -0.18*** -0.19*** -0.19*** -0.19***
(0.041) (0.042) (0.042) (0.041)
Child Age squared 0.0039** 0.0042** 0.0041** 0.0041**
(0.0012) (0.0012) (0.0012) (0.0012)
Diarrhea dummy -0.031** -0.031** -0.029** -0.029**
(0.0089) (0.0091) (0.0090) (0.0093)
Child born prematurely 0.0017  -0.00045 0.0026 0.00085
(0.016) (0.016) (0.016) (0.016)
Mothers first child -0.087*** -0.080* -0.085** -0.093**
(0.016) (0.030) (0.031) (0.030)
Hours mother worked in the last week -0.0021***  -0.0019***  -0.0018***  -0.0017***
(0.00024)  (0.00023)  (0.00024)  (0.00024)
1980 census population of barangay -0.0050
(0.013)
Urban/Rural Barangay (Urban=1) -0.037
(0.035)
Average wealth score in barangay -0.22*
(0.096)
Distance to store which sells formula milk, km -0.00065
(0.00041)
Munincipality Fixed Effect No No Yes No
Household Controls No Yes Yes Yes
Individual Controls Yes Yes Yes Yes
Barangay fixed effects No No No Yes
Observations 21168 21128 21128 21128
R? 0.4463 0.4585 0.4610 0.4636
Adjusted R? 0.445 0.457 0.459 0.462

Standard errors in parentheses
*p<0.05 " p<0.01, " p <0.001

Household controls include wealth quintile, age of household head and their education, mother age and educa-
tion, controls for the distribution of ages within the household as well as the number of existing children the
mother has. Individual controls include birth-weight, child height, mothers age and education.
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