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Abstract: Inadequate child dietary quality is a problem of public health significance in rural Nepal. This
study explores whether and how dietary patterns within households changed over a four-year time
period with the introduction of a randomized community development intervention in rural Nepal.
Individual-level dietary data within households is rarely observed over extended periods of time, which
limits our understanding of within-household food distribution dynamics, especially in the context of
impact evaluations. Six rural communities of Nepal with predominantly agricultural livelihoods were
selected to participate in the phased implementation of a long-term community-level development
intervention. Households (N=414 at baseline) and children (N=951 at baseline) in each community were
surveyed at baseline; and the 116-item follow-up surveys were implemented at 6 months, 12 months,
18 months, 24 months, and 48 months. Detailed data on food consumption were collected at the
household-level and for individual children older than 6 months of age using a 24 hour recall for 17
foods and food groups; parents responded for children. Child-level dietary diversity and consumption of
animal sourced foods were the outcomes of interest. Fixed-effects analysis of the resulting panel data
indicates that there are disparities in the responsiveness of child dietary quality with respect to
household dietary quality, as measured by elasticities. Results indicate that there are no differences in
the responsiveness of child dietary quality to household dietary quality between girl and boy children,
but there are measurable disparities in dietary quality responsiveness across age groups of children and
across regions of Nepal. As the length of time of exposure to the community development intervention
increased, so did the responsiveness of child dietary quality to household dietary quality, as measured
by elasticities. This pattern holds during both times of household stress and times of household
prosperity, as indicated by the household-level dietary diversity differenced from the mean across all six
time periods. The long-term, community-level development of rural women’s groups may have
increased women'’s status in the study sites and resulted in the improved diets for children, but
measurement of women’s status over time is necessary to test that hypothesis. These results stress the
importance of measuring and addressing intrahousehold dynamics — in particular across age cohorts —
during community development projects, and caution against assuming the presence of sex bias in the

distribution of foods within households.
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1. INTRODUCTION AND MOTIVATION

All development programs and projects around the world aim to improve well-being in some way, such
as through increased health, wealth, or knowledge. These programs must operate not only in the
context of diverse cultures, societies, and environments, but often also within complex intrahousehold
resource allocation processes. The issue of intrahousehold dynamics is particularly relevant for those
concerned with improving dietary quality and nutritional status. Food is typically a shared household
resource, and different individuals within households have diverse calorie and micronutrient needs,
depending primarily on life-stage, disease status, and calorie expenditure. The dynamics of household
decision-making are a key factor determining the success of failure of community development
interventions (Rogers 1990). Household resources may be inequitably distributed across different
household members, but unequal distributions are not necessarily inequitable distributions, given wide
ranging caloric and micronutrient needs. Individual-level dietary data within households is rarely
observed over extended periods of time, which limits our understanding of within-household food
distribution dynamics, especially in the context of impact evaluations. In general, impact evaluations

could benefit from an increased focus on mechanisms of action.

With these issues in mind, this study explores whether and how dietary patterns within households
changed over a four-year time period with the introduction of a randomized community-level
development intervention in rural Nepal. Community development interventions — especially those
focused on agriculture — have great potential to improve child dietary quality in rural households (Ruel
and Alderman 2013). Although nutrition is improving in Nepal, inadequate child dietary quality is a
problem of public health significance. Findings from the 2011 Demographic and Health Survey (DHS) in
Nepal indicate that, for children aged 6 to 24 months in the 24-hours preceding the survey, only 28% of
children were given foods from at least 4 different food groups, 46% of children consumed a food rich in
vitamin A, and 24% of children consumed a food rich in iron (MOHP & ICF International 2012).
Approximately 85 percent of the population in Nepal lives in rural areas (MOHP & ICF International
2012). After the 2015 earthquake in Nepal, 1.4 million people were labeled as food insecure, and the
World Food Program (WFP) saw evidence of an extreme lack of food in 80 percent of households (WFP
2015). Approximately 35 percent of households were also practicing coping mechanisms such as limited
meal portions and reduced number of meals (WFP 2015). Especially in this post-emergency context, it’s
important to evaluate the effectiveness of local Non-Governmental Organizations (NGOs) with local

experience and knowledge, at improving conditions.



The intervention examined here consists of a long-term program of participatory community-level
development activities led by Heifer International (henceforth Heifer) field staff, specifically tailored for
the situation in rural Nepal (Heifer International Nepal 2014). Heifer is a globally active NGO with over
300 projects in thirty-two countries. Heifer activities focus on the distribution of livestock and training to
rural women’s groups. The organization uses the introduction of livestock and related animal husbandry
training as tools for poverty alleviation, citizen empowerment, and economic development. Given
diverse local contexts and cultures, the impacts of community development interventions on improving
child diets are difficult generalize across different populations. Women’s status is a potential key
mechanism through which community development interventions can improve child diets (Carletto et
al. 2015). The Heifer intervention focuses on establishing local women'’s Self-Help Groups within
communities, which met regularly to engage women in addressing agricultural, animal husbandry, and
socioeconomic issues. We expect that this long-term training may have made the distribution of quality
diets within the household more equitable, perhaps especially for animal sourced foods, as livestock
were a particular focus of the intervention. This intervention has been demonstrated to improve both
child health and dietary quality, but these results may vary across different regions and versions of the
intervention (Miller et al. 2014; Darrouzet-Nardi et al. 2016; Rawlins et al. 2014). Impacts of the Heifer

program on intrahousehold food allocation patterns have not been yet established.

2. BACKGROUND

2.1 Intrahousehold food allocation

Many studies examining intrahousehold food distribution dynamics have been concerned with the
presence of sex bias. For example, a study in Bangladesh found that female children were nutritionally
discriminated against, as evidenced by 16 percent higher calorie consumption among boy children
compared with girl children under age 5 (Chen 1981). However, other studies have also found evidence
that contradicts gender bias against girls. There may have been sex bias against girl children in
Bangladesh, but it appears to be decreasing over time (Trapp et al. 2004). This sex bias may have been
related to a lack of maternal empowerment (Trapp et al. 2004). In Nepal, there was evidence for sex bias
against adult women, but not against girl children (Gittelsohn 1991). In Peru, there is some evidence for
calorie bias against toddler aged children, but no differences across the sexes in the same population
(Graham 1997). Some studies examine inequitable distributions in food quantities, which may miss the

important aspect of dietary qualities (Messer 1997). For example, even though women in Nepal were



consuming sufficient calories, they were still deficient in some key micronutrients, a pattern which may
have resulted from cultural norms in which women of reproductive age may avoid fruits and vegetables
(Messer 1997). Expectations that calorie expenditure of girl children is lower because their activity level

is expected to be lower may also affect the distribution of foods within the household (Messer 1997).

2.2 Dietary diversity

To measure these dietary patterns within households, we must utilize a well-established indicator of
dietary quality. Dietary quality is often measured by dietary diversity, which is a count of the number of
food groups from which an individual had consumed. Dietary diversity is a direct determinant of
nutritional status, especially for key micronutrients such as vitamin A and iron, which are found
predominantly in animal sourced foods (Arimond et al. 2010; Arimond and Ruel 2004). Dietary diversity
was found to be associated with child nutritional status, independent of associations with income and
socioeconomic status in a wide range of settings (Arimond and Ruel 2004). One of the most well-
established empirical findings in food consumption data over time and across countries is that the
elasticity of dietary diversity with respect to favorable transfers is positive (Behrman and Deolalikar

1989). Thus, the diversity of people’s diets tends to increase as income increases.

2.3 The role of women'’s status

The nature in which these favorable transfers are made may matter for the dietary outcomes. For
example, previous evidence demonstrates that if adult women control the household resource in
guestion, consumption patterns which favor children follow (Rogers 1996: Jin and lannotti 2014). In
South Asia in general, decisions about child caretaking and health-related matters usually fall to the
woman (Kabeer 1999). Maternal age and education — potential proxies of empowerment — are
significant determinants of child nutritional status Senegal, Bangladesh, and elsewhere (Linnemayr et al.
2008; Trapp et al. 2004; Hill and Upchurch 1995). Thus, the improvement of women’s social standing
could lead to improved child dietary outcomes, potentially through an improved distribution of food
within the household. In light of this evidence, there are now many development projects which have an
explicit focus on increasing women’s empowerment. For example, microfinance interventions were
effective in increasing women’s empowerment, but not more effective than other types of interventions
(Kabeer 2005). In Nepal specifically, women’s land and livestock ownership was associated with their

empowerment, and this empowerment was associated with their children’s health (Allendorf 2007).

2.4 Community development for improved child diets
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There are four broad potential pathways through which nutrition-sensitive agricultural activities such as
Heifer programming can improve child diets and nutritional outcomes, as synthesized by Carletto et al.
(2015): food prices, income from agriculture, consumption of own production, and gender-related
issues. The latter mechanism relates directly to the design of the Heifer intervention, which focused on
developing and facilitating women’s Self-Help Groups. Increasing women’s empowerment with a nearby
community-level development intervention could result in an outward shift of the demand curve for
children’s food. Thus, we examine how the distribution of foods within the household changed in the
context of a long-term community development intervention. It's important to ascertain the nature of
these different responses to the Heifer intervention, as it could relate to outside factors, household

factors, or individual factors, including the intrahousehold food distribution dynamics.

A long history of work in the applied economics, anthropology, sociology, nutrition, and public health
literature have examined the intrahousehold distributions of various resources, particularly across the
sexes (Belachew et al. 2011). In the context of East Africa, Villa et al. (2011) found mixed evidence of
inequitable dietary quality within households, and cautioned that the presence or absence of dietary
quality disparities shouldn’t be assumed a priori. Villa et al. (2011) also establish that dietary quality
responses to changes in income and prices are not symmetric across different levels of incomes and
prices. The mediating effects of women’s empowerment or time allocation on diets within the
household is complex, as demonstrated recently in Ghana by Malapit et al. (2015a) and in Nepal by
Malapit et al. (2015b), who found that some indicators of infant and young child feeding and maternal

nutrition were associated with indicators of women’s empowerment, though others were not.

2.5 Details of the intervention

The intervention consisted of a 12-month long program of participatory community-level development
activities led by Heifer field staff (Heifer International Nepal 2014). The Heifer training curriculum
focuses on poverty alleviation, citizen empowerment, and community development, with a strong
emphasis on optimization of livestock management. These training activities are based in women’s Self-
Help Groups which meet biweekly with a trained facilitator. These meetings are supplemented by
specific interactive instruction, workshops, guidance, and training. Over the course of approximately 12
months, the Heifer program is designed to promote community cohesion and self-reliance. The training

is based on the “12 Cornerstones” for holistic community development. Each “Cornerstone” has specific



training modules devised to encourage community accountability and participation via sharing
resources, using sustainable agricultural practices, improving animal management, increasing household
income, encouraging gender awareness, and planning for the future (Heifer International Nepal 2014).
At the conclusion of the first year of involvement in these activities, two meat-type goats were donated
to participating households, with the proviso that these first recipients “Pass on the Gift” to their
neighbors, as a way to strengthen community bonds over time. This process and other details about the
intervention can be found in Rawlins et al. (2014), Miller et al. (2014), and Darrouzet-Nardi et al. (2016).

The Heifer training curriculum does not specifically address child diets, nutrition, or health.

2.6 Hypotheses

This central hypothesis of this study is that the intrahousehold allocation of foods in rural Nepal may
differ across different demographic and geographic cohorts. We also expect that intrahousehold
distributions of dietary quality became more equitable over a four-year time period with the
introduction of a community-level development intervention which focused on women’s empowerment
through Self-Help Groups. For women who had been exposed to the intervention for longer periods of
time, we expect that they would be better able — whether through increased knowledge, increased
household resources, or increased power over household resources —to improve the distribution of
foods within the household, when compared with women who had not been exposed to the

intervention for as long a period of time.

3. METHODS
3.1 Study Design and Participants

This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all
procedures involving human subjects/patients were approved by the Nepal Health Research Council
(NHRC Reference #845, Renewal #1496), the human investigation review board in Nepal endorsed by
the Office of Protection Office for Human Research Protections, U.S. Department of Health and Human
Services, as well as the Tufts University Institutional Review Board. Parents gave permission for the
inclusion of their children in the study. The study was located in three study sites of Nepal, in the
districts of Chitwan, Nawalparasi, and Nuwakot. Chitwan and Nawalparasi are both located in the Terai

region of Nepal; Nuwakot is located in the Hills. These areas are largely populated by low-income



subsistence farmers. Heifer field activities are provided to specific areas at the request of local NGOs
within rural communities. Three pairs of comparable interested communities in each of the three
districts were identified, based on geographic location, altitude, size, local natural resources,
employment opportunities, availability of health care, type of agriculture practiced, and other

demographic features such as predominant castes, income and educational levels.

After the study sites were selected, a matched pair of communities was selected within each of the
three study sites, and randomly assigned to receive Heifer development activities in a staggered
intervention design, either first (Group 1) or second (Group 2), one year later. Thus, Group 1
participated in Heifer activities beginning immediately after the baseline survey; these activities
continued through the entire 24 months, while Group 2 participated in Heifer activities beginning after
12 months; these activities continued from 12 to 24 months. In each community, Heifer International
attempted to include all households for participation in the intervention, and participation rates
exceeded 90% of households in each study site. All participating households were included in the sample
for the baseline survey (N=431 households). All members of each participating household were enrolled
in the study. Households and children in each community were surveyed at baseline, and follow-up
surveys were implemented at 6 months, 12 months, 18 months, 24 months, and 48 months, for a total

of six time points for survey enumeration.

3.2 Measuring child dietary quality

Diets and health of children age 6 months to 8 years who resided in participating households were
assessed in detail as part of the study. Children < 6 months of age were excluded as they were likely to
be completely breastfed (MOHP & ICF International 2012). The dietary intake questionnaire was an
individual 24 hour recall for each child between 6 months and 8 years of age in the household.
Household dietary quality was also measured. Other large-scale studies in South Asia have used 24 hour
recall data to estimate dietary diversity data (Arimond et al. 2010). Recent evidence comparing
biomarkers with different dietary recall instruments indicates that 24 hour recalls and other simple
indicators perform relatively well (Prentice et al. 2011: Arimond et al. 2010). Consumption of additional
foods such as animal sourced foods (ASF) which are typically rare in the diet in this setting can signal
that the household can occasionally afford them. While frequent consumption of animal source foods
and other healthy foods is important, occasional consumption in this setting is nutritionally meaningful,
especially due to the low dietary quality at baseline. Further details of the original study design and data

collection process can be found in Miller et al. (2014) and Darrouzet-Nardi et al. (2016).
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There are two outcomes of interest for this study. The first outcome of interest is child dietary quality,
as indicated by dietary diversity and animal sourced foods consumption for children under age 13. A
dietary diversity score (DDS) was calculated from seventeen foods in the original questionnaire,
aggregated into seven groups (WHO 2010). These seven food groups were: starchy staples (grains and
white potatoes); vitamin-A rich fruits and vegetables; other fruits and vegetables; organ meat, meat,
and fish; eggs; legumes, nuts, and seeds; milk and dairy products (WHO 2010). The second outcome of
interest was an indicator of animal source foods consumption (ASF). This variable was constructed to be
equal to the sum of each of the binary indicators for organ meat, meat, fish, eggs, milk, and dairy

products alone.

3.3 Analysis

The exploratory model in Equation 1 below estimates the associations between child dietary quality and
various determinants of child health. Ln(Diet; ) represents two main child-level dietary quality

outcomes of interest: the natural logarithms dietary diversity from all foods and from animal sourced

foods. For our current empirical purposes, the models presented are in reduced-form demand function

for child dietary quality; «; is a constant intercept term; ,Bj represents the coefficients to be estimated

i
on household-level characteristics including land holdings (m?), livestock herd size (FAO animal score),
mother’s education levels at baseline (categorical), and annual income (Hpr); ,Bk represents the
coefficients to be estimated on child-level characteristics (Ci), including age (continuous, in months) and
sex (binary); f, represents the coefficient to be estimated on the binary variable indicating region

(Terair); B, represents the coefficient on the categorical variable indicating the years that a child has

been exposed to the intervention (Treatmenty); and i, is an independently and identically distributed

error term. The estimation of this model, Equation 1 below, is presented in Columns 1 and 3 of Table 3

for child DDS and ASF outcomes, respectively.

3 K
Ln(Diet’ ) = o, + Zﬂ’ H,. + ZﬂkCn + B Terai, + f Treatment, + s’ . (1)
k=1

=L

Equation 2 below incorporates a difference-in-differences estimate of the effects of the intervention

across the four-year study period , as well as child-level fixed-effects, denoted as ¢/ . Individual-level



fixed-effects are important to include in order to address any time-invariant, individual-level factors
which influence the elasticity of child dietary quality (Behrman and Deolalikar 1990). The Period: variable
is a binary indicator of Period 1 (P=0 = “before”) and Period 2 (P=1="after”) of the intervention. The
coefficient to be estimated ﬂp represents the average treatment effect on the treated (ATET) of the
intervention. All other notation is as previously described for Equation 1. The estimation of Equation 2 is

presented below in Columns 2 and 4 of Table 3 for Child DDS and ASF outcomes, respectively.

b K

Ln(Diet},) =af + > B'Hy, +D_B“Cy + B Terai, + S, Treatment, + 3, Period,
j=1 k=1

..+ B, (Treat, *Period, )+ 15,

Equations 1 and 2 are primarily for exploratory purposes. We are interested in estimating a reduced-
form of demand for child dietary diversity with respect to household dietary diversity. We are also
interested in whether the responsiveness of child dietary quality was different across key demographic
and geographic groupings, or with respect to the length of time that each child was exposed to the
intervention. To examine this, we estimate elasticities of child dietary quality with respect to household

dietary quality using the model below. In the partial log-log form Equation 3 below, In(HHDiet), ,

represents the natural logarithms of the household-level dietary diversity score or animal source foods
score for each time period, t=1 through 6. This term is interacted with various sub-groupings of the
study population, represented by Wi, including by sex (boy children and girl children), age group (6-24

months, 25-48 months, 49-72 months, >72 months), length of time exposed to the intervention (0, 1, 2,

or 3 years), and region (Terai or Hills). S, is the coefficient to be estimated on the variable indicating
child age in months, Agei, [, is the coefficient to be estimated on the time trend t, included to capture

any time-variant factors which are not included in the child-level fixed effects (). To test our
hypotheses regarding the intrahousehold allocation of foods over time, we will use Wald Tests to ask
whether the ,Bj coefficients differ across key groupings of the study population (Wald 1945). Similar to

Villa et al. (2011), these models are estimated across Win: cohort groupings as a whole (Columns 1 & 4
of Tables 4 through 7 below), and then again separately for both favorable (prosperity) and unfavorable
(stress) draws on household-level dietary quality (Villa et al. 2011). We did not aim to test for
asymmetry itself in child dietary diversity response as in Villa et al. (2011). Instead, we were interested

in whether there were disparities across cohorts during times of prosperity compared with times of
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stress. This estimation strategy was motivated by the strong seasonal patterns seen in these dietary
data in previous work (Darrouzet-Nardi et al. 2016), as well as the asymmetry in dietary responses
demonstrated in East Africa by Villa et al. (2011). Thus, we expect that household-level dietary quality
varies across seasons, and that the responsiveness of child dietary quality to household dietary quality
may differ depending on whether the household is experiencing times of prosperity (“harvest” season)
or times of stress (“hungry” season). We stratify the elasticity estimates and test for differences in

coefficients across different demographic and geographic cohorts.

J .

Ln(Dietf,,) =’ + Y. B [In(HHDiet) . *Wi, |+ B Agey + Bt + i (3)
j=1

Following Villa et al. (2011), we can test for disparities in the responsiveness of child dietary diversity

across various cohorts with the following hypothesis test:

H,:B) =p)...=p} V1e(@..J), where Jis the number of Wi cohorts. (4)

H, :Atleastone ] # f3) forsomeJ e (1,...d).

The hypothesis test outlined above in Equation (4) will be stratified into two categories, for “harvest”
and “hungry” seasons (Tables 4 through 7). These seasons are defined on a household-level basis:
whether the household-level dietary diversity was above or below the mean across the four-year time
period. This strategy mirrors what Villa et al. (2011) constructed for indicating favorable and unfavorable
income draws over time to assess whether dietary responses were asymmetric across favorable and

unfavorable draws.

ht

{1 if HouseholdDDS,, > HouseholdDDS, ="Harvest"
0 if HouseholdDDS,, < HouseholdDDS, ="Hungry"

4. RESULTS

The panel data resulting from the four years of data collection were analyzed using Stata/MP version
14.0 (StataCorp 2015). First, household-level descriptive statistics of the sample at baseline are
presented below in Table 1. The average herd size was 2.91 at baseline. On average, households were
achieving minimum dietary diversity, which is defined as having consumed foods from at least four

different food groups. There is a wide range in land holdings and in annual income for the study
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population. Many households — 29% for Nepal as a whole (World Bank 2012) — were receiving foreign

remittances as a substantial part of their incomes.

Table 1: Household descriptive statistics at baseline

Variable Mean  Standard Deviation Minimum Maximum
N=414 total households

Income (Nepali rupees per year) 68,627 47,868 3 8
Animal Score (GLU) 2.91 1.76 0 7.75
Land (m?) 3,821 4,512 128 33,900
Household DDS (count) 4.45 0.957 3 8
Household ASF (count) 0.625 0.649 0 3

Notes: Animal scores are measured in Global Livestock Units (FAO 2013).

Figure 1 below outlines household-level livestock holdings over time. Data on individual livestock types
were not enumerated during the 48-month visit, only aggregated animal scores are provided, hence the

steep drop-off in livestock holdings at the 48-month point.

Figure 1: Livestock holdings over time

Figure 1 provides an outline of livestock ownership data, aggregated into animal scores (FAO 2013).
Households in the Hills region had more substantial herds throughout the 4-year study period, but were
relatively steady. Households across all four cohorts represented here experienced relatively steady
herd sizes over the four year time period. The solid lines indicate those communities which had received
the intervention starting after baseline measurements (“Group 1), and the dotted lines indicate
communities which had received the intervention starting at t==3, the 12-month point (Group 2). Blue
lines indicate communities located in the Hills, and black lines indicate communities located in the Terai.
Notably, communities in the Terai had lower animal scores at baseline and then throughout the study
period. One might expect a livestock-transfer program such as Heifer to have caused noticeable
increases in the number of livestock per household in each community, yet this is not what we see.
Instead, these patterns suggest that livestock herd sizes remained relatively steady throughout the study

period.
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Figure 1: Livestock holdings over time

Livestock holdings over time, by region and group

o™ - /\\
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1 2 _3 _ 4 5
survey point, baseline to 48-months
— Hills, Group 1 —— Terai, Group 1
— — Hills, Group 2 — — Terai, Group 2

Notes: Group 1 received the intervention starting after baseline (t=1), and group 2 received the intervention

starting at the 12-month point (t=3).

Table 2 below outlines child dietary data at baseline. T-tests for differences across sex and age groups

suggest that there are no obvious disparities in DDS or ASF at baseline. Further detail on household and

child dietary characteristics at baseline can be found in Darrouzet-Nardi et al. (2016).

Table 2: Child characteristics at baseline, by age and sex

Child Characteristics N DDS ASF
Children  Count of foods Count of foods
Units of measurement (range 0-7) (range 0-3)

Girl children, < 60

months
Mean 182 4.25 0.69
SD 1.11 0.67

Girl children >= 60
months

Breastfeedin
g

% of total

50%
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Mean 265 4.59 0.66 1.5%
SD 0.96 0.65 -
t-test p-value 0.305 0.39 -

Boy children, <60

months
Mean 188 4.41 0.72 59%
SD 1.11 0.71 -

Boy children, >=60

months 4.28 0.65

Mean 316 0.93 0.69 0%
SD -
t-test p-value 0.31 0.39 -

All children

Mean 951 4.37 0.69 21.5%
SD 1.05 0.68 -
t-test p-value 0.69 0.79 -

Notes: T-tests were performed to test the differences in means within sexes between age groups, and then for the
sample as a whole at baseline between sexes. Two-sample t-test with equal variances; * p<.10, ** p<.05, ***
p<.01.

Figure 2 below displays the nonparametric relationship between household and child dietary quality.
The x-axis is the log of the difference between household dietary diversity in period t and the average
across all periods t=1 through t=6. The y-axis is the natural logarithm of child dietary diversity. The
estimates for the chart are stratified by age group and length of exposure to the intervention. The solid
lines indicate children who lived in communities where the intervention had been ongoing for two or
three years. The dotted lines indicate children who lived in communities where the intervention had
been ongoing for either zero years or one year. Children who lived in communities which had been
exposed to the intervention longer experienced greater responsiveness to household diets during
“harvest” seasons, i.e., during times of prosperity for the household. Conversely, children who hadn’t
been exposed to the intervention for as long did not share the gains during “harvest” seasons as much.
Child diets for children in the youngest age group start off as relatively similar in their relationship to
household diets, and then start to separate during the later survey rounds. Lastly, children in the oldest
age group have diets that are the least responsive to household dietary changes; especially for the
children who had been exposed to the intervention for less time. This chart provides a helpful

visualization of the relationships between child and household dietary quality, but we also need to
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estimate the actual elasticities. These relationships are explored further with parametric estimates in

Tables 4 through 7 below.

Figure 2: Child dietary quality with respect to household dietary quality

Changes in child dietary quality with respect to changes in household dietary quality, by age

N —
0
-
— —
TR
T T T T
-2 -1 0 1
natural logarithm of household-level dietary diversity differenced from mean over 4 years
—— age 6-24 mos. — age 6-24 mos.
—— age 25-48 mos. — age 25-48 mos.
—— age 49-72 mos. — age 49-72 mos.
—— >72 mos. — >72 mos.

Solid lines: Had been exposed to the intervention for 2 or 3 years. Dotted lines: Had been exposed to the
intervention for 0 or 1 year. The x-axis is the natural logarithm of child dietary diversity score.

Table 3 below displays the exploratory regression results. The two outcomes of interest are the natural
logarithms of DDS and ASF consumption for children, defined as described above. Columns 1 and 4 are
exploratory regressions in which the intervention enters as the number of years which the child has
been exposed to the intervention. Columns 2 and 5 estimate the effects of the intervention using a
difference-in-differences estimator. The estimated coefficient on the “Intervention*Phase” variable is
the average treatment effect on the treated (ATET). Columns 3 and 6 incorporate individual fixed-effects
into the estimates. The income and livestock herd size elasticity of dietary diversity — log(DDS) — and the
elasticity of dietary diversity from animal sourced foods — log(ASF) — is not significantly different from
zero across any of the three specifications. Child DDS and ASF is significantly associated with household

DDS and ASF consumption, but not perfectly correlated. The elasticity of child ASF consumption with
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respect to household ASF consumption is smaller in magnitude at 0.77 in the fixed-effects model
(Column 4) than the elasticity of child dietary diversity with respect to household dietary diversity at
0.86 (Column 2). Region does not have statistically significant associations with the indicators of child
dietary quality. Women’s education levels have a negative estimated association with child ASF
consumption. Family land holdings and child sex are not significantly related to child dietary quality.
Child age is significantly related to child dietary quality, but not after controlling for individual fixed-
effects across survey rounds (Columns 3 and 6). The intervention alone is not significantly related to
child dietary quality, nor is the difference-in-differences estimate of the coefficient on

Intervention*Phase. There appears to be some effect modification between child age and sex.

Table 3: Exploratory Regressions

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

Outcome Units/type  Log(DDS) Log(DDS) Log(ASF) Log(ASF)
Model Exploratory With D-in-D  Exploratory With D-in-D
&FE &FE
Time trend Trend -0.015%** -0.002
(0.004) (0.776)
Log(income) Continuous 0.003 -0.007 0.007 -0.019
(0.887) (0.763) (0.558) (0.304)
Log(animals) Continuous 0.004 -0.011 0.002 0.005
(0.473) (0.284) (0.785) (0.698)
Log(HH DDS) Continuous  0.872%*** 0.860***
(0.000) (0.000)
Log(HH ASF) Continuous 0.764*** 0.777***
(0.000) (0.000)
Terai region Binary 0.020 -0.001
(0.178) (0.930)
Women'’s Edu Categorical 0.004 -0.011*
(0.382) (0.073)
Land (m?) Continuous -0.000 -0.000
(0.402) (0.256)
Boy children Binary -0.009 0.004
(0.487) (0.737)
Child age Months 0.001*** -0.000 -0.000 0.002
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(0.002) (0.757) (0.553) (0.135)

Intervention Years -0.011 -0.011 0.017 -0.020
(0.445) (0.710) (0.274) (0.688)

Intervention*Phase Interaction 0.008 -0.006
(0.775) (0.905)
Sex*Age Interaction -0.002* -0.002**
(0.054) (0.032)

Constant Constant 0.120 0.316 -0.001 0.243
(0.591) (0.222) (0.993) (0.235)

N 2247 2425 1381 1465

Notes: Group 1, having received the intervention starting one year earlier than Group 2, had longer durations for
the “Intervention” variable. p-values in parentheses (* p<.10, ** p<.05, *** p<.01); Standard errors are clustered
by family.

Tables 4 through 7 below present estimates of the elasticities of child dietary diversity and child animal
source foods consumption with respect to household dietary diversity and animal source foods
consumption. The resulting estimated coefficients are tested to ascertain if there are differences in
dietary response across cohorts of interest. Table 4 presents estimates across sex cohorts. Child age is
negatively related to dietary diversity, but it is not significantly related to the consumption of ASF. The
time trend is statistically significant for DDS regressions but not ASF regressions. There are positive and
statistically significant elasticities of child dietary quality with respect to household dietary quality across
most groups, except for when households are in times of prosperity, when the relationship is not
statistically significant. We cannot reject the null hypothesis in Equation (4) above that the coefficients
are equal across sex cohorts. There has been evidence of sex bias in the intrahousehold allocation of
foods in Nepal and elsewhere (Behrman and Deolalikar 1990; Alderman and Gertler 1997), but we do

not see that here.

Table 4: Elasticities by sex

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

Variable Units All Prosp. Stress. All Prosp. Stress.
Outcome DDS DDS DDS ASF ASF ASF
Wald Test F F(1,2814) F(1,913) F(1,669) F(1,1250) F(1,557) F(1,171)
Prob>F p-value 0.197 0.584 0.299 0.861 0.593 0.137
Coefficients - No No No No No No
Differ?

Boys*Log(HH Int. 0.552%*** -0.313 0.410**  0.650*** 0.647*** (0.510***
Diet)

(0.000) (0.251) (0.029) (0.000) (0.000) (0.000)
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Girls*Log(HH Int. 0.596*** -0.109 0.701***  0.642*** 0.680*** (0.871***
Diet)
(0.000) (0.664) (0.001) (0.000) (0.000) (0.000)

Child age Cont. - - - 0.001 0.001 0.003
0.020***  0.008***  0.017***
(0.000) (0.005) (0.000) (0.204) (0.734) (0.534)

Time trend 1to6 0.214***  0.191***  0.160*** -0.004 0.015 -0.040
(0.000) (0.000) (0.000) (0.706) (0.287) (0.232)

Constant Constant 1.020%**  1.658*** 1.067***  -0.022  -0.041 0.002
(0.000)  (0.000)  (0.000)  (0.521)  (0.412)  (0.992)
N 3769 1737 1402 2069 1269 571

For DDS regressions, Log(HH Diet) is measured as household DDS. For ASF regressions, Log(HH Diet) is measured as
household animal source foods consumption. Wald tests were estimated across boy and girl children on the
coefficients of the logged household DDS variables as indicated. Child fixed-effects are included for all models. p-
values in parentheses; * p<.10, ** p<.05, *** p<.01; standard errors are clustered by family.

Child age is not examined as often as sex as a potential risk for inequitable intrahousehold distributions.
A potential explanation for different dietary patterns across age groups is that younger children are
more likely to be breastfed, providing some nutritional protection. Below, Table 5 presents estimates of
the same models, but with age cohorts instead of sex cohorts. Here, there are strong and statistically
significant relationships between household and child dietary diversity and ASF consumption. Elasticity
estimates range from -0.45 to 0.96 across all age groupings and model specifications. The time trend is
statistically significant across all columns. Depending on whether the household is experiencing a time
of relative stress or a time of relative prosperity, elasticities increase with age or decrease with age.
Based on the Wald Tests, we can reject the null hypotheses in Equation (4) above that the coefficients
are equal across age groups. The child dietary response with respect to household dietary quality is not

the same across age cohorts.

Table 5: Elasticities split by age group, not including breastfed children
(1) (2) (3) (4) (5) (6)

Variable Units All Prosp. Stress. All Prosp. Stress.
Outcome DDS DDS DDS ASF ASF ASF
Wald Test F-stat  F(3,1623) F(3,490) F(3,353) F(3,708) F(3,290) F(3,86)
Prob>F P-value 0.014*** 0.556 0.037** 0.001***  0.000***  0.001***
Coefficients Differ? - Yes No Yes Yes Yes Yes
6-24 M.*Log(HH Diet) Int. 0.540*** (0.763*** (0.686*** -0.195 -0.138 -

(0.000) (0.000) (0.000) (0.358) (0.515) -

25-48 M.*Log(HH Diet) Int. 0.526*** 0.793*** 0.558*** 0.645*** 0.687*** (0.884**
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(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.034)

49-71 M.*Log(HH Diet) Int. 0.559***  0.816*** 0.497*** 0.790*** 0.940*** 0.964***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

>72 M.*Log(HH Diet) Int. 0.602*** 0.826*** 0.456*** 0.813*** (0.838*** (.697***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Time trend 1to6 0.093*** 0.005 0.081*** -0.034*** -0.035** -0.092**
(0.000) (0.719) (0.000) (0.004) (0.047) (0.017)

Constant Cons. 1.546*** 0.373** 1.240*** -0.035 -0.138* -0.195
(0.000) (0.024) (0.000) (0.493) (0.082) (0.395)
N 2416 1129 903 1382 830 358

Children who are breastfed, regardless of age, are excluded from these estimates. There are four age groupings
used for these regressions: 6-24 Months (Complementary Feeding), 25-48 Months (Older toddler and preschool),
49-72 Months (Preschool and school age), and >72 Months (School age). For DDS regressions, Log(HH Diet) is
measured as household DDS. For ASF regressions, Log(HH Diet is measured as household animal source foods
consumption. Wald tests were estimated across age groupings on the coefficients of the logged household DDS
variables as indicated. Child fixed-effects are included for all models. p-values in parentheses; * p<.10, ** p<.05,
*** n<.01; standard errors are clustered by family.

Previous work using these data up to the 24-month survey point found evidence of differential
responses to the intervention across regions. The two main regions where study participants lived were
the Hills and the Terai. The Hills are poorer on average and more conducive to livestock production,
while the Terai, is richer on average and more conducive to crop production. In these models, child age
and the time trend are significantly related to child dietary quality only when it is measures as dietary
diversity. In the Terai, elasticity estimates range from 0.33 to 0.69. In the Hills, elasticity estimates range
from 0.632 to 1.11. Based on the Wald Tests, we can reject the null hypotheses in Equation (4) above
that the coefficients are equal across regions, for Columns 1, 3, and 6. We cannot reject that null
hypothesis for columns 2, 4, and 5. In times of stress (Columns 3 and 6), the elasticity of child DDS with
respect to household DDS is 0.33 in the Terai region, but 0.96 in the Hills. A similar pattern holds when
measuring dietary quality with ASF consumption, for which the elasticity is 0.39 in the Terai and 1.11 in
the Hills. Thus, for select model specifications, the responsiveness of child diets to changes in household

diets differs across regional groups.

Table 6: Elasticities split by region

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

Variable Units All Prosp. Stress. All Prosp. Stress.
Outcome DDS DDS DDS ASF ASF ASF
Wald Test F-stat  F(1,2814) F(1,913) F(1,669) F(1,1250) F(1,557) F(1,171)
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Prob>F P-value 0.005*** 0.114 0.036** 0.189 0.099*  0.004***

Coefficients Differ? - Yes No Yes No No Yes

Terai*Log(HH Diet) Int. 0.534*** 0.074 0.327* 0.624*** (0.628*** (.392%**
(0.000) (0.772) (0.058) (0.000) (0.000) (0.003)

Hills*Log(HH Diet) Int.  0.632%**  -0.519%  0.959%** (.687*** (.737*** 1.109%**
(0.000)  (0.056)  (0.000)  (0.000)  (0.000)  (0.000)

Age (Months) Cont.  -0.020*** -0.008*** -0.018*** 0.001 0.001 -0.001
(0.000) (0.005) (0.000) (0.209) (0.652) (0.892)

Time trend t 0.215***  0.188***  0.166*** -0.004 0.014 -0.022
(0.000) (0.000) (0.000) (0.714) (0.313) (0.516)

Constant Cons.  1.018*** 1.547*** 1081***  -0.022  -0.048 0.150
(0.000)  (0.000)  (0.000)  (0.533)  (0.331)  (0.385)
N 3769 1737 1402 2069 1269 571

For DDS regressions, Log(HH Diet) is measured as household DDS. For ASF regressions, Log(HH Diet is measured as
household animal source foods consumption. Wald tests were estimated across regional groupings on the
coefficients of the logged household DDS variables as indicated. Child fixed-effects are included for all models. p-
values in parentheses; * p<.10, ** p<.05, *** p<.01; standard errors are clustered by family.

One of our main hypotheses was that longer exposure to the intervention will make the distribution of
foods within the household more equitable. This hypothesis is tested below with the regressions
presented in Table 7a. Here, we estimate the responsiveness of child dietary quality to household
dietary quality, in cohorts which indicate the length of time a child has been exposed to the
intervention. The first row is the cohort which had not yet been exposed to the intervention. For this
cohort, elasticities of child dietary quality with respect to household dietary quality range from -0.66 to
0.51. The second row is the cohort which had been exposed to the intervention for one year, and the
estimated elasticities range from -0.34 to 0.89. The third row is the cohort which had been exposed to
the intervention for at least two years, and elasticities range from 0.58 to 0.80. For the group which had
been exposed to the intervention for at least 3 years, elasticities range from 0.735 to 1.12 across all
specifications. Based on the Wald Tests, we can reject the null hypotheses in Equation (4) above that the
coefficients are equal across age groups, except for Column 3, where we cannot reject the null
hypothesis that the coefficients are equal. Thus, the child dietary response with respect to household
dietary quality is not the same across treatment level cohorts. The responsiveness of child dietary
quality increases as the length of time exposed to the intervention increases. For times of prosperity and

hardship combined, Columns 1 and 4, elasticities range from quite inelastic at 0.32 and 0.47 with no
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exposure to the intervention to 0.89 and 0.93 with three years of exposure to the intervention.

Table 7: Elasticities split by length of treatment
(1) (2) (3) (4) (5) (6)

Variable Units All Prosp. Stress. All Prosp. Stress.
Outcome DDS DDS DDS ASF ASF ASF
Wald Test F-stat  F(3,2813)  F(3,912) F(3,668) F(3,1249) F(3,556) F(3,170)
Prob>F P-value 0.001***  0.001%** 0.068*  0.001*** 0.001*** 0.023**
Coefficients Differ? - Yes Yes No Yes Yes Yes

Ovyears*Log(HH Diet)  Int.  0.317*** -0.661*** 0.452*** 0.472*** 0514***  0.054
(0.000) (0.001)  (0.002)  (0.000)  (0.000)  (0.834)

1 years*Log(HH Diet) Int. 0.534%** -0.343*  0.565*** (0.595*** (0.596*** 0.892***
(0.000) (0.060) (0.000) (0.000) (0.000) (0.000)

2 years*Log(HH Diet) Int. 0.758%** -0.009 0.675***  0.731*** 0.800*** (0.581***
(0.000) (0.959) (0.000) (0.000) (0.000) (0.000)

3years*Log(HH Diet)  Int.  0.897***  0.185  0.735*** 0.903*** 0.883*** 1.119%**
(0.000) (0.343)  (0.000)  (0.000)  (0.000)  (0.001)

Age (Months) Cont.  -0.009*** -0.011*** -0.004 0.000 0.001 -0.002*
(0.000) (0.001) (0.207) (0.925) (0.160) (0.063)

Constant Cons.  1.069***  2.617*** 0.741***  0.046* 0.009  0.184**
(0.000) (0.000)  (0.003)  (0.060)  (0.815)  (0.017)
N 3769 1737 1402 2069 1269 571

For DDS regressions, Log(HH Diet) is measured as household DDS. For ASF regressions, Log(HH Diet is measured as
household animal source foods consumption. Wald tests were estimated across treatment length groupings on the
coefficients of the logged household DDS variables as indicated. Child fixed-effects are included for all models. p-
values in parentheses; * p<.10, ** p<.05, *** p<.01; standard errors are clustered by family. A time trend was not
included in these estimates, because it would have been perfectly collinear with the length of time a community
was exposed to the intervention.

4.5. Strengths, limitations, and possible extensions

The strengths of this study include the random assignment across villages which allows for valid
comparison of the program’s effects between Group 1 and Group 2, the semi-annual survey
implementation which allows for the analysis of seasonal patterns in dietary quality, the inclusion of
older children up to age 8, which is a rare occurrence in dietary quality studies, and the combination of
the individual-level and household-level 24 hour diet diversity recall data. The main limitation of this
study was that women’s empowerment and level of participation in the Self-Help Groups was not
actually measured. Instead, we utilized a proxy — community-level participation in the Heifer Self-Help
Groups — to indicate women’s relative empowerment. Field trials and community development projects

should regularly measure key variables through which interventions and programs are expected to
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cause improvement. Extensions to the current empirical analysis should include the incorporation of
family fixed-effects, in an across-sibling analysis. Alternative measures of dietary diversity should also be
incorporated. Traditionally, the nutrition literature utilizes eight foods and food groups to calculate child
dietary diversity (WFP 2010), but in the applied economics literature, other foods are often included,
such as processed foods, spices, oils, and sweets. In the former case, dietary diversity is intended to
indicate dietary quality only, whereas in the latter case, dietary diversity could encompass other aspects
of well-being. More Wald Tests should be performed to test differences across specific coefficients in
each model specification. Lastly, alternative time-variant controls such as livestock holdings, income,

and prices should be incorporated into elasticity estimates.

5. CONCLUSION

In rural Nepal, child-level dietary quality is highly related to household-level dietary quality. However,
these relationships differ depending on age of the child, the region, and the exposure to a community-
level development intervention. Over time, community-level development interventions can affect the
responsiveness of child dietary quality with respect to household dietary quality. Previous work had
demonstrated that the Heifer intervention improved child dietary quality in the Hills, but not the Terai.
The analysis in this article demonstrates that a major reason for those findings was that the elasticity of
child-level ASF with respect to the household-level ASF was much higher in the Hills (1.12) than the Terai
(0.74) after three years of exposure to the intervention. The elasticity of child dietary diversity with
respect to household dietary diversity is different across age cohorts of children, across regions of Nepal,
and across intervention cohorts, but not across sex cohorts. Children with larger elasticities will enjoy
greater shares of the nutritional reward during prosperous times (“harvest” seasons) for households;
but also they will disproportionately bear the burden during difficult times (“hungry” seasons) (Behrman
and Deolalikar 1990). Thus, changes in household dietary quality may mask underlying changes in
dietary quality for individuals within the household. These results indicate that intra-household
dynamics for the distribution of foods is not equal across key demographic groupings, and that this
matters for the effectiveness of community-level development projects. Notably, the magnitudes of
estimated elasticities increase as the length of exposure to the intervention increases, independent of
other time-variant or individual time-invariant factors. Furthermore, the responsiveness of child dietary
quality to household dietary quality increases with child age, except during periods of stress for

households, when younger children experience relatively larger dietary responses.
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