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Area Estimation of Food Insecurity and Undernutrition in Nepal report with you. The report is a joint and
collaborative effort between the Central Bureau of Statistics, National Planning Commission, World
Food Programme, World Bank, UNICEF and Massey University, New Zealand, to produce ilaka- and
district-level estimates and maps of food poverty (prevalence, gap and severity), low kilocalorie intake,
undernutrition (stunting, wasting and underweight) and diarrhea for Nepal.

The report includes detailed analysis of the National Population and Housing Census (NPHC) 2011,
Nepal Living Standards Survey III (NLSS-III) 2010/11, Nepal Demographic and Health Survey
(NDHS) 2011 and the latest Geographic Information System (GIS) information.

The report provides a valuable update to the first small area estimation study in Nepal which was
published in 2006 by the National Planning Commission and Central Bureau of Statistics with the
support of the World Food Programme and World Bank.

By knowing where the food insecure and malnourished are I believe we can more effectively and
efficiently meet their specific needs by targeting our poverty reduction and development programmes,
public health and nutrition interventions, and increasingly, through social protection measures to reach
the most vulnerable across Nepal.

Furthermore, as 2015 approaches, I sincerely hope that the results of this report will enable us to
identify and focus attention on zlakas and districts that have yet to achieve the target for the Millennium
Development Goals (MDGs) that are covered in this report.

By using the latest available national survey and population census data the report provides a clear
picture of the geographic distribution and variation of key human development indicators across
the country. I encourage all stakeholders to utilize this information to guide policy and programme
responses to improve food security and nutrition in Nepal.

I would like to thank the Central Bureau of Statistics of the National Planning Commission, World
Food Programme, World Bank, UNICEF and Massey University, New Zealand, for their collaboration
on this project.
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Summary

Small area estimates (SAE) of food poverty and undernutrition in Nepal are produced at ilaka level by
combining survey data with auxiliary data derived from the 2011 National Population and Housing
Census (NPHC 2011). A model for predicting log average per capita household food expenditure
is estimated from the 2010/11 Nepal Living Standards Survey III (NLSS-III) based on the Central
Bureau of Statistics (CBS) calculation of food expenditure in each of the households sampled in the
NLSS. The model is applied to household-level census data to estimate food poverty prevalence, gap
and severity. CBS have used NLSS-III to derive estimates of caloric intake in the form of kilocalories
consumed for each sampled household; these were converted to per-adult-equivalent (pae) values and
a survey based model for kilocalorie consumption pae is also applied to household-level census data
to predict kilocalorie consumption pae for each household; when compared with a standard adult
kilocalorie requirement this is used to estimate low kilocalorie intake at ilaka level. Models for predicting
standardized height-for-age, weight-for-age and weight-for-height of children under five are estimated
from the 2011 Nepal Demographic and Health Survey (NDHS 2011); this is applied to child-level
census data to estimate the prevalence of stunting, underweight and wasting. Prevalence of diarrhoea
in children under five over a two-week period, as reported in NDHS 2011, is modelled and used to
estimate diarrhoea prevalence at ilaka level. The small area estimation procedure used in this study does
not produce direct measures of food poverty, caloric intake or child undernutrition at the local level.
Rather the procedure applied here is able to estimate welfare outcomes — based on a statistical model
estimated in the relevant household survey. These estimates of wellbeing are measured with error, and
the degree of imprecision will vary as a function of a wide variety of factors, most notably the degree
of disaggregation at which indicators of wellbeing are being estimated. In this study it was found that
estimates at the level of an ilaka — which comprises on average around 5500 households — are generally
reasonably precise. Estimates at Village Development Committee (VDC) or ward level are less precise.
Comparisons at higher levels (region, belt, urban/rural) are made with the direct estimates derived from
the survey data alone. The relationship between the various indicators, food poverty, low kilocalorie
intake, child undernutrition and diarrhoea prevalence, is also examined.

The focus of this report strongly reflects the food security, nutrition, and child health interests and
concerns of the sponsors of the study, which are the World Food Programme, UNICEF, and the World
Bank.
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Introduction

1.1 Background

Nepalis bordered by Indiaand China, with India to the south, east and west, and the Xizang Autonomous
Region (Tibet) to the north. Nepal is 147,181 square kilometres in area, 885 km west to east, and is
non-uniform north to south both in terms of terrain and dimension (average 193 km). The population
in 2011 was 26,494,504 and the total number of households in the country was 5,427,302 (CBS,
2013a). Nepal has a very wide variety of topography, from lowland plains to the highest mountains in
the world, a variety also reflected in the range of weather and climate.

Nepal is one of the least developed countries with Gross National Income (GNI) per capita (in 2005
purchasing power parity - PPP) of USD1137, and a ranking of 157 out of 187 countries on the Human
Development Index with an HDI of 0.463 (UNDP, 2013). For the updated figure of USD2260 in
2013, as quoted for Nepal by The World Bank, see http://data.worldbank.org/indicator/NY.GNP.
PCAPPP.CD

Economic poverty is widespread. The Nepal Living Standards Survey 2010/11 — NLSS-IIT (CBS,
2011a, 2011b) outlines income details. The UN Development Report (UNDP, 2013) estimates
multidimensional poverty in Nepal at 44% and intensity of deprivation at 49%, c.f. the estimate of
expenditure poverty based on NLSS-III cited in CBS / World Bank (2013) of 25.2% using a poverty
line of 19,261 Nepali Rupees (about USD200) per person/year.

Poverty, food insecurity, undernutrition and morbidity in Nepal are characterized by regional variation.
Factors such as proneness to natural disasters, distribution and quality of land, access to education
and health facilities, level of infrastructure development, employment opportunities, and dietary and
hygiene practices provide possible explanations. Geographical disparity is observed with the highest
poverty headcount rate (42.3 percent) in the Mountains and the lowest rate (8.7 percent) in the urban
hill region. The Nepal Demographic and Health Survey (NDHS 2011) revealed a high stunting rate
(40.5 percent) among children under five at the national level, with the highest rate (59.5 percent) in
the western mountains and the lowest (31.3 percent) in the central hills. For further context and detail,
see CBS / WEP / World Bank / AusAID / UNICEF (2013); Crum, Subedi, Mason, Mebrahtu, and
Dahal (2013); Crum, Mason, Pokharel, Hutchinson, Mebrahtu and Dahal (2013); Government of
Nepal (2012); Government of Nepal (2014); IFAD (2013); te Lintelo, Lawrence, Haddad, Lakshman,
and Gatellier (2014); and von Grebmer, Headey, Olofinbiyi, Wiesmann, Fritschel, Yin, Yohannes,
Foley, von Oppeln, Iseli, Béné and Haddad (2013).

Against this background, a new Three Year Interim Plan (TYIP) for 2010/11-12/13 was finalised,
covering the period of the census and surveys used in this study. The objectives outlined in the TYIP
(2010/11-12/13) are addressed by the National Agriculture Sector Development Plan (NASDP 2011-
2015), and the associated Country Investment Plan, and as noted in CBS/WFP/World Bank/AusAID/
UNICEF (2013) are:

INTRODUCTION



Small Area Estimation of Food Insecurity and Undernutrition in Nepal

* To ensure food and nutrition security,

* To make the agriculture sector competitive and business-oriented, with increased production and
productivity,

* To reduce poverty by increasing employment and income generating opportunities in the agriculture
sector,

* To minimize adverse effects of environment, climate variability, and climate change in the agriculture
sector,

* To develop cooperatives for agriculture development,

* To develop human resources for the management of a sustainable agriculture development process.

A new Three Year Interim Plan (2013/14- 2015/16) also addresses similar objectives.

In 2006, the Central Bureau of Statistics (CBS), World Food Programme (WFP) and the World Bank
jointly produced a publication “Small area estimation of poverty, caloric intake and undernutrition
in Nepal” (Jones and Haslett, 2006), which provided estimates of poverty, food insecurity and child
undernutrition at the ilaka level. The product has served as a reference document for various stakeholders
including the government, UN, I/NGOs and donor communities to target their programs/projects to
the most food insecure communities. The 2006 small area estimation (SAE) was produced using the
following data sets: Nepal Living Standard Survey II (NLSS-II) 2003/04; Nepal Demographic and Health
Survey (NDHS) 2001; Population Census 2001, and relevant Geographic Information System data such
as elevation and road density. The availability of new data sets, including the NLSS-II1 2010/11, NDHS
2011, and Population Census 2011, has provided an opportunity to update the small area estimates in
Nepal.

The World Bank and CBS have already updated the small area estimations for poverty in July 2013.
Building on this report and as a continuation of the joint publication of the Thematic Report on Food
Security and Nutrition in Nepal, CBS, WFP, UNICEF and World Bank have agreed to jointly conduct
the SAE of food security, nutrition and health indicators. In September 2013, Professor Stephen Haslett
from Massey University and Systemetrics Research Associates, and Associate Professor Geoffrey Jones
and Dr Marissa Isidro from Massey University completed a preliminary study of the potential for small
area estimation of food security, nutrition and health indicators at the ilaka level in Nepal. The purpose
of this study was to define the scope of the SAE implementation and provide recommendations on the
feasibility of producing small area estimates of the suggested indicators. This current report describes
the subsequent implementation of the small area estimation of food security, nutrition and health
indicators, and presents and discusses the results.

Small area estimation is a mathematical and statistical method that models data collected from one or
more data sources, to produce estimates, for example of poverty, that are more accurate at small area
level than using only data collected from each small area. The additional accuracy is achieved in many
such models by “borrowing strength” for the estimate for a particular small area by using information
from areas to which it is similar. Some small area estimation techniques combine data from different
sources. For example, census and new survey information may be combined to update estimates from
the original census. Alternatively, a statistical model is fitted to survey data collected around the same
time as the census, and this model is used to predict a variable not collected in the census, based on
variables that are collected in both survey and census.
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The World Bank method, popularly known as the Elbers Lanjouw and Lanjouw (ELL) method (Elbers,
Lanjouw and Lanjouw., 2001, 2003), has been commonly used in small area estimation of poverty
measures. In poverty studies, the most usual variable predicted is expenditure (or its logarithm) based
on a model which includes education, age of household members, number of people in the household
and type of house construction, among other variables. Poverty incidence, gap and severity are derived
from the household level predictions of per capita expenditure. The poverty estimates are often mapped
in detail, which is why this technique is sometimes given the generic title, “poverty mapping”. The
maps can make interpretation simpler, but the central point is not the maps per se, but that poverty
and relative poverty can be assessed at a much finer level at a much lower cost than by increasing the
sample size sufficiently or rerunning the census. The statistical modelling has a cost, of course, but this
is much lower than for a survey that is sufficiently large that it can produce estimates at this fine level.
The cost of small area estimation can be saved many times over by having better information at a finer
level and maps for use in aid allocation.

The standard ELL methodology for implementing the World Bank method is now available as free
software (PovMap — Zhao, 2006; PovMap2, Zhao and Lanjouw, 2009) from the World Bank website.
Variations of the ELL method have been implemented for the World Bank in a number of other
countries including Thailand (Healy, 2003), South Africa (Alderman et al., 2002), Brazil (Elbers et al.
2001), the Philippines (Haslett and Jones, 2005), and for the World Food Programme in Bangladesh
(Jones and Haslett, 2003), Nepal (Jones and Haslett, 2006) and Cambodia (Haslett, Jones and Sefton,
2013).

This report and the other reports mentioned above warrant general comment about the relationship
between small area estimation and mapping. Small area estimation of poverty, especially if extended from
poverty incidence, gap and severity, plus kilocalories, to stunting, underweight and wasting in children
(as in Jones and Haslett, 2006, and Haslett, Jones and Sefton, 2013), provides a detailed perspective
on the spatial distribution of such variables. Other variables are also important however (e.g. health
information, rainfall, and other Geographic Information System (GIS) data), even if these cannot be
produced at such a fine level. For most users of this information, an atlas of maps is of much more
general use than a detailed technical report on small area estimation methodology, even if the technical
report also contains finer level tabulated detail. The detailed small area report is however essential, as
it provides a clear indication of the methodological foundation for small area maps (commonly called
poverty maps, even though they may be maps of undernutrition or health rather than of economic
poverty) that are included in the atlas. Without sound use of small area methodology, and publication
of the technical report that outlines that methodology, the accuracy and utility of a more generally-used
atlas must remain in doubt.

1.2 Geographic and administrative units

For administrative purposes, Nepal is divided into a total of 75 districts, which are grouped into five
development regions: Eastern, Central, Western, Mid-Western and Far-Western. Within each district
there are a number of Village Development Committees (VDCs) in rural areas and municipalities in
urban areas. These VDCs and municipalities are further divided into wards: the smallest administrative
unit. In rural areas a VDC comprises nine wards, but the municipalities can have more. For some
purposes, such as census enumeration and sampling frames for surveys, the larger wards are split into
subwards, but these are not in general well-defined administrative boundaries. The electoral boundaries
form yet another unit, the ilaka, which are collections of VDCs and municipalities. For the purpose of
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our mapping we have redefined the ilaka, taking each to be the rural parts only of existing ilaka, and
defining each of the 58 municipalities at the time of the data collection as a new “ilaka”. (Note that
the Government of Nepal has recently approved 113 further municipalities.) Table 1.1 shows the total
number of each of these units in Nepal at the time of data collection, and their approximate sizes in
terms of average number of households.

Table 1.1 Approximate number of administrative units at different levels

Region District llaka VDC/Mun Ward
Nepal 5 75 976 3973 36041
Mean no. households 1085460 83497 6358 1600 174

Key: VDC= Village Development Committee, Mun=Municipality

Nepal is also divided into three Ecological Zones or belts, Mountains, Hills and Terai, which run
transversally and intersect all five development regions. Their vastly different topographies give the
three belts quite different characteristics. The Mountain belt comprises those parts of the country above
4877 metres in elevation; its harsh terrain makes communication and transportation difficult, and only
7% of the population live there. The Hill zone, ranging in altitude from 610 to 4877 metres, is much
more densely populated and includes the fertile valleys of Kathmandu and Pokhara. The Terai or plains
are the most fertile part of the country.

Recent surveys (for more detail, see Section 3) also give estimates of economic and nutritional status for
the whole country and for each region and belt. However the accuracy of such estimates at a particular
level depends crucially on the effective sample size at that level, so that at the district level and below
the standard errors of survey-based estimates become too large to be useful because each is based on a
small number of observations.

There are also recent, detailed estimates at the target area (below ilaka level) of expenditure poverty
indicators: poverty incidence, gap and severity (CBS / World Bank, 2013), based on the 2011 National
Population and Housing Census (NPHC 2011) and the 2010/11 Nepal Living Standards Survey
(NLSS-III). These update the earlier estimates based on the 2001 National Population and Housing
Census and the 2003/4 Nepal Living Standards Survey (NLSS-II) — see CBS/WEP (20006) for details.

Information also exists on the small scale spatial pattern of undernutrition, based (as were the earlier
estimates of poverty incidence, gap and severity) on the 2001 National Population and Housing
Census and the 2003/4 Nepal Living Standards Survey (NLSS-II), and also utilising the 2001 Nepal
Demographic and Health Survey (NDHS 2001). Again, see CBS / WFP / WB / Massey University
(2006), where maps of the small area estimates at ilaka level are given for kilocalorie consumption,
kilocalorie deficit prevalence, gap and severity, as well as for stunting, severe stunting, underweight,
severe underweight, wasting and severe wasting. Our current report provides updates of statistical
models for low kilocalorie intake and undernutrition using ward-level or VDC -level means from the
2011 National Population and Housing Census (NPHC 2011), plus the 2011 Nepal Demographic
and Health Survey (NDHS 2011) and the 2010/11 Nepal Living Standards Survey (NLSS-III).

The reason small area estimates of food insecurity and undernutrition are of such importance is that
effective targeting of development assistance requires a nation-wide overview of the status of these
key concerns affecting the Nepali population at the sub-district level. This allows identification of
the most affected areas, so that appropriate actions can be implemented on a priority basis. Estimates
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need to be precise, i.e. with small standard errors, so that the areas with the greatest need are identified
correctly. Our analysis includes an investigation using small area estimation methods of how finely the
estimates of food insecurity and undernutrition indicators may be disaggregated while still maintaining
a reasonable level of precision.

1.3 Poverty maps

The statistical technique of small area estimation (Ghosh and Rao, 1994, Rao, 1999; Rao, 2003,
Longford, 2005; Pfeffermann, 2013) provides a way of improving survey estimates at small levels of
aggregation, by combining the survey data with information derived from other sources, typically a
population census. A variant of this methodology has been developed by a research team at the World
Bank specifically for the small area estimation of poverty measures (Elbers, Lanjouw and Lanjouw,
2001, 2003). The ELL method has been implemented in a number of countries including Thailand
(Healy, 2003), Cambodia (Fujii, 2004), South Africa (Alderman, Babita, Demombynes, Makhata and
Ozler, 2002) and Brazil (Elbers, Lanjouw, Lanjouw and Leite, 2001), Bangladesh (Jones and Haslett,
2003), the Philippines (Haslett and Jones, 2005a), Nepal (Jones and Haslett, 2006; CBS / World
Bank, 2013), and Cambodia (Haslett, Jones and Sefton, 2013). The methodology is described in detail
in the next section. Some additional general methodological issues are covered in Haslett and Jones
(2005b, 2010), Tarozzi and Deaton (2009), Molina and Rao (2010), Haslett, Isidro and Jones (2010),
Christiaensen, Lanjouw, Luoto, and Stifel (2012), and Haslett (2013).

These small area estimation techniques produce outputs, in the form of estimates at local level together
with their standard errors, that can be combined with GIS location data to produce a “poverty map” for
the whole country, giving a graphical summary of which areas are suffering relatively high deprivation.
Our main purpose in producing such maps is to aid the planning of development assistance programmes.
They could in addition prove useful as a research tool, for example by overlaying geographic, social or
economic indicators.

1.4 Measures of poverty, food poverty, food insecurity and undernutrition

Poverty can be defined in a number of ways. The most common is the cost-of-basic-needs (CBN)
approach, in which poverty lines are calculated to represent the level of per capita expenditure required to
meet the basic needs of the members of a household, including an allowance for non-food consumption.
First a poverty line is established, being the amount necessary to meet basic food requirements. Then
a non-food allowance is added, an amount equal to the typical non-food expenditure of households
whose food expenditure is equal to the food poverty line. Because prices vary among geographical
areas, poverty lines can be calculated separately for different regions for which price information is
available. Alternatively, household per capita expenditure can be adjusted using regional price indices
to give real per capita expenditure, in which case a single poverty line can be applied across the country.
Nevertheless, an important assumption in poverty mapping is that the prices faced by households are
fairly homogenous within each region.

Thus in the CBN approach poverty measures are functions of household per capita expenditure. Poverty
incidence for a given area is defined as the proportion of individuals living in that area who are in
households with an average per capita expenditure below the poverty line. (The measure is prevalence
in an epidemiological sense, but for historical reasons is called incidence.) Poverty gap is the average
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distance below the poverty line, being zero for those individuals above the line. It thus represents the
resources needed to bring all poor individuals up to a basic level. Poverty severity measures the average
squared distance below the line, thereby giving more weight to the very poor. These three measures
can be placed in a common mathematical framework, the so-called FGT measures (Foster, Greer and

Thorbeck, 1984):

N

1 —-E Y
PfN;(Z ; ) I(E, < z) (1.1)

where /V is the population size of the area, £, is the expenditure of the ith individual, z is the poverty
line and /(E, < 2) is an indicator function (equal to 1 when expenditure is below the poverty line, and
0 otherwise). Poverty incidence, gap and severity correspond to o = 0, 1 and 2 respectively. For Nepal,
poverty mapping for poverty incidence, gap and severity, based on the 2011 National Population and
Housing Census (CBS, 2013a) and modelling expenditure poverty from the 2010/11 Nepal Living
Standards Survey (CBS 2011a, 2011b), have been the topic of a recent report (CBS / World Bank,
2013).

Food poverty is similarly defined: the members of a household are food poor if their per capita food
expenditure is below the food poverty line, meaning that their expenditure on food is not sufficient to
meet the established basic food requirements. Measures of food poverty prevalence, gap and severity
are then defined as above. In our analysis, we have produced estimates of all three measures down to
ilaka level.

In contrast, the direct calorie intake (DCI) method is based on calorific intake. It is usual (see Swindale
and Ohri-Vachaspati, 2004) to make adjustments for the age and sex of each household member, so
we calculate for each household an adult equivalence value and take the average calorie intake for a
household to be the total number of kilocalories consumed per day divided by their adult equivalent.
We then consider all the members of a household to be undernourished if their average calorie intake
falls below a certain level, given for Nepal as 2750 kilocalories per adult equivalent per day. This is
the amount regarded as necessary for sustaining a moderate level of activity (see Swindale and Ohri-
Vachaspati, 2004, Appendices 6-10), and if converted to kilocalories per person, taking account of
the age and sex structure of the population, this translates to 2200 kilocalories per person which is
the official average kilocalorie requirement. It should be noted that the two sets of indicators (CBN
and DCI) are not necessarily equivalent or even directly comparable. Kilocalorie intake affords an
additional dimension on the plight of the poor in conjunction with the consumption expenditure-
based indicators. There are a number of reasons why households may rate differently on the two sets of
measures, such as poor choices of or lack of access to food items.

In this study, we use kilocalorie consumption per adult equivalent and hence prevalence, gap and
severity of low kilocalorie intake at the ilaka level. These figures can be used in conjunction with the
poverty estimates for prioritising food and related types of development assistance.

Three measures of undernutrition are considered, based on measurements of a child’s height, weight
and age. Stunting or low height-for-age is defined as below minus two standard deviations from the
median height-for-age of a reference population. Underweight or low weight-for-age is defined as below
minus two standard deviations from the median weight-for-age of a reference population. Wasting or
low weight-for-height is defined as below minus two standard deviations from the median weight-
for-height of a reference population. The data used as a reference standard in these definitions was
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established in 1975 by the National Center for Health Statistics/Centers for Disease Control in the
USA (Hamill, Dridz, Johnson, Reed et al., 1979). In 2005, the World Health Organization released
new Child Growth Standards using data collected in the WHO Multicentre Growth Reference Study
(WHO, 20006). Implicit in the use of a single international child growth reference standard is the
assumption, supported by WHO, 2006, that variations in height and weight for children below five
years are caused largely by environmental rather than genetic factors. Even without this assumption
however, the standard can provide a useful fixed reference point in international comparisons.

In this report we consider the nutrition status of children below the age of 60 months (i.e. five years).
Within a particular region stunting is defined as the proportion of such children with a standardized
height-for-age (HAZ) value below —2: children below —3 are considered “severely stunted”. Similarly
underweight is the proportion with a standardized weight-for-age (WAZ) value below -2, and severe
underweight below —3. Stunting can be regarded as evidence of chronic undernutrition. Underweight
reflects both chronic undernutrition and acute undernutrition. It is a current condition resulting from
inadequate food intake, past episodes of undernutrition or poor health conditions. Wasting is the
proportion with a standardized weight-for-height (WHZ) value under -2, and severe wasting below -3.
Wasting can be an indicator of acute undernutrition. Our aim in this report is to construct ilaka-level
maps for these three measures.

Finally, we use data on diarrhoea prevalence during a two-week period in children under five, as

reported in NDHS 2011, to estimate prevalence at ilaka-level. This is an extension of current ELL-type
methods, as will be explained in the next section.
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Methodology

We present in this section a brief overview of small area estimation and the ELL method. Details of the
implementation in Nepal are given in Section 4.

2.1 Small area estimation

Small area estimation refers to a collection of statistical techniques designed for improving sample
survey estimates through the use of auxiliary information (Ghosh and Rao, 1994; Rao, 1999; Rao,
2003). We begin with a target variable, denoted Y, for which we require estimates over a range of small
subpopulations, usually corresponding to small geographical areas. (In this report Y'is log-transformed
per capita expenditure for food poverty measures, and standardized height-for-age or weight-for-age for
the undernutrition indicators, stunting and underweight.) Direct estimates of Y for each subpopulation
are available from sample survey data, in which Y'is measured directly on the sampled units (households
or eligible children). Because the sample sizes within the subpopulations typically will be very small, these
direct estimates will have large standard errors and hence not be reliable. Indeed, some subpopulations
may not be sampled at all in the survey. Auxiliary information, denoted X, can be used under some
circumstances to improve the estimates, giving lower standard errors.

In the situations examined in this report, X represents additional variables that have been measured for the
whole population, either by a census or via a GIS database. A relationship between Y'and X of the form

Y=X[+u

can be estimated using the survey data, for which both the target variable and the auxiliary variables are
available. Here g represents the estimated regression coefficients giving the effect of the X variables on ¥; and
u is a random error term representing that part of ¥ that cannot be explained using the auxiliary information.
If we assume that this relationship holds in the population as a whole, we can use it to predict Y for those
units for which we have measured X but not Y. Small area estimates based on these predicted ¥ values will
often have smaller standard errors than the direct estimates, even allowing for the uncertainty in the predicted
values, because they are based on much larger samples. Thus the idea is to “borrow strength” from the much
more detailed coverage of the census data to supplement the direct measurements of the survey.

2.2 Clustering

The units on which measurements have been made are often not independent, but are grouped naturally
into clusters of similar units. Households tend to cluster together into villages or other small geographic
or administrative units, which are themselves relatively homogenous. Put simply, households that are
close together tend to be more similar than households far apart. When such structure exists in the
population, the regression model above can be more explicitly written as
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Yij = ngﬁ+ci +e; (2.1)

where Y} represents the measurement on the jth unit in the ith cluster, ¢, the error term held in common
by the 7th cluster, and e; the household-level error within the cluster. The relative importance of the
two sources of error can be measured by their respective variances o7 and o?. Ghosh and Rao (1994)
give an overview of how to obtain small area estimates, together with standard errors, for this model.
Where individual level data is available, as it is for stunting, underweight and wasting in children under
five, an additional error term at child level within the household is added. In the general explanation
given below, we focus on equation (2.1) in order to establish general principles useful for distinguishing
the characteristics of variation at ‘higher’ and ‘lower’ levels. When there are three error terms rather
than two, the three form a sequence in which the cluster remains the highest level of aggregation,
household takes an intermediate status, and individual level variation is at the finest level. There is also
the possibility of including a small area level error term at the greatest level of aggregation. Doing so
does not affect the small area estimates themselves, but does have the potential to increase standard
error estimates, perhaps markedly. The small area models of Rao (2003) contain such an error term, but
those of Elbers, Lanjouw and Lanjouw (2003) do not. In practice however methods based on Elbers,
Lanjouw and Lanjouw (2003) instead use contextual effects in survey based models. These contextual
variables are based on census means aggregated to the same cluster level as in the survey, but for the
whole population. Because these are known for every cluster in the entire country via the census data,
and (given the often considerable effort put into identifying each and every cluster in the survey via area
code matching) they provide a substitute which is more specific than using prediction of random effects
in mixed models. This means that ELL-type models are not simply synthetic estimators, as claimed
by Molina and Rao (2010). Nevertheless, despite the considerable merit of using contextual effects in
models, checking for the size of the small area-level error variance is strongly recommended, because
if it is sufficiently large its omission leads to small area estimates with understated standard errors and
hence overstated accuracy. The issue is addressed for small area estimation in Jones, Haslett and Parajuli
(2006) for example, where in Nepal the effect of the small area variance on the standard error estimates
was found to be negligible. Similarly for Cambodia (Haslett, Jones and Sefton, 2013). Theoretical
aspects of this question are discussed in detail in Haslett and Jones (2010).

We note that the auxiliary variables X; may be useful primarily in explaining the cluster-level variation,
or the household-level variation. The more variation that is explained at a particular level, the smaller
the respective error variance, o or o;. The estimate for a particular small area will typically be the
average of the predicted Ys in that area. Because the standard error of a mean gets smaller as the
sample size gets bigger, the contribution to the overall standard error of the variation at each level,
household and cluster, depends on the sample size at that level. The number of households in a small
area will typically be much larger than the number of clusters, so to get small standard errors it is of
particular importance that, at the higher level, the unexplained cluster-level variance o? should be small.
Two important diagnostics of the model-fitting stage, in which the relationship between Y and X is
estimated for the survey data, are the R measuring how much of the variability in Y'is explained by X,
and the ratio 0! / (0 +0!) measuring how much of the unexplained variation is at the cluster level.
Note that although o and ¢! are parameters they are different for different models with different
regressors. GIS data and cluster-level means can be particularly useful in lowering this ratio. Some care
is required when using R as a diagnostic however, because R’ is not well-defined for a statistical model
such as equation (2.1) or (2.3) with both fixed and random effects. R? also very much depends on the
level of aggregation, and the level of aggregation in the fitted model is very much less than that of the
small area estimates. So, while high R? values are good, they are not essential, provided the variances
at the finest level are sufficiently larger than those at more aggregated levels. This diminution of R is
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especially apparent where person level data is being used (as for stunting, underweight and wasting),
rather than household level data (as for kilocalories and expenditure modelling, where the variation
within household, which may be large, is effectively omitted from the estimation of R? from the model
due to data aggregation to household level). For small area estimation, what can be a rather better
indicator than R? at child or household level is a generalised-#? for the model assessed at cluster level,
showing what proportion of the cluster-level variation is explained by the model. This is more relevant
and always considerably higher than R* due to aggregation.

Another important aspect of clustering is its effect on the estimation of the model. The survey data used
for this estimation cannot be regarded as a simple random sample, because they have been obtained from
a complex survey design which although it is random, nevertheless involves stratification and cluster
sampling. To account properly for the complexity of the survey design requires the use of specialised
statistical routines (Skinner et al., 1989; Chambers and Skinner, 2003, Lehtonen and Pakhinen, 2004,
Longford, 2005) in order to get consistent estimates for the regression coefficient vector g and its
variance Vj.

2.3 The ELL method

The ELL methodology was designed specifically for the small area estimation of poverty measures based
on per capita household expenditure. Here the target variable Y is log-transformed expenditure, the
logarithm being used to make more symmetrical the highly right-skewed distribution of untransformed
expenditure. It is assumed that measurements on Yare available from a survey.

The first step is to identify a set of auxiliary variables X that are in the survey and are also available for
the whole population. It is important that these should be defined and measured in a consistent way in
both data sources. The model (2.1) is then estimated for the survey data, by incorporating aspects of the
survey design for example through use of the “expansion factors” or inverse sampling probabilities. The
residuals from this analysis are used to define cluster-level residuals ¢; =1, the dot denoting averaging
over j, and houschold-level residuals ¢; = ¢, — i, .

It is usually assumed that the cluster-level effects ¢, all come from the same distribution, but that the
household-level effects ¢; may be heteroscedastic. This can be modelled by allowing the variance o7 to
depend on a subset Z of the auxiliary variables:

g(o)=Za+r

where g(’) is an appropriately chosen link function, o represents the effect of Z on the variance and
7 is a random error term. Fujii (2004) uses a version of the more general model of ELL involving
a logistic-type link function, fitted using the squared household-level residuals. Fujii’s model is:

~2
—€

&
In =Z,oa+r; (2.2)

From this model, the fitted variances 6, can be calculated and used to produce standardized household-
level residuals ¢, =¢,/6.,. These can then be mean-corrected or mean-centred to sum to zero, either
across the whole survey data set or separately within each cluster.
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In standard applications of small area estimation, the estimated model (2.1) is applied to the known X
values in the population to produce predicted Y values, which are then averaged over each small area to
produce a point estimate, the standard error of which is inferred from appropriate asymptotic theory.
In “poverty mapping” (whether applied to expenditure or food poverty, undernutrition or health), our
interest is not always directly in Y but in several non-linear functions of Y (see Section 1.4). The ELL
method obtains unbiased estimates and standard errors for these by using a bootstrap procedure as

described below.

2.4 Bootstrapping

Bootstrapping is the name given to a set of statistical procedures that use computer-generated random
numbers to simulate the distribution of an estimator (Efron and Tibshirani, 1993). In “poverty
mapping’, we construct not just one predicted value

Y, =X,p

(where 8 represents the estimated coefficients from fitting the model) but a large number of alternative
predicted values

be=Xi;,Bb+Cib+es ,b=1...B

in such a way as to take account of their variability. The statistical analysis of the chosen model for
Y yields information on how to appropriately insert variability into the calculation of the predicted
values. We know for example that 4 is an unbiased estimator of 8 with variance Vj, so we draw each
independently from a multivariate normal distribution with mean and variance matrix V. The cluster-
level effects ¢’ are taken from the empirical distribution of ¢;, i.e. drawn randomly with replacement
from the set of cluster-level residuals¢;, since the appropriate cluster level residual is known only for
the clusters in the sample not all the clusters in the census. To take account of unequal variances
(heteroscedasticity) in the household-level residuals, we first draw @’ from a multivariate normal
distribution with mean & and variance matrix V,, combine it with Zij_ to give a predicted variance and
use this to adjust the household-level effect

b _ _*b b
€; =¢e; Xae,!/'

where ¢;’ represents a random draw from the empirical distribution of e, either for the whole data set
or just within the cluster chosen for 4; (consistently with the mean-centring of Section 2.3).

Each complete set of bootstrap values Y, for a fixed value of 4, will yield a set of small area estimates. In
the case of poverty estimates (i.e. food poverty in this report), we exponentiate each Y'to give predicted
expenditure £ = exp(Y}), then apply equation (1.1). This is not equivalent to totalling the Y in each
small area and exponentiating, which is one reason that fitting the model at household (or individual
level in the case of a three level model) is the better alternative. The mean and standard deviation of a
particular small area estimate, across all & values, then yields a point estimate and its standard error for
that area.

METHODOLOGY



Small Area Estimation of Food Insecurity and Undernutrition in Nepal

2.5 Extensions to ELL for child-level indicators

Some of our indicators (stunting, underweight, wasting, diarrhoea) are based on child-level
measurements. In this case, there is a three-level structure of children within households within clusters
that must be taken into account in the modelling, prediction and estimation. First, equation (2.1) is
amended to

Yo =Xy Bre+h +e, (23)

where Y, represents the measurement (e.g. height-for-age) on the kth child under five in the jth
household in the 7th cluster, ¢; the error term held in common by the ith cluster, /71.. the household-level
error within the cluster, and e, the error within each sampled household. The relative importance of
the three sources of error can be measured by their respective variances o2, o; and o7 . As with the two-
level model, the cluster-level variance o7 plays the most important role in governing the precision of the
small area estimates, so a generalised-&” at cluster level gives a useful summary of model performance.

The model (2.3) is again estimated from survey data using special routines to incorporate aspects of
the survey design. The raw residuals % from this analysis can be used to define cluster-level residuals
¢ =i, , the dots denoting averaging over j and 4, household-level residuals /, =i, —¢,, and child-level
residuals €y =#; —4; . Adjustments for possible hetoroscedasticity of the household-and child-level
residuals can be made as for standard ELL, and these can then be resampled in a non-parametric
bootstrap procedure, amended to
Yb

b
B Uk,B +c +h +éb

', b=1..B

In practice however, heteroscedasticity is seldom an issue at either level. An alternative in this case is
to generate the bootstrap residuals at cluster, household and child level parametrically from normal
distributions with zero means and variances determined from the estimates of the variance components
o, o; and o;. In the current study (as for Cambodia — see Haslett, Jones and Sefton, 2013), for all
the child-level indicators, heteroscedasticity models were not used, and all bootstrapping was done

parametrically.

Diarrhoea prevalence is different in one important aspect: there is no underlying continuous variable
(e.g. as in height-for-age), and the child-level measurement Y. is either O (denoting absence of diarrhoea
during the study period) or 1 (denoting presence). The statistical model is now

Pr( ijk 1) = pi/'k
logit(p,,) =X B+c,+h,  (2.4)

where p,, represents the probability that the child has experienced diarrhoea. This is a logistic regression
model, w1th the added complication of random effects at cluster and household levels — an example
of a Generalized Linear Mixed Model (GLMM). Note that omission of a child-level random effect is
conservative here since all extra-binomial variation is being allocated to the higher levels. The bootstrap
predictions from the model are now probabilities Py, that can again be averaged at small area level
to produce a set of B area-level predictions, from which a point estimate and a standard error can be
calculated in the usual way.
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2.6 Interpretation of standard errors

The standard error of a particular small area estimate is intended to reflect the uncertainty in that
estimate. A rough rule of thumb is to take two standard errors on each side of the point estimate
as representing the range of values within which we expect the true value to lie. When two or more
small area estimates are being compared, for example when deciding on priority areas for receiving
development assistance, the standard errors provide a guide for how accurate each individual estimate
is and whether the observed differences in the estimates are indicative of real differences between the
areas. They serve as a reminder to users of maps of small area estimates that the information in them
represents estimates, which may not always be very precise.

The size of the standard error depends on a number of factors. The poorer the fit of the model (2.1),
in terms of small &2, large o7 or o}, or a large 0!/(0!+0;) ratio, the more variation in the target
variable will be unexplained and the greater will be the standard errors of the small area estimates. The
population size, in terms of both the number of households and the number of clusters in the area, is
also an important factor. Generally speaking, standard errors for ELL-type small area estimation models
decrease proportionally as the square root of the population size. Standard errors will be acceptably
small at higher geographic levels but not at lower levels. If we decide to create maps of small area
estimates at a level for which the standard errors are generally acceptable, there will be some, smaller,

areas for which the standard errors are larger than we would like.

From Table 1.1, the average number of households in an ilaka is 6358, and in a VDC is 1600, so
that on average a VDC is close to one quarter the size of an ilaka. In ELL-type small area estimation
methods, standard errors increase with the inverse square root of population size, so that on average
the standard error for a VDC for a given variable of interest will be close to twice that for an ilaka. This
is the reason that this report provides ilaka-level but not VDC-level small area estimates: VDCs are
generally too small for sufficiently accurate estimates.

The sample size used in fitting the model is also important. The bootstrapping methodology incorporates
the variability in the estimated regression coefficients o, B.1f the sample size is small, these estimates
will be very uncertain and the standard errors of the small area estimates will be large. This problem
is also affected by the number of explanatory variables included in the auxiliary information, X and
Z. A large number of explanatory variables relative to the sample size increases the uncertainty in the
regression coefficients. We can always increase the apparent explanatory power of the model (i.e. increase
the R? from the survey data) by increasing the number of X variables, or by dividing the population
into distinct subpopulations and fitting separate models in each, but the increased uncertainty in the
estimated coefficients may result in an overall loss of precision when the model is used to predict values
for the census data. We must take care not to “over-fit” the model.

There will be some small uncertainty in the estimates, and indeed the standard errors, due to the
bootstrapping methodology, which uses a finite sample of bootstrap estimates to approximate the
distribution of the estimator. This could be decreased, at the expense of computing time, by increasing
the number of bootstrap simulations B.

Finally, the integrity of the estimates and standard errors depends on the fitted model being correct,

in that it applies to the census population in the same way that it applied to the sample. This relies on
good matching of survey and census to provide valid auxiliary information. We must also take care to
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avoid, as much as possible, spurious relationships or artefacts which appear, statistically, to be true in
the sample but do not hold in the population. This can be caused by fitting too many variables, but
also by choosing variables indiscriminately from a very large set of possibilities. Such a situation could
lead to estimates with apparently small, but spurious, standard errors. For this reason, the final step in
poverty, undernutrition or health-related mapping, field verification, is extremely important.

The requirement for variables to match in this way between the survey and census is one reason that
special care must be taken if the survey and census are not from the same period. The changes between
periods can be structural changes, i.e. the interpretation of a particular variable has changed, or simply
a change in level. Both types of change have the potential to add to standard errors of estimates, and in
some cases to produce bias.

METHODOLOGY 17



18

Data Sources

3.1 Nepal Living Standards Survey, 2010/11 (NLSS-III)

The Nepal Living Standards Survey was carried out for the first time in 1995/96 by the Central Bureau
of Statistics. A second round, NLSS-II, was conducted during 2003/04, with financial and technical
assistance from the World Bank and the United Kingdom Department for International Development
(DfID), with the main results published in two volumes in 2004 (CBS, 2004a, 2004b). The most
recent Nepal Living Standards Survey is NLSS-IIT 2010/11, again published in two volumes (CBS,
2011a, 2011b).

The NLSS broadly follows the methodology of the World Bank’s Living Standards Measurement
Survey. It contains an integrated household questionnaire designed to collect data at both household
and individual level on socio-demographic characteristics in addition to detailed information about
expenditure and food consumption patterns. Consumption is recorded using both recall and diary
methods.

The sample design for NLSS-IIT used a stratified cluster sampling. For logistical reasons, the initial frame
for NLSS-III used the frame prepared for the 2008 Nepal Labour Force Survey (NLES-II). The primary
sampling units (PSUs) for the NLFS-II were individual wards or sub-wards or groups of contiguous
wards in the same VDC. Wards were grouped where necessary, so that each PSU contained a minimum
of 30 households. The enumeration involved extensive cartographic effort to form enumeration blocks
each containing about 200 households. For the NLFS-II sample selection, 75 districts and urban
and rural areas were amalgamated into six strata — mountains, urban areas of the Kathmandu valley,
other urban areas in the hills, rural hills, urban hills, urban Terai and rural Terai. These six strata were
further reorganised into 14 strata for the NLSS-IIL. The strata formed for the NLSS-III were as follows:
mountains, urban areas of the Kathmandu valley, other urban areas in the hills, rural Eastern hills, rural
Central hills, rural Western hills, rural Mid-Western hills, rural Far-Western hills, urban Terai, rural
Eastern Terai, rural Central Terai, rural Western Terai, rural Mid-Western Terai, and rural Far-Western
Terai. The sample design for NLSS-IIT was a modified sub-sample of the sample adopted in NLES-II.
There were 800 PSUs selected — 400 PSUs from urban and 400 PSUs from rural areas. The PSUs were
selected with probability proportional to size based on the number of households. For the NLSS-III,
two independent samples were selected. One was a cross-sectional sample selected from 500 of the 800
NLES PSUs, and the other was a panel consisting of PSU and households previously included in one
or both of the previous NLSS rounds. For the cross-sectional survey the 800 PSUs were selected with
probability proportional to size (pps) based on NLES-II, then divided into the 14 substrata from which
500 PSUs were selected for NLSS-IIT with equal probability. Twelve households (with a replacement
backup of a further six households) were then selected with equal probability in each selected PSU. For
the panel sample of NLSS-III, fifty PSUs were taken from the cross-section first used for NLSS-II, and
the other fifty PSUs selected from those used for both NLSS-I and NLSS-II. The same households were
selected as in the previous surveys. The sample size for the NLSS-III was estimated at 7200 households
in 600 PSUs. Among them, 100 PSUs with 1200 households had been previously the interviewed in
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NLSS-T or NLSS-II, and 500 PSUs with 6000 households were selected using the new cross-sectional
sample. The measure of size used for pps selection was the number of households in each ward. The
survey collected data from 5988 sample households from 499 PSUs in the cross-section sample. For the
panel survey from 100 PSUs, 1032 households were sampled, 513 households from NLSS-II and 519
from both the NLSS-I and II, making a total of 7020 households in the survey.

Because the sample size at a particular level has an important bearing on the precision of estimates at
that level, we present in Table 3.1 a summary of the coverage of NLSS-III at various levels and the
mean and minimum number of households and PSUs at each level. The number of districts, ilakas and
VDCs in NLSS-III can be compared with the numbers in Nepal as a whole via Table 1.1. The coverage
is adequate at regional level. Four of the 75 districts are not sampled, and at least one of the others has
only one PSU. Thus we cannot expect to get precise estimates directly from NLSS-III at district or
sub-district levels.

Table 3.1 Structure of NLSS-IIl at various levels

Region District llaka VDC/Mun Ward
Contains 5 71 342 381 499
Mean households 1200 84 17.5 15.7 12
Min households 528 12 12 12 12
Mean PSU 100 7 1.5 1.3
Min PSU 44 1 1 1

Key: PSU=primary sampling unit, VYDC/Mun=Village Development Committee/Municipality

The target variables available in NLSS-III and used in this study are monthly per capita food
expenditure and daily per adult equivalent kilocalorie consumption, both averaged at the household
level. Calculation of total household-level consumption expenditure and kilocalorie consumption was
conducted by CBS. Adjustments for regional price levels and adult equivalence were made as described
in the previous section.

3.2 Nepal Demographic and Health Survey, 2011 (NDHS 2011)

The 2011 Nepal Demographic and Health Survey (NDHS 2011) is the fourth DHS survey. It follows
the 1996 Nepal Family Health Survey and the 2001 and 2006 Nepal Demographic and Health Surveys.
The sample was designed to yield reliable information for the country overall, for urban and rural areas,
for the three ecological zones (mountain, hill, and Terai), and for each of the 13 domains from cross-
classifying the three ecological zones and the five development regions (Eastern, Central, Western, Mid-
Western, and Far-Western). The Western, Mid-Western and Far-Western mountain subregions were
combined to represent a single domain due to the small population size in each subregion.

NDHS 2011 was designed to provide estimates with an acceptable level of precision for fertility,
health indicators and infant mortality. The survey was designed to sample 11,095 households and
approximately 13,200 women aged 15-49 in the sample households and all men aged 15-49 in a
sub-sample of one in every two houscholds selected for the woman’s interview. The survey included
measurement of height and weight for all children under five years of age and questions regarding
illness (e.g diarrhoea in the last two weeks) were also included for these children.
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Nepal consists of seventy five districts with each district sub-divided into smaller administrative units.
Each district is sub-divided into VDCs in the rural areas and municipalities in urban areas, and this
defines the enumeration area (EA). The last population census before the 2011 NDHS fieldwork was
carried out by the Central Bureau of Statistics in 2001. A sampling frame using the 2011 census was
not available in time for the 2011 NDHS, so the survey used the 2001 census for its sampling frame.
The ten year time interval between the 2001 Census and the 2011 NDHS required updating the 2001
sampling frame to take account of population growth and mass internal and external migration. The
frame revision used partial updating of the 2001 census frame through a quick count of dwellings at the
first level by re-enumerating a large sample (about five times larger than the required sample for each
of the 13 domains). This enumeration sample was selected with equal probability. The quick count of
dwellings was then used as sample frame for the 2011 NDHS sample design. The sample for the 2011
NDHS was selected from this frame with probability proportional to the number of updated dwellings.
Weights were calculated for each stage of the selection probability and the final weight is the product
of each of the compound weights.

Cross classification of the three zones by the five development regions gives 15 possible domains for
the 2011 NDHS. However, the Western, Mid-Western, and Far-Western mountain domains were
combined into one domain because of their small population size, giving a total of 13 domains. A
minimum of about 600 households were selected for each domain.

The EAs were stratified by urban and rural areas within each domain from the 2001 census frame, and
the 2011 NDHS used the same urban-rural stratification as in the 2001 census frame.

Proportional allocation was not used within the 13 domains for EAs used as primary sampling units
(PSUs) because estimates with acceptable levels of statistical precision were needed for each domain, and
for urban and rural domains of the country as a whole. 83 percent of Nepal’s population live in rural areas,
so that to provide urban estimates at national level the urban areas were oversampled. With a targeted
sample of 11,085 selected households in the 2011 NDHS, 13,485 women were expected to complete the
2011 survey, assuming a similar response rate as NDHS 2006. The ratio of the number of EAs allocated
to the urban and rural areas of each domain was roughly one urban to two rural EAs giving 95 urban
and 194 rural EAs and a total of 289 EAs for the country. In order to achieve the target sample size, 35
households were randomly selected in each urban EA and 40 households in each rural EA.

Following the quick count, the 2011 NDHS sample was selected using a stratified two-stage cluster
design. In each domain (region), EAs were selected with probability proportional to size (using the
updated household size from the quick count). If a selected EA was large, more than 300 households,
a segmentation process was used, with only one segment chosen with equal probability, among all
segments. A complete household listing process was then implemented in the selected segment. For all
other selected EAs a complete household listing operation was done, with households selected to give
a self-weighted sampling fraction within each EA in the 2011 NDHS the sample was selected with
unequal probability so sampling weights need to be applied in tabulations. Corrections for differential
response rates are also made. The 2011 NDHS used both household weights and individual weights.
The household weight for a particular household is the inverse of its household selection probability
multiplied by the inverse of the household response rate of its household response rate group. The
individual weight is the household weight multiplied by the inverse of the individual-level response rate
of their particular response rate group. There are additional sampling weights for sample subsets, such
as domestic violence. The initial weights are standardized.

NDHS 2011 actually sampled 10826 households from 289 PSUs in the thirteen domains.
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Anthropometric measures were taken on selected children (aged 0-59 months) to determine nutritional
status as described in Section 1.4, in addition to detailed information on household demographic
characteristics, environmental conditions and child feeding and caring practices.

Our interest is in the nutritional status of children below five years, so households with no eligible
children were eliminated. Of the 5306 eligible children, only 2392 had anthropometric measurements,
further reducing the number of contributing households. Most of these had only one eligible child, but
28% had two or more (see Table 3.2).

Table 3.2 Eligible children (0-4 years) per household, NDHS 2011

No. of children 1 2 3 4 >4 Total
%. of households 72.24 24.23 2.98 0.44 0.12 100

The final dataset used consisted of 2392 children in 1812 households in 288 PSUs. The structure is
shown in Table 3.3. Three of the 75 districts are not included, and of those present some have very few
PSUs, so direct estimates at district and sub-district are not possible.

The target variables of height-for-age, weight-for-age, and weight-for-height (see Section 1.4)
were calculated using WHO’s Stata programme. The NDHS 2011 report (Ministry of Health and
Population, New ERA, and ICF International, 2012) gave the national prevalence of stunting as 41%,
underweight 29%, and wasting 11%.

Table 3.3 Structure of NDHS 2011 dataset at various levels

Region District llaka VDC/Mun Ward
Contains 5 72 215 233 283
Mean children 478 33 1 10 8.5
Min children 346 3 1 1 1
Mean households 362 25 8.4 7.8 6.4
Min households 275 3 1 1 1
Mean psu 58 4 1.3 1.2 1.02
Min psu 43 1 1 1 1

Key: PSU=primary sampling unit

3.3 National Population and Housing Census, 2011 (NPHC 2011)

The National Population and Housing Census 2011 (NPHC 2011) is the eleventh population census in
Nepal. The first population census was conducted in 1911. The first census using internationally comparable
concepts, definitions and classifications was conducted in 1952/54. NPHC 2011 used detailed EA maps
for urban and VDC maps for rural areas, ethnically inclusive field staff, extensive publicity, independent
observers, and quality controlled data processing. NPHC 2011 was carried out on 22 June 2011.

The census collected information on all residents of Nepal based on their usual place of residence. As

noted in CBS (2013a, p1):

“A person was counted at his/her usual place of residence. Usual place of residence is defined as a place
where a person had been living or intends to live for at least six months. A person absent from usual
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place for short period for the purpose of treatment or pilgrimage or similar causes is treated as present
in the usual place. Persons away or absent from birth place or usual place for employment or study
or business purpose is considered absent population and thus, not counted as present population.
However, homeless or mobile population was counted at the place where they were traced on the last

3]

day of enumeration or 27 June 2011. This method in brief, is termed as ‘modified de jure”.
Households were classified as residential, or institutional type (e.g. barracks, hostels, and monasteries).
The population of Nepal on census day was 26,494,504, showing a population growth rate of 1.35
per annum. The total number of households was 5,427,302 with 5,423,297 individual households and
4,005 institutional households.

Since the survey data only covered residential households, it was decided to restrict the census datasets
to only residential households. We also eliminated the few remaining households where household size

was unusually large (greater than 32).

The structure of each of the two derived census datasets (household- and child-level) is shown in Tables
3.4 and 3.5, in terms of number of households and number of enumeration areas.

Table 3.4 Structure of census household dataset at various levels

Region District llaka VDC/Mun Ward
Contains 5 75 976 3973 36041
Mean households 1084600 72306 5550 1364 151
Min households 469640 1448 58 33 1
Mean ea 8130 542 41.6 19 1.12
Min ea 3762 117 9 3 1

Key: ea= enumeration area

Table 3.5 Structure of census child (under 5) dataset at various levels

Region District llaka VDC/Mun Ward
Contains 5 75 976 3973 36041
Mean children 513226 34215 2627 645 71
Min children 296508 376 9 4 1
Mean households 384246 25616 1966 483 53
Min households 212830 326 9 3 1
Mean ea 8115 541 42 10 1.1
Min ea 3761 86 4 3 1

Key: ea=enumeration area

The number of eligible children (under five years) per household for the child-level census data is shown in
Table 3.6. This is similar to the distribution of eligible children in NDHS 2011 (Table 3.2).

Table 3.6 Eligible children (0-4 years) per household, NPHC 2011

No. of children 1 2 3 4 >4 Total
%. of households 72.63 22.69 3.6 0.79 0.29 100
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Implementation

4.1 Selection of auxiliary data

The auxiliary data X used to predict the target variable ¥ can be classified into two types: the survey
variables, obtainable or derivable from the survey at household or individual level, and area-level
variables applying to particular geographic units that can be merged from other sources into the survey
data using area codes (e.g. region, district, ilaka, VDC/municipality and ward codes). The latter includes
means of census variables calculated at enumeration area level from the census data.

As noted earlier, it is important that any auxiliary variables used in modelling and predicting should be
comparable in the estimation (survey) data set and the prediction (census) data set. In the case of survey
variables, we begin by examining the survey and census questionnaires, to find out which questions
in each elicit equivalent information. In some cases equivalence may be achieved by collapsing some
categories of answers. For example in the 2011 census questionnaire, there are seven categories for
Roof Material, whereas in NDHS 2011 there are thirteen such categories, some of which appear to
correspond exactly to the census categories and others which do not: a new categorization needs to
be defined into which the Census 2011 and NDHS 2011 categories can be mapped. A preliminary
identification and matching of common survey and census variables, in consultation with CBS staff,
was reported by Haslett et al (2013) for NLSS-III and NDHS 2011. The two sets of common variables
were then subjected to statistical checks to ensure that the corresponding survey and census variables
matched statistically as well as conceptually. In the case of categorical data, we compare proportions in
each category; for numerical data, such as household proportion of females, we compare the means and
standard deviations. For this purpose confidence intervals can be calculated for the relevant statistics
in the survey data set, taking account of the stratification and clustering in the sample design. The
equivalent statistic for the census data should be within the confidence interval for the survey. Failures
in statistical matching can sometimes be resolved by further collapsing categorical variables. A list of
matching variables for each of the survey datasets is given in Appendices A.1 and A.2.

For modelling purposes the first level of each categorical variable was dropped so that the first category
becomes the reference category with which others are compared. We also created some new variables
from this basic list, for example mean-corrected squared household size defined as hhszsq=(hhsize-5)?,
and interactions between basic variables such as urbanxroof_s which modifies the effect of having a
straw roof according to whether the household is in an urban or rural area.

Generally, variables which are in either census dataset, but are either not in the survey or do not match
properly, can still be used by forming regional averages and merging them with the survey data using
regional indicators. The inclusion of these census means should be straightforward since they can be
merged with the survey and census data using indicators for the geographical unit to which each
household or individual belongs. This can be problematic in practice however, because of changing
boundaries and the creation of new units or codes. Most of these problems were solved in collaboration
with CBS, and the few remaining unmatched households should have negligible influence on the final
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estimates. Appendix A.4 gives a list of all the census means considered in the modelling process. These
variables have all been averaged at ward level.

4.2 First stage regressions

The selection of appropriate models for (2.1), (2.3) and (2.4) is a difficult problem. We have a large number
of possible predictor variables (36 + 85 = 121 for NLSS-III, 66 for NDHS 2011 and 12 GIS variables: see
Appendix A) to choose from, with inevitably a good deal of interrelationship between them in the form
of multicollinearity. If we also include two-way interactions, there are well over a thousand. (A “two-way
interaction” is the product of two basic or “main-effect” variables). Squares or other transformations of
numerical variables could also be considered. As noted in Section 2.6, we must be careful not to over-
fit, so the number of predictors included in the model should be small compared to the number of
observations in the survey, but there is also the problem of selecting a few variables from the large number
available which appear to be useful, only to find (or even worse, not find) an apparently strong statistical
relationship in the survey data, which does not hold for the population as a whole.

The search for significant relationships over such a large collection of variables must inevitably be
automated to a certain extent, but we have chosen not to rely entirely on automatic variable selection
methods such as stepwise or best-subsets regression. See Miller (2002) for a general discussion of subset
selection. We have generally adopted the principle of hierarchical modelling in which higher-order
terms such as two-way interactions are included in the model only if their corresponding main-effects
are also included. Thus we begin with main-effects only, and add interaction and nonlinear terms
carefully and judiciously. We look not just for statistical significance but also for a plausible relationship.
Following the initial fit, some categorical variables were collapsed further to give smaller numbers of
distinct categories when there was no significant difference between the estimated effects of similar

categories. For example, the seven categories of wall in NLSS-III were eventually collapsed to two:
“wood” and “other”.

Other implementations of ELL methodology have fitted separate models for each stratum defined by the
survey design. This has the advantage of tailoring the model to account for the different characteristics
of each stratum, but it can increase the problem of over-fitting if some strata are small. We chose initially
to try for one model across the whole country, and then to use regional interaction terms as necessary
to allow for modelling differences between regions. This has the advantage of more stable parameter
estimates and a better chance of finding genuine relationships that apply outside of the estimation data.
Following this approach for modelling log per capita food expenditure in NLSS-III, we obtained an R*
value of 37.4% (see Appendix B.1). Our model for log per adult equivalent kilocalorie consumption in
the same dataset achieved an R? of 17.7% (see Appendix B.2). These R values are not particularly high,
but as noted earlier, reasonable precision in the small area estimates can still be achieved if; as is the case
here, the unexplained variation is mostly at household rather than cluster level.

We were less successful at finding good predictive models based on R for the other target variables
(height-for-age, weight-for-age, weight-for-height and diarrhoea prevalence) based on NDHS 2011.
For modelling height-for-age, weight-for-age and weight-for-height, the R* values were in the range
12-18%. The resulting models are given in Appendices B.3, B.4, and B.5. Although the R’ for each
was 20% or less, it is interesting to note that the major component of unexplained variation for each
appears to be between children in the same household. If we calculate a generalised-R” at cluster level,
we find that in each case a significant proportion (> 60%) of the cluster-level variation is being captured
by the model.
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R is not a useful summary for logistic regression models such as our model for diarrhoea prevalence
(Appendix B.6). We can however compare the estimated variances for the household and cluster level
effects. Since most of the unexplained variation is at household level, reasonably precise small area
estimates could be possible.

We departed from the usual ELL implementation in our use of a single-stage, robust regression
procedure for estimating the models. This has the advantages of accounting for the survey design and
obtaining consistent estimates of the covariance matrices in a single step. These covariance matrices
were saved, along with the parameter estimates and both household- and cluster-level residuals (as
defined in Section 2.3) or estimated variance components (as in Section 2.5), for implementation of
the prediction step.

4.3 Variance modelling

Like Healy et al (2003) we amended the regression model (2.2) for the household-level residual variance
to prevent very small residuals from becoming too influential. We used a slightly different amendment:

where ¢ is a small positive constant and A is chosen to be just larger than the largest
(e.g. 6 =0.0001, 4 =1.05x max é>). These choices can be justified empirically by graphical examination
of the L;, which should show neither abrupt truncation nor extreme outliers. The predicted value of
the household-specific variance, using the delta method, then becomes:

R AB, =8| 1 ,,|(4+6)B,(1-B))
L= +—0’
o 1+B, 2 (1+B,)’

where B = e

There was however very little heteroscedasticity in any of our models. For example, the heteroscedasticity
regressions for log per capita food expenditure gave an R?value of just over 1%. These models for
variance essentially control for outliers, by adjusting or shrinking large residuals toward zero. They
form an explicit part of the ELL methodology. Other forms are possible. Even skipping this step
would have been acceptable given the low R’ values. However, in keeping with the need to maintain
international comparison, for example with Cambodia, South Africa, Bangladesh, and the Philippines,
heteroscedasticity modelling has been used here for food expenditure and calorie consumption, using
Region and Belt as covariates. Despite the negligible &%, the coefficients were statistically significant in
the regression, and there is a priori expectation of structural differences between regions.

For modelling height-for-age, weight-for-age and weight-for-height, we found it unnecessary to model
household- or child-level heteroscedasticity. As detailed in Section 2.5, we now have a three-level model,
in which the regression residuals can be decomposed into three components

Uy =€+ hy ey (4.1)

for child 4 in household j of cluster (PSU) . The variances o7, O—;, o‘j of the respective components
can be estimated by maximum likelihood (ML) or restricted maximum likelihood (REML), and the
cluster- and household-level residuals (or random effects) derived as empirical best linear unbiased
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predictors (EBLUDPs). For methodological details see Laird and Ware (1982) and Robinson (1991).
The alternative of defining household-level residuals to be the average of the regression residuals for
each respective household is not appropriate here, as most households had only one child. Our previous
implementation of this method in Nepal (Jones and Haslett, 2006) adjusted the three sets of residuals
for shrinkage and used these in a nonparametric bootstrap procedure, as described in the next section.
Here we use the much simpler parametric bootstrap approach, sampling from normal distributions
with variances set to the estimated variance components. There should be little difference in practice as
estimation with this many levels tends to encourage approximate normality in the residuals.

The final child-level model (equation 2.4) is diarrhoea prevalence. Since the response at unit (child)
level is binary (0 or 1), we model the probability p,, that a child has diarrhoea. This builds in some
child-level variation since the expected value is p,, but the observed values are either 0 or 1. The model
includes variance components at household and cluster levels. It would be theoretically possible to
allow for heteroscedasticity in the household component but, as with our other child-level models,
this has not been done here. Regression of the predicted household-level residuals suggested little to no
heteroscedasticity (R* < 1%).

4.4 Simulation of predicted values

Simulated values for the model parameters & and 8 were obtained by parametric bootstrap, i.e. drawn
from their respective sampling distributions as estimated by the survey regressions. Simulation of the
cluster-and standardized houschold-level effects c;and ¢*; presents several possible choices. A parametric
bootstrap could be used by fitting suitable distributions (e.g. Normal, t) to the residuals and drawing
randomly from these. For simulating log per capita expenditure, and hence food poverty prevalence,
we chose a non-parametric bootstrap in which we sample with replacement from the residuals, i.e.
from the empirical distributions. One can either resample the ¢*; from the full set or only from those
within the cluster corresponding to the chosen 4;. For the household level models we chose the latter,
which links the household effects estimated via the bootstrap to households in the same cluster, so when
mean-correcting the standardized residuals (see Section 2.3) we used

6=é,16,, ——Ze /6.,
1 J=1
Note that mean correction when needed can be an indication of the extent of any bias in the bootstrap
and hence of an incorrect regression model, so it is encouraging that mean corrections here were small
in relative terms.

A total of 100 bootstrap predicted values y» were produced for each unit in the census and for each
target variable, as described in Section 2.4. For the child-level models, height-for-age, weight-for-age,
and weight-for-height, this was amended slightly to

Yb

b, b b, b
it = ijkﬂ +ci+hij+eijk,b=1,...B

with the residuals at each level ¢/, 4/, ), drawn independently from normal distributions with mean
zero and variances equal to the estimated variance components from the regression analysis. For
diarrhoea the bootstrap probabilities pf;-k incorporated residuals ¢, drawn from normal distributions

with variances equal to the estimated variance components from the GLMM, as detailed in Section 2.5.
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4.5 Production of final estimates

Since a log transform was applied in modelling food expenditure and calorie consumption, we first
reverse this transformation by exponentiating, e.g. predicted expenditure E} =e". The predicted values
can then be grouped at the appropriate geographic level. Our main target is ilaka-level small area
estimates, but we have also considered higher levels of aggregation (region, belt, and urban/rural) for
comparison with the direct survey estimates. The reasons for not providing VDC-level estimates have
been given in Section 2.6.

Once the predicted values have been produced and stored it is easy to investigate alternative levels of
aggregation, using the standard errors as a guide to what is an appropriate level.

For expenditure-based calorie consumption the census units are households and the target variables are
household average values, so the aggregation needs to be weighted by household size. Thus for example
the formula for P; the 6th bootstrap estimate of food poverty prevalence (o = 0 in equation 1.1) in
region R is amended to:

P =Y n, - I(E) <z)/zng/

ijeR ijeR

where 7, is the size of household 7 in R. The census units for height-for-age, weight-for-age, weight-
for—heigl']lt and diarrhoea prevalence are individual children, so no weighting is required. For example
the estimated prevalence of stunting for region R is:

Sp =Y I(HAZ) <-2.00)/ N,

jeR

where N, is the number of eligible children in R.

The 100 bootstrap estimates for each region, e.g. P; ... ;" , were summarized by their mean and standard
deviation, giving a point estimate and a standard error for each region. For food expenditure and calorie
consumption we have produced prevalence, gap and severity estimates with respect to a standard cutoff
(food poverty line, daily adult kilocalorie requirement). For height-for-age, weight-for-age and weight-
for-height we only give two measures: prevalence below two standard deviations and prevalence below
three standard deviations. For diarrhoea only prevalence is possible.

To avoid the situation where two conflicting estimates exist for the country as a whole, a direct survey-based
estimate and an aggregation of the small area estimates to country level, we employed a benchmarking
routine whereby all small area estimates were adjusted to the direct survey-based estimates for the whole
of Nepal. For any small area regional estimate g5 the corresponding benchmarked estimate is

D
Oy
SAE
Oy

where 6y is the direct survey estimate, and 6" is the aggregated small area estimate, for the whole of
Nepal. The standard errors are transformed in the same way.

SAE,B __ pSAE
0, =6,""%x
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Results for Food Poverty and
Low Kilocalorie Intake

5.1 Food poverty

The results for food poverty prevalence were first accumulated to high levels of aggregation for
comparison with the direct estimates available from NLSS-III. Table 5.1 shows both sets of estimates
(P0) together with their standard errors (se). These estimates are all based on the food expenditure data
and food poverty lines, and are for comparison purposes only. The standard errors for the direct survey
estimates have been calculated using a robust variance technique which controls for the survey design.
The standard errors for the small area estimates (SAE) are the standard deviations of the 100 bootstrap
estimates. We have added a standardized difference between the two sets of estimates, defined as

Small area estimate - direct estimate

) /(Small area se)? + (direct estimate se)?

If both estimate methods are correctly estimating the same quantities, then Z should approximate a
standard normal distribution.

Table 5.1 Comparison of estimates of food poverty prevalence

SAE NLSS-II Standard
PO se PO se Difference
East 0.170 0.009 0.185 0.017 -0.781
Central 0.215 0.010 0.206 0.017 0.434
West 0.174 0.009 0.185 0.021 -0.492
Mid-West 0.297 0.013 0314 0.028 -0.553
Far-West 0.453 0.029 0.432 0.041 0.414
Mountain 0.483 0.029 0.485 0.048 -0.048
Hills 0.254 0.011 0.260 0.015 -0.343
Terai 0.178 0.009 0.168 0.012 0.691
Urban 0.180 0.010 0.149 0.012 2.004
Rural 0.242 0.008 0.251 0.012 -0.632
Key: se=standard error PO=prevalence of food poverty

These Z scores suggest that the small area estimates are all within two standard errors of the direct esti-
mates, indicating a reasonable level of agreement between the two, especially since there are eight tests
of significance, so that it could be expected that one Z score would exceed two even if none were really
statistically significant.
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We note from Table 5.1 that, although in all cases the SAEs are more precise (i.e. smaller standard errors)
than the direct estimates, there is little reduction in standard error from the small area methodology at
the largest levels of aggregation. This is because the uncertainty in the direct estimates due to sampling
variability is replaced by uncertainty in the estimated model for the SAEs. At the lower levels however
the improvement in precision is much more dramatic.

Table 5.2 Summary of district-level food poverty estimates

Prevalence Gap Severity
PO se0 P1 sel P2 se2
Mean 0.2866 0.0217 0.0684 0.0073 0.0243 0.0032
Standard deviation 0.1439 0.0101 0.0450 0.0047 0.0184 0.0024
Minimum 0.0714 0.0067 0.0122 0.0015 0.0034 0.0005
Maximum 0.7454 0.0431 0.2359 0.0200 0.0976 0.0114
Key: se=standard error PO, P1, P2= food poverty prevalence, gap, and severity

Table 5.2 gives a statistical summary of the estimates for the 75 districts. A complete listing of the
estimates is given in Appendix C. Food poverty prevalence at district level ranges from 7.1% (Jhapa)
to 74.5% (Bajura), with a standard deviation of 14.4%. The standard errors of these estimates are
acceptably small, being in all cases less than 4.3% and with a mean of 2.2% (about 15% of the variability
between districts).

The general pattern of the food poverty estimates in Nepal is that food poverty is comparatively low in
urban areas (especially Kathmandu), slightly higher in the Terai, and progressively higher with increas-

ing elevation particularly in the Far-West.

Table 5.3 Summary of ilaka-level food poverty estimates

Prevalence Gap Severity
PO se0 P1 sel P2 se2
Mean 0.2701 0.0349 0.0633 0.0113 0.0222 0.0051
Standard deviation 0.1474 0.0131 0.0449 0.0059 0.0181 0.0032
Minimum 0.0439 0.0098 0.0072 0.0022 0.0020 0.0008
Maximum 0.7877 0.1159 0.2578 0.0356 0.1100 0.0206
Key: se=standard error PO, P1, P2= food poverty prevalence, gap, and severity

Table 5.3 gives a statistical summary of the estimates for the 976 ilaka. The standard errors of the
prevalence estimates have a mean of 3.5%, and most standard errors (823 out of 976) are below 5%.
Figure 5.1 shows that, as expected, the larger standard errors occur in the smaller ilaka in terms of
population size. For the most part, then, these estimates would seem to be useful in making food
poverty comparisons at ilaka level.
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Figure 5.1 Standard error of food poverty prevalence estimate versus ilaka size

5.2 Low kilocalorie intake

Table 5.4 shows a comparison of the direct survey-based estimates and the small area estimates of
prevalence of low kilocalorie intake (KO) at high levels of aggregation. Again we find that, based on the
Z scores, the small area estimates are all within two standard errors of the direct estimates, indicating
a reasonable level of agreement between the two. In all cases, except the rural estimate where the
standard errors are roughly equal, the SAEs are more precise (i.e. smaller standard errors) than the direct
estimates, although there is little reduction in standard error from the small area methodology at these
levels of aggregation.

Table 5.4 Comparison of estimates of low kilocalorie intake prevalence

SAE NLSS-11I Standard

Ko se Ko se Difference
East 0.244 0.011 0.251 0.017 -0.321
Central 0.312 0.009 0.292 0.015 1.129
West 0.293 0.011 0.312 0.019 -0.842
Mid-West 0.363 0.015 0.388 0.027 -0.829
Far-West 0.324 0.015 0.323 0.031 0.025
Mountain 0.382 0.017 0.357 0.042 -0.551
Hills 0.364 0.012 0.372 0.013 0.444
Terai 0.237 0.012 0.229 0.013 -0.454
Urban 0.345 0.013 0.352 0.015 0.345
Rural 0.293 0.011 0.289 0.011 -0.203

Key: se=standard error KO= prevalence of low kilocalorie intake

Table 5.5 gives a statistical summary of the estimates for the 75 districts. A complete listing of the
estimates is given in Appendix C and D. Prevalence of low kilocalorie intake at district level ranges from
18.2% (Jhapa) to 53.2% (Humla), with a standard deviation of 7.2%. The standard errors of these
estimates are acceptably small, being in all cases less than 5.4% and with a mean of 2.1% (about 29%
of the variability between districts).
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Table 5.5 Summary of district-level low kilocalorie intake estimates

Prevalence Gap Severity
KO se0 K1 sel K2 se2
Mean 0.3331 0.0209 0.0685 0.0064 0.0229 0.0028
Standard deviation 0.0723 0.0093 0.0227 0.0040 0.0096 0.0020
Minimum 0.1819 0.0125 0.0276 0.0026 0.0074 0.0009
Maximum 0.5315 0.0542 0.1446 0.0235 0.0577 0.0121
Key: se=standard error KO, K1, K2= prevalence of low kilocalorie intake, gap, and severity

Table 5.6 gives a statistical summary of the estimates for the 976 ilaka. The standard errors of the preva-
lence estimates have a mean of 3.5%, and most standard errors (899 out of 977) are below 5%. For the
most part, then, these estimates would seem to be useful in making low kilocalorie intake comparisons
at ilaka level.

Table 5.6 Summary of ilaka-level low kilocalorie intake estimates

Prevalence Gap Severity
KO se0 K1 sel K2 se2
Mean 0.3164 0.0348 0.0637 0.0100 0.0210 0.0046
Standard deviation 0.0845 0.0110 0.0247 0.0045 0.0100 0.0024
Minimum 0.1088 0.0181 0.0187 0.0040 0.0053 0.0013
Maximum 0.6137 0.1106 0.1756 0.0424 0.0719 0.0233

Key: se=standard error KO, K1, K2= prevalence of low kilocalorie intake, gap, and severity

5.3 Food poverty and low kilocalorie intake maps

Maps of food poverty - prevalence (P0), gap (P1) and severity (P2) - and low kilocalorie intake - preva-
lence (KO0), gap (K1) and severity (K2) - at the ilaka level are provided here.
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Food Poverty Gap (P1) at llaka Level
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Results for Child Undernutrition
and Diarrhoea

6.1 Results for stunting

Table 6.1 Comparison of estimates of stunting prevalence for children < 5

SAE NDHS 2011 Standard

S2 se S2 se Difference
East 0.368 0.014 0.359 0.028 0.299
Central 0.384 0.015 0.368 0.025 0.552
West 0.365 0.012 0.381 0.037 -0.412
Mid-West 0.465 0.017 0.494 0.035 -0.771
Far-West 0.469 0.017 0.480 0.035 -0.275
Mountain 0.534 0.019 0.511 0.029 0.668
Hills 0411 0.015 0.417 0.021 -0.238
Terai 0.371 0.014 0.370 0.021 0.017
Urban 0.308 0.022 0.281 0.024 0.842
Rural 0.413 0.013 0.411 0.016 0.102

Key: se=standard error  S2= prevalence of stunting

Table 6.1 compares the SAEs with the direct survey estimates from NDHS 2011 at high levels of
aggregation. The small area estimates match very well with the direct estimates, since all the standard
differences are quite small. As noted earlier, the first stage regression model for height-for-age were poor in
terms of predictive power, with an & values of only 18% (see Appendix B ). Despite this, it appears from
Table 6.1 that the small area estimates of stunting at high aggregation levels still have smaller standard
errors than the direct estimates from the survey. This is perhaps due to the fact that very little of the
residual variation from the model is at PSU-level, so that this unexplained variation, though considerable,
is mostly averaged over a large number of individuals. Note that with a cluster-level generalised-R* of 62%,
the model is explaining most of the PSU-level variation.

Turning to the district-level estimates, summarized in Table 6.2, we find that the standard errors are
quite small, with an average of only 2.2% for stunting prevalence. Only four of 75 are over 3%. The
estimates of stunting prevalence range from 27.8% (Kathmandu) to 57.5% (Bajhang). The standard
errors for severe stunting are also quite small, averaging 1.6% in comparison with the standard deviation
of 4.8%, so should provide reasonably accurate comparisons of severe stunting between areas. The
estimates of stunting and severe stunting are very strongly correlated (7 = 0.996) so would give very
similar results if used to discriminate between districts. A complete listing of the estimates is given in

Appendix C and D.
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Table 6.2 Summary of district-level estimates of stunting prevalence for children < 5

Stunting Severe stunting
S2 se2 S3 se3
Mean 0.4276 0.0224 0.1767 0.0155
Standard deviation 0.0740 0.0042 0.0487 0.0037
Minimum 0.2781 0.0162 0.0906 0.0085
Maximum 0.5750 0.0387 0.2834 0.0250
Key: se=standard error  S2, S3=prevalence of stunting, severe stunting

Even at ilaka level, as shown in Table 6.3, the estimates of both S2 and S3 have reasonably small
standard errors in comparison with the variability between the ilaka. Stunting prevalence (S2) has an
average standard error of 3.1%, and only 22 out of 976 have standard errors of over 5%. Estimates at
ilaka level range from 22.6% (ilaka 17 in Kathmandu) to 61.2% (ilaka 7 in Dolpa). Standard errors
for severe stunting (S3) average 2.1%, in comparison with the standard deviation of 5% between the
ilaka. Thus, although the models used to derive the estimates have low predictive power for individual
children, they seem to be capturing a considerable amount of variability in undernutrition between

ilaka.

Table 6.3 Summary of ilaka-level estimates of stunting prevalence for children <5

Stunting Severe stunting
S2 se2 S3 se3
Mean 0.4179 0.0312 0.1700 0.0212
Standard deviation 0.0768 0.0092 0.0498 0.0077
Minimum 0.2255 0.0187 0.0682 0.0106
Maximum 0.6124 0.1606 0.3208 0.1263
Key: se=standard error  S2, S3=prevalence of stunting, severe stunting

6.2 Results for underweight

As with stunting, the estimates of underweight (U2) were compared with the direct survey-only
estimates, as presented in Table 6.4. Again the small area estimates reproduce quite well the pattern
of the direct estimates at high levels of aggregation. We therefore conclude again that the small area
estimates, despite low predictive power in the regression model, are capturing regional variation in the
prevalence of underweight.
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Table 6.4 Comparison of estimates of underweight prevalence for children < 5

SAE NDHS 2011 Standard

U2 se U2 se Difference
East 0.267 0.012 0.249 0.027 0.624
Central 0.277 0.010 0.296 0.024 -0.748
West 0.276 0.014 0.243 0.036 0.848
Mid-West 0.336 0.012 0.371 0.031 -1.071
Far-West 0.335 0.011 0.333 0.030 0.066
Mountain 0.370 0.019 0.357 0.030 0.364
Hills 0.258 0.011 0.276 0.020 -0.789
Terai 0.305 0.013 0.292 0.020 0.539
Urban 0.199 0.019 0.171 0.017 1.092
Rural 0.304 0.009 0.302 0.014 0.112

Key: se=standard error U2= prevalence of underweight

The district-level estimates for underweight, described in Table 6.5, have standard errors a little lower
than those for stunting, having an average of only 1.8%, with only two over 3%. The underweight
estimates themselves range from 14.5% (Kaski) to 46.4% (Kapilbastu). The standard errors for severe
underweight are also quite small, with a standard error of 0.9% in contrast to the district-level standard
deviation of 3.5%. The estimates of underweight and severe underweight are very strongly correlated
(r = 0.986) so would give very similar results if used to discriminate between districts. A complete
listing of the estimates is given in Appendix C and D.

Table 6.5 Summary of district-level estimates of underweight prevalence for children < 5

Underweight Severe Underweight
U2 se2 u3 se3
Mean 0.2907 0.0180 0.0820 0.0088
Standard deviation 0.0743 0.0051 0.0351 0.0044
Minimum 0.1454 0.0110 0.0272 0.0038
Maximum 0.4643 0.0372 0.1916 0.0300
Key: se=standard error U2, U3= prevalence of underweight, severe underweight

Again at ilaka level, the standard errors for underweight prevalence are reasonably small, as shown
in Table 6.6. Only 36 out of 976 are above 5%, with an average of 2.4%. Estimated prevalence of
underweight ranges from 9% (ilaka 1 in Mustang) to 56.7% (ilaka 7 in Kapilbastu). Thus the model
for weight-for-age, although similarly low in predictive power to that of height-for-age, seems to be
capturing a considerable amount of variability in prevalence of underweight between ilaka.
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Table 6.6 Summary of ilaka-level estimates of underweight prevalence for children < 5

Underweight Severe Underweight
U2 se2 us3 se2
Mean 0.2910 0.0242 0.0819 0.0123
Standard deviation 0.0789 0.0083 0.0384 0.0066
Minimum 0.0903 0.0113 0.0145 0.0037
Maximum 0.5667 0.1014 0.2761 0.0627
Key: se=standard error U2, U3= prevalence of underweight, severe underweight

6.3 Results for wasting

Table 6.7 compares the small area estimates of wasting prevalence with the direct survey estimates by
region, belt and urbanity. The standard differences are again reasonably small, all being within two
standard errors of zero. The model for weight-for-height was quite low in predictive power (R*=11.5%)
but nevertheless the standard errors for the small area estimates are still lower than those for the survey-
based estimates. Although there is good agreement overall, it is notable that the direct estimates suggest
negligible difference in wasting prevalence between the mountains, hills and Terai, whereas the small
area estimates predict a higher rate of wasting in the Terai, which is consistent with the results from the
previous study (Jones and Haslett, 2006).

Table 6.7 Comparison of estimates of wasting prevalence for children < 5

SAE NDHS 2011 Standard

w2 se w2 se Difference
East 0.101 0.006 0.103 0.017 -0.064
Central 0.112 0.006 0.120 0.019 -0.402
West 0.125 0.009 0.107 0.020 0.826
Mid-West 0.111 0.007 0.113 0.014 -0.112
Far-West 0.108 0.008 0.112 0.017 -0.189
Mountain 0.093 0.008 0.106 0.019 -0.660
Hills 0.087 0.004 0.110 0.014 -1.572
Terai 0.134 0.007 0.114 0.012 1.427
Urban 0.091 0.010 0.086 0.016 0.277
Rural 0.115 0.005 0.114 0.009 0.053

Key: se=standard error W2= prevalence of wasting

The estimates for wasting are much lower on average than those for stunting and underweight, so the
standard errors are correspondingly smaller. The district-level estimates, described in Table 6.8, have
standard errors averaging only 1%, whereas standard deviation is 3.5%, suggesting that the estimates
are useful for distinguishing between districts. The wasting estimates themselves range from 4.6%
(Myagdi) to 25.8% (Kapilbastu). A complete listing of the estimates is given in Appendix C and D.
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Table 6.8 Summary of district-level estimates of wasting prevalence for children < 5

Wasting Severe Wasting
w2 se2 w3 se3
Mean 0.0992 0.0095 0.0230 0.0037
Standard deviation 0.0354 0.0040 0.0142 0.0029
Minimum 0.0457 0.0049 0.0070 0.0013
Maximum 0.2576 0.0252 0.0980 0.0177
Key: se=standard error W2, W3= prevalence of wasting, severe wasting

Again at ilaka level the standard errors for wasting prevalence are reasonably small, as shown in Table
6.9. Only one out of 976 is above 5%, with an average of 1.4%. Since the variation in the estimates has
a standard deviation of 4.5%), the model for weight-for-height, although low in predictive power, seems
to be capturing a considerable amount of variability in prevalence of wasting between ilaka. Estimated
prevalence of wasting ranges from 2.4% (ilaka 5 in Manang) to 32% (ilaka 7 in Kapilbastu).

Table 6.9 Summary of ilaka-level estimates of wasting prevalence for children < 5

Wasting Severe Wasting
w2 se2 w3 se3
Mean 0.1024 0.0137 0.0243 0.0058
Standard deviation 0.0451 0.0063 0.0184 0.0043
Minimum 0.0240 0.0058 0.0018 0.0016
Maximum 0.3205 0.0581 0.1321 0.0361
Key: se=standard error W2, W3= prevalence of wasting, severe wasting

There was an anomaly found in the NPHC, i.e. the census data, for one variable (roof type) for one ilaka
only, number 901 in the eastern mountains. In this ilaka, roof type had been coded predominantly as
“other”. However, a check on Google Earth revealed roof type to be predominantly “straw” in line with
its neighbouring ilaka. The coding anomaly affected the SAE for this ilaka only, and only for wasting.
(In models for other variables of interest, because of the way they incorporate roof type, whether roof
type was “other” or “straw” made no difference to any SAE, even for this ilaka.) Field based re-collection
of census data was not feasible, so for ilaka 901 only, roof types “other” and “straw” were recoded to
match estimates based on Google Earth. Unit record data for ilaka 901 were then adjusted via multiple
imputation for roof type. No other ilaka or other small area estimates were affected. Interestingly,
survey and census data used for SAE were generally very sound, as this was the sole anomaly found for
SAE in any ilaka for any variable used in any of the statistical models.

6.4 Results for diarrhoea

Table 6.10 compares the small area estimates of diarrhoea prevalence with the direct survey estimates
by region, belt and urbanity. The standard differences are mostly quite small, suggesting that the two
methods agree regarding the broad spatial distribution of prevalence. One of the standard differences,
for the Far-West region, is slightly more than 2, with the small area estimate being substantially higher
than the direct estimate, but one disagreement in 10 comparisons is to be expected. Both sets of
estimates agree that prevalence is highest in the Terai belt, and in the rural areas.
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Table 6.10 Comparison of estimates of diarrhoea prevalence for children < 5

SAE NDHS 2011 Standard

Do se Do se Difference
East 0.113 0.007 0.117 0.010 -0.282
Central 0.146 0.007 0.151 0.012 -0.342
West 0.150 0.009 0.158 0.022 -0.308
Mid-West 0.140 0.010 0.146 0.016 -0.325
Far-West 0.148 0.010 0.114 0.014 2.023
Mountain 0.140 0.011 0.135 0.018 0.251
Hills 0.126 0.007 0.128 0.011 -0.163
Terai 0.150 0.007 0.148 0.010 0.128
Urban 0.120 0.017 0.134 0.015 -0.623
Rural 0.142 0.005 0.140 0.007 0.243

Key: se=standard error DO= prevalence of diarrhoea

The district- and ilaka-level estimates, summarized in Table 6.11, have quite small standard errors on
average, in comparison with the standard deviations of the estimates, so some comparisons between
districts, and between ilaka, can be made. The district-level estimates range from 8.4% (Ilam) to 25.8%
(Kapilbastu); the ilaka-level from 1.8% (ilaka 1 in Sankhuwasabha) to 32.6% (ilaka 15 in Kapilbastu).
The distribution of ilaka-level estimates is right-skewed, as shown in Figure 6.1, with a few ilaka having
unusually high rates of diarrhoea (above 20%). A complete listing of the estimates is given in Appendix
Cand D.

Table 6.11 Summary of small area estimates of diarrhoea prevalence for children < 5

district ilaka
Do se Do se
Mean 0.1319 0.0136 0.1307 0.0179
Standard deviation 0.0315 0.0042 0.0415 0.0059
Minimum 0.0844 0.0081 0.0184 0.0087
Maximum 0.2582 0.0328 0.3258 0.0596
Key: se=standard error DO= prevalence of diarrhoea
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Figure 6.1 Distribution of ilaka-level estimates of diarrhoea prevalence
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6.5 Undernutrition and diarrhoea maps

Maps of undernutrition prevalence — stunting (S2), severe stunting (S3), underweight (U2), severe
underweight (U3), wasting (W2), severe wasting (W3) - and diarrhoea prevalence at the ilaka level are

provided here.
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Multivariate Analysis

7.1 Correlations

Table 7.1 Pairwise correlations for all six measures, ilaka level

PO Ko S2 U2 w2 Do
PO 1
KO 0.6236 1
S2 0.8174 0.573 1
U2 0.5296 0.0903 0.5032 1
W2 -0.0439 -0.2842 -0.1537 0.6422 1
DO 0.2428 -0.0125 0.1137 0.5599 0.6297 1

Here we investigate the relationships between the six measures of deprivation estimated in this report,
namely prevalences of food poverty (P0), low kilocalorie intake (K0), stunting (S2), underweight (U2),
wasting (W2) and diarrhoea (D0). Table 7.1 shows the correlations between the ilaka-level estimates of
these measures. Food poverty is most strongly associated with low kilocalorie intake and stunting, and
not so much with wasting or diarrhoea. Wasting and diarrhoea prevalence are fairly strongly associated.
The correlation structure suggests that there might be a number of different underlying factors operat-
ing, perhaps representing different aspects of deprivation.

7.2 Principal Components

Table 7.2 Principal component analysis for the six indicators

Component Eigenvalue Difference Proportion Cumulative
Comp1 2.773 0.695 0.462 0.462
Comp2 2.079 1.547 0.346 0.809
Comp3 0.532 0.180 0.089 0.897
Comp4 0.352 0.185 0.059 0.956
Comp5 0.167 0.069 0.028 0.984
Comp6 0.098 . 0.016 1.000
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Table 7.3 Principal components for the six indicators

Variable Comp1 Comp2 Comp3 Comp4 Comp5 Comp6
PO 0.530 -0.226 -0.065 -0.150 -0.794 0.106
Ko 0.340 -0.423 0.618 0.527 0.181 -0.118
S2 0.495 -0.285 -0.346 -0.229 0.543 0.455
U2 0.479 0.323 -0.399 0.225 0.129 -0.664
w2 0.175 0.617 0.025 0.509 -0.081 0.568
DO 0.315 0.452 0.579 -0.582 0.134 -0.072

Tables 7.2 and 7.3 show the results of using principal components analysis on the six indicators: food
poverty (P0), low kilocalorie intake (KO), stunting (S2), underweight (U2), wasting (W2) and diar-
rthoea (DO). This suggests that there are two dominant components that together account for 81%
of the ilaka-level variation in the estimates. The first component gives a positive weighting to all the
indicators suggesting that it is an overall measure of deprivation, although more weight is given to food
poverty, stunting and underweight. The second component contrasts two sets of measures: P0, KO0, S2
against U2, W2 and DO. The ilaka scoring high on this second component have poor nutrition out-
comes (low body weight, diarrhoea) despite apparently adequate food intake. It could be conjectured
that the first component is related more to economic poverty whereas the second is related to hygiene
factors such as provision of adequate toilet facilities and water supply, and to good hygiene and sanita-
tion practices.

Figure 7.1 Plot of first two principal components for districts
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A plot of the first two components, as in Figure 7.1, suggests that they are uncorrelated in the Mountain
and Hill belts, but positively correlated in the Terai. The high values for Component 2, where wasting
and diarrhoea are particularly high, are all in the Terai, although high values for diarrhoea also extend
from the Terai into the Far-West.
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Conclusions and Discussion

We have produced small area estimates of food insecurity and undernutrition in Nepal at district and
sub-district levels by combining survey data with auxiliary data derived from the 2011 census. A single
model was found to be adequate for predicting log average per capita household food expenditure
and the food poverty measures derived from it. The ilaka-level estimates obtained have acceptably low
standard errors.

It is interesting to note that the estimates derived from calorie intake, height-for-age, weight-for-age,
and weight-for-height also had acceptably small standard errors down to ilaka level, even though our
predictive models for these variables had lower R values than for log average per capita household food
expenditure. The lower R values for the child-level regression models in part reflect the additional
level of variation (children within households) in comparison with the model for log average per capita
household food expenditure. Smaller £ is also more acceptable if the large unexplained variation is truly
random across households or individuals, with little or no cluster-level variation. Since the methodology
incorporates in the standard errors any remaining cluster-level variation, this would appear to be the
case. It is nevertheless likely that some of this variation represents missing variables in the model which
would give better prediction if they were available. If important factors are missing then the small area
estimates obtained will not reflect the true variability in these undernutrition indicators, and will tend
to have larger standard errors than would otherwise be the case. There are other factors, particularly
health-related ones, that would be useful predictors of undernutrition, but these variables were not
available for the population from the census data and so could not be included in the small area models.
Calorie intake is inevitably imprecisely measured, so a large part of its unexplained variation is due to
measurement error which would be expected to vary randomly across households. Thus our small area
estimates for low kilocalorie intake are reasonably precise even though the household-level model had
low predictive power.

Geographic Information System (GIS) variables were not used directly in the regression and
heteroscedasticity models. GIS variables are necessarily at aggregate level and, as for census means,
because they are aggregated are not able to provide household level information. Like all regressor
variables, they are to be included in models only where they explain variation in addition to that
explained by the other variables in the model. GIS and other variables, even when they are not included
directly in the model, can nevertheless be important in their own right. As a consequence, although maps
of small area estimates are important, so are various complementary maps of GIS and other variables.
What is important is whether such variables have high correlation with the small area estimates (even if
they are not in the regression model itself).

As noted earlier, we have departed from previous implementations of ELL methodology in a few
important ways. More detailed discussion can be found in Haslett and Jones (2005b, 2010). For
example, the strategy for choosing appropriate regression models for the target variable is not usually
made explicit, but Miller (2002) sounds a number of cautions. Using separate survey based models for
subgroups such as geographical strata, especially where there are a large number of such subgroups,
and selecting variables from a very large pool of possibilities including all interaction terms cannot
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be recommended. Model-fitting criteria such as adjusted R° or A/C will penalize for fitting too many
variables, but do not account for the number of variables that are being selected from. Cross-validation
(i.e. dividing the sample, fitting a model to one part, and testing its utility on the other) might be
useful here. We have tried where possible to fit a single model for the whole population, including
interaction terms only when the corresponding main effects are also included and looking carefully
at the interpretability of the estimated effects, i.e. whether the model makes sense. This is a time-
consuming procedure but can lead to more stable parameter estimation and more reliable prediction.
This does not preclude fitting subgroup or area effects in models when required, or combining area
based models into an essentially equivalent single model containing appropriate interactions to improve
stability of regression parameter estimates. When the effects of most factors on the target variable are
similar in all areas, with modulation only between rural and non-rural areas, an urban/rural possibly
with some interactions with other variables will suffice. Even a single model can produce very different
area based estimates when appropriate as the results in Appendix C attest. Furthermore if there is prior
knowledge on which factors are likely to affect the target variable, this can be incorporated into the
model selection. A more formal way of doing this would be through a Bayesian analysis, but this is
beyond the scope of the present work.

The use of specialised survey regression routines, such as those available in Stata, Sudaan and WesVar,
in the initial model fitting to the survey data has distinct advantages, since it incorporates the entire
survey design and gives a consistent estimate of the covariance matrix. These specialized routines use a
robust estimation methodology, essentially collapsing the covariance matrix within clusters, and such
methods are consequently more stable than ones which estimate a covariance within each cluster. A
perceived disadvantage is that such robust methods may give poor estimates if used for small subpopu-
lations with few clusters. However this is a real effect, not an artefact of the fitting procedure. Note that
such routines require all survey data to be included in any analysis (even of a subpopulation) in order
to give unbiased standard errors, so that analysis of sub-setted survey data is not recommended, even
if different models are being fitted to different subgroups. The weighting of the survey observations is
complex not only because of the survey design but also because the target variable is often a per capita
average. Alternatively, if individual data are used, these will be correlated when from the same family,
although the robust variance estimate is still valid even there because it only assumes independence
between clusters, not of observations within clusters.

To allow for non-independence between children in the same household at the prediction stage, we
have extended the ELL approach to incorporate three levels of variation. Whilst the estimation of
variance components in such a hierarchical model is now well-understood, the use of estimated random
effects in a non-parametric bootstrap raises some theoretical issues, such as adjustment for degrees of
freedom, which might provide fruitful areas for further research. We have also tested, to the extent
possible given many sampled ilaka contain only one sampled primary sampling unit (PSU), that small
area (i.e. ilaka) level random effects are negligible when estimating standard errors.

The estimation of diarrhoea prevalence, which unlike the other measures is not based on an underlying
numerical variable, represents a significant extension of the ELL approach. There are issues regarding the
modelling, estimation and prediction, particularly with regard to the multilevel variance structure, that
warrant further research. Until such further work is done, these estimates should be regarded as tentative.

The benefits of the ELL methodology accrue when interest is in several nonlinear functions of the

same target variable, as in the case here of three food poverty measures defined on household per
capita expenditure, or in distributional properties. If only a single measure were of interest, it might
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be worthwhile to consider direct modelling of this. For example small area estimates of food poverty
prevalence could be derived by estimating a logistic regression model for prevalence in the survey data.
Ghosh and Rao (1994) consider this situation within the framework of generalized linear models. If
on the other hand there are several target variables which might be expected to be highly correlated, it
might increase efficiency to use a multivariate model rather than separate univariate regressions. The
discussion in Section 7 does however raise some interesting issues about the utility of such multivariate
models, since such techniques tend to shrink estimates of each component toward one another, and it is
sometimes the contrast rather than the combination of variables such as height-for age, weight-for-age,
and weight-for-height that is important.

From a theoretical perspective, the best (i.e. most efficient) small area estimator uses the actual observed
Y when these values are known, i.e. for the units sampled in the survey, and the predicted Y values
otherwise. The resulting estimator can be thought of as a weighted mean of the direct estimator, from
the survey only, and an indirect estimator derived from the auxiliary data, the weights being related to
the standard errors of the two estimates. In practice it may be impossible for confidentiality reasons to
identify individual households in the survey and match them to the census, but there is a theoretical
basis for using a weighted mean of the two estimates and thereby increasing precision. Further it is
not necessary to resample unconditionally from the empirical distribution of the cluster-level residuals
for those clusters which are present in the survey. An alternative would be to resample each of these
parametrically from an estimated conditional distribution, i.e. for clusters present in the survey we
would calculate the bootstrap predictions using the known value rather than a draw from a random
distribution. This would however not have a major effect where the number of clusters in the sample is
small relative to the number of clusters defined over the whole population. See also Valliant, Dorfman
and Royall (2000).

The provision of standard errors with the small area estimates is important because it gives the user an
indication of how much accuracy is being claimed, conditional on the model being correct. Ultimately
decisions are to be made on which areas should receive the most development assistance, so it is
important that this information be given to users in a way that is most useful for this purpose.

From a technical perspective, the statistical methods used would benefit from further theoretical
development and justification. The range of models possible using small area estimation is very broad,
and while the ELL methodology has a number of theoretical and practical advantages, sensitivity
of estimates to different small area estimation models remains an only partially explored issue. This
question relates both to the choice of the ELL method, vis-a-vis others, and to the choice of explanatory
variables within models (e.g. submodels for different areas, cross-validation of variables selected from a
large pool including higher level interactions, consistency of sign and magnitude of parameter estimates
with likely influence on poverty, undernutrition or health-related variables in the presence of correlated
variables). These questions need theoretical work and extend beyond the present study.

Ground truthing or validation of small area estimates by visits to selected small areas after models have
been fitted and small area estimates derived from them can be a useful exercise. Some cautions are
however warranted. The first is that small area estimation is a technique that works best in aggregate -
not every small area estimate can be expected to give precise information, so that choosing areas to visit
on the basis of possible anomalies can give a biased picture of the utility of the estimates as a whole. It
is also difficult to ask participants in a validation exercise to differentiate various types of poverty or not
to include aspects (such as health or water quality) which because they are not included in the census
variables cannot be part of the small area estimates themselves. Validation exercises are also usually
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limited by funds, so that formal testing of the accuracy of the small area estimates is not possible by
this method. Nevertheless, validation can provide useful qualitative insights and even more importantly
a forum for discussion of results of poverty, undernutrition and health-related mapping with local
communities.

Small area models are not perfect, and standard errors derived from them depend on the model being at
least approximately correct, or at least correct enough to make sound predictions. Despite these caveats,
from a practical point of view the Nepal small area food security, undernutrition and health estimates
presented in this report are at a much finer geographical level than is possible using survey data alone,
and consequently should be of considerable benefit when a mechanism for allocation of development
assistance is required.
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Appendices

Appendix A. Auxiliary variables

A.1 Obtainable or derivable from NLSS-III

Variable name Variable label

urban urban area

aehhsize adult equiv hh size

hhsize hh size

s_kids06 % kids 0-6

s_kids715 % kids 7-15

s_adultm % hh adult male

s_adultf % hh adult female

s_elderly % hh over 65

head_age age of hh head

head_fem hh head female

head_educ_1 hh head has no schooling
max_educ_fem_1 maximum female education no schooling
max_educ_fem_2 maximum female education 1 to 4 years
max_educ_fem_3 maximum female education 5 to7 years
max_educ_fem_4 maximum female education 8 to 10 years
max_educ_fem_5 maximum female education at least 11 years
Mtns Mountains

Hill Hill

Terai Terai

East Eastern region

Central Central region

West Western region

MWest Mid-Western region

FWest Far Western region

fridge hh has fridge

tv hh has tv

mbike hh has motorbike

wall_w hh has wooden wall

roof_s roof made of straw

roof i rood made of iron

roof_w roof made of wood

roof_m roof made of metal

dwater_p hh gets drinking water from pipe

elec hh has electricity

ckfuel_w hh uses wood for cooking

ckfuel_d hh uses dung for cooking
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A.2 Obtainable or derivable from NDHS 2011

Variable name

Variable label

hhsize

household size

ageyrl ageinyearsis 0

ageyr2 ageinyearsis 1

ageyr3 ageinyearsis 2

ageyr4 ageinyearsis 3

ageyr5 ageinyearsis 4

girl female

skids6 % kids 0-6

skids715 % kids 7-15

selderly % hh over 65

samen % adult male

sawomen % adult female

p_noed propn adults in hh with no education
p_primary propn adults in hh with only primary education

p_secondary

propn adults in hh with secondary education

p_postsecondary

propn adults in hh with post-secondary education

hage1 hhead aged 18-29

hage2 hhead aged 30-44

hage3 hhead aged 45-59

hage4 hhead aged 60 and over
flr_con hh has concrete floor
flr_wod hh has wooden floor
flr_oth hh has other types of floor
wall_brk hh has brick walls
wall_wod hh has wooden walls

wall_bambo

hh has bamboo walls

wall_oth hh has other type of walls

roof_straw hh has straw roof

roof_galv hh has galvanised iron roof

roof_tile hh has tile roof

roof_conc hh has concrete roof

roof_wod hh has wooden roof

roof_oth hh has other type of roof

fuel_wood hh uses wood for cooking

fuel_ker hh uses kerosene for cooking

fuel_lpg hh uses Ipg for cooking

fuel_dung hh uses dung for cooking

fuel_biogas hh uses biogas for cooking

fuel_elec hh uses electricity for cooking

fuel_oth hh uses other type of fuel for cooking
wat_pipe hh gets drinking water from pipe
wat_tube hh gets drinking water from tubewell
wat_cwell hh gets drinking water from covered well
wat_uwell hh gets drinking water from uncovered well
wat_spo hh gets drinking water from spout
wat_riv hh gets drinking water from river
wat_oth hh gets drinking water from other sources
toilet_sew hh uses toilet with sewerage system
toilet_sept hh uses toilet with septic tank

toilet_ord hh uses ordinary toilet

toilet_non hh has no toilet facility
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radio hh has radio
tv hh has tv
computer hh has computer
phone hh has phone
mobile hh has mobile
fridge hh has fridge
mbike hh has motorbike
motor hh has motor
bike hh has bicycle
hdnvrmard hh head never married
hdmarid hh head married
hdwidow hh head widow
hddivor hh head divorced
hfem hh head female
electric hh has electricity
A.3 GIS Variables

Variable name

Variable label

meanht mean elevation (kilometers) of VDC

htrangepa elevation range (meters) of VDC

stdht standard deviation of elevation (meters) of VDC
meanslp mean slope (percentage) of VDC

popdens population density (persons/sgkm) in VDC

distdhq distance to district headquarters (kilometers) in VDC
distschl distance to school (minutes) in VDC

disthelt distance to health centers (minutes) in VDC
distmrkt distance to market centers (minutes) in VDC
roadpua road length per unit area (kilometers) in VDC
roadpthp road length per ‘000 population (kilometers) in VDC
riverpua river length per unit area (kilometers) in VDC

A.4 Census means (ward level) from NPHC 2011

Variable name

Variable label

Whouse_owns

% hh in ward who own their home

Whouse_rents

% hh in ward who rents

Whouse_institutional

% hh in ward considered as institutional

Whouse_other

% hh in ward considered as others

Wfloor_mud

% hh in ward with mud floor

Wfloor_cement

% hh in ward with cement floor

Wfloor_rccpillar

% hh in ward with rcc pillar floor

Wfloor_woodpillar

% hh in ward with wood pillar floor

Wfloor_other

% hh in ward with other floor

Wfloor_cementbondedpillar

% hh in ward with cement bonded pillar floor

Wwall_mud

% hh in ward with mud walls

Wwall_cement

% hh in ward with cement walls

Wwall_wood

% hh in ward with wooden walls

Wwall_bamboo

% hh in ward with bamboo walls
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Wwall_unbakedbrick

% hh in ward with unbaked brick walls

Wwall_other

% hh in ward with other walls

Wroof_straw

% hh in ward with straw roof

Wroof_iron % hh in ward with iron roof
Wroof _tile % hh in ward with tile roof
Wroof_rcc % hh in ward with rcc roof

Wroof_planks

% hh in ward with planks roof

Wroof_mud

% hh in ward with mud roof

Wroof_other

% hh in ward with other roof

Wroof_ironconcrete

% hh in ward with iron and concrete roof

Wwater_piped

% hh in ward where drinking water is from pipe

Wwater_handpump

% hh in ward where drinking water is hand-pumped

Wwater_coveredwell

% hh in ward where drinking water is from covered well

Wwater_openwell

% hh in ward where drinking water is from open well

Wwater_spring

% hh in ward where drinking water is from spring

Wwater_river

% hh in ward where drinking water is from river

Wwater_other

% hh in ward where drinking water is from other sources

Wcookingfuel_wood

% hh in ward cooking with wood

Wcookingfuel_kerosine

% hh in ward cooking with kerosene

Wcookingfuel_gas

% hh in ward cooking with gas

Wcookingfuel_dung

% hh in ward cooking with dung

Wcookingfuel_biogas

% hh in ward cooking with biogas

Wcookingfuel_other

% hh in ward cooking with other types of fuel

Wilightfuel_elec

% in ward using electricity for lighting

WIlightfuel_kerosine

% hh in ward using kerosene for lighting

Wilightfuel_biogas

% hh in ward using biogas for lighting

WIlightfuel_solar

% in ward with solar-powered lighting

WIlightfuel_other

% hh in ward using other sources for lighting

Wtoilet_flushsewer

% hh in ward with flush (sewer) toilet

Wtoilet_flushseptik

% hh in ward with flush (septic) toilet

Wtoilet_nonflush

% hh in ward with non-flush toilet

Wtoilet_flushnonflush

% hh in ward with flush and non-flush toilet

Wtoilet_none

% hh in ward with no toilet

Wowns_radio

% hh in ward with a radio

Wowns_tv

% hhin ward with a tv

Wowns_cabletv

% hh in ward with a cable tv

Wowns_computer

% hh in ward with a computer

Wowns_internet

% hh in ward with internet

Wowns_phone

% hh in ward with a phone

Wowns_motorcycle

% hh in ward with a motorcycle

Wowns_bicycle

% hh in ward with a bicycle

Wowns_vehicle

% hh in ward with a vehicle

Wowns_fridge

% hh in ward with a fridge

Wno_absent

% hh in ward with no absent

Whead_age

average age of hhead in ward

Whead_female

% hh in ward with female hhead

Whead_literate

% hh in ward with literate hhead

Whead_enrolled

% hh in ward with hhead enrolled

Whead_educ_none

% hhead in ward with no education

Whead_educ_under5

% hhead in ward with 1-4 years education

Whead_educ_5to7

% hhead in ward with 5-7 years education

Whead_educ_8to10

% hhead in ward with 8-10 years education

Whead_educ_11plus

% hhead in ward with 11+ years education
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Wmax_educ_fem_none

% hh in ward with max female education no schooling

Wmax_educ_fem_under5

% hh in ward with max female education <5 yrs

Wmax_educ_fem_5to7

% hh in ward with max female education 5-7 yrs

Wmax_educ_fem_8to10

% hh in ward with max female education 8-10 yrs

Wmax_educ_fem_11plus

% hh in ward with max female education 11+ yrs

Wmax_educ_none

% hh in ward with max education no schooling

Wmax_educ_under5

% hh in ward with max education 1-4 yrs

Wmax_educ_5to7

% hh in ward with max education 5-7 yrs

Wmax_educ_8to10

% hh in ward with max education 8-10 yrs

Wmax_educ_11plus

% hh in ward with max education 11+ yrs

Wsharechildren015

Average % of children 0 to 15 per hh in ward

Wsharechiildren06

Average % of children 0 to 6 per hh in ward

Wsharechildren715

Average % of children 7 to 15 per hh in ward

Wshareadults

Average % of adults per hh in ward

Wshareelderly

Average % of elderly per hh in ward

Wshareadultsf

Average % of adult female per hh in ward

Wshareadultsm

Average % of adult male per hh in ward

Wdependency_hhshare

Average % of dependency per hh in ward
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Appendix B. Regression results

B.1 Model for log per capita food expenditure in NLSS-III

n p R? a?, 0%, /0%,
5832 21 0.374 0.1481 0.1328

where 7 = sample size, p = number of variables, R = coefficient of determination
0% = residual variance, /0% = ratio of cluster to total residual variation

Variable Coef. Std.Err. t P>t Label

hhsize 0.0304 0.0081 3.77 0.000 hh size

Ihhsz -0.5079 0.0427 -11.91 0.000 log(hh size)

s_kid06 -0.5077 0.0432 -11.76 0.000 %kids0-6

s_kid715 -0.2776 0.0348 -7.97 0.000 %kids7-15

noschool_r -0.0697 0.0137 -5.07 0.000 hhead no schooling, rural
max_educ_fem_1 -0.0567 0.0162 -3.5 0.001 maximum female education no schooling
fridge 0.2186 0.0236 9.27 0.000 hh has fridge

tv 0.1153 0.0166 6.96 0.000 hh has tv

mbike 0.1571 0.0238 6.6 0.000 hh has motorbike

elec 0.0695 0.0234 2.96 0.003 hh has electricity

roof_s -0.1028 0.0187 -5.49 0.000 roof made of straw

Fwest -0.2020 0.0301 -6.71 0.000 Far Western region

Mtns -0.1411 0.0374 -3.78 0.000 Mountains

Terai 0.1049 0.0329 3.19 0.002 Terai

Wmax_educ_5to7 -0.6291 0.1249 -5.04 0.000 % hh in ward with max education 5-7 years
WIlightfuel_solar 0.2686 0.0756 3.55 0.000 % hh in ward with solar-powered lighting
Whead_educ_5to7 0.6248 0.1604 3.9 0.000 % hhead in ward with 5-7 years education
urban_mts 0.1965 0.0592 3.32 0.001 urban area in Mountians

urban_ter -0.1765 0.0297 -5.94 0.000 urban area in Terai

popdens 0.0000 0.0000 -9.37 0.000 population density of VDC

meanslp -0.0021 0.0009 -2.39 0.017 mean slope in VDC

_cons 10.5802 0.0553 191.25 0.000 constant

Heteroscedasticity model (#*=0.011):

L Coef. Std. Err. t P>t
Central 0.4112 0.0928 443 0
West 0.1927 0.0941 2.05 0.041
Mwest 0.4949 0.1140 4.34 0
Fwest 0.0349 0.1518 0.23 0.818
Ihhsz -0.2109 0.0707 -2.98 0.003
_cons -4.3313 0.1220 -35.5 0
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B.2 Model for log per adult equivalent kilocalorie consumption in NLSS-III

n p R? a?, 0% /02,
5971 23 0.177 0.0966 0.0853

where 7 = sample size, p = number of variables, R’ = coefficient of determination
o?,= residual variance, ¢?,/0% = ratio of cluster to total residual variation

Variable Coef.  Std.Err. t P>t Label

laehhsz -0.3452 0.0267 -12.93 0.000 log adult equiv hh size

hhsize 0.0144 0.0054 2.69 0.007  hhsize

s_adultf 0.1775 0.0324 547 0.000 % hh adult female

s_elderly 0.0845 0.0362 233 0.020 % hh over 65

head_age 0.0013 0.0004 3.06 0.002  age of hhead

head_educ_1 -0.0244 0.0111 -2.19 0.029  hhead has no schooling

tv 0.0985 0.0191 5.14 0.000 hhhastv

mbike 0.0712 0.0163 437 0.000  hh has motorbike

roof_s -0.0769 0.0166 -4.63 0.000  roof made of straw

roof_m -0.1321 0.0587 -2.25 0.025  roof made ofmetal

ckfuel_d 0.0718 0.0238 3.02 0.003  hh uses dung for cooking

urban -0.0359 0.0173 -2.07 0.039  urban area

Wowns_fridge -0.4596 0.0940 -4.89 0.000 % hhin ward with a fridge
Wilightfuel_solar 0.2864 0.0658 435 0.000 % hh in ward with solar-powered lighting
Whead_age 0.0095 0.0020 4.72 0.000 average age of hhead in ward
Wwater_handpump 0.0664 0.0220 3.02 0.003 % hhinward where drinking water is hand-pumped
Whead_educ_11plus 0.3436 0.0753 456 0.000 % hhead in ward with11+ years education
ckfuel_d_mts -0.1515 0.0366 -4.14 0.000  hh uses dung for cooking, Mountains
tv_ter -0.0722 0.0218 -3.32 0.001 hh has tv, Terai

mbike_mts 0.1738 0.0465 3.74 0.000  hh has motorbike, Mountains
laehhsz_ter 0.0753 0.0174 4.32 0.000 log adult equiv hh size Terai

roof_s_u 0.1013 0.0449 2.26 0.025  roof made of straw, urban

popdens 0.0000 0.0000 -2.57 0.010  population density in VDC

_cons 7.7728 0.0981 79.25 0.000  constant

Heteroscedasticity model (R*=0.016):

L Coef. Std. Err. t P>t
Terai -0.3427 0.0801 -4.28 0
Mtns 0.2041 0.1292 1.58 0.115
Central 0.3323 0.0977 34 0.001
West 0.2141 0.1025 2.09 0.037
MWest 0.4143 0.1140 3.64 0
_cons -6.0537 0.0820 -73.82 0
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B.3 Model for height-for-age in NDHS 2011

n P R? R? o? o’ o’

[3 h e

2346 13 0.183 0.621 0.0805 0.3372 1.1622

where 7 = sample size, p = number of variables, R* = coefficient of determination
R’ = coefhicient of determination at cluster level (generalised- %)
o2= cluster-level variance, o2 = household-level variance, o2= residual variance

Variable Coef.  Std.Err. t P>t Label

ageyr23 -1.0154 0.0876  -11.60 0.000 aged 1-2yrs

ageyr4s -1.1990 0.0920 -13.04 0.000 aged 3-4 yrs

mts -0.2607 0.0933 -2.79 0.006 Mountains

sawomen 1.6830 0.3575 4.71 0.000 % hh adult female

p_primary 0.7441 0.2015 3.69 0.000 % adults in hh with only primary education
p_secondary 0.8771 0.2253 3.89 0.000 % adults in hh with secondary education
p_postsecondary 1.7369 0.3006 5.78 0.000 % adults in hh with post- secondary education
hhszsq 0.0036 0.0011 3.27 0.001 (hhsize - 6)A2

Wcookingfuel_dung 1.0957 0.3275 3.35 0.001 % hh in ward cooking with dung
Wcookingfuel_wood 0.7047 0.3497 2.02 0.045 % hh in ward cooking with wood
Wshareadultsm 2.2652 0.8912 2.54 0.012 average % of adult male per hh in ward
Wwall_cement 0.8193 0.2858 2.87 0.004 % hh in ward with cement walls
Wroof_iron 0.3085 0.1525 2.02 0.044 % hh in ward with iron roof

_cons -3.1609 0.5184 -6.10 0.000 constant
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B.4 Model for weight-for-age in NDHS 2011

n P R? R a2 o’ o2
2365 26 0.184 0.921 0.0124 0.3091 0.7561
where 7 = sample size, p = number of variables, R* = coefficient of determination
R’ = coefficient of determination at cluster level (generalised- &%)
o2 = cluster-level variance, o2= household-level variance, o?= residual variance
Variable Coef. Std. Err. t P>t Label
ageyr23 -0.4052 0.0732 -5.54 0.000 aged 1-2yrs
ageyr4s -0.4543  0.0760 -5.98  0.000 aged 3-4yrs
sawomen 1.0408 0.2429 4.29 0.000 % hh adult female
p_secondary 0.4131 0.1665 2.48 0.014 % adults in hh with secondary education
p_postsecondary 0.8881 0.2701 3.29 0.001 % adults in hh with post- secondary education
mts -0.1896 0.0730 -2.60 0.010 Mountains
flr_con 0.2656 0.1035 2.57 0.011 hh has concrete floor
wall_brk 0.6734 0.1278 5.27 0.000 hh has brick walls
wall_wod 0.7635 0.1723 443 0.000 hh has wooden walls
wall_bambo 0.5378 0.1482 3.63 0.000 hh has bamboo walls
fuel_dung -0.3418  0.1537 -2.22 0.027 hh uses dung for cooking
hhszsq 0.0032 0.0010 3.29 0.001 (hhsize - 6)A2
wat_cwell 0.2206 0.0926 2.38 0.018 hh gets drinking water from covered well
Whouse_owns -1.4643 0.3466 -4.22 0.000 % hh in ward who own their home
Whead_educ_none 0.8277 0.2717 3.05 0.003 % hhead in ward with no education
Wtoilet_none -0.4435 0.0978 -4.53 0.000 % hh in ward with no toilet
water_piped 0.2488 0.0882 2.82 0.005 % hh in ward with piped water
Wcookingfuel_dung  0.4263 0.1737 2.45 0.015 % hh in ward cooking with dung
Wowns_fridge 1.6251 0.6102 2.66 0.008 % hh in ward with a fridge
Wfloor_cement 0.6401 0.2852 2.24 0.026 % hh in ward with cement floor
Whead_educ_under5 0.8873 0.4559 1.95 0.053 % hhead in ward with <5 yrs education
Wilightfuel_kerosine 0.2883 0.1382 2.09 0.038 % hh in ward using kerosene for lighting
Wmax_educ_5to7 1.1277 0.4241 2.66 0.008 % in ward with 5-7 yrs education
Wowns_phone 0.4048 0.1377 294 0.004 % hh in ward with a phone
Wwater_handpump 0.3232 0.0972 332 0.001 % hh in ward using handpump for drinking water
Wroof_rcc -1.2728 0.2843 -4.48 0.000 % hh in ward with cement/concrete floor
_cons -1.9921 0.3655 -5.45 0.000 constant
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7 4

B.5 Model for weight-for-height in NDHS 2011

n P R? R o’ o? o’
2345 22 0.115 0.7403 0.0285 0.2249 0.9356

where 7 = sample size, p = number of variables, R* = coefficient of determination
R’ = coefficient of determination at cluster level (generalised- &%)
o2 = cluster-level variance, o= household-level variance, o= residual variance

Variable Coef. Std. Err. t P>t Label

ageyr23 -0.1285 0.0563 -2.28 0.023 aged 1-2yrs

girl 0.1085 0.0473 2.29 0.023 female

terai 0.4378 0.0824 5.31 0.000 Terai

wat_cwell 0.3943 0.1734 2.27 0.024 hh gets drinking water from covered well
hage2 -0.1533 0.0580 -2.64 0.009 hhead aged 30-44

flr_con 0.3781 0.0997 3.79 0.000 hh has concrete floor

wall_wod 1.3413 0.3403 3.94 0.000 hh has wooden walls

wall_bambo 1.2164 0.3157 3.85 0.000 hh has bamboo walls

wall_brk 1.2109 0.3139 3.86 0.000 hh has brick walls

Wroof_iron 1.0195 0.1901 5.36 0.000 % hh in ward with iron roof

Wroof _tile 1.0805 0.2030 532 0.000 % hh in ward with tile roof
Wmax_educ_none 0.8996 0.2166 415 0.000 % hh in ward with no education
Whead_female 0.5263 0.2250 2.34 0.020 % hh in ward with female head
Wroof_straw 1.0849 0.2222 4.88 0.000 % hh in ward with straw roof
Wmax_educ_fem_5to7 2.4922 0.6705 3.72 0.000 % hh in ward with max female education 5-7 yrs
Wtoilet_flushseptik -0.3756 0.1300 -2.89 0.004 % hh in ward with flush or septic toilet
Wroof _mud 0.7599 0.2435 3.12 0.002 % hh in ward with mud roof
Wtoilet_none -0.7830 0.1229 -6.37 0.000 % hh in ward with no toilet
Wwater_piped 0.2196 0.0892 2.46 0.014 % hh in ward with piped water
Wowns_fridge 1.9809 0.5794 342 0.001 % hh in ward with a fridge

meanht 0.1940 0.0612 3.17 0.002 mean ht of VDC

popdens 0.0000 0.0000 2.59 0.010 population density of VDC

_cons -3.4999 0.4725 -7.41 0.000 constant

APPENDICES



Small Area Estimation of Food Insecurity and Undernutrition in Nepal

B.6 Model for diarrhoea prevalence in NDHS 2011

n p o, o
2392 27 0.1625 1.1622

where 7 = sample size, p = number of variables,
02 = cluster-level variance, o = household-level variance

Variable Coef. Std.Err. t P>t Label

ageyr3 -0.6109 0.1823 -3.35  0.001 aged 2 yrs

ageyr4 -1.0876 0.1966 -5.53  0.000 aged 3yrs

ageyr5 -1.7606 0.2899 -6.07 0.000 aged 4 yrs

girl -0.4924 0.1627 -3.03  0.003 female

p_postsecondary -2.5101 0.8162 -3.08  0.002 % adults in hh with post- secondary education
fuel_biogas -1.3405 0.5611 -239 0.018 hh uses biogas for cooking

hfem -0.3607 0.1889 -1.91  0.057 hhead female

rural 0.6157 02578 239 0.018 rural area

Wfloor_mud 1.9351 0.8253 234  0.020 % hh in ward with mud floor

Wfloor_woodpillar 2.9204 0.7312 399  0.000 % hh in ward with foundations of wooden pillars
Wwall_bamboo -1.7057 0.5704 -2.99 0.003 % hh in ward with bamboo walls

Wwall_mud -1.4047 0.7426 -1.89  0.060 % hh in ward with mud walls

Wwall_wood -1.9769 0.7232 -2.73 0.007 % hh in ward with wooden walls

Wroof_oth -5.8591 25166 -2.33 0.021 % hh in ward with reinforced cement/concrete roof
Wroof_rcc 1.6625 0.5633 295  0.003 % hh in ward with “other” type roof
Wcookingfuel_biogas -2.5502 1.3483 -1.89  0.060 % hh in ward cooking with biogas
Wcookingfuel_dung -4.5945 0.7783 -5.9  0.000 % hh in ward cooking with dung
Wcookingfuel_wood -4.1843 07293 -574  0.000 % hh in ward cooking with wood
Wcookingfuel_gas -3.4354 0.8644 -3.97  0.000 % hh in ward cooking with gas

Wilightfuel_elec 0.7581 0.2819 269  0.008 % hh in ward using electric lighting
Wmax_educ_fem_8to10 -2.0847 09119 -229 0.023 % hh in ward where max female education is 8-10 yrs
Whead_educ_none -3.2067 0.6026 -5.32 0.000 % hhead in ward with no education
Whead_educ_under5 -5.7005 1.2643 -4.51 0.000 % hhead in ward with < 5 yrs education
Whead_age 0.0752 0.0239 3.14  0.002 average age of hhead in ward
Wsharechildren015 5.8176 22165 262  0.009 average % of children per hh in ward

Wowns_tv -2.2747 0.5957 -3.82 0.000 % hh owning a tv in ward

Wowns_internet 1.8571 0.7287 255  0.011 %n hh with internet in ward

_cons -0.6151 1.7733  -0.35 0.729 constant
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