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PREFACE
I am pleased to present the report: Mapping 
Subnational Poverty in Lesotho in 2017/2018: 
Methodology and Key Findings. The report is 
a product of a strong collaborative partnership 
between the Lesotho Bureau of Statistics (BOS) and 
the World Bank to enhance poverty and inequality 
measurement in Lesotho. 

Using small area estimation techniques, as well 
as the detailed household consumption expenditure 
data of the 2017/2018 Continuous Multipurpose 
Household Survey/Household Budget Survey 
(CMS/HBS) and geographical coverage of the 2016 
Population and Housing Census (PHC), the joint 
BOS-World Bank team was able to estimate poverty 
incidence at lower levels than the household survey. 
Specifically, small area estimation techniques 
allowed for the estimation of money-metric poverty 
rates at district and constituency levels, resulting 
in the construction of 2017/2018 poverty maps 
for Lesotho. This technical report describes the 
methodology and data used to produce the poverty 
maps and presents the resulting collection of 
poverty maps, the first of its kind for Lesotho. 

Production of small area estimates fulfills 
the mandate of BOS of producing quality data 
and statistics, in line with the United Nations 

Fundamental Principles of Official Statistics. In 
addition, the report responds to public calls for 
geographically disaggregated poverty statistics 
particularly following presentation of the Lesotho 
Poverty Assessment: Progress and challenges 
in reducing poverty report in 2019. It is my hope 
that these geographically disaggregated statistics 
will enhance the formulation, design as well as 
monitoring and evaluation of development policies 
and programs in Lesotho.

I wish to thank the World Bank Poverty and 
Equity team for their continued leadership and 
technical assistance on poverty measurement and 
analysis, including on mapping subnational poverty 
in the country. 

I extend my appreciation to the entire joint BOS-
World Bank team for their hard work and dedication 
to making the production of this technical report a 
great success. 

………………………………………………

Malehloa Molato

Director Bureau of Statistics
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1.	INTRODUCTION 

1	 The Lesotho economy grew at an average annual rate of 2.7 percent between 2000 and 2017.

Despite modest economic growth between 2000 
and 20171 and the subsequent classification of 
the country as a lower middle-income country, 
poverty persists in Lesotho. Although there has 
been progress in reducing poverty, it has been slow 
and even slower in rural areas. Only about 47,000 
people were lifted out of poverty over a fifteen-year 
period between 2002 and 2017, during which the 
national poverty rate decreased by 7 percentage 
points, from 56.6 to 49.7 percent (BOS, 2019; 
World Bank, 2019). Recent World Bank projections 
suggest that poverty remains high with 31.2 percent 
of the population living below the $1.90 per person 
per day international poverty line in 2020. This rises 

to 53.1 percent when the lower middle-income-
country threshold of US$3.20/day is applied, which 
is relatively high for the country’s income levels. 
Even among people who escaped poverty, a 
high share remains vulnerable to falling back into 
poverty. This means growth has not translated into 
a commensurate improvement in living standards.

Furthermore, although inequality has fallen, 
making Lesotho the least unequal country among 
its neighbors, the country still remains among 
the 20 percent of the most unequal countries in 
the world. Inequalities are evident in access to 
education, health, water and sanitation, electricity, 
and financial services, including other basic services 
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and infrastructure. Overall, inequality of opportunity 
remains high and relative intergenerational mobility 
low. Factors such as gender, place of birth, parents’ 
education, health and environmental shocks 
contribute to almost half (46 percent) of the current 
level of inequality in Lesotho (World Bank, 2019). 
Differences in educational achievement during 
childhood are the most important contributor to 
unequal opportunities. Inequality in access to 
basic infrastructure and services, with the rural 
population at a disproportionate disadvantage, is 
intricately linked to the slow pace of progress in 
reducing rural poverty. The rural poor experience 
multiple deprivations, which only reinforce and 
perpetuate poverty. The rural poverty rate is far 
higher (60.7 percent in 2017) than the urban poverty 
rate (28.5 percent). Progress in reducing poverty 
has been much slower in rural and mountainous 
constituencies and has even increased within some 
regions.

This clear spatial dimension of poverty in Lesotho 
underscores the importance of identifying poor 
areas (in addition to poor households) in informing 
efficient targeting of poverty reduction programs 
and initiatives. For example, the government is 
committed to reducing poverty through social 
protection. Improving the targeting efficiency of 
the social protection system requires evidence 
on where the poor live, along with their socio-
economic characteristics. In fact, geographical 
dimensions of poverty are at the heart of many 
public policies in Lesotho. This Poverty Map offers 
complementary information to existing knowledge 
that has been generated on poverty at national and 
regional levels, by analyzing poverty estimates at 
the subnational level and comprising district and 
constituency levels. These estimates will assist 
policy makers and development planners in better 
identifying persons and households living in poverty 
at subnational levels and in turn better allocate 
public resources in a more efficient manner. 

Lack of detailed socio-economic information 
in population census data, such as household 
income or expenditure, has restricted the ability to 
define spatial distribution of welfare indicators at 
local level. To overcome this problem, researchers 
have developed methods to combine the detailed 
information of household surveys with census 
data. One of these methodologies is the “Poverty 
Mapping”, which produces estimates of welfare 
indicators at a highly detailed level of spatial 
disaggregation. 

This report presents a technical discussion, as 
well as the results from a poverty mapping exercise 
that was conducted based on the 2017/2018 
Continuous Multipurpose Household Survey/
Household Budget Survey (CMS/HBS) the most 
recent source of reliable information on living 
standards in Lesotho and the 2016 Population and 
Housing Census (PHC). The detailed geographical 
identifiers of the census combined with variables 
common to both the CMS/HBS and the census 
are utilized to conduct a poverty mapping exercise. 
Consumption in the CMS/HBS is predicted and the 
predictive model is used to obtain an estimate of 
consumption for households covered by the PHC. 
This allowed for a detailed analysis regarding where 
the poor live. 

The remainder of this report is organized as 
follows. Chapter two briefly describes the official 
methodology of measuring poverty in Lesotho 
alongside poverty statistics based on the CMS/
HBS. Chapter three explains the methodology 
used to produce the Poverty Map. Chapter 
four describes the census and survey data and 
evaluates the comparability of their variables. 
Chapter five presents the Poverty Mapping results, 
providing estimates of poverty incidence at district 
and constituency levels. Section six provides the 
conclusion.
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2.	BACKGROUND

2	 The methodology on the estimation of poverty can be found in the “Lesotho Poverty Trends and Profile Report, 2002/2003 - 2017/2018” 
published by the Lesotho Bureau of Statistics in 2019.

2.1	 Poverty Methodology2

2.1.1	 The Welfare Indicator

BOS has consistently used household consumption 
expenditure as a measure of welfare, referred to 
in this report as the consumption aggregate. The 
consumption aggregate comprises food and non-
food components. For the food component, food 
expenditures and self-produced food items valued 
at local market prices are included. Unit prices are 
gathered from survey data in the food consumption 
recall module. For the non-food component, 
expenditures on personal care and hygiene items 
such as clothing, utilities, transportation and other 
non-food items are included. However, a number of 
non-food items are excluded from the consumption 
aggregate, such as actual and imputed housing 

rents, expenditures on durable goods, expenditures 
on ceremonies such as weddings and funerals, as 
well as hospitalization costs.

The following adjustments are made to 
household consumption expenditure: Firstly, an 
adult equivalence scale is applied to account for 
variations in consumption, based on household 
composition such as the presence of children, 
women and elderly members, who each have 
different consumption needs. The consumption 
needs of the entire household are in turn calculated 
by combining the adult equivalents of all household 
members. Second, to allow for the comparison of 
living standards across time and space, nominal 
consumption expenditure is adjusted with deflators 
that reflect spatial (rural/urban) and temporal 
(quarterly) price differences. In the 2017/2018 CMS/
HBS, the consumption aggregate is adjusted to 
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consider spatial and temporal differences by using 
the Paasche price index based on survey median 
food prices. Accordingly, the measure of welfare 
chosen for the poverty mapping exercise is real 
consumption expenditure per equivalent adult. 

2.1.2	Poverty Lines

Lesotho uses the cost-of-basic-needs (CBN) 
approach to determine a consumption-based 
poverty line. This methodology defines poor 
households as those who cannot afford a bundle 
of goods deemed sufficient to satisfy basic needs, 
defined as access to both adequate nutrition and 
basic non-food items. The poverty line is therefore 
equal to the monetary value of such a complete 
minimum consumer basket. Three poverty lines are 
determined through this approach: the food poverty 
line (FPL), the lower bound poverty line (LBPL) and 
upper bound poverty line (UBPL).

The estimation of the food poverty line, also 
referred to as the extreme poverty line, is the first 
step in estimating CBN poverty lines. The food 
poverty line is estimated as the monetary value of 
the basket of food that meets the minimum energy 
requirement per adult equivalent per day, set at 
2700 kilocalories following FAO recommendations. 
It is determined in two stages: First, a food 
reference basket is constructed based on observed 
consumption patterns. Second, the basket is 
costed using information on prices of the items in 
the basket to determine the level of the FPL.

The LBPL and the UBPL are determined by 
adding an allowance for accessing basic non-food 
items. These are estimated following Ravallion’s 
upper and lower bound methods. They differ by 
the share of non-food expenditure each attribute 

to households around the food poverty line. For 
the LBPL, households whose total consumption 
per adult equivalent was close to the food poverty 
line were selected as the reference group. For the 
2017/2018 CMS/HBS these comprise of households 
with consumption per adult equivalent within the 
interval: food line minus 10 percent of food line, 
food line plus 10 percent of food line. For the UBPL, 
households whose food per adult equivalent was 
close to the food poverty line were selected as 
the reference group. For the 2017/2018 CMS/HBS 
these were households with food consumption per 
adult equivalent within the interval: food line minus 
10 percent of food line, food line plus 10 percent 
of food line. The lower bound method arrives 
at a conservative estimate of the share of non-
food expenditures and represents a conservative 
estimate of the monetary amount required to meet 
basic needs. In contrast, the upper bound method 
results in a higher poverty line. 

The estimated CBN monthly poverty lines 
for 2017/2018 are as follows: a food poverty line 
reflecting the monetary value of a minimum 
consumer basket (Lesotho Loti (LSL) 352.39 per 
month), a lower bound estimate of the poverty line 
(LSL 572.41) as well as an upper bound estimate 
at LSL 648.88, all in 2017 prices. Although both 
the LBPL and UBPL were already estimated in 
2017/2018, the UBPL has been adopted by BOS 
as the official national poverty line and is used in 
describing the trends in poverty levels as well as the 
poverty profile for Lesotho. This report, however, 
considers all three poverty lines for analysis, but 
focuses on the national poverty line to discuss the 
main results.

2.2	 Poverty Results

Despite strong economic growth over the last 15 
years, poverty persists in Lesotho. The country’s 
poverty rate, measured at the national poverty line 
of LSL 648.88 (2017 prices) per adult equivalent per 
month, fell from 56.6 percent in 2002 to 49.7 percent 
in 2017, representing a decline of about seven 
percentage points over a 15-year period (Figure 1). 
As a result, and despite progress, poverty levels 

remain high for the country’s lower middle-income 
status. About a third of the population lives below 
the $1.90/person/day international poverty line 
and rises to half of the population when the lower-
middle-income-country threshold of US$3.20/day is 
applied and therefore, not commensurate with the 
country’s income levels. 
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Figure 1. Poverty has declined but remains widespread and concentrated in rural areas
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Rural poverty reduction stagnated and as a result, 
poverty overwhelmingly remains a rural and 
mountainous constituency phenomenon. The 
urban poverty rate decreased from 41.5 to 28.5 
percent, a strong reduction when compared with 
the marginal decline from 61.3 to 60.7 percent in 
the rural poverty rate. The relatively larger decline 
in the poverty headcount rate experienced in urban 
compared to rural areas resulted in a widening of 
the gap between rural and urban poverty.

Large and increasing discrepancies also exist 

across geographic areas, with uneven progress 
across regions. Poverty fell in four out of the six 
administrative regions, and the two regions that 
experienced an increase in poverty levels are both 
in rural areas – Rural Mountains and Rural Senqu 
River Valley. In 2017, 67.8 percent of Basotho 
living in Rural Mountains were poor, following a 
10.9 percentage point increase from 56.9 percent 
in 2002. Discrepancies across regions are evident: 
for instance, in 2017, food poverty rates range 
between the 9.7 percent in Urban Maseru and the 
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37.2 percent in Rural Mountains, while for national 
poverty lines the range is from below 25 percent in 

the least affected areas to around 68 percent where 
the situation is particularly acute (Figure 2).

Figure 2. Rural and mountainous regions are the poorest
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These disparities at the regional level provide 
a glimpse of the much richer picture that can be 
obtained when considering more disaggregated 
poverty indicators. These would allow the 
identification of the most deprived areas, and 
eventually the design of specifically suited policies 
to better address the ongoing plight of the poor in 
Lesotho.

However, the direct computation of these 
indicators from consumption data as found in 
household surveys, is not possible for levels below 
those provided in Figure 2. A common approach to 
overcome these limitations is the computation of 
small area estimates (SAE) of poverty based on the 
survey-to census imputation approach put forward 
by Elbers, Lanjouw and Lanjouw (2003), henceforth 
referred to as ELL. These estimates are applied for 
the compilation of poverty maps, a powerful and 
rigorous tool aimed at visualizing spatial differences 
in terms of poverty. In this report, the process 
followed to produce small area estimates of poverty 
for all ten districts and eighty constituencies within 
Lesotho is described.

Inequality fell between 2002 and 2017 as a 
result of expansion of social protection and an 
increase in wage incomes among the poor, with 
the Gini index falling by more than 7 points from 
51.9 to 44.6. However, Lesotho remains in the 20 
percent most unequal countries in the world. In 
addition to high inequality of outcomes, Lesotho 
faces high inequality of opportunity. Factors such 
as place of birth, parents’ education, health and 
environmental shocks, contribute to half of the 
current level of inequality in Lesotho. Relatively 
low intergenerational mobility further exacerbates 
high inequality. This high inequality is due partly 
to the huge gap that exists between the rural and 
urban areas of the country. Many gainful economic 
activities in the country are concentrated primarily 
in urban areas. The rest of the country is fairly 
underdeveloped, and its labor force depends 
primarily on subsistence agriculture. High income 
inequality erodes the gains associated with income 
or economic growth and in turn slows poverty 
reduction.
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3.	METHODOLOGY
Small area estimation relies on the detailed analysis 
of two main data sources: a household survey 
and a population census. Household surveys 
usually contain detailed modules on consumption 
expenditure or income. Due to the relatively small 
sample size, the information gathered is generally 
only representative of larger areas of the country 
(in the case of Lesotho, the six regions presented 
in Figure 2). On the other hand, census data is 
available for all households and provide exact 

information on the distribution of demographic 
or other characteristics at highly disaggregated 
levels, such as constituencies, community councils 
or villages. Nevertheless, census data does not 
include the detailed information on consumption 
expenditure nor incomes that are required to 
produce reliable indicators related to the level and 
distribution of welfare. 

In order to overcome these shortcomings, the 
ELL methodology combines the strengths of both 
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sources of information. Firstly, the household survey 
is utilized to develop an imputation model for the 
welfare measure in question (here, consumption 
expenditure per adult equivalent), that relies 
exclusively on characteristics common to the census 
and survey. This model is then applied to the census 
information, in order to obtain an imputed value of 
consumption expenditure for each household, from 
which poverty rates can be computed. The local 
estimates of poverty that result from the repeated 
application of this process are therefore imputation-
based and susceptible to errors. Nevertheless, the 
methodology has already been empirically validated 
(Elbers, Lanjouw and Leite, 2008) and implemented 
throughout a large number of developing countries. 
The acquired experience shows that the resulting 
estimates are sufficiently reliable, precise, and 
useful for policy design purposes (Bedi, Coudouel 
and Simmler, 2007).

More concretely, the model is defined as
ln(ych)= Xch β+ uch ,

where ych represents consumption expenditure 
for household h located in cluster c, and Xch are 
household and cluster characteristics. The error 
term uch= ηc+ εch is assumed to be decomposable 
in two independent components with an expected 
value of zero, where ηc denotes the area or 
cluster effect and εch the error term specific to 
each household. The cluster effect captures 
spatial correlation due to unobserved features at 
geographic partitions above the household level, 
such as local prices, heterogeneity of returns to 
schooling, or infrastructure. Tarozzi and Deaton 
(2009) warn against defining this area effect at 
a very low level of aggregation, as it may lead to 
an overstatement of the precision of small area 
estimates. Therefore, the cluster error is defined 
at the level of the constituency representing the 
target indicator. 

The ELL methodology can also deal with 
heteroscedasticity. In particular, a logistic 
transformation of the (squared) household error term 
EPS, is modelled as a linear function of observed 
characteristics, in what is usually referred to as the 
“alpha” model. The technique introduced by ELL 

is harnessed to decompose the error variance into 
the variance of the area error term ση and that of the 
household error term σεch. Model coefficients β are 
estimated with Generalized Least Squares. 

Once the model has been estimated, it is possible 
to impute consumption values for all households 
in the census. For that purpose, in each repetition 
values for β, ηc, and εch need to be drawn from their 
respective distributions, for which estimates of 
σηand σεch are necessary. There are different options 
in achieving this, which basically vary by the extent 
or reliance of each on the asymptotic distributions of 
the different parameters or, instead, drawing them 
from their empirical distributions, subsequently 
obtained by bootstrapping the household survey.

A common distribution is generally assumed 
for all random area effects ηc and an estimate of 
its variance ση. A possible variation to this strategy 
is the  Empirical Best (EB) estimation based on 
Van der Weide (2014), which assumes that the 
residuals for households from cluster c included in 
the survey are informative of the latent area error 
for that cluster and explicitly uses these to pin down 
a cluster-specific distribution from which ηc can then 
be drawn. For this approach, current methods of 
simulation rely on bootstrap samples of the data, 
since the posterior distribution of the random area 
effects is unknown.

In one way or another, a value for consumption 
expenditure is imputed to each household in each 
repetition. It is then a straightforward process to 
compute the poverty rate that corresponds to those 
imputed values for the spatial unit in question. The 
process is repeated R times and the point estimate 
for the local poverty rate is provided by the average 
over the number of R repetitions. With the empirical 
distribution of the poverty rates at hand, the 
standard error of prediction can be derived as the 
standard deviation of the simulated point estimates. 

The estimation is conducted with the Stata 
package sae (Nguyen, Corral, Azevedo and Zhao, 
2018). This package, developed by researchers at 
the World Bank, allows to conduct the full process 
with the statistical software Stata.
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4.	DATA AND COMPARABILITY
This poverty mapping exercise for Lesotho combines 
data from the 2016 PHC and the 2017/2018 CMS/
HBS. 

4.1	 Data

4.1.1	 Census Data

The PHC gathered information from 2,007,201 
individuals and 537,457 households residing in 
Lesotho at the time. Individual data from modules 
B) Demographics, C) Disability and Albinism, D) 
Education and E) Economic Activity Status, as 
well as information at the household level on H) 
Housing characteristics and household possessions 
was utilized for the purposes of this report. Within 
these modules, all available variables for which 
a comparable survey question existed were 
considered for the exercise. Modules F) on fertility 
and G) on deaths, however, could not be used for 
this exercise, as such information was not collected 
as part of the 2017/2018 CMS/HBS. 

4.1.2	Survey Data

The CMS/HBS is the main and official data source 
on monetary and non-monetary dimensions of 
well-being in Lesotho. The sampling frame of the 

survey was based on the 2016 PHC. The most 
recent round was collected between January 2017 
and February 2018 and collected information on 
17,289 individuals in 4,295 households. For this 
exercise, data from the modules 1A) Demographic 
characteristics, 1B) Demographic characteristics 
and parental survival, 2) Education 4) Employment 
and 9) Housing, utilities and durable goods, provides 
information on household characteristics. Modules 
16 to 18 contain detailed data on household 
expenditure, the measure of welfare that is used 
for this analysis. 

4.1.3	Geographical Disaggregation

Lesotho is a small, mostly mountainous, and 
largely rural country of about 2 million people. It 
is completely surrounded by South Africa. Forests 
cover less than one percent of the total land area. 
The country is divided into the ten districts of Botha-
Bothe, Leribe, Berea, Maseru, Mafeteng, Mohale’s 
Hoek, Quthing, Qacha’s Nek, Mokhotlong and 
Thaba-Tseka, each headed by a district administrator 
and every district has a capital referred to as a 
‘camp town’. The districts are further subdivided 
into 80 constituencies, which in turn are delineated 
into Community Councils.
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4.2	 Comparability of the Census and Survey

3	 A more detailed description of harmonization and aggregation of variables to the household level can be found in Section B.1. of Annex 
B.

This section describes all the steps followed in the 
process to obtain small area estimates for Lesotho. 
The main steps are the following: 

•	 Variable preparation which includes the 
harmonization of variables in the household survey 
and census and the aggregation of individual 
information to the household level. It also includes 
the creation of variables at constituency level and 
the enumeration area based on the census.

•	 The assessment of statistical comparability of 
these variables between the survey and census.

•	 The model selection.
•	 The choice of relevant parameters identified for 

the simulation stage. 

4.2.1	Construction of Household Level 
Variables

A prediction model consists of characteristics 
related to household demographics and location, the 
education and employment of household members, 
as well as information related to household assets 
and dwelling characteristics. The initial step aims to 
identify a set of questions common to the CMS/
HBS and the PHC. It is important that the wording 
of the questions is similar, if not identical and the 
possible answers must accordingly be harmonized 
to common categories. With the exception of 
household assets and housing characteristics, 
these variables are collected at the individual level 
and need to be aggregated at the household level 
for the analysis.

Variables related to characteristics of the 
household head, household assets and housing 
characteristics, as well as the share and number 
of household members with a given characteristic 
(age, gender, education, civil or economic status) 
are constructed and sometimes dichotomized to 
a binary variable, that reflects whether there is 
any household member with that characteristic. 
Several other variables, such as household size 
or maximum education attained by any household 
member are also considered. While in principle, 
all variables that can be matched and harmonized 
across both data sources are duly considered for 
aggregation to the household level, a preliminary 

comparison at the population level shows that the 
distribution of a few characteristics differ notably 
between the census and household survey and 
therefore are not considered for further analysis. 
This procedure results in a significant number of 
variables which can be included in the model (see 
Table A.1). While many characteristics are very 
closely related and even collinear, the preference 
is to leave the decision regarding which particular 
characteristics to include within the parameters of 
the variable selection procedures.3 

In order to reduce the size of the cluster error and 
thereby attain more precise estimates, it is useful 
to complement information at the household level 
with variables defined at higher levels of geographic 
aggregation. Information on various characteristics 
at the levels of the enumeration area and the 
constituency is then incorporated. For this purpose, 
it is unnecessary to verify comparability between 
both data sources, since geographical units can be 
matched across the census and household survey. 
Averages at the enumeration area or constituency 
level are accordingly computed based on census 
data and then incorporated to the survey. With a 
view to add as much new information as possible, 
many of the variables for which averages are 
computed mainly relate to dimensions that cannot 
be incorporated to the model at the household 
level, due to divergences between the survey and 
census, such as those related to the type and sector 
of employment. 

Finally, several interactions are constructed, 
both among as well as between variables at 
the household level and those at the level of the 
constituency and/or enumeration area.

4.2.2	 Choice of Candidate Variables

Model-based imputation of welfare requires 
that the distributions of the underlying variables 
are comparable between the survey and the 
census. Since the measurement of consumption 
expenditure takes place at the household level, 
and also represents the level at which the 
prediction model is defined, the comparability of 
characteristics is assessed based on the distribution 
across households (i.e. using household rather than 
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population weights for computing means in the 
survey). A formal and systematic comparison of 
all constructed variables at the household level is 
also conducted. There are different standards for 
statistical precision, and two of them are considered: 
the 95 and 99 percent confidence intervals.4 While 
there are a large number of variables that satisfy 
these criteria, there are also many others that do 
not. 

It should then be determined which of the two 
confidence levels should be chosen as the exclusion 
criterion. There is invariably a certain trade-off in 
setting a threshold. A stricter comparability criterion 
is reassuring in terms of the legitimacy of the survey 
to census imputation but comes at the cost of 
excluding potentially powerful predictors of welfare 
and in turn, decimating the predictive power of this 
model. The objective is to guard against determining 
estimates based on information which is non-
comparable between both data sources, while also  
avoiding being overly restrictive, as this may result 
in ruling out useful information due to differences in 
means corresponding to sampling variation, rather 
than structural, underlying divergence. 

Table A.1 explores this trade-off for the case 
at hand. It presents the properties of the model 
resulting from a preliminary selection procedure 
with stepwise regression5 and considers different 
sets of candidate variables grouped according to 
stringent comparability criteria. The objective of this 
exercise is to consider and include all variables that 
cannot be distinguished at the 95 percent level, as 
further weakening the statistical similarity between 
census and survey data will not yield any gains in 
terms of predictive power. Descriptive statistics for 
these variables are listed in Table B.4 to Table B.9 
in the Annex.

For the purpose of this exercise, a decision 
was taken to exclude district dummies as they 
add virtually no value to the predictive power, but 
rather adding constituency and enumeration area 
characteristics increases the adjusted R2 by around 
0.03. 

4	 Strictly speaking, as many pairwise comparisons of variables are conducted, the true p-value does not correspond to the nominal 
confidence level of the individual tests. However, this is not of central importance here as the aim of this exercise is not so much to 
rigorously establish the hypothesis that one or other particular variable has different means in survey and census, but rather to restrict 
ourselves to variables for which comparability between census and survey is guaranteed. 

5	 The exercise starts with the full model, set retention probability at p = 0.051, and the value for re-entering the model at 0.05. The 
resulting model would still require fine-tuning before being suitable for imputation and adjusted R2 is the result of in-sample prediction, 
and thus likely to overstate out-of-sample performance. Nevertheless, the differences between variable sets that result from this 
exercise are informative about their potential for prediction. More details on stepwise regression can be found in section 6.3.

This exercise provides a pre-selection of 
candidate variables based on the value of their 
mean over the entire country. However, survey-
to-census imputation relies rather on comparable 
distributions, not exclusively on comparable 
means. A further test is checking whether the 
distributions are similar for both data sources at 
lower levels of geographical aggregation for which 
the household survey is representative. Here, 
the only subnational representative level is the 
region, comprising of a combination of geography 
and urbanization. It is further possible to compare 
both data sources subject to alternative criteria of 
statistical comparability such as standard deviations, 
skewness, or perform a Kolmogorov-Smirnov test. 
However, the test based on regional comparability 
is considered ideal for the purposes of this exercise, 
due to the pronounced geographical nature of this 
analysis.

All variables statistically indistinguishable at 
the 95 percent level for Lesotho as a whole are 
considered and evaluated in determining how many 
of these six regions have means that are comparable 
when measured at the same confidence level. The 
results of this test are presented in the two last 
columns of Table B.4 to Table B.9 in the Annex. 
In order to assess the trade-off between a stricter 
interpretation of comparability and predictive power, 
an exercise similar to the one described above is 
then conducted for the whole sample. Within the 
context of this test, an evaluation is made on the 
extent to which the predictive power is increased by 
an asset index based on household durable goods 
that are qualitatively but not statistically comparable 
when regarded individually (see Table B.2 in the 
Annex). The scores for this asset index are based 
on a Principal Component Analysis on census data.

The results of this test are provided in Table 
1. Restricting the set of candidate variables to 
those that are statistically indistinguishable in all 
six regions implies a moderate loss of predictive 
power when allowing for one deviating region, 
but relaxing the criteria any further does not 
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perceptively improve model performance. It should 
also be noted that should the tests be undertaken 
independently in each of the regions, the joint 
probability of being indistinguishable in all six, or 
at least five regions constitute 73.5 percent and 
96.7 percent, respectively. In conclusion, statistical 
comparability in at least five of the six regions 
seems the most desirable criterion for inclusion 
within the set of candidate variables. On the other 
hand, given that the asset index adds substantial 

predictive power (increasing the adjusted R2 by 
0.03, which represents a substantial amount 
for a single variable added to a model with more 
than 100 variables), and also contains information 
most closely related to material wellbeing among 
the available variables, while being statistically 
indistinguishable and qualitatively similar in all six 
regions (see Annex B.2), is considered as well as 
one of the candidate variables. 

Table 1. Statistical comparability by region and predictive power

Variable Set Asset Index? # Candidate Var. # Selected Var. Adj. R-sq.

Match 6/6 No 131 68 0.4392

Match 6/6 Yes 133 71 0.4733

Match 5/6 No 264 103 0.5062

Match 5/6 Yes 266 108 0.5306

Match 4/6 Yes 305 114 0.5375

All Yes 317 114 0.5467

Source: Authors‘ calculations based on the 2017/2018 CMS/HBS.

4.2.3	 Model Selection

The set of candidate variables remain very large, 
so it is impossible to include all variables into the 
regression. The aim is to define a model for log 
per adult equivalent consumption expenditure 
with high predictive power (measured in terms of 
adjusted R2) that does not suffer from problems of 
multicollinearity and overfitting. While this is not 
necessarily an exclusion criterion, it is desirable 
that the sign of coefficients broadly correspond 
to common priors on the association of certain 
characteristics with income. 

Thus, a procedure to restrict the set of variables 
in the model is required. A variable selection 
technique often employed in the context of small 
area estimation is the stepwise regression (available 
in the PovMap software usually employed for these 
purposes prior to the release of the sae Stata 
package). This approach commences with a model 
which includes all available candidate variables and 
sequentially removes the variable that contributes 
less in terms of statistical significance, as long as 
its significance lies below a pre-specified threshold, 
set here set at p = 0.05. During each step, variables 
removed previously, can again be incorporated 
back into the model if their statistical significance 

when added to the model at that moment lies 
below another, lower threshold (p= 0.049). The 
process concludes when the statistical significance 
of all variables in the model is reflected below the 
exclusion threshold and no further variable should 
subsequently be included. The model obtained by 
directly applying this technique to the full set of 
candidate variables (while also implementing some 
refinements accordingly described hereafter), is 
referred to as Model III. 

An alternative selection procedure based on 
Lasso regression (Tibshirani, 1996), using the 
Stata command lasso2 developed by Ahrens, 
Hansen and Schaffer (2018) is further explored. 
Lasso is an increasingly popular variable selection 
and regularization technique, that is well suited to 
situations like these, where the number of available 
predictors is large. The approach followed in this 
regard selects a particular model to penalize the 
inclusion of coefficients by their absolute value. In 
this way, the selection of parsimonious models is 
encouraged, avoiding in particular a situation where 
two highly collinear variables are both included 
with large, but imprecise coefficients. Lasso is 
applied to the full set of candidate parameters. The 
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penalty parameter is set to λ = 130.47, previously 
obtained by cross-validation on a stratified 10-fold6. 
Since Lasso relies on a different loss function, it 
is necessary to purge the model of variables that 
become insignificant when estimating the model 
with a standard OLS regression, as these would only 
increase the standard errors of the predicted poverty 
rates. This is done using stepwise regression, and 
thereby reduces the number of variables by 23 from 
an initial total of 70. The model that results from 
this procedure (including the refinements outlined 
below) is referred to as Model I. 

A process is subsequently followed to refine 
the specifications resulting from these automated 
variable selection algorithms. Initially, a few 
variables that have implausibly large coefficients 
and standard errors are removed manually. To 
avoid multicollinearity, all variables with a variance 
inflation factor higher than ten, are eliminated from 
the models. These checks only affect Model IV, as 
pre-selection with Lasso avoids multi-collinearity 
issues in Model l.7 

The ELL method is designed to account for 
error heteroscedasticity. The next step aims to 
model residual variance, with a so-called “alpha” 
model. There is no unequivocal theoretical guide 
as to how such a heteroscedasticity model should 
look, therefore the common procedure of selecting 
variables with stepwise regression is used, fixing 
conventional thresholds of p=0.05 for a variable 
to remain in the model. The dependent variable 
for the alpha model is a logistic transformation of 
the squared household residual and is conveniently 
provided by the sae command. The set of candidate 
variables that are included within the desired 
prediction model are considered, in conjunction 
with their interaction with the predicted value of the 
dependent variables y and its square y2. The selected 
model is again purged of variables with implausibly 
large coefficients and standard errors (mostly as 
a product of collinearity due to the simultaneous 
inclusion of the term and its interactions with y and 
y2. 

6	 More exactly, the selected penalty λlse = 130.47 is the highest penalty parameter for which out-of sample Mean Squared Error is within 
one standard deviation of the optimal value (in terms of minimizing MSE). A higher penalty implies that a more parsimonious model is 
selected. Since the resulting models are still quite long and a procedure with no Lasso pre-selection at all is considered, this seems a 
more attractive option than using the “optimal” penalty λopt = 16.85: λlse selects 70 variables, while λopt selects 227.

7	 For the final models, the variable with the highest variance inflation factor attains a value of 4.34 (Model I), 4.31 (Model II) and 5.59 
(Model III), respectively. 

Variables which are significantly prominent under 
the OLS estimation but not the GLS estimation, are 
then removed from the main model. The final step is 
aimed at purging the regression of anomalies caused 
by outlier variables. The focus is on influence, as 
measured by the dfbeta statistic in particular, which 
identifies observations that notably affect one of the 
coefficients in the prediction model. The procedure 
is the following: after running the regression for the 
full sample, influential observations are detected 
following the rule of thumb dfbeta > 2/√N. The 
model is thereafter re-estimated without these 
influential observations, removing any regressors 
which have become insignificant as a result of 
excluding outliers. The process is repeated until 
all characteristics included in the model remain 
significant when influential observations have been 
excluded. 

For Model I, all variables remain significant 
even when excluding additional observations with 
high leverage. Figure A.1 in the Annex shows that 
removing variables whose significance was based 
on influential observations also results in a model 
without observations with high leverage. The 
estimation of the model for prediction purposes 
is therefore executed without taking into account 
any remaining influential observations, even though 
including those as part of the estimation will result 
in only minor differences (Figure A.2 in the Annex). 
Exclusion of influential observations implies that 
the distribution of residuals is closer to the normal 
distribution threshold, as portrayed graphically 
in Figure A.4 in the Annex, where the first row 
corresponds to the estimation for the full sample 
and the second disregards influential observations. 

The results for Models I and III are reproduced in 
Table A.2 and Table A.3, respectively. Remarkably, in 
spite of the introduction of the Lasso pre-selection 
stage for Model I and the large number of candidate 
variables, 25 of the 39 variables in Model I are also 
present for Model III. It is also reassuring that their 
coefficients are in most cases quite similar across 
models and that in general coefficients also have 
the expected signs. For instance, a higher share of 
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educated individuals is associated with higher values 
of per adult equivalent consumption expenditure. 
The parsimonious alpha model associated to Model 
I is presented in Table A.4.

Finally, a more stringent significance criterion 
is explored and thereby further restrict Model I 
to those variables that are significant at the one 
percent level. Significance levels in the end are 
arbitrary decisions and by switching to this stricter 
threshold only relevant correlates of welfare which 
are precisely estimated are included, although still 
at the cost of disregarding some potentially useful 
information. The resulting set of variables are 
referred to as Model II. 

8	 The coefficient for this variable, percentage of people in the constituency that are students, is quite large both in the main prediction 
as well as in the alpha mode. Figure A.3 shows that results remain virtually identical when it is removed. 

Table 2 below compares the performance of the 
different models for fixed simulation specifications. 
These are compared in terms of predictive power, 
as measured by the adjusted R2. Another desirable 
property is that the relative magnitude of the area 
error with regard to the household error epsilon 
is not too large, as this will result in more precise 
estimates. Finally, a model can be evaluated to a 
certain extent, by the results it produces when 
used for simulation and in particular, in relation to 
the precision of subnational estimates, as well as 
in terms of whether it provides a reasonable fit of 
poverty rates at the national level.

Table 2. Comparison of prediction models

  Model I Model II Model III Benchmark

# variables 39 33 43 -

Adj. R-sq. 0.5030 0.4983 0.4972 -

RMSE 0.5991 0.6033 0.6033 -

Variance Ratio (ση)2/(σu)2 0.0390 0.0432 0.0466 -

% Food Poverty, National 22.67 22.81 22.57 24.12

% Poverty LB, National 43.50 43.60 43.10 44.74

% Poverty UB, National 49.46 49.53 49.00 49.67

Average SE Food Pov., District 2.16 2.18 2.15 -

Average SE Food Pov., Constituency 4.97 5.03 4.98 -

Source: Authors’ calculations based on the PHC 2016 and the CMS/HBS 2017/2018.

Model I performs best in terms of adjusted R2 and 
it also displays the lowest ratio of area effect in 
relation to overall residuals. Its prediction of national 
poverty rates is better than for Model III, but 
slightly worse than for Model II. However, this is 
compensated for, by the fact that average standard 
errors for Model I at the district and constituency 
levels, are slightly smaller. However, results in Table 
2 are extremely similar in all respects for the three 
models, which actually also have many variables 
in common. Therefore, they also lead to very 
similar constituency poverty rates both in terms of 
magnitude as well of precision, as can be seen in 
Figure 3a and Figure 3d. 

After all steps and processes have been 
considered, Model I is selected. Considering all 
specifications provided, it seems to perform best 
in terms of all criteria. It contains 39 variables and 
is estimated with data from 4137 households. All 
the variables are statistically significant in the GLS 
estimation and the adjusted R2 is 0.5. The model 
includes two variables at village level and one at the 
constituency level8 while 3.9 percent of the overall 
prediction error is attributed to the area effect, 
constituting an acceptable share. All the predicted 
poverty rates at the national level lie within the 95 
percent confidence interval of the survey estimates 
(see Table A. 5 in the Annex). 
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Figure 3. Predicted constituency and STD food poverty rates, alternative models

a. Predicted constituency b. Standard error of predicted constituency 
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Note: Constituencies ranked by the size of the poverty rate estimated by Model I. Estimates use EB.

Source: Authors’ estimates based on the PHC 2016 and the CMS/HBS 2017/2018.

9	 The same variables as in Model I are used, but here the cluster or area errors are not modelled at the constituency, but the constituency-
region level. Since regions are defined according to geographic and not administrative criteria, there are various regions in each 
constituency. In order to directly obtain regional estimates from the sae package, it is thus convenient to alter the modelling of the 
cluster error in this way, which provides a good orientation of the regional fit of our model.

10	The alternative offered by the sae software, an adaptation of the Henderson-III method by Huang and Hidiroglou (2003) to account 
for sampling weights is particularly suited for weighted estimates. The Henderson III method was expanded upon and implemented 
by Van der Weide (2014). In our case, using the H3 decomposition yields virtually identical results: predicted poverty rates at the 
constituency level show a 0.9999 correlation with our baseline estimates

During a final review of the plausibility of the results 
as part of our prediction model, the estimates 
obtained by (a slight variation9 of) Model I are 
compared at the lowest level of representativity, 
the region, with those obtained from the household 
survey for the different poverty concepts. The 
results of this exercise, presented in Table A.5 in 
the Annex, are reassuring, as the SAE estimates in 
general, are close to the point estimates obtained 
from the household survey and always within the 
95 percent confidence interval. 

4.2.4	Simulation Specifications

Once a prediction model has been selected, the 
process can proceed to the simulation step. There 
are a number of technical choices to be taken. 
Consistently with our model selection procedure, 
sampling weights are not used for estimating the 
prediction model and choosing the ELL method to 
decompose the variance components.10 

The main decision taken therefore centers 
on how to draw the relevant model parameters 
and different options are explored. One of them 
is parametric drawing of the coefficients β and 
error variances, ση and σεch from their asymptotic 
distributions derived in ELL, which requires 
assuming the normality of ηc and εch. This technique 
achieves computational efficiency (which does not 
present a major concern in this context, as Lesotho 
is a small country) at the cost of imposing more 
structure on the data. Those parameters are then 
drawn non-parametrically, using the bootstrap to 
derive their finite sample distributions, but maintain 
the normality assumption for both ηc and εch and 
drawing them from their corresponding theoretical 
distributions. This represents the bootstrap, normal 
option. The Empirical Best (EB) technique is applied 
which, as is described in Section 3, takes advantage 
of the information in the survey, and adjusts the 
particular distributions of the area errors ηc for 
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the constituencies present in the survey. Finally, 
in the most flexible specification, the normality 

assumption is dropped for mu and epsilon and also 
draw them from their empirical distributions.

Table 3. Comparison of simulation specifications

Simulation method EB BS, normal
BS, not 
normal Parametric Benchmark

% Food Poverty, National 22.67 22.77 22.99 22.88 24.12

% Poverty LB, National 43.50 43.58 44.22 43.68 44.74

% Poverty UB, National 49.46 49.51 50.17 49.61 49.67

Average SE Food Pov, District 2.16 2.97 3.80 2.07 -

Average SE Food Poverty, 
Constituency

4.97 6.45 8.36 5.66 -

Note: Predictions based on Model I.

Source: Authors’ calculations based on the PHC 2016 and the CMS/HBS 2017/2018.

Figure 4. Predicted food poverty rates, 
alternative simulation specifications

Figure 5. Predicted food poverty rates, 
alternative specifications: STD
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Table 3 and Figure 5 show that the Empirical Best 
technique provides the most precise estimates 
as standard errors on average are much smaller 
than for any of the other non-parametric options. 
Parametric drawing provides somewhat smaller 
standard errors on average and a better fit for all 
national poverty rates, but at the cost of more 
demanding assumptions. The most flexible, fully 
non-parametric option is paradoxically the least 
precise in terms of standard errors, as well as the 
most accurate for national poverty rates. The fit 
of EB in terms of national poverty rates is slightly 
inferior, but broadly comparable to bootstrapping 
techniques.

Figure 4 shows that choosing EB is a sensitive 
decision, as the estimates according to this 
simulation model differ notably from all the other 
settings, which are similar to each other. A glance 
at Figure 3 and Figure 5 reveals that this choice has 
a much stronger impact on the predicted poverty 
rates than that of one or other simulation models. 
The correlation of predicted food poverty rates at the 
constituency level according to the EB method and 
those under the bootstrap is 0.9122 and comparing 
Model I to Model III (the two most different ones) 
yields a correlation of 0.9922.

In relation to the question of whether the 
Empirical Best results should be chosen as the 
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preferred estimates, Van der Weide (2014), regards 
this method as “expected to do well if there are 
relatively large random area effects, if many of the 
small areas are covered by the survey, while the error 
distributions can be reasonably well approximated 
by a normal distribution” (pg. 3). The variance of 
the area error term for our preferred model is 0.014 
and represents a 3.90 percent of the overall mean 
squared error. In the absence of a clearly defined 
reference or rule-of-thumb, assessing whether 
the first condition is fulfilled is not straightforward, 
but this 4 percent share seems neither too large 
nor too small. As for the second condition, it is 
clearly satisfied as the 80 constituencies are all 
represented in the household survey. Finally, as 
evident in Figure A.4 (second row), that the error 
terms of the selected prediction model approximate 
reasonably well a normal distribution, even if the 
null hypothesis of normality can be rejected from a 
statistical perspective.11 

11	It is in possible to transform the dependent variable by adding a constant to neutralize the skewness of the distribution. However, the 
resulting distribution (third row of Figure A.4) does not seem to approximate the normal distribution better than the original dependent 
variable. Thus, this option is not pursued further. 

Therefore, and given the sizable difference in 
precision to other bootstrap techniques, the EB 
estimates are reported as the main results. While 
parametric estimates perform similarly in terms of 
precision, this might be an artefact of the additional 
structural assumptions and as a result the EB 
approach is preferred. However, it is noted that the 
very large residuals for some of the constituencies 
(to the right of Figure 5) constitute a certain anomaly, 
as Empirical Best is supposed to narrow down the 
distribution of the area error terms and not to lead 
to more noisy estimates.

In terms of other technical choices for 
implementation, the clustering level for the area 
effects is set at the constituency level. A variable 
for the primary sampling unit (the enumeration 
area) that will be considered by the sae software 
for bootstrapping purposes is accordingly specified. 
A total of R = 100 simulations is run.
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5.	RESULTS

5.1	 Poverty at District and 
Constituency Levels

Figure 6, Figure 7, and Figure 8 constitute the 
main results of this exercise and comprise maps 
describing poverty rates according to different 
poverty concepts at the district and constituency 
levels that result from our baseline specification 
using Model I for prediction and Empirical Best for 
simulation. This graphical representation provides an 
intuitive illustration of the geographical distribution 
of poverty in Lesotho which accordingly illustrates 
that the least poverty rates are in the West of the 
country, and highest in the interior and the North. 
Interestingly, constituencies on the eastern border 
of the country seem to be in a somewhat better 
situation than their immediate Western neighbors. 
A more detailed analysis unveils more nuanced 
patterns of interest to policymakers, e.g. focusing 
on the many small constituencies in the West of 
the country. An example is the constituency of 
Semena in the Thaba-Tseka district, which has 
the highest concentration of the poor. For a more 
detailed representation, Table 4 and Table 5 present 
the poverty rates at the district and constituency 
level, together with the standard errors (SE). 

It should be noted that, as with any estimates, 
the poverty rates are estimated with a degree of 
uncertainty. In determining to which extent different 
constituencies can  be confidently compared or 
ranked, Figure 9 and Figure 10 presents the food 
poverty rates of all districts and constituencies 

together with their 95 percent confidence intervals, 
while Figure A.5 to Figure A.8 in the Annex provide 
similar details for the lower and upper bound 
poverty rates. A glance at any of these figures 
reveals that it is not possible to differentiate districts 
and constituencies with relatively similar levels of 
poverty from each other. However, constituency 
level poverty rates in Lesotho are spread over a broad 
range (5 percent to 49 percent for food poverty, 15 
percent to 73 percent for lower bound poverty), and 
it is accordingly possible to meaningfully compare 
many constituency pairs. In particular, 95 percent 
confidence intervals for constituencies in the lower 
and upper terciles of the distribution do not seem 
to overlap at all. Also, for the districts clear patterns 
are apparent, with a particularly worrying situation 
being evident in Thaba-Tseka.

Table 6 offers another perspective on the 
gains obtained by disaggregation. For each of 
the poverty concepts, the point estimates of the 
poverty rate for 8 (or 9, for the lower bound poverty 
rate) of the 10 districts are found outside the 95 
percent confidence interval of the national poverty 
estimates and for two to three of these, the 95 
percent confidence intervals of district level poverty 
rates do not intersect with those at the national 
level. Disaggregating further, results suggest that 
for any of the poverty concepts, over 60 of the 80 
point estimates for constituency poverty rates lie 
outside - either below or above - the 95 percent 
confidence interval of their district’s poverty rate, 
and for 19 to 25 of them (depending on the poverty 
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definition), the 95 percent confidence interval for 
the constituency poverty rate does not overlap 
with that of the district. These numbers provide a 
striking indication of the potential of local estimates 
of poverty for targeting or policy design purposes. 

Finally, the scope of the small area estimation 
methodology as applied to Lesotho has been 
thoroughly documented in this methodological 
report and is not confined to poverty rates. Instead, 

it can be employed to estimate other additively 
decomposable indicators of welfare, such as the 
poverty gap or the Gini index. In order to illustrate 
the potential of this approach to contribute to a more 
comprehensive analysis of the spatial distribution 
of poverty in Lesotho, Table A.6  and Table A.7 in 
the Annex present the estimates for the poverty 
gap index in relation to each of the districts and 
constituencies. 

Figure 6. Food poverty rates

a. By district

b. By constituency

Source: Authors’ estimates based on the PHC 2016 and the CMS/HBS 2017/2018.
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Figure 7. Poverty rates, upper bound

a. By district

b. By constituency

Source: Authors’ estimates based on the PHC 2016 and the CMS/HBS 2017/2018.
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Figure 8. Number of poor, upper bound, constituencies

Source: Authors’ estimates based on the PHC 2016 and the CMS/HBS 2017/2018.

Figure 9. Food poverty rates by 
district, with 95 percent confidence 

intervals

Figure 10. Food poverty rates by 
constituency, with 95 percent 

confidence intervals
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Table 4. Poverty rates for all districts

District Food 
Poverty SE

Poverty, 
lower 
bound

SE
Poverty, 

upper 
bound

SE Population #HH 
Survey

Botha-Bothe 22.00 2.16 44.11 2.65 50.47 2.64 118,242 319

Leribe 19.21 1.39 40.09 1.83 46.35 1.87 337,521 548

Berea 21.03 1.67 41.15 1.92 46.98 1.90 262,616 519

Maseru 14.93 1.20 32.13 1.61 37.65 1.66 519,186 737

Mafeteng 26.70 2.23 49.23 2.51 55.41 2.45 178,222 420

Mohale’s Hoek 29.71 2.32 52.53 2.44 58.59 2.37 165,590 393

Quthing 28.30 2.70 50.95 2.93 57.03 2.80 115,469 321

Qacha’s Nek 25.99 2.94 48.91 3.32 55.20 3.24 76,230 246

Mokhotlong 30.96 2.55 55.07 2.84 61.23 2.73 100,736 288

Thaba-Tseka 38.29 2.48 63.36 2.37 69.22 2.18 133,389 346

Note: Small area estimates of poverty obtained with Model I and bootstrap-EB simulation. The last column indicates the number of 
households in each unit included on the estimation of the prediction model Model I.

Source: Authors ‘calculations from PHC 2016 and CMS/HBS 2017/2018 data.

Table 5. Poverty rates for all constituencies

District Constituency 
Food 

Poverty
SE

Poverty, 
lower 
bound

SE
Poverty, 

upper 
bound

SE Population
# HH 

Survey

Botha-Bothe

Mechachane 28.31 6.08 53.29 7.05 59.98 6.76 18,951 55

Hololo 27.42 5.67 51.44 6.84 57.90 6.72 22,890 52

Motete 26.48 5.99 51.56 6.90 58.33 6.62 25,063 60

Qalo 21.08 5.66 44.38 7.84 51.17 7.85 22,470 53

Botha-Bothe 10.36 1.78 25.59 3.15 30.96 3.43 28,868 99

Leribe

Maliba-Mats’o 31.73 5.10 56.80 5.58 63.16 5.34 27,733 46

Mphosong 29.59 5.55 55.71 6.39 62.46 6.08 21,159 36

Thaba-Phats’oa 29.93 6.62 55.07 7.36 61.69 7.09 21,802 36

Mahobong 20.66 5.93 43.58 8.06 50.37 8.19 28,068 36

Pela-Ts’oeu 27.80 5.71 53.09 6.84 59.89 6.68 23,217 36

Matlakeng 18.75 5.62 40.31 7.95 46.82 8.10 22,825 28

Leribe 24.22 5.42 47.83 7.16 54.46 7.15 22,507 36

Hlotse 6.44 1.91 19.02 3.97 23.89 4.50 33,457 55

Tsikoane 23.75 9.16 46.97 11.61 53.52 11.52 20,100 34

Maputsoe 8.36 1.90 23.56 3.78 29.15 4.20 39,927 78

Likhetlane 12.12 2.63 30.24 4.54 36.30 4.86 31,869 59

Peka 16.17 3.73 36.05 5.71 42.39 5.95 22,719 33

Kolonyama 15.66 4.30 37.06 6.33 43.84 6.46 22,138 35

Berea

Mosalemane 40.52 9.61 65.91 8.91 71.76 8.15 22,197 36

Makhoroana 22.41 6.15 45.87 7.98 52.45 7.89 21,504 47

Bela-Bela 25.40 3.97 49.60 5.04 56.27 4.94 21,562 36

Malimong 33.82 5.40 59.68 5.69 66.13 5.32 20,602 36

Khafung 36.69 8.90 62.16 9.32 68.29 8.77 22,310 48

Teyateyaneng 9.80 2.30 25.54 4.36 31.13 4.74 26,447 60

Ts’oana Makhulo 22.84 5.42 47.28 7.10 54.30 7.10 21,595 36
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District Constituency 
Food 

Poverty
SE

Poverty, 
lower 
bound

SE
Poverty, 

upper 
bound

SE Population
# HH 

Survey

Thupa-Kubu 23.01 4.12 46.40 5.26 53.09 5.28 26,421 47

Berea 14.62 3.35 33.56 5.16 39.63 5.39 27,605 57

Khubetsoana 5.41 1.26 14.53 2.75 18.19 3.23 30,688 72

Mabote 6.83 1.55 17.41 3.13 21.49 3.58 21,685 44

Maseru

Motimposo 9.95 3.71 26.10 6.71 31.84 7.30 26,279 48

Stadium Area 6.32 1.94 17.64 4.05 22.12 4.70 25,147 34

Maseru Central 4.78 1.20 12.12 2.38 14.95 2.76 15,773 35

Thetsane 7.80 1.76 21.12 3.56 26.17 4.01 51,183 82

Qoaling 12.25 4.16 30.74 7.31 37.04 7.87 35,248 42

Lithoteng 7.49 2.03 20.48 4.18 25.39 4.76 36,771 59

Lithabaneng 7.86 1.88 22.19 3.62 27.49 4.01 40,343 56

Abia 5.04 1.85 15.23 4.28 19.32 4.99 29,956 48

Thaba-Bosiu 11.69 2.27 27.76 3.80 33.27 4.10 32,834 48

Machache 28.76 4.81 54.34 5.52 61.03 5.33 26,122 36

Thaba-Putsoa 40.22 8.57 65.19 8.12 71.05 7.45 23,070 24

Maama 7.59 2.97 21.95 5.01 27.22 5.39 25,152 44

Koro-Koro 13.75 3.52 31.55 5.25 37.35 5.51 30,432 36

Qeme 12.90 3.96 30.33 6.60 36.19 7.12 25,993 34

Rothe 23.45 10.47 46.40 13.58 52.95 13.62 21,958 24

Matsieng 25.08 4.86 48.96 5.96 55.47 5.84 25,919 33

Makhaleng 39.08 7.72 64.85 7.39 70.86 6.82 21,822 20

Maletsunyane 26.03 7.26 49.77 8.04 56.30 7.77 25,184 34

Mafeteng

Thaba-Phechela 36.72 6.08 62.44 6.13 68.70 5.84 19,939 48

Kolo 23.72 5.72 47.27 7.27 53.96 7.22 18,889 48

Matelile 21.11 4.21 43.99 5.65 50.71 5.68 20,761 36

Maliepetsane 43.14 9.64 68.16 8.75 73.81 7.92 23,075 58

Thabana-Morena 31.50 6.96 56.31 7.59 62.72 7.22 18,436 40

Likhoele 23.46 4.84 46.70 6.24 53.34 6.17 23,401 48

Qalabane 31.30 5.35 56.22 5.87 62.65 5.61 23,863 48

Mafeteng 8.95 2.13 22.68 4.02 27.79 4.52 29,858 94

Mohale’s 
Hoek

Taung 21.27 4.01 44.27 5.40 51.01 5.42 17,384 36

Qhalasi 16.91 3.71 37.37 5.65 43.82 5.89 22,850 48

Mohale’s Hoek 13.41 3.04 31.41 4.84 37.37 5.10 26,750 75

Mekaling 26.02 5.01 50.01 5.80 56.56 5.72 17,519 36

Qaqatu 39.06 7.65 63.70 7.61 69.57 7.17 16,297 45

Mpharane 32.25 6.54 56.87 7.24 63.21 6.99 18,266 35

Ketane 42.08 5.47 67.65 5.28 73.38 4.87 21,750 59

Hloahloeng 48.79 9.17 73.07 7.49 78.27 6.65 24,774 59

Quthing

Tele 36.08 7.97 59.56 8.56 65.32 8.25 18,392 58

Moyeni 17.60 3.71 36.96 5.19 42.90 5.33 25,590 72

Sebapala 37.48 6.63 62.05 6.61 68.05 6.11 25,329 72

Mount Moorosi 21.03 4.45 43.17 5.95 49.67 5.99 24,969 60

Qhoali 32.05 6.92 56.29 7.60 62.39 7.21 21,189 59
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District Constituency 
Food 

Poverty
SE

Poverty, 
lower 
bound

SE
Poverty, 

upper 
bound

SE Population
# HH 

Survey

Qacha’s Nek

Qacha’s Nek 18.11 3.10 38.49 4.36 44.63 4.44 30,407 92

Lebakeng 33.67 6.28 58.65 6.56 64.94 6.27 24,350 70

Tsoelike 28.43 5.34 52.64 6.19 59.13 5.97 21,473 84

Thaba-Tseka

Mants’onyane 32.94 5.92 58.39 5.92 64.69 5.57 24,343 72

Thaba Moea 40.27 5.86 66.19 5.40 72.16 4.91 23,168 52

Thaba-Tseka   34.05 5.63 57.66 5.79 63.41 5.50 28,636 66

Semena 45.21 5.43 70.18 4.77 75.57 4.28 30,696 84

Mashai 38.06 5.30 63.69 5.20 69.74 4.80 26,546 72

Mokhotlong

Malingoaneng 31.29 5.32 56.20 5.92 62.49 5.73 26,090 76

Senqu 41.70 5.37 67.42 4.98 73.22 4.57 25,648 72

Mokhotlong 19.31 4.21 39.54 5.44 45.58 5.48 25,282 66

Bobatsi 31.42 4.73 57.04 5.07 63.54 4.83 23,716 68

Note: Small area estimates of poverty obtained with Model I and bootstrap-EB simulation. The last column indicates the number of 
households in each unit included on the estimation of the prediction model Model I.

Source: Authors´ calculations from PHC 2016 and CMS/HBS data.

Table 6. Gains from disaggregation

  Food Poverty
Poverty, 

lower bound
Poverty, upper 

bound

# Districts: below 95% CI national rate 3 3 2

# Districts: above 95% CI national rate 5 6 6

# Districts: 95% CI fully below 95% CI national rate 1 1 1

# Districts: 95% CI fully above 95% CI national rate 1 2 2

# Constituencies: below 95% CI District rate 31 29 28

# Constituencies: above 95% CI District rate 32 35 36

# Constituencies: 95% CI fully below 95% CI district rate 16 14 13

# Constituencies: 95% CI fully above 95% CI district rate 3 9 13

Note: Small area estimates of poverty obtained with Model I and bootstrap-EB simulation. Lesotho is composed by 10 districts and 80 
constituencies.

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.

5.2	 Poverty and Socioeconomic 
Correlates

The estimation of poverty at the constituency level 
is a useful tool to efficiently target and determine 
public policy. Identifying where the most vulnerable 
population is located helps in the localization of 
policies which are aimed at reducing poverty. In 
addition, spatially presenting these estimates 
makes it possible to contrast poverty rates with 
other key socio-economic factors. 

In this section, bivariate maps are used to 
illustrate the correlation between variables. 
Specifically, bivariate maps show  two variables at 

once, suggesting where those two variables tend 
to be aligned or not. In this particular case, bivariate 
maps are used to illustrate the spatial distribution 
of poverty estimates and other selected factors 
related to education, employment opportunities, 
basic services, and vulnerability to risks at the 
constituency level. Two of these factors, education, 
and employment opportunities, are considered 
in the selected prediction model for consumption 
(Model I) and therefore, the correlation with 
poverty exists by design. However, the variables 
selected for the bivariate spatial analysis are not 
similar to those applied in the model. Also, a high 
correlation with poverty does not imply all poor 
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constituencies have the same relationship with the 
selected factor. Accordingly, the spatial bivariate 
representation remains useful as it indicates where 
these interactions are stronger or weaker.  

5.2.1	Basic Services

Other factors usually examined when studying 
poverty are those related to access to basic 
services, such as access to the electricity grid, 
improved sanitation facilities and/or improved 
water sources. Fortunately, this information can be 
aggregated at constituency level as it is found in the 

PHC. Figure 11, Figure 12, and Figure 13 show how 
access to electricity is generally low in Lesotho, and 
low access is usually correlated to areas with high 
levels of poverty. The bivariate maps also show 
how access to improved sanitary facilities and/or 
water sources vary considerably across the country. 
There are poor constituencies with high levels of 
access to improved sanitation facilities but limited 
access to improved water sources, as is the case 
of Mantsonyane in the Thaba-Tseka district, and 
Malibamatso in the Leribe District. 

Figure 11. Poverty and access to electricity

a. Share of population with access to 
electricity

b. Poverty and share of population with 
access to electricity

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.

Figure 12. Poverty and sanitation facilities

a. Share of population with access to 
improved sanitation services

b. Poverty and share of population with 
access to improved sanitation services

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.
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Figure 13. Poverty and access to an improved water source

a. Share of population with access to an 
improved water source

b. Poverty and share of population with 
access to an improved water source

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.

5.2.2	 Education

12	Compared to other constituencies in the country.

Although there are several variables in Model I 
that are related to education, completed secondary 
education is selected as a proxy for this key factor. 
According to the Lesotho Poverty Assessment 
(World Bank, 2019), this indicator is considered to 
play an important role in the path towards reduction 
of poverty in the country. Figure 14b reflects 
constituencies where poverty levels are higher12 
and which tend to have a lower percentage of 

population completing secondary education. In other 
words, constituencies with high poverty rates also 
include those with a low proportion of population 
completing secondary education. Thus, identifying 
which constituencies endure both burdens of high 
poverty and low completion of secondary education, 
could be useful when attempting to design policy 
with local emphasis and relevance.

Figure 14. Poverty and completion of secondary education

a. Share of population with completed 
secondary education

b. Poverty and share of population with 
completed secondary education

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.
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Another indicator, namely access to internet, is also 
selected to represent the relationship between 
education and poverty. Although this information 
cannot be aggregated at constituency level as it is 
not found in the PHC and therefore the information 

at district level from the survey data is used to 
illustrate access to internet. Figure 15 is insightful to 
considering different strategies in reducing poverty 
across constituencies, showing that poverty 
correlates positively with lack of access to internet. 

Figure 15. Poverty and access to internet

a. Share of population with access to internet b. Poverty and share of population with 
access to internet

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.

5.2.3	 Employment Opportunities

Like education, employment opportunities are 
interconnected to the incidence of poverty. 
Employment has been identified as a path out 
of poverty in Lesotho, according to the Lesotho 
Poverty Assessment (World Bank, 2019). The 
indicators selected and accordingly influenced 
by data availability to represent employment 
opportunities are the share of households whose 
main income is generated from casual work and the 
share of household heads employed in agriculture. 
Though this information is only collected at the 

district level, Figure 16 and Figure 17 demonstrate 
how in some districts, most households depend 
mainly on agriculture and casual work to earn their 
income. However, the patterns are different across 
districts in Lesotho. For example, the poorest 
constituencies in the northern parts of the country 
appear to be located in districts with a higher share 
of casual workers and fewer agricultural household 
heads compared to constituencies along the 
southern border.   
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Figure 16. Poverty and casual work as main source of income

a. Share of households whose main source of 
income is casual work

b. Poverty and share of households whose 
main source of income is casual work

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.

Figure 17. Poverty and employment in agriculture

a. Share of household heads employed in 
agriculture

b. Poverty and share of household heads 
employed in agriculture

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.

5.2.4	 Risks

Using information at the district level, it is possible 
to identify which of the high poverty constituencies 
tend to be more vulnerable to certain risks (self-
reported) and may in turn slow poverty reduction. 
The Lesotho Poverty Assessment (World Bank 
2019) identified two types of risks that are pertinent 
to Basotho livelihoods, namely, natural risks such 
as droughts or floods and market risks, identified as 

the increase in food prices. Figure 18 and Figure 19 
present the spatial correlation of these risks with 
poverty rates and they illustrate how price increases 
appear to affect more poor constituencies in the 
East, while droughts and floods on the other hand, 
affect more poor constituencies to the West of the 
country. 
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Figure 18. Poverty and market risks

a. Share of households that experienced a 
large rise in food prices

b. Poverty and share of households that 
experienced a large rise in food prices

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.

Figure 19. Poverty and natural risks

a. Share of households that experienced 
droughts or floods (self-reported)

b. Poverty and share of households that 
experienced droughts or floods (self-

reported)

Source: Authors’ calculations from PHC 2016 and CMS/HBS 2017/2018 data.
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6.	CONCLUSIONS AND 
RECOMMENDATIONS

The availability of local indicators of poverty is an 
essential tool required in formulating effective 
anti-poverty policies. However, as in many other 
contexts, such indicators for Lesotho cannot be 
directly derived from a household survey due to 
the lack of representative spatially disaggregated 
data. This report describes the process to 
overcome this shortcoming and obtain small area 
estimates of poverty for Lesotho, using the ELL 
methodology and combining data from the 2016 
Population and Housing Census (PHC) with the 
2017/2018 Continuous Multipurpose Household 
and Household Budget Survey (CMS/HBS).

The technical choices have been documented. 
Restricting the analysis to variables common to 
both data sources with comparable geographical 
distributions in each and combining different model 
selection techniques (notably lasso and stepwise), 
a prediction model with desirable performance 
(including high predictive power, accurate 
estimation of national and regional poverty rates, 
as well as a low ratio of cluster over household 
level errors), is defined and subsequently checked 
carefully for robustness. Given that the conditions  
favoring its use were fulfilled and in particular, all 
constituencies were present in the survey, as well 
as the fact that it led to higher precision estimates 
(although not uniformly for all constituencies), the 
decision was taken to apply the Empirical Best 
technique to model errors. 

Results show that for any of the poverty 
concepts considered, rates vary very strongly 
across Lesotho, with huge differences between 
the poorest and wealthiest areas. While very clear 
patterns are already apparent at the district level, 
small area estimates also allow for the identification 
of constituencies where poverty significantly differs 
from the overall level for the district they belong 

to. Therefore, this work is useful for policymakers 
aiming to reduce poverty in the most affected areas 
of the country. 

Poverty estimates at the constituency level are not 
only useful because they assist in the identification 
of where the most vulnerable population is located, 
but also when contrasted with other key socio-
economic factors, they portray how these local 
areas can be targeted. In this report, poverty rates 
are compared with factors related to education, 
employment opportunities, basic services, and 
natural/market risks. The result underscores the 
correlation between poverty and deprivation in 
non-monetary indicators of well-being. Addressing 
constraints (including affordability) to accessing 
basic services and economic opportunities by the 
poor, along with reducing the impact of economic 
and natural risks they face, is key to reducing 
poverty in Lesotho. By highlighting where the poor 
tend to be located, this report provides information 
and insights to efforts aimed at addressing these 
constraints, informing localization of efforts. 

In terms of recommendations, the Poverty 
Mapping exercise highlights the importance of 
strong geographic information systems (GIS) and 
human capital in facilitating spatially disaggregated 
analysis to inform policy. It also underscores the 
importance of ensuring that the data collected is 
of good quality as this will improve the accuracy of 
the estimates. Strong investments and continuous 
capacity building in these areas is therefore 
recommended. Furthermore, it is recommended 
that such analysis is made integral to policy making 
in Lesotho given the strong spatial dimension of 
poverty which justifies the need to apply targeting 
rules beyond the regional level when allocating 
resources.
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ANNEX

Annex A: Additional Tables and Figures

Table A.1. Comparison of candidate variable sets

Variable 
set

Description
# Candidate 

variables (HH)
# Selected 
variables

Adj.R2

1 Comparable at 95% level, “strict” 211 60 0.4763

2
Like 1, adding area variables and interactions of 
these with set 1

211 105 0.5021

3 Like 2, adding district dummies 220 114 0.5042

4
Like 2, adding other variables comparable at 
95% of types “head”, “assets”, “share”, 
“any”, “others” not in 1.

236 108 0.5372

5
Like 4, adding variables indistinguishable at 
95% of type “number”.

317 103 0.556

6
Like 5, adding variables comparable at 99%, 
“strict”

399 117 0.5481

Notes: “Strict” specifications only consider variables where a) all categories broadly match, and b) definitions are practically identical. 
We also exclude from them an asset index based on household durable goods that are qualitatively, but not statistically comparable 

(Appendix B.2).

Source: Authors’ calculations from CMS/HBS 2017/2018 and PHC 2016.
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Table A.2. GLS regression results, Model I. Model underlying main estimates

Variable Coef. Std. Err. z p- value

Any 18 to 22 woman 0.082 0.028 2.94 0.003

Any kids going to school -0.094 0.027 -3.52 0.000

Any single man -0.117 0.024 -4.92 0.000

Any men -0.214 0.041 -5.21 0.000

Durables: car 0.423 0.036 11.62 0.000

Durables: computer 0.134 0.038 3.52 0.000

Asset index 0.137 0.008 16.38 0.000

% constituency: students 1.222 0.579 2.11 0.035

Cooking fuel: wood or natural -0.149 0.026 -5.62 0.000

Head: 39 < age < 50 -0.063 0.023 -2.71 0.007

Head: foreign born 0.254 0.099 2.56 0.010

Head: Bachelor degree 0.307 0.102 3.01 0.003

Head: public employee 0.090 0.036 2.47 0.014

Head: looking for job -0.118 0.041 -2.90 0.004

Head: is in RSA 0.283 0.031 9.09 0.000

household size: 3 -0.121 0.027 -4.41 0.000

household size: 4 -0.142 0.027 -5.22 0.000

household size: 5 or 6 -0.178 0.026 -6.78 0.000

house type: optaka 0.104 0.031 3.40 0.001

max. male educ. * Rural Lowlands 0.011 0.004 2.85 0.004

Never school * Urban Maseru -0.265 0.083 -3.20 0.001

% hh wage workers * vill. % agr. workers 0.820 0.186 4.40 0.000

most educated female: master 0.107 0.029 3.63 0.000

# 10 to 24 -0.076 0.014 -5.35 0.000

# males 5 to 9 -0.134 0.024 -5.61 0.000

# working age people -0.048 0.010 -4.62 0.000

owns house -0.107 0.029 -3.66 0.000

Share: boys 0 to 2 -0.646 0.134 -4.82 0.000

Share: adult females 0.256 0.040 6.44 0.000

Share: high school ed. adults 0.184 0.057 3.25 0.001

Share: high school ed. women 0.237 0.077 3.07 0.002

Share: male with low primary educ. -0.137 0.057 -2.38 0.017

Share: university ed . women 0.288 0.111 2.60 0.009

Share: some secondary educ. 0.125 0.048 2.60 0.009

Share working age: regular wage 0.217 0.049 4.43 0.000

Tenure: has a title 0.211 0.054 3.94 0.000

Flush toilet 0.144 0.058 2.48 0.013

Share village: casual jobs 0.506 0.230 2.20 0.028

Share village: unpaid labour -0.912 0.321 -2.84 0.004

Constant 6.770 0.156 43.36 0.000

Observations 4,137 HH Error Variance (σε)2 0.345

Degrees of Freedom 4,097 Cluster Error Variance (ση)2 0.014

Adj. R-sq. 0.5030 Variance Ratio (ση)2/(σu)2 0.039

Notes: GLS estimates, with (log) per adult equivalent consumption as dep. variable

Source: Authors’ estimates based on PHC 2016 and CMS/HBS 2017/2018
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Table A.3. GLS regression results: Model III

Variable name Coef. Std. Err. z p-value

Any male adults -0.193 0.042 -4.62 0.000

Any kids attending school -0.152 0.022 -6.86 0.000

Owns a car 0.444 0.034 13.07 0.000

Owns a computer 0.156 0.037 4.21 0.000

Asset index 0.139 0.009 16.13 0.000

Cook: wood or natural -0.180 0.028 -6.43 0.000

Head 39 < age < 50 -0.053 0.023 -2.25 0.030

Head: Upper primary educ. 0.065 0.024 2.73 0.005

Head: post-grad educ. 0.286 0.092 3.11 0.002

Head: looking for a job -0.131 0.042 -3.11 0.002

Head: is in RSA 0.271 0.030 9.00 0.000

HH size = 3 -0.128 0.027 -4.68 0.000

HH size = 4 -0.152 0.028 -5.52 0.000

HH size = 5 -0.201 0.030 -6.65 0.000

HH size = 6 -0.196 0.036 -5.42 0.000

Optaka house 0.083 0.030 2.76 0.008

max. educ. Years (male) * rural lowlands 0.013 0.004 3.40 0.000

% hh wage work * % vill. agric. workers 0.649 0.191 3.40 0.001

% hh wage work * % vill. industry workers -0.412 0.181 -2.28 0.027

max. educ female = high school 0.102 0.038 2.66 0.007

max. educ female = compl. Secondary 0.151 0.030 4.98 0.000

# age: 10 to 24 -0.063 0.015 -4.27 0.000

# females 18 to 22 0.053 0.024 2.18 0.028

# males educ = high school -0.108 0.033 -3.23 0.001

# non-formal education 0.316 0.100 3.17 0.001

# males married (monogamous) 0.067 0.020 3.34 0.001

# working age -0.078 0.012 -6.67 0.000

own house -0.097 0.030 -3.28 0.001

share males 0 to 2 -0.393 0.136 -2.90 0.002

share male adults 0.288 0.059 4.86 0.000

% adults educ = high school 0.375 0.069 5.45 0.000

% men educ = lower primary -0.146 0.065 -2.24 0.017

% men educ = some secondary -0.289 0.090 -3.22 0.001

% women educ = university 0.534 0.116 4.61 0.000

% men educ = upper primary -0.115 0.057 -2.03 0.032

% educ = non-formal -0.629 0.244 -2.58 0.008

% educ = some secondary 0.322 0.069 4.66 0.000

% working age: regular wage 0.301 0.064 4.68 0.000

tenure: with title 0.213 0.053 3.99 0.000

% vill: students -0.671 0.192 -3.50 0.000

% vill: never in school 0.732 0.268 2.73 0.004

% vill: educ >= secondary 0.475 0.133 3.57 0.000

Water: Spring or surface -0.079 0.028 -2.83 0.004

Constant 6.970 0.092 75.85 0.000
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Variable name Coef. Std. Err. z p-value

Observations 4,193 Household Error Variance (σε)2 0.347

Degrees of Freedom 4,139 Cluster Error Variance (ση)2 0.017

Adj. R-sq. 0.4972 Variance Ratio (ση)2/(σu)2 0.047

Notes: GLS estimates, with (log) per adult equivalent consumption as dep. Variable. Number of observations differs from Table A. 2 
and Table A. 4 due to a different number of a) observations dropped due to variables with missing values and b) influential observations 

dropped.

Source: Authors’ estimates based on PHC 2016 and CMS/HBS 2017/2018

Table A.4. Alpha Model corresponding to Prediction Model I (Table A. 2)

Variable Coef. Std. Err. z p - value

any male -2.284 0.615 -3.72 0.000

asset index -0.217 0.032 -6.83 0.000

% const: students -4.492 1.512 -2.97 0.003

y hat * any male 0.346 0.091 3.8 0.000

y hat * # working age 0.012 0.004 3.13 0.002

constant -3.552 0.392 -9.06 0.000

Observations 4,137        

Adj. R-squared 0.0129        

Source: Authors’ estimates based on PHC 2016 and CMS/HBS 2017/2018.

Table A.5. Poverty rates at the regional level

a. Food poverty rate

Region
Household survey SAE

Food poverty
95% conf. 
interval Food poverty SE

Urban Maseru 9.68 5.14 14.22 8.33 1.07

Other Urban 12.41 8.01 16.82 11.88 1.03

Rural Lowlands 25.79 21.40 30.18 23.71 1.77

Rural Foothills 33.14 22.24 44.03 33.05 2.91

Rural Mountains 37.19 31.60 42.77 37.24 2.15

Rural Sengu River valley 35.20 26.53 43.88 34.51 2.66

b. Poverty rate, lower bound

Region
Household survey SAE

Poverty, 
lower bound

95% conf. 
interval

Poverty, 
lower bound SE

Urban Maseru 21.79 13.74 29.84 22.02 1.96

Other Urban 25.7 20.47 30.93 27.95 1.73

Rural Lowlands 49.23 44.58 53.89 46.86 2.22

Rural Foothills 59.52 49.87 69.18 58.54 3.01

Rural Mountains 62.55 56.73 68.36 62.60 2.19

Rural Sengu valley 61.55 52.66 70.45 59.06 2.64
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c. Poverty rate, upper bound

Region
Household survey SAE

Poverty, 
upper bound

95% conf. 
interval

Poverty, 
upper bound SE

Urban Maseru 24.68 16.71 32.65 27.05 2.15

Other Urban 31.35 25.99 36.71 33.42 1.88

Rural Lowlands 54.42 49.56 59.27 53.39 2.21

Rural Foothills 63.6 54.70 72.50 64.95 2.87

Rural Mountains 67.8 62.35 73.26 68.65 2.05

Rural Sengu River valley 67.92 60.19 75.65 65.16 2.51

Note: Results based on Model I and Empirical Best estimation. Cluster errors are at the region-constituency level.

Table A.6. Poverty gap index at the district level, as a percentage of the poverty line

District Food poverty SE
Poverty, 

lower bound SE
Poverty, 

upper bound SE

Botha-Bothe 7.02 0.88 17.18 1.49 20.74 1.62

Leribe 6.02 0.57 15.21 0.97 18.52 1.07

Berea 6.95 0.75 16.37 1.15 19.64 1.23

Maseru 4.70 0.50 11.97 0.85 14.68 0.93

Mafeteng 9.15 1.01 20.44 1.54 24.21 1.64

Mohale’s Hoek 10.57 1.16 22.57 1.62 26.47 1.70

Quthing 9.95 1.27 21.60 1.87 25.42 1.98

Qacha’s Nek 8.73 1.33 19.99 2.05 23.78 2.19

Mokhotlong 10.64 1.18 23.40 1.77 27.51 1.88

Thaba-Tseka 13.88 1.22 28.50 1.68 32.96 1.75

Note: Small area estimates of the poverty gap index obtained with Model I and bootstrap-EB simulation. The poverty gap index 
describes the average distance to the poverty gap among the poor population as a proportion (here a percentage) of the poverty line. 

Source: Authors ‘calculations from PHC 2016 and CMS/HBS data. 

Table A.7. Poverty gap index at the constituency level, as a percentage of the poverty 
line

District Constituency Food poverty SE
Poverty, 

lower bound
SE

Poverty, 
upper bound

SE

Botha-Bothe

Mechachane 9.29 2.53 21.67 4.19 25.80 4.50

Hololo 9.22 2.37 21.07 3.92 25.04 4.26

Motete 8.49 2.46 20.47 4.08 24.55 4.39

Qalo 6.45 2.12 16.70 4.00 20.37 4.45

Botha-Bothe 2.97 0.62 8.68 1.34 10.99 1.56

Leribe

Maliba-Mats’o 10.81 2.27 24.00 3.51 28.25 3.73

Mphosong 9.62 2.32 22.62 3.81 26.93 4.09

Thaba-Phats’oa 10.07 2.90 22.83 4.55 27.03 4.85

Mahobong 6.30 2.18 16.34 4.12 19.96 4.59

Pela-Ts’oeu 9.14 2.40 21.45 3.96 25.59 4.28

Matlakeng 5.69 2.08 14.95 3.99 18.33 4.46

Leribe 7.88 2.10 18.88 3.79 22.69 4.19

Hlotse 1.64 0.57 5.80 1.49 7.65 1.81
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District Constituency Food poverty SE
Poverty, 

lower bound
SE

Poverty, 
upper bound

SE

Tsikoane 7.58 3.61 18.44 6.35 22.19 6.96

Maputsoe 2.18 0.57 7.39 1.47 9.63 1.76

Likhetlane 3.40 0.86 10.20 1.94 12.92 2.26

Peka 4.96 1.36 13.12 2.69 16.20 3.06

Kolonyama 4.45 1.53 12.90 3.06 16.15 3.45

Berea

Mosalemane 14.91 4.78 30.08 6.59 34.66 6.81

Makhoroana 6.96 2.37 17.60 4.28 21.33 4.71

Bela-Bela 8.30 1.63 19.73 2.79 23.65 3.04

Malimong 11.62 2.40 25.47 3.67 29.89 3.89

Khafung 13.28 4.11 27.56 6.16 32.01 6.49

Teyateyaneng 2.68 0.72 8.38 1.74 10.74 2.07

Ts’oana Makhulo 7.03 2.04 17.98 3.76 21.86 4.15

Thupa-Kubu 7.33 1.64 18.02 2.87 21.77 3.15

Berea 4.30 1.21 11.92 2.43 14.83 2.76

Khubetsoana 1.59 0.41 4.72 1.01 6.09 1.24

Mabote 2.06 0.53 5.85 1.22 7.45 1.47

Maseru

Motimposo 2.70 1.19 8.52 2.78 10.93 3.28

Stadium Area 1.76 0.62 5.59 1.53 7.27 1.87

Maseru Central 1.43 0.42 4.06 0.93 5.18 1.12

Thetsane 2.22 0.55 6.82 1.38 8.80 1.66

Qoaling 3.46 1.34 10.35 3.10 13.13 3.63

Lithoteng 2.10 0.66 6.57 1.62 8.50 1.95

Lithabaneng  2.06 0.58 6.95 1.44 9.06 1.71

Abia 1.34 0.55 4.60 1.51 6.09 1.88

Thaba-Bosiu 3.44 0.79 9.67 1.68 12.13 1.95

Machache  9.45 2.05 22.09 3.31 26.29 3.56

Thaba-Putsoa 14.80 4.18 29.81 5.87 34.34 6.09

Maama 1.92 0.98 6.77 2.18 8.87 2.53

Koro-Koro 4.12 1.30 11.26 2.52 14.00 2.86

Qeme 3.87 1.38 10.68 2.93 13.34 3.40

Rothe 7.61 4.11 18.28 7.29 21.99 8.03

Matsieng 7.95 1.93 19.35 3.33 23.23 3.62

Makhaleng 14.06 3.59 29.07 5.21 33.66 5.42

Maletsunyane 8.44 3.18 19.99 4.97 23.90 5.31

Mafeteng

Thaba-Phechela 13.26 2.78 27.61 4.14 32.10 4.35

Kolo 7.72 2.31 18.57 3.99 22.35 4.37

Matelile 6.63 1.61 16.71 2.95 20.33 3.27

Maliepetsane 16.20 4.92 31.83 6.65 36.46 6.84

Thabana-Morena 10.86 3.19 23.87 4.83 28.08 5.12

Likhoele 7.44 1.89 18.23 3.38 21.99 3.71

Qalabane 10.69 2.38 23.71 3.69 27.93 3.93

Mafeteng 2.68 0.73 7.64 1.64 9.71 1.94

Mohale’s 
Hoek

Taung 6.64 1.53 16.80 2.80 20.44 3.10

Qhalasi 5.19 1.37 13.67 2.71 16.85 3.07

Mohale’s Hoek 3.95 1.10 11.03 2.23 13.78 2.54

Mekaling 8.56 2.15 20.10 3.46 24.02 3.72
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District Constituency Food poverty SE
Poverty, 

lower bound
SE

Poverty, 
upper bound

SE

Qaqatu 14.61 3.67 29.16 5.27 33.59 5.51

Mpharane 11.35 2.94 24.43 4.52 28.63 4.82

Ketane 15.56 2.67 31.16 3.77 35.81 3.91

Hloahloeng 19.25 5.09 35.80 6.36 40.51 6.44

Quthing

Tele 13.58 3.86 27.08 5.62 31.26 5.94

Moyeni 5.56 1.45 13.98 2.64 17.04 2.94

Sebapala 13.79 3.24 28.01 4.61 32.39 4.81

Mount Moorosi 6.70 1.73 16.59 3.12 20.12 3.45

Qhoali 11.32 3.10 24.26 4.78 28.41 5.08

Qacha’s Nek

Qacha’s Nek 5.56 1.20 14.39 2.21 17.60 2.46

Lebakeng 11.92 2.85 25.43 4.31 29.73 4.55

Tsoelike 9.61 2.41 21.76 3.76 25.79 4.02

Thaba-Tseka

Mants’onyane 11.25 2.63 24.82 3.97 29.16 4.17

Thaba Moea 14.56 2.81 29.89 3.95 34.53 4.08

Thaba-Tseka 12.18 2.68 25.48 3.89 29.62 4.09

Semena 17.21 2.80 33.28 3.72 37.96 3.80

Mashai 13.66 2.52 28.39 3.62 32.92 3.78

Mokhotlong

Malingoaneng 10.59 2.33 23.66 3.66 27.87 3.91

Senqu 15.25 2.63 30.84 3.66 35.51 3.78

Mokhotlong 6.08 1.70 15.18 2.94 18.42 3.22

Bobatsi 10.56 2.12 23.83 3.23 28.14 3.43

Note: Small area estimates of the poverty gap index obtained with Model I and bootstrap-EB simulation. The poverty gap index 
describes the average distance to the poverty gap among the poor population as a proportion (here a percentage) of the poverty line. 

Source: Authors’ calculations from PHC 2016 and CMS/HBS data. 
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Figure A.1. Leverage plots
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Note: The plot on the left corresponds to Model I before removing variables that are insignificant when influential observations are 
omitted. The plot on the right corresponds to the final specification of Model I. 

Source: Authors’ estimates based on PHC 2016 and CMS/HBS 2017/2018 

Figure A.2. Impact of influential 
observations on food poverty rates 

estimates

Figure A.3. Impact of sensitive variable 
on food poverty rates estimates
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Note: Constituencies ranked by the size of the poverty rate estimated by Model I.

Source: Authors’ estimates based on the PHC 2016 and the CMS/HBS 2017/2018.
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Figure A.4. Residual normality
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Source: Authors’ estimates based on the PHC 2016 and the CMS/HBS 2017/2018.
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Figure A.5. Poverty rates, lower bound, 
by district, with 95 percent confidence 

intervals

Figure A.6. Poverty rates, lower bound, 
by constituency, with 95 percent 

confidence intervals

30
40

50
60

70

Po
ve

rty
 L

in
e,

 L
ow

er
 B

ou
nd

Mas
eru

Le
rib

e
Bere

a

Both
a-B

oth
e

Qac
ha

’s 
Nek

Mafe
ten

g

Quth
ing

Moh
ale

’s 
Hoe

k

Mok
ho

tlo
ng

Th
ab

a-T
se

ka 0
20

40
60

80

Po
ve

rt
y 

R
at

e,
 L

ow
er

 B
ou

nd

0 20 40 60 80
Constituencies

Note: Small area estimates of poverty obtained with Model I and bootstrap-EB simulation.

Source: Authors’ calculations from PHC 2016 and CMS/HBS data.

Figure A.7. Poverty rates, upper bound, 
by district, with 95 percent confidence 

intervals

Figure A.8. Poverty rates, upper bound, 
by constituency, with 95 percent 

confidence intervals
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Note: Small area estimates of poverty obtained with Model I and bootstrap-EB simulation.

Source: Authors’ calculations from PHC 2016 and CMS/HBS data.
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Annex B: Variable Harmonization and Comparability

B.1. Variable harmonization and selection

The following overlapping variables between 
census and survey are identified and considered 
for the construction of candidate variables at the 
household level:
Household demographic characteristics: Age, 
gender, place of birth (same district, another 
district, outside Lesotho). Anomalies: the census 
contains more one-person households than the 
survey. While the age distribution of the population 
is comparable to a certain extent, household heads 
are three years younger on average in the census. 
Location: Level of urbanization, zone and region. 
Currently/work in South Africa or other parts 
of Lesotho: While there are some differences in 
the way these questions are asked in census and 
survey, in particular for work, they are in principle 
considered due to their potential relevance.
Disabilities: Several questions about different 
disabilities, at different levels. 
Language: English, Sesotho or other African 
languages. 
Civil Status: The proportion of single or divorced 
individuals in the population is similar across census 
and survey, but not that of married individuals or 
widows. 
Employment: Questionnaires are very similar. 
However, occupation variables present large 
statistical differences between census and survey 
and are therefore not considered for aggregation 
to the individual level. Sector of employment is not 
comparable for industry and agriculture, but it is for 
construction and services. As for the identity of the 
employer, only the share of government employees 
seems to roughly match across both datasets. As 
for the type of work, it only seems possible to 

match the proportion of wage and non-casual wage 
workers.
Education: While the most relevant information 
(apart from literacy and ever having been enrolled 
in school) on level of studies is summarized in 
one variable in the census and spread across 
several in the survey, it is possible to reconstruct 
similar characteristics. We categorize the different 
education levels reached into a thinner and a broader 
scale. For instance, where the second would 
only consider “primary”, the first would consider 
“upper primary” and “lower primary separately”. 
We also attempt a conversion into a continuous 
scale that serves as a proxy for years of education, 
which allows to take the mean over all household 
members. Apart from the usual variables defined 
(head, share, number, any), we also look here at the 
maximum level of education in the household and 
at shares for individuals aged 10 and older. Note 
that very few individuals have vocational education 
and this category is merged together with other 
levels of education. 
Dwelling characteristics and durable goods: 
In general, categories for dwelling characteristics 
are identical across survey and census, and their 
distributions are generally comparable as well. They 
were often aggregated to various non-exclusive 
categories, combining narrow and broader 
definitions (e.g. water, piped and water, piped into 
the dwelling), to allow model selection procedures 
to select the most significant concept. Most 
durable goods are owned by more households 
in the census. We construct two indexes based 
on Principal Component Analysis, as indicated in 
section B.2 below.
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B.2. The Principal Component Index

Information on household assets is usually very 
useful for prediction of welfare. However, the 
distribution for most of them in the population 

census and the household survey is not statistically 
comparable, as shown in Table B. 1.

Table B.1. Household assets, descriptive statistics

Variable Mean Survey Std. Err. 95% conf. Interval Mean Census

as_car 0.0978 0.0063 0.0855 0.1102 0.0959

as_cell_phone 0.9113 0.0047 0.9021 0.9205 0.8126

as_computer 0.0926 0.0071 0.0785 0.1066 0.0908

as_generator 0.0289 0.0029 0.0231 0.0346 0.0457

as_internet 0.0468 0.0052 0.0365 0.0571 0.2038

as_matress 0.9509 0.0043 0.9425 0.9592 0.8796

as_phone 0.0111 0.0023 0.0066 0.0156 0.0202

as_radio 0.5449 0.0094 0.5264 0.5634 0.5185

as_refrigerator 0.2723 0.0116 0.2496 0.2951 0.2229

as_scotch_cart 0.0588 0.0043 0.0503 0.0672 0.0666

as_stove 0.6440 0.0116 0.6213 0.6668 0.5914

as_television 0.3317 0.0113 0.3095 0.3539 0.2851

Source: Authors’ calculations based on the PHC 2016 and the CMS/HBS 2017/2018.

One possibility that would still allow use of 
valuable information contained by these variables 
is to standardize and aggregate them to an asset 
index. We try two options, one with assets that are 
qualitatively similar, if not statistically comparable 
(index 1), and one that incorporates other variables 
for which the difference in means is more far away, 

but are likely to be relevant for the poor (index 
2).  Table B. 2 shows that the scores for each of 
the assets established by a Principal Component 
Analysis would not be qualitatively  very different 
when computed in the census or the survey, 
especially for index 1, although there is no obvious 
benchmark for these differences.

Table B.2. Principal Component Analysis: Scores for census and survey

Index 1 Index 2

Factor Score Survey Score Census Score Survey Score Census

as_generator 0.1563 0.2011 0.142 0.1637

as_phone 0.1602 0.1908 0.1294 0.1332

as_radio 0.3199 0.3806 0.3096 0.3593

as_refrigerator 0.5483 0.5197 0.5038 0.4221

as_stove 0.474 0.4507 0.4691 0.4405

as_television 0.5676 0.5482 0.527 0.4513

as_cell_phone N/A N/A 0.2863 0.3684

as_matress N/A N/A 0.1833 0.3387

Source: Authors’ calculations based on the PHC 2016 and the CMS/HBS 2017/2018.

Finally, indexes are always statistically comparable 
at the regional level and often very similar between 
survey and census, with a difference of less than 
one standard deviation. In terms of predictive 
power, the index alone seems to add 0.025 to 0.035 
points in the adjusted R2, and has an extremely high 

t-value (see Table A. 2 and Table A. 3 above). It is 
also always selected as part of the “alpha” model 
(Table A. 4). In light of these considerations, the 
decision made was to incorporate the asset indexes 
based on the loadings computed for the census as 
candidate variables. 
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Table B.3. Comparing asset indices across regions

  Index 1 Index 2

 
Mean 

Survey SE
Mean 

Census
Mean 

Survey Std. Error
Mean 

Census

Urban Maseru 0.744 0.097 0.717 0.774 0.087 0.774

Other Urban 0.682 0.082 0.556 0.699 0.075 0.602

Rural Lowlands -0.085 0.059 -0.029 -0.068 0.058 -0.011

Rural Foothills -0.576 0.144 -0.625 -0.597 0.163 -0.661

Rural Mountains -1.038 0.071 -0.981 -1.120 0.086 -1.093

Rural Sengu River Valley -0.986 0.081 -0.801 -1.030 0.097 -0.898

Source: Authors’ calculations based on the PHC 2016 and the CMS/HBS 2017/2018. Value of the Index based on Census Scores in 
Table B. 2.

B.3.	Descriptive statistics for all variables comparable at the 95% 
level

Table B.4. Variables related to household head

HEAD
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean # Same (95%)

 29 < Age < 40 0.232 0.008 0.216 0.247 0.241 6

 39 < Age < 50 0.191 0.007 0.177 0.205 0.186 6

Age > 89 0.005 0.001 0.003 0.007 0.005 6

24 < Age < 70 0.815 0.007 0.801 0.828 0.806 5

Foreign born 0.011 0.002 0.008 0.015 0.014 6

Born in other district 0.198 0.010 0.178 0.217 0.216 5

Comm disab., any 0.011 0.002 0.008 0.015 0.009 6

Comm disab., lot 0.002 0.001 0.000 0.003 0.002 6

Comm disab., some 0.009 0.002 0.006 0.013 0.008 6

Hearing disab., some 0.079 0.004 0.070 0.087 0.072 5

Educ: below primary 0.131 0.006 0.119 0.143 0.138 6

Educ: primary 0.508 0.010 0.487 0.528 0.490 4

Educ: secondary 0.184 0.007 0.169 0.198 0.187 3

Educ: high school 0.147 0.009 0.131 0.164 0.146 4

Educ: lower primary 0.368 0.009 0.350 0.386 0.368 5

Educ: some secondary 0.099 0.006 0.088 0.110 0.092 5

Educ: post -grad 0.012 0.002 0.007 0.017 0.012 6

Educ: non-formal 0.016 0.002 0.012 0.020 0.015 5

Years of education 7.372 0.108 7.160 7.585 7.515 4

Never school 0.128 0.006 0.116 0.140 0.126 6

Empl. In construction 0.064 0.005 0.054 0.073 0.066 6

Empl. in services 0.279 0.009 0.261 0.296 0.264 4

Empl., public 0.082 0.006 0.070 0.094 0.083 5

Looking for a job 0.051 0.004 0.043 0.058 0.047 6

absent, in Lesotho 0.036 0.004 0.028 0.043 0.038 3

absent, in RSA 0.106 0.006 0.094 0.118 0.106 5
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HEAD
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean # Same (95%)

language: other African 0.020 0.004 0.012 0.028 0.018 5

language: English 0.003 0.001 0.000 0.005 0.004 6

language: Sesotho 0.976 0.004 0.968 0.984 0.978 5

Divorced 0.016 0.002 0.011 0.020 0.012 6

Living together 0.005 0.001 0.002 0.007 0.006 4

Note: Means for the survey are calculated using household weights. The 5 first columns refer to Lesotho as a whole, column 6 displays 
in how many of the 6 representative regions variables are comparable at the 95 percent level. 

Source: Authors’ calculations based on PHC 2016 and CMS/HBS 2017/2018.

Table B.5. Household assets and dwelling characteristics

ASSETS & UTILITIES
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean # Same (95%)

Owns car 0.098 0.006 0.085 0.110 0.096 6

Owns computer 0.093 0.007 0.079 0.107 0.091 5

Owns scotch cart 0.059 0.004 0.050 0.067 0.067 4

Owns tractor 0.008 0.001 0.005 0.010 0.008 6

Cook: gas 0.405 0.012 0.381 0.429 0.395 4

Cook: electric 0.130 0.009 0.113 0.148 0.142 3

Cook: wood & natural 0.462 0.014 0.435 0.489 0.461 5

Floor: carpet 0.056 0.005 0.045 0.066 0.052 5

Floor: cement 0.372 0.010 0.351 0.392 0.373 6

House: Apartment 0.010 0.002 0.005 0.014 0.014 5

House: Bungalow 0.057 0.005 0.046 0.067 0.049 5

House: Optaka 0.103 0.006 0.092 0.115 0.096 6

House: Temporary 0.023 0.004 0.014 0.032 0.024 5

House: Traditional 0.636 0.011 0.614 0.659 0.618 4

Land formally acquired 0.195 0.011 0.174 0.216 0.212 3

Owns house 0.789 0.010 0.769 0.810 0.788 5

Rented house 0.168 0.009 0.150 0.186 0.184 4

Tenure: lease 0.151 0.012 0.127 0.175 0.165 5

Tenure: no title 0.237 0.011 0.216 0.258 0.233 4

Tenure: title 0.030 0.003 0.023 0.036 0.036 5

Light: candle 0.131 0.007 0.117 0.145 0.136 3

Metal roof 0.669 0.011 0.647 0.690 0.667 3

Flush toilet 0.040 0.007 0.026 0.053 0.040 6

Open defecation 0.203 0.011 0.181 0.226 0.196 5

Advanced Walls 0.476 0.016 0.444 0.507 0.475 6

Metal walls 0.025 0.004 0.017 0.034 0.023 5

Natural walls 0.034 0.004 0.026 0.041 0.041 6

Water: piped 0.393 0.016 0.361 0.425 0.401 5

Water: piped or priv. borehole 0.408 0.016 0.376 0.440 0.412 5

Water: piped, private 0.334 0.015 0.304 0.363 0.332 5

Water: public tab or borehole 0.407 0.016 0.376 0.439 0.414 5

Water: public tab 0.354 0.016 0.322 0.385 0.353 5
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ASSETS & UTILITIES
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean # Same (95%)

Water: Spring 0.175 0.014 0.148 0.203 0.159 6

Water: Protected Spring 0.064 0.007 0.050 0.079 0.052 6

Water: Spring or surface 0.179 0.014 0.151 0.207 0.167 6

Note: Means for the survey are calculated using household weights. The 5 first columns refer to Lesotho as a whole, column 6 displays 
in how many of the 6 representative regions variables are comparable at the 95 percent level.

Source: Authors’ calculations based on PHC 2016 and CMS/HBS 2017/2018.

Table B.6. Household characteristics: share of individuals

SHARE
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

Demographics            

0to2 0.045 0.002 0.041 0.048 0.045 6

0to2_f 0.023 0.001 0.020 0.025 0.022 5

0to2_m 0.022 0.001 0.019 0.024 0.023 6

0to4 0.079 0.003 0.074 0.084 0.077 6

0to4_f 0.040 0.002 0.036 0.043 0.038 6

0to4_m 0.039 0.002 0.036 0.043 0.039 6

10to22_f 0.114 0.003 0.107 0.120 0.118 5

10to24 0.273 0.006 0.262 0.284 0.281 5

10to26_m 0.161 0.004 0.153 0.169 0.164 5

17to22 0.111 0.004 0.103 0.119 0.118 5

17to22_m 0.058 0.003 0.053 0.063 0.060 5

18to22_f 0.045 0.003 0.039 0.050 0.049 3

23to69_f 0.256 0.004 0.249 0.264 0.260 4

25to69 0.490 0.006 0.478 0.501 0.499 5

27to69_m 0.232 0.004 0.223 0.240 0.237 6

35to50 0.179 0.004 0.171 0.188 0.178 6

35to50_f 0.082 0.003 0.076 0.088 0.081 6

35to50_m 0.097 0.003 0.091 0.103 0.097 5

5to9_m 0.043 0.002 0.040 0.046 0.041 6

70plus_m 0.022 0.002 0.018 0.026 0.019 6

70to79_m 0.016 0.002 0.012 0.019 0.013 6

80plus 0.024 0.002 0.020 0.028 0.023 6

80plus_f 0.018 0.002 0.014 0.021 0.017 6

80plus_m 0.007 0.001 0.005 0.009 0.006 6

Female Adults 0.411 0.006 0.399 0.424 0.421 5

Male Adults 0.415 0.005 0.405 0.425 0.421 5

Dependent men (< 10, > 70) 0.104 0.003 0.099 0.109 0.099 6

Boys (<10) 0.082 0.002 0.078 0.087 0.080 6

Men 0.497 0.005 0.487 0.507 0.501 6

Working age men 0.393 0.005 0.383 0.402 0.402 5

Women 0.503 0.005 0.493 0.513 0.499 6

Education

below primary 0.178 0.004 0.170 0.187 0.176 6
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SHARE
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

High school 0.133 0.006 0.121 0.146 0.139 5

High school or more 0.157 0.007 0.142 0.171 0.168 4

never in school 0.082 0.003 0.076 0.089 0.086 5

non-formal 0.006 0.001 0.004 0.008 0.007 6

post-grad 0.007 0.001 0.004 0.009 0.008 5

Secondary 0.197 0.005 0.187 0.207 0.203 4

some secondary 0.115 0.004 0.107 0.122 0.110 5

upper primary 0.332 0.006 0.320 0.345 0.327 5

Adults: high school 0.156 0.007 0.142 0.171 0.160 5

Adults: high school or more 0.183 0.008 0.166 0.199 0.193 4

Adults: compl. Secondary 0.057 0.003 0.051 0.063 0.062 4

Adults: never school 0.068 0.003 0.062 0.075 0.071 6

Adults: non-formal 0.007 0.001 0.005 0.009 0.008 5

Men: non-formal ed. 0.006 0.001 0.004 0.008 0.006 6

Adults: post- grad 0.008 0.001 0.005 0.011 0.009 5

Adults: Secondary 0.237 0.006 0.226 0.249 0.241 4

Adults: Some secondary 0.140 0.004 0.131 0.148 0.133 4

Adults: upper primary 0.403 0.007 0.389 0.417 0.393 5

Men: high school 0.073 0.004 0.065 0.082 0.075 5

Men: below primary 0.057 0.003 0.051 0.063 0.059 6

Men: high school or more 0.084 0.005 0.075 0.093 0.090 5

Men: lower primary 0.063 0.003 0.056 0.069 0.057 5

Men: never school 0.056 0.003 0.050 0.061 0.054 6

Men: post-grad 0.003 0.001 0.002 0.005 0.004 5

Men: Primary 0.244 0.006 0.233 0.255 0.238 4

Men: Secondary 0.099 0.004 0.091 0.107 0.101 4

Men: some secondary 0.058 0.003 0.053 0.064 0.055 6

Men: upper primary 0.181 0.005 0.172 0.191 0.180 6

Women: Bachelor 0.011 0.001 0.008 0.014 0.013 6

Women: high school 0.083 0.005 0.074 0.092 0.085 5

Women: high school or more 0.098 0.005 0.088 0.109 0.103 4

Women: post-grad 0.005 0.001 0.003 0.006 0.005 6

Women: secondary 0.138 0.004 0.130 0.147 0.140 3

Women: some secondary 0.081 0.003 0.075 0.088 0.078 5

Women: tertiary 0.015 0.002 0.012 0.019 0.018 5

Women: upper primary 0.222 0.005 0.212 0.231 0.213 5

Employment

Empl. In Construction 0.032 0.002 0.028 0.037 0.036 6

Services 0.183 0.006 0.170 0.195 0.182 4

Public 0.049 0.003 0.042 0.055 0.052 5

Male: Regular Wage 0.117 0.004 0.109 0.125 0.113 5

Male: wage 0.128 0.004 0.120 0.136 0.123 6

Working age: Regular wage 0.215 0.007 0.202 0.229 0.203 6

Working age male: Regular wage 0.114 0.004 0.106 0.122 0.112 6
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SHARE
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

Others

Language: Other African 0.019 0.004 0.012 0.026 0.017 5

Language: English 0.003 0.001 0.000 0.005 0.003 6

Language: Sesotho 0.976 0.004 0.968 0.984 0.979 4

Old Married women 0.074 0.003 0.069 0.080 0.071 5

Old Married men 0.074 0.003 0.069 0.080 0.080 5

Young Single 0.206 0.005 0.196 0.216 0.209 5

Young Single Men 0.116 0.004 0.109 0.123 0.116 5

Orphans 0.018 0.001 0.016 0.021 0.020 5

Grandchild of Head 0.001 0.000 0.000 0.001 0.001 6

Child of Head 0.005 0.001 0.004 0.007 0.005 6

No relation to Head 0.021 0.001 0.018 0.023 0.021 5

Other relation to Head 0.038 0.002 0.034 0.043 0.040 6

Absent, in Lesotho 0.044 0.004 0.037 0.051 0.045 3

Born same district 0.791 0.009 0.772 0.809 0.782 5

Communication disab., any 0.010 0.001 0.008 0.013 0.008 6

Communication disab., some 0.007 0.001 0.005 0.009 0.006 6

Hearing disab., some 0.042 0.002 0.038 0.047 0.039 6

Note: Means for the survey are calculated using household weights. The 5 first columns refer to Lesotho as a whole, while 
column 6 displays in how many of the 6 representative regions variables are comparable at the 95 percent level. Variables for 

“adults”/”men”/”women” denote the share of adults/men/women with the given characteristic over the total number of adults 
(household members older than 10). Variables for “male” and “female” also take children into account. 

Source: Authors’ calculations based on PHC 2016 and CMS/HBS 2017/2018.

Table B.7. Household characteristics: number of individuals

NUMBER
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

Demographics            
0to2 0.225 0.008 0.209 0.241 0.217 6

0to2_f 0.115 0.006 0.104 0.127 0.107 6

0to2_m 0.110 0.006 0.099 0.121 0.110 6

0to4 0.388 0.012 0.364 0.412 0.372 6

0to4_f 0.196 0.008 0.179 0.212 0.185 6

0to4_m 0.193 0.008 0.178 0.207 0.188 6

10to22_f 0.516 0.013 0.490 0.542 0.507 6

10to24 1.205 0.025 1.156 1.253 1.163 5

17to22 0.465 0.013 0.439 0.491 0.455 5

17to22_m 0.240 0.009 0.222 0.258 0.228 5

18to22_f 0.185 0.008 0.169 0.201 0.188 6

23to69_f 0.918 0.012 0.895 0.942 0.903 4

25to69 1.652 0.019 1.615 1.688 1.628 4

27to69_m 0.729 0.011 0.707 0.751 0.727 6

35to50 0.610 0.013 0.585 0.635 0.588 5

35to50_f 0.300 0.009 0.283 0.317 0.290 5
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NUMBER
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

35to50_m 0.310 0.008 0.295 0.325 0.298 5

5to9_m 0.216 0.007 0.202 0.231 0.205 6

70plus_m 0.055 0.004 0.047 0.062 0.053 6

70to79_m 0.039 0.003 0.033 0.045 0.038 6

80plus_m 0.015 0.002 0.012 0.019 0.015 6

women 1.458 0.026 1.406 1.510 1.435 6

men 1.477 0.021 1.435 1.518 1.435 5

Boys < 10 0.409 0.011 0.387 0.431 0.392 6

dependent (< 10 and > 70) 0.464 0.012 0.440 0.487 0.446 6

working age 2.856 0.034 2.790 2.923 2.792 5

working age females 1.330 0.027 1.277 1.384 1.330 6

working age males 1.422 0.021 1.381 1.463 1.382 5

Education

below primary 0.782 0.019 0.745 0.820 0.752 6

compl. secondary 0.288 0.010 0.268 0.308 0.307 4

high school 0.398 0.016 0.366 0.429 0.398 5

high school or higher 0.460 0.019 0.422 0.497 0.475 5

never school 0.317 0.012 0.292 0.341 0.329 6

non-formal 0.019 0.002 0.015 0.024 0.022 5

post- grad 0.019 0.004 0.012 0.026 0.021 5

secondary 0.714 0.016 0.682 0.747 0.716 3

some secondary 0.426 0.012 0.402 0.450 0.409 4

adults: below primary 0.202 0.009 0.184 0.220 0.218 4

adults: compl. secondary 0.288 0.010 0.268 0.308 0.307 4

adults: high school 0.398 0.016 0.366 0.429 0.398 5

adults: high school or more 0.460 0.019 0.422 0.497 0.475 5

adults: never school 0.195 0.009 0.177 0.213 0.197 6

adults: non-formal 0.019 0.002 0.015 0.023 0.022 5

adults: post-grad 0.019 0.004 0.012 0.026 0.021 6

adults: secondary 0.714 0.016 0.682 0.747 0.716 3

adults: some secondary 0.426 0.012 0.402 0.450 0.409 4

men: high school 0.179 0.009 0.162 0.196 0.182 5

men: below primary 0.164 0.008 0.148 0.179 0.167 6

men: compl. secondary 0.115 0.006 0.103 0.127 0.126 4

men: high school or more 0.203 0.009 0.185 0.222 0.217 5

men: never school 0.160 0.008 0.144 0.175 0.153 6

men: non-formal 0.018 0.002 0.014 0.022 0.018 6

men: post-grad 0.007 0.002 0.004 0.010 0.009 5

men: secondary 0.288 0.010 0.268 0.309 0.292 4

men: some secondary 0.173 0.008 0.158 0.189 0.165 6

women : bachelor 0.027 0.004 0.019 0.034 0.031 4

women: compl. secondary 0.173 0.007 0.159 0.188 0.181 4

women: high school 0.219 0.010 0.198 0.239 0.215 5

women: high school or more 0.256 0.013 0.231 0.282 0.258 5

women: post-grad 0.011 0.002 0.007 0.016 0.011 6
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NUMBER
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

women: secondary 0.426 0.011 0.403 0.448 0.424 4

women: some secondary 0.252 0.009 0.236 0.269 0.243 5

women: tertiary 0.038 0.005 0.028 0.047 0.042 5

Others

empl in services 0.559 0.015 0.529 0.589 0.541 3

Public employee 0.137 0.009 0.119 0.154 0.132 6

other African language 0.095 0.018 0.059 0.130 0.085 5

english language 0.008 0.005 -0.001 0.018 0.009 5

married (monog.), male 0.576 0.010 0.556 0.596 0.589 5

Old married male 0.286 0.008 0.269 0.302 0.287 6

Old single male 0.021 0.002 0.017 0.025 0.025 6

single 1.186 0.025 1.137 1.235 1.180 5

single, male 0.669 0.016 0.637 0.701 0.655 5

Orphans 0.085 0.006 0.073 0.098 0.089 6

grandchildren of head 0.003 0.001 0.001 0.004 0.003 6

children of head 0.025 0.003 0.019 0.030 0.023 6

not related to head 0.101 0.007 0.087 0.115 0.094 6

other relation to head 0.191 0.011 0.170 0.212 0.191 6

born other district 0.522 0.024 0.474 0.569 0.569 5

Comm. disab., some 0.021 0.003 0.016 0.027 0.019 6

Note: Means for the survey are calculated using household weights. The 5 first columns refer to Lesotho as a whole, column 6 displays 
in how many of the 6 representative regions variables are comparable at the 95 percent level.

Table B.8. Household characteristics: any individual

ANY
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

Age: 10to22_f 0.383 0.009 0.365 0.400 0.377 6

Age: 10to24 0.636 0.009 0.618 0.654 0.628 6

Age: 10to26_m 0.457 0.009 0.439 0.475 0.444 6

Age: 17to22 0.358 0.009 0.341 0.375 0.349 5

Age: 17to22_m 0.203 0.007 0.189 0.217 0.195 4

Age: 18to22_f 0.169 0.007 0.155 0.182 0.172 5

Age: 27to69_h 0.639 0.009 0.622 0.656 0.629 6

Age: 35to50_f 0.291 0.008 0.274 0.307 0.282 5

Age: 35to50_m 0.298 0.007 0.284 0.312 0.287 5

Age: 70plus_m 0.055 0.004 0.047 0.062 0.053 6

Age: 80plus_m 0.015 0.002 0.012 0.019 0.015 6

Adults 1.000 0.000 1.000 1.000 1.000 6

Women 0.753 0.008 0.738 0.768 0.751 6

Men 0.841 0.007 0.828 0.854 0.833 5

Male (incl. boys) 0.874 0.006 0.862 0.886 0.866 5

Born same district 0.879 0.009 0.861 0.896 0.881 5

Comm. Disab., some 0.020 0.002 0.016 0.025 0.018 6

Empl. In construction 0.096 0.005 0.086 0.107 0.106 5
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ANY
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)

Public employee 0.122 0.007 0.108 0.136 0.118 6

Kids in school 0.350 0.009 0.332 0.369 0.334 5

Boys in school 0.193 0.007 0.179 0.207 0.186 6

Other African language 0.021 0.004 0.013 0.029 0.020 5

English language 0.003 0.001 0.000 0.006 0.005 6

Sesotho language 0.979 0.004 0.972 0.986 0.982 5

Married (monog.), male 0.534 0.009 0.516 0.551 0.539 4

Old Married male 0.283 0.008 0.267 0.299 0.282 6

Old single male 0.020 0.002 0.016 0.025 0.024 6

Single 0.636 0.009 0.618 0.655 0.635 5

Single, male 0.452 0.009 0.434 0.470 0.443 5

Young single 0.527 0.010 0.507 0.546 0.510 5

Relation to Head: None 0.078 0.005 0.069 0.088 0.075 6

Relation to Head: other 0.128 0.006 0.116 0.139 0.128 5

Grandchild of Head 0.003 0.001 0.001 0.004 0.003 6

Child of Head 0.024 0.003 0.019 0.029 0.022 6

Orphans 0.065 0.004 0.057 0.073 0.067 5

Note: Means for the survey are calculated using household weights. The 5 first columns refer to Lesotho as a whole, while column 6 
displays in how many of the 6 representative regions variables are comparable at the 95 percent level. 

Source: Authors’ calculations based on PHC 2016 and CMS/HBS 2017/2018.

Table B.9. Household characteristics: others

OTHERS
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)
all kids not in school 0.159 0.006 0.147 0.172 0.153 6

all girls not in school 0.114 0.005 0.103 0.125 0.113 6

Area: Peri-urban 0.081 0.016 0.050 0.113 0.081 5

Area Urban 0.399 0.008 0.382 0.415 0.404 6

# generations in hh = 4 0.005 0.001 0.003 0.007 0.006 4

hh size: 2 0.139 0.006 0.127 0.151 0.148 6

hh size: 3 0.179 0.007 0.166 0.192 0.172 5

hh size: 4 0.183 0.007 0.170 0.197 0.170 5

hh size : 5 0.136 0.006 0.124 0.148 0.127 5

hh size: 5 or 6 0.215 0.007 0.201 0.229 0.206 5

hh size: 6 0.079 0.005 0.070 0.089 0.080 6

Max. education, all
below primary 0.023 0.002 0.019 0.028 0.026 5

high school 0.266 0.009 0.247 0.284 0.260 5

lower primary 0.040 0.003 0.034 0.046 0.036 6

post-grad 0.016 0.003 0.010 0.022 0.018 6

primary 0.336 0.010 0.317 0.355 0.323 4

secondary 0.322 0.009 0.304 0.341 0.330 4

some secondary 0.178 0.007 0.164 0.193 0.170 6

tertiary 0.053 0.005 0.042 0.063 0.062 4

upper primary 0.296 0.009 0.278 0.314 0.287 4
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OTHERS
Household survey Census Regions

Mean Std. Err. 95% Conf. Int. Mean Same (95%)
Max. education, females
secondary 0.281 0.009 0.264 0.299 0.283 5

Bachelor 0.026 0.003 0.019 0.032 0.029 5

compl.secondary 0.127 0.006 0.114 0.139 0.130 5

high school 0.183 0.008 0.168 0.199 0.179 5

lower primary 0.040 0.003 0.034 0.046 0.036 5

post-grad 0.012 0.002 0.007 0.016 0.011 6

some secondary 0.155 0.007 0.142 0.167 0.153 5

tertiary 0.037 0.005 0.028 0.047 0.040 5

# education years 8.248 0.093 8.066 8.431 8.253 4

Max. education, males
primary 0.404 0.011 0.383 0.425 0.390 4

max. male educ : secondary 0.207 0.008 0.192 0.222 0.209 4

Below primary 0.081 0.005 0.072 0.089 0.077 6

compl. Secondary 0.089 0.005 0.079 0.099 0.097 4

high school 0.162 0.008 0.146 0.177 0.156 5

lower primary 0.089 0.005 0.079 0.099 0.088 6

post-grad 0.007 0.002 0.004 0.011 0.009 5

some secondary 0.118 0.006 0.107 0.129 0.112 6

upper primary 0.315 0.009 0.297 0.333 0.301 5

# education years 7.036 0.095 6.850 7.223 7.165 5

Note: Means for the survey are calculated using household weights. The 5 first columns refer to Lesotho as a whole, while column 6 
displays in how many of the 6 representative regions variables are comparable at the 95 percent level.

Source: Authors’ calculations based on PHC 2016 and CMS/HBS 2017/2018.






