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ABSTRACT
There are growing concerns regarding inequitiehealth, with poverty being an important
determinant of health as well as a product of heatatus. Within Eastern region Kenya,
disparities in socio-economic position are apparevith the rural-urban gap of particular
concern. The aim of this study was to construetealth index for Eastern region Kenya to
establish areas of inequalities in resource distioin.
The researcher used data from Kenya Demographid¢ieatth Survey (KDHS) 2008. This data
was on ownership of household durable assets, igasiaracteristics, and utility and sanitation
variables in both rural and urban regions. Prialcgpmponents analysis (PCA) was employed
to generate household asset-based proxy indi¢ésusehold were grouped into quintiles, from
wealthiest to the poorest.
Estimation of wealth index and wealth quintilesagbopulation in this study did not differ, if the
population was first split into rural and urban gded populations with estimating the wealth
index for the entire sampled population.
This study concluded that proxy measures, as cadgardirect measures of determining wealth
are a reliable method. The wealth index findingghis study were in agreement with UNDP
findings on poverty levels in Eastern region (40)8%
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CHAPTER 1.INTRODUCTION

1.1 Background to the Study

There are growing concerns regarding inequitiehealth, with poverty being an important
determinant of health as well as a product of hestiatus. Within the Eastern part of Kenya,
disparities in socio-economic position are appareatd create the need to show urgent concern
and come up with viable solutions to this problerRoverty and people’s health status are
intimately connected, yet the relationship betwtesm is complex and bi-directional. On one
hand, ill-health may lead to economic poverty, alegrease in expendable income due to high
medical bills and /or via a direct reduction, @sd, of wages throughout an illness. On the other
hand, poor health may result from poverty, inclgdan inability to afford adequate nutrition,
sanitation, housing, education and healthcare pandrty- related lifestyle factors that increase
disease risk and/or decrease access to medicltiéacnd services.

In general, poverty, income inequality, and natueslource degradation are severe problems in
Kenya and more specifically in Eastern Keny. Kagypoverty rates are among the highest in
the developing world with Eastern region that inles Kitui, Machakos, Makueni, Embu, Isiolo,
Marsabit, Meru, and Tharakanithi counties havinggsty levels between 40.9 and 65.5 %. This
has greatly affected the course of income distidousuch that disparities in wealth levels should
be among the most important social policy issuesheregion. Inequalities continue to be
widening both across and within different countieshis region. Since wealth levels are an
important determinant of health, it is conceivathiat, such disparities will lead to large gaps in

health care provision within the Eastern part ohy@e



In order to plan, implement and monitor health paogs and other publicly or privately
provided services in an equitable way, it is neagsto identify the poor, including individuals
or households with low socio-economic status (SE®) might be more vulnerable to poor
health outcomes. In many researches, measuresuséhold wealth are done using income and
expenditure data collected from the survey. Howewgcome and /or expenditure gather
information which has challenges because the daltacted issometimes inaccurate and also
consumption data requires extensive resourcesdiasdhold survey. Given the significance of
the wealth index for economists and mostreseardiere is a need for an accurate and
economical way of getting wealth index in the syrveport and economic modeling. This
accurate and economical way of getting wealth inddyy using household assets data and other
socio-economic factors such as gende, age andatolu level to calculate the wealth index.
Respondents are willing to give out their asset@mship information than their income-
expenditure information, thus becoming more aceubacause there is less missing orinaccurate
information.

From a public health point of view, the proxy whahdex approach is more useful than that of
direct measures, since it explains the same, oreatgy, amount of the differences between
households on a set of health indicators than eome/expenditure index, while requiring far
less effort from respondents, interviewers, da@c@ssors and analysts. Additionally, proxy
measures might be more accurate approximationsealdtiy as they measure financial stock
(‘permanent income’) rather than flow (‘current amee’), and hence are less prone to
fluctuation. This study seeks to demonstrate howskhold wealth index is determined using

survey data.



1.2 Problem Statement

Households in the Eastern part of Kenya vary belewf wealth. The extent, to which this
relates to many variables of interes, is centrguestions such as how to identify the poor in the
Eastern region. In order to plan, implement arshitor development programs and other
publicly or privately provided services in this r@g in an equitable way, it is necessary to
identify the poo, including individuals or houséd® with low socio-economic or household
wealth, who might be more vulnerable to poor healtd economic outcomes. This raises the
guestion of how best to measure wealth or socion@mic status and how to indirectly and
accurately derive the wealth index for this rediamm the widely available information gathered
from the surveys. Kenya has developed many deredop plans, sessional papers and invested
heavily in poverty alleviation and wealth creatiotdowever, poverty levels remain high in
Eastern region, Kenya. The UNDP report indicates 40.8% of residents in this part of Kenya
are poor. While several reasons could be attrebtgehe poor results in poverty alleviation and
wealth creation, the method used to determine sa@onomic status or wealth levels has
probably been the main challenge. Developmentnotgnand decision making processes in
Kenya generally, and Eastern region specificallyamongst other factors based on the poverty
index which has many limitations and weaknesseBou@h development research emphasises
the importance of wealth index as a tool for plagnisuch an index has not been constructed for

Eastern region, Kenya. This study seeks to fil dap.

1.30bjectives
The overall objective of this study is to constraat asset- based wealth index for the Eastern

region, Kenya.



The specific objectives are:
I. To construct wealth index for Eastern region, Kemgng principal components
analysis, (PCA).
il. To establish whether the wealth index differs digantly if the population is first

split into rural and urban regions.

1.4Significance of the study

Wealth is a household characteristic that oftenehksge effect on health, social-economic and
financial status of people in a given economy. @beurate measurement of wealth is critical in
many areas of research, as it plays an importéataan outcome, a causal facto, and a control.
Despite its importance, wealth is an ill-definechcept and therefore difficult to measure. As
such, numerous studies have drawn on concrete nesasiuhousehold income and consumption
to capture wealth (Falkingham, 2000), but datarmome and consumption are often fraught
with measurement error and systematic biases adsdawith recall and sensitivity to question
asked (Scott, 1990; Pradhan, 2000). More impdgta@accurate income and expenditure data are
not collected in many surveys, particularly in madgveloping countries with domestic
production and informal transactions and in theveyrfocused on health and education. The
measurement issues and the expense of implemdahgthy expenditure modules have led to
search for a wealth proxy that is both accurateeasily collectable. The abundanceof data on
asset ownership and housing characteristics inegarguch as the Demographic and Health
Surveys (DHS) has promoted the use of such indie@® proxies for wealth.

The wealth index constructed in this study wilballfor the identification of problems particular

to the poor, such as unequal access to health paoe access to social amenities as well as



those particular to the wealthy, such as in Eastgion, Kenya, increased risk for infection with
HIV.

1.5. Conceptual Definition of Terms

Asset-  Resources owned by a household that have fukoenomic value. For
exampleequipment’s, land, buildings, vehicles.

Wealth -A measure of the value of all the assets of wamvned by a person, community,
company or country. It's the value of all naturphysical and financial assets owned by a
household.

Proxy- Alternative way that leads to the same purpaseamclusion. It is the method of
determining certain outcomes using calculable gtiemtor values when you do not have the
ability to measure the exact value.

Household- Oneor more people who live in the same dwelénd also share at meals or living
accommodation.

Index- Statistical measure of changes in a represgatgtoup of individual data points.
Principalcomponent analysis- Astatistical procedure that uses an orthogaaasformation to
convert a set of observations of possible corrdlatariables into a set of values of linear
uncorrelated variables called principal components.

Socio- economic status - An economic and sociological combined total suga of a person’s
work experience and of an individual’s orthe farisilgconomic and social position in relation to
others, based onincome, education, and occupatio

Poverty index-A measurement of how impoverished people are iferdiht parts of the world
based on factors such as life expectancy, lowalitelevels, and overall living conditions.

Demography - Statistical study of human populations.



Population-The total number of persons under study inhabgimguntry, city, or any district or
area.

Survey -An investigation about the characteristics of agipopulation by means of collecting
data from a sample of that population and estirgatieir characteristics through the systematic
use of statistical methodology.

Demographic -Characteristics of a population.

Wealth index - A composite index composed of key asset owngngariables; it is used as a
proxy indicator of household level wealth.

Correlation- Statistical measure that can show whether and $toamgly pairs of variables are
related.

Variables-An element, feature, or factor that is liable toyar change.



CHAPTER 2.LITERATURE REVIEW

2.1. General Literature on Wealth I ndex.

The modern understanding of wealth is the abundaicealuable resources or material
possessions. In a larger understanding of weaithndividual, community, region or country
that possesses an abundance of such possessiassuarces to the benefit of the common good
is known as wealthy. When analyzing a family’s S&® household income, earner’s education
and occupation are examined, as well as combinamiria. The main factors include income,
Education, Occupation, Age and Gender of the halddiead.

To measure socio-economic status (SES), studies tised variables such as ownership of land
(Filmer and Pritchett, 2001), farm animals and \wketliving in rented or owner-occupied
housing (Schellinberg et al.,2003), literacy or ediwon level of the head of household,
demographic conditions (for example, the ratiohaf number of people to the number of rooms
in the household to proxy crowding), and othem@eoic proxies such as occupation of head of
household (Cortonorvis et al.,1993). Montgomerglet(2000) identified the absence of a ‘best
practice’ approach of selecting variables to primyg standards, as, in many studies, variables
were chosen on an ‘ad-hoc’ basis.

In the Demographic Health Surveys (DHS) informati® collected on durable asset ownership,
access to utilities and infrastructure (for exarspfetation facility and source of water), and
housing characteristics (for examlenumber of rodonssleeping and building materials). The
wealth index is calculated using easy to colletaaa household’s ownership of selected assets,
such as televisions and bicycles, materials usecdosing construction, and types of water
access and sanitation facilities.Socio-economidustgSES) or household wealth,can be

measured on multiple levels. In the past it wasstigodetermined using an individual's



education level, sometimes in combination with rtheccupation. Current approaches for
measuring household wealth include ‘direct’ measwe economic status, including income,
expenditure, and financial assets (for exampleggvand pensions), and ‘proxy’ measures (for
example household durable assets, housing chasticieand access to utilities and sanitation).
The direct measures approach involves collecting da income, expenditure, and financial
assets such as savings and pensions. Wealth imdke&n constructed using such data. Direct
measures can be expensive to collect and may eegoimplex statistical analyses that are
beyond the scope of many population wealth indicds. developing country settings in
particular, large seasonal variability in earniraggl a high rate of self-employment, together
with potential recall bias and false reporting, ymander such data inaccurate or even unreliable.
The proxy measures approach involves the use af datected on household durable assets,
housing characteristics and access to utilitiessamitation.

Proxy measures are thought to be more reliableesihey require only data collected using
readily available household questionnaires supgdstedirect observation .From a public health
point of view, the proxy wealth index approach isrenuseful than that of direct measures,
since it explains the same, or a greater, amouttedifferences between households than an
income/expenditure index, while requiring far ledfort from respondents, interviewers, data
processors and analysts. Due to the large voldrpetentially redundant asset data produced, a
data reduction technique known as exploratory faatwalysis is often utilized. Exploratory
factor analyses evaluate the most meaningful lasis-express a large pre-determined set of
variables, exploring the relationships between ttzm filtering out noise to reveal indicators

that map most strongly to an underlying latentcttree.



Two common methods of extracting that structurepaigcipal components analysis (PCA) and
principal factor analysis (PFA); which describeigaon among the observed variables via a set
of derived uncorrelated variables referred to ascgal components (PCs) or principal factors
(PFs) respectively. Although these two methodsroftield similar results, the former (PCA) is
preferred as a method for data reduction, whileléitier (PFA) is widely used for detecting
structure within the data. Based on the Interti@ghip between the set of variables,
exploratory factor analysis also assigns weightsowmership of the assets. The weights
correspond to the factor loadings of the firstivkd variable and are used to generate an index
of relative wealth. Using weights derived througiploratory factor analysis may be a more
appropriate method of assigning weights to thealdes than the more simplistic equal weights

method, the complex weighted-by-price-of-item ajggltoor on an ad-hoc basis.

The wealth index is a composite measure of a hald'shcharacteristics that often has a large
effect on health. The wealth index allows for tentification of problems particular to the
poor, such as unequal access to health care, hasmblose particular to the wealthy, such as, in
Eastern region Kenya, increased risk for infectath HIV. Developed by the DHS program
with partial funding from the World Bank, the DHSealth index also allows governments to
evaluate whether public health services, vacanatampaigns, education, and other essential
interventions are reaching the poor.

The wealth index is particularly valuable in cousgrthat lack reliable data on income and
expenditures, which are the traditional indicatosed to measure household economic status.
The wealth index allows researchers to identify howch household economic status affects

health outcomes by using both bivariate and momhisticated multivariate method. Asset



based wealth indices are widely used instrumentsnieasuring the economicsituation of
households in developing countries. Most houselsoideys currently available for these
countries include such an index based on the psissesf consumer durables and housing

characteristics.

Few studies have attempted to verify the extenwhach the asset-based index approach is a
good proxy for household economic wealth. Conceraside the handling of publicly provided
goods and services, and the direct effects ofrttieator variables that make up indices, as well
as ways of adjusting for household size and ageposition. By comparison, consumption or
expenditure measures are much more reliable andaaier to collect than income, especially in
most rural settings (Filmer and Pritchett, 200However, a limitation is the extensive data
collection required, which is time-consuming ane@réfore costly. Rather than income or
expenditure, data are collected for variables tagture living standards, such as household
ownership of durable assets (for example, TV, aag infrastructure and housing characteristics
(for example source of water, sanitation facilityhile asset-based measures are increasingly
being used, there continues to be some debate #beiutuse. Importantly, a key argument
revolves around their interpretation. These measare more reflective of long-run household
wealth or living standards, failing to take accowofhtshort-run or temporary interruptions, or
shocks to the household (Filmer and Pritchett, 26@2&ingam and Namazie (2002) highlight
another issue, that ownership does not always maphe quality of assets. For example,
collecting information on TV ownership does nottiaiguish between better-off households that
are more likely to own a newer orcolour or blackl avhite one. However, they also point out

that in many countries, this would not alter them picture of wealth. Another issue is that

10



some variables may have a different relationshijp wocio- economic status across sub-groups;

for example, ownership of farmland may be moreectivVe of wealth in rural areas.

The final issue is to aggregate over the rangeiftdrdnt variables to derive a uni-dimensional
measure of household wealth, and produce a rangeritofal points differentiating socio-
economic levels. This is because each variabled usdividually may not be sufficient to
differentiate households’ SES. More recently, Esithave applied principal component analysis
(PCA) to such data to derive a SES index and tirenped households into pre-determined

categories, such as quintiles, reflecting diffei®BE levels.

2.2. Asset Indicesasa Proxy for Poverty Measurement in Africa

The recent debate on whether Sub-Saharan Afriseekperienced a greater or lesser “growth
miracle” in the last couple of decades than suggeby aggregate income and output data has
brought to the fore the appropriateness of thetasdex to measure welfare trends. The use of
asset indices as proxies of for welfare, wealtonemic status and/or living standards have
rapidly become very popular in social epidemiolagyd development studies following the
seminal articles by Sahn and Stifel (2000) and &il@and Pritchet (2001), who introduced the
method in the context of the analysis of povertgalth and their correlates in low and middle-
income countries. The reasons for this populantglude a number of claimed practical and
theoretical advantages over more traditional maneyrics, the indices’ robust association with
other outcome data across a range of contexts,tledact that large data sets on asset

ownership have been available for some time forerons countries and years, namely due to
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the inclusion of a module on asset ownership aneélltg characteristics in the USAID -

Sponsored Demographic and Health Surveys, whickh bhaen implemented since 1980s.

In the African context, asset indices have for sdime suggested welfare trends quite distinct
from those produced by other indicators. Spedificdhey have provided a more optimistic
picture of welfare improvement than trends basetherdata from household surveys or national
accounts (Sahn and Stifel, 2000), argue that thee aisasset indices for these purposes is
inappropriate, due to several methodological biated will tend to over-estimate welfare
improvements. Equally skeptically, Howe et alQ{2), argue that asset indices correlate poorly
with consumption data, that they are poor at dfiiating cross-sectional distribution of
welfare, and that it is in fact not clear whasithat they really measure.Against this background,
theoretical foundations of asset indices have béisoussed in papers and what can be
determined about their empirical soundness. Baseazh examination of the indices’ theoretical
underpinnings and an appraisal of the availableigrap evidence, we claim that asset indices
do seem to hold out advantages to both academiqalicly researchers working in African
countries. However, we also argue that asset esdimust be approached -cautiously.
Specifically, we argue that, in any one setting #ssets to be included in the index must be

selected carefully and the technique used to cenifpmhust be applied with caution.

Despite the investment to build up depleted stesistknowledge and capacity in African
countries, poverty data based on household sumkegensumption or income remain poor. A
number of authors point out that not all Africaruntries have regular household surveys and

that those that exist contain problems with religband compatibility. At the same time, we
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can have little confidence in the data on consumnpthat is obtained through the national
accounts exercise, as this is usually computedrasidual and subject to a range of empirical

errors.

Asset indices then provide an attractive altermatosrmeasuring changes in either poverty (Sahn
and Stifel, 2000), or consumption .Asset indicegehlbeen used for some time in sub-Saharan
Africa, but it is with the advent of the USAID -fdad Demographic and Health Surveys, that its
use became widespread. Given the provision of dathAousehold level welfare for countries
where there was previously limited and/or unrekabhta, the use of asset indices calculated
from the DHS data to measure development outcorassgghined steady acceptance, not least
because of the Sahn and Stifel (2000), work.Asgktes have been used for two purposes.The
first and most common is to describe inequalities various welfare outcomes among
households. The list of welfare outcomes incluthes experience of fever and malaria, child
nutritional status, child mortality, and educatibaatcomes. The second use has been the most
controversial and is to chart welfare trends oveet The starting point was the work by Sahn
and Stifel (2000), who expressly argue that asatt should be used to calculate welfare trends
investigations of welfare using asset indices hgeeerally produced more optimistic findings
than those using poverty or consumption data.

Among the assets that are typically included irebsglices, some are significantly cheaper than
others and, as a consequence, more householdsdimglpoorer ones, will tend to own them.
However, there is seldom a neat correspondencesbp@sset 1 is only owned by the wealthiest

households (and owned by all of those householtset 2 by the wealthiest as well as the

13



slightly less wealthy, asset 3 by the wealthidss, glightly less wealthy and the relatively well-

off, and so on.

The results of a PCA-based analysis by , for exapgsiow “living space per person” to be such
an inferior good in a sample made up of Russiarséloolds- a seemingly puzzling conclusion
that is explained by the fact that both less livapgce per person and ownership of most assets
are positively associated with urban living. Amgeheach ofthe “urban” and “rural” sub-
samples, however, living space per person is aalrnot inferior good. An asset index
computed for Gunea—Bussau found that portable ga®s were found to be highly valued in
one of the villages but not in the other (for ldgapecific cultural reasons having to do with the
value assigned to add privacy compared to cookimglomrs). This effect,which plausibly
accounts for ‘clumping’ in many asset indices eis&E, serves to illustrate two more general
points: first, that asset ownership is often vetsorggly influenced by factors other than
household wealth; second, that they may be quitierdnt consumption norms or “idioms”
among even quite proximate geographical settingss is most obvious across the rural-urban
divide, but, as latter example from Guinea-Bisdaustrates, it may also apply within rural or

urban samples.

2.3. Wealth Index Measurement in Kenya.

There are several steps to the construction oDHHE wealth index: determination of indicator

variables, dichotomization, calculation of indigateeights and the index value, and calculation
of distribution cut points. The selection of indimavariables is relatively straight forward.

Almost all household assets and utility services iacluded, including country-specific items.
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The reason for using a broad criterion rather $elacted items is that the greater the number of
indicator variables, the better the distribution leduseholds with fewer households being
concentrated on certain index scores. Generally,i@m that will reflect economic status is

used.

Two additional items are constructed for most sysvewhether there is a domestic servant and
whether the household owns agricultural land. Tih& is constructed by examining the

occupation of interviewed members who are not edldb the head of the household. If the
respondent or spouse works as a domestic servdns aot related to the head of the head, then
the household is considered to have a domestiasservThe second is based on interviewed
members. If any interviewed member (related to liead or not) or interviewed member’s

spouse works his/her own or his/her family’s lanithen the household is considered to own
agricultural land. To determine the weights andiafem to form the index, it is necessary to
break these variables into sets of dichotomousbes, (Yes or No) to indicate the ownership of

each asset (Vyass and Kumaranayake, 2006).

Many times there is no obvious ordering of the gatees. For example, are wealthier people
more likely to use carpet or ceramic tiling thamoueet? A possibility would be to collapse
these categories into a single one, but doing soldvdecrease the distinctions that could be
made between households on the index. Some casgoe routinely collapsed in constructing
the wealth index. The category “surface waterludes supplies of drinking water from “river”,
“pond”, and “stream”, since the differences betweabese categories have more to do

withlocation of source than wealth. There are aggiways to assign weighting values to the
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indicator variables. Ad hoc weights, such as assgy“1l” for a bicycle, “3” for a motorcycle,
and “5” for a car or track, work to a certain extebut they are arbitrary with regard to
researcher and are difficult to assign when theltveadering is not readily apparent. For this
reason, Filmer and Pritchett (2000) recommendeagysiincipal components analysis (PCA) to
assign the indicator weights, the procedure thase&l for the DHS wealth index. DHS uses the
SPSS factor analysis procedure. This procedust fitandardizes the indicator variables
(calculating —z-scores); then the factor coeffitisoores (factor loadings) are calculated, and
finally, for each households, the indicator valaes multiplied by the loadings, and summed to
produce the household’'s index value. In this psecenly the first of the factors produced is
used to represent the wealth index. The resu#ting is itself a standardized score with a mean

of zero and a standard deviation of one.

Other procedures have been suggested instead of POAe is to use the inverse of the
proportion of households with an asset or servicéha weight for the indicator. The thinking
behind this procedure is that the costlier an itéra wealthier a household needs to be to possess
one, giving the highest weights to the least passksssets. Presumably, “negative” assets”,
such as “ having a dirt floor”, would be used agenses ( “not having a dirt floor”). One of the
problems with this weighting scheme is that cert@ssets, such as motorcycles, may be rare
since better substitutes, such as a car or truok, pmssessed by wealthier households.
Additionally, certain items, such as drinking waflemm a spring, are rarely used, and when they

are used, it is used, it is usually by poorer peopl
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The characteristics of the head of household angoitant to the living conditions of all
household members, that is; sex, age, educatiah narital status of the head. A common
premise is that many poor households are head&len, usually single mothers, widow, or
women who have been abandoned. However, studitsdésmyve shown that overall, only one in
six households in the lowest quintile are headedvbmen and that women-headed households
tend to be somewhat wealthier. Indeed, even inSaltaran Africa, where more than a fifth of
poor households are headed by women, the perceotdgmale-headed households is higher in
the richer households. The marital status of thesbbold head is determined by whether a
spouse is a member of the household; studies Hawensthat there are small differences in
marital status by wealth. Overall, there is litléference by wealth quintile in the age of the
head of the household. There is difference in thesbhold’'s economic status based on the

number of years of education of the head of thes@bald.
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CHAPTER 3: METHODOLOGY
3.1. Characteristics of Study Area.
This study utilized Kenya’'s Demographic and Hedilwrvey (KDHS) 2008 data for Eastern
region. Eastern region was initially known as EasProvince before the new constitution 2010
came into being. Currently, it comprises of eigbtinties namely; Embu, Meru, Tharaka Nithi,
Isiolo, Marsabit, Kutui, Makueni and Machakos. §hegion is approximately 24,088* with
a human population of 4,128,000 as per the 2008us=and a population density of 16,000
people per square km. The majority of the poputabd.3% is aged between 15 to 64 years

while those aged between 0 to 14 years accourd/&@o and the rest being over 65 years.

Eastern region occupies among the most prime deidihds in the Kenyan highlands, with its
weather favourable for a variety of agriculturaliates. Economic activities include growing
of food crops like maize, beans and millet; cagipsilike coffee, tea and tobacco. There is also
livestock keeping like goats, sheep, and chick@overty levels in this region however stand at
40.8% with dependency ratio being 100:74.7. Thigly area was chosen because there is
available data and the poverty levels are relatihgdh which requires urgent attention. lequally
have special interest in poverty eradication andtasmable development based on proper
utilization of the available resources by both @aunty governments in conjunction with the

National Government.

3.2. Data Description
The 2008 KDHS data used in this study is a natlpnapresentative sample survey of 8,444

women age 15 to 49 and 3,465 men age 15 to 54te@léom 400 sample points (clusters)
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throughout Kenya. It is designed to provide datanbnitor the population and health situation
in Kenya as a follow up to the 1989, 1993, 199&l 2003 KDHS surveys. Since for this study
the data for Eastern region is a subset of the K88 dataset, the sampling design is
summarized as follows: The survey utilized a twage sample based on the 1999 population

and housing census, 400 sample points (clusten® selected throughout Kenya.

The researcher in this study adopted both proll@hd non-probability sampling techniques.
Because of the nature of this study (diagnostiog the study population (heterogeneous),
stratified random sampling was adopted in gettmggample. Stratified random sampling was
employed because it gave each household equal ehantalling in the sample and hence
minimizing biases. The sample is therefore expktadebe very representative. The key target
groups were the households. Data was collectedgsbytiquestionnaires administered during an

interview.

Data collection took place over a three-month gerfrom 13" November 2008 to late February
2009.The questionnaires were administered to tlael lvé household. Measures of household
wealth included presumed proxies of wealth, incdiviag conditions and education. Some of
these indicators used in this study were: househsets, housing conditions, household head
education level and gender, and the number of pempthe dwelling units.Household assets
ownership was considered using an index of curyemtiined household and productive assets:
refrigerator, television, radio/tape recorder, mests and bed, bicycle, etc. Assets in the index

were those mostly included in asset indices usedtimate wealth.
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Household conditions were included in the survetaskt based on the interviewer observation
and therefore the data is most reliable and deemsedrate. Measures of housing conditions
included: roof, floor and wall material of the madwelling unit in the household. These
measures are weighted to harmonize and reduce lmldseariations in the data. House and
land ownership is highly influenced by economic powf the household in Kenya and hence an
important measure in this study. These variableseveonsidered as dichotomous measures in
this study unlike the variable measured in the KDild&.

The head of each household was invited to responidet questions; if the household head was
absent on the day of interview, the intervieweumegd to that area of residence the following

day, for up to 14 days, after which the next of wizis asked to respond.

The index is a range of 1 to 20 where land and howrgership account for five points which is
the highest and maximum in this study, roof anarfltype for two points maximum and other
assets one point maximum. Answers and responses seécited for covering the following
areas:

» Types of assets owned and their availability initbasehold

» Gender of the household head

» Education level of the household head

* Number of children who are in living in the dwedimninit

» Household location; either rural or urban.
Questionnaire method was adopted for data colledtiothis study because they are easier to
administer and follow. A questionnaire providesnstius to all the subjects and the respondent is

not influenced by the researcher.
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The questionnaire was designed to collect theviolig information:

Could you tell me if you have the following Response
in your house:
Television (1) Yes (0) No
Refrigerator (1) Yes (0) No
Clock (1) Yes (0) No
Radio (1) Yes (0) No
Cellular phone () Yes (0) No
Vehicle (1) One (0) No
(2) Two
(3) Three
Solar panel (1) Yes (0) No
Microwave oven (1) Yes (0) No
Indoor plumbing (1) Yes (0) No

Once this data was obtained in raw form, the kegstjan was how to compute a wealth index
based on household assets that enjoy internalityalid other words, a wealth indicator that is
able to effectively discriminate between econontycakll-off and worse-off individuals.

One common choice, frequently used in the analysisatin American Public Opinion Project
(LAPOP) surveys in the past, is to create an iragssed on the “count” of household assets.The
rationale has been that since there is no a “Prvaaty of weighting the various assets, assuming
an equal weight of each was a reasonable way teg@ee This approach, however, can lead to

inaccurate results since two individuals with velifferent economic resources and therefore
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standards of living can be assigned the same weaeattte. For example, an individual who has
an indoor plumbing and who owns a television wdutdassigned the score as one with indoor
plumbing and who owns a car; obviously, using thsethodology could result in large
measurement error by underestimating the wealtheindividual with a car. Instead, a more
appropriate methodology is adapted and will be usddis study to compute the wealth index.
This method weights luxury assets more heavihedistribution of household assets. In order
to make these weights non-arbitrary and replicalvke calculate them systematically, based on

the principal component analysis (PCA).

Before we get into the PCA details we wish to rtbeissue of how to compute a wealth index
that will work across space; that is, we want taabke to compare individuals who live in rural
areas versus urban areas, but we know that in maalareas in Eastern region, Kenya public
services such as potable water and electricitypatevidely available, whereas in the urban areas
they are. We do not want to call an individual 8goif she lives in the rural area, without water
or electricity, yet owns a car, a cell phone etdwus, our index must be sensitive to contextual

variation in terms of location.

3.3. Principal componentsanalysis (PCA).

Principal components analysis (PCA) is a statiktipppcedure that uses an orthogonal

transformation to convert a set of observationgpadsibly correlated variables into a set of

values of linearly uncorrelated variables calleth@pal components. This transformation is

defined in such a way that the first principal cament has the largest possible variance (that is,

it accounts for as much of the variability in thegaas possible), and each succeeding component
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in turn has the highest variance possible undecémstraint that it is orthogonal to(uncorrelated
with) the preceding components. The method is Imasied as a tool in exploratory data
analysis and for making predictive models.PCA cardbne by eigenvalue decomposition of a
data covariance (or correlation) matrix or singwalue decomposition of a data matrix, usually
after mean centring (and normalizing or using z+ss9

The aim of PCA is dimension reduction, more prdgise® describe the variation in a set of

correlated¢ variables*1 «+¥g in terms of a new set of uncorrelated variales: ¥z each of

which is a linear combination of tke variables; wher@ <p .

3.3.1. Algebraic Basisof Principal Component Analysis (PCA)

The first principal component of the observatiangs the linear combination;
Vi=Q1, X+ QX+ 4 QygXg =A7 X (1)

whose sample variance is greatest among all snelrlicombinations.

Since the variance ¢ could be increased without limits simply by insea the coefficients
@11-@13. -+ %1¢  (which is written as the vecto?s), a restriction must be placed on these

coefficients. Thu# is such that:

al al — 1 @

The second principal componetis the linear combination

y= =ﬂ21X1+{12:X2 + e +a=qu- =ﬂ}x '(3)

which has the greatest variance subject to theviatig two conditions:
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ﬂrzﬂ, =1 (4)
a.a. = o

The second condition ensures that and ¥z are uncorrelated. Similarly th#* principal

component is that linear .

Vj=a;X g

which has the greatest variance subject to theitonsl

i 4 (6)
a.a; =0 (i<j)

The elements of1+ @2 -+ @g satisfying these conditions corresponds to thereigectors ot

for the respective eigenvaluds. 4. 44 .
If the eigenvalues of S ara.4z.--..4q | then since
aa. =1 7)

then the variance of thé* principal component ig:. The total variance of the principal

component will enqual the total variance of thejimal variable

q
2. M ,

i=2 =SI+S8%+.. 45 (8)

Wheresi is the sample variance &f we can write this more concisely as
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q
Z A; =traces)
i=I 9

Consequently, the*® principal component accounts for a proportfnof the total variation in

the original data is given by

A:

pi=——J .
I trace (S) (10)

The principal components derived from the covamangatrix 5 will depend on essentially
arbitrary choice of units of measurement. To remthe effect of units of measurement and
make variables equally important we perform PCArancorrelation matrix. That is performing

PCA on the standardized variables.

3.3.2. Summarizing sample variation by principal components

Suppose the dat&i-*z.—-X» represent? independent drawing from some p-dimensional

population with mean vectct and the covariance matr; . These data yield the sample

mear¥ and the sample covariance matfix

Recall that the n variables of any linear comboratgiven by equation (1),has sample mean
a;x and sample variance®: 5@, . The pairfiX—.@zX for the two linear colmbination, have

sample covariance @;5a; .

The principal components are defined as thoserlio@abinations which have maximum sample

variance such that:

« 1% sample principal component refers to linear comtmna given by equatiol that

maximizes the sample variancer@Ba: subjectto equation (2).
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zrd

. sample principal component refers to linear coratiam given by equation (3)
that maximizes the sample varianceaafSa: subject to equation (4)and zero sample

covariance for the pairs @1¥1, @3%;

. } Th

sample principal componentrefers to the linear [woation given by equation
(5) that maximizes the sample variance?oPa; subject to equation (6) and zero

sample covariance for all pair ( @€ )" xj ak™ x,j ) ; K<i

If S=''si)! is the pxp sample covariance matrix with eigenvalue-eigerorecpairs

(4;,8)i =12,...a. The/™sample principal componen is given by

Yj= e}x j= 12,..,q (11

Wherets 2 4z =21, =0 and

Var[yxf)

=A; .j=12,...q and (12)
colVy.Y,K =0, j+k,jk=12..,q

(13)

In addition, the total sample variance is giverelyation (8).

3.3.3. Choosing the number of components
Different ad hoc methods are used to select thebeurof principal components to retain;

namely,
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=

Retain just enough components to explain someifsggclarge percentage of total

variation of the original variables. Values betw&®3% and 90% are usually used.

2. Exclude those principal components whose eigemiegalare less than the average

q
= Z&; = trace(S).
i since: The average eigen value is also the average veraiite

3. When the components are extracted from the coioalanatrix trace(R} =g , (the
dimension), and the average is thus 1. Componeittseigen value less than one are
therefore excluded. Better to exclude componentsaeted from a correlation matrix

whose associated eigen values are less than 0.7.
4. Examination of theliagainst® , the so called scree plot diagram. The number of

components selected is the valuetotorresponding to an “ elbow” in the curve, this
point being considered to be where “ large” eigalugs cease and “small” eigen values
begin.

3.34. Calculating principal component scores

If we need saym principal components using any of the methods epdhen we will

generally wish to calculate the scores on eachhe$d component for each individual in our
sample, for example having used S, #heprincipal components scores for individéahith

original x1 vector of variable values:, are obtained as;

_}"U=a}xl, [ = 1,2, ] ’} — 1’2, ... . (14)

If the components are derived from the correlatiatrix thenx: would contain individuat ’s

standardized score for variable.

The principal components scores calculated as abdwawe variance equal to
A, J=12 ..
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The principal scores with mean zero and varighaae,

Z =NAp (15)

/\ Zismxm

Where, = diagonal matrix withts.4z: - 4= on the main diagonal, and

Am = [al a, ... am] 16)

Is aPxm matrix and* is thePx1 vector of standardized scores.

3.4. Constructing the Wealth index using(PCA.)
This study implemented a weighting system for catsing wealth indices based on the assets
that relies on principal component analysis (PCEjmer and Pritchett (2001), popularized the
use of PCA for estimating wealth levels using assditators to replace income or consumption
data. Based on their analysis of household assetthdlia and the validation of their results
using both household assets and consumption datéindonesia, Pakistan, and Nepal, they
concluded that PCA “provides plausible and defdasieights for an index of assets to serve as

a proxy for wealth” (Filmer and Pritchett, 2001).

Filmer and Pritchett (2001),noted that asset-basexhsures depict an individual or a
household’s long-run economic status and theredorenot necessarily account for short-term

fluctuations in economic well-being or economic &g Thus, although we expect the income
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variable to be correlated with the wealth measweee festimated, we are aware that the two
might tap different dimensions of economic wellfiggi as previous studies have found
.Following Filmer and Pritchett (2001), many otlardies, especially in the fields of economics
and public policy, have implemented and recommentiezl use of PCA for estimating wealth

effects Vyass and Kumaranayake, 2006.

Formally, the wealth index for househdlds the linear combination,

P iz,
Yi= 2, % (s—kk)i =1.2,...n
k=1 (17)

1 T
k=5 Z Xki
[=1

Where Xkiis assek fori*® household, is the mean of assbts: is the

standard deviation of asdatx is the weight for thé™ asset with respect to the first principal

component.

By definition the first principal component varlatacross households or individuals has a mean
of zero and a variance &f which corresponds to the largest eigenvalue ottmeelation matrix

ofx . The principal component yields a wealth indeattassigns a larger weight to asset that
vary the most across households so that an ass®& fo all households is given a weight of zero
(McKenzie, 2005). The first principal componentvegalth index can take positive as well as
negative values. The wealth index here estimatduhs®ed on 1127 respondents from Eastern

region, Kenya; 1049 of which are from the ruralgrand 78 respondents from the urban areas.
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3.5. Procedure of Estimating the Wealth I ndex:

3.5.1. Indicator Variables.

To determine the indicator variables, all the hbad® assets and utility services from the KDHS
(2008) data set were included. The reason for usibgpader criterion rather than assets only, as
it's common in most demographic surveys in weaitlex construction is because the greater the
number of indicator variables, the better the distion of households with fewer households
being concentrated on certain index scores.

Given that many variables were used in wealth coogon, there was need to categorize them
mainly as they were captured in the survey. Tleatifled variables were all set to dichotomous

variables as (1=yes, 0=No): This was done usiadSiASS syntax for dichotomization .

3.5.2. Calculation of Indicator Weightsand Index Value.

Calculation of indicator weights and index valuaswdone using PCA. This procedure first
standardizes the indicator variables, then theofacbefficient score (factor loadings) are
calculated and finally, for each household, thecatbr values are multiplied by the loadings and
summed up to produce the household’s index valoghis process only the first of the factors
produced is used to represent the wealth indexs Ehbecause the first principal component
variable across households or individuals has axroéaero and a variance &f. The principal
component yields a wealth index that assigns aefangight to asset that vary the most across
households. The first principal component or wealtlex can take positive as well as negative

values.
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3.5.3. Calculation of the Wealth Quintiles.

For tabular analysis with the KDHS 08 eastern negiealth index, Quintiles are used. Quintiles
are used instead of other percentiles as a compeob@tween limiting the number of categories
to be tabulated and adequately representing tagaeship between wealth and the phenomenon
of interest. The cut points in the wealth indexvéiich to form the quintiles are calculated by
obtaining a weighted frequency distribution of hefusids, the weight being the product of the
number of permanent members of the household amdsdmpling weight of the household.
Thus, the distribution represents the regional Bbakl population, where each member is given
the wealth index score of his or her householde ppérsons are then ordered by the score, and
the distribution is divided at the points that fothe five 20- percent sections. Then the
household score is recoded into the quintile végiaio that each member of a household also
receives that household’s quintile category.The &teps of wealth construction were performed

through the use of the Statistical program for &ldgciences SPSS.
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CHAPTER 4.DATA ANALYSISAND RESULTS.

4.1. Descriptive Analysis
The wealth index took into account the distributadrassets in urban and rural areas in order to
reflect the household’s economic conditions. Tabhows the distribution of residents both in
the urban and the rural areas.78 residents wene fin@ urban area while 1049 were from the
rural area. Figure 1 (Bar chart) summarisesalalts for the type of place of residence for the
1127 households, 1049 from rural area and 78 ff@wtban area.
Appendix 1 outlines all the variables that wereduseconstruct the wealth index for each of the

1127 households.

Table 1. Typeof Place Of Residence

Region Total
Eastern
Urban 78 78
Type of place of residence
Rural 1049 1049
Total 1127 1127
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Figure 1: Type of Place of Residence
Figure 1 shows that 1049 households who were ie@ed from this region were from the rural

areas while 78 households were from the urban areas

Table 2 shows the frequencies of the variables e available for each household in part.

The complete frequencies for the 1127 householsglsas/n in appendix 2.

Table 2.Frequencies.

Water water public tap/ | Tube well or| Protected
source:pipeq source:piped standpipe borehole well
into dwelling| to yard/plot
Valid 1127 1127 1127 1127 1127
" Missing 0 0 0 0 0
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Statistics

34

Unprotected| Protected | Unprotected|River/dam/laK Rain watel
well spring spring e/pond/strean
etc
Valid 1127 1127 1127 1127 1127
" Missing 0 0 0 0 0
Statistics
Tanker Cart with Bottle Flush - to Flush - to
truck small tank water piped sewer| septic tank
system
Valid 1127 1127 1127 1127 1127
" Missing 0 0 0 0 0
Statistics
Flush - to pit| Flush - dont| Pit latrine - | Pit latrine - | Pit latrine -
latrine Know where| ventilated with slab without
improved pit slab/open pit
(VIP)
N Valid 1127 1127 1127 1127 1127




4.2. Principal components analysis (PCA).

4.2.1. Dichotomization of indicator variables.

The identified variables were all set to dichotarmeariables as (Yes=1, No=0). This was
categorize them mainly as they were captured irstineey. Table 3 shows the results of

dichotomization in part. The full table is indiedtin appendix 3.

Table 3. Dichotomized variables

to

* Water sources.

* surface water includes all means water can baiobtl from the surface.
variable label unpwel 'Unprotected well'. COMPUTigquiwel=0.

if V113=11 pipedwel=1.

variable label pipedwel ' Water source:piped inke@ling' .
COMPUTE pipeyard=0.

if V113=12 pipeyard=1.

variable label pipeyard 'water source:piped to Af@od.
COMPUTE pubtab=0.

if V113=13 pubtab=1.

variable label pubtab 'public tap/ standpipe'.
COMPUTE tubwelbor=0.

if V113=21 tubwelbor=1.
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variable label tubwelbor 'Tube well or borehole'.
COMPUTE prowel=0.

if V113=31 prowel=1.

variable label prowel 'Protected well'.

4.2.2. Determination of principal components and indicator weights.

Table 4 shows the first principal components art.p The full list is shown by appendix 4.
Table 5 shows part of the factor scores (weighag)uted from the first principal component.
The full list is in appendix 5.

Table 4.Principal components.

Component Initial Eigenvalues

Total % of Variance Cumulative %
1 4.735 10.760 10.760
2 2.403 5.462 16.223
3 1.844 4.191 20.414
4 1.732 3.935 24.349
5 1.601 3.638 27.987
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Table5. Factor score(weights) of first principal components.

Componen
1

Water source:piped .354
into dwelling
water source:piped to .285
yard/plot
public tap/ standpipe -.055
Tube well or borehole -.026
Protected well -.084
Unprotected well -.157
Protected spring -.064
Unprotected spring -.106

4.3. Constructing the wealth index and wealth quintiles.

Table 6 shows the wealth scores for the 1127 lmlde in part, the full list in appendix 6.
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Table 6.Wealth scores (index).

Frequency | Percent Cumulative
Percent
-.89413 39 35 35
-.87451 33 2.9 6.4
-.85220 5 4 6.8
-.85099 10 .9 7.7
-.84415 4 4 8.1
-.83607 1 A 8.2
-.82877 12 1.1 9.2
-.81677 1 i 9.3
-.81086 9 .8 10.1
-.79823 31 2.8 12.9
-.79502 5 4 13.3
-. 77861 2 2 135
-. 75630 14 1.2 14.7
-.75509 3 3 15.0
-.74826 1 i 151
-.73288 3 3 154
- 73121 25 2.2 17.6
-.71497 10 9 185
-.71160 7 .6 19.1
-.69913 12 1.1 20.1
-.69095 1 i 20.2
-.68973 2 2 20.4
-.68929 3 3 20.7
valid -.68807 1 A 20.8
-.68124 4 4 21.1
-.66586 10 .9 22.0
-.65386 4 4 224
-.64961 2 2 22.5
-.64795 5 4 23.0
-.64624 4 4 23.3
-.63658 1 A 23.4
-.63532 28 2.5 25.9
-.62393 2 2 26.1
-.62272 1 1 26.2
-.62100 2 2 26.4
-.61815 1 1 26.4
-.61570 12 1.1 275
-.61466 1 1 27.6
-.61193 3 3 27.9
-.60139 2 2 28.0
-.59504 8 4 28.7
-.59339 13 1.2 29.9
-.59218 11 1.0 30.9
-.58850 2 2 31.1
-.58535 5 4 315
-.58259 2 2 31.7
-.57977 1 1 31.8
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4.3.1. Wealth quintilesfor the urban region

Table 7.Wealth quintile for urban region.

[Frequency Percent Cumulative Percen

Poorest 15 19.2 19.2

somehow poor 17 21.8 41.0

Average 15 19.2 60.3

\Valid

above average 16 20.5 30.8

Wealthiest 15 19.2 100.0

Total 78 100.0

This table shows that 41.0% of the househpldsastern region, Kenya are poor (19.2+21.8),

and only 19.2% being wealthiest.This has been sepited using a pie chart (figure 2).

Figure 2: Pie Chart of Frequency of Urban Poputaby Wealth Quintile

ble cpsif ol ledrsuch o} rLpsu bobnyspiou pA mes|p dniugls
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4.3.2. Wealth quintilefor rural areas

[Frequency Percent Cumulative Percent

Poorest 212 20.2 20.2

somehow poor 199 19.0 39.2

Average 221 21.1 60.2

\Valid

above average 207 19.7 80.0

Wealthiest 210 20.0 100.0

Total 1049 100.0

This has been represented using a pie chart (fgjure

Pie Chart of frequency of rural population by wealth quintile

Wealth Index
(quintiles)

B pocrest

B somehow poor
El average

W above average
O weatthiest

Figure 3: Pie Chart of Frequency of Rural Poputabyg Wealth Quintile

This shows that 39.2% of households in the rurh @re poor. The wealthiest form 20%.
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4.3.3. Wealth quintilefor combined region.

Frequenc| Percent| Cumulative
y Percent
poorest 227 20.1 20.1
2 222 19.7 39.8
3 227 20.1 60.0
Valid

4 226 20.1 80.0
wealthiesy 225 20.0 100.0]
Total 1127 100.0

Pie Chart of Wealth Quintiles; Eastern Region

Wealth Index
(quintiles)
M poorest
B somehow poor
Ol average
above average
[ wealthiest

Figure 4: Pie Chart for the combined region region

This shows that 39.8% of households in Easterroregie poor. The wealthiest form 20.0%.
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CHAPTER 5. CONCLUSIONSAND RECOMMENDATIONS.

5.1. Conclusions.

1.This study concludes that proxy measures, as cadpar direct measures of determining
wealth are a reliable method. The wealth indexifigs in this study were in agreement with
findings by UNDP on poverty levels in Eastern Regod Kenya (UNDP 1999).This asset index
provides an attractive alternative to measuringigkea in either poverty or consumption in this
region. This Asset index constructed to Eastemiore Kenya can be used to describe
inequalities in various welfare outcomes among Bbakls. The internal validity of the wealth
index as indicated identified the areas that regurgent attention for purposes of improving the
livelihoods of the people in this region. Majgrif the poor people in this region (98.1%) for
instance do not have access to safe and clean imatieeir areas of residence. This is an area

that needs to be addressed soonest possible.

2.Estimation of wealth index and wealth quintiles the population in this study did not

significantly differ, if the population was firspht into rural and urban sampled populations with
estimating the wealth index for the entire samydedulation. This meets the second objective.
This is even after most assets and accessed i&iiit urban region being dropped for non-
existence in the urban region but they existethénrural region.The wealth index for the urban
region plus wealth index for rural region dividegitivo was equal to the wealth index the whole

region when computed without splitting the region.
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5.2. Recommendations.

1. This study employed principal components anslysthe construction of the wealth index,
however further research is recommended to com(é) with other mehods like principal
factor analysis (PFA).

2. Wealth is known to have a relationship with othecig-economic factors like gender of
household head, education level of household regel of household head among others. This
study did not run a correlation to establish exiseeof such relationship between the wealth
index and such factors. Further research is tberakecommended to establish the relationship
between the wealth index an and socio-economioifsict

3.This study employed the use of quintiles basedheniriddex to evaluate the characteristics of
the poor and the rich.However, further researekéemmended on the use of other methods like

percentiles instead of quintiles to evaluate theratteristics of the poor and the rich.
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APPENDIX 1: VARIABLES
Water sour ces,

Piped into a dwelling
Piped to yard / plot
Public tap / stand pipe
Tube well or borehole
Protected well
Unprotected well
Protected spring
Unprotected spring
River / dam / lake / pond
Rain water

Tanker truck

Cart with small tank

Bottle water

Type of toilet facilities

Flush toilet

Flush — to piped sewer system
Flush — to septic tank

Flush — to pit latrine

Flush — to somewhere else

Flush — don’t know where

Pit latrine

Pit latrine — ventilated improved pit (VIP)
Pit latrine — with slab

Pit latrine — without slab / open pit
No facility

Bush/ field



Composting toilet
Bucket toilet

Hanging toilet / hanging latrine

Type of cooking fuel
Electricity

LPG / natural gas
Biogas

Kerosene

Coal / lignite
Charcoal

Wood

Straw / shrubs / grass
Agricultural crop
Animal dung

Main floor material
Natural

Earth, sand

Dung

Rudimentary

Wood planks

Palm, bamboo
Finished

Parquet, polished wood
Vinyl, asphalt strips
Ceramic tiles

Cement

Carpet

House-hold durable goods / possession
Clock
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Radio

Television

Mobile telephone
Non-mobile telephone
Refrigerator

Solar panel

Bicyle

Animal drawn cart
Motorcycle / scooter
Car / truck

Boat with a motor

Ownership of dwellings

Ownership of land on which dwelling is built

Ownership of agriculture land

Ownership of farm animals
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APPENDIX 2. Frequencies.

Statistics
Unprotected| Protected | Unprotected|River/dam/laq Rain watel|
well spring spring e/pond/strean
etc
N Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Tanker Cart with Bottle Flush - to Flush - to
truck small tank water piped sewer| septic tank
system
N Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Flush - to pit| Flush - dont| Pit latrine - | Pit latrine - | Pit latrine -
latrine Know where| ventilated with slab without
improved pit slab/open pit
(VIP)
N Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
no Composting| Bucket Hanging LPG/
facility/bush/f toilet toilet toilet/ Natural gas
ield hanging
latrine
N Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Biogas | Keroseng| charcoal] Wood | Straw / shrub| Natural Earth
grass sand
N Valid 1127 1127 1127 1127 1127 1127
Missing 0 0 0 0 0 0
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Statistics

Natural dung| wood planks| vinyl, asphalt| ceramic tiles| cement
strips
Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Carpet | Has radio| Has Television Has Has Bicycle
refridgerator
Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Has Has car/truck Has telephone
motorcycle/scooter
Valid 1127 1127 1127
Missing 0 0 0
Water water public tap/ | Tube well or| Protected
source:piped source:pipeq standpipe borehole well
into dwelling| to yard/plot
Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Unprotected| Protected | Unprotected|River/dam/la Rain water|
well spring spring e/pond/strean
etc
Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
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Statistics

Tanker Cart with Bottle Flush - to Flush - to
truck small tank water piped sewer| septic tank
system
N Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Flush - to pit| Flush - dont| Pit latrine - | Pit latrine - | Pit latrine -
latrine Know where| ventilated with slab without
improved pit slab/open pit
(VIP)
N Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
no Composting| Bucket Hanging LPG/
facility/bush/f toilet toilet toilet/ Natural gas
ield hanging
latrine
N Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Biogas | Keroseng| charcoal] Wood | Straw / shrub| Natural Earth
grass sand
N Valid 1127 1127 1127 1127 1127 1127
Missing 0 0 0 0 0 0
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Statistics

Natural dung| wood planks| vinyl, asphalt| ceramic tiles| cement
strips
Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Carpet | Has radio| Has Television Has Has Bicycle
refridgerator
Valid 1127 1127 1127 1127 1127
Missing 0 0 0 0 0
Statistics
Has Has car/truck Has telephone
motorcycle/scooter
Valid 1127 1127 1127
Missing 0 0 0
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APPENDI X 3: Dichotomization.

SPSS 21 syntax

freqvars=V113 to V129

* Water sources.

* surface water includes all means water can baioét from the surface.
COMPUTE pipedwel=0.

if V113=11 pipedwel=1.

variable label pipedwel ' Water source:piped ink@lling' .
COMPUTE pipeyard=0.

if V113=12 pipeyard=1.

variable label pipeyard ‘water source:piped to A#od.
COMPUTE pubtab=0.

if V113=13 pubtab=1.

variable label pubtab 'public tap/ standpipe'.
COMPUTE tubwelbor=0.

if V113=21 tubwelbor=1.

variable label tubwelbor "Tube well or borehole'.
COMPUTE prowel=0.

if V113=31 prowel=1.

variable label prowel 'Protected well'.

COMPUTE unpwel=0.

if V113=32 unpwel=1.

variable label unpwel 'Unprotected well'.
COMPUTE prospr=0.

if V113=41 prospr=1.

variable label prospr 'Protected spring'.

COMPUTE unpspr=0.

if V113=42 unpspr=1.

variable label unpspr 'Unprotected spring'.
COMPUTE surface=0.

if V113=43 surface=1.
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variable label surface 'River/dam/lake/pond/stresch
COMPUTE rain=0.

if V113=51 rain=1.

variable label rain 'Rain water'.

COMPUTE tantru=0.

if V113=61 tantru=1.

variable label tantru 'Tanker truck'.

COMPUTE cart=0.

if V113=62 cart=1.

variable label cart 'Cart with small tank'.
COMPUTE bottle=0.

if V113=71 bottle=1.

variable label bottle 'Bottle water'.

VALUE LABELS

pipedwel to bottle

1'Yes' 0 'No".

EXECUTE.

* type of toilet facilities.

COMPUTE flushpipe=0.

if V116=11 flushpipe=1.

variable label flushpipe 'Flush - to piped sewestem' .
COMPUTE flushseptic=0.

if V116=12 flushseptic=1.

variable label flushseptic 'Flush - to septic tank'’
COMPUTE flushpit=0.

if V116=13 flushpit=1.

variable label flushpit 'Flush - to pit latrine'.
COMPUTE flushsmwea=0.

if V116=14 flushsmwea=1.

variable label flushsmwea 'Flush - to somewhere'els
COMPUTE flushdk=0.
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if V116=15 flushdk=1.

variable label flushdk 'Flush - dont Know where'.
COMPUTE pitvip=0.

if V116=21 pitvip=1.

variable label pitvip 'Pit latrine - ventilated ingwed pit (VIP)'.
COMPUTE pitslab=0.

if V116=22 pitslab=1.

variable label pitslab 'Pit latrine - with slab'.
COMPUTE pitnoslab=0.

if V116=23 pitnoslab=1.

variable label pitnoslab 'Pit latrine - withoutlslapen pit'.
COMPUTE nofacil=0.

if V116=31 nofacil=1.

variable label nofacil 'no facility/bush/field'.
COMPUTE comptoilet=0.

if V116=41 comptoilet=1.

variable label comptoilet 'Composting toilet'.
COMPUTE bucket=0.

if V116=42 bucket=1.

variable label bucket 'Bucket toilet'.

COMPUTE hanging=0.

if V116=43 hanging=1.

variable label hanging 'Hanging toilet/ hangingited'.
VALUE LABELS

flushpipe to hanging

1'Yes' 0 'No".

EXECUTE.

* type of cooking fuel.

COMPUTE elec=0.

if V161=1 elec=1.

variable label elec 'Electricity' .
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COMPUTE Ipg=0.

if V161=2 Ipg=1.

variable label Ipg 'LPG / Natural gas'.
COMPUTE bio=0.

if V161=4 bio=1.

variable label bio 'Biogas'.
COMPUTE kero=0.

if V161=5 kero=1.

variable label kero 'Kerosene'.
COMPUTE colig=0.

if V161=6 colig=1.

variable label colig 'coal/lignite’.
COMPUTE charc=0.

if V161=7 charc=1.

variable label charc ‘charcoal'.
COMPUTE woo0d=0.

if V161=8 wood=1.

variable label wood 'Wood'.
COMPUTE stshrgra=0.

if V161=9 stshrgra=1.

variable label stshrgra 'Straw / shrub/ grass'.
COMPUTE agricrop=0.

if V161=10 agricrop=1.

variable label agricrop 'Agricultural crop'.
COMPUTE anidung=0.

if V161=11 anidung=1.

variable label anidung 'Animal dung'.

VALUE LABELS
elec to anidung
1'Yes' 0 'No".
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EXECUTE.

* Main floor material.

COMPUTE earth=0.

if V127=11 earth=1.

variable label earth 'Natural Earth, sand' .
COMPUTE dung=0.

if V127=12 dung=1.

variable label dung 'Natural dung'.
COMPUTE woodplank=0.

if V127=21 woodplank=1.

variable label woodplank 'wood planks'.
COMPUTE palbam=0.

if V127=22 palbam=1.

variable label palbam 'Rudimentary; palm, bamboo'.
COMPUTE parpolwood=0.

if V127=31 parpolwood=1.

variable label parpolwood 'Finished; parquet, padwood'.
COMPUTE vinasp=0.

if V127=32 vinasp=1.

variable label vinasp ' vinyl, asphalt strips'.
COMPUTE certiles=0.

if V127=33 certiles=1.

variable label certiles ‘ceramic tiles'.
COMPUTE cement=0.

if V127=34 cement=1.

variable label cement ‘cement'.
COMPUTE carpet=0.

if V127=35 carpet=1.

variable label carpet 'Carpet'.

VALUE LABELS

earth to carpet
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1'Yes' 0 'No".

EXECUTE.

*addational commands

COMPUTE ecectricity=0.

if V119=1 electricity=1.

variable label electricity 'Has electricity'.
value label electricity 1 'yes' 0 'No'.
COMPUTE radio=0.

if V120=1 radio=1.

variable label radio 'Has radio'.
value label radio 1 'yes' 0 'No'.
COMPUTE tv=0.

if V121=1 tv=1.

variable label tv 'Has Television'.
value label tv 1 'yes' 0 'No'.
COMPUTE fridge=0.

if V122=1 fridge=1.

variable label fridge 'Has refridgerator'.
value label fridge 1 'yes' 0 'No'.
COMPUTE bicycle=0.

if V123=1 bicycle=1.

variable label bicycle 'Has Bicycle'.

value label bicycle 1 'yes' 0 'No'.
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Appendix 4: List if principal components.

Componen Initial Eigenvalues
t Total % of Cumulative
Variance %

1 4,735 10.760 10.760
2 2.403 5.462 16.223
3 1.844 4.191 20.414
4 1.732 3.935 24.349
5 1.601 3.638 27.987
6 1.454 3.304 31.291
7 1.332 3.028 34.319
8 1.293 2.938 37.257
9 1.272 2.891 40.149
10 1.226 2.785 42.934
11 1.204 2.737 45.671
12 1.166 2.649 48.321
13 1.162 2.641 50.962
14 1.133 2.575 53.537
15 1.123 2.553 56.089
16 1.079 2.453 58.542
17 1.043 2.371 60.913
18 1.022 2.323 63.236
19 1.016 2.309 65.545
20 1.007 2.289 67.834
21 .994 2.258 70.092
22 976 2.217 72.309
23 .945 2.149 74.458
24 .925 2.103 76.561
25 912 2.072 78.633
26 .899 2.044 80.677
27 .881 2.002 82.680
28 .848 1.927 84.607
29 .826 1.876 86.483
30 .817 1.856 88.340
31 749 1.701 90.041
32 .631 1.433 91.474
33 .620 1.409 92.883
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34 .608 1.382 94.26
35 .566 1.286 95.55
36 468 1.063 96.61
37 443 1.007 97.62
38 .367 .835 98.45
39 322 132 99.18
40 251 570 99.75
41 .093 211 99.97
42 .011 .025 99.99
43 .001 .003 99.99
44 .001 .002 100.00

Extraction Method: Principal Component Analysis.
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Appendix 5:  Full list of weights (factor scores).

[Component Matrix

[Component 1

Water source:piped ir}.354

|[dwelling

water source:piped |.285

yard/plot

|public tap/ standpipe }-.055

Tube well or borehole |-.026

Protected well -.084
|Unprotected well -.157
Protected spring -.064

|Unprotected spring  }.106

River/dam/lake/pond/s}-.260

leam etc
Rain water 141
Tanker truck 232

ICart with small tank }-.007

Bottle water .042

Flush - to piped ewvef.619

system
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Flush - to septic tank

270

Flush - to pit latrine

.020

Flush - dont Know

where

.052

[improved pit (VIP)

Pit latrine - ventilateq.162

Pit latrine - with slab  |.131
Pit latrine - withou§-.224
slab/open pit

|no facility/bush/field }.351
|Composting toilet -.025
Bucket toilet -.016
Hanging toilet/ hangir}-.060
[latrine

LPG / Natural gas .641
Biogas .032
Kerosene .156
|charcoal .364
\Wood -.640
Straw / shrub/ grass ].040
Natural Earth, sar -.669
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Natural dun -.020
wood planks -.015
vinyl, asphalt strips  |.144
[ceramic tiles .343
[Cement 495
|Carpet 393
Has radio .357
Has Television .668
Has refridgerator .690
Has Bicycle 142
Has motorcycle/scootq.170
Has car/truck 627
Has telephone 442

Extraction

|Component Analysis.

Method:

a. 1 components extracted.

Princip

Rl
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Appendix 6: Full list of wealth score.

64

Frequency | Percent Valid Percent Cumulative
Percent
Valid -.89413 39 35 35 35
-.87451 33 2.9 2.9 6.4
-.85220 5 4 4 6.8
-.85099 10 .9 .9 7.7
-.84415 4 4 4 8.1
-.83607 1 A A 8.2
-.82877 12 1.1 1.1 9.2
-.81677 1 i i 9.3
-.81086 9 .8 .8 10.1
-.79823 31 2.8 2.8 12.9
-.79502 5 4 4 13.3
-. 77861 2 2 2 135
-. 75630 14 1.2 1.2 14.7
-.75509 3 3 3 15.0
-.74826 1 i i 151
-.73288 3 3 3 154
- 73121 25 2.2 2.2 17.6
-.71497 10 9 9 185
-.71160 7 .6 .6 19.1
-.69913 12 1.1 1.1 20.1
-.69095 1 i i 20.2
-.68973 2 2 2 20.4
-.68929 3 3 3 20.7
-.68807 1 A A 20.8
-.68124 4 4 4 21.1
-.66586 10 .9 .9 22.0
-.65386 4 4 4 22.4
-.64961 2 2 2 22.5
-.64795 5 4 4 23.0
-.64624 4 4 4 23.3
-.63658 1 A A 23.4
-.63532 28 2.5 2.5 25.9
-.62393 2 2 2 26.1
-.62272 1 1 1 26.2
-.62100 2 2 2 26.4
-.61815 1 1 1 26.4
-.61570 12 1.1 1.1 27.5
-.61466 1 1 1 27.6
-.61193 3 3 3 27.9
-.60139 2 2 2 28.0
-.59504 8 T T 28.7
-.59339 13 1.2 1.2 29.9
-.59218 11 1.0 1.0 30.9
-.58850 2 2 2 31.1
-.58535 5 4 4 315
-.58259 2 2 2 31.7
-.57977 1 1 1 31.8
-.57908 1 i i 31.9




-.57786
-.57273
-.57152
-.56996
-.56676
-.55886
-.55205
-.55035
-.54068
-53774
-.53622
-.53244
-.53140
-.53022
-.52803
-.52682
-.51999
-.51390
-.51251
-.51188
-.50737
-.49995
-.48670
-.47086
-.46687
-.46604
-.45809
-.45654
-.45175
-.44855
-.44652
-.43730
-.43213
-.41680
-.41616
-.40861
-.40483
-.39274
-.39219
-.38639
-.37896
-.37838
-.37483
-.36953
-.36848
-.36678
-.35935
-.35265
-.35099
-.35081
-.34437
-.34325
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[EEY
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32.1
323
324
35.0
35.1
35.2
35.6
36.5
36.6
36.9
37.7
37.8
38.8
38.9
39.7
39.8
40.4
41.4
41.5
41.7
41.9
42.1
42.3
42.8
42.9
43.0
43.4
43.5
43.8
441
44.2
44.4
449
45.0
45.2
45.6
45.7
45.8
46.0
46.1
46.3
46.6
46.8
46.9
47.6
47.7
47.9
48.4
50.1
50.5
50.6
50.7




-.34159
-.33642
-.33033
-.32831
-.32684
-.32454
-.32151
-.30947
-.30313
-.28564
-.28354
-.28248
-.26364
-.26286
-.25982
-.25389
-.24403
-.23957
-.23251
-.22928
-.22865
-.21546
-.20903
-.20028
-.19922
-.19585
-.18853
-.18672
-.18551
-.18094
-.17376
-.17232
-.16742
-.16393
-.15904
-.14602
-.14572
-.13573
-.12954
-.11957
-.11403
-.10841
-.10525
-.10206
-.09995
-.09891
-.07929
-.07764
-.07666
-.07643
-.07031
-.06960
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50.8
50.9
51.1
51.2
51.4
51.6
51.6
52.0
52.2
52.7
52.8
52.9
53.0
53.1
53.2
53.9
54.0
54.2
54.3
54.9
55.3
55.6
55.8
55.9
56.1
56.2
56.3
56.4
56.5
56.6
56.9
57.0
57.4
57.5
57.6
57.7
57.8
57.9
57.9
58.7
58.8
59.1
59.2
59.4
60.0
60.1
60.2
60.4
60.7
60.8
61.1
61.4




-.06783
-.06211
-.05547
-.05421
-.03990
-.03630
-.03460
-.03355
-.03351
-.02474
-.02047
-.01228
-.01107
-.00967
-.00757
-.00615
-.00496
-.00145
.00185
.00247
.00387
.01007
.01301
.01620
.01719
.03819
.04489
.05568
.05766
.05853
.05947
.06366
.06400
.06555
.07284
.07634
07727
.08362
.08743
.09895
.09959
.10080
11397
.12301
.12356
.12936
13704
.14092
14263
14727
.14897
.15884
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61.6
61.7
61.8
62.7
62.8
62.9
63.5
63.6
63.7
63.8
63.9
64.2
64.2
64.5
64.6
64.7
64.9
65.0
65.0
65.1
65.2
65.4
65.6
65.7
65.7
65.8
65.9
66.5
66.7
66.8
66.9
68.1
68.6
68.7
68.8
68.9
68.9
69.2
69.4
69.5
69.7
69.8
70.0
70.2
70.3
70.5
70.6
71.1
71.2
71.3
71.5
71.6




16311
.16476
.16494
.16755
17129
17299
.17390
17739
.17845
.17907
.19442
19979
.22085
22175
.23011
.23576
.23925
.24136
.24646
.25159
.25959
.26187
.27100
27414
.28647
.28710
.29542
.30672
.31659
.32810
.33001
.33636
.34199
.34519
.34833
35774
.38336
.38621
40734
41076
.41859
43909
44212
44316
44544
44725
44846
45529
.48858
49561
.49808
.50533
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71.7
71.8
72.0
72.0
72.3
72.5
72.6
72.7
72.8
72.8
72.9
73.0
73.1
73.4
73.8
73.9
74.0
74.1
74.2
74.3
74.6
74.7
75.0
75.2
75.2
75.3
75.4
75.5
75.6
75.7
75.8
75.9
76.2
76.3
76.7
76.8
76.9
77.1
77.3
77.5
77.6
7.7
77.8
77.9
78.1
78.2
78.3
78.3
78.5
78.6
78.8
78.9




.50608
.50626
.50747
.51079
51167
.51382
.51550
51763
52677
.54027
.54760
.55637
.57143
57428
57707
.57966
.60318
.60865
.61522
.62950
.66461
.66854
.67459
.68330
.68786
.68965
.69314
.69420
.69885
.70125
.71017
.71651
.73360
73795
.74866
.75500
.76008
.76922
77369
77534
77814
.78675
.79168
.79600
.84577
.85211
.85501
.85895
.87037
.87245
.87524
.87671

NRPRPNRPRPRONNRPORORRPRPWOWONRRRPRPREPRPRPORIMRPORRPRPRPORPREPREPNRLRPNNNRRPRRERREERRN

MNP RPVRROWDNMNNRPORPORRPOWONRRPRPRRPRPRPRWORMRPORRPRPRPORRPRPRORPNMNMMNNNRRRERPRRERRREDN
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MNP RPNVRPROWNMNNNRPORPORRPOWONRRPRPRRPRPRRPRWORMRPORRPRRPRUORRPRORPNMNMMNNNRRRERPRRERRREDN

79.1
79.1
79.2
79.3
79.4
79.5
79.6
79.7
79.9
80.0
80.2
80.3
80.9
81.0
81.1
81.2
81.7
81.8
81.9
82.0
82.1
82.3
82.4
82.8
82.9
83.1
83.2
83.3
83.4
83.5
83.6
83.7
83.8
83.9
84.2
84.5
84.6
84.6
84.7
85.3
85.4
85.9
86.0
86.2
86.3
86.6
86.7
86.8
87.0
87.0
87.1
87.3




.88009

.89311

.91383

.91560

.95257

1.00266
1.01793
1.04968
1.05149
1.05602
1.06557
1.07932
1.08566
1.10611
1.11666
1.13098
1.13103
1.13528
1.13737
1.14328
1.15439
1.16701
1.21575
1.22301
1.23066
1.24014
1.24038
1.25360
1.26149
1.27912
1.29471
1.30023
1.31572
1.32685
1.35860
1.35924
1.36854
1.40579
1.40591
1.42396
1.45566
1.46978
1.47295
1.48794
1.57815
1.58085
1.58872
1.60621
1.63086
1.63586
1.65085
1.67796

FRPNANWRRPRPRNWRRPRPRPRPRPORPRRPARRPREPRPRPORRPONNRPNRPREPREPANRRPREPREPRENRLRWORRRRR

PPNV RRPRMVORRPRPRPRRRPRPRUORPRAMRRRPRPRPRWORRPONNMRENNRRPRAMANNRRPRPRRPRENRORRERRLR
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PRV RRPRPRMVORRPRPRRRPRUOUORPRMRRRPRPRRPRWORRPRONMNNMRENNRRPRANNRRPRPRRENRPORRERRIR

87.4
87.5
87.6
87.7
87.8
88.0
88.1
88.3
88.4
88.5
88.6
88.6
88.7
88.9
89.3
89.4
89.4
89.5
89.7
89.8
90.0
90.2
90.4
90.5
90.6
90.9
90.9
91.0
91.1
91.2
91.3
91.7
91.7
91.8
92.4
92.5
92.5
92.6
92.7
92.8
92.9
93.2
93.3
93.4
93.5
93.6
93.9
94.1
94.4
94.6
94.7
94.8




1.74346
1.79292
1.81358
1.88008
1.90186
1.90409
1.91946
1.94543
1.96385
1.98482
2.04547
2.10073
2.12088
2.18037
2.21697
2.26208
2.26473
2.56105
2.64527
2.64710
2.68419
2.71858
2.98761
3.08208
3.11446
3.24233
3.30331
3.30769
3.83142
3.91128
4.03379

4.05571
4.24525
4.38548
4.42565
4.51653
4.57937
4.79507
4.96891
5.28826

P APFP N WMNMNNMNPNwwRNRRRPRRPRYVRPRRVNRPRRRPRRPRPRRPRWORRNNRRWRRR

P A FP N WNDNPMNOODPEPFNRPPRPPPRPNRPPNRPRPRPRPRPRPRPRPORPRPEPNRR®WRRPR
P DNEFP N WODMNMNDMNMNPMNORNVNRRPRPRPPPRPRPNRPRPRNNRRPRPRPRRPRPRRPRPPORPRPNNRPRPWORRPR

[ERN
[EEN
N
~
o
o

Total

94.9
94.9
95.0
95.3
95.4
95.5
95.7
95.7
95.8
96.1
96.2
96.3
96.4
96.5
96.5
96.6
96.7
96.8
97.0
97.1
97.2
97.3
97.4
97.5
97.6
97.7
97.8
97.9
98.0
98.1
98.4

98.6
98.7
98.8
99.0
99.3
99.5
99.6
99.9
100.0




