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I. INTRODUCTION 

This study consists of two parts. Part 1 analyzes poverty in Senegal in 2008 from a 
multidimensional perspective; Part 2 uses a similar multidimensional approach to analyze the 
dynamics of poverty using a duration analysis of the first spell into poverty. 

In development economics and other social sciences there is a mounting agreement that 
assessments of monetary poverty have a limited ability to adequately identify, describe, and 
analyze the nature of what it means to be poor. This criticism has been most pointedly 
captured in the writings of Sen, who stresses that when undertaking poverty evaluations “we 
must look at impoverished lives and not just at depleted wallets” (Sen, 2000, p. 3).  Building 
on the scientific advances and extensive efforts of gathering additional and comprehensive 
living quality data, this study examines in both parts multidimensional deprivation patterns 
and poverty trends in Senegal. Specifically, it develops a multidimensional poverty index by 
using an axiomatic extension of the well-established FGT (Foster, Greer, & Thorbecke, 1984) 
poverty measures in conjunction with a ‘dual-cutoff’ identification strategy as proposed by 
Alkire and Foster (2008).  

With this methodology multidimensional poverty is analyzed using two datasets: the first is a 
cross-section of Senegalese households in 2008; the second dataset retrospectively covers the 
income and deprivation situation of one or two individuals in the same households throughout 
their life-cycles until 2008. The first part of this study uses the first dataset; the second part of 
the study uses the second database. The two parts are self-contained and conclude separately. 

Even though quantitative research investigating poverty in Sub-Saharan Africa proliferated in 
the last decades, it is mostly cross-sectional and only few longitudinal studies exist (Baulch & 
Hoddinott, 2000). Out of those, most studies are descriptive and do not shed light on the 
dynamics of poverty. The study of poverty dynamics is, however, essential in a country with 
such a high poverty rate as Senegal. It enables understanding the underlying structure of 
poverty, that is, whether the poor are a homogenous and permanently poor group or whether 
they are a heterogeneous group entering and exiting poverty frequently. The lack of research 
on poverty dynamics is not surprising as poverty research in general just began to focus on 
transitions in and out of poverty recently (see for instance Bane and Ellwood (1986), Stevens 
(1994, 1999) or Bigsten and Shimless (2008)). Even among dynamic studies the first 
transition into poverty is rarely studied. Poverty is mostly taken as a given. Yet, studying the 
first transition into poverty might reveal reasons explaining the existence of poverty and help 
characterize those at higher risk of becoming poor. The insights gained from such studies can 
ultimately contribute to more effective policies in the future. The second part of this study 
uses survival (or duration) analysis to understand the determinants of the first transition into 
poverty. 

As explained above, both parts of this study start from a multidimensional poverty definition: 
the underlying ideas and theories are further discussed in subsection 1.1 of this introduction, 
the next section (1.2) reviews what is known about poverty in Senegal from previous 
empirical poverty studies.  
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This study is part of a broader cooperative project between UNICEF Senegal, the Laboratoire 
de Recherche sur les Transformations Economiques et Sociales (LARTES) and the Maastricht 
Graduate School of Governance (MGSoG).    

1.1. A MULTIDIMENSIONAL ANALYSIS OF POVERTY  

1.1.1 Conceptualizing Poverty 

The concept of poverty in economics is broadly defined by two major research traditions: the 
welfarist and non-welfarist approaches. The former understands welfare as utility derived 
from personal satisfaction of a certain state of being. These utilities are both additive and 
comparable across different persons, i.e. the satisfaction an individual derives from certain 
states of being are summed, and that sum can be compared to the sum of utilities of another 
individual. In absence of directly measuring the utility an individual derives from certain 
states of being, per capita income or expenditure are used as a proxy for the possible set of 
utilities income can buy in accessible and competitive markets. In this mono-dimensional 
case, poverty is then defined as the state when per capita income or expenditure is not 
sufficient to meet a normative reference level of utility (money) that every person must have 
to not starve, or fulfill basic consumption needs, or have a relatively acceptable lifestyle.  

This view, however, has long been contested on the basis of the otherwise strong assumptions 
needed for judging poverty solely by a money metric measure. Consequently, other non-
welfarist approaches arose and consistently challenged the predominant paradigm. The 
alternative and second approach to poverty is hence opportunity and outcome-based, as well 
as intrinsically multidimensional. Instead of pursuing a universally applicable proxy for all 
states of welfare, it seeks to directly measure the outcomes achieved on certain predefined 
notions of needs (for example health care, education, food, water and shelter). It mirrors the 
basic needs approach of defining a minimum consumption basket, but instead of determining 
the amount of income needed to afford the basic set of needs, the fulfillment of these needs is 
measured directly. While the criticisms of the income approach to welfare have always 
existed, it was not until the seminal works of Amartya Sen (1985, 1999) that a feasible and 
general framework was developed that would supplement standard utilitarian theory, 
pointedly carve out its shortcomings, and become a popular alternative. The ‘capabilities 
approach’ restates welfare as being a vector of functionings a person can achieve. Sen 
succinctly explains the principle behind the approach as when assessing poverty “we must 
look at impoverished lives and not just at depleted wallets” (Sen, 2000, p. 3).  

Capabilities, functionings, agency and freedom are the cornerstones the theory. Capabilities 
are the first form of freedom, a set of opportunities at hand thus giving information on what an 
individual is free to do (Sen, 1999). They are comprised of realized and potential functionings 
which are what person values doing or being, such as being adequately nourished, being 
healthy or having self-respect. Deriving utility is one such functioning, but not the only one. 
The second form of freedom is agency. Contrary to the opportunity set represented by 
capabilities, agency emphasizes the process of bringing about change or having the ability to 
act on what is deemed important by an individual.  
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The merits of the capability approach are becoming increasingly evident, especially in the 
context of developing countries, as the existence of market imperfections, information 
asymmetries, lack of market access and other violations of the assumption inherent in the use 
of money metric poverty measures are being more widely recognized. Nonetheless, in spite of 
the appeal of this approach, it poses a distinct problem of measurement, as capabilities in the 
sense of a vector of possible functionings are difficult – if not impossible – to measure. As 
functionings are based on specific resources needed to realize a certain state of being, this 
study limits itself to the measurement of the availability of resources such as, for example, 
shelter conditions, water and sanitary conditions, the achievement of primary education, and 
more. For each of these dimensions relevant indicators are selected for the specified resources, 
for example the type of latrine and the quality of the water source available to the individual 
in regards to the dimension of water and sanitation.  Table A-2 in the Appendix, based on 
Asselin (2009), shows an established delineation of poverty into nine dimensions with a list of 
potential indicators for each separate dimension.  It forms the basis upon which indicators are 
selected and grouped into dimensions in the later sections of this report.  

1.1.2 Aggregation 

The choice of aggregation technique is most fundamental when building a composite 
multidimensional poverty index founded on individual or household data and evaluating its 
outcomes. To date, the literature on multidimensional poverty measurements is vibrant and 
marked by recurrent innovations, but also void of a broad consensus for practical application. 
Generally, the most commonly employed techniques can be grouped into four categories. 
They are either based on an axiomatic formulation of properties of a multidimensional poverty 
index (Alkire & Foster, 2008; Bourguignon & Chakravarty, 2003), or on an information 
theory approach (Maasoumi & Lugo, 2008), or on fuzzy set theory (Betti, Cheli, Lemmi, & 
Verma, 2008), or, increasingly, on various types of cluster/factor analyses (Asselin, 2002; 
Luzzi, Flückiger, & Weber, 2008; Notten, 2008). Each of these empirical techniques treats the 
crucial issues of substitutes and complements, weights between indicators, response 
categories and across dimensions, and poverty thresholds differently.       

This study opts for the axiomatic approach as formulated by Alkire and Foster (2008), which 
builds on a consistently growing and sophisticated literature on the desirable properties of 
multidimensional poverty measures  (see especially: Bourguignon & Chakravarty, 2003; and 
also: Duclos, Sahn, & Younger, 2006).  The multidimensional reformulation of poverty 
measures is principally similar to the well-established FGT (Foster, et al., 1984) poverty 
measures used in assessing income/consumption poverty. In particular, the FGT class 
measures have been extended to not only allow for scalars (i.e. income and the corresponding 
poverty line) but vectors of many individual or household characteristics and a vector of many 
poverty lines. Within this approach, indicators are generally first assigned an individual 
poverty line and then they are aggregated into predefined dimensions of poverty, which are in 
turn combined into an overall poverty index. Roelen, Gassmann and de Neubourg  (2009) 
discuss the significance of making the underlying methodological choices transparent and 
explicit using the case of indicator selection in defining child poverty, as various implicit 
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assumptions alter the resulting poverty rates and the subsequent policy implications. Hence, 
this section carefully lays out the steps, choices and assumptions made. 

Choosing indicator-specific cutoffs is a relatively straightforward exercise based on best 
practice, relevant literature, and data availability. A major issue when aggregating multiple 
measures of poverty, however, is the decision of dimension specific or overall thresholds. The 
underlying question is whether an individual or household is accounted for as 
multidimensional poor if poor in one, all, or any certain number of dimensions/ indicators. 

The union criterion, i.e. being poor in one dimension alone, is very demanding and prone to 
produce exorbitantly high rates of poverty, especially in developing countries. The 
intersection criterion, i.e. being poor in all dimensions, inversely, is too strict in its 
identification of the poor and very sensitive to the amount of indicators chosen, as with more 
outcome based indicators the likelihood of not being poor in any one of them increases. 
Striving for a resolution, Alkire and Foster (2008) propose a ‘dual-cutoff’ identification 
strategy in which the union approach is favored among indicators within dimensions and a 
second cutoff (�) is chosen among dimensions, with � most typically being 2. The dual-cutoff 
method forms the analytical basis of this report. 

The general multidimensional index is defined as the sample mean of the censored deprivation 
matrix �(�)� over � number of dimensions, or algebraically:  

��(�; 	) = 	 ���(�)�)/��
��� , ���ℎ		�(�)� 	= �	���� − 	�	� �� , 	�: �� 	≥ �!, �: �� < � 	 

where  ��� is an individual observations score on an indicator, 	� is the indicator specific 

poverty line and # is the degree of sensitivity to large values, and �� < $%	 ≥ 	� denotes 
whether that item has been censored according to the dimensional threshold � or not. 

The approach has its distinct merits as it remains readily operationally viable in almost all 
circumstances. Further, it is easily understandable, replicable and useful for policy making. 
For this report, multidimensional poverty is therefore defined as being below the indicator 
specific poverty threshold on any indicator within a dimension and on at least two dimensions 
in total.   

1.1.3 Weighting 

Crucial and contentious issues in aggregation of poverty indices are the weights assigned to 
indicators, in general, and the weights to indicators and dimensions, in particular when 
utilizing the dual cutoff methodology (Decanq & Lugo, 2008). Implicit in the strategy 
employed in this study are equal weights among dimensions and equal weights of all 
indicators within the dimensions. Just as with any other normative weighting procedure, equal 
weights are based on a strong assumption. Yet, there is no a priori reason to assume that 
education and shelter are valued the same way across the sample population, or that the 
indicators used are all equally relevant.  
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Some statistical methodologies aim to reduce the arbitrariness involved in the weighting 
process (Asselin, 2002, 2009), however, statistically derived weights change over different 
samples (within a country and among different countries) and over time, thus mitigating some 
but simultaneously posing new problems in the process of aggregation. Assuming equal 
weights for the purposes of this study is permissible given the absence of additional research 
and other participative processes that would indicate otherwise. Still, it is explicitly 
acknowledged that equal weights are in themselves normative. Moreover if weights were to 
be included, the methodology used can easily be extended to allow for indicator and 
dimension specific weights (see Alkire & Foster, 2008, p. 19).  

1.1.4 Poverty Measures  

This study focuses on analyzing poverty identified through the multidimensional index. The 
emphasis lies on the multidimensional headcount (�&), the adjusted headcount ('(), the 
mean number of deprivations in terms of dimensions for the entire population, the poor and 
the non-poor, as well as the decomposed contributions of the single dimensions towards the 
overall headcount.  

The adjusted headcount satisfies a shortcoming of the multidimensional headcount, as it is 
used here, which does not satisfy the criterion of dimensional monotonicity (Alkire & Foster, 
2008). Stated differently, if a person is already accounted for as poor but experiences an 
additional deprivation in a dimension or indicator in which she is previously not deprived, the 
multidimensional headcount remains the same. Through converting the initial deprivation 
matrix into deprivation shares censored for the poor only, the resulting adjusted headcount is 
able to overcome this issue and account for this rise in poverty. Pattanaik and Xu (1990; 2000) 
characterize the number of deprivations a person experiences as a measure of ‘unfreedoms’, 
hence the adjusted headcount is an index of unfreedoms across a population. It is the mean 
sum of deprivations experienced by the poor. This study uses the adjusted headcount (a 
percentage) and the mean number of deprivations (an absolute number) interchangeably. 

Further, the adjusted headcount can be de facto decomposed across components and serve as a 
basis to distinguish the post-identification contribution of each dimension or indicator to 
overall poverty. Algebraically, the contribution of each dimension can be derived if the 
multidimensional headcount is expressed as follows, which is merely a restatement of the 
previous formula (see Alkire & Foster, 2008; Santos & Ura, 2008): 

��(�; 	) =�()*�(�)∗�� ,)/��
���  

where �∗��  is the -./ column of the censored matrix �(�)� according to the dual cutoff 

criterion � = 0. When censoring is applied and the poor are identified, then the post-
identification contribution of a dimension to the overall indicator for each dimension - is: 

1� = )*�(�)∗�� ,)/���(�; 	)  
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Santos & Ura (2008) acknowledge that while this is a convenient measure it discards the 
information of the other dimensions in determining any current dimension’s contribution to 
the overall indicator. It is therefore a methodologically limited but nevertheless very useful 
measure to gauge the impact of separate dimensions on overall poverty. It is especially 
valuable when evaluating the change of a dimension’s contribution over time or decomposing 
the contributions by other variables, as well as when comparing the pre-identification and 
post-identification importance of the chosen dimensions. 

The basic methodology used in the two parts of the study is the same and follows the rationale 
described above. However, the datasets are different in the two parts and for that reason each 
parts will describe in more detail how the multidimensional index is developed empirically 
with regards to indicators and thresholds chosen. Details about this can be found in the data 
sections for each part. 

1.2 POVERTY RESEARCH IN SENEGAL 

To date, the one-dimensional and money metric approach has been the dominant approach to 
poverty measurement across the world. Unsurprisingly, poverty research in Senegal so far has 
therefore mainly focused on the measurement of monetary poverty, a recent example being 
the 2009 UNICEF national report for Senegal (UNICEF, 2009) which finds that 53.7% of all 
children below 18 live in poor households, or the statistics based on the 2$/day poverty line 
presented in the introduction. 

Fall and Bâ (2001) build a multidimensional poverty index for 1992 using indicators such as 
malnutrition, vegetation, revenue, sanitary facilities, school enrollment and availability of 
drinking water. These indicators are aggregated to an index by attaching a weight to each of 
them with revenue receiving the highest weight (0.3) and drinking water and sanitary facilities 
getting the lowest (0.1). However, no explicit cutoff point at which a person is poor or not is 
determined. Hence, the report does not provide a composite poverty rate but only concludes 
that large regional differences in values for the index exist. Moreover, the weights used in the 
aggregation are not justified empirically but are based on value judgments. Diagne et al. 
(2005) aggregate indicators using the intersection approach. Three indicators are developed (a 
monetary indicator, an indicator for relative deprivation measuring social well-being, and a 
welfare indicator) with indicator specific cutoff points. Someone is poor if she is deprived in 
all three indicators. The results show that multidimensional poverty in Dakar decreased 
significantly from 38% in 1995 to 17% in 2002. Employing the intersection approach 
circumvents having to give weights to all indicators in aggregation. However, it might 
severely understate poverty. Moreover, in comparison to Fall and Bâ (2001), Diagne et al. 
(2005) use considerably  fewer indicators. It is highly uncertain, whether only three indicators 
are able to provide a broad and complete picture of poverty. Ki et al. (2008) develop a static, 
cross-sectional multidimensional poverty index for 2000/2001 using Senegal’s second 
household survey (ESAM II) and the QUID1 survey. The study employs a multiple 
correspondence analysis (MCA) to aggregate the indicators (education, health, drinking water, 

                                                 
1 Questionnaire unifié sur les indicateurs du développement 
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nutrition, housing, sanitation, energy, communications, household durables, goods of comfort 
and other assets) to one composite index. Furthermore, Ki et al. compare the monetary to the 
multidimensional poor and demonstrate the discrepancy: only 48.5% are poor monetarily, but 
60% according to the multidimensional poverty index. Moreover, almost 42% of the 
Senegalese households are poor, both monetarily and multidimensionally.  

Research of the Senegalese ministry of economics and finance (MEF) illustrates the 
importance of accounting for the dynamics of poverty measurement. The 2004 MEF report 
compares poverty incidence rates using the first and the second Senegalese household survey 
(ESAM I and ESAM II). The MEF presents a reduction in monetary poverty rates from 67.9% 
1994/1995 to 57.1% in 2000/2001 (MEF, 2004). However, these findings are contrary to the 
evolution of perceived poverty. Household heads perceive their communities as being more 
deprived than estimated either by the 1994/1995 or the 2000/2001 survey: in 2001, 75% of all 
household heads classified their community as being poor (MEF, 2001). Moreover, 65% of 
household heads believe that their poverty status worsened in the course of the last five years. 
Hence, the 2001 MEF study exemplifies the discrepancy existing between monetary and 
subjective poverty assessment. It becomes obvious that a broader view should be taken on 
poverty than just defining it in monetary terms.  

The longitudinal aspect is taken into account by a 2010 report by UNICEF and Lartes 
(Laboratoire de Recherche sur les Transformations Économiques et Sociales). The report 
follows Ki et al. (2008) in using MCA over three dimensions: poverty in infrastructure 
(absence of basic infrastructure), poverty in living conditions (shelter, sanitary conditions) and 
poverty in conveniences (source of light, access to modern communication devices). It finds a 
poverty rate of 63.42% in 2008 (UNICEF & Lartes, 2010). In comparison to Ki et al. (2008), 
it includes the infrastructural dimension but excludes the educational dimension. The 
exclusion is debatable since education is often seen as a main resource necessary for a person 
to realize capabilities. The second part of the report is qualitative and focuses on poverty 
dynamics as well as the intergenerational transmission of poverty (from parents to children). 
Two ways in which poverty is transmitted are discovered: direct/active2 and crawling3 
transmission. This study draws on the intergenerational transmission of poverty in its poverty 
profile for Senegal. Multidimensional poverty is decomposed by individual and household 
characteristics, with decompositions being e.g. the educational level of the (foster) parents and 
the economic situation of the household in which the child was living at the age of 14. Hence, 
in terms of the UNICEF/Lartes report, this study will also inquire into the active transmission 
of poverty. In looking at the active transmission of poverty an important event is the first time 
entry into a period of poverty, hence the dynamics of entering poverty.  

Taking into account the results of the previous studies and building on 2 new datasets at our 
disposition, the present study presents a static multidimensional analysis in Senegal based on 
a cross-section in 2008 in Part 1, and a dynamic multidimensional analysis of poverty in 
Senegal in the period 1978 – 2008 in Part 2. 

                                                 
2 Active transmission contains economic-residential, cyclical-professional, demographic-climatic, economic-
cultural, demographics-cyclical and economic-sanitary mechanisms.  
3 Crawling transmission includes mechanisms of social immobility and mechanisms of social isolation.  
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II. MULTIDIMENSIONAL POVERTY IN SENEGAL 2008 

2.1 DATA DESCRIPTION 

The cross-sectional analysis is based on a household survey undertaken in Senegal in 2008 by 
the Laboratoire de Recherche sur les Transformations Economiques et Sociales (LARTES) de 
l’Université de Dakar in cooperation with UNICEF Senegal, the Institut de Recherche et de 
Développement (IRD), l’Agence Nationale de la Statistique et de la Démographie (ANSD) 
and the Chronic Poverty Research Center (CPRC). In all 75 census districts, 1200 households 
have been interviewed with the household head providing information about all the remaining 
individual members. In total, these interviews result in 10,565 individual records out of which 
10,196 were uniquely identified, matched across the modules, and are thus used for the 
purposes of this report. The household survey consists out of four modules: module 1 
identifies the household and its members, module 2 provides information about the household 
composition and the member’s participation in household activities, module 3 contains several 
indicators of the household living conditions, and module 4 holds information about the socio-
economic conditions of the individual members.  

In terms of geographical distribution, 30.98% of the sampled individuals live in the urban 
region of Dakar, 17.43% live in other urban areas and the remaining 51.59% live in rural 
areas. Senegal has 11 administrative regions across which the sampled population is 
distributed as follows: Dakar (33.76%), Diourbel (3.37%), Fatick (10.90%), Kaolack 
(10.47%), Kolda (6.35%), Louga (3.59%), Matam (10.86%), Saint-Louis (7.73%), 
Tambacounda (2.85%), Thiès (5.86%), and Ziguinchor (4.27%)4. Senegal’s population is 
comparatively young. In the sample, 60.04% are under 25 years old and the average age is 
23.4 years. To verify consistency, the sampled population and the population estimate are 
compared below and found to display approximately similar trends.    

FIGURE 1: SAMPLE POPULATION AND CENSUS ESTIMATES OF POPULATION 2008 

  
Source: (left) Household survey, (right) Own illustration from: U.S. Census Bureau, IDB - Senegal 2008. 

                                                 
4 Three new regions were pronounced in 2008 but have not been assigned ISO codes which are the basis of this 
analysis’ regional decomposition. Kaffrine has separated from the region of Kaolack, Kédougou has separated 
from the region of Tambacounda, and Sédhiou split from Kolda. 
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2.2 MULTIDIMENSIONAL POVERTY INDICATOR 

In order to construct a multidimensional poverty indicator, the dimensions and indicators most 
relevant to multidimensional poverty which simultaneously provided the most complete 
information basis were selected first. For the cross-sectional analysis, the following four 
dimensions are available: education, water/sanitation, shelter, and assets. Table 1 (below) 
illustrates the available dimensions, their respective indicators and the thresholds chosen for 
these indicators. In the following, the indicators and their thresholds are discussed.  

TABLE 1: DIMENSIONS, INDICATORS AND THRESHOLDS 

Dimension Indicator Threshold (minimum required value) 

Education 
Primary enrollment Child (6-12 years old) is in school 
Educational Level At least primary education (if 13 years or older) 

Water/Sanitation 
Water access Access to tap water (in neighborhood) 
Latrine  type Improved latrine 

Shelter 
House type Semi-permanent housing 
Overcrowding Equal to or more than 3 people in room 
Electricity type Electricity, generator or solar  

Access to  
productive  

assets 

Asset Index Have one asset within each of these groups: 
• mobile vehicle(s) 
• property and land 
• durable goods  

 
The thresholds selected for the two education indicators are based the principle that children 
of school age should be enrolled in school and everyone within a country should have at least 
completed primary school. This is essentially mirrored by the Millennium Development Goals 
(MDG) initiative which advocates primary education for all and employs similar indicators 
(see Goal 2, UNDG, 2003, p. 18).  

Equally, the two indicators selected for the water and sanitation dimension are part of the 
MDG initiative, which lists the ‘proportion of population with sustainable access to an 
improved water source’ as one of its indicators. ‘Improved’ is understood as meaning “piped 
water, public tap, borehole or pump, protected well, protected spring or rainwater” (UNDG, 
2003, p. 64). The latter three categories are not available within the data at hand and the 
quality of the wells is unknown, hence the cutoff is set at access to tap water within the 
neighborhood to ensure a high quality water source. The second indicator ‘latrine type’ has 
also been referenced to the MDG indicators, which includes an indicator named ‘proportion of 
population with access to improved sanitation’. The threshold is set at improved latrines, 
where improved is understood to include “facilities such as sewers or septic tanks, poor-flush 
latrines and simple pit or ventilated improved pit latrines are assumed to be adequate, 
provided that they are not public” (UNDG, 2003, p. 66).  

Within the shelter dimension, the housing type indicator is a very crude measure which is 
mainly used to assess the principle nature of the housing structure. Semi-hard structures 
(maison en semi-dur) are inhabited by 20.63% of the sample population and the three lower 
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categories (sheds, huts and maison en banco) are inhabited by another 26.6%. Semi-hard 
structures are regarded as acceptable, as the housing quality is judged additionally by the type 
of the facilities available within the house or apartment. Further, housing overcrowding is a 
common indicator used to discern the minimum living space available to each household 
member. Although it is an auxiliary MDG indicator, the UN has not set any specific targets. 
Two or three people per room are typically used as a threshold. This report uses three, with the 
higher value chosen on the basis that the number of people per room is computed not over bed 
rooms or sleeping quarters only, but all rooms of the house. The type of electricity source is 
another crucial measure of housing quality. Access to electricity/ type of lighting source is a 
frequently used indicator on various welfare questionnaires. For example, Fiadzo, Houston 
and Godwin (2001) use this indicator to estimate overall housing quality. The sample 
encompasses three major response categories: electricity, generators/solar power, and 
oil/candle/gas or others. Only the last group is considered as an inferior source of energy. 

The dimension ‘access to productive assets’ is essentially an assets index and functions as an 
income proxy. Here, not having one and/or any of the other assets (mobile vehicle(s), property 
and land, and/or durable goods) translates into being accounted for as poor. Specific 
information on the types of assets a household has and the number of these assets owned is 
available, but is deliberately not used. Apart from data gaps on these variables, the rationale 
behind this decision is that no strict ranking of these assets can be undertaken and the 
preferences of which assets a household may consider essential vary substantially. Having a 
car can be considered a necessity in rural areas but not necessarily in urban areas, for 
example. Similarly, if owning agricultural land, land in general or home ownership is 
desirable or necessary is highly context specific. Most Senegalese own land or housing 
(81.42% of the sample). For these reasons, assets categories are examined simply according to  
if the household has any specific asset(s) belonging to each of the three categories or not.      

TABLE 2: CRUDE DEPRIVATION RATES BY DIMENSIONS AND INDICATORS  

Dimension Deprivation  Indicators Deprivation  

Education 33.88% 
Primary enrollment and 

33.88% 
Educational Level 

Water/Sanitation 44.85% 
Water access 40.29% 
Latrine  type 34.36% 

Shelter 54.93% 
House type 25.86% 
Overcrowding 25.60% 
Electricity type 35.33% 

Access to  
productive  

assets 
67.08% 

Asset Index Components 
• Mobile Vehicle(s) 62.15% 
• Property and Land 18.09% 
• Durable Goods 6.67% 

 
As a preliminary assessment, Table 2 (above) illustrates the deprivation rates for each of the 
chosen indicators. On the level of dimensions, ‘access to productive assets’ ranks first with 
67.08% of the population being deprived, water/ sanitation is second with 44.85% deprived, 
followed by education (33.88%) and shelter (25.86%). When examined on the indicator level 
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the rank order of the five indicators displaying the highest deprivation rates is: mobile 
vehicles (62.15%), water access (40.29%), electricity type (35.33%), latrine type (34.36%), 
and primary enrollment/ educational level (33.88%). The latter indicator has been combined 
into one to account for both children going to school and adults simultaneously.  

2.3 SENSITIVITY ANALYSIS  

When using the dual cutoff approach, the derived measures are not only sensitive to the 
thresholds chosen on the indicator level but also sensitive to the amount of dimensions (�) 
needed in order to be accounted for as poor. Both sensitivity types are analyzed in this section.  

The dimension-cutoff sensitivity is illustrated in Figure 2 below.  When using a union 
approach (� = �) about 89.4% of the population would be considered poor. Generally, as � 
increases the �! headcount declines rapidly: for � = 0, the headcount is 64.6%, for � = 2, it 
is 36.6% and for � = 3, it is equal to 10.2%.  When viewing this sensitivity in light of other 
previous studies of multidimensional poverty in Senegal which computed similar levels of 
multidimensional poverty, such as for example Ki, Faye & Faye (2005), using two dimensions 
(k=2) as a threshold resulting in 64.6% poverty is deemed a robust and representative result. 

FIGURE 2: SENSITIVITY TO DUAL CUTOFF  

 

The second layer of sensitivity analysis is the response of the overall headcount and 
dimensional deprivation rates to changes on the indicator level. Table A-1 in the Appendix 
gives a complete picture of how the headcount changes in response to a one unit decrease or 
increase in each indicator’s threshold. Here, only a few key results are summarized. While 
changes in all indicators can bring about large changes in the deprivation rates by dimensions, 
the overall headcount remains relatively robust in the mid 60% range. The type of water 
source, type of latrine, degree of education, source of electricity and house type all move the 
overall headcount within a narrow band of ± 3% or less.  

Two indicators bring about larger changes. First, the overcrowding index changes the 
headcount to 60.30% when 4 people per room are regarded as overcrowding and conversely, 
raises the headcount to 75.06% when 2 people per room are regarded as overcrowding. As the 
change of the headcount in reaction to the more stringent threshold is higher than the change 
towards the more lenient threshold, the chosen cutoff of 3 people per room is found to be to 
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the right of the maximum of the frequency distribution5. Second, when the asset index is 
computed without taking mobile vehicles into consideration, the poverty rate falls sharply 
down to 53.04%. Deprivation on this indicator is high; hence the resulting drop is not 
surprising. It is retained in the analysis as it encompasses a wide range of means of 
transportation (cars, motorcycles, bicycles, tractors and canoes) which are evidently crucial 
from a capability perspective.  

2.4 CORRELATES OF POVERTY 

In order to assess what influences multidimensional poverty and to identify key areas the 
poverty assessment should focus on, separate probit regressions for urban and rural areas were 
run with multidimensional poverty as the binary dependent variable (for the regression results 
see Table A-3 and Table A-4 in the Appendix). Several household, regional and household 
head characteristics were included as potential predictors or correlates of poverty. The 
regression results are additionally reported as marginal effects at the means of the independent 
variables to illustrate the change of the probability of being multidimensional poor for a unit 
change in the explanatory variable, ceteris paribus. This model is relevant only for its 
descriptive aspects and has no ambitions of establishing causal relationships. Regression 
techniques are generally a powerful tool to identify what is directly associated or ‘proximate’ 
of poverty, but are less well able to identify deeper causes (Haughton & Khandker, 2009).  

In urban areas, the share of children aged either 5-11 years or 12-15 years in the household is 
significantly associated with a higher probability of being poor (49% and 40%, respectively). 
However, the number of elderly persons aged 60 and above is associated with a 4% decrease 
in the chance of being poor. Age groups and their differing vulnerability to poverty are 
therefore highly relevant for further analysis. When examining the main source of household 
revenue relative to agriculture, all other types (commerce, salary, transfers, and others) 
indicate a significant increase in the vulnerability to poverty. These counterintuitive results 
will be examined further at a later stage. When turning to regional characteristics within urban 
areas relative to Dakar, almost all other regions except Kolda and Kaolack are associated with 
a decreasing risk of poverty. The effect of Kolda is highly significant and demarcates a 50% 
increase in the likelihood of being poor.  Regarding the household head, differences in age or 
sex are insignificant, but the educational level of the household head is highly relevant. 
Households headed by individuals with upper secondary education relative to those with no 
education are 40.6% less likely to be multidimensional poor. 

In rural areas, the marginal effects estimates were not able to retain any coefficients as 
significant and to provide robust results, making it impossible to interpret the changing 
likelihoods of falling into poverty. Although presumably the variance explained by the model 
is higher than for its urban counterpart, the standard errors of many coefficients are 
excessively high.  The initial probit regression, however, found significant effects for the 
following variables: household size has positive impact in reducing poverty, revenue sources 
other than agriculture increase poverty, the regions all indicate higher chances of poverty 

                                                 
5 In fact, 2 people per room are the peak of the distribution. The density plot is Figure A-1 of the Appendix.  
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except Fatick, an older household head reduces the chance of poverty and education remains 
similarly relevant. On this basis, household size is added to the analysis, and poverty 
differences in urban and rural areas will be examined further. 

2.5 POVERTY ASSESSMENT  

This section examines the multidimensional poverty profile of Senegal. First, it presents a 
country wide assessment of poverty in general and by dimensions in particular. Second, a 
geographical decomposition of the country’s poverty profile is undertaken. Last, 
multidimensional poverty is examined in detail by individual and household characteristics to 
identify the features most strongly associated with vulnerability to poverty. 

2.5.1 Countrywide Poverty 

Senegal’s overall multidimensional poverty rate (M0) in 2008 is 64.57%, which is 
significantly higher than the 1.25$/day income poverty rate of 33.5% and slightly higher than 
the 2$/day rate of 60.3%6. The adjusted headcount (HA) used to measure the average number 
of deprivations of the poor, similarly to the poverty gap ratio, is 68.1%. In other words, out of 
the four dimension used in this analysis the poor are on average deprived in 2.72 dimensions.  

The deprivation rates in the asset index and shelter dimension are highest with 67.08% and 
54.93%, respectively. They are followed by the domains water/sanitation (44.85%) and 
education (33.88%). Generally, two vantage points exist when examining the poverty rates by 
dimensions within the dual-cutoff framework. First, the previously shown pre-identification 
deprivation rates are merely the frequencies poverty incidence on a specific dimension before 
aggregation. They give an indication of what is driving the poverty headcount as illustrated in 
Figure 3 below.  

FIGURE 3: PRE-IDENTIFICATION RATES AND POST-IDENTIFICATION CONTRIBUTIONS 

  
 

However, it also important to examine the post-identification contribution derived in the 
previous methodology section. As a variant of the adjusted headcount, it is a measure based on 

                                                 
6 From United Nation’s Human Development Report 2009, refers to the most recent year available in the period 
of 2000 to 2007. 
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deprivation shares and hence able to equalize better between the different depths of 
deprivation among people. The resulting contributions have been normalized to represent 
100% in total and therefore the scale is not comparable to the previous graph. When using this 
method the ranking is altered slightly. The shelter dimension determines 30% of those 
identified as poor, followed by access to productive assets (28.8%), water/ sanitation (24.5%) 
and education (16.7%). The gap between the first three is relatively small and all three 
dimensions present forms of physical goods, suggesting that the poor in Senegal are especially 
deprived in terms of material welfare (see Figure 3). 

2.5.2 Regional Poverty 

While overall level of multidimensional poverty in Senegal is generally high, there is also 
considerable regional variation. The regions of Diourbel and Dakar exhibit the lowest poverty 
rates with 44.19% and 53.81%, respectively. Taking these two as a benchmark two groups 
emerge. The first group of regions comprising of Fatik, Kaolack, Matam and Saint-Louis is 
significantly poorer but not extremely poor (below 70%). In the second group of regions more 
than 70% of the sample population is experiencing widespread destitution. In descending 
order of poverty these are: Ziguinchor (98.62%), Kolda (93.04%), Thiès (82.08%), 
Tambacounda (81.44%), and Louga (75.14%). Figure 4 below illustrates the geographical 
distribution of multidimensional poverty with a poverty map.  

FIGURE 4: POVERTY MAP – MULTIDIMENSIONAL POVERTY BY REGION  

 

Corresponding to the rate of multidimensional poverty by region, the mean number of 
deprivations out of four dimensions has been computed to account for the regional differences 
in the depth of poverty. Diourbel and Dakar, again, emerge as the regions in which the 
population is least deprived in terms of dimensions. The population in Dakar (Diourbel) is on 
average deprived in 1.68 (1.33) dimensions, substantially below the two dimensions needed to 
be accounted for as poor. The distance to the cutoff of the poor population is not large. In both 
regions they are on average less than 0.5 dimensions away from the cutoff point. This 
suggests that with a targeted effort in these two regions the poverty headcount could be 
substantially reduced, as they jointly represent about 47% of the sampled population.   
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The same regions that previously emerged as extremely poor also exhibit the greatest depth in 
poverty, although the raking differs slightly. Ziguinchor’s inhabitants are on average deprived 
in 3.46 out of 4 dimensions. It is noteworthy, however, that the few (less than 2%) of the non-
poor in this region are among the least deprived overall (0.5 deprivations on average). Five 
regions have an average number of deprivations in between two and three. In descending 
order, these are: Kolda, Tambacounda, Thiès, Louga, and Saint-Louis. Together with 
Ziguinchor, which is in all counts the most deprived region, these are both exhibiting the 
country’s highest headcount rates and the largest distance to the poverty overall line, hence 
they should be a priority for social planners. Table 3 below illustrates these in greater detail. 

TABLE 3: M0, PROPORTIONS &  MEAN NUMBER OF DEPRIVATIONS (IN DIMENSIONS) BY REGION  

Region M0 HA % of Sample All Poor Non-Poor 
Dakar 53.81% 61.45% 33.76% 1.68 2.46 0.77 
Diourbel 44.19% 61.18% 03.37% 1.33 2.45 0.45 
Fatick 58.78% 66.35% 10.9% 1.86 2.65 0.73 
Kaolack 65.26% 62.48% 10.47% 1.82 2.50 0.55 
Kolda 93.04% 75.54% 06.35% 2.87 3.02 0.84 
Louga 75.14% 71.18% 03.59% 2.33 2.85 0.75 
Matam 61.07% 70.67% 10.86% 1.96 2.83 0.61 
Saint-Louis 66.12% 71.02% 07.73% 2.11 2.84 0.68 
Tambacounda 81.44% 74.58% 02.85% 2.60 2.98 0.91 
Thiès 82.08% 68.16% 05.86% 2.36 2.73 0.65 
Ziguinchor 98.62% 87.47% 04.27% 3.46 3.50 0.50 
Note(s): Two-way significance of M0 and regions (Pearson’s χ

2 = 843.9811, p-value = 0.000). 

 
After identification of the most deprived regions in terms of headcount and depth, it is crucial 
to examine in which dimensions poverty is most prevalent. Table 4 below exhibits the 
deprivation rates by region for each of the four dimensions and their respective ranking sorted 
by their descending rank-order on the multidimensional headcount. It is expected that ranking 
first on the M0 index does not imply ranking first on all other indices simultaneously, this 
largely corresponds to the different degrees with which these dimensions contribute to the 
overall headcount as examined earlier, which can also vary by region.  Nevertheless, the 
picture for the four most deprived regions is remarkably consistent. Ziguinchor is first on 
three out of four dimensions and Kolda, Thiès, and Tambacounda rank in line with their 
overall position on two out of four dimensions. The table gives a clear indication of which 
dimensions are in need of the most attention for each region.  

Four strong deviations from the general trend are noteworthy: first, Dakar, which is exhibiting 
comparatively low deprivation rates overall and on most dimensions, is the third most 
deprived region in terms of asset poverty, second, Diourbel is disproportionally poor in terms 
of water/ sanitation, and third, the population of Kaolack is deprived on average in between 
50-60% overall and in all dimensions, except in terms of education where it the least deprived 
of all (8.15%). Overall, the regional decomposition in terms of relative ranking is to be 
considered cautiously, as these are sample-based estimates that, in absence of sampling 
weights and sampling strata, were not statistically corrected to represent the entire population.  
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TABLE 4: RANKING OF DEPRIVATIONS IN DIMENSIONS AND HEADCOUNT BY REGION  

Region Education # Water/Sanitation # Shelter # Assets # M0 # 

Ziguinchor 58.16% 2 98.62% 1 92.64% 1 96.32% 1 98.62% 1 

Kolda 39.41% 3 91.96% 2 88.72% 2 66.92% 6 93.04% 2 

Thiès 33.84% 5 82.08% 3 80.90% 3 38.69% 10 82.08% 3 

Tambacounda 23.71% 10 71.48% 4 79.04% 4 85.57% 2 81.44% 4 

Louga 24.32% 8 60.93% 6 70.77% 5 76.50% 4 75.14% 5 

Saint-Louis 23.98% 9 61.29% 5 54.19% 7 71.32% 5 66.12% 6 

Kaolack 8.15% 11 56.84% 8 63.30% 6 53.93% 8 65.26% 7 

Matam 36.22% 4 58.18% 7 53.75% 8 48.33% 9 61.07% 8 

Fatick 59.59% 1 32.13% 10 37.26% 10 57.25% 7 58.78% 9 

Dakar 33.79% 6 10.28% 11 42.10% 9 81.84% 3 53.81% 10 

Diourbel 24.42% 7 53.20% 9 26.45% 11 29.36% 11 44.19% 11 

χ
2 846.1104   3.50E+03   1.30E+03   1.30E+03   843.9811   

p-value 0.000 
 

0.000 
 

0.000 
 

0.000 
 

0.000 
 

Note(s): Pearson’s χ2 illustrates the two-way association of region and the deprivation for each 
dimension/headcount. “#” stands for rank-order on the preceding dimension.  
 
Typically, poverty rates not only vary by geographic or administrative regions but also by 
degree of urbanization. In Senegal, 77.91% of the rural population is multidimensional poor 
compared to 50.36% of the general urban population. The urban population can be split 
further into the urban area of Dakar and other urban areas. Again, the poverty headcount 
differs markedly with 55.59% in Dakar and 41.08% in other urban areas.  

FIGURE 5: DEPRIVATION IN DIMENSIONS BY AREA  

 

  Education 
Water/ 

Sanitation 
Shelter Assets 

Dakar 33.90% 8.96% 42.67% 85.79% 

Urban 22.45% 30.33% 29.88% 52.95% 

Rural 37.72% 71.31% 70.76% 60.61% 

Total 33.88% 44.85% 54.93% 67.08% 

     
χ

2 138.2 3300 1200 760.9 

p-value 0.000 0.000 0.000 0 000 
 
Note: χ2 illustrates the two-way association of the area 
and the deprivation for each dimension. 

 
As illustrated by Figure 5 above, poverty levels on the different dimensions vary severely by 
area as well. The urban region of Dakar is least deprived in terms of water/ sanitation (8.96%), 
which is owed to better access to infrastructure, and it is most deprived on the asset index 
(85.79%). The other urban areas, while also highly deprived in terms of assets (52.95%) are 
more deprived in water/ sanitation (30.33%) than Dakar. In rural areas, the distribution is 
different. Education as measured by primary school enrollment or achievement exhibits the 
lowest deprivation rates (37.72%), which are nevertheless higher than those in any urban 
region. However, inadequacy of housing (70.76%) and access to proper water/ sanitation 
facilities (71.31%) is increasingly important in rural areas. When turning to individual and 
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household characteristics in the following section, urban and rural differences are also 
considered for many of the selected explanatory variables. 

2.5.3 Individual/Household Characteristics and Poverty 

This section examines which characteristics, either of the household or of individuals, are 
indicative of higher vulnerability to poverty. It builds specifically on the preceding analysis of 
correlates of poverty and provides descriptive statistics of the differences in poverty rates 
experienced by specific groups. 

First, the occurrence of poverty is decomposed by age groups, share of children/elderly and 
other core variables related to household composition. When splitting the sample in to 
children aged 0-14, those in working age (15-59 years old) and elderly (60 and above) without 
disaggregating further, then the poverty rates are nearly identical at approximately 64-67% 
and not statistically different7. Since multidimensional indices are based on many criteria 
common to all individuals in a household, this is not surprising as long as the household 
composition does not vary strongly on average. Differences in poverty levels by age groups 
first become apparent when differentiating among urban and rural areas (see Figure 6 below).   

FIGURE 6: POVERTY BY AGE GROUPS  

 

 Dakar 
Other 
Urban 

Rural 

Children  49.10% 45.30% 76.59% 

Working Age  58.71% 38.00% 78.44% 

Elderly (60+) 55.20% 48.67% 82.89% 

Total 55.59% 41.08% 77.91% 

χ
2 23.969 58.92 6.9851 

p-value 0.000 0.004 0.030 
 
Note: χ2 illustrates the two-way association of the 
areas and the deprivation levels for each age group. 

  

All age groups are more exposed to poverty in rural areas than in Dakar and in other urban 
areas. However, compared to the other age groups, children are least exposed to poverty in 
Dakar and rural areas. Only in other urban areas they exhibit substantially higher poverty rates 
than those of working age, rates close to the elderly population (45.30% vis-à-vis 48.67%). 
Interestingly, in Dakar the working age population is the most vulnerable (58.71%), while in 
other urban areas and rural areas it is the elderly with poverty rates of 48.67% and 82.89%, 
respectively. 

When further investigating the incidence of child poverty by age groups no clear pattern 
emerges. In Dakar, children in the age of 12 to 15 years old are substantially more vulnerable 
than the two younger groups (as seen in Figure 7 below). Conversely, in other urban areas the 

                                                 
7 These are for children (64.81%), working age (64.15%), and elderly (67.09%). Pearson’s χ2 is 2.3075 with 2 
degrees of freedom. The null hypothesis is accepted at the p-value of 0.315. Fisher's exact test yields a p-value of 
0.317. 
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picture is reversed. Here the older children are the least poor (36.90%) and those between 5-
11 years are the poorest (49.46%). In rural areas, the incidence of multidimensional poverty is 
strikingly high with 76.6% on average, but not statistically different among age groups. 

FIGURE 7: POVERTY BY AGE OF CHILDREN 

 

 
Dakar 

Other 
Urban 

Rural 

Children (0-4) 45.69% 45.09% 76.80% 

Children (5-11) 48.56% 49.46% 76.66% 

Children (12-15) 57.20% 36.90% 76.42% 

Total 49.65% 44.84% 76.64% 

χ
2 7.252 6.6914 0.0257 

p-value 0.019 0.035 0.987 
 
Note: χ2 illustrates the two-way association of region 
and the deprivation for each age group. 

  

The effect of specific age groups on poverty rates or vice versa can also be analyzed in terms 
of the share a specific group occupies size wise compared to others within a household. 
Turning to shares of children first, the general trend is a linear increase of poverty rates the 
more of the overall household consists of children. If children are less than 25% of the 
household the incidence is 52.96%, but it increases to 58.61% if they are more than or equal 
to 25% and less than 39%, it further increases to 67.14% if they are more than 39% but fewer 
than 49%%, and if children make up at least half or more of the total household the poverty 
rate peaks at 74.03% (see Figure 8 below).  All differences are statistically significant. This 
illustrates the vicious circle of bearing more children to secure future support and becoming 
increasingly vulnerable to poverty today.   

The relationship between share of children and poverty incidence varies starkly among the 
different areas. The linear upward trend is strong only in other urban areas and less 
pronounced in Dakar and non-existent in rural areas (see Figure 8 below). Consistent with the 
overall poverty rates among these areas, other urban areas exhibit lower poverty rates at any 
share of children in the household (except for shares larger than 49%, where poverty is 
slightly higher than in Dakar), and children in rural areas are most exposed to poverty at any 
level of relative size within the household. The bandwidth of poverty incidence relative to 
shares of children in other urban areas is striking. While households with fewer than 25% of 
children are on average poor in ‘only’ 26.36% of the samples cases, those with half or more 
children exhibit a poverty rate more than twice as high of 61.34%. All within area differences 
are also statistically significant. 
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FIGURE 8: POVERTY BY SHARE OF CHILDREN AND BY AREA  

  
  
Just as in the case of children, the share of elderly can be a determinant of household poverty. 
As seen from the population pyramid, Senegal is a predominantly young country. Hence, the 
expected shares of elderly within households will be fewer than among children and are 
grouped into three categories: less than 15%, 15% to just below 30%, and more than or equal 
to 30%. In the section ‘correlates of poverty’ it was found that an increasing number of elderly 
in urban areas is associated with a reduction in the likelihood of poverty. Actually, when 
extrapolating this for the whole country this relationship does not hold. For a share of elderly 
below 15% within the household the poverty headcount is 65.07%, for 15% to less than 30% 
it is 62.00%, and for more than 30% it is 64%. However, these results are not statistically 
significantly different at the 5% level8.  

FIGURE 9:  POVERTY BY SHARE OF ELDERLY AND BY AREA  

 

Share of Elderly Dakar 
Other 
 Urban 

Rural 

0 < 15% 57.22% 41.15% 76.90% 

15%  < 30% 51.74% 40.00% 82.74% 

30% +  32.35% 47.37% 93.62% 

χ
2 21.35 0.773 24.88 

p-value 0.000 0.679 0.000 

 
Note: χ2 illustrates the two-way association of area 
and the deprivation for each share of elderly. 

  

Examining the share of elderly and incidence of poverty by area type, two diametrically 
opposed relationships emerge as characterized in Figure 9 above. In Dakar, the more relative 
size the elderly occupy within a household, the lower is the poverty headcount. For below 
15% of elderly the headcount is 57.22%, for 15% to less than 30% it is 51.74%, and for more 
than 30% it is as comparatively small as 32.35%. In other urban areas no such distinction can 
be made, in fact, the poverty levels are not significantly different. Yet, in rural areas the 

                                                 
8 The p-value of the χ2 test and of Fisher’s exact test is 0.063. 
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previous relationship is reversed. More than 30% elderly in a household leads to an extremely 
high risk of poverty manifested in 93.62% poverty incidence within this group, then with 
decreasing relative size the poverty headcount declines. For the group of 15% to less than 
30% of elderly within a household the headcount is 82.74%, and for households with less than 
15% of elderly people the headcount is 76.90%. In general, the prevalence of old-age poverty 
in rural areas is dramatically high. 

Further, there are distinct gender differences in the frequency of poverty. 62.81% of all men 
are poor, whereas a statistically significantly higher 67.03% of all women are facing 
multidimensional poverty9. Women are thus on average exposed to poverty by 4.22% more 
than men. The gender differences are becoming more pronounced when decomposing gender 
poverty by age groups as seen in Figure 10 below. While female children are minimally less 
poor than their male counterparts, 64.91% versus 65.38%, in all other age groups women are 
increasingly disadvantaged. Woman in working age are poor in 67.74% of the cases, which is 
6.74% more than males of the same age. The divide becomes strongest in old-age. Elderly 
females are on average poor in 73.23% of the sampled cases, whereas poverty among elderly 
males in contrast is substantially lower at 62.84%.  

FIGURE 10: POVERTY BY GENDER AND POVERTY BY GENDER/AGE 

 

  Non-poor Poor 

Male Children  34.62% 65.38% 

Female Children  35.09% 64.91% 

Male Working Age  39.00% 61.00% 

Female Working Age  32.26% 67.74% 

Male Elderly  37.16% 62.84% 

Female Elderly  26.77% 73.23% 

χ
2 = 37.881,  p-value = 0.000 

 
Note: χ2 illustrates the two-way association of M0 and 
the deprivation for the age/gender groups. 

  

While the overall range of the incidence of poverty by gender and age group for the country as 
a whole is moderate (61.00% to 73.23%), the difference are more pronounced when also 
disaggregating by area. The differences among female and male children remain small. The 
results are reported in detail in Figure 11 below. In Dakar, the divide is less than 1%, in other 
urban areas it is about 3% higher for female children, and in rural areas female children are 
minimally less poor (-0.91%). For the working age population the range is wider and females 
generally emerge as poorer. In Dakar, working age females face a poverty headcount of 
64.73% compared to 52.95% for working age males. In other urban areas and rural areas, the 
differential is only about half as big. Females in other urban areas are 5.59% more likely to be 
poor and in rural areas they are 4% more likely to be poor.  

                                                 
9 The unpaired Welch t-test of difference in means with unequal variances yields a p-value of -4.4320, indicating 
that poverty among woman is indeed higher. 
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The gender divide is largest for the elderly. In Dakar, elderly women are poor in 63.64% of 
the cases compared 47.12% for elderly males. The differential is as high as 16.52%. In other 
urban areas, elderly females are even more disadvantaged. They exhibit a 21.99% higher 
chance of being poor, which translates into a headcount of 59.09% vis-à-vis 37.10% for 
elderly men. In rural areas however, the rift is not nearly as large. Although both elderly males 
and females are very poor on average, the difference is only 3.29% with a headcount of 
85.71% for elderly women and 82.42% for elderly men in rural areas. 

FIGURE 11: POVERTY BY GENDER, AGE AND AREA 

 

  Dakar 
Other 
Urban 

Rural 

Male Children  49.15% 43.77% 77.34% 

Female Children  50.00% 46.69% 76.43% 

Male Adults   52.95% 35.03% 76.59% 

Female Adults 64.73% 40.62% 80.59% 

Male Elderly  47.12% 37.10% 82.42% 

Female Elderly  63.64% 59.09% 85.71% 

χ
2 55.996 18.696 14.991 

 -value 0.000 0.002 0.010 
Note: χ2 illustrates the two-way association of M0 and 
the deprivation for the age/gender groups. 

  

Large families, or better household size, are an important and frequent contributor to high 
rates of poverty in developing countries. The effect of household size is especially less 
ambiguous in terms of multidimensional poverty than when assessing income poverty, where 
the use of equivalence scales to account for economies of scale in some cases contravenes this 
relationship. There are only very few single person households in the dataset10 and the average 
household is very large with approximately 10.78 persons per household (p.p.h.). Rural 
households tend to be larger (11.68 p.p.h.) than urban households in the Dakar region (10.07 
p.p.h.), which are in turn larger than households in other urban areas (9.40 p.p.h.). Given the 
low occurrence of small households, household size is grouped into 5 cases in increments of 5 
persons with the first group being 0-4 persons per household and the last group representing 
those with or in excess of 20 members.   

Figure 12 below illustrates the relationship. The results are as expected. Generally, as the size 
of the household increases, the incidence of poverty increases as well. Small households (0-4 
persons) exhibit the lowest poverty rate (55.26%).  Households closer to the mean size, i.e. 5-
9 persons, 10-14 persons and 15-19 persons, are all on average poor in between 63.30% to 
66.28% of the cases, and households with 20 or more people face a proportionally higher rate 
of poverty (71.57%). The association of household size and poverty was also decomposed by 
area type, and the results are briefly summarized here. The relationship is obfuscated in Dakar 
where there is only a minor increase for those with 20 or more people per household, and it is 

                                                 
10  There are merely 14 individuals living alone out of 10196 individuals in total, which corresponds to 0.14% of 
the sample. Hence, single households are a negligible phenomenon in Senegal and not evaluated separately.  A 
kernel density plot of household size can be found in Figure A-2 in the Appendix. 
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nearly reversed in rural areas where small households (0-4 persons) exhibit the highest rates 
of poverty (84.44%), large households (15-19 persons) are significantly less poor (70.48%), 
and very large households (20+ persons) are also less poor than small households (79.68%). 
In other urban areas, the relationship is very strong. Small households (0-4 persons) have a 
comparatively low poverty rate of 37.17% and with increasing size the poverty rates rise to 
39.24%, 41.27%, 45.26%, 67.19%, for 5-9 persons, 10-14 persons, 15-19 persons and 20+ 
persons per household, respectively.  

FIGURE 12: POVERTY BY HOUSEHOLD SIZE 

 

  Non-poor Poor 

0-4 people 44.74% 55.26% 

5-9 people 36.70% 63.30% 

10-14 people 33.72% 66.28% 

15-19 people 35.54% 64.46% 

20 + people 28.43% 71.57% 
χ

2 40.022 
 

p-value 0.000 
 

 
Note: χ2 illustrates the two-way association of M0 
and the deprivation for the household size groups. 

 
The remainder of this section examines further characteristics that are descriptive of varying 
levels of poverty, such as union status and type, main source of household revenue, the 
residential environment and the type of homeownership. 

FIGURE 13: POVERTY BY MARITAL STATUS AND UNION TYPE 

 

  Non-poor Poor 

Single 36.97% 63.03% 

Monogamous marriage 29.12% 70.88% 

Polygamous marriage 28.27% 71.73% 
   

χ
2 45.384 

 
p-value 0.000 

 
 
Note: χ2 illustrates the two-way association of M0 and 
union type. 

 
A large part of the sample population (66.99%) is single or not yet married, 21.25% are in a 
monogamous marriage and the remaining 11.77% are in a polygamous marriage. This balance 
changes however when only examining those older than 15, then 53% of the population are 
married. Singles are significantly less poor on average (63.03%) than those in a monogamous 
marriage (70.88%) and those in a polygamous marriage (71.73%), see Figure 13 above. The 
between group difference in union type is negligible, and the variation by area is proportional 
to the prevalent differences in urban and rural poverty.  
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In the section ‘correlates of poverty’ the main source of household revenue, other than 
agriculture, was associated with an increased probability of poverty in urban areas, holding 
constant all other factors. To examine this relationship further, poverty by type of revenue is 
analyzed first for the country as a whole and second, for the different types of urban and rural 
areas.  For Senegal as a whole, those whose main household revenue is agriculture are also 
most likely to be poor. 87.35% of the sample population mainly engaged in agriculture is 
deprived on at least two dimensions. They are also the largest group in the sample (35.51%). 
Households who mainly derive revenue from salaried employment are the least exposed to 
poverty (50.56%), those engaged in commerce or receiving income from transfers and rents 
still exhibit poverty levels below average 58.72% and 58.94%, respectively, and those with 
various other sources of income are on average poor in 52.27% of the cases. Figure 14 
illustrates these results below. Interestingly, all other main revenue sources other than 
agriculture are associated with poverty levels below the national average, while agriculture is 
a determinant of poverty levels far in excess of the nationwide average.   

FIGURE 14: POVERTY BY MAIN SOURCE OF HOUSEHOLD REVENUE 

 

Main source of revenue Non-poor  Poor 

Agriculture 12.65% 87.35% 

Commerce 41.06% 58.94% 

Salary 49.44% 50.56% 

Transfers/Rents 41.28% 58.72% 

Other 47.73% 52.27% 
χ

2 1100 

p-value 0.000 

 
Note: χ2 illustrates the two-way association of M0 and 
type of revenue. 

  

The picture is more diversified when decomposing by urban and rural areas. In Dakar, having 
agriculture as the main source of revenue is associated with the lowest within group levels of 
poverty (50.65%). This is however slightly misleading as only 2.49% of the sampled 
population in Dakar is actively engaged in agriculture and the few must be relatively 
successful in maintaining a higher standard of living, which explains the distorted results of 
the regression. Households in Dakar deriving revenue mainly from transfer/ rents (M0: 
50.70%) and salaried work (52.98%) are on average slightly less poor than the regional mean 
for Dakar (55.59%). Commercial activities are associated with higher poverty rates (60.45%) 
and a significant proportion of the population in Dakar is engaged in other revenue generating 
activities (about 21.52%), which are associated with slightly above average levels of poverty 
(57.77%).  

In other urban areas the differential between all other revenue generating activities is narrow – 
see Figure 15 below. However, those receiving income from salaried work are significantly 
less like to be poor than those engaged in other activities. They face poverty levels of 34.44% 
compared to all others which have incidence rates in the range of 42.29% to 47.15%. In rural 
areas, the vast majority of the population (65.22%) has agriculture as their main source of 
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revenue. Simultaneously, these are also the poorest with an incidence of poverty as high as 
90.10%. While poverty is rampant in rural areas in general, all other revenue generating 
activities are associated with much lower levels of poverty. The second largest group, about 
10.2% of the rural population, is receiving income from transfers and rents. Compared to 
agriculture this leads to a 20% reduction in the average chance of being poor. Nevertheless, 
their rate of poverty is still very high with 69.40%. Those deriving revenue from commerce 
are poor in 62.73% of the cases, revenue from salaried work is associated with a headcount of 
67.03%, and other revenue sources exhibit the lowest ratio within these groups with poverty 
levels of 57.69% on average.  

FIGURE 15: POVERTY BY MAIN SOURCE OF HOUSEHOLD REVENUE AND AREA 

 

Main source  
of revenue 

Dakar  
Other 
Urban 

Rural 

Agriculture 50.65% 44.06% 90.10% 

Commerce 60.45% 47.15% 62.73% 

Salary 52.98% 34.44% 67.03% 

Transfers/Rents 50.70% 47.09% 69.40% 

Other 57.77% 42.29% 57.69% 
χ

2 16.704 18.009 513.553 
p-value 0.002 0.001 0.000 

 
Note: χ2 illustrates the two-way association of area 
and type of revenue. 

  

Lastly, the living environment and status of homeownership of the sampled households is 
taken into consideration. The residential environment is grouped into four major groups: 
residential housing, planned housing (of type HML SICAP), housing in areas with clearly 
defined boundaries (subdivided lots, habitat loti), and housing without a clear demarcation of 
the living grounds (unsubdevided lots, habitat non loti). The large majority of the population 
(62.27%) lives in housing of type habitat loti, followed by 37.1% that live in areas with 
unsubdevided lots, and the small remainder lives in residential or planned housing. A large 
proportion (14.01%) did not answer this question of the survey. Figure 16 below graphically 
illustrates the resulting poverty rates.  

Disregarding the few cases that live in residential or planned housing and have very low rates 
of poverty, the major divide exists among those living in a habitat loti which experience 
poverty in 51.08% of the cases and those that live in a habitat non loti which significantly 
more prone to poverty (84.08%). All differences are statistically significant. The poverty rates 
are not decomposed further by the type of housing the individual/household currently 
occupies and other constitutive variables, as they were used as a determinant of poverty in the 
construction of the multidimensional index. 

Turning to poverty and home ownership as also illustrated by Figure 16 below, the vast 
majority of the sample (78.6%) responded that they own the house/apartment they currently 
reside in. They are also the least poor compared to other categories of homeownership with a 
headcount of 64.70%, which is very close to the average national poverty rate of 64.57%. 
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Tenancy or co-tenancy is associated with an above average poverty rate of 69.07% and being 
hosted by a third person coincides with a headcount of 79.43%. Interestingly, squatting is not 
associated with a much higher incidence of poverty (67.10% of squatters are poor), but only 
2.33% of the sampled individuals are in such a living arrangement.  

FIGURE 16: POVERTY BY RESIDENTIAL ENVIRONMENT AND BY HOME OWNERSHIP 

  
  

2.6 SUMMARY OF FINDINGS  

In sum, the multidimensional poverty rate in Senegal in 2008 is a striking 64.57%. This is 
significantly higher than the 1.25$/day income poverty rate of 33.5% and slightly higher than 
the 2$/day rate of 60.3%. Moreover, income-based measures and multidimensional measures 
identify only partially overlapping groups, and policies based on non-monetary measures can 
guide social policy in very different ways (de Neubourg, Roelen, & Gassmann, 2009).  

The adjusted headcount used to measure the average number of deprivations of the poor is 
68.1%. This implies that Senegal’s poor are on average deprived in 2.72 dimensions out of 
four. The shelter dimension determines 30% of those identified as poor, followed by access to 
productive assets (28.8%), water/ sanitation (24.5%) and education (16.7%). The first three all 
represent forms of physical goods, suggesting that Senegal is especially deprived in terms of 
material welfare needed for a minimally decent livelihood. Although in different rank order, 
the pre-identification poverty rates for each of the dimensions support this conclusion. Prior to 
aggregation, the levels of deprivation are highest on the asset domain (67.08%), followed by 
shelter conditions (54.93%), water and sanitation (44.85%), and education (33.88%). 

The regional variation is substantial with poverty rates ranging from 44.19% or 53.81% in 
Diourbel and Dakar, respectively, to 98.62% in Ziguinchor or 93.04% in Kolda. Four 
particularities are noteworthy: first, Dakar which is exhibiting comparatively low deprivation 
rates is the third most deprived region in terms of asset poverty, second, Diourbel is 
disproportionally poor in terms of water/ sanitation, and third, the population of Kaolack is 
deprived on average in between 50-60% overall and in all dimensions, except in terms of 
education where it the least deprived of all (8.15%). The poorest regions are (in descending 
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order): Ziguinchor, Kolda, Thiès, Tambacounda, and Louga. They are exhibiting the country’s 
highest headcount rates and the largest distance to the poverty line overall.  

The poverty rates vary strongly by the degree of urbanization. 77.91% of the rural population 
is poor compared to 50.36% of the general urban population. Splitting the urban population 
further into Dakar and non-Dakar, the headcount is 55.59% in Dakar and 41.08% in other 
urban areas. Urban Dakar is least deprived in terms of water/ sanitation (8.96%), which is 
owed to better access to infrastructure, and it is most deprived on the asset index (85.79%). 
Other urban areas, while also highly deprived in terms of assets (52.95%) are poorer in terms 
of water/ sanitation (30.33%). In rural areas, the distribution is different. Education exhibits 
the lowest deprivation rates (37.72%), which is nevertheless higher than those in any urban 
region. Inadequacy of housing (70.76%) and access to proper water/ sanitation facilities 
(71.31%) is of crucial importance in determining poverty in rural areas. 

All age groups are more exposed to poverty in rural areas than in urban areas. However, 
compared to the other age groups, children are least exposed to poverty in Dakar and rural 
areas. Only in other urban areas they exhibit substantially higher poverty rates than those of 
working age. Further, the relative share of children within the household is strongly associated 
with increasing poverty. If children are less than 25% of the household the incidence is 
52.96%, but it peaks at 74.03% if children make up half or more of the total household. 
Generally, as the size of the household increases, the incidence of poverty increases as well. 
Small households (0-4 persons) exhibit the lowest poverty rate (55.26%).  Households closer 
to the mean size are all on average poor in between 63.30% to 66.28%, and large households 
(20+ people) face very high rates of poverty (71.57%). 

Gender differences in national poverty rates are moderately small given the high incidence 
levels overall. 62.81% of all men are poor compared to 67.03% of all women. Women are on 
average exposed to poverty by 4.22% more than men. The gender differences are more 
pronounced when decomposing poverty by gender and age. Female children are minimally 
less poor than their male counterparts, 64.91% versus 65.38%, and in all other age groups 
women are increasingly disadvantaged. Woman in working age are poor in 67.74% of the 
cases, which is 6.74% more than males of the same age. The divide becomes strongest in old-
age. Elderly females are on average poor in 73.23% of the sampled cases, whereas poverty 
among elderly males in contrast is substantially lower at 62.84%.  The main source of 
household revenue and poverty are also closely related. 87.35% of those engaged in 
agriculture are poor. They are also the largest group, with a total of 35.51% of the sample. 
Households who mainly derive revenue from salaried employment are the least exposed to 
poverty (50.56%, far below the national average) and all other sources of revenue are 
associated poverty rates in the range of 50-60%.  

A few limitations are noteworthy, analyzing poverty from a static perspective only and with a 
restricted amount of available indicators allows for a clear, although not comprehensive, 
picture of poverty today. However, it cannot adequately analyze poverty’s underlying causes 
and its intergenerational transmission or identify differences in poverty over time, such as 
chronic, transient and persistent poverty. The main aim of this part was to develop and 
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operationalize the multidimensional index and to presents first results from the first of two 
waves of household surveys undertaken in 2008. Using this methodology and a similar 
version of the index described here, the dynamic aspects are explored further in the following. 

III. DYNAMIC MULTIDIMENSIONAL POVERTY 

In addition to considering the multidimensional aspects of poverty, it is important to also take 
into account the temporal component of poverty. Analyzing the dynamic aspects of poverty is 
crucial for several reasons. First, poverty dynamics determine successful policies. While 
governments often only use static measures of poverty for targeting, those measures disregard 
specific groups such as the long term or the transient poor. If a government wishes to target 
especially the long term poor, in comparison to those who slide in and out of poverty, 
longitudinal assessments of poverty incidence are a necessity. Relying only on short term data, 
targeting will lead to disproportionate inclusion and exclusion errors. In designing safety net 
policies to target those falling repeatedly into poverty, the characteristics and factors 
associated with entry and exit of poverty are vital ingredients. Again, this question can only be 
assessed using dynamic data. Last, poverty dynamics are important to understand why some 
households increase their welfare over time while others do not (Baulch & Hoddinott, 2000). 

The dynamic aspect of poverty has so far mostly been considered by conducting a descriptive 
analysis focusing on the characteristics of individuals who fall into monetary poverty, or using 
transition matrices, displaying the percentages of people who move from one income quintile 
to another during two or more years or measurement11. This report will present a descriptive 
analysis for those who fall into poverty in the first period observed12 and those who enter 
poverty in later stages. Those characteristics are distinct from each other theoretically, since 
the former are most likely born poor and hence, build the group of the chronic poor. 
According to Hulme et al. (2001), the strictest definition of chronic poor are those to whom 
poverty is transmitted intergenerationally. In analyzing and understanding chronic poverty, the 
concept of multidimensional poverty is critical since chronic poverty consists of several 
dimensions. In addition, the amount of dimensions in which an individual is deprived lowers 
her likelihood to escape poverty again (Hulme & Shepherd, 2003).  

Characteristics of the chronic poor in developing countries include their age, e.g. children 
(Harper & Marcus Karen, 2003) and elderly (Barrientos Mark & Heslop, 2003), their social 
position, e.g. being part of an ethnic group (Mehta & Shah, 2003), discrimination within the 
household (Hulme & Shepherd, 2003), and living in remote areas (Bird & Shepherd, 2003; 
Deininger & Okidi, 2003), or in conflict regions (Goodhand, 2003). Moreover, low human 
capital e.g. illiteracy (Mehta & Shah, 2003), and the size of the household (Aliber, 2003; 
Yaqub, 2002) are correlated positively with higher chronic poverty. Related to household size 
is the composition of the household: chronic poverty is linked to higher dependency ratios 
(Baulch & Hoddinott, 2000). Furthermore, the lack of assets, particularly land ownership 
(Jalan & Ravallion, 2000; Lipton, 1989) is a factor often associated with chronic poverty. 

                                                 
11 See e.g. Baluch and Hoddinott (2000) for an example of studies using transition matrices 
12 For each individual, observations at an age below 6 years are excluded from the analysis, due to a recall bias.  



28 
 

Last, the occupational status of an individual is correlated in some developing countries to 
chronic poverty. However, the direction of the relationship is less clear and dependent on the 
characteristics of the labor market (McKay & Lawson, 2003).  

While descriptive statistics are useful in assessing the characteristics of the poor at a certain 
point in time, they only provide limited information on when people enter poverty and which 
events are correlated with the transition into poverty. To overcome those shortcomings, 
duration analysis13 has been introduced to the study of poverty dynamics.  

A classic paper by Bane and Ellwood (1986) first applies the originally bio-statistical 
approach to poverty measurement. The paper establishes the notion of poverty spells with a 
spell being the period of time in which a person’s income or achievement is below the poverty 
line. Bane and Ellwood (1986) analyze the American Panel Study of Income Dynamics 
(PSID) for 12 subsequent years (1970-1982). They find the following events to be related to 
poverty entry: earning changes (49.3% of all poverty entries), the transition to a female 
headed family (11%), poverty by birth (8% of all cases and 20% of all poor children), and 
leaving the parental home (15%). Bane and Ellwood only model the first entry into a poverty 
spell. This is a serious limitation since people might exit poverty only to fall back into it later.  

Stevens (1994, 1999) builds on Bane and Ellwood’s spell approach but extends it to cover 
entries into and exists from multiple spells of poverty. First and subsequent entries are 
modeled with different probabilities as reentry into poverty might depend on the time 
previously spent in poverty. Using again the American PSID, this time for the period 1973-
1988, Stevens (1999) finds that poverty is much more persistent than assumed previously if 
one accounts for multiple entries into poverty. Moreover, ethnicity (especially being a black 
American), having only a low educational level, and having a female household head are 
correlated with higher reentry rates. Concerning an age related effect, reentry rates are lowest 
for individuals between 25 and 34 years (Stevens, 1999). Though Bane and Ellwood as well 
as Stevens contributed considerably to a new branch of modeling poverty dynamics, their 
studies are concentrating more on modeling the exits of poverty instead of the entry into 
poverty – the focus of this report.  

Generally, little research has been conducted on which events are decisive in entering a spell 
of poverty. McKernan and Ratcliffe (2002) summarize findings of studies dealing with 
transition events into poverty using American longitudinal data sets (mostly PSID, some using 
SIPP14 or CPS15). Events frequently associated with poverty entry are changes in labor supply 
and earnings, with changes in the earnings of the main income earner being the single largest 
transition event. Changes in labor supply and earnings are more often related to transitions 
into poverty than changes in household structure and composition (McKernan & Ratcliffe, 
2002). However, the study also acknowledges that transitions into poverty have been studied 
less intensively than poverty exists (McKernan & Ratcliffe, 2002). Studies concerning OCED 

                                                 
13 This report will use the terms duration analysis, survival analysis and event history analysis interchangeably.  
14 Survey of Income and Program Participation, providing monthly data.  
15 Current population survey, providing monthly data.  
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countries (e.g. Duncan et al. (1993)16 or Antolín et al. (1999)17) reach similar conclusions: 
while differences between countries exist, unemployment events are the largest correlate of 
transitions into poverty, followed by family events (divorces and separations), which are 
important in all countries but the US. In sum, with regard to developed countries, employment 
changes are central in determining entry into poverty.  

However, there are almost no studies using duration analysis in determining events which 
trigger entry into poverty in developing countries and especially Sub-Saharan African 
countries. The point is crucial since events leading to poverty are probably different for 
developed and developing countries. Sahn and Stifel (2000) attribute this lack of literature to 
the absence of adequate longitudinal household surveys, necessary for such an analysis, since 
most data sets for African countries are only cross-sectional. Baulch (2003) finds that only a 
few developing countries (among them Ivory Coast and Uganda) are in the possession of a 
larger household panels and only several (e.g. Ethiopia and South Africa) have smaller panels 
(focusing on either rural/urban population), which are broadly representative to the population 
in the surveyed area.  

A noteworthy exception is a recent study on Kenya (Kirimi & Sindi, 2006). Kirimi and Sindi 
(2006) analyze a three-wave panel data set (1997, 2000 and 2004) with a discrete time hazard 
approach. They find the number of children younger than 6 years old to be a principal 
determinant of poverty entry. Other events are a loss in wealth and financial resources, 
engaging in informal sector activities, a high HIV/AIDS prevalence rate, and being employed 
in the low-wage sector. This study already hints at a difference in determinants of poverty 
entries for developed and developing countries: in developed countries, formal employment 
related changes are responsible for the majority of transitions into poverty. In developing 
countries, employment is also a crucial factor, which can be deducted from the amount of 
events which are related to some sort of employment (i.e. loss of financial resources, 
employment in the low-wage sector, informal sector activities). However, employment events 
are much more related to a change in the type of employment and not to a change from 
employment to unemployment. Besides, family related events seem to have a stronger effect 
in developing countries, as demonstrated by the importance of childbirth as an event. In 
addition, adverse individual events such as an infection with HIV/AIDS are vital in 
developing countries, while none of the studies concerning developed countries regards health 
as a potential determinant of poverty entries.  

In sum, literature on events associated with entries into poverty is limited, especially 
regarding developing and foremost Sub-Saharan African countries. To our knowledge, no 
study investigating events associated with poverty entries exists in Senegal. Most studies 
modeling entry into poverty focused on modeling entry into monetary poverty since the data 
available is predominantly concerned with income dynamics. This point is crucial in dealing 
                                                 
16 Countries studied are Canada, France-Lorraine, the Federal Republic of Germany, Luxemburg, the 
Netherlands, Sweden and the United States. The surveyed time horizon differs by country with longitudinal 
studies being situated between 1980-1988.  
17 Countries studied are Canada, (West-) Germany, the United Kingdom and the United States. The surveyed 
time horizon differs by country. Since data for the UK was only available from 1991-1996, those for Canada, the 
US and Germany were restricted to the last six waves of each panel (1995, 1993 and 1996, respectively). 
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with a developing country such as Senegal, due to the above mentioned shortcomings of the 
monetary approach. Besides, events causing transition into multidimensional poverty could 
also be distinct from those triggering monetary poverty entries. Hence, this section tries to fill 
a gap in poverty literature in first, modeling transition events into poverty applying survival 
analysis for a developing country, Senegal, and second, estimating this model using a 
multidimensional approach to poverty.  

The following analysis addresses three research questions in particular: 

RQ1: What is the multidimensional poverty rate in Senegal, and what characteristics 
and patterns emerge among the poor? 

RQ2: Did the characteristics of people in poverty change between 1978 and 2008?  

RQ3: When is the first entry into poverty and what are its individual determinants? 

The first question is addressed through poverty incidence analysis. The second question will 
be evaluated using a descriptive analysis of individual and household characteristics of the 
poor. The last question is tackled with a discrete-time survival analysis.  

The present study adds to the literature on poverty in Senegal by providing a 
multidimensional poverty profile for Senegal over the last 30 years (1978-2008), using a 
retrospective data set. The data provides records of a sample of 2,350 individuals over their 
life course and makes available important information about living conditions in Senegal 
during the last century. To our knowledge no other data exists providing such rich longitudinal 
information on Senegal. To date, the literature on duration analysis modeling entry into 
poverty in developing countries is extremely limited and no study has ever tried to model 
entry into poverty in Senegal using duration analysis. This study thus fills a literature gap 
through analyzing multidimensional poverty using established tools such as discrete-time 
duration analysis, in general, and by providing insights into poverty in Senegal in particular. 

3.1 METHODOLOGY 

The methodology part of this section will first focus on providing a description of the data set 
used for the analysis as well as present some limitations of the data set. Afterwards, the 
methodology employed for the construction of the multidimensional poverty index will be 
illustrated, followed by an identification of indicators and a description of their aggregation 
into a composite poverty index.  

 3.1.1 Data Description and Data Limitations  

The multidimensional dynamic poverty analysis is based on a household survey undertaken in 
Senegal in 2008 by the Laboratoire de Recherche sur les Transformations Economiques et 
Sociales (LARTES) de l’Université de Dakar in cooperation with UNICEF Senegal, the 
Institut de Recherche et de Développement (IRD), l’Agence Nationale de la Statistique et de 
la Démographie (ANSD) and the Chronic Poverty Research Center (CPRC). A national cross-
sectional household study was used in order to identify potential subjects, which were then 
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asked to complete a more detailed questionnaire which goes back over the whole course of 
their lifetimes. Hence, it is a retrospective data set. The first observation in the data set is an 
individual born in 1917. In total, 2350 individuals could be matched across all nine modules.18 
Usually, two individuals of each household were asked the questionnaire; this was the case for 
the majority of the households (1150). In 43 cases, only one person of the household was 
asked and in 2 cases, more than 2 household members were asked. Thus, in total, there are 
1195 households in the sample. 

In setting up a longitudinal data set, a panel data set is usually preferred since it generates 
more reliable and objective data. However, creating a panel data set is first, very expensive 
and second, takes a long period of time. Moreover, it is unlikely that one can really follow a 
sample for a period of time which is as long as the one in this data set. One would need to 
oversample in the beginning, as some people will drop out (die/move to an unknown 
location/refuse to continue the study) so that in the end, enough observations remain 
(Blossfeld, Golsch, & Rohwer, 2007). Hence, retrieving the data retrospectively has the 
advantage of creating a panel data set at acceptable costs and within a short period of time. 
Moreover, since most developing countries do not have a panel data set for the last decades, 
conducting a retrospective analysis is the only way of analyzing the past in those countries.  

However, the retrospective method makes the data gathering dependent on people’s 
memories. It is impossible to objectively verify whether or not the given answers make sense, 
the data set is heavily reliant on how and if people remember the past (Dex, 1994). As can be 
seen later in the analysis, this leads to a heavy recall bias with people remembering the past 
better than it actually was. Children under six years old are excluded from the analysis in this 
report, since it seems unlikely that a six year old can remember his or her situation correctly. It 
is unfortunate that child poverty can therefore not be assessed properly. Before excluding 
children under six from the data set, their poverty rate was retrieved. As the multidimensional 
poverty rate for children under six years old in this data set was basically zero, the assumption 
that those children just do not remember correctly seems to be justified. In addition to a recall 
bias, a retrospective data set is always subject to a survivor bias: at this point in time, one can 
only ask those who are still alive (Blossfeld, et al., 2007). This point is crucial in poverty 
analysis, as the most affected will not appear in the data set, because they were unable to 
survive until the time of the interview, which leads to the underestimation of poverty in earlier 
years. Moreover, due to the form of the data gathering, its age composition changes over the 
years: while the number of children gets lesser the closer one comes to the present years, the 
number of people reaching old age increases. This poses problems in analyzing child or old 
age poverty, since the sample size for those characteristics fluctuates widely.  

Concerning the data set as such, no weights are available. Hence, in a strict sense the 
headcounts obtained in this report cannot be generalized for Senegal. Still, they are instructive 
in providing information on the characteristics of the poor in Senegal and their correlates of 
poverty. A comparison of the 2008 situation in this sample to other sources such as UNICEF 

                                                 
18 Those modules are on socio-demographic characteristics, housing histories, study, apprenticeship and working 
life, marital life, children born alive, health, history of influential persons, associative and community life, and a 
synthesis.  
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reveals that some over/undersampling might exists in the sample. For example, in 2008, 
UNICEF (2010) finds an urbanization rate of 42% in 2008, while the data set provides 57% 
(valid percentages). Furthermore, the quality of the data in the data set is diverse. Several 
variables are subject to a huge number of missing values. One module (about the marital life) 
was impossible to be used since e.g. data on the date of marriage was missing. As the 
questions asked were mostly not dealing with sensitive issues, it is questionable why the 
missing values make up for such a large share of all answers. One possibility is that mistakes 
occurred in digitalizing the information. Moreover, it seems possible that some answers were 
coded wrongly accidentally, leading to implausible results.19 Of course, the data set had to be 
cleaned from such entries. However, one does not know, whether the mistakes follow a 
systematic pattern. If this is the case, removing the entries might further introduce a bias in the 
data set (Blossfeld, et al., 2007; Kline, 2005).  

While the questionnaire is extensive in its questions, containing nine different modules, some 
modules are just not suited well for a retrospective data gathering. For example, the 
questionnaire contains one module dealing with health. But the questions in this module are 
asked in such a way that they are practically impossible to be answered retrospectively.20 This 
leads to the result that people in the sample do not seem to have been sick, which does not 
make sense intuitively and renders the analysis of health in Senegal unfeasible, given this data 
set. As a multidimensional poverty index is built in this report, not being able to consider 
essential dimensions such as health is a major limitation. In addition, some questions concern 
issues that only became available recently which impedes the analysis over time.21  

3.1.2 Choosing Indicators and Dimensions 

In order to establish a multidimensional poverty index, dimensions and underlying indicators 
have to be selected. Asselin (2009) presents a poverty matrix structure containing dimensions 
of poverty and their possible indicators  (Table A-2 in the appendix). Due to data constraints 
in five out of the ten22 dimensions proposed by Asselin, five were constructed, since for others 
either no relevant questions have been asked in the questionnaire (on e.g participation/social 
peace) or the questions had too many missing values to make their usage meaningful (e.g. the 
health module). The dimensions, their indicators and thresholds are depicted in Table 5. 

 

 

                                                 
19 One example is the number of children with an educational level equal to a university degree.  
20 People were asked to answer a number of questions for each time they were sick. However, no classification of 
“sick” was given, so that being “sick” basically depends on what people themselves perceive as “sick”. 
Moreover, one surely does not remember each time one had a minor disease, such as a cold. Therefore, people 
understate sickness heavily.  
21 People who were asked whether they took a loan to survive might have answered not to have taken one not 
because they were not in need of a loan, but because no market possibilities (formal/informal) for taking a loan 
existed. 
22 Those dimensions are: income, education, health, food/nutrition, water/sanitation, employment/labor, housing 
(environment), access to productive assets, access to markets and participation/social peace (Asselin, 2009).  
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TABLE 5: DIMENSIONS, INDICTORS AND THEIR THRESHOLDS 

The first dimension, income, consists of three different indicators: if a person took a loan 
(formal/informal) to survive, if she has sold any of her belongings (such as land, livestock or a 
house) in order to survive or if she perceived her income as being insufficient to assure e.g. 
alimentation or the school enrollment of children. For loans, the threshold set at loan from the 
formal sector represents the assumption that simply taking a loan cannot be associated with 
being deprived as long as the loan is issued from the formal sector. Receiving a loan from the 
formal sector shows that one has enough resources to pay it back later. However, the sale of 
belongings or the impossibility to assure basic needs indicate substantial shortcomings of 
income. For those indicators, the relevant thresholds are not having to sell any items and 
having enough income to assure one’s basic needs.  

The second dimension, education, builds on the formulation of the Millennium Development 
Goals (MDGs), especially on MDG II. MDG requires that “by 2015, children everywhere, 
boys and girls alike, will be able to complete a full course of primary schooling” (UNDG, 
2003). Therefore, children who are in primary school age (6 to 12 years old) are obliged to be 
enrolled in primary school or to have finished primary school. Children above age 12 and 
adults are required to have obtained at least primary education.  

The dimension water/sanitation points towards the availability of safe drinking water sources 
and adequate sanitation facilities. The dimension is subdivided into the sub-dimensions water 
and sanitation. Following WHO and UNICEF guidelines (2006), the threshold for water is set 
at access to running water.23 Any other water source is regarded as a sign of deprivation since 
their safety is either unknown (e.g. wells) or they imply the transportation of the water (e.g. 
fountains). Water that needs to be transported is subject to risks concerning the water quality 
leading to the conclusion that only running water can be classified as safe water source. The 
second sub-dimension, sanitation, also follows the WHO and UNICEF (2006) guidelines in 

                                                 
23 Improved water sources according to the WHO and UNICEF (2006) are: piped water into dwelling, plot or 
yard; public tab/standpipe; tubewell/borehole; protected dug well; protected spring; rainwater collection.  

Dimension Indicator Threshold (minimum required value) 
Income Loans No loan or formal loan  
 Sale of belongings No sale 
 Enough income to survive Enough income (self-reported)  

Education 
Primary enrollment Child (6-12 years old) is in school 

Educational Level 
At least primary education (if 13 years or 
older) 

Water/Sanitation 
Water access Access to running water 
Latrine  type Improved latrine 

Housing 
Residential environment Subdivided environment 
Overcrowding Less than 3 people in room 
Electricity  Electricity  

Access to markets 
Access to markets  
Access to social services Have access to all of those 
Access to infrastructure  
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setting its threshold. The threshold is set at improved latrines, which includes flush toilets, 
covered latrines and septic tanks24.  

The fourth dimension, housing, consists of three indicators, one dealing with the residential 
environment, one with the number of persons sleeping in one room and one asking whether or 
not the household has access to electricity. The construction of the dimension housing follows 
Fiadzo et al. (2001) who use three sub-dimensions in building a housing index for Ghana: 
overcrowding, physical deficiencies and excessive shelter costs. In the case of Senegal, the 
residential environment is poor if it is an environment which is not subdivided. Those 
environments resemble slums and are therefore an indication for deprivation. The threshold 
for the indicator electricity is set at not having access to electricity. This seems reasonable, 
since answer possibilities to this question only allow for having electricity or not, no other 
source of energy is accounted for. The number of people sleeping in one room gives an 
indicator for overcrowding. The threshold is an amount of more than two people per sleeping 
room. The report follows a suggestion of Asiama (1990) who proposes using a number of two 
persons or more per room as an index of overcrowding in the case of another sub-Saharan 
country (Ghana).  

The last dimension which can be built given data availability is a dimension on access to 
markets. This dimension consist of two indicators, one dealing with whether or not a person 
has access to markets as such, the second one dealing with whether the person has access to 
social services and the last part of the dimensions considers an individual’s access to 
infrastructure. For all of the beforehand mentioned indicators the threshold is set at not having 
access to the markets. Access to markets is important, since also in developing countries, the 
process of composing a livelihood shifts from dependency on natural resources to dependency 
on a wide range of assets, income source and product/labor markets (Bebbington, 1999). 
Hence, access to markets is crucial to achieve a decent livelihood and therefore included as a 
separate dimension in the multidimensional poverty index.  

Table 6 (below) presents the deprivation rates in indicators as well as dimensions. A person is 
deprived in an indicator if she has an achievement, which is below the indicator specific 
threshold. Moreover, a person is deprived in one dimension, if she is deprived in at least one 
of the indicators of this dimension. This report hence employs the union approach to 
determine dimensional deprivation. As the report seeks explicitly to investigate the dynamic 
aspects of multidimensional poverty in Senegal, four years are chosen for comparison: the last 
year of the data set (2008) and the preceding three decades (1998, 1988, and 1978). The 
analysis does not focus on years prior to 1978 as for those years the amount of observations 
becomes considerably small: while there are still 1485 observations in 1978 (compared to 
2350 in 2008), the number of observations drops to only 874 observations in 1968. Going 
back to 1978 allows for a crude overview of poverty dynamics in Senegal over the last 30 
years. 

 

                                                 
24 Improved sanitation facilities according to the WHO and UNICEF (2006) are: flush or pour-flush to piped 
sewer system/septic tank/pit latrine; ventilated improved pit latrine; pit latrine with slab; composting toilet.  
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TABLE 6: DEPRIVATIONS IN DIMENSIONS AND INDICATORS 1978 – 2008 

Dimension / Indicator Deprivation in %  
  1978 1988 1998 2008 
Income 26.6 33.03 39.21 45.45 

Loans 10.57 15.16 19.41 24.21 
Sale of belongings 12.79 16.78 19.71 20.81 
Enough income to survive 15.29 17.4 19.75 23.23 

Education 69.29 63.68 62.62 61.06 
Primary enrollment 18.05 7.86 1.83 0.04 
Educational Level 51.25 55.82 60.79 61.02 

Water/Sanitation 52.53 51.43 49.43 49.15 
Water access 48.08 46.38 43.93 43.32 
Latrine type 36.03 31.94 30.35 29.62 

Housing 54.61 55.2 56.62 58.72 
Residential environment 33.4 33.46 32.48 33.74 
Overcrowding 27.41 28.84 30.91 32 
Electricity  41.95 37.27 34.87 34.26 

Access to markets 33.6 32.27 30.35 30.89 
Access to markets 25.79 26.41 25.67 26.72 
Access to social services 27.74 24.98 22.22 22 
Access to infrastructure 26.4 25.45 23.63 24.3 

Source: Authors’ calculations 

As can be seen from Table 6, the levels of deprivation per dimension and indicator, and their 
development vary considerably. While some indicators and hence, dimensions display a 
noticeable worsening of the situation, others show a slight improvement or depict the same 
situation in 1978 as in 2008. When interpreting these, the limitations remain (i.e. the recall 
and the survivor bias). Moreover, concerning age sensitive dimensions (such as education) 
one has to take into account the age related limitations already mentioned in the data section.  

The largest increase in deprivation takes place in the income dimension. However, the two of 
the indicators of this dimension (loans and enough income to survive) could especially be 
subject to the recall bias.25 Having in mind those limitations, the dimension indicates that the 
income situation of Senegalese individuals worsened. The individuals in the sample had to 
take more loans to survive, did thus not have enough income to survive and had to sell more 
of their belongings. In the case of education on the contrary, it is visible that primary school 
enrollment for children between 6 and 12 years old increased. While deprivation rates in 
education for children decreases, at the same time, deprivation in the dimension educational 
level for adults increases. There seem to be some cohorts in the past 30 years, who reached 
adulthood within the depicted years but either did not finish primary school (hence, the person 
was not deprived as a child, but is deprived now) or they did not profit from the increase of 
enrollment levels. Those increased enrollment levels could be due to the enrollment of 

                                                 
25 Moreover, younger people might not be aware of the fact that their (foster) parents were taking loans to 
survive and even if they knew, it is unlikely that they knew as well whether those loans were taken in the formal 
or the informal sector. 
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children who just started school (6 years old). Hence, somebody aged for example 12 years 
old was not able to profit from the increased effort to improve primary school enrollment 
rates, did not attend primary school and thus, did not obtain at least primary school education. 
In general, the educational situation in Senegal improved. The dimension water/sanitation also 
clearly demonstrates an improvement of the socioeconomic situation in Senegal, as the 
deprivation rates in this dimension fall continuously.  

Concerning housing, deprivation rates increase continuously. However, deprivation rates in 
the indicator residential environment stay quasi constant. The indicator electricity experiences 
drop in deprivation rates (42% in 1978 to 34% in 2008), which is an indication for the 
development in infrastructure taking place. Still, deprivation rates in the overcrowding 
indicator increase, which could be due to the recall bias or an indication for more people 
living in a smaller place. Recently, the latter one could be the result of urbanization. As 
families move towards the cities and space in cities tends to be limited, some families might 
be forced to move in an apartment which is smaller than the house they had in the rural area. 
Table B-1 (Appendix) clearly demonstrates that people in Senegal follow the general trend of 
moving from the rural areas especially to Dakar, but also to other urban areas (United Nations, 
2008). Lastly, deprivation rates in the dimension access to markets as well as the deprivation 
rate in the three indicators this dimension is composed of, stay almost constant over those 30 
years. Table 6 (above) thus demonstrates the dynamic of deprivation shares in dimensions. 
While some dimensions show a clear increase or decrease in deprivation, others only change 
marginally for the period 1978-2008.  

FIGURE 17: PRE-AGGREGATION DEPRIVATION RATES IN DIMENSIONS 

  

  
Source: Authors’ calculations 
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The pattern already visible in Table 6 becomes even clearer when having a look at Figure 17, 
which depicts the pre-aggregation deprivation rates in all five dimensions over the four years 
of comparison. While the figure shows a clear bias in deprivation rates towards the 
dimensions housing, water/sanitation, and education in 1978/1988, the figure undoubtedly 
demonstrates the growth in deprivations in the dimension income. While income was the 
dimension in which least deprivation exists in 1978, due to the increase in deprivation in this 
dimensions, the one with the lowest deprivation rate in 2008 is access to markets.  

3.1.3 Aggregation and the Multidimensional Poverty Index 

After the elaboration on dimensional deprivation rates, the final step is the aggregation of the 
dimensions into one composite poverty index. As has been described in the methodology part, 
this report will use the dual cutoff method to aggregate dimensions. The cutoff level c is set at 
two dimensions. Summarizing, to be poor along the lines of this report, a person has to be 
deprived in at least one indicator of a dimension and in at least two dimensions.  

TABLE 7: CORRELATIONS BETWEEN DIMENSIONS IN 2008 

Note: *** p<0.01, ** p<0.05, * p<0.1 
Source: Authors’ calculations 

Table 7 presents the correlations between the distinct dimensions for one exemplary year 
(2008). A high correlation between any two dimensions means that those dimensions do not 
cover different but rather the same group of people. As the aim of a multidimensional poverty 
index is to represent a differentiated picture of poverty in Senegal, it is important that the 
dimensions building the index do not overlap considerably.  

Table 7 shows that all correlations, except for the correlation between the dimensions ‘access 
to markets’ and ‘water/sanitation’ are quite low. All correlations except for the one between 
‘housing’ and ‘income’ are highly significant (p-values mostly <0.01). According to Alkire 
and Foster (2008), correlations below 0.4 are reasonably low. Hence, the only correlations 
violating this assumptions are the dimensions ‘housing’ and ‘water/sanitation’ with a 
correlation just above 0.4 (0.42), ‘access to markets’ and ‘housing’ and ‘access to markets’ 
‘water/sanitation’. The latter makes sense intuitively, since the place where people live 
determines their access to water/sanitation as well as their access to markets. While the 
correlation cannot be neglected, its value does not seem to be as unforeseen as to prevent its 
inclusion in the aggregated index. It is moreover interesting that ‘access to markets’ is not 
correlated with the dimension income. This indicates that the utilization of a multidimensional 
poverty index offers additonal information and thus, more detailed insights into poverty. 

 Income Education Water/ 
Sanitation Housing Access to 

markets 
Income 1.00     
Education 0.11***  1.00    
Water/Sanitation 0.09***  0.26***  1.00   
Housing 0.01 0.20***  0.42***  1.00  
Access to  
markets 0.05**  0.23***  0.50***  0.43***  1.00 
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TABLE 8: OVERLAP OF DIMENSIONS IN 2008 

Note: The numbers in brackets are the number of observations for each combination of deprivation in 
dimensions.  
Source: Authors’ calculations 

The overlaps of dimensions depicted in Table 8 underline the findings from the correlations 
and demonstrate that especially people who are deprived in the dimension ‘access to markets’ 
are also deprived in other dimensions: while only 31% of the population are deprived in the 
dimension ‘access to markets’ in 2008, 91% of those are also deprived in the ‘housing’ 
dimension, 86% of them are disadvantaged according to the ‘water/sanitation’ dimension and 
78% have an insufficient level of education. Hence, those who are deprived in this dimension 
are very likely to be deprived in another dimension as well. Furthermore, 67% of those under 
the poverty threshold in the ‘housing’ dimension are also deprived in the ‘water/sanitation’ 
dimension. In addition, 80% of those deprived in the ‘water/sanitation’ dimension are also 
disadvantaged in the ‘housing’ dimension. Thus, deprivations in ‘water/sanitation’, ‘housing’ 
and ‘access to markets’ often come together.  

Still, considering the total deprivation rates in each dimension for the whole sample, people 
are mostly deprived in the dimension ‘education’ (61%), followed closely by ‘housing’ (59%); 
then ‘water/sanitation’ (49%), ‘income’ (45%) and lastly ‘access to markets’ (31%) follow. 
While only 31% of the population are poor in the dimension ‘access to markets’, those seem 
to be the extremely destitute, since most of the people disadvantaged in this dimension are 
also deprived in most other dimensions. Generally, as there are high percentages of overlap, 
most people are deprived in more than just two dimensions. In aggregating the dimensional 
deprivation rates to a composite index, this will lead to quite substantial poverty rates using 
the dual cutoff approach with the cutoff level c = 2. The tables are only depicting deprivation 
rates for 2008. Hence, nothing can be said about child poverty since only one child was 
mistakenly interviewed in 2008. Therefore, the dimensional overlap between ‘education’ and 
the other dimensions is not caused by children not attending school and being deprived in e.g. 
shelter, but it is the result adults lacking educational attainment. A causal relationship between 
low educational attainment and deprivation in other dimensions seems to be plausible but 
cannot be demonstrated at this point.  

 Income Education Water/ 
Sanitation Housing Access to 

markets 

Income  50% 50% 46% 49% 
 (717) (575) (634) (355) 

Education 
67%  74% 69% 78% 
(717)  (854) (953) (567) 

Water/Sanitation 
54% 60%  67% 86% 
(575) (854)  (924) (623) 

Housing 
59% 66% 80%  91% 
(634) (953) (924)  (657) 

Access to markets 33% 
(355) 

40% 
(567) 

54% 
(623) 

48% 
(657)  

Total 45% 
(1,068) 

61% 
(1,435) 

49% 
(1,155) 

59% 
(1,380) 

31% 
(726) 



39 
 

Furthermore, Table B-2 (Appendix) displays the overlap of all dimensions in more detail 
showing how the different indicators of the dimensions overlap. An overlap of 
‘water/sanitation’ with ‘access to water‘ is recognizable, suggesting that access to a safe 
drinking water source is crucially important and its absence is a good predictor for other 
deprivations. In general, it can be seen that almost all indicators for ‘water/sanitation’, 
‘housing’ and ‘access to markets’ overlap to some degree. Thus, the poor in Senegal seem to 
suffer especially from a combination of deprivations in those three dimensions.  

3.2 POVERTY PROFILE 

This section provides a multidimensional poverty profile for Senegal, again focusing on the 
years 1978–2008 only, due to data limitations for years prior to 1978. First, the poverty 
headcount in the whole country will be presented, followed by an urban/rural description of 
poverty headcount levels in the four years chosen for comparison (1978, 1988, 1998 and 
2008). Second, the poverty headcount will be decomposed by individual and household 
characteristics, which allows for a deeper investigation of the characteristics of the poor in 
Senegal. Last, objective poverty as measured by the multidimensional poverty index will be 
compared to a subjective poverty assessment for the same period, offering an insight into 
poverty perception in Senegal.  

TABLE 9: MULTIDIMENSIONAL POVERTY HEADCOUNT FROM 1978-2008 

Year Poor Year Poor Year Poor Year Poor 
1978 63.16% 1986 63.71% 1994 65.26% 2002 67.90% 

(1,485) (2,017) (2,320) (2,349) 
1979 63.81% 1987 64.45% 1995 65.38% 2003 68.45% 

(1,586) (2,056) (2,334) (2,349) 
1980 63.30% 1988 64.30% 1996 66.20% 2004 68.75% 

(1,654) (2,098) (2,343) (2,349) 
1981 62.77% 1989 65.21% 1997 66.57% 2005 68.80% 

(1,711) (2,153) (2,345) (2,349) 
1982 62.50% 1990 65.27% 1998 67.31% 2006 68.97% 

(1,776) (2,203) (2,349) (2,349) 
1983 63.30% 1991 64.97% 1999 67.86% 2007 69.48% 

(1,820) (2,241) (2,349) (2,349) 
1984 63.21% 1992 64.80% 2000 67.94% 2008 69.32% 

(1,897) (2,264) (2,349) (2,350) 

1985 63.74% 1993 64.88% 2001 68.20% χ
2 138.658 

(1,958) (2,295) (2,349) p-value 0.000 
 

Note(s): χ2 illustrates the two-way association of the headcount ratio and the years. Numbers in brackets depict 
the total sample sizes for each year. 
Source: Authors’ calculations 

Table 9 (above) depicts the multidimensional poverty headcount for all years taken into 
consideration in the poverty profile. In interpreting the results, one should keep in mind the 
limitations of this retrospective data set. While the sample size increases from 1,485 



40 
 

observations in 1978 to 2,350 observations in 2008, the poverty headcount ratio increases as 
well: in 1978, 63.16% of the sample are poor according to the multidimensional poverty index 
build beforehand, this number rises to 69.32% in 2008. As can be concluded especially from 
Table 6, the constant rise in poverty rates is due to the stronger rise in deprivations in some 
dimensions (especially income) compared to the improvement in other dimensions (most 
notably education and water/sanitation). The steady upward pattern appears to be driven by a 
selection, survival or recall bias.  

However, due to the limitations of the data set depicted in the data section, evaluating on how 
the multidimensional poverty headcount rate itself developed over the last 30 years does not 
make intuitive sense. Rather, one could look at whether the characteristics of the poor changed 
throughout the years. Firstly, this section will present the decomposition of poverty over areas, 
showing whether or not an urban/rural divide exists. Afterwards, the decomposition by 
individual and household characteristics follows.  

3.2.1 Regional Decomposition  

As expected, the sample size increases over the course of the 30 years, as more people are 
born and hence, enter the sample (Table 10 below). Concerning the distribution of poverty 
over three possible areas (rural, Dakar and other urban), one would expect to find the highest 
poverty rates in the rural area and the lowest one either in Dakar or in other urban areas and 
hence, the existence of an urban bias in development (Lipton, 1977). A recent study by Sahn 
and Stifel (2003) for 24 Sub-Saharan African countries shows that a significant urban/rural 
divide exists in Sub-Saharan Africa, with rural areas being significantly less developed and 
much poorer in terms of monetary poverty and seven other indicators (school enrollment; ratio 
of girls/boys enrolled; infant mortality rate; neonatal care with skilled personal; contraceptive 
use; child stunting and adult malnutrition). Moreover, the gap between urban and rural 
standards of living did not narrow, but rather widened.  

TABLE 10: POVERTY BY AREA 

Year 1978 1988 1998 2008 
Dakar 62.45% 58.57% 58.48% 55.19% 
 (168) (263) (362) (415) 
Rural 94.69% 94.93% 93.35% 92.74% 
 (481) (656) (744) (741) 
Urban 75.45% 68.79% 63.88% 62.28% 
 (166) (238) (267) (284) 
Total poor 81.75% 77.86% 74.86% 71.75% 
Total sample size 997 1,486 1,834 2,007 
χ

2 129.9245 230.2706 259.8402 295.6419 
p-value 0.000 0.000 0.000 0.000 
Note(s): χ2 illustrates the two-way association of the area and poverty rate. Numbers in brackets depict the 
absolute number of poor with these characteristics.  
Source: Authors’ calculations 

In the case of Senegal, Table 10 (above) depicts poverty rates for the four years of 
comparison. All graphs clearly show the expected picture: poverty rates in Dakar are lowest in 
all four years, followed by other urban areas, and rural areas. Thus, in Senegal, an urban/rural 
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divide exists as well, with poverty rates in Dakar being more than 30 percentage points lower 
than in rural areas in 1978/2008. Moreover, the gap between rural and urban areas even 
widened from a difference of 32 percentage points in 1978 to a difference of 38 percentage 
points in 2008. It is remarkable that poverty rates declined largely in urban areas. Concluding, 
an urban bias exists in Senegal, which even got more striking throughout the last decades.  

3.2.2 Decomposition by Individual Characteristics  

While poverty may be correlated to for example the region one is living in and the 
opportunities resulting from living in a region with good infrastructure compared to a region 
which is remote, individual characteristics are also important to understand why some people 
living in the same region are poor while others are not. This report will consider age, gender 
and ethnicity.  

The first individual characteristic that will be dealt with is age. Generally, one can distinguish 
at least three age groups which are distinct: being a child, being of working age adult and 
being elderly. Several reasons can be put forward for the importance of age in having an 
influence on individual poverty rates. The relationship between poverty and age is usually 
described as being U-shaped: the young and the elderly are said to be most vulnerable to 
poverty (Barrientos Mark & Heslop, 2003). This relationship is due to the dependency of 
children and elderly on other household members. Concerning the elderly, especially those 
without adult children or the widowed ones, hence, people lacking support networks, are 
vulnerable to deprivation (Barrientos Mark & Heslop, 2003). Concerning child poverty, 
children are vulnerable since they lack the means to provide themselves with the resources 
necessary to make a living. Moreover, they might not have the power to enforce their interest 
in a household consisting of many members. Hence, one would expect the elderly and the 
young in Senegal to be disproportionally poorer than the working age adults.  

TABLE 11: POVERTY BY AGE GROUPS 

Year 1978 1988 1998 2008 
Children (0-14) 50.47% 45.90% 42.86% - 
 (271) (235) (84) - 
Working Age (15-59) 70.48% 70.28% 69.34% 68.68% 
 (666) (1,109) (1,450) (1,421) 
Elderly (60+) - - 75.81% 73.93% 
 - - (47) (207) 
Total poor 63.16% 64.30% 67.31% 69.32% 
Total sample size 1,485 2,098 2,349 2,350 
χ

2 60.0806 100.1102 59.2267 3.6366 
p-value 0.000 0.000 0.000 0.162 
Note(s): χ2 illustrates the two-way association of the age groups and poverty rate. Numbers in brackets depict the 
absolute number of poor with these characteristics. (-): sample sizes were too small to lead to meaningful results 
Source: Authors’ calculations 

Table 11 depicts the poverty rates in this sample decomposed by age groups. Due to the 
limitations of the data, results for the elderly in 1978, 1988 and children in 2008 are based on 
a sample size which is too small to lead to interpretable results. Contrary to the expectations, 
child poverty rates are lower than the poverty rates for the other age groups. Moreover, child 
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poverty decreases from 50% in 1978 to 43% in 1998. This surprising pattern could be the 
result of the survivor and recall bias. However, more information on children’s situation is 
necessary to draw a sound conclusion. Old age poverty follows the expected trend in 
demonstrating that the elderly are more vulnerable to poverty. In 2008, 74% of the elderly 
were poor, which is above the headcount for all age groups. Poverty in the age groups for 
working age people declined only marginally.  

A second individual characteristic which could be correlated with poverty is gender. Previous 
research suggests that women are affected more severely by poverty than men. While this bias 
gender seems to have been largely overstated (estimates were around 70% of poor women 
compared to 30% of poor men (Marcoux, 1998)), Marcoux, (1998) finds a ratio of 55% of 
poor women compared to 45% of poor men more realistic. Hence, the gender bias seems to be 
less distinct than assumed previously but its existence cannot be denied. Concerning the 
decomposition of multidimensional poverty in Senegal by gender, this study finds that a 
gender bias seems to exist in the opposite direction: more men are counted as poor than 
women (Table 12 below). However, this gender bias narrows over the years, leading to only 
statistically insignificant different poverty rates in 2008 (69.51% for men compared to 68.94% 
for women, see Table B-4 in the Appendix for t-test), suggesting that for older cohorts more 
men survived than woman. All other differences in means are statistically significant (Table 
B-4).  

The gender bias in the direction of males could be due to the oversampling of males compared 
to females in earlier years (there are 829 males in the data set in 1978 compared to only 652 
females). In 1978 this leads to a ratio of 1.27 males per female, which decreases to a ratio of 
only 1.02 males per females in 2008. Moreover, women in the data set are also younger on 
average (mean age for males over the period 1978 is 31.63 while that for females is 27.28), 
which might pose problems in terms of a recall bias. However, more information on poverty 
decomposed by gender in Senegal is necessary to validate the result which is contrary to what 
literature suggests.  

TABLE 12: POVERTY BY GENDER 

Year  1978 1988 1998 2008 
Male 66.22% 66.22% 69.09% 69.51% 
 (549) (737) (818) (823) 
Female 59.20% 62.04% 65.37% 68.94% 
 (386) (608) (757) (799) 
Total poor 63.13% 64.26% 67.25% 69.23% 
Total sample size 1,481 2,093 2,342 2,343 
χ

2 7.7315 3.9584 3.6715 0.0898 
p-value 0.005 0.047 0.055 0.764 
Note(s): χ2 illustrates the two-way association of the gender and poverty rate. Numbers in brackets depict the 
absolute number of poor with these characteristics. 
Source: Authors’ calculations 
 
A third individual characteristic is ethnicity. Often, several ethnic groups are touched more 
severely by poverty than others. Brockerhoff and Hewett (2000) find large ethnical differences 
concerning child mortality rates in sub-Saharan Africa. Moreover, small and clearly defined 
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ethnic groups suffer less from child mortality than the majority of the national population 
(Brockerhoff & Hewett, 2000).  

TABLE 13: POVERTY BY ETHNICITY  

Year  1978 1988 1998 2008 
Wolof 61.92% 62.78% 64.30% 64.19% 
 (361) (496) (553) (552) 
Toucouleur 58.09% 61.11% 69.91% 70.35% 
 (79) (121) (158) (159) 
Peul 72.16% 76.40% 79.33% 84.53% 
 (197) (301) (353) (377) 
Serer 68.82% 68.89% 74.75% 76.07% 
 (128) (186) (228) (232) 
Other 56.25% 54.77% 56.32% 60.08% 
 (171) (241) (285) (304) 
Total poor 63.16% 64.29% 67.34% 69.31% 
Total sample size 1,482 2,092 2,342 2,343 
χ

2 20.1902 46.6510 68.8925 86.1137 
p-value 0.000 0.000 0.000 0.000 
Note(s): χ2 illustrates the two-way association of the ethnicity and poverty rate. Numbers in brackets depict the 
absolute number of poor with these characteristics. 
Source: Authors’ calculations 

For this sample, a clear pattern emerges from Table 13 (above) with poverty being mostly 
concentrated among the groups Peul and Serer. While the Peul are the smallest group over the 
three decades, they have the highest multidimensional poverty headcount rate in all four years 
(72% in 1977 and 85% in 2008). The second poorest group (Serer), also experiences an 
increase in multidimensional poverty rates (68.8% in 1978 to 76% in 2008), however, this 
increase is less pronounced than the one experienced by the Peul. The ethnic group ‘Other’ 
has the lowest and even decreasing poverty rates. The one time decrease in the poverty 
headcount for the category ‘Other’ (including Lebou, Mandingue, Diola and ‘Others’) is 
driven by those who were already classified as ‘Others’ in the questionnaire. Therefore, at this 
point in time, it is unknown who those people are and due to what reasons their poverty 
headcount suddenly increased. The largest population group, Wolof, faces the second lowest 
poverty rates, which are also quite constant over the three decades. This ethnic group is 
followed by the Toucouleur, who have a headcount ratio in between the ones for the Wolof 
and the Serer. Generally speaking, the smallest population groups, which have been grouped 
together in the category ‘Other’ are least poor, followed by the largest population group, 
Wolof, which is in line with the literature (Brockerhoff & Hewett, 2000).  

Concluding, it can be remarked that several individual characteristics lead to higher 
multidimensional poverty rates in this sample. Those are being elderly, and being part of the 
ethnic groups Peul or Serer. The direction of the gender bias and the low extent of child 
poverty are contrary to the literature. Those phenomena should therefore be examined closer 
before comes to a tentative conclusion of their effect on individual poverty rates in this 
Senegalese sample.  
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 3.2.3 Decomposition by Household Characteristics  

Having dealt with individual characteristics which are indicative of a higher vulnerability to 
multidimensional poverty, the report will now focus on household characteristics. Those are 
household size, the educational level of the (foster) parents, and the economic situation of the 
household the individual grew up in. 

A first household characteristic which will be taken into account is the size of the household 
the person currently lives in. Traditionally, based on correlations between poverty and 
household size, it has been assumed that large households in developing countries are poorer 
than smaller households (Lanjouw & Ravallion, 1995). However, this view neglects 
economies of scale which also poor household face, contradicting the traditional view. Since 
the empirical relationship is largely dependent on the assumptions made concerning e.g. size 
elasticities, a clear direction for the effect of household size and poverty cannot be assessed a 
priori (Lanjouw & Ravallion, 1995).  

TABLE 14: POVERTY BY HOUSEHOLD SIZE 

Year 1978 1988 1998 2008 
0-4 p.p.h. 69.81% 60.82% 65.02% 58.73% 
 (74) (118) (171) (195) 
5-9 p.p.h. 81.82% 75.66% 72.10% 68.54% 
 (315) (485) (584) (621) 
10-14 p.p.h. 85.16% 84.18% 80.35% 79.35% 
 (218) (314) (368) (369) 
15-19 p.p.h. 84.88% 84.86% 82.57% 79.83% 
 (146) (185) (199) (186) 
20+.p.p.h. 84.67% 83.78% 81.31% 84.24% 
 (116) (155) (161) (171) 
Total poor 82.29% 78.03% 75.28% 72.09% 
Total sample size 1,056 1,611 1,970 2,139 
χ

2 14.1561 53.3314 36.3692 69.1124 
p-value 0.007 0.000 0.000 0.000 
Note(s): χ2 illustrates the two-way association of the household size and poverty rate. Numbers in brackets depict 
the absolute number of poor with these characteristics. 
Source: Authors’ calculations 

In decomposing poverty rates by household size, five groups are distinguished: households 
with 0-4 persons per household (p.p.h.), those with 5-9 p.p.h., those with 10-14 p.p.h., those 
with 15-19 p.p.h. and households with more than 19 members. Table 14 demonstrates the 
positive effect household size has on poverty rates in this sample: the more members a 
household has, the more probable it is that the person who has been interviewed is poor. 
However, the differences between the three groups (14-19 p.p.h., 15-19 p.p.h and more than 
20 p.p.h.) are not statistically significant in any of the displayed years26 (Table B-4, 
Appendix). The index used for determining who is poor multidimensionally and who is not, 
includes mostly household characteristics (the only individual characteristic is education). 
Table 14 indicates that in this sample, the effect of economies of size is smaller than the costs 

                                                 
26 The same holds for the difference between 5-9 p.p.h. and 10-14 p.p.h. in 1978 (Table B-4, Appendix).  
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of having more people in one household, leading to the positive relationship between poverty 
rates and household size.  

A second household characteristic to be considered is the educational level of the (foster) 
parents. One would expect the education of the (foster) parents to have a negative impact on 
the poverty rates of the individual, since educated parents are more likely to educate their 
children, as they might value education more or might have more possibilities to provide 
additional inputs to learning (Brown & Park, 2002). A study of children’s schooling in sub-
Saharan Africa finds that the education of the household head is significant in determining 
whether a child will complete grade four or not (Lloyd & Blanc, 1996). Educated individuals 
are not deprived in the dimension education in this report. Moreover, higher education usually 
leads to better paid jobs and less vulnerability to deprivation. 

TABLE 15: POVERTY BY EDUCATIONAL LEVEL OF (FOSTER) PARENTS 

Year 1978 1988 1998 2008 
No education 67.56% 68.33% 71.04% 74.14% 
 (504) (714) (829) (866) 
Koran school 68.50% 71.35% 74.73% 75.69% 
 (361) (488) (544) (551) 
Primary 36.51% 40.94% 49.35% 50.65% 
 (23) (52) (76) (78) 
Secondary 33.33% 35.05% 37.72% 36.84% 
 (17) (34) (43) (42) 
University 11.11% 26.47% 32.69% 26.92% 
 (2) (9) (17) (14) 
Total poor 64.56% 65.27% 68.13% 69.99% 
Total sample size 1,405 1,987 2,215 2,216 
χ

2 72.3855 110.2511 122.7618 153.8276 
p-value 0.000 0.000 0.000 0.000 
Note(s): χ2 illustrates the two-way association of the educational level and poverty rate. Numbers in brackets 
depict the absolute number of poor with these characteristics. 
Source: Authors’ calculations 

Table 15 (above) depicts poverty headcounts decomposed by the educational level of the 
(foster) parents, showing that individuals who grew up in a household with parents having a 
university degree are least poor (27% in 2008). However, it seems that those people are least 
poor in earlier years of the three decades evaluated. This hints at those people still living 
together with their parents. A phase of studies in between moving out and starting to work 
might be an explanation for the concave poverty evolution. People whose parents had either 
no education or who went to a Koran school are subject to the highest poverty rates (74% and 
76% in 2008, respectively).27 Poverty headcount rates for primary school education and 
secondary school education are both increasing28, with the one for secondary school 
increasing slower and at lower levels. It suggests that people whose parents went to secondary 

                                                 
27 The differences between the parents having no education and Koran school only statistically significant in 
1998 (Table B-4, Appendix) 
28 The difference between parents having primary and secondary school is not statistically different in the years 
1978 and 1988 (Table B-4, Appendix). The same result holds for parents having secondary education or a 
university degree in the years 1988 and 1998 (Table B-4, Appendix). 
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school obtained a better education themselves. Individuals whose parents only completed 
primary school however, seem to fall into poverty themselves over the course of their lives. 
The results deducted from this analysis call for a focus on better education since a high 
education of the parents seems to be decisive in preventing people from falling into 
multidimensional poverty.  

The last household characteristic taken into consideration is the economic situation of the 
household in which the individual lived in at the age of 14.29 One would expect individuals 
who grew up in wealthier households to be less deprived themselves than individuals who 
grew up in poorer households, since children who grew up in poorer households score on 
average less on measures of health, cognitive development, school achievement and emotional 
well-being (Duncan & Brooks-Gunn, 1999). Moreover, poorer children are more likely to 
grow up in a poorer neighborhood with fewer resources. Hence, children’s attainment is not 
only influenced by their families’ situation but also by the community in which they grow up 
(Duncan, Brooks-Gunn, & Klebanov, 1994).  

Table 16 shows multidimensional poverty headcount rates decomposed by the economic 
situation of the household the child was living by the age of 14.30 While few children were 
living in wealthy household, those who did so also experience the lowest poverty rates. Still, 
comparing their poverty rates (35% in 1978 and 48% in 2008) to the impact of the educational 
level of the household the person grew up in, it seems that the latter is a stronger predictor of a 
person’s future poverty status. Only very few individuals classified the household they grew 
up in as needy. This leads to the result that people who grew up in precarious, hence, 
according to the phrasing, ordinally richer than the needy, are poorer than those who said they 
grew up in a needy household. In general, the less wealthy the household in which the 
individual lived by the age of 14, the more likely it is for this person to be poor.  

TABLE 16: POVERTY BY ECONOMIC SITUATION OF THE HOUSEHOLD RAISING THE INDIVIDUAL  

Year  1978 1988 1998 2008 
Wealthy 35.92% 38.52% 45.16% 47.74% 
 (37) (52) (70) (74) 
Average 63.32% 62.30% 65.24% 67.06% 
 (637) (904) (1,05)5 (1,085) 
Precarious 71.34% 77.17% 80.45% 82.72% 
 (224) (338) (391) (402) 
Needy 68.42% 86.96% 76.67% 76.67% 
 (13) (20) (23) (23) 
Total poor 63.18% 64.19% 67.26% 69.20% 
Total sample size 1,442 2,047 2,288 2,289 
χ

2 42.1099 78.2411 76.9798 79.4098 
p-value 0.000 0.000 0.000 0.000 
Note(s): χ2 illustrates the two-way association of the economic situation and poverty rate.  Numbers in brackets 
depict the absolute number of poor with these characteristics. 
Source: Authors’ calculations 

                                                 
29 Of course, the child might have moved before/after the age of 14, which also has an influence on his adult life.  
30 This decomposition is subject to the subjective classification of the household as having been for example 
precarious or needy. 
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In sum, only household size is a household characteristic evaluated in this report, which has a 
positive impact on individual poverty rates: the larger the household the individual lives in, 
the higher her chances to be poor. The educational level of the (foster) parents and the 
economic situation of the household in which the individual lived in being 14 years old have a 
negative impact on multidimensional poverty rate in the sense that individuals whose parents 
have a high education or who grew up in a wealthy household have lower poverty rates.  

3.2.4 Comparison Subjective/Objective Poverty 

The last part of the poverty profile is going to compare objective poverty rates as measured by 
the multidimensional poverty index to the subjective poverty as perceived by the interviewed. 
First, the poverty status of the individual (poor/non poor) will be compared to her perception 
of the period (wealthy/average/poor/extremely poor). Second, poverty rates will be compared 
to how individuals see their own situation compared to their fellows. Lastly, for individuals 
who entered poverty/escaped from it, their perception of the period in which a change took 
place will be compared to previous periods (richer/same/poorer). 

Concerning the comparison of individual poverty rates to the perception of the period at hand 
(Table 17 below), it is apparent that several individuals stated that this period was a wealthy 
period, while the multidimensional poverty index classified them as being poor. The number 
decreases over the years, probably due to the recall bias. It demonstrates that for an 
individual’s perception, relative achievements are important. Moreover, almost none of the 
interviewed persons labeled themselves as extremely poor. Objective and subjective poverty 
perception coincide most concerning the classification ‘poor’ as the big majority of those 
saying they are poor are also poor in objective multidimensional terms.  

TABLE 17: SUBJECTIVE POVERTY RATES COMPARED TO OBJECTIVE 

Year 1978 1988 1998 2008 
Wealthy 68.52% 56.38% 53.45% 56.67% 
 (37) (53) (62) (85) 
Average 70.63% 71.11% 69.36% 64.85% 
 (226) (453) (720) (821) 
Poor 89.92% 81.77% 82.94% 85.44% 
 (107) (166) (209) (264) 
Extremely poor 66.67% 66.67% 86.67% 76.00% 
 (2) (2) (13) (19) 
Total poor 75.00% 71.93% 70.65% 67.94% 
Total sample size 491 923 1,385 1,698 
χ

2 18.7081 21.2464 37.5857 58.4804 
p-value 0.000 0.000 0.000 0.000 
Note(s): χ2 illustrates the two-way association of the period perception and poverty rate. Numbers in brackets 
depict the absolute number of poor with these characteristics. 
Source: Authors’ calculations 

Table 18 depicts an individual’s perceived situation judged against the situation of others. 
Only few individuals state that their situation is better or worse than those of their neighbors. 
Since the majority of the Senegalese is poor according to the multidimensional poverty index, 
it makes sense intuitively if poor people respond that their situation is the same as the 
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situation of their neighbors. Interestingly, of those who reply to be wealthier than their fellows 
in 2008, 66% are still counted as poor following the multidimensional poverty index. Hence, 
either those people are in close contact with others even more destitute, or their perception of 
poverty is different from what the multidimensional poverty index measures.  

TABLE 18: COMPARISON OF OWN ECONOMIC STATUS THAT OF FELLOW SENEGALESE 

 
Note(s): χ2 illustrates the two-way association of the comparison to others and poverty rate. Numbers in brackets 
depict the absolute number of poor with these characteristics. 
Source: Authors’ calculations 
 
Lastly, those who escaped from poverty and those who fell into it will be compared in how 
different they value the period in which the change (moving into/out of poverty) took place 
from a period in which no change took place. Table 19 (below) shows that out of 163 times 
that one individual fell into poverty over the period 1978-2008, 47.85% state that this period 
was as good as the previous period. 32.51% even responded that this period was slightly better 
than the previous and only 20% of those experiencing a fall into poverty state that this period 
is slightly worse/worse than the previous one. In comparison, while the 42% of those escaping 
poverty according to the multidimensional poverty index also replies that the period is as good 
as the previous one, in total 45% of the times individuals escaped poverty, they stated that the 
escape period was a slightly better/better period than the previous one. Only 12% say that it 
was a slightly worse/worse period. Hence, in escaping poverty, changes in the perception of 
this period in comparison to one in which the person was still poor indicate that clear and 
obvious changes in the socio-economic status of an individual are necessary in order to leave 
the state poverty. On the contrary, the fall into poverty is less noticeable, this points towards 
already existing precarious standards of living. People were already on the edge of entering 
poverty and the small step which made them poor according to the multidimensional poverty 
measure used in this report is not felt explicitly.  

Hence, the simple comparison of subjectively perceived poverty and poverty according to the 
multidimensional poverty index shows that it is much easier to fall into poverty than to escape 
from it again. The next section of this report will further elaborate on this point and provide a 
survival analysis of the factors being related to the first time entry into poverty.  

 

Year 1978 1988 1998 2008 
Wealthier 73.58% 68.54% 63.03% 66.03% 
 (39) (61) (75) (103) 
Same 73.66% 72.03% 71.01% 67.85% 
 (288) (546) (806) (920) 
Poorer 85.00% 73.91% 71.20% 75.43% 
 (34) (51) (89) (132) 
Total 74.59% 71.83% 70.34% 68.46% 
Total sample size 484 916 1,379 1,687 
χ

2 2.4946 0.6395 3.3429 4.6005 
p-value 0.287 0.726 0.188 0.100 
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TABLE 19: PERCEPTION OF PERIOD IF A CHANGE IN POVERTY STATUS OCCURRED 

 Better Slightly 
Better Same Slightly 

Worse Worse 

No change 5.33% 26.58% 51.26% 12.27% 4.56% 
(1,048) (5,231) (10,086) (2,415) (898) 

Fell into 
poverty 

5.52% 26.99% 47.85% 14.11% 5.52% 
(9) (44) (78) (23) (9) 

Escaped 
poverty 

11.69% 33.77% 42.21% 9.09% 3.25% 
(18) (52) (65) (14) (5) 

Total 5.38% 26.64% 51.16% 12.26% 4.56% 
 (1,075) (5,327) (10,229) (2,452) (912) 
χ

2 19.9070     
p-value 0.011     
Note: χ2 illustrates the two-way association of the change in poverty status and poverty rate. Numbers in brackets 
depict the absolute number of poor with these characteristics. 
Source: Authors’ calculations 

3.3 FIRST TRANSITION INTO POVERTY  

Dynamics of poverty entrance and exits have never been investigated for Senegal mainly due 
to a lack of suitable data. Investigating poverty dynamics with survival analysis has the 
advantage that information is obtained on the timing and occurrence of poverty, the risk of 
falling into poverty at different ages and the individual characteristics which increase this risk. 
Our analysis is purely explorative as previous knowledge on timing and occurrence of poverty 
in Senegal is missing. Technically, survival analysis allows for many different options within 
the assumed models, but these are limited by the type and the quality of the data used. In 
preparation of the analysis the original data set has been transformed from a retrospective to a 
person-period data set31 with multiple spells and the event of interest being poverty. 

In a first examination of the occurrence of poverty spells, it becomes evident that 48% of 
respondents only have one spell, 38% have two spells and only 14% have more than two 
spells. This indicates that most people either remain poor/non-poor, or become poor and 
remain in this state. Out of 2020 respondents, 1134 individuals have only one spell, since they 
either remain poor all their live (794) or never become poor (340). A minority of people 
experiences two poverty spells by either becoming poor (758) or non-poor (128). 

The length of a spell depends on the amount of periods spent in one state, poor or non-poor, 
and consequently varies for each person. Since many people do not experience more than one 
or two transitions, the number of individuals having more than one or two spells is 330, which 
is a comparably small sample. The sample for further transitions is (too) small to produce 
robust results due to a high number of missing values in many indicators and few individuals 

                                                 
31 Person-period data refers to a data set in which for each individual several periods of time exist, in the case at 
hand years. For each period it is indicated whether the event of interest, in this study poverty, occurred or not. 
The periods are grouped in spells where the first spell is the state at the beginning of life either poor or non-poor. 
The second spell starts at the moment a change in this state takes place, for instance if a person who had not been 
poor becomes poor or vice versa, and ends at the point in time a second change of this state takes place. 
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who experience longer enduring spells. For this reason, this study only considers the first 
transition into poverty.  

The following part lists the research hypotheses, which are both theory-driven on the basis of 
the previously reviewed literature, and formulated within the constraints of the information 
available in our data set. 

3.3.1 Hypotheses 

Given that poverty research often finds women in many countries to be discriminated against 
with regard to education, rights, and opportunities to develop well-being (Koopman, 2009; 
Schirmhofer, 2004), the first hypothesis is: 

H 1: Women have a higher risk of falling into poverty. 

Rowntree (1902) depicts in his study that vulnerability varies over the life-cycle: children, 
families with young children and older citizen are more likely to be poor. Thus, this study 
assumes: 

H 2: The transition into poverty is particularly more likely during early childhood, during 
times of child rearing or at old age  

In some years, a particular bad economic situation, social unrest or events, such as loss of 
harvest, and floods might extremely increase the risk of falling into poverty. Since the 
situation might be especially unfortunate in some years and vulnerability might vary across 
the life-cycle, some cohorts might show higher risk sets of experiencing poverty than others. 
External events are not part of the underlying data, so the existence of such events is tested by 
examining whether: 

H 3: The risk of falling into poverty varies by cohort. 

Access to sanitation, clean drinking water, or markets, on which the poverty index is based 
might vary across regions, since some regions are more developed and accessible than others. 
Consequently, this study postulates: 

H 4: The risk of falling into poverty differs by region. 

Although the majority of the Senegalese population is Muslim, various different forms of 
Islamic groups exist. Additionally, Christian and Animist minorities are living in Senegal. The 
religious group to which one belongs might overlap with differences in the likelihood of 
falling into poverty. It could influence individual behavior in multiple ways for instance in 
terms of polygamy, and alcoholism (Iannaccone, 1998; Weber, 1905). Hence, this research 
hypothesizes: 

H 5: The risk of falling into poverty differs by religion. 

Poverty can be transmitted from generation to generation since the educational level of the 
parents’ matters for the likelihood of children to become poor (Flores, Bauchner, Feinstein, & 
Nguyen, 1999), it will be tested in a sixth hypothesis: 
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H 6: Respondents raised by people with a lower educational attainment are particular likely 
to fall into poverty. 

3.3.2 The Survival Analysis 

This study uses survival analysis to investigate whether and when members of the surveyed 
Senegalese population experienced poverty for the first time. The focus of this analysis is to 
investigate the timing of the poverty occurrence as well as to detect the factors accelerating 
the first transition into poverty. Therefore, it models the hazard probability of becoming poor 
or the risk of falling into poverty for each period (Singer & Willett, 1993). The discrete-time 
hazard probability can be expressed as follows: 

'*���, = Pr[7� = -|7� ≥ -] 
With T representing a discrete random variable, the subscript i representing the individual, j 
standing for the time periods, Pr[7� = -] being an individual’s probability to encounter an 
event during the time period j, and Pr[7� ≥ -] being an individual’s probability to encounter 
the event before the time period j. The corresponding proportion of “survivors” per period, 
also called the survivor function can be captured as: 

:*���, = Pr	[7� > -] 
So far, event history analysis for modeling poverty occurrence has used discrete as well as 
continuous methods (Baulch & McCulloch, 2002; Kirimi & Sindi, 2006). Following the 
argumentation of Yamaguchi (1991), this study performs a discrete-time survival analysis, 
since the data is measured in crude periods (years). Due to the measurement, an event is 
experienced by more than one individual at a time which results in ties between events, 
leading to biased estimates if continuous time methods such as Cox estimations were utilized 
(Yamaguchi. 1991). 

Survival analysis has the advantage of accounting for non-informative right-censoring.32 
Ignoring non-informative right censoring results in a significant bias (Masyn, 2003). Right-
censoring is non-informative if the non-observation of the event and the event are not linked. 
Hence, it can be assumed safely that the event might occur at a later stage (Masyn, 2003). 
However, in the case of poverty, non-informative as well as informative censoring are likely 
to occur. While survival analysis corrects for non-informative censoring, it does not solve the 
problem of informative censoring, which causes the long-term survivor bias: the 
overestimation of the likelihood to experience an event. Research so far mostly did not 
account for this concern and only few studies consider it (Masyn, 2003; Steele, 2003). This 
study does not aim at solving this issue. Hence, for the sake of simplicity, informative 
censoring is disregarded.  

                                                 
32 Right-censoring signifies that respondents did not experience poverty within the observed time-frame and 
information is missing on whether poverty occurs at any later point in time. 
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Apart from right-censoring, left-censoring exists, which refers to cases in which poverty 
started before the first observation in the data set (Yamaguchi, 1991). Most studies ignore left-
censoring (DiPrete, 2002; Iceland, 1997) and a final solution of the problem still does not 
exist (McKernan & Ratcliffe, 2005). The data set at hand starts when the respondents are 
6.years old since this is the point in time when the majority of respondents exhibited reliable 
memories. Therefore, this study does not consider the data set as left-censored. It is assumed 
that if a bias exists in the data set due to the occurrence of poverty before the examined time-
frame, the bias results of intergenerational transmission of poverty, a separate issue, which 
will be addressed later on. 

Discrete-time analysis 

The discrete-time analysis uses fitted logistic functions in order to estimate the models. As 
Singer and Willet (2003) point out: while both logit and cloglog models could be used, logit is 
preferred if “data are collected in truly discrete time” (Singer & Willett, 2003, p. 426). 
Moreover, the simplicity of logit models and its popularity among researchers advocates in 
favor of the logit model.33 The data set at hand accounts for time in rough intervals (years). 
Thus, although poverty might be a continuous process conceptually, discrete-time methods are 
used due to the form of the data. Logit models have three underlying assumptions: (1) a 
postulated logit hazard function exists for each value of the combinations of predictors, (2) the 
shape of these functions is identical, and (3) the same distance lies in between these functions 
at each period (Singer and Willet, 2003). These assumptions have been taken into account. 
The following section specifies the basic hazard function.  

Specification of time 

Following the recommendations of Singer and Willett (2003), the choice of the specification 
of the main effect of time is motivated by the goodness of fit, the ease of interpretability, the 
parsimoniousness, and by theory (Singer & Willett, 2003). Singer and Willet (2003) state that 
a more parsimonious model should only be chosen if it does not significantly decrease the 
goodness of fit. Several polynomial models, the logarithm of time and several dummy as well 
as stepwise models have been estimated as to find the best-suited specification of time in 
terms of goodness of fit.34 The chosen specification incorporates dummy variables for each 
time period until period 35 and uses one dummy for all subsequent periods. Period 1 
corresponds to the age of 6, period 2 to the age of 7 and so forth until Period 35 which 
corresponds to the age of 41. 

All periods after period 35 are subsumed in one dummy variable since the number of 
observations for these periods is small. The low number of observations can be explained by 
the fact that most respondents experience less than 35 periods until they become either poor or 
censored. This is due to the following: the individuals in the sample become either poor 
before they reach a high age, or they die or they are too young to have experienced many 

                                                 
33 We also tried to estimate our models using cloglog as to see the difference between logit and cloglog models. 
However, several models did not converge using cloglog. As no particular reason to favor cloglog over logit 
exists, we decided to continue using logit. 
34 The models are displayed in Appendix C.  
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periods at the time the survey was conducted. Since the median age of the Senegalese 
population at the date of data retrieval (2008) is 18.7 years (CIA, 2010), approximately 50% 
of the surveyed population cannot have more than 13 periods, leading to the low number of 
observations available for higher periods, which results in smaller risk sets.  

3.3.3 Data  

In order to study the first transition into poverty the data set needed to be restructured into a 
person period-data set containing observations for each person in several periods (years) until 
poverty occurs for the first time. After cleaning and list-wise deletion, the used sample 
encompasses 2,198 respondents compared to 2,350 before, 1,012 are poor in the first year 
observed and 301 have never been poor. 885 are non-poor within the first period and become 
poor in later periods. It is important to notice that the first transition into poverty differs from 
subsequent transitions since previous experience(s) of poverty might increase the likelihood of 
falling into poverty again (Stevens, 1994, 1999). Thus, the first transition into poverty 
represents a special case. This report assumes that the likelihood of falling into poverty for the 
first time is the same for everyone. Hence, in modeling the first transition, no distinction is 
made between people falling into poverty only once and people facing multiple transitions.  

Dependent Variable 

The dependent variable measuring multidimensional poverty is the index created and 
described in the aforementioned part. 

Independent Variables 

The data set allows for the inclusion of gender, year of birth, age, the region the respondent 
lives in, ethnicity, religion, and the educational attainment of the person who raised the 
respondent as predictor variables. 

Time/age is included as a dummy variable per year starting with period 1 corresponding to the 
age of 6 and going until period 35 corresponding to the age of 40, subsequent observations 
have been grouped into one single category ‘older than 40’. The age variable is the same as 
the variable for periods. The original time variable included 1 to 81 periods corresponding to 
the age of 6 to 86. However, only one person reached the age of 81. The choice of measuring 
age/time using dummy variables is motivated by the goodness-of-fit, as already explained in 
the section on the specification of time. The categorical independent predictor region 
encompasses all 11 regions35 with Dakar being used as reference category.  

Furthermore, ethnicity is utilized as a categorical predictor including Wolof, Lebou, 
Toucouleur, Peul, Serer, Mandingue, Diola and others, with Wolof being the reference 
category. Religion differentiates between Tidiane, Mouride, Khadria, Layène, other Muslims 
and Christian (the reference category is Tidiane). Gender is included (coded 0 male 1 female), 
with 51% of the respondents being male 49% being female. Two specifications for the cohort 

                                                 
35 1 Dakar, 2 Djourbel, 3 Fatick, 4 Kaolack, 5 Kolda, 6 Louga, 7 Matam, 8 Saint-Louis, 9 Tambacounda, 10 
Thiès, 11 Ziguinchor.  
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effect are tested separately to see which specification is more suitable: the year of birth 
ranging from 1911 to 2002 and cohorts, measured as categorical variable, distinguishing 
“Cohorts 1911-1950", "Cohorts 1951-1960", "Cohorts 1961-1970", "Cohorts 1971-1980" and 
"Cohorts 1981-2002". Educational attainment of the person who raised the respondent 
includes seven categories distinguishing between "without education“, “able to read", "Islamic 
school", "primary education", "lower secondary education" , "upper secondary education" and 
"higher education", with “without education” being used as reference category.  

A limitation of the data set is that variables such as marital status, the number of children36, 
and information on health could not be included in the model due to missing values or 
unavailable data. Possible biases are accounted for by explicitly testing for unobserved 
heterogeneity. Even after considering, the limited amount of independent variables taken into 
consideration, which pose limitation to the analysis, the results nevertheless provide useful 
information, since no comparable analysis has ever been conducted in Senegal.  

To give a better overview of the relation between the independent and the dependent 
variables, the following section will describe this relationship in more detail. Due to 
intergenerational transmission of poverty, respondents falling into poverty during the first 
period might differ in their characteristics from respondents becoming poor at a later stage in 
life. The following section compares both groups displaying the poverty incidence for all 
significant predictors of the logit models except for age, since age overlaps with the period 
identifier.  

TABLE 20: POVERTY RATES BY REGION 

Poverty status Poor in first 
period 

Population 
share 

Poor in all other 
periods 

Population 
share 

Dakar 15.32% 36.17% 46.67% 58.08% 
Diourbel 7.02% 4.00% 1.13% 1.74% 
Fatick 14.82% 8.28% 2.49% 2.77% 
Kaolack 16.90% 9.37% 1.02 5.56% 
Kolda 4.35% 5.51% 8.59% 4.88% 
Louga 0.40% 2.91% 6.67%% 3.66% 
Matam 16.40% 12.33% 11.19% 6.29% 
Saint-Louis 3.16% 7.23% 12.77% 9.91% 
Tambacounda 3.75% 2.91% 2.49% 2.48% 
Thiès 12.15% 6.92% 2.82% 1.78% 
Ziguinchor 5.73% 4.37% 4.18% 2.85% 
Total poor 1,012 - 885 - 
Observations 2,198 2,198 19,950 19,950 
χ

2 678.83  160.78  
p-value 0.000  0.000  
 

Table 20 shows the spread of the poor across regions. While the risk of falling into poverty in 
the first period is highest in Kaolack (16.9%), followed by Matam (16.4%), Dakar (15.3%), 
and Thiès (12.2%), in subsequent periods, the risk of falling into poverty is highest in Dakar 

                                                 
36 The annual details for birth, death, marriage formation and dissolution were missing which is a common 
problem when conducting research in developing countries.  



55 
 

(46.7%), followed by Saint Louis (12.8%), and Matam (11.2%). Disregarding the fact that 
Dakar is highly populated, the high percentage share of individuals living in Dakar and falling 
into poverty in any period except for the first, corresponds with the phenomena of people 
moving from rural areas to Dakar and often inhabiting informal settlements. Thus, this 
difference could reflect the urbanization process. 

TABLE 21: POVERTY RATES BY EDUCATIONAL LEVEL OF PERSON RAISING INDIVIDUAL  

Poverty status Poor in first period Population 
share 

Poor in all other 
periods 

Population 
share 

No education 51.68% 51.77% 55.37% 48.98% 
No education but 
literate 0.99% 0.82% 0.79% 0.77% 

Koran school 37.55% 32.89% 31.64% 27.68% 
Primary 4.74% 7.01% 7.23% 9.49% 
Secondary I 1.48% 2.32% 1.36% 4.38% 
Secondary II 2.57% 2.82% 1.58% 4.36% 
University 0.99% 2.37% 2.03% 4.34% 
Total poor 1,012 - 885 - 
Observations 2,198 2,198 19,950 19,950 
χ

2 47.88  64.96  
p-value 0.000  0.000  

Table 21 compares the educational level of the person who raised the respondent to the 
poverty status of the respondent. It depicts a similar trend for respondents becoming poor in 
the first period and in subsequent ones: 51.7% and 55.4% of the respondents raised by persons 
with no education become poor in the first and subsequent periods, respectively, followed by 
37.6%/31.6% raised by persons who went to Koran school and 4.7%/7.2% raised by people 
with primary education. The high number of uneducated people raising the respondents who 
fall into poverty is in line with our hypothesis drawn and will be further investigated in the 
event history analysis. 

Table 22 exhibits poverty rates decomposed by the religion of the respondent. Again, the same 
trend for respondents becoming poor in the first spell and subsequent ones is visible. 52.0% of 
Tidianes become poor in the first period (52.4% in subsequent periods), followed by 30.7% of 
Mouride (27.9%), and 6.7% of other Muslims (8.7%). These figures correspond closely to the 
share of these religious groups in society: 51.9% of the respondents in period 1 belong to the 
religious group Tidiane, 29.0% are Mourides, and 7.9% are other Muslims. Thus, although the 
religious group Tidiane shows the highest poverty rates, those rates are reasonable if 
compared to the population share of Tidiane in this data set. Khadrias have a slightly share of 
poor compared to their population share in the first period: 5.1% of poor are Khadrias 
corresponding to 4.4% of the population being Khadrias. This trend does not persist in 
subsequent periods. Christians have smaller population shares than their shares of the poor in 
later periods. 5.7% of the poor are Christians in later period, while only 5.2% of the 
population is Christian. Thus, there might be differences between the religious groups that are 
more likely to fall into poverty in the first and the subsequent periods. 
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TABLE 22: POVERTY RATES BY RELIGION 

Poverty 
status 

Poor in first 
period 

Population 
share 

Poor in all other 
periods 

Population 
share 

Tidiane 51.98% 51.87% 52.43% 53.59% 
Mouride 30.73% 29.03% 27.91% 25.10% 
Khadria 5.14% 4.41% 4.07% 4.11% 
Layené 0.79% 1.50% 1.24% 2.84% 
Other 
Muslims 6.72% 7.87% 8.70% 9.12% 

Christian 4.64% 5.32% 5.65% 5.23% 
Total poor 1,012 - 885 - 
Observations 2,198 2,198 19,950 19,950 
χ

2 15.2126  11.9770  
p-value 0.009  0.035  

Table 23 demonstrates that most poor belong either to the ethnic groups Wolofs, Peul, or 
Serer. Again, it is valuable to judge the poverty rates per ethnic group against their relative 
population shares. Comparing both, it is noticeable that 37.0% of the sample in the first period 
belong to the ethnic group Wolof however, 35.4% of the poor are Wolof. Furthermore, 24.7% 
of the poor are Peul, but the ethnic group Peul represents only 19.2% of the responding 
population. The poverty rate for Serer (11.6%) is proportional to its responding population 
(12.7%). These tendencies are the same in later periods. Nevertheless, two trends are reversed: 
first, while the share of Diola in the poor population in the first period is higher (5.4%) than 
its percentage share of the responding population (4.3%), the opposite holds true in 
subsequent periods. Vice versa, while 3.4% of the poor in the first period are Mandingue 
(compared to a population share of 3.1%), in subsequent periods 3.4% of the poor are 
Mandingue (in contrast to a population share of 2.7%). Those findings indicate that the timing 
of falling into poverty differs slightly by the ethnic group to which an individual belongs.  

TABLE 23: POVERTY RATES BY ETHNICITY  

Poverty 
status 

Poor in first 
period 

Population 
share 

Poor in all other 
periods 

Population 
share 

Wolof 35.38% 37.03% 37.40% 38.53% 
Lebou 3.56% 5.41% 5.08% 9.59% 
Toucouleur 8.99% 9.87% 11.07% 10.66% 
Peul 24.70% 19.24% 16.27% 13.21% 
Mandingue 3.36% 3.09% 3.39% 2.68% 
Serer 11.56% 12.74% 15.82% 10.76% 
Diola 5.43% 4.28% 3.16% 3.41% 
Autre 7.02% 8.33% 7.80% 11.15% 
Total poor 1,012 - 885 - 
Observations 2,198 2,198 19,950 19,950 
χ

2 56.07  59.87  
p-value 0.000  0.000  

To investigate whether the differences between the age of 6 and the older ages are significant 
and whether it should be expected that the individual characteristics differ or not, two 
additional analyses have been performed which confirm the findings of the descriptive 
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statistics described beforehand. First, a regression analysis37 only for the first period including 
gender ethnicity, religion, region, the educational level of the person who raised the 
respondent, and the year of birth as independent variables reveals that religion, region, 
ethnicity and the educational level of the person who raised the respondent are significant 
indicators. Second, performing the same survival analysis 38 as depicted hereafter excluding 
the first period finds the same significant indicators as the regression and the survival analysis 
depicted hereafter. Therefore, based on the regression analysis it can be concluded that in this 
data set the characteristics influencing the likelihood to be poor are the same for people 
becoming poor in the first period or in subsequent ones. 

 Specification of time-invariant predictors 

Due to differences in the operationalization survival analysis distinguishes between time-
invariant predictors and time-varying predictors. As the terms already indicate the first remain 
constant over time, and are easier to incorporate into a model, the latter vary over time (Singer 
& Willett, 2003). This analysis accounts only for time-invariant predictors. In order to 
decrease unobserved heterogeneity, several models have been fitted, starting with a baseline 
model including only the time dummies, and subsequently adding one time-invariant predictor 
at a time. Only those predictors that were significant in previous models are included in the 
overall model. The variables tested at a first stage are: gender, year of birth, cohorts, age, 
region, ethnicity, religion and the educational attainment of the person who raised the 
respondent.39  

The logistic regression model (logit) assumes the proportionality of odds. However, some 
regions might be poorer and others richer. Ethnic differences which turned out to significantly 
influence poverty levels in Model 2, might also differ by region since the support from and the 
means of the community might differ depending on whether a group represents the regional 
majority or minority. Therefore, this study tests for this interaction effect. The same argument 
holds for religion: there might be regional differences concerning poverty for the same 
religious groups since support from the religious community might differ if they form a 
majority or minority. Consequently, a possible interaction is taken into account. If one ethnic 
group is particularly disadvantaged, it could be that the effect of low educational attainment of 
the (foster) parents is stronger for this one particular group, thus, the analysis consider this 
possible relationship. 

Apart from testing the proportionality of odds assumptions, other assumptions of the logistic 
regression model are evaluated. For instance, this report follows Jenkins (2010) in estimating 
a model explicitly accounting for the assumption of unobserved heterogeneity using a random 
effects logistic regression model (xtlogit) and compares the results to the previous model. 
Furthermore a residual analysis using STATA has been performed.  

                                                 
37 See Table C-4 Appendix.  
38 See Table C-5 and Table C-6 in the Appendix.  
39 The results of these pre-models can be found in Appendix C (Table C-7 and Table C-8).  
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3.3.4 Results 

The survival function (Figure 18, below) demonstrates that the probability of not experiencing 
poverty decreases tremendously from the age of 6 to 87. As can be judged from looking at the 
median life time40, 50% of the whole sample has already fallen into poverty when reaching 
the age of 10 and after the age of 40 the survival probability remains at an equally low level. 

FIGURE 18: ESTIMATED SURVIVAL PROBABILITY  

 

Figure 19, below, depicts the estimated hazard probability to fall into poverty, hence, the risk 
of poverty occurrence in each period (Singer & Willett, 1993). As the graph shows, the risk of 
falling into poverty is much higher in the first period than in subsequent ones. For instance, 
the risk of falling into poverty is 46% at the age of six leading to 1,012 respondents becoming 
poor, compared to a hazard probability of 3.7% at the age of 7 with only 40 respondents 
entering poverty. It should be noted that the graph depicting the huge differences between the 
age of 6 and higher ages is not a mistake; almost 50% of the sample enters poverty at the age 
of 6. This can be explained with the fact that the age of 6 is the first observation. Hence, those 
encountering poverty in the first period either became poor due to an adverse event in early 
childhood or that they were born into poor families. Senegal has faced high poverty rates for 
decades (WorldBank, 2010), thus a high percentage of people facing intergenerational 
transmission of poverty would not come as a surprise. Unfortunately, as no information is 
available for the poverty status of the (foster) parents prior to the first observation, it is 
impossible to distinguish the effect of intergenerational transmission and the occurrence of 
events triggering the entry into poverty within this data set. Therefore, the following analysis 
only focuses on the people becoming poor later on over the life-course and excludes those 
becoming poor in the first year observed. Since in the case at hand, it is impossible to 
distinguish between hereditary poverty and falling into poverty over the life-course oneself, 
excluding the first year attempts to limit the unexplained variance by excluding those people 
where no causal relationship can be deduced. 

                                                 
40 The median life time is represented by the intersection point between the horizontal and the vertical line.  
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FIGURE 19: ESTIMATED HAZARD PROBABILITY 

 

Results of the pre-model 

As a first step, pre-models were estimated including only the time dummy variables and one 
predictor at a time. The results are exhibited in the Appendix.41 No significant effect of gender 
on the risk of falling into poverty could be found in the pre-model outlined above, which 
might be due to the measurement of the poverty index (see Table C-8, Appendix). The index 
measures poverty predominantly on the basis of household characteristics such as shelter or 
sanitation and only includes education as an individual level variable. Contrasting those 
results to possible changes in finding once more gender-based indicators for well-being such 
as health and maternity related problems are included, which was impossible given the data, 
would be interesting, and an area of future research.  

TABLE 24: INDEPENDENT VARIABLES FOR FINAL MODELS  

Model 1 Model 2 Model 3 Model 4 
baseline model baseline with time-

invariant variable 
baseline with time-
invariant and 
interaction variables 

xtlogit of Model 3 

    

time periods  
period 1-35, 1dummy 
for period > 35 

time periods  
period 1-35, 1dummy 
for period > 35 

time periods  
period 1-35, 1dummy 
for period > 35 

time periods  
period 1-35, 1dummy 
for period > 35 

 ethnicity, region, 
religion, educational 
level of (foster) parents 

ethnicity, region, 
religion, educational 
level of (foster) parents 

ethnicity, region, 
religion, educational 
level of (foster) parents 

  interaction dummies 
for ethnicity*region 

interaction dummies 
for ethnicity*region 

    
Furthermore, no significant difference in the risk of a transition into poverty for different 
cohorts/years of birth could be estimated (Table C-8), as the majority of people enter poverty 
in the first five periods. The transition into poverty during childhood could be explained with 

                                                 
41 This methodology was used following a recommendation by Yamaguchi (1991), since the typical stepwise 
approach used for regression analysis might yield misleading results when performing survival analysis. 
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a high intergenerational transmission and a strong persistence of poverty (Bigsten & Shimeles, 
2008; Stevens, 1999). Since neither gender nor cohorts/years of birth demonstrated 
significance, they are excluded from further models. Table 24 (above) depicts the independent 
variables included in each of the final models.  

Results for Model 1 to Model 3 

Model 1 represents the baseline model including only the time periods which capture the 
effect of age.42 Model 2 adds the time-invariant variables, which are found to be significant in 
the pre-models. In order to build a parsimonious model only the significant predictors were 
included into Model 3, which are ethnicity, region, religion, and the education of the (foster) 
parents. The goodness of fit is assessed using the Akaike information criterion (AIC) and the 
Bayesian Information Criterion (BIC), which can be used with nested and non-nested models. 
Comparing the goodness of fit of Model 1 and 2, a BIC of 10,412 and 10,166 and an AIC of 
10,124 and 9,654 are observed, respectively. Thus, Model 2 fits the data better. 

Several interaction terms are tested (Table C-9, Appendix). No significant differences in the 
effect of ethnicities by region, of religion by region, or of (foster) parents’ education on 
respondent’s poverty levels are found. Only the effect of regions on the probability to enter 
poverty for different ethnic groups is significant (Table C-8, Appendix). Hence, the 
assumption of proportional odds is violated. Including the interaction term, increases the 
goodness of fit from a BIC of 10,166 (AIC: 9,653) for Model 2 to 10,460 (AIC: 9,596) for 
Model 3 and hence, the interaction term is included in the final model.  

In addition, Model 4 is estimated in order to explicitly account for unobserved heterogeneity. 
Since the BIC and AIC depict the goodness of fit of Model 4 (BIC: 10,335, AIC: 9,415) is 
better than the goodness of fit of Model 3 (BIC: 10,460, AIC: 9,596) and thus, Model 4 is 
preferred over Model 3.43  

Results for Model 4 

As is visible in Model 4, holding the variables for region, religion, (foster) parents educational 
attainment and the interaction between region and ethnicity constant, ethnicity has a 
significant influence on poverty.44 The odds of becoming poor are significantly higher for 
Peul (7.118), significantly higher for Serer (5.494), and significantly higher for Diola (7.708) 
than for Wolof.  

Furthermore, controlling for ethnicity, religion, the educational attainment of (foster) parents 
and the interaction between region and ethnicities, depicts that poverty likelihoods 
significantly differ by region. Compared to Dakar, the significant increase in odds of falling 
into poverty are the highest for residents of Djourbel (3463.4), followed by Fatick (2994.0), 
Matam (1194.8), Kaolack (794.8), Tambacounda (644.1), Thies (26.8) and Kolda (14.2). In 
addition, the combined significant effect of region and ethnicity, holding constant the 

                                                 
42 Period 1 corresponds with the age of 6.  
43 Due to space limitations, the extensive Model 4 is presented in Appendix C.  
44 Wald chi2(7) = 31.51, p = 0.000 



61 
 

variables for religion and (foster) parents’ educational attainment, elevates the odds of 
becoming poor by 882.6 for Diola living in Kaolack compared to Wolof living in Dakar. Also, 
Serer in Matam have a 1200.3 significantly higher odds ratio to be poor in comparison with 
Wolof from Dakar. A similar, significant but in size smaller effect exists for Serer in 
Tambacounda, where the odds to enter poverty increase by 649.6. In Thiès, two ethnic groups 
are significantly and comparably disadvantaged in contrast to Wolof in Dakar: Peul in Thiès 
have 805.9 higher odds to become poor. For Mandingue in Thiès, this effect is even more 
pronounced: the odds increase significantly by 21279.1 compared to Wolof in Dakar. This is 
particularly interesting since for all other regions no significant difference exist between 
Wolof in Dakar and Mandingue. 

In addition, significant differences between religious groups have been estimated45, while 
holding ethnicity, region, (foster) parents’ educational attainment and the interaction between 
region and ethnicity constant. The odds to enter poverty are by 0.400 significantly higher for 
Other Muslims than for Tidiane. 

Model 4 depicts a significant overall effect of education of the respondents (foster) parents 
holding constant for ethnicity, religion, region and the interaction between region and 
ethnicity46. Compared to (foster) parents without education, having (foster) parents with lower 
secondary education, upper secondary education and higher education significantly decreases 
the odds of becoming poor by 0.0195, 0.176, and 0.0294, respectively. 

The following section depicts graphical results for Model 4, by displaying the fitted hazard 
function for the predictors. In the interpretation of the graphs, results for an age above 40 are 
disregarded and consequently not displayed since the sample sizes are too small for these ages 
are too small to lead to interpretable results. The analysis continues by evaluating the fitted 
hazard rate for a transition into poverty decomposed by regions, to investigate regional 
differences. In decomposing the hazard rate by regions, the remaining predictors are held 
constant. In the case at hand this means that in comparing each region to the reference group 
(Dakar), the ethnic group is set to Wolof, the educational level of the (foster) parents is “no 
education” and the religion is Tidiane.  

Figure E-1 to Figure E-11 in the Appendix lead to the conclusion that regional disparities in 
the hazard rate exist. While the risks are almost the same for Dakar/Thiès (Figure E-3), except 
for the peak around age 32, the picture changes completely when looking at Dakar/Fatick or 
Dakar/Kaolack. In both cases, the reference region is subject to a much lower risk of falling 
into poverty. Interestingly, even though the risk of a transition into poverty is constantly 
higher for Fatick/Kaolack, the discrepancy in risk seems even to intensify during the three 
peaks which represent a generally higher risk of falling into poverty at certain ages. At those 
points in time, the risk for those living in Fatick/Kaolack compared to Dakar increases 
disproportionally. In general, in all comparisons drawn between the reference group and the 
other regions, the risk of a transition into poverty is lowest in Dakar.  

                                                 
45 Wald chi2(5) = 12.23, p = 0.03 
46 Wald chi2(6) = 60.70, p = 0.00 
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FIGURE 20: REGIONS COMPARED TO DAKAR 

 

After varying region, ceteris paribus, the next paragraph considers changes in the educational 
level of the (foster) parents compared to the reference group (no education), holding region 
constant to Dakar, ethnicity to Wolof, and religion to Tidiane. Only those educational levels 
that were significantly different from the reference group (no education) in Model 4 are 
chosen for comparison.  

Figure 21 (below) demonstrates that the risk for falling into poverty is fluctuating over ages, 
with four main peaks until age 40 is reached. Those peaks are around age 18, age 21, age 26, 
age 32 and age 37/38. Since no education is the lowest level which could be achieved, it is 
expected that the risk of falling into poverty will be lower for all other levels. For those 
educational levels which were significantly different from no education (lower secondary 
education, upper secondary education and higher education), it is clearly visible that the 
expectations are met: the risk of falling into poverty is highest for people whose parents had 
no education. However, the differences are not as enormous as probably assumed.  

Figure 21 displays all educational levels compared to the reference group. People, whose 
parents have no education, have the highest risk of falling into poverty, followed by those 
whose parents have upper secondary education, lower secondary education and higher 
education. In comparison to the differences in regions, the differences existing between 
educational groups are much smaller. The question why people whose parents completed 
lower secondary education have a lower risk of falling into poverty than people whose parents 
obtained upper secondary education remains. More research on the effect of the educational 
level of (foster) parents on individuals in Senegal is needed to explain this at first sight 
counterintuitive result.  
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FIGURE 21: EDUCATIONAL LEVELS COMPARED TO NO EDUCATION  

 

The third independent variable considered is religion. The reference group for religion is 
being part of the largest religious group, Tidiane (a Muslim group). The individuals will 
furthermore have the following characteristics: they are Wolof, their (foster) parents do not 
have any education and they live in Dakar.  

FIGURE 22: RELIGIOUS GROUPS COMPARED TO TIDIANE  

 

Except for the comparison between Tidiane and Christian, all other religious groups are 
Muslim groups. The difference in risks between Tidiane and the Mouride, Khadria, Layène 
are small, in the case of Tidiane versus Khadria almost invisible. The significant difference 
between Tidiane and Other Muslims stems from a higher peak for Other Muslims in period 
30/age 36 (Figure E-7, Appendix). No difference in the risk of a transition into poverty is 
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observable between Tidiane and Christian, but both fitted hazard functions follow exactly the 
same trend.  

The groups which could be plotted given the significance levels are Wolof/Peul, Wolof/Serer 
and Wolof/Diola, with Wolof being the reference group, ceteris paribus. Figure E-9 
(Appendix) shows that the risk of falling into poverty between Serer and Wolof differs in the 
sense that Serer are much more likely to become poor in the first periods while for Peul and 
Wolof the opposite is true, Peul are more likely to become poor in later years than Wolof 
(Figure E-10).  

3.4 CONCLUSION AND DISCUSSION 

The second part of this report used a retrospective data set to focus on poverty dynamics and 
the first transition into multidimensional poverty in Senegal. Based on the poverty dimensions 
offered by Asselin (2009) a multidimensional poverty index was presented, consisting of five 
dimensions: ‘income’, ‘education’, ‘water/sanitation’, ‘housing’, and ‘access to markets’. For 
aggregation on the indicator level, the union approach is chosen, while the dual-cutoff 
approach recommended by Alkire and Foster (2008) with a cutoff level at two dimensions was 
employed for the dimensional aggregation. Comparing pre-aggregation deprivation rates in 
dimensions showed a clear increase in deprivation in the dimension ‘income’ and a decrease 
in deprivation in the dimension ‘education’ over the time period 1978-2008. In 2008, Senegal 
has a poverty headcount of 69.32%.  

The report presented poverty rates decomposed by regions, individual as well as household 
characteristics to investigate whether the characteristics of the poor in Senegal changed over 
the time period 1978-2008. A rural/urban divide was discovered which intensified in the time 
period studied, since initially lower poverty rates in urban areas and notably in Dakar 
decreased more rapidly than the higher rural poverty rates. Concerning individual 
characteristics, age depicts its usual U shaped effect on poverty rates with children and elderly 
being especially vulnerable. Gender differences are constant over time, assuming the lower 
poverty rates for males are due to their relatively larger sample size in the beginning. Using 
the retrospective data set, in 2008 the gender difference in poverty rates is statistically 
insignificant. The last individual characteristic investigated is ethnicity. While poverty rates 
decomposed by ethnicity vary over time, the ethnic group Peul is poorest at all points of 
measurement and the unspecified group named ‘Other’ is least poor. The composition of the 
poverty rates by ethnicity changed insofar that Wolof and Toucouleur switched rankings with 
Wolof ranking 3rd in terms of poverty headcount in 1978, but 2nd place in 2008.  

Decomposition by household characteristics illustrated a positive correlation between 
household size and poverty incidence. This relationship did not reverse but rather tightened 
since the poverty headcount of people living in small households decreased, while the 
opposite holds true for people living in large households. Concerning the educational level of 
the (foster) parents, the higher the educational level, the lower the poverty headcount of the 
individual. This finding did not change over the period examined. The economic status of the 
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household in which the individual lived at the age of 14 has a similar, but in size smaller effect 
on multidimensional poverty rates. 

In sum, the characteristics of the poor in Senegal did not change considerably over the last 
thirty years. The poorest groups are still those living in rural areas and large households, who 
are part of the ethnic group Peul and have been raised by (foster) parents without education or 
who went to a Koran school. Having studied the incidence of multidimensional poverty, the 
last section used a discrete-time survival analysis to model the first transition into 
multidimensional poverty. A random effects logistic regression model was utilized to 
explicitly account for unobserved heterogeneity. The final specification included dummy 
variables for time, and time-invariant predictors as well as interaction variables.  

The findings of the survival analysis confirmed the previous analysis and literature. The risk 
to enter poverty is much higher in the first year observed than in subsequent years. Moreover, 
the dynamic analysis revealed that children of lower educated (foster) parents are more likely 
to be poor than respondents raised by higher educated people. In addition, Peul were also 
found to be more likely to become poor than the ethnic majority, Wolof. However, the analysis 
disclosed that respondents belonging to the ethnic group Peul are subject to higher risks 
during adult life compared to Wolof, while the Serer in this data set have a higher risk to 
become poor in early childhood in comparison to Wolof. Furthermore, the risk to fall into 
poverty differs by regions, with respondents living outside Dakar being in general more likely 
to be poor. Combined effects of ethnicity and regions increased the likelihood to enter poverty, 
for instance Mandingue in Thiès are much more likely to fall into poverty than Wolof in 
Dakar, but they are not significantly different from Wolof in other regions. Serer in 
Tambacounda and Matam were significantly more likely to be poor than Wolof in Dakar and 
the some holds for Peul from Thiès and Diola living in Kaolack. Thus, the combined effects 
depict that poverty differs between ethnic groups but also within ethnic groups depending on 
the region they live in. Religion only demonstrated that Other Muslims significantly differ 
from Tidiane. However, Other Muslims is a rather small group. Consequently, ethnic and 
regional characteristics, as well as the family background seem to matter much more.  

The present report provided a multidimensional and dynamic poverty analysis for Senegal, 
thereby filling a literature gap. Although many unobserved influences on poverty rates exist, 
which could not be captured by the final model, the fact that most people have in total only 
one or two poverty spells and become poor for the first time in the very first period strongly 
suggested intergenerational transmission of poverty in Senegal. Hence, this research serves as 
a foundation for future dynamic poverty research in Sub-Saharan Africa in general, and 
Senegal in particular – preferably with survey designed specifically for dynamic analyses.  

In the light of previous analyses, it is evident that a tremendous need for research on poverty 
dynamics in Senegal remains. First, as far as the multidimensional poverty measurement is 
concerned, more individual level indicators are needed to be able to include health and gender 
related issues into closer consideration. Most data sets (including the one used for the present 
study) offer household level indicators, which do not allow the investigation of individual 
level characteristics in its full profoundness.  
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Second, concerning the dynamic poverty analysis as such, in many developing countries 
without long running panel data sets, gathering retrospective data is the only possibility to 
capture information on previous poverty dynamics. However, the quality of the data gathered 
is difficult to assure in a retrospective data set, since it is highly dependent on people’s 
capability to memorize. Moreover, biases occur due to recall problems and the fact that only 
those people who are still alive, can be asked. Nonetheless, retrospective data is often the only 
way to obtain important information. It builds a base for research, which could not happen 
otherwise and makes the need for more encompassing data visible.  

Regarding the survival analysis, on the one hand data containing information on the events 
triggering poverty entries and exits is needed. On the other hand, research so far neglected the 
explicit modeling of the first time transition into poverty. Especially in a developing country 
context, i.e. for a country such as Senegal, further attempts to model poverty dynamics and to 
investigate in depth the impact of intergenerational transmission of poverty on the constantly 
high poverty headcounts are necessary. It is crucial to understand whether poverty rates 
remain high due to intergenerational transmissions of poverty or due to idiosyncratic or 
systemic adverse events such as illnesses or floods.  
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APPENDIX A 

TABLE A-1: SENSITIVITY OF POVERTY HEADCOUNT (M0) TO CHANGES IN THE INDICATORS 

Original 
deprivation 

rate 

Change in 
indicator 

deprivation 

Change in 
dimension 

deprivation 

Change in  
overall  

poverty rate 
    

M0 (with k=2) 64.57   
 

 
   

 
Water/ Sanitation 44.85 

   
     
Water source    

 
At minimum water hydrant (-) 40.29 19.64 37.02 62.37 
At minimum own tap in house (+) 40.29 42.85 46.97 65.50 
     
Latrine Type  

 
  

At minimum simple latrines (-) 34.36 5.08 40.40 63.43 
At minimum squat/English toilet (+) 34.36 41.81 48.12 65.59 

 
   

 
Education 33.88 

   
     
At minimum 2nd primary school (+) 33.88  42.27 67.71 

 
   

 
Shelter 54.93 

 
  

     
Electricity  

 
  

Only electricity, no generators (+) 35.33 36.94 55.65 64.77 

 
   

 
Overcrowding  

 
  

At minimum 4 people/room (-) 25.6 12.52 47.44 60.30 
At minimum 2 people/room (+) 25.6 61.78 74.66 75.06 

 
   

 
House type    

 
At minimum “maison en banco” (-) 25.86 20.85 53.27 64.41 
At minimum apartment (+) 25.86 45.92 65.25 65.25 

 
   

 
Access to productive assets 67.08   

 
     
without Mobile Vehicle(s) (-) 67.08  23.49 53.04 
without Property and Land (-) 67.08  63.84 63.52 
without Durable Goods (-) 67.08  65.46 64.41 
 
Note: (+) denotes a more stringent threshold and (-) denotes a more lenient threshold
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TABLE A-2: DIMENSIONS OF POVERTY AND POTENTIAL INDICATORS  

  1 2 3 4 5 6 7 8 

D1 Income 
Income  
proxy 

Ownership of  
durable goods 

Typical 
Expenditures 

Perception of 
economic  
situation 

D2 Education 
Primary 

enrolment 
Secondary  
enrolment 

Literacy  Drop-out rate 

IEC 
Resources  

(Info/Educ to 
Communic.) 

Access to 
school 

infrastructure 

Education 
level 

achieved 
Pre-school 

D3 Health 
Infant/Child 
Mortality 

Maternal 
mortality 

Morbidity to 
handicap 
incidence 

Access to 
health 

infrastructure 

Specific 
disease 

prevention 
treatment 

   

D4 Food/ Nutrition Malnutrition 
Food security 

status       

D5 Water/ Sanitation 
Sources of 
drinking 

water 

Sanitation 
facilities       

D6 Employment/ Labor 
Unemploy- 

ment 
inactivity 

Underemploy- 
ment 

Categories  
of workers 

Child labor Wage rates 
   

D7 Housing (Environment) 
Housing 

characteristics 
Home 

ownership 
Sources of  

energy 
Living 

environment     

D8 Access to productive assets 
Land 

distribution 
Irrigated  

land 
Productive 

assets 
Access to 

credit 
Information 
technology 

Production 
techniques   

D9 Access to markets 
Price of basic 
commodities 

Access to  
market 

infrastructure 

Access to 
services 

Access to  
roads     

Source: Asselin (2009) 
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FIGURE A-1: KERNEL DENSITY ESTIMATE OF THE DISTRIBUTION OF PEOPLE PER ROOM  

 

 
 
FIGURE A-2: KERNEL DENSITY ESTIMATE OF THE DISTRIBUTION OF HOUSEHOLD SIZE  
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TABLE A-3: PROBIT REGRESSION (DEPENDENT VARIABLE : MULTIDIMENSIONAL POVERTY) 

 
INDEPENDENT URBAN RURAL 
VARIABLES COEFFICIENTS STD. ERRORS COEFFICIENTS STD. ERRORS 

     
Household characteristics    
     
Log of household size 0.0728 (0.0460) -0.7052*** (0.0786) 
Share of children (0-4yrs) 0.2035 (0.3129) -87.6167 (1,746.0643) 
Share of children (5-11yrs) 0.9120*** (0.3011) -90.0364 (1,746.0644) 
Share of children (12-15yrs) 0.6810** (0.3381) -90.2889 (1,746.0644) 
Share of male adults -0.2525 (0.2798) -90.4563 (1,746.0644) 
Share of female adults -0.3081 (0.2657) -88.9502 (1,746.0643) 
Number of Elderly -0.1266*** (0.0288) 0.0596 (0.0406) 
Main revenue: agriculture (omitted)  (omitted)  
Main revenue: commerce 0.1889* (0.1142) -1.0799*** (0.0873) 
Main revenue: salary 0.3977*** (0.1131) -0.6846*** (0.0994) 
Main revenue: transfers/rents 0.1847 (0.1215) -0.9088*** (0.0939) 
Main revenue: other 0.2757** (0.1115) -1.3643*** (0.0945) 

     
Regional characteristics     
     
Dakar (omitted)  (omitted)  
Diourbel -0.8093*** (0.1029) 1.0972*** (0.2382) 
Fatick -0.2003* (0.1212) -0.0029 (0.1654) 
Kaolack 0.0733 (0.0887) 0.7193*** (0.1740) 
Kolda 4.7303 (77.6608) 1.6118*** (0.1974) 
Louga -0.5883*** (0.1176) 7.2735 (548.6533) 
Matam -0.4918*** (0.0755) 0.0575 (0.1702) 
Saint-Louis -0.8858*** (0.0916) 1.3354*** (0.1813) 
Tambacounda (not urban)  0.4047** (0.1845) 
Thiès -0.6166*** (0.1435) 0.7179*** (0.1829) 
Ziguinchor (not urban)  5.8159 (387.5525) 

     
Characteristics of the household head   
     
Log of household head age -0.0602 (0.0676) -0.5401*** (0.1302) 
Male head 0.0313 (0.1217) 49.8748 (978.1489) 
Female head -0.1345 (0.1221) 49.5146 (978.1489) 
No Education (omitted)  (omitted)  
Pre-school -0.2257*** (0.0704) -0.6546*** (0.1167) 
Primary Education (1st) -0.6388*** (0.0731) -1.2167*** (0.1243) 
Primary Education (2nd) -0.6408*** (0.0795) -0.5408*** (0.1610) 
Lower Secondary -0.9766*** (0.0876) -1.2280*** (0.2492) 
Upper Secondary -1.2304*** (0.0842) -1.8653*** (0.2640) 
Higher Education -0.3998*** (0.0698) -0.9621*** (0.0900) 
     
Constant 0.5099 (0.3634) 44.7884 (978.1478) 
     
Observations 4320  4818  
Pseudo R2 0.113  0.308  
Notes: *** Significant at p<0.01, ** Significant at p<0.05, * Significant at p<0.1 
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TABLE A-4: MARGINAL EFFECTS (DEPENDENT VARIABLE : MULTIDIMENSIONAL POVERTY) 

 
INDEPENDENT URBAN RURAL 
VARIABLES DY/DX STD. ERRORS DY/DX STD. ERRORS 

     
Household characteristics     
     
Log of household size 0.0259 (0.0182) -0.0194 (1.7304) 
Share of children (0-4yrs) 0.1678 (0.1251) -2.4098 (207.1411) 
Share of children (5-11yrs) 0.4942*** (0.1224) -2.4764 (212.9334) 
Share of children (12-15yrs) 0.4014*** (0.1369) -2.4833 (213.5383) 
Share of male adults 0.0377 (0.1137) -2.4879 (213.9395) 
Share of female adults 0.0125 (0.1081) -2.4465 (210.3323) 
Number of Elderly -0.0393*** (0.0115) 0.0016 (0.1462) 
Main revenue: agriculture (omitted)  (omitted)  
Main revenue: commerce^ 0.0821* (0.0450) -0.0827 (5.4646) 
Main revenue: salary^ 0.1415*** (0.0441) -0.0377 (2.8284) 
Main revenue: transfers/rents^ 0.0804* (0.0478) -0.0590 (4.1609) 
Main revenue: other^ 0.1127*** (0.0436) -0.1383 (8.0096) 
     
Regional characteristics     
     
Dakar (omitted)  (omitted)  
Diourbel^ -0.2973*** (0.0379) 0.0108 (1.0767) 
Fatick^ -0.0786* (0.0473) -0.0001 (0.0084) 
Kaolack^ 0.0430 (0.0351) 0.0118 (1.1203) 
Kolda^ 0.5059*** (0.0080) 0.0171 (1.6243) 
Louga^ -0.2147*** (0.0423) 0.0189 (1.5796) 
Matam^ -0.1892*** (0.0287) 0.0015 (0.1353) 
Saint-Louis^ -0.3093*** (0.0355) 0.0147 (1.4196) 
Tambacounda^ (not urban)  0.0075 (0.7102) 
Thiès^ -0.2348*** (0.0497) 0.0110 (1.0589) 
Ziguinchor^ (not urban)  0.0339 (1.5748) 
 
Characteristics of the household head 
 
Log of household head age -0.0916*** (0.0262) -0.0149 (1.3254) 
Male head^ -0.1051** (0.0517) 1.3710 (117.5461) 
Female head^ -0.1726*** (0.0523) 0.9260 (10.1867) 
No Education (omitted)  (omitted)  
Pre-school^ -0.0889*** (0.0275) -0.0347 (2.6345) 
Primary Education (1st) ^ -0.2489*** (0.0283) -0.1148 (6.9579) 
Primary Education (2nd) ^ -0.2259*** (0.0295) -0.0269 (2.0893) 
Lower Secondary^ -0.3433*** (0.0362) -0.1266 (7.4115) 
Upper Secondary^ -0.4058*** (0.0410) -0.3118 (12.8029) 
Higher Education^ -0.1620*** (0.0269) -0.0396 (3.1200) 
     
Observations 4320  4818  
Notes: (^) dy/dx stands for a discrete change of the dummy variable from 0 to 1; *** Significant at p<0.01, ** 
Significant at p<0.05, * Significant at p<0.1 

 
  
  



77 
 

APPENDIX B 

FIGURE B-1: POVERTY HEADCOUNT  

 

Source: World Bank, World Development Indicators. 

 

FIGURE B-2: LIFE EXPECTANCY AT BIRTH 

 
Source: World Bank, World Development indicators 

 

TABLE B-1: AREA IN WHICH PEOPLE LIVE IN PERCENTAGES 

Year 1978 1988 1998 2008 

Dakar 25.82% 28.27% 31.60% 35.47% 

Rural 48.75% 43.51% 40.68% 37.69% 

Other Urban  21.11% 21.79% 21.34% 21.51% 
Source: Authors’ calculations 
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TABLE B-2: OVERLAP OF INDICATORS (DETAILED) 

Note: Numbers in brackets depict the absolute number of people with those deprivations. 
Source: Authors’ calculations 

 

Dimension Income Education Water & Sanitation Housing 

Indicator Loans 
Sale of 

belongings 
Enough income to 

survive 
Primary 

enrollment 
Educational 

level 
Water 
access 

Latrine 
type 

Residential 
environment 

Over-
crowding 

Loans 
100% 
(569) 

47% (228) 40% (213) 100%  (1) 26% (370 25% (250) 20% (142) 21% (166) 24% (179) 

Sale of belongings 
40% 
(228) 

100% (489) 36% (194) 100% (1) 24% (350) 27% (277) 22% (155) 27% (214) 17% (125) 

Enough income 
to survive 

37% 
(213) 

40% (194) 100%(546) 100% (1) 26% (372) 26% (261) 24% (166) 26% (202) 29% (217) 

Primary enrollment 0% 0.2% (1) 0% 100% (1) 0% 0.1% (1) 0% 0.1 (1) 0% 

Educational Level 
65% 
(370) 

72% (350) 68% (372) 0% (0) 100% (1,434) 76% (770) 78% (543) 79% (629) 62% (463) 

Water access 
44% 
(250) 

57% (277) 48%(261) 100%(1) 54% (770) 100%  (1,018) 80% (559) 78% (620) 48% (360) 

Latrine  type 
25% 
(142) 

32% (155) 30% (166) 0% (1) 38% (543) 55% (559) 100%(696) 59% (471) 35% (266) 

Residential 
environment 

29% 
(166) 

44% (214) 37% (202) 100%(1) 44% (629) 61% (620) 68% (471) 100% (793) 42%(313) 

Overcrowding 
31% 
(179) 

26% (125) 40% (217) 0% (1) 32%(463) 35% (360) 38% (266) 39%(313) 100%(752) 

Electricity 
27% 
(153) 

42% (207) 42%(228) 100%(1) 46%(655) 71% (718) 70% (484) 74%(585) 41% (306) 

Access to markets 
20% 
(116) 

38% (183) 31% (168) 0% (1) 35%(505) 51% (523) 58%(402) 63% (502) 31%(231) 

Access to social 
services 

19% 
(108) 

29% (143) 28% (153) 0% (1) 30%(434) 45% (453) 50%(348) 56%(442) 28% (210) 

Access to 
infrastructure 

19% 
(105) 

32% (158) 27%(149) 0% (1) 32% (463) 47% (479) 55%(380) 59% (469) 29% (219) 
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TABLE B-2: OVERLAP OF INDICATORS (DETAILED) (CONTINUED) 

 

 

 Housing Access to markets 
 Electricity Access to markets Access to social services Access to infrastructure 

Loans 19% (153) 18% (116) 21% (108) 18% (105) 

Sale of belongings 26% (207) 29% (183) 28% (143) 28% (158) 

Enough income to survive 28%  (228) 27% (168) 30% (153) 26% (149) 

Primary enrollment 0.1% (1) 0% 0% 0% 

Educational Level 81% (655) 80% (505) 84% (434) 81% (463) 

Water access 89% (718) 83% (523) 88% (453) 84% f(479) 

Latrine  type 60% (484) 64% (402) 67% (348) 67% (380) 

Residential environment 73% (585) 80% (502) 85% (442) 82% (469) 

Overcrowding 38% (306) 37% (231) 41%(210) 38% (219) 

Electricity 100% (805) 80% (503) 86% (444) 81% (460) 

Access to markets 62% (503) 100% (628) 93% (479) 87% (499) 

Access to social services 55% (444) 76% (479) 100% (517) 80% (455) 

Access to infrastructure 57% (460) 79% (499) 88% (455) 100% (571) 
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TABLE B-3: HEADCOUNT RATIO FOR ALL YEARS OF THE SAMPLE 

Year Poor Year Poor Year Poor Year Poor 
1917 0.00% 1943 38.24% 1969 62.45% 1995 65.38% 

 (1)  (34)  (948)  (2,334) 
1918 0.00% 1944 48.39% 1970 62.65% 1996 66.20% 

 (2)  (62)  (996)  (2,343) 
1919 0.00% 1945 45.33% 1971 62.33% 1997 66.57% 

 (2)  (75)  (1,046)  (2,345) 
1920 0.00% 1946 47.42% 1972 62.70% 1998 67.31% 

 (2)  (97)  (1,102)  (2,349) 
1921 0.00% 1947 46.79% 1973 63.44% 1999 67.86% 

 (2)  (109)  (1,146)  (2,349) 
1922 0.00% 1948 46.72% 1974 62.42% 2000 67.94% 

 (2)  (122)  (1,248)  (2,349) 
1923 0.00% 1949 45.64% 1975 62.84% 2001 68.20% 

 (2)  (149)  (1,297)  (2,349) 
1924 33.33% 1950 48.28% 1976 63.36% 2002 67.90% 

 (3)  (174)  (1,362)  (2,349) 
1925 33.33% 1951 48.94% 1977 63.71% 2003 68.45% 

 (3)  (188)  (1,422)  (2,349) 
1926 33.33% 1952 51.34% 1978 63.16% 2004 68.75% 

 (3)  (224)  (1,485)  (2,349) 
1927 50.00% 1953 53.91% 1979 63.81% 2005 68.80% 

 (4)  (243)  (1,586)  (2,349) 
1928 50.00% 1954 54.29% 1980 63.30% 2006 68.97% 

 (4)  (280)  (1,654)  (2,349) 
1929 50.00% 1955 52.38% 1981 62.77% 2007 69.48% 

 (4)  (294)  (1,711)  (2,349) 
1930 60.00% 1956 52.31% 1982 62.50% 2008 69.32% 

 (5)  (325)  (1,776)  (2,350) 
1931 60.00% 1957 55.21% 1983 63.30% Total 64.66% 

 (5)  (355)  (1,820)  (86,792) 
1932 50.00% 1958 58.00% 1984 63.21%   

 (6)  (400)  (1,897) χ
2 581.1025 

1933 57.14% 1959 57.81% 1985 63.74% p-value 0.000 
 (7)  (448)  (1,958)   

1934 50.00% 1960 57.79% 1986 63.71%   
 (8)  (488)  (2,017)   

1935 44.44% 1961 58.91% 1987 64.45%   
 (9)  (516)  (2,056)   

1936 45.45% 1962 60.42% 1988 64.30%   
 (11)  (566)  (2,098)   

1937 38.46% 1963 62.13% 1989 65.21%   
 (13)  (602)  (2,153)   

1938 44.44% 1964 60.89% 1990 65.27%   
 (18)  (675)  (2,203)   

1939 36.36% 1965 60.81% 1991 64.97%   
 (22)  (717)  (2,241)   

1940 33.33% 1966 60.83% 1992 64.80%   
 (24)  (771)  (2,264)   

1941 33.33% 1967 61.44% 1993 64.88%   
 (27)  (822)  (2,295)   

1942 40.00% 1968 62.01% 1994 65.26%   
 (30)  (874)  (2,320)   

Note(s): χ2 illustrates the two-way association of the headcount ratio and the years. Numbers in brackets depict 
the total sample sizes for each year. 
Source: Authors’ calculation 
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TABLE B-4: UNPAIRED T TESTS FOR SELECTED VARIABLES  

Year 1978 1988 1998 2008 

'!: 
no difference 

t, two 
sided 
(df) 

p-value '<: diff 
≠ 0 

t, two 
sided 
(df) 

p-value 
: 

diff ≠ 0 

t, two 
sided 
(df) 

p-value '<: 
diff ≠ 0 

t, two 
sided 
(df) 

p-value '<: 
diff ≠ 0 

male = female 
2.7731 0.0056 1.9872 0.0470 1.9162 0.0555 0.2995 0.7646 

(1372.18)  (2043.12)  (2333.85)  (2339.36)  

10-14 p.p.h. = 
15-19 p.p.h. 

0.0772 0.9385 -0.2207 0.8255 -0.7232 0.4699 -0.1463 0.8837 

(364.797)  (460.538)  (507.737)  (467.575)  

10-14 p.p.h. = 
20+ p.p.h. 

0.1273 0.8988 0.1204 0.9043 -0.2884 0.7732 -1.5357 0.1254 

(274.48)  (363.393)  (380.134)  (424.018)  

5-9 p.p.h. =  
10-14 p.p.h 

-1.1233 0.2618 -3.3527 0.0008 -3.3848 0.0007 -4.4461 0.0000 

(575.786)  (879.926)  (1045.59)  (1055.14)  

no education =  
Koran school  

-0.3544 0.7231 -1.3416 0.1799 -1.7659 0.0776 -0.7552 0.4502 

(1137.8)  (1489.3)  (1592.04)  (1565.96)  

primary school 
= secondary 

0.3509 0.7263 0.8997 0.3693 1.9089 0.0574 2.2721 0.0239 

(107.917)  (209.642)  (247.5)  (248.095)  

secondary 
school =  
university 

-2.1945 0.0335 -0.9436 0.3491 -0.6287 0.5310 -1.2895 0.2000 

(44.17)  (61.4557)  (101.366)  (106.306)  

Note(s): p.p.h. = persons per household 
Source: Authors’ calculation 
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TABLE B-5: DESCRIPTIVE STATISTICS SURVIVAL ANALYSIS MODELS  

Variable Mean Std. Dev. Min Max 
m108 1.474941 1.73299 0 6 

Religion 2.040997 1.526763 1 6 
Ethnicity 3.345313 2.453165 1 8 
Region 3.437647 3.179372 1 11 
RegEth 10.83109 13.79163 1 80 
RegRel 6.217401 7.672668 1 60 

EthM108 4.639471 8.525686 0 48 
RelEth 8.17365 11.45196 1 48 

M0 .0856511 .2798544 0 1 
d1 .0992415 .2989927 0 1 
d2 .0535489 .2251303 0 1 
d3 .0517428 .2215123 0 1 
d4 .0505689 .2191206 0 1 
d5 .0492595 .2164143 0 1 
d6 .047905 .2135701 0 1 
d7 .0457378 .2089205 0 1 
d8 .044022 .2051487 0 1 
d9 .0402745 .1966068 0 1 
d10 .0376558 .1903666 0 1 
d11 .0353531 .1846748 0 1 
d12 .0330504 .1787722 0 1 
d13 .0311541 .1737379 0 1 
d14 .0286708 .1668832 0 1 
d15 .0265035 .1606308 0 1 
d16 .0244266 .1543729 0 1 
d17 .0223948 .1479671 0 1 
d18 .0207694 .1426146 0 1 
d19 .0195503 .138452 0 1 
d20 .0180603 .1331726 0 1 
d21 .0169316 .1290179 0 1 
d22 .0157576 .1245393 0 1 
d23 .0147643 .1206109 0 1 
d24 .0135904 .1157856 0 1 
d25 .0130034 .1132913 0 1 
d26 .0121004 .1093368 0 1 
d27 .0113329 .1058533 0 1 
d28 .0105201 .1020291 0 1 
d29 .0096623 .097823 0 1 
d30 .0089399 .0941294 0 1 
d31 .0077659 .0877837 0 1 
d32 .0069532 .0830975 0 1 
d33 .0064566 .0800947 0 1 
d34 .0060954 .0778362 0 1 
d35 .005689 .0752123 0 1 

d36-40 .0223948 .1479671 0 1 
female .4897056 .4999053 0 1 

yob 1964.245 13.89449 1911 2002 
cohort 2.940085 1.266949 1 5 

Note(s): only the overall standard deviation is displayed. N= 22148, n = 2198, M108 = educational level of the 
(foster) parents, d1-d35 are dummies for the periods, d36-40 encompasses all periods > 35, yob = year of birth 
Source: Authors‘ calculations 
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APPENDIX C 

TABLE C-1: TIME SPECIFICATION MODELS 1 

 (1) (2) (3) 
 M0 

Constant Model 
M0 

Linear Model 
M0 

Quadratic Model 
j  -0.0995***  -0.165***  
  (-25.22) (-26.46) 
j2   0.00214***  
   (16.54) 
Constant -2.368***  -1.433***  -1.187***  
 (-98.62) (-39.36) (-29.96) 
Observations 22148 22148 22148 
AIC 12952.3 11951.0 11806.8 
BIC 12960.3 11967.0 11830.8 
ll -6475.2 -5973.5 -5900.4 
p_diff    
LRchi2    
df    
Notes(s): t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.001.  
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TABLE C-2: TIME SPECIFICATION MODELS 2 

 (1) (2) (3) (4) 
 M0 M0 M0 M0 
j -0.585*** (-26.37) -0.774*** (-27.72) 0.0699 (0.10)  
j2 0.0346*** (19.18) 0.0587*** (21.10)   
j3 -0.000603*** (-15.40) -0.00157*** (-17.81)   
j4  0.0000119*** (16.39)   
Age:6   6.954 (0.20)  
Age:7   3.688 (0.11)  
Age:8   3.210 (0.10)  
Age:9   3.276 (0.10)  
Age:10   3.268 (0.10)  
Age:11   3.714 (0.12)  
Age:12   3.449 (0.11)  
Age:13   4.249 (0.14)  
Age:14   3.888 (0.14)  
Age:15   3.753 (0.13)  
Age:16   3.750 (0.14)  
Age:17   3.494 (0.13)  
Age:18   3.808 (0.15)  
Age:19   3.631 (0.14)  
Age:20   3.572 (0.15)  
Age:21   3.510 (0.15)  
Age:22   3.059 (0.13)  
Age:23   2.834 (0.13)  
Age:24   2.975 (0.14)  
Age:25   2.670 (0.13)  
Age:26   2.668 (0.13)  
Age:27   2.470 (0.13)  
Age:28   1.890 (0.10)  
Age:29   1.611 (0.09)  
Age:30   1.743 (0.10)  
Age:31   2.116 (0.13)  
Age:32   1.400 (0.09)  
Age:33   1.890 (0.13)  
Age:34   1.423 (0.10)  
Age:35   2.431 (0.18)  
Age:36   2.232 (0.17)  
Age:37   0.616 (0.05)  
Age:38   1.034 (0.09)  
Age:39   1.318 (0.12)  
Age:40   0.610 (0.06)  
Age: 42   1.283 (0.15)  
Age: 44   0.720 (0.10)  
Age: 45   0.00567 (0.00)  
Age: 46   0.0137 (0.00)  
Age: 47   -0.000567 (-0.00)  
Age: 48   0.0192 (0.00)  
lnj    -0.961***  (-40.34) 
Constant -0.310***  (-5.63) -0.0383 (-0.65) -7.183 (-0.20) -0.759***  (-19.47) 
Observations 22148 22148 21387 22148 
AIC 11300.0 11149.4 10115.7 11104.9 
BIC 11332.0 11189.4 10458.5 11120.9 
ll -5646.0 -5569.7 -5014.9 -5550.5 
p_diff     
LRchi2     
df 22144 22143   
Notes(s): t statistics in parentheses.  * p < 0.05, **  p < 0.01, ***  p < 0.001; (1) cubic model, (2) j to the power 4 
model, (3) dummy variables for time model, (4) ln(j) model  
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TABLE C3: TIME SPECIFICATION MODELS 3 

 (1)  (2)  (3)  (4)  
 M0 t-stat M0 t-stat M0 t-stat M0 t-stat 
Age:6 -0.159***  (-3.71) -0.159***  (-3.71)   -0.159***  (-3.71) 
Age:7 -3.355***  (-20.86) -3.355***  (-20.86)   -3.355***  (-20.86) 
Age:8 -3.763***  (-18.97) -3.763***  (-18.97)   -3.763***  (-18.97) 
Age:9 -3.628***  (-19.28) -3.628***  (-19.28)   -3.628***  (-19.28) 
Age:10 -3.566***  (-19.26) -3.566***  (-19.26)   -3.566***  (-19.26) 
Age:11 -3.049***  (-20.64) -3.049***  (-20.64)   -3.049***  (-20.64) 
Age:12 -3.245***  (-19.62) -3.245***  (-19.62)   -3.245***  (-19.62) 
Age:13 -2.375***  (-20.69) -2.375***  (-20.69)   -2.375***  (-20.69) 
Age:14 -2.666***  (-19.63) -2.666***  (-19.63)   -2.666***  (-19.63) 
Age:15 -2.731***  (-18.90) -2.731***  (-18.90)   -2.731***  (-18.90) 
Age:16 -2.664***  (-18.39) -2.664***  (-18.39)   -2.664***  (-18.39) 
Age:17 -2.851***  (-17.53) -2.851***  (-17.53)   -2.851***  (-17.53) 
Age:18 -2.466***  (-17.40) -2.466***  (-17.40)   -2.466***  (-17.40) 
Age:19 -2.573***  (-16.64) -2.573***  (-16.64)   -2.573***  (-16.64) 
Age:20 -2.563***  (-16.01) -2.563***  (-16.01)   -2.563***  (-16.01) 
Age:21 -2.555***  (-15.37) -2.555***  (-15.37)   -2.555***  (-15.37) 
Age:22 -2.936***  (-14.31) -2.936***  (-14.31)   -2.936***  (-14.31) 
Age:23 -3.091***  (-13.52) -3.091***  (-13.52)   -3.091***  (-13.52) 
Age:24 -2.881***  (-13.44) -2.881***  (-13.44)   -2.881***  (-13.44) 
Age:25 -3.115***  (-12.57) -3.115***  (-12.57)   -3.115***  (-12.57) 
Age:26 -3.047***  (-12.28) -3.047***  (-12.28)   -3.047***  (-12.28) 
Age:27 -3.175***  (-11.64) -3.175***  (-11.64)   -3.175***  (-11.64) 
Age:28 -3.686***  (-10.30) -3.686***  (-10.30)   -3.686***  (-10.30) 
Age:29 -3.895***  (-9.45) -3.895***  (-9.45)   -3.895***  (-9.45) 
Age:30 -3.692***  (-9.65) -3.692***  (-9.65)   -3.692***  (-9.65) 
Age:31 -3.250***  (-10.08) -3.250***  (-10.08)   -3.250***  (-10.08) 
Age:32 -3.896***  (-8.62) -3.896***  (-8.62)   -3.896***  (-8.62) 
Age:33 -3.337***  (-9.27) -3.337***  (-9.27)   -3.337***  (-9.27) 
Age:34 -3.733***  (-8.25) -3.733***  (-8.25)   -3.733***  (-8.25) 
Age:35 -2.655***  (-9.25) -2.655***  (-9.25)   -2.655***  (-9.25) 
Age:36 -2.785***  (-8.55) -2.785***  (-8.55)   -2.785***  (-8.55) 
Age:37 -4.331***  (-6.08) -4.331***  (-6.08)   -4.331***  (-6.08) 
Age:38 -3.843***  (-6.59) -3.843***  (-6.59)   -3.843***  (-6.59) 
Age:39 -3.489***  (-6.87) -3.489***  (-6.87)   -3.489***  (-6.87) 
Age:40  -4.127***  (-5.79) -4.127***  (-5.79)   -4.127***  (-5.79) 
Age:42 -3.314***  (-6.51) -3.314***  (-6.51)     
Age:44 -3.738***  (-5.22) -3.738***  (-5.22)     
Age:45 -4.382***  (-4.35) -4.382***  (-4.35)     
Age:46 -4.304***  (-4.28) -4.304***  (-4.28)     
Age:47 -4.248***  (-4.22) -4.248***  (-4.22)     
Age:48 -4.159***  (-4.13)       
Age:53 -3.829***  (-3.79)       
Age:55 -3.689***  (-3.64)       
Older than 48   -5.756***  (-8.13)     
Age: 6-10     -1.595***  (-49.04)   
Age: 11-15     -2.784***  (-45.04)   
Age: 16-20     -2.623***  (-38.57)   
Age: 21-25     -2.879***  (-31.19)   
Age: 26-30     -3.419***  (-24.26)   
Age: 31-35     -3.310***  (-20.82)   
Age: 36-40     -3.519***  (-15.89)   
Age: 41-45     -4.246***  (-11.16)   
Age: 46-86     -5.124***  (-11.42)   
Older than 40       -4.707***  (-16.23) 
Observations 21387  21933  22148  22148  
AIC 10115.7  10199.5  12063.7  10123.8  
BIC 10458.5  10527.3  12135.8  10412.0  
ll -5014.9  -5058.7  -6022.9  -5025.9  
Note(s): t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.00. (1) dummy variables for all periods, (2) 
dummy variables for age<49 and one dummy for age>48, (3) stepwise model, (4) dummy variables for age<41 
and one dummy variable for age>40 
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TABLE C-4: REGRESSION ANALYSIS FOR THE FIRST PERIOD 

 (1)  
 M0 t-stat 
Lebou -0.00168 (-0.04) 
Toucouleur 0.0799* (2.37) 
Peul 0.163***  (5.49) 
Mandingue 0.0352 (0.62) 
Serer -0.0421 (-1.38) 
Diola 0.157**  (2.93) 
Other ethnic groups 0.0468 (1.23) 
Mouride 0.0144 (0.60) 
Khadria 0.125**  (2.63) 
Layene -0.0134 (-0.18) 
Other muslims -0.0197 (-0.55) 
Christian -0.0335 (-0.71) 
Able to read" 0.00937 (0.09) 
Islamic school  0.0140 (0.65) 
Primary education -0.00761 (-0.21) 
Lower secondary education -0.149* (-2.49) 
Upper secondary education 0.0391 (0.71) 
Higher education -0.156**  (-2.63) 
female -0.0290 (-1.56) 
yob 0.000785 (1.12) 
Djourbel 0.558***  (10.87) 
Fatick 0.640***  (17.57) 
Kaolack 0.632***  (18.24) 
Kolda 0.0971* (2.28) 
Louga -0.154**  (-2.77) 
Matam 0.416***  (13.71) 
Saint-Louis -0.0173 (-0.45) 
Tambacounda 0.409***  (7.36) 
Thiès 0.535***  (13.61) 
Ziguinchor 0.299***  (6.17) 
_cons -1.335 (-0.97) 
N 2198  
R2 0.335  
wald_region_p 1.84e-151  
wald_region_F 87.44  
wald_region_df 10  
wald_religion_p 0.0991  
wald_religion_F 1.855  
wald_religion_df 5  
wald_m108_p 0.0222  
wald_m108_F 2.465  
wald_m108_df 6  
wald_ethnicity_p 9.02e-08  
wald_ethnicity_F 6.624  
wald_ethnicity_df 7  
Note(s): t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.001.  Reference groups: Ethnicity: Wolof; 
Religion: Tidiane; Educational level of (foster) parents: no education; Female: male; Region: Dakar.  
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TABLE C-5: SURVIVAL ANALYSIS STARTING IN PERIOD 2 

 (1)  (2)  (3)  (4)  
 M0 t-stat M0 t-stat M0 t-stat M0 t-stat 
Age:7 -3.355***  (-20.86) -3.415***  (-20.41) -3.367***  (-20.48) -3.266***  (-19.93) 
Age:8 -3.763***  (-18.97) -3.823***  (-18.76) -3.773***  (-18.75) -3.675***  (-18.29) 
Age:9 -3.628***  (-19.28) -3.685***  (-19.02) -3.639***  (-19.04) -3.537***  (-18.53) 
Age:10 -3.566***  (-19.26) -3.622***  (-18.98) -3.576***  (-19.01) -3.473***  (-18.48) 
Age:11 -3.049***  (-20.64) -3.101***  (-20.04) -3.059***  (-20.20) -2.954***  (-19.53) 
Age:12 -3.245***  (-19.62) -3.295***  (-19.19) -3.254***  (-19.29) -3.148***  (-18.69) 
Age:13 -2.375***  (-20.69) -2.418***  (-19.56) -2.382***  (-19.96) -2.272***  (-19.06) 
Age:14 -2.666***  (-19.63) -2.710***  (-18.89) -2.674***  (-19.13) -2.564***  (-18.38) 
Age:15 -2.731***  (-18.90) -2.773***  (-18.29) -2.739***  (-18.46) -2.623***  (-17.73) 
Age:16 -2.664***  (-18.39) -2.703***  (-17.81) -2.671***  (-17.96) -2.551***  (-17.18) 
Age:17 -2.851***  (-17.53) -2.888***  (-17.11) -2.857***  (-17.20) -2.729***  (-16.44) 
Age:18 -2.466***  (-17.40) -2.497***  (-16.78) -2.472***  (-16.97) -2.338***  (-16.06) 
Age:19 -2.573***  (-16.64) -2.602***  (-16.14) -2.578***  (-16.29) -2.435***  (-15.39) 
Age:20 -2.563***  (-16.01) -2.584***  (-15.53) -2.566***  (-15.68) -2.418***  (-14.78) 
Age:21 -2.555***  (-15.37) -2.570***  (-14.91) -2.557***  (-15.08) -2.407***  (-14.19) 
Age:22 -2.936***  (-14.31) -2.952***  (-14.04) -2.939***  (-14.13) -2.790***  (-13.41) 
Age:23 -3.091***  (-13.52) -3.102***  (-13.30) -3.093***  (-13.38) -2.940***  (-12.72) 
Age:24 -2.881***  (-13.44) -2.886***  (-13.17) -2.883***  (-13.29) -2.731***  (-12.58) 
Age:25 -3.115***  (-12.57) -3.118***  (-12.37) -3.116***  (-12.46) -2.960***  (-11.83) 
Age:26 -3.047***  (-12.28) -3.048***  (-12.07) -3.046***  (-12.16) -2.892***  (-11.53) 
Age:27 -3.175***  (-11.64) -3.168***  (-11.44) -3.172***  (-11.54) -3.024***  (-10.99) 
Age:28 -3.686***  (-10.30) -3.680***  (-10.19) -3.683***  (-10.24) -3.534***  (-9.82) 
Age:29 -3.895***  (-9.45) -3.891***  (-9.37) -3.892***  (-9.41) -3.755***  (-9.07) 
Age:30 -3.692***  (-9.65) -3.682***  (-9.55) -3.689***  (-9.60) -3.550***  (-9.24) 
Age:31 -3.250***  (-10.08) -3.239***  (-9.95) -3.247***  (-10.02) -3.105***  (-9.57) 
Age:32 -3.896***  (-8.62) -3.879***  (-8.54) -3.894***  (-8.60) -3.757***  (-8.29) 
Age:33 -3.337***  (-9.27) -3.314***  (-9.14) -3.331***  (-9.22) -3.189***  (-8.82) 
Age:34 -3.733***  (-8.25) -3.700***  (-8.13) -3.727***  (-8.22) -3.597***  (-7.92) 
Age:35 -2.655***  (-9.25) -2.625***  (-9.03) -2.647***  (-9.16) -2.509***  (-8.66) 
Age:36 -2.785***  (-8.55) -2.760***  (-8.38) -2.770***  (-8.46) -2.634***  (-8.02) 
Age:37 -4.331***  (-6.08) -4.298***  (-6.03) -4.311***  (-6.05) -4.176***  (-5.86) 
Age:38 -3.843***  (-6.59) -3.812***  (-6.51) -3.823***  (-6.54) -3.682***  (-6.29) 
Age:39 -3.489***  (-6.87) -3.450***  (-6.77) -3.472***  (-6.83) -3.332***  (-6.54) 
Age:40 -4.127***  (-5.79) -4.084***  (-5.72) -4.109***  (-5.76) -3.966***  (-5.55) 
Older than 40 -4.707***  (-16.23) -4.655***  (-15.87) -4.702***  (-16.16) -4.568***  (-15.62) 
Lebou   -0.571***  (-3.53)     
Toucouleur   0.0812 (0.69)     
Peul   0.229* (2.22)     
Mandingue   0.225 (1.14)     
Serer   0.409***  (3.90)     
Diola   -0.0247 (-0.12)     
Other ethnic groups   -0.352**  (-2.60)     
Mouride     0.0881 (1.09)   
Khadria     -0.00415 (-0.02)   
Layene     -0.829**  (-2.68)   
Other muslims     -0.0705 (-0.56)   
Christian     0.0736 (0.48)   
Able to read       0.0658 (0.17) 
Islamic school        0.0401 (0.52) 
Primary education       -0.438**  (-3.22) 
Lower secondary education       -1.309***  (-4.43) 
Upper secondary education       -1.170***  (-4.27) 
Higher education       -0.898***  (-3.69) 
Observations 19950  19950  19950  19950  
AIC (BIC) 7088.6 (7365.1) 7049.7 (7381.6) 7086.5 (7402.5) 7020.5 (7344.5) 
ll -3509.3  -3482.9  -3503.3  -3469.3  
p_diff   3.98e-09  0.0341  3.53e-15  
LRchi2 (Df)   52.85 (7) 12.05 (5) 80.02 (6) 
Wald_P  0  0  0  0  
wald_chi2 (wald_df)  6849.6 (33) 49.83 (7) 9.662 (5) 60.34 (6) 

Note(s): * p < 0.05, **  p < 0.01, ***  p < 0.00. Referenced to: Ethnicity: Wolof; Religion: Tidiane; Educational 
level: Without. (1) baseline, (2) with ethnicity, (3) with  religion, (4) with educational level of (foster) parents. 
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TABLE C-6: SURVIVAL ANALYSIS STARTING IN PERIOD 2, CONTINUED 
 (1)  (2)  (3)  (4)  (5)  
 M0 t-stat M0 t-stat M0 t-stat M0 t-stat M0 t-stat 
Age:7 -3.355***  (-20.86) -3.256***  (-18.24) -3.398***  (-20.58) 1.750 (0.35) -3.666***  (-22.00) 
Age:8 -3.763***  (-18.97) -3.664***  (-17.20) -3.806***  (-18.86) 1.342 (0.26) -4.077***  (-20.06) 
Age:9 -3.628***  (-19.28) -3.528***  (-17.32) -3.670***  (-19.14) 1.477 (0.29) -3.937***  (-20.38) 
Age:10 -3.566***  (-19.26) -3.466***  (-17.26) -3.609***  (-19.11) 1.539 (0.30) -3.869***  (-20.34) 
Age:11 -3.049***  (-20.64) -2.950***  (-17.67) -3.092***  (-20.30) 2.055 (0.41) -3.348***  (-21.76) 
Age:12 -3.245***  (-19.62) -3.146***  (-17.23) -3.288***  (-19.40) 1.859 (0.37) -3.539***  (-20.72) 
Age:13 -2.375***  (-20.69) -2.276***  (-16.46) -2.417***  (-20.05) 2.729 (0.54) -2.656***  (-21.78) 
Age:14 -2.666***  (-19.63) -2.568***  (-16.46) -2.708***  (-19.25) 2.438 (0.48) -2.947***  (-20.74) 
Age:15 -2.731***  (-18.90) -2.634***  (-16.08) -2.773***  (-18.61) 2.372 (0.47) -3.004***  (-19.98) 
Age:16 -2.664***  (-18.39) -2.566***  (-15.66) -2.705***  (-18.14) 2.440 (0.48) -2.928***  (-19.45) 
Age:17 -2.851***  (-17.53) -2.752***  (-15.29) -2.891***  (-17.39) 2.254 (0.44) -3.107***  (-18.53) 
Age:18 -2.466***  (-17.40) -2.368***  (-14.66) -2.506***  (-17.18) 2.638 (0.52) -2.710***  (-18.41) 
Age:19 -2.573***  (-16.64) -2.474***  (-14.27) -2.613***  (-16.50) 2.531 (0.50) -2.799***  (-17.55) 
Age:20 -2.563***  (-16.01) -2.463***  (-13.80) -2.603***  (-15.89) 2.542 (0.50) -2.771***  (-16.83) 
Age:21 -2.555***  (-15.37) -2.454***  (-13.33) -2.595***  (-15.28) 2.551 (0.50) -2.753***  (-16.14) 
Age:22 -2.936***  (-14.31) -2.835***  (-12.89) -2.976***  (-14.30) 2.169 (0.43) -3.123***  (-14.96) 
Age:23 -3.091***  (-13.52) -2.991***  (-12.38) -3.130***  (-13.54) 2.013 (0.40) -3.268***  (-14.09) 
Age:24 -2.881***  (-13.44) -2.782***  (-12.20) -2.920***  (-13.46) 2.222 (0.44) -3.044***  (-13.99) 
Age:25 -3.115***  (-12.57) -3.017***  (-11.61) -3.155***  (-12.60) 1.987 (0.39) -3.267***  (-13.03) 
Age:26 -3.047***  (-12.28) -2.950***  (-11.34) -3.087***  (-12.32) 2.053 (0.41) -3.195***  (-12.72) 
Age:27 -3.175***  (-11.64) -3.078***  (-10.85) -3.215***  (-11.69) 1.925 (0.38) -3.310***  (-12.02) 
Age:28 -3.686***  (-10.30) -3.589***  (-9.80) -3.725***  (-10.36) 1.413 (0.28) -3.810***  (-10.58) 
Age:29 -3.895***  (-9.45) -3.802***  (-9.06) -3.935***  (-9.51) 1.201 (0.24) -4.016***  (-9.70) 
Age:30 -3.692***  (-9.65) -3.601***  (-9.23) -3.732***  (-9.71) 1.403 (0.28) -3.807***  (-9.90) 
Age:31 -3.250***  (-10.08) -3.160***  (-9.54) -3.290***  (-10.15) 1.843 (0.36) -3.363***  (-10.35) 
Age:32 -3.896***  (-8.62) -3.808***  (-8.31) -3.937***  (-8.69) 1.196 (0.24) -4.007***  (-8.83) 
Age:33 -3.337***  (-9.27) -3.251***  (-8.85) -3.378***  (-9.34) 1.753 (0.35) -3.446***  (-9.52) 
Age:34 -3.733***  (-8.25) -3.650***  (-7.96) -3.775***  (-8.31) 1.356 (0.27) -3.842***  (-8.45) 
Age:35 -2.655***  (-9.25) -2.575***  (-8.69) -2.697***  (-9.33) 2.431 (0.48) -2.754***  (-9.49) 
Age:36 -2.785***  (-8.55) -2.708***  (-8.10) -2.827***  (-8.62) 2.300 (0.46) -2.876***  (-8.74) 
Age:37 -4.331***  (-6.08) -4.256***  (-5.95) -4.373***  (-6.14) 0.753 (0.15) -4.418***  (-6.19) 
Age:38 -3.843***  (-6.59) -3.772***  (-6.41) -3.885***  (-6.64) 1.239 (0.24) -3.919***  (-6.69) 
Age:39 -3.489***  (-6.87) -3.419***  (-6.66) -3.529***  (-6.94) 1.591 (0.31) -3.569***  (-7.00) 
Age:40 -4.127***  (-5.79) -4.059***  (-5.66) -4.167***  (-5.84) 0.952 (0.19) -4.200***  (-5.88) 
Older than 40 -4.707***  (-16.23) -4.666***  (-15.86) -4.737***  (-16.27) 0.351 (0.07) -4.761***  (-16.28) 
Cohorts 1951-
1960 

  -0.0811 (-0.70)       

Cohorts 1961-
1970 

  -0.0995 (-0.91)       

Cohorts 1971-
1980 

  -0.146 (-1.35)       

Cohorts 1981-
2002 

  -0.134 (-1.01)       

Female     0.0814 (1.18)     
Year of birth       -0.00260 (-1.01)   
Djourbel         -0.162 (-0.50) 
Fatick         0.148 (0.66) 
Kaolack         -1.411***  (-4.16) 
Kolda         0.824***  (6.29) 
Louga         0.824***  (5.62) 
Matam         0.827***  (7.04) 
Saint-Louis         0.512***  (4.66) 
Tambacounda         0.278 (1.23) 
Thiès         0.720***  (3.35) 
Ziguinchor         0.599***  (3.35) 
Observations 19950  19950  19950  19950  19950  
AIC 7088.6  7094.6  7089.2  7089.5  6963.6  
BIC 7365.1  7402.7  7373.6  7374.0  7319.1  
ll -3509.3  -3508.3  -3508.6  -3508.8  -3436.8  
p_diff   0.739  0.240  0.315  3.99e-26  
LRchi2   1.980  1.382  1.011  145.0  
df   4  1  1  10  
wald_p 0  0  0  0    
wald_chi2   2.007        
wald_df   4        

Note(s): t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.001. Reference groups: Cohorts: Cohorts 
1911-1950; Female: male; Region: Dakar. (1) baseline model, (2) baseline model including cohorts, (3) baseline 
model including gender, (4) baseline model including year of birth, (5) baseline model including regions. 
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TABLE C-7: TIME INVARIANT MODELS 1 

 (1)  (2)  (3)  (4)  
 M0 t-stat M0 t-stat M0 t-stat M0 t-stat 
Age:6 -0.159***  (-3.71) -0.229***  (-4.12) -0.165***  (-3.30) -0.106* (-2.10) 
Age:7 -3.355***  (-20.86) -3.419***  (-20.73) -3.359***  (-20.61) -3.299***  (-20.26) 
Age:8 -3.763***  (-18.97) -3.827***  (-18.97) -3.766***  (-18.82) -3.709***  (-18.54) 
Age:9 -3.628***  (-19.28) -3.691***  (-19.26) -3.631***  (-19.12) -3.572***  (-18.80) 
Age:10 -3.566***  (-19.26) -3.627***  (-19.22) -3.569***  (-19.09) -3.508***  (-18.76) 
Age:11 -3.049***  (-20.64) -3.107***  (-20.42) -3.052***  (-20.35) -2.989***  (-19.91) 
Age:12 -3.245***  (-19.62) -3.300***  (-19.49) -3.247***  (-19.40) -3.183***  (-19.01) 
Age:13 -2.375***  (-20.69) -2.425***  (-20.14) -2.376***  (-20.21) -2.306***  (-19.59) 
Age:14 -2.666***  (-19.63) -2.716***  (-19.31) -2.667***  (-19.30) -2.598***  (-18.79) 
Age:15 -2.731***  (-18.90) -2.779***  (-18.65) -2.732***  (-18.60) -2.658***  (-18.10) 
Age:16 -2.664***  (-18.39) -2.710***  (-18.16) -2.664***  (-18.09) -2.587***  (-17.56) 
Age:17 -2.851***  (-17.53) -2.898***  (-17.40) -2.849***  (-17.30) -2.765***  (-16.77) 
Age:18 -2.466***  (-17.40) -2.507***  (-17.14) -2.465***  (-17.10) -2.373***  (-16.44) 
Age:19 -2.573***  (-16.64) -2.612***  (-16.44) -2.571***  (-16.39) -2.470***  (-15.72) 
Age:20 -2.563***  (-16.01) -2.593***  (-15.80) -2.560***  (-15.77) -2.453***  (-15.09) 
Age:21 -2.555***  (-15.37) -2.579***  (-15.15) -2.551***  (-15.16) -2.441***  (-14.48) 
Age:22 -2.936***  (-14.31) -2.961***  (-14.20) -2.932***  (-14.17) -2.826***  (-13.64) 
Age:23 -3.091***  (-13.52) -3.113***  (-13.44) -3.086***  (-13.41) -2.976***  (-12.91) 
Age:24 -2.881***  (-13.44) -2.894***  (-13.31) -2.877***  (-13.32) -2.766***  (-12.79) 
Age:25 -3.115***  (-12.57) -3.129***  (-12.49) -3.111***  (-12.48) -2.996***  (-12.00) 
Age:26 -3.047***  (-12.28) -3.060***  (-12.19) -3.040***  (-12.18) -2.928***  (-11.71) 
Age:27 -3.175***  (-11.64) -3.182***  (-11.55) -3.166***  (-11.55) -3.060***  (-11.15) 
Age:28 -3.686***  (-10.30) -3.696***  (-10.26) -3.676***  (-10.24) -3.570***  (-9.94) 
Age:29 -3.895***  (-9.45) -3.905***  (-9.43) -3.885***  (-9.40) -3.791***  (-9.17) 
Age:30 -3.692***  (-9.65) -3.698***  (-9.62) -3.682***  (-9.60) -3.585***  (-9.34) 
Age:31 -3.250***  (-10.08) -3.256***  (-10.03) -3.242***  (-10.03) -3.142***  (-9.70) 
Age:32 -3.896***  (-8.62) -3.895***  (-8.59) -3.889***  (-8.59) -3.795***  (-8.38) 
Age:33 -3.337***  (-9.27) -3.330***  (-9.20) -3.326***  (-9.22) -3.228***  (-8.94) 
Age:34 -3.733***  (-8.25) -3.724***  (-8.20) -3.723***  (-8.21) -3.634***  (-8.01) 
Age:35 -2.655***  (-9.25) -2.643***  (-9.13) -2.642***  (-9.17) -2.548***  (-8.82) 
Age:36 -2.785***  (-8.55) -2.779***  (-8.47) -2.761***  (-8.45) -2.678***  (-8.17) 
Age:37 -4.331***  (-6.08) -4.315***  (-6.05) -4.302***  (-6.04) -4.223***  (-5.92) 
Age:38 -3.843***  (-6.59) -3.826***  (-6.54) -3.815***  (-6.53) -3.727***  (-6.37) 
Age:39 -3.489***  (-6.87) -3.464***  (-6.80) -3.465***  (-6.82) -3.378***  (-6.63) 
Age:40 -4.127***  (-5.79) -4.096***  (-5.74) -4.100***  (-5.75) -4.013***  (-5.62) 
Older than 40 -4.707***  (-16.23) -4.670***  (-15.99) -4.698***  (-16.17) -4.617***  (-15.83) 
Lebou   -0.578***  (-4.49)     
Toucouleur   0.0201 (0.21)     
Peul   0.388***  (5.08)     
Mandingue   0.231 (1.49)     
Serer   0.225**  (2.60)     
Diola   0.242 (1.73)     
Other ethnic groups   -0.298**  (-2.86)     
Mouride     0.0950 (1.52)   
Khadria     0.118 (0.89)   
Layene     -0.887***  (-3.57)   
Other muslims     -0.149 (-1.46)   
Christian     -0.0501 (-0.40)   
Able to read       0.192 (0.65) 
Islamic school        0.129* (2.16) 
Primary education       -0.507***  (-4.56) 
Lower secondary education       -1.056***  (-5.07) 
Upper secondary education       -0.716***  (-4.05) 
Higher education       -1.027***  (-5.01) 
Observations 22148  22148  22148  22148  
AIC (BIC) 10123.8 (10412) 10054.2 (10398.4) 10110.4 (10438.6) 10020.2 (10356.4) 
Ll (p_diff) -5025.9  -4984.1 (2.50e-15) -5014.2 (0.00028) -4968.1 (1.3e-22) 
LRchi2 (df)   83.63 (7) 23.43 (5) 115.7 (6) 
wald_p 0  0  0  0  
wald_chi2 (df) 6863.3 (34) 79.70 (7) 19.98 (5) 98.16 (6) 

Note(s): * p < 0.05, **  p < 0.01, ***  p < 0.00. Referenced to: Ethnicity: Wolof; Religion: Tidiane; Educational 
level: Without. (1) baseline (2) with ethnicity (3) with religion, (4) with educational level of (foster) parents. 
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TABLE C-8: TIME INVARIANT MODELS 2 
 (1)  (2)  (3)  (4)  (5)  
 M0 t-stat M0 t-stat M0 t-stat M0 t-stat M0 t-stat 
Age:6 -0.159***  (-3.71) -0.120 (-1.56) -0.122* (-2.44) 6.410 (1.63) -0.836***  (-14.23) 
Age:7 -3.355***  (-20.86) -3.314***  (-19.18) -3.317***  (-20.33) 3.214 (0.82) -3.877***  (-23.31) 
Age:8 -3.763***  (-18.97) -3.722***  (-17.88) -3.725***  (-18.60) 2.806 (0.71) -4.290***  (-21.14) 
Age:9 -3.628***  (-19.28) -3.587***  (-18.06) -3.589***  (-18.88) 2.942 (0.75) -4.145***  (-21.49) 
Age:10 -3.566***  (-19.26) -3.525***  (-18.01) -3.527***  (-18.86) 3.004 (0.76) -4.079***  (-21.48) 
Age:11 -3.049***  (-20.64) -3.009***  (-18.72) -3.011***  (-20.05) 3.520 (0.89) -3.556***  (-23.17) 
Age:12 -3.245***  (-19.62) -3.205***  (-18.11) -3.207***  (-19.14) 3.324 (0.84) -3.745***  (-21.96) 
Age:13 -2.375***  (-20.69) -2.335***  (-17.85) -2.336***  (-19.81) 4.194 (1.06) -2.857***  (-23.49) 
Age:14 -2.666***  (-19.63) -2.627***  (-17.57) -2.628***  (-18.98) 3.902 (0.99) -3.151***  (-22.21) 
Age:15 -2.731***  (-18.90) -2.693***  (-17.09) -2.694***  (-18.34) 3.837 (0.97) -3.215***  (-21.39) 
Age:16 -2.664***  (-18.39) -2.625***  (-16.64) -2.628***  (-17.87) 3.904 (0.99) -3.134***  (-20.82) 
Age:17 -2.851***  (-17.53) -2.810***  (-16.12) -2.815***  (-17.11) 3.718 (0.94) -3.321***  (-19.79) 
Age:18 -2.466***  (-17.40) -2.426***  (-15.64) -2.431***  (-16.89) 4.103 (1.04) -2.917***  (-19.79) 
Age:19 -2.573***  (-16.64) -2.533***  (-15.15) -2.538***  (-16.21) 3.996 (1.01) -3.022***  (-18.90) 
Age:20 -2.563***  (-16.01) -2.522***  (-14.62) -2.528***  (-15.60) 4.007 (1.02) -3.004***  (-18.19) 
Age:21 -2.555***  (-15.37) -2.513***  (-14.10) -2.519***  (-14.98) 4.015 (1.02) -3.003***  (-17.53) 
Age:22 -2.936***  (-14.31) -2.894***  (-13.46) -2.900***  (-14.03) 3.634 (0.92) -3.393***  (-16.18) 
Age:23 -3.091***  (-13.52) -3.052***  (-12.86) -3.056***  (-13.29) 3.477 (0.88) -3.548***  (-15.24) 
Age:24 -2.881***  (-13.44) -2.842***  (-12.72) -2.845***  (-13.19) 3.686 (0.94) -3.319***  (-15.18) 
Age:25 -3.115***  (-12.57) -3.079***  (-12.03) -3.079***  (-12.36) 3.450 (0.88) -3.557***  (-14.13) 
Age:26 -3.047***  (-12.28) -3.012***  (-11.76) -3.012***  (-12.07) 3.517 (0.89) -3.479***  (-13.80) 
Age:27 -3.175***  (-11.64) -3.142***  (-11.22) -3.139***  (-11.46) 3.388 (0.86) -3.606***  (-13.04) 
Age:28 -3.686***  (-10.30) -3.654***  (-10.05) -3.650***  (-10.17) 2.876 (0.73) -4.125***  (-11.43) 
Age:29 -3.895***  (-9.45) -3.869***  (-9.28) -3.860***  (-9.34) 2.663 (0.67) -4.330***  (-10.43) 
Age:30 -3.692***  (-9.65) -3.668***  (-9.46) -3.658***  (-9.54) 2.864 (0.73) -4.130***  (-10.71) 
Age:31 -3.250***  (-10.08) -3.231***  (-9.84) -3.215***  (-9.94) 3.304 (0.84) -3.691***  (-11.32) 
Age:32 -3.896***  (-8.62) -3.879***  (-8.51) -3.860***  (-8.53) 2.657 (0.67) -4.344***  (-9.56) 
Age:33 -3.337***  (-9.27) -3.324***  (-9.11) -3.300***  (-9.15) 3.214 (0.82) -3.778***  (-10.40) 
Age:34 -3.733***  (-8.25) -3.725***  (-8.16) -3.696***  (-8.15) 2.816 (0.71) -4.187***  (-9.19) 
Age:35 -2.655***  (-9.25) -2.652***  (-9.04) -2.618***  (-9.09) 3.891 (0.99) -3.107***  (-10.64) 
Age:36 -2.785***  (-8.55) -2.789***  (-8.41) -2.747***  (-8.40) 3.759 (0.95) -3.254***  (-9.83) 
Age:37 -4.331***  (-6.08) -4.341***  (-6.08) -4.293***  (-6.03) 2.212 (0.55) -4.808***  (-6.73) 
Age:38 -3.843***  (-6.59) -3.861***  (-6.58) -3.806***  (-6.52) 2.697 (0.68) -4.305***  (-7.34) 
Age:39 -3.489***  (-6.87) -3.507***  (-6.86) -3.453***  (-6.79) 3.049 (0.77) -3.949***  (-7.72) 
Age:40 -4.127***  (-5.79) -4.146***  (-5.80) -4.091***  (-5.74) 2.409 (0.60) -4.598***  (-6.42) 
Older than 40 -4.707***  (-16.23) -4.725***  (-16.13) -4.681***  (-16.11) 1.802 (0.46) -5.197***  (-17.72) 
Cohorts 1951-
1960 

  0.0454 (0.50)       

Cohorts 1961-
1970 

  0.00646 (0.07)       

Cohorts 1971-
1980 

  -0.119 (-1.38)       

Cohorts 1981-
2002 

  -0.118 (-1.14)       

Female     -0.0754 (-1.40)     
Year of birth       -0.00334 (-1.67)   
Djourbel         1.218***  (7.96) 
Fatick         1.407***  (12.27) 
Kaolack         0.975***  (9.37) 
Kolda         0.804***  (6.86) 
Louga         0.514***  (3.44) 
Matam         1.153***  (12.69) 
Saint-Louis         0.409***  (3.95) 
Tambacounda         0.799***  (4.99) 
Thiès         1.598***  (12.53) 
Ziguinchor         0.995***  (7.43) 
Observations 22148  22148  22148  22148  22148  
AIC (BIC) 10123.8 (10412) 10125.5 (10446) 10123.9 (10420) 10123.1 (10419) 9741.8 (10110) 
ll -5025.9  -5022.8  -5024.9  -5024.5  -4824.9  
p_diff   0.176  0.162  0.0960  3.44e-80  
LRchi2 (df)   6.323 (4) 1.958 (1) 2.771 (1) 402.1 (10) 
wald_p 0  0  0  0  0  
wald_chi2 (df)   6.301 (4)       

Note(s): t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.001. Reference groups: Cohorts: Cohorts 
1911-1950; Female: Male; Region: Dakar. (1) baseline model, (2) baseline model including cohorts, (3) baseline 
model including gender, (4) baseline model including year of birth, (5) baseline model including region. 
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TABLE C-9: MODELS WITH INTERACTION TERMS 

 (1) (2) (3) (4) (5) 
 M0 M0 M0 M0 M0 
Age:6 -0.159***  -0.367***  -0.191* -0.996***  -0.841***  
 (-3.71) (-4.89) (-2.52) (-11.19) (-11.11) 
Age:7 -3.355***  -3.547***  -3.364***  -3.957***  -3.860***  
 (-20.86) (-20.55) (-19.49) (-22.03) (-22.27) 
Age:8 -3.763***  -3.955***  -3.774***  -4.369***  -4.277***  
 (-18.97) (-19.01) (-18.13) (-20.42) (-20.48) 
Age:9 -3.628***  -3.819***  -3.636***  -4.225***  -4.121***  
 (-19.28) (-19.26) (-18.32) (-20.67) (-20.74) 
Age:10 -3.566***  -3.755***  -3.571***  -4.157***  -4.055***  
 (-19.26) (-19.21) (-18.25) (-20.63) (-20.71) 
Age:11 -3.049***  -3.233***  -3.048***  -3.630***  -3.533***  
 (-20.64) (-20.16) (-18.96) (-21.66) (-21.97) 
Age:12 -3.245***  -3.425***  -3.238***  -3.812***  -3.718***  
 (-19.62) (-19.38) (-18.29) (-20.80) (-21.00) 
Age:13 -2.375***  -2.546***  -2.356***  -2.919***  -2.831***  
 (-20.69) (-19.52) (-17.98) (-21.05) (-21.66) 
Age:14 -2.666***  -2.835***  -2.649***  -3.213***  -3.124***  
 (-19.63) (-18.99) (-17.67) (-20.48) (-20.87) 
Age:15 -2.731***  -2.896***  -2.706***  -3.276***  -3.188***  
 (-18.90) (-18.41) (-17.16) (-19.90) (-20.21) 
Age:16 -2.664***  -2.824***  -2.632***  -3.186***  -3.106***  
 (-18.39) (-17.92) (-16.65) (-19.36) (-19.66) 
Age:17 -2.851***  -3.009***  -2.813***  -3.368***  -3.291***  
 (-17.53) (-17.28) (-16.12) (-18.67) (-18.86) 
Age:18 -2.466***  -2.617***  -2.415***  -2.965***  -2.888***  
 (-17.40) (-16.91) (-15.55) (-18.35) (-18.63) 
Age:19 -2.573***  -2.718***  -2.511***  -3.068***  -2.991***  
 (-16.64) (-16.30) (-15.01) (-17.72) (-17.92) 
Age:20 -2.563***  -2.698***  -2.481***  -3.048***  -2.972***  
 (-16.01) (-15.71) (-14.39) (-17.11) (-17.28) 
Age:21 -2.555***  -2.682***  -2.461***  -3.042***  -2.971***  
 (-15.37) (-15.12) (-13.81) (-16.54) (-16.71) 
Age:22 -2.936***  -3.060***  -2.842***  -3.436***  -3.363***  
 (-14.31) (-14.28) (-13.21) (-15.60) (-15.63) 
Age:23 -3.091***  -3.211***  -2.992***  -3.586***  -3.518***  
 (-13.52) (-13.56) (-12.59) (-14.79) (-14.80) 
Age:24 -2.881***  -2.995***  -2.771***  -3.333***  -3.289***  
 (-13.44) (-13.43) (-12.38) (-14.60) (-14.70) 
Age:25 -3.115***  -3.228***  -3.001***  -3.575***  -3.528***  
 (-12.57) (-12.63) (-11.71) (-13.73) (-13.76) 
Age:26 -3.047***  -3.152***  -2.932***  -3.503***  -3.449***  
 (-12.28) (-12.32) (-11.42) (-13.42) (-13.43) 
Age:27 -3.175***  -3.272***  -3.062***  -3.623***  -3.575***  
 (-11.64) (-11.69) (-10.91) (-12.72) (-12.73) 
Age:28 -3.686***  -3.783***  -3.577***  -4.144***  -4.093***  
 (-10.30) (-10.41) (-9.82) (-11.28) (-11.24) 
Age:29 -3.895***  -3.993***  -3.800***  -4.360***  -4.293***  
 (-9.45) (-9.57) (-9.10) (-10.36) (-10.27) 
Age:30 -3.692***  -3.784***  -3.585***  -4.156***  -4.094***  
 (-9.65) (-9.76) (-9.23) (-10.60) (-10.53) 
Age:31 -3.250***  -3.350***  -3.136***  -3.705***  -3.664***  
 (-10.08) (-10.20) (-9.53) (-11.12) (-11.11) 
Age:32 -3.896***  -3.993***  -3.786***  -4.359***  -4.322***  
 (-8.62) (-8.75) (-8.29) (-9.48) (-9.45) 
Age:33 -3.337***  -3.423***  -3.211***  -3.779***  -3.749***  
 (-9.27) (-9.37) (-8.77) (-10.22) (-10.23) 
Age:34 -3.733***  -3.816***  -3.611***  -4.180***  -4.160***  
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 (-8.25) (-8.35) (-7.89) (-9.07) (-9.08) 
Age:35 -2.655***  -2.724***  -2.523***  -3.096***  -3.077***  
 (-9.25) (-9.27) (-8.55) (-10.32) (-10.39) 
Age:36 -2.785***  -2.842***  -2.653***  -3.248***  -3.207***  
 (-8.55) (-8.56) (-7.95) (-9.61) (-9.59) 
Age:37 -4.331***  -4.370***  -4.186***  -4.768***  -4.744***  
 (-6.08) (-6.12) (-5.85) (-6.65) (-6.63) 
Age:38 -3.843***  -3.874***  -3.689***  -4.280***  -4.238***  
 (-6.59) (-6.60) (-6.27) (-7.25) (-7.20) 
Age:39 -3.489***  -3.518***  -3.329***  -3.926***  -3.891***  
 (-6.87) (-6.88) (-6.49) (-7.61) (-7.58) 
Age:40 -4.127***  -4.149***  -3.950***  -4.564***  -4.538***  
 (-5.79) (-5.80) (-5.51) (-6.35) (-6.33) 
Older than 40 -4.707***  -4.735***  -4.545***  -5.169***  -5.133***  
 (-16.23) (-16.02) (-15.25) (-17.13) (-17.30) 
Mouride  0.276**    0.0505 
  (2.99)   (0.47) 
Khadria  0.341   -0.0861 
  (1.24)   (-0.38) 
Layene  -0.484   -0.459 
  (-1.16)   (-1.69) 
Other muslims  -0.152   -0.240 
  (-0.67)   (-1.39) 
Christian  -0.309   0.134 
  (-1.16)   (0.78) 
Lebou  -0.502**  -0.589**  -0.437* 0.997***  
  (-3.04) (-3.18) (-2.43) (3.36) 
Toucouleur  0.155 -0.0437 0.183 1.282***  
  (1.35) (-0.31) (1.14) (5.18) 
Peul  0.586***  0.315**  0.347* 0.891***  
  (6.11) (3.03) (2.32) (6.82) 
Mandingue  0.372 0.188 0.345 0.813***  
  (1.47) (0.86) (1.48) (5.74) 
Serer  0.242 0.157 0.427**  0.416 
  (1.63) (1.40) (2.97) (1.69) 
Diola  0.207 0.450* 0.348 1.120***  
  (0.83) (2.47) (1.72) (8.23) 
Other ethnic groups  -0.0663 -0.239 -0.139 0.352**  
  (-0.34) (-1.69) (-0.90) (2.79) 
Able to read   0.677  0.740**  
   (0.73)  (3.11) 
Islamic school    0.168  1.588***  
   (1.77)  (10.17) 
Primary education   -0.554**   0.999***  
   (-2.98)  (6.81) 
Lower secondary education   -1.356***    
   (-3.61)   
Upper secondary education   -1.069***    
   (-3.68)   
Higher education   -0.909**    
   (-2.64)   
Lebou*Lower secondary education   1.344*   
   (1.96)   
Toucouleur*Upper secondary education   1.446*   
   (2.11)   
Other ethnic groups*Upper secondary education   1.613*   
   (2.50)   
Djourbel    1.271*  
    (2.55)  
Fatick    1.621***   
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    (10.56)  
Kaolack    0.992***   
    (7.07)  
Kolda    0.938***   
    (4.58)  
Louga    0.590**   
    (2.91)  
Matam    1.529***   
    (9.08)  
Saint-Louis    0.301*  
    (2.02)  
Tambacounda    1.022***   
    (4.04)  
Thiès    0.825**   
    (2.64)  
Ziguinchor    0.314  
    (0.29)  
Fatick*Toucouleur    -0.778*  
    (-2.06)  
Kaolack* Peul    0.834*  
    (2.04)  
Matam*Serer    -0.795**   
    (-3.25)  
Tambacounda*Serer    -0.808*  
    (-2.22)  
Thiès* Peul    1.602***   
    (3.94)  
Thiès*Mandingue    1.182*  
    (2.16)  
Observations 22148 22146 22140 22126 22131 
AIC 10123.8 10055.3 9984.3 9666.0 9751.5 
BIC 10412.0 10663.7 10664.8 10442.4 10375.9 
ll -5025.9 -4951.7 -4907.2 -4736.0 -4797.8 
wald_p  0.148 0.503 0.000000343 0.292 
wald_chi2  34.63 34.27 105.7 30.50 
wald_df  27 35 43 27 

Note(s): t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.001. Reference groups: Religion: Tidiane; 
Ethnicity: Wolof; Educational level: Without education; Region: Dakar 
(1) baseline model 
(2) baseline model with ethnicity, religion, region and an interaction ethnicity*religion (not significant),  
(3) baseline model with ethnicity, educational level of (foster) parents and interaction ethnic*educ level (only 
significant ones shown) 
(4) baseline model with ethnicity, region and interaction ethnicity*region (only sign ones shown) 
(5) baseline model with ethnicity, region and interaction region*religion (not significant) 
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APPENDIX D 

TABLE D-1: FINAL MODELS  

 (1) 
Model 1 

 (2) 
Model 2 

 (3) 
Model 3 

 (4) 
Model 4 

 

 M0 t-stat M0 t-stat M0 t-stat M0 t-stat 
Age:6 -0.159***  (-3.71) -0.839***  (-9.64) -0.989***  (-9.43) -4.279***  (-9.33) 
Age:7 -3.355***  (-20.86) -3.863***  (-21.68) -3.943***  (-20.97) -6.158***  (-13.63) 
Age:8 -3.763***  (-18.97) -4.276***  (-20.09) -4.354***  (-19.69) -6.305***  (-13.79) 
Age:9 -3.628***  (-19.28) -4.130***  (-20.32) -4.207***  (-19.86) -5.910***  (-13.32) 
Age:10 -3.566***  (-19.26) -4.062***  (-20.26) -4.136***  (-19.78) -5.624***  (-12.92) 
Age:11 -3.049***  (-20.64) -3.534***  (-21.23) -3.607***  (-20.42) -4.801***  (-11.68) 
Age:12 -3.245***  (-19.62) -3.720***  (-20.41) -3.785***  (-19.77) -4.746***  (-11.53) 
Age:13 -2.375***  (-20.69) -2.824***  (-20.56) -2.887***  (-19.36) -3.425***  (-8.98) 
Age:14 -2.666***  (-19.63) -3.120***  (-20.05) -3.182***  (-19.16) -3.389***  (-8.85) 
Age:15 -2.731***  (-18.90) -3.183***  (-19.48) -3.242***  (-18.69) -3.155***  (-8.26) 
Age:16 -2.664***  (-18.39) -3.097***  (-18.91) -3.148***  (-18.13) -2.780***  (-7.33) 
Age:17 -2.851***  (-17.53) -3.277***  (-18.23) -3.322***  (-17.61) -2.719***  (-7.06) 
Age:18 -2.466***  (-17.40) -2.867***  (-17.81) -2.913***  (-17.06) -2.010***  (-5.35) 
Age:19 -2.573***  (-16.64) -2.961***  (-17.17) -3.006***  (-16.54) -1.832***  (-4.80) 
Age:20 -2.563***  (-16.01) -2.936***  (-16.55) -2.982***  (-15.99) -1.547***  (-4.01) 
Age:21 -2.555***  (-15.37) -2.928***  (-15.97) -2.973***  (-15.47) -1.283**  (-3.28) 
Age:22 -2.936***  (-14.31) -3.320***  (-15.11) -3.366***  (-14.81) -1.494***  (-3.62) 
Age:23 -3.091***  (-13.52) -3.474***  (-14.35) -3.514***  (-14.12) -1.494***  (-3.49) 
Age:24 -2.881***  (-13.44) -3.242***  (-14.19) -3.264***  (-13.88) -1.095**  (-2.59) 
Age:25 -3.115***  (-12.57) -3.478***  (-13.36) -3.502***  (-13.15) -1.193**  (-2.69) 
Age:26 -3.047***  (-12.28) -3.397***  (-13.03) -3.426***  (-12.84) -0.978* (-2.19) 
Age:27 -3.175***  (-11.64) -3.522***  (-12.37) -3.546***  (-12.22) -0.978* (-2.11) 
Age:28 -3.686***  (-10.30) -4.042***  (-11.01) -4.063***  (-10.93) -1.414**  (-2.71) 
Age:29 -3.895***  (-9.45) -4.257***  (-10.12) -4.283***  (-10.09) -1.565**  (-2.78) 
Age:30 -3.692***  (-9.65) -4.054***  (-10.35) -4.079***  (-10.30) -1.288* (-2.37) 
Age:31 -3.250***  (-10.08) -3.607***  (-10.84) -3.623***  (-10.73) -0.738 (-1.46) 
Age:32 -3.896***  (-8.62) -4.267***  (-9.28) -4.285***  (-9.25) -1.329* (-2.22) 
Age:33 -3.337***  (-9.27) -3.684***  (-9.97) -3.693***  (-9.88) -0.658 (-1.23) 
Age:34 -3.733***  (-8.25) -4.109***  (-8.92) -4.115***  (-8.86) -0.998 (-1.65) 
Age:35 -2.655***  (-9.25) -3.017***  (-10.06) -3.022***  (-9.91) 0.255 (0.51) 
Age:36 -2.785***  (-8.55) -3.159***  (-9.34) -3.164***  (-9.23) 0.275 (0.52) 
Age:37 -4.331***  (-6.08) -4.698***  (-6.54) -4.672***  (-6.49) -1.219 (-1.48) 
Age:38 -3.843***  (-6.59) -4.176***  (-7.07) -4.177***  (-7.04) -0.669 (-0.93) 
Age:39 -3.489***  (-6.87) -3.825***  (-7.41) -3.826***  (-7.37) -0.239 (-0.36) 
Age:40 -4.127***  (-5.79) -4.462***  (-6.21) -4.455***  (-6.18) -0.835 (-1.00) 
Older than 40 -4.707***  (-16.23) -5.078***  (-16.92) -5.069***  (-16.57) -1.153* (-2.24) 
Able to read   -0.0487 (-0.16) -0.0397 (-0.13) -0.0533 (-0.04) 
Islamic school    0.0436 (0.65) 0.0727 (1.03) 0.169 (0.61) 
Primary education   -0.272* (-2.37) -0.273* (-2.31) -0.728 (-1.76) 
Lower secondary 
education 

  -1.167***  (-5.51) -1.230***  (-5.50) -3.938***  (-5.78) 

Upper secondary 
education 

  -0.512**  (-2.76) -0.515**  (-2.70) -1.739**  (-2.76) 

Higher education   -0.936***  (-4.48) -0.985***  (-4.60) -3.525***  (-5.28) 
Mouride   0.109 (1.45) 0.119 (1.48) 0.483 (1.63) 
Khadria   0.294* (2.00) 0.285 (1.80) 1.034 (1.66) 
Layene   -0.263 (-1.04) -0.236 (-0.92) -0.764 (-0.98) 
Other muslims   -0.0606 (-0.54) -0.211 (-1.71) -0.915* (-2.02) 
Christian   0.228 (1.50) 0.263 (1.61) 0.368 (0.62) 
Lebou   -0.352* (-2.55) -0.315 (-1.70) -0.769 (-1.38) 
Toucouleur   0.0905 (0.90) 0.157 (0.96) 0.507 (0.88) 
Peul   0.332***  (3.54) 0.436**  (2.81) 1.963***  (3.50) 
Mandingue   0.236 (1.36) 0.345 (1.41) 0.804 (0.85) 
Serer   0.0707 (0.72) 0.446**  (3.04) 1.704**  (3.14) 
Diola   0.305 (1.86) 0.404 (1.82) 2.042* (2.53) 
Other ethnic groups   -0.153 (-1.27) -0.124 (-0.76) -0.270 (-0.50) 
Djourbel   1.188***  (7.08) 1.252* (2.52) 8.150***  (3.90) 
Fatick   1.393***  (11.23) 1.614***  (10.04) 8.004***  (10.68) 
Kaolack   0.989***  (8.87) 1.033***  (7.04) 6.678***  (9.69) 
Kolda   0.579***  (4.64) 0.815***  (3.97) 2.652**  (3.14) 
Louga   0.412**  (2.66) 0.553**  (2.68) 1.258 (1.52) 
Matam   1.055***  (11.05) 1.557***  (9.09) 7.086***  (8.69) 
Saint-Louis   0.385***  (3.43) 0.344* (2.23) 0.446 (0.78) 
Tambacounda   0.619***  (3.70) 0.809**  (3.13) 6.468***  (5.70) 
Thiès   1.480***  (11.00) 0.846**  (2.69) 3.287**  (2.68) 
Ziguinchor   0.690***  (4.74) 0.0894 (0.08) -1.017 (-0.22) 
_IethXreg_2_3     -0.827 (-1.48) -4.231 (-1.94) 
_IethXreg_2_4     . . 35.09 (0.00) 
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_IethXreg_2_6     0.214 (0.18) -0.144 (-0.03) 
_IethXreg_2_7     -0.395 (-1.19) -2.719* (-2.05) 
_IethXreg_2_8     0.886 (1.23) 5.344 (1.57) 
_IethXreg_2_10     . . 35.46 (0.00) 
_IethXreg_3_2     -0.410 (-0.49) -5.720 (-1.62) 
_IethXreg_3_3     -0.874* (-2.32) -1.772 (-1.14) 
_IethXreg_3_4     -0.262 (-0.61) -1.212 (-0.71) 
_IethXreg_3_6     -0.296 (-0.50) -1.341 (-0.53) 
_IethXreg_3_7     -0.503 (-1.34) -0.875 (-0.55) 
_IethXreg_3_8     0.176 (0.66) 1.837 (1.77) 
_IethXreg_3_10     0.211 (0.30) 1.051 (0.35) 
_IethXreg_3_11     1.175 (1.05) 7.594 (1.59) 
_IethXreg_4_2     -0.997 (-1.51) -5.651* (-2.09) 
_IethXreg_4_3     -0.0999 (-0.16) -2.010 (-0.88) 
_IethXreg_4_4     0.724 (1.72) 2.354 (1.17) 
_IethXreg_4_5     -0.411 (-1.45) -0.999 (-0.87) 
_IethXreg_4_6     -0.147 (-0.34) -0.566 (-0.32) 
_IethXreg_4_7     -0.577 (-1.85) -0.943 (-0.77) 
_IethXreg_4_8     -0.103 (-0.30) 0.692 (0.47) 
_IethXreg_4_9     0.627 (0.91) -0.0376 (-0.01) 
_IethXreg_4_10     1.542***  (3.76) 6.649***  (3.72) 
_IethXreg_4_11     0.413 (0.37) 3.412 (0.73) 
_IethXreg_5_2     . . 30.94 (0.00) 
_IethXreg_5_4     -1.632* (-2.03) -5.381 (-1.87) 
_IethXreg_5_5     -0.574 (-0.90) -1.385 (-0.52) 
_IethXreg_5_7     -0.350 (-0.35) -2.337 (-0.57) 
_IethXreg_5_10     1.316* (2.35) 7.673**  (2.96) 
_IethXreg_6_2     . . 28.33 (0.00) 
_IethXreg_6_3     -0.483 (-1.37) -1.778 (-1.31) 
_IethXreg_6_4     0.233 (0.55) 1.420 (0.80) 
_IethXreg_6_6     -0.876 (-1.09) -3.804 (-1.10) 
_IethXreg_6_7     -0.974***  (-3.91) -4.570***  (-4.42) 
_IethXreg_6_8     2.513 (1.69) 6.882 (1.70) 
_IethXreg_6_9     -0.695 (-1.88) -5.994***  (-3.80) 
_IethXreg_6_10     -0.510 (-1.07) -1.390 (-0.72) 
_IethXreg_7_2     0.771 (1.27) 0.908 (0.36) 
_IethXreg_7_4     -1.779 (-1.65) -7.573* (-2.39) 
_IethXreg_7_7     -1.076 (-1.85) -4.229 (-1.58) 
_IethXreg_7_10     -0.374 (-0.53) 1.093 (0.38) 
_IethXreg_8_2     -0.398 (-0.66) -2.899 (-1.19) 
_IethXreg_8_3     . . 30.17 (0.00) 
_IethXreg_8_4     0.151 (0.40) 0.581 (0.40) 
_IethXreg_8_5     0.307 (0.74) 2.221 (1.24) 
_IethXreg_8_6     0.0606 (0.14) -0.0426 (-0.02) 
_IethXreg_8_7     -0.880 (-1.91) -4.412* (-2.23) 
_IethXreg_8_8     . . 36.58 (0.00) 
_IethXreg_8_10     1.123 (1.35) 2.384 (0.73) 
_cons       2.964***  (20.36) 
N 22148  22148  22126  22148  
AIC 10123.8  9653.6  9595.6  9414.5  
BIC 10412.0  10166.0  10460.1  10335.1  
d_p 0  0  0  6.64e-80  
d_chi2 6863.3  3022.8  2555.3  478.7  
d_df 34  34  34  34  
rel_p   0.0976  0.0243  0.0318  
rel_chi2   9.302  12.90  12.23  
rel_df   5  5  5  
m108_p   1.61e-11  4.81e-12  3.24e-11  
m108_chi2   62.20  64.77  60.70  
m108_df   6  6  6  
reg_p   1.02e-63  4.00e-31  1.85e-29  
reg_chi2   324.5  169.2  161.2  
reg_df   10  10  10  
eth_p   0.0000307  0.000148  0.0000501  
eth_chi2   32.66  28.94  31.51  
eth_df   7  7  7  
int_p     0.000000135  0.000625  
int_chi2     107.1  85.98  
int_df     42  48  

Notes(s): t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.001. Reference groups: Religion: Tidiane, 
Ethnicity: Wolof, Educational level: Without education, Region: Dakar. (1) baseline model, (2) main model, (3) 
main model with interaction region*ethnicity, (4) xtlogit version of Model 3. 
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TABLE D-2: ODDS RATIOS FINAL MODELS  

Odds ratios (1)  (2)  (3)  (4)  
 Model 1  Model 2  Model 3  Model 4  
 M0  M0  M0  M0  
Age:6 0.853***  (-3.71) 0.432***  (-9.64) 0.372***  (-9.43) 0.0139***  (-9.33) 
Age:7 0.0349***  (-20.86) 0.0210***  (-21.68) 0.0194***  (-20.97) 0.00212***  (-13.63) 
Age:8 0.0232***  (-18.97) 0.0139***  (-20.09) 0.0129***  (-19.69) 0.00183***  (-13.79) 
Age:9 0.0266***  (-19.28) 0.0161***  (-20.32) 0.0149***  (-19.86) 0.00271***  (-13.32) 
Age:10 0.0283***  (-19.26) 0.0172***  (-20.26) 0.0160***  (-19.78) 0.00361***  (-12.92) 
Age:11 0.0474***  (-20.64) 0.0292***  (-21.23) 0.0271***  (-20.42) 0.00822***  (-11.68) 
Age:12 0.0390***  (-19.62) 0.0242***  (-20.41) 0.0227***  (-19.77) 0.00869***  (-11.53) 
Age:13 0.0930***  (-20.69) 0.0594***  (-20.56) 0.0558***  (-19.36) 0.0325***  (-8.98) 
Age:14 0.0695***  (-19.63) 0.0441***  (-20.05) 0.0415***  (-19.16) 0.0337***  (-8.85) 
Age:15 0.0651***  (-18.90) 0.0415***  (-19.48) 0.0391***  (-18.69) 0.0427***  (-8.26) 
Age:16 0.0697***  (-18.39) 0.0452***  (-18.91) 0.0429***  (-18.13) 0.0620***  (-7.33) 
Age:17 0.0578***  (-17.53) 0.0377***  (-18.23) 0.0361***  (-17.61) 0.0659***  (-7.06) 
Age:18 0.0849***  (-17.40) 0.0569***  (-17.81) 0.0543***  (-17.06) 0.134***  (-5.35) 
Age:19 0.0763***  (-16.64) 0.0518***  (-17.17) 0.0495***  (-16.54) 0.160***  (-4.80) 
Age:20 0.0771***  (-16.01) 0.0531***  (-16.55) 0.0507***  (-15.99) 0.213***  (-4.01) 
Age:21 0.0777***  (-15.37) 0.0535***  (-15.97) 0.0512***  (-15.47) 0.277**  (-3.28) 
Age:22 0.0531***  (-14.31) 0.0362***  (-15.11) 0.0345***  (-14.81) 0.225***  (-3.62) 
Age:23 0.0455***  (-13.52) 0.0310***  (-14.35) 0.0298***  (-14.12) 0.224***  (-3.49) 
Age:24 0.0561***  (-13.44) 0.0391***  (-14.19) 0.0382***  (-13.88) 0.334**  (-2.59) 
Age:25 0.0444***  (-12.57) 0.0309***  (-13.36) 0.0302***  (-13.15) 0.303**  (-2.69) 
Age:26 0.0475***  (-12.28) 0.0335***  (-13.03) 0.0325***  (-12.84) 0.376* (-2.19) 
Age:27 0.0418***  (-11.64) 0.0296***  (-12.37) 0.0288***  (-12.22) 0.376* (-2.11) 
Age:28 0.0251***  (-10.30) 0.0176***  (-11.01) 0.0172***  (-10.93) 0.243**  (-2.71) 
Age:29 0.0203***  (-9.45) 0.0142***  (-10.12) 0.0138***  (-10.09) 0.209**  (-2.78) 
Age:30 0.0249***  (-9.65) 0.0174***  (-10.35) 0.0169***  (-10.30) 0.276* (-2.37) 
Age:31 0.0388***  (-10.08) 0.0271***  (-10.84) 0.0267***  (-10.73) 0.478 (-1.46) 
Age:32 0.0203***  (-8.62) 0.0140***  (-9.28) 0.0138***  (-9.25) 0.265* (-2.22) 
Age:33 0.0356***  (-9.27) 0.0251***  (-9.97) 0.0249***  (-9.88) 0.518 (-1.23) 
Age:34 0.0239***  (-8.25) 0.0164***  (-8.92) 0.0163***  (-8.86) 0.368 (-1.65) 
Age:35 0.0703***  (-9.25) 0.0490***  (-10.06) 0.0487***  (-9.91) 1.290 (0.51) 
Age:36 0.0617***  (-8.55) 0.0425***  (-9.34) 0.0422***  (-9.23) 1.317 (0.52) 
Age:37 0.0132***  (-6.08) 0.00911***  (-6.54) 0.00936***  (-6.49) 0.296 (-1.48) 
Age:38 0.0214***  (-6.59) 0.0154***  (-7.07) 0.0153***  (-7.04) 0.512 (-0.93) 
Age:39 0.0305***  (-6.87) 0.0218***  (-7.41) 0.0218***  (-7.37) 0.788 (-0.36) 
Age:40 0.0161***  (-5.79) 0.0115***  (-6.21) 0.0116***  (-6.18) 0.434 (-1.00) 
Older than 40 0.00903***  (-16.23) 0.00623***  (-16.92) 0.00629***  (-16.57) 0.316* (-2.24) 
Able to read"   0.952 (-0.16) 0.961 (-0.13) 0.948 (-0.04) 
Islamic school    1.045 (0.65) 1.075 (1.03) 1.184 (0.61) 
Primary education   0.762* (-2.37) 0.761* (-2.31) 0.483 (-1.76) 
Lower secondary education   0.311***  (-5.51) 0.292***  (-5.50) 0.0195***  (-5.78) 
Upper secondary education   0.600**  (-2.76) 0.597**  (-2.70) 0.176**  (-2.76) 
Higher education   0.392***  (-4.48) 0.373***  (-4.60) 0.0294***  (-5.28) 
Mouride   1.115 (1.45) 1.126 (1.48) 1.620 (1.63) 
Khadria   1.342* (2.00) 1.330 (1.80) 2.812 (1.66) 
Layene   0.769 (-1.04) 0.790 (-0.92) 0.466 (-0.98) 
Other muslims   0.941 (-0.54) 0.810 (-1.71) 0.400* (-2.02) 
Christian   1.256 (1.50) 1.301 (1.61) 1.445 (0.62) 
Lebou   0.703* (-2.55) 0.730 (-1.70) 0.463 (-1.38) 
Toucouleur   1.095 (0.90) 1.170 (0.96) 1.660 (0.88) 
Peul   1.394***  (3.54) 1.547**  (2.81) 7.118***  (3.50) 
Mandingue   1.267 (1.36) 1.413 (1.41) 2.233 (0.85) 
Serer   1.073 (0.72) 1.563**  (3.04) 5.494**  (3.14) 
Diola   1.357 (1.86) 1.498 (1.82) 7.708* (2.53) 
Other ethnic groups   0.858 (-1.27) 0.883 (-0.76) 0.764 (-0.50) 
Djourbel   3.282***  (7.08) 3.496* (2.52) 3463.4***  (3.90) 
Fatick   4.025***  (11.23) 5.024***  (10.04) 2994.0***  (10.68) 
Kaolack   2.688***  (8.87) 2.809***  (7.04) 794.8***  (9.69) 
Kolda   1.784***  (4.64) 2.260***  (3.97) 14.18**  (3.14) 
Louga   1.509**  (2.66) 1.739**  (2.68) 3.518 (1.52) 
Matam   2.873***  (11.05) 4.744***  (9.09) 1194.8***  (8.69) 
Saint-Louis   1.470***  (3.43) 1.410* (2.23) 1.562 (0.78) 
Tambacounda   1.857***  (3.70) 2.245**  (3.13) 644.1***  (5.70) 
Thiès   4.393***  (11.00) 2.331**  (2.69) 26.76**  (2.68) 
Ziguinchor   1.993***  (4.74) 1.093 (0.08) 0.362 (-0.22) 
_IethXreg_2_3     0.437 (-1.48) 0.0145 (-1.94) 
_IethXreg_2_4     . . 1.73306e+15 (0.00) 
_IethXreg_2_6     1.238 (0.18) 0.866 (-0.03) 
_IethXreg_2_7     0.674 (-1.19) 0.0660* (-2.05) 
_IethXreg_2_8     2.426 (1.23) 209.4 (1.57) 
_IethXreg_2_10     . . 2.51715e+15 (0.00) 
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_IethXreg_3_2     0.663 (-0.49) 0.00328 (-1.62) 
_IethXreg_3_3     0.417* (-2.32) 0.170 (-1.14) 
_IethXreg_3_4     0.769 (-0.61) 0.298 (-0.71) 
_IethXreg_3_6     0.744 (-0.50) 0.261 (-0.53) 
_IethXreg_3_7     0.605 (-1.34) 0.417 (-0.55) 
_IethXreg_3_8     1.192 (0.66) 6.278 (1.77) 
_IethXreg_3_10     1.235 (0.30) 2.862 (0.35) 
_IethXreg_3_11     3.237 (1.05) 1986.0 (1.59) 
_IethXreg_4_2     0.369 (-1.51) 0.00351* (-2.09) 
_IethXreg_4_3     0.905 (-0.16) 0.134 (-0.88) 
_IethXreg_4_4     2.063 (1.72) 10.52 (1.17) 
_IethXreg_4_5     0.663 (-1.45) 0.368 (-0.87) 
_IethXreg_4_6     0.863 (-0.34) 0.568 (-0.32) 
_IethXreg_4_7     0.561 (-1.85) 0.390 (-0.77) 
_IethXreg_4_8     0.902 (-0.30) 1.998 (0.47) 
_IethXreg_4_9     1.872 (0.91) 0.963 (-0.01) 
_IethXreg_4_10     4.676***  (3.76) 772.0***  (3.72) 
_IethXreg_4_11     1.512 (0.37) 30.31 (0.73) 
_IethXreg_5_2     . . 2.7419e+13 (0.00) 
_IethXreg_5_4     0.195* (-2.03) 0.00460 (-1.87) 
_IethXreg_5_5     0.563 (-0.90) 0.250 (-0.52) 
_IethXreg_5_7     0.705 (-0.35) 0.0966 (-0.57) 
_IethXreg_5_9     0.723 (-0.52) 0.00780 (-1.88) 
_IethXreg_5_10     3.729* (2.35) 2150.1**  (2.96) 
_IethXreg_6_2     . . 2.0064e+12 (0.00) 
_IethXreg_6_3     0.617 (-1.37) 0.169 (-1.31) 
_IethXreg_6_4     1.263 (0.55) 4.135 (0.80) 
_IethXreg_6_6     0.416 (-1.09) 0.0223 (-1.10) 
_IethXreg_6_7     0.378***  (-3.91) 0.0104***  (-4.42) 
_IethXreg_6_8     12.34 (1.69) 974.4 (1.70) 
_IethXreg_6_9     0.499 (-1.88) 0.00249***  (-3.80) 
_IethXreg_6_10     0.600 (-1.07) 0.249 (-0.72) 
_IethXreg_7_2     2.162 (1.27) 2.479 (0.36) 
_IethXreg_7_4     0.169 (-1.65) 0.000514* (-2.39) 
_IethXreg_7_7     0.341 (-1.85) 0.0146 (-1.58) 
_IethXreg_7_10     0.688 (-0.53) 2.983 (0.38) 
_IethXreg_8_2     0.671 (-0.66) 0.0551 (-1.19) 
_IethXreg_8_3     . . 1.26838e+13 (0.00) 
_IethXreg_8_4     1.163 (0.40) 1.788 (0.40) 
_IethXreg_8_5     1.360 (0.74) 9.217 (1.24) 
_IethXreg_8_6     1.062 (0.14) 0.958 (-0.02) 
_IethXreg_8_7     0.415 (-1.91) 0.0121* (-2.23) 
_IethXreg_8_8     . . 7.73120e+15 (0.00) 
_IethXreg_8_10     3.073 (1.35) 10.85 (0.73) 
N 22148  22148  22126  22148  
AIC 10123.8  9653.6  9595.6  9414.5  
BIC 10412.0  10166.0  10460.1  10335.1  
d_p 0  0  0  6.64e-80  
d_chi2 6863.3  3022.8  2555.3  478.7  
d_df 34  34  34  34  
rel_p   0.0976  0.0243  0.0318  
rel_chi2   9.302  12.90  12.23  
rel_df   5  5  5  
m108_p   1.61e-11  4.81e-12  3.24e-11  
m108_chi2   62.20  64.77  60.70  
m108_df   6  6  6  
reg_p   1.02e-63  4.00e-31  1.85e-29  
reg_chi2   324.5  169.2  161.2  
reg_df   10  10  10  
eth_p   0.0000307  0.000148  0.0000501  
eth_chi2   32.66  28.94  31.51  
eth_df   7  7  7  
int_p     0.000000135  0.000625  
int_chi2     107.1  85.98  
int_df     42  48  

Note(s): Exponentiated coefficients; t statistics in parentheses. * p < 0.05, **  p < 0.01, ***  p < 0.001. Reference 
groups:  Religion: Tidiane, Ethnicity: Wolof, Educational level: Without education, Region: Dakar. (1) baseline 
model, Model 1, (2) main model, Model 2, (3) main model with interaction region*ethnicity, Model 3, (4) xtlogit 
version of Model 3, Model 4 
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APPENDIX E 

FIGURE E-1: REGIONS: DAKAR - FATICK 

 

 

FIGURE E-2: REGIONS: DAKAR - KAOLACK 
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FIGURE E-3:  REGIONS: DAKAR – THIÈS  

 

 

FIGURE E-4: EDUCATIONAL LEVEL: NO EDUCATION – LOWER SECONDARY  
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FIGURE E-5: EDUCATIONAL LEVEL: NO EDUCATION – UPPER SECONDARY  

 

 

FIGURE E-6: EDUCATIONAL LEVEL: NO EDUCATION – HIGHER EDUCATION  
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FIGURE E-7: RELIGION: TIDIANE – OTHER MUSLIMS 

 

 

FIGURE E-8: RELIGION: TIDIANE – KHADIRA  
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FIGURE E-9: ETHNICITY: WOLOF – SERER 

 

 

FIGURE E-10: ETHNICITY: WOLOF – PEUL 
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FIGURE E-11: ETHNICITY: WOLOF – DIOLA  

 

 


