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Abstract

BACKGROUND—Education, as a key indicator of human capital, is considered one of the major
determinants of internal migration, with previous studies suggesting that human capital
accumulates in urban areas at the expense of rural areas. However, there is fragmentary evidence
concerning the educational correlates of internal migration in sub-Saharan Africa.

OBJECTIVES—The study questions whether more precise measures of migration in Health and
Demographic Surveillance System (HDSS) populations support the hypothesis that migrants are
self-selected on human capital and more educated people are more likely to leave rural areas or
enter urban areas within a geographical region.

METHODS—Using unique longitudinal data representing approximately 900,000 people living in
eight sub-Saharan African HDSS sites that are members of the INDEPTH Network, the paper uses
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Event History Analysis techniques to examine the relationship between formal educational
attainment and in-and out-migration, over the period 2009 to 2011.

RESULTS—Between 7% and 27% of these local populations are moving in or out of the HDSS
area over this period. Education is positively associated with both in-and out-migration in the
Kenyan HDSS areas; however, the education effect has no clear pattern in the HDSS sites in
Burkina Faso, Mozambique, and South Africa.

CONCLUSIONS—Empirical results presented in this paper confirm a strong age profile of
migration consistent with human capital expectation, yet the results point to variability in the
association of education and the propensity to migrate. In particular, the hypothesis of a shift of
human capital from rural to urban areas is not universally valid.

1. Introduction

Migration of skilled individuals has received much attention amongst migration scholars and
in policy discourses surrounding economic growth and development. Debate has focused on
the consequences of such mobility on origin and destination locations (Clemens 2009; World
Bank 2009; Gibson and McKenzie 2011), with theoretical and empirical research suggesting
potential detrimental economic and development impacts of skilled out-migration on
sending countries and regions. Although contemporary research on these issues has
emphasised international migration, the majority of human population movements are
observed to take place within national boundaries (Skeldon 2008). Such movements are
often prompted by economic drivers and are considered to occur amongst the relatively
better educated who relocate from a country’s periphery to the bigger cities (Clemens 2009;
World Bank 2009). This internal mobility of human capital may have significant
conseqguences on a region’s economic growth, service provision, and domestic policy;
however, these internal population dynamics have been less researched. In sub-Saharan
Africa, where economic growth and poverty reduction continue to be national priorities in
the post-2015 United Nations development agenda, understanding the contemporary
relationships between human capital and patterns of internal migration can help inform
policy concerning labour force development, regional redistribution of resources, and
urbanisation.

Across the African continent there is fragmentary evidence concerning the educational
correlates of internal migration, and a paucity of data with which to unravel this relationship.
Sub-Saharan African populations are dynamic and geographic mobility within these
countries is high. While attention is generally focussed on the rural-urban migration stream,
and particularly the movement from countryside to large cities, other types of geographic
mobility, such as rural-to-rural or urban-to-rural movements, have also been observed
(United Nations Population Division 2008). For instance, analysis of retrospective life
history data from Ghana revealed that non-negligible fractions of interregional movers are
urban-to-rural or rural-to-rural (Reed, Andrzejewski, and White 2010). Furthermore, internal
migration in these settings is often temporary and circulation between subnational areas is
common (Potts 2009). Drawing on the theory of migration selection (Lee 1966), studies of
the relationships between human capital characteristics and internal migration have been
premised on the assumption that education acts as a fundamental driver of movement, and
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that the mobility of skills is inexorably from rural (less-developed) to urban (more-
developed) areas (World Bank 2009). Mobility of skills in relation to other types of internal
migration streams, such as urban-to-rural, have not generally been considered. Labour
market theory holds that individuals with higher levels of human capital will migrate to enter
the formal labour market (Harris and Todaro 1970), where the formal labour market is
expected to function in a similar way in different contexts. However, in the sub-Saharan
African context, where labour markets are segmented between the informal and formal
sectors in varying proportions (De Vreyer and Roubaud 2013) and where there are large
disparities in the levels and distribution of educational attainment, this generalisation may
not hold nearly as tightly. Moreover, the tendency for studies to employ data highly
aggregated by time and space (often by necessity) can serve to mask considerable
differences in the ways in which human capital drives internal migration from setting to
setting.

Given the important role of education in economic and social development (Tabutin and
Schoumaker 2004), and given the fact that migrants are key participants in such
development, it is important to examine these dynamics across different contexts.
Governments and development agencies have recognised that policy interventions and
resource allocation decisions are best based on a sound knowledge of population trends and
processes (World Bank 2009). Furthermore, scholars have highlighted an urgent need for
“co-ordinated, evidence-informed responses to migration” across the African region (Vearey
2014), thus calling for a broader and more consolidated perspective.

This paper aims to make a contribution to this knowledge gap. The paper uses longitudinal
data from eight Health and Demographic Surveillance System (HDSS) sites in sub-Saharan
Africa, located in both urban and rural areas in the West, East and Southern parts of the
continent. The study undertakes analysis using more precise measures of migration in
HDSSs, and in doing so provides a more rigorous test of the interrelated hypotheses that
migrants are self-selected on education, that educational attainment is positively associated
with out-migration from rural areas, and that more educated individuals are more likely to
relocate to urban destinations. A comparative framework assists in examining these claims.
The paper analyses and describes the two-way migration flows in relation to each HDSS
area, and examines the relationship between internal migration and levels of human capital,
as measured by educational attainment, in these multiple settings.

2. Literature review

2.1. Urbanisation and circulation in sub-Saharan Africa

The urban transition in sub-Saharan Africa has resulted in the rapid growth of cities and
their surrounding territory. Furthermore, substantial increases in both the absolute urban
population and the fraction of the population living in urban agglomerations is projected
over the coming decades (United Nations Development Programme 2009; United Nations
Population Fund 2010; United Nations Population Division 2014). Such high levels of
urbanisation have led to a growing concern amongst policymakers about urban poverty
generally (UN-Habitat 2013), depopulation of rural areas, and the ability of cities to sustain
the demands placed by a growing urban population (Mabogunje 2007). However, the urban
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expansion in sub-Saharan Africa has its own distinct features (White, Mberu, and Collinson
2008). Studies have suggested that reported rates of urbanisation are over-estimated and that
increases in urbanisation are in fact occurring at a much slower rate than projected, and may
even reverse (Bocquier 2005; Potts 2009). The sizable impact of natural increases on urban
growth has been emphasised, while it has also been argued that the dominance of a rural-
urban internal migration stream cannot be assumed in all settings (Tacoli 2008; Potts 2012).
In particular, less permanent forms of urban settlement and high levels of circular mobility
have been observed in the sub-Saharan African region (Potts 2009). For many originating
from rural areas, urban residence is temporary and migration to the cities is employed as a
livelihood strategy to maintain rural households to which they will ultimately return (White,
Mberu, and Collinson 2008). These more temporary forms of migration and circulation are
difficult to measure and are poorly documented or completely unmeasured in many regions.
An examination of the patterns of internal migration and the social determinants of
movement in different settings and with respect to different migration flows across sub-
Saharan Africa would be of value in developing a broader understanding of these dynamics.

2.2. Determinants of internal migration

Migration is found to vary along the life course, and the life-cycle model, which posits a link
between life-course transitions and patterns of movement, has been used as a basis for
numerous studies of mobility (see Speare 1970; Sandefur and Scott 1981; Kulu and
Milewski 2007). Migration patterns have commonly been described in relation to age, and
scholars have noted that age profiles and movement behaviour are largely consistent across
different populations (Courgeau 1985; Rogers 1988). In the sub-Saharan African context,
migration has been found to follow a uni-modal distribution on age with peaks in early
adulthood and declines upon exit from the labour market (Oucho and Gould 1993;
Beauchemin and Bocquier 2004; Collinson 2009). Children participate in migration at early
ages corresponding with movement of parents or caregivers (Long 1992; Collinson 2009;
Madhavan et al. 2012). The regularities of migration by age vary for males and females due
to differences in the timing of life-course events between the sexes (Rogers 1988). Females
may move at younger ages in connection with marriage, while movements amongst males
may be prompted by economic opportunities or employment (Agesa and Agesa 1999; Clark
and Cotton 2013). Males may also be more likely to participate in return migration prompted
by retirement or ill health (Collinson 2009).

A number of studies have considered how socio-demographic factors such as marriage,
family structure, or cultural norms may influence migration. However, in the economic
literature, educational attainment has been identified as a primary determinant of internal
migration, particularly in the rural-to-urban direction (World Bank 2009). Economic theories
of migration hold that skills flow to the place of highest return (Massey et al. 1993; World
Bank 2009). Thus, educational attainment, representing an individual’s human capital, acts
as an enabler of migration by improving employment opportunities and the likelihood of
securing work. The theory of selection holds that migrants are most commonly positively
selected on human capital characteristics with relatively higher levels of education and
occupational status as compared with non-migrants of a particular population (Findley 1977;
Speare and Harris 1986; Borjas, Bronars, and Trejo 1992; Chiswick 2000; Feliciano 2005).
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Research has also shown a positive association between high-and low-skilled migration
(Gibson and McKenzie 2011), suggesting that migration self-selection by level of skill may
not be linear. The relationship is further complicated by the fact that educational aspirations
may themselves drive movement and influence migration intentions as well as migration
behaviour (De Jong and Fawcett 1981; De Jong 2000). Thus human capital acquisition may
be both a driver and a consequence of movement. While anticipatory behaviour on the part
of the (prospective) migrant may make it difficult to completely resolve issues of potential
endogeneity, a clearer grasp of the endogeneity of migration and education decisions would
be gained through an analysis platform that tracks individuals’ educational transitions and
migration events over time.

Notwithstanding these different theoretical perspectives, the study of migration and
education produces results that are often divergent and inconsistent (Williams 2009). In sub-
Saharan Africa, empirical evidence on the relationship between internal migration and
human capital is fragmentary, having been conducted using a range of methodologies and
data sources. Country-or area-specific studies, focused on analysing educational attainment
and migration, have corroborated the relationship between mobility and the accumulation of
skills in urban as opposed to rural areas (Brockerhoff and Eu 1993; Oucho and Gould 1993;
Todaro 1997; Mberu 2005; Reed, Andrzejewski, and White 2010). African regional studies
have offered insights into gender disparities in the education and migration relationship. In a
study of eight sub-Saharan African countries, females with relatively higher levels of
education were more likely to participate in rural-urban migration compared with females
who were unschooled (Brockerhoff and Eu 1993), while a Kenyan study found the
relationship between education and migration to be significant and positive for males (Agesa
and Agesa 1999). A study of rural Ghana found that females with higher levels of education
were more likely than males with the same educational attainment to migrate to urban areas,
while males with higher levels of education were less likely to move to rural areas (Reed,
Andrzejewski, and White 2010).

2.3. Contextual factors

Internal migration trends are also strongly influenced by factors related to a country or
region’s economic and structural context (Oucho 1998). Sub-Saharan African countries
continue to experience widespread poverty and inequality, despite sustained economic
growth across the region (United Nations Economic Commission for Africa 2013; World
Bank 2013). Some parts of sub-Saharan Africa are marked by political instability, limited
resources, and adverse climate conditions (World Bank 2013). With regards to the region’s
educational landscape, sub-Saharan Africa has seen an increase in enrolment rates in
primary-level education; however, levels of secondary school enrolment and school
completion rates remain low (UNESCO 2011; United Nations Economic Commission for
Africa 2013). Adult literacy rates display strong regional variation, with levels falling below
world averages in some settings (UNESCO 2008, 2011). Furthermore, significant gender
disparities in educational attainment, school attendance, and adult literacy persist in some
areas (Tabutin and Schoumaker 2004; UNESCO 2011; United Nations Economic
Commission for Africa 2013). Educational attainment influences labour market participation
and earnings, but this relationship is dependent on the labour market context. In sub-Saharan
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Africa, labour markets may be predominantly informal or mainly formal, and the demand
for skills will depend on these and other labour market characteristics (De Vreyer and
Roubaud 2013). Participation in the urban informal sector requires a lower level of skills as
compared with the urban formal sector, and this sector is particularly favoured by rural
migrants (Todaro 1997). The ways in which these factors may impact on the distribution and
mobility of skills has not been explored in many settings. While detailed contextual analysis
requires rich, nationally representative data, a comparative analysis framework can provide
some insight into the ways in which different labour market contexts may operate to shape
the mobility pattern in urban and rural areas.

2.4 Data sources and constraints

Building a consolidated evidence base of the patterns and determinants of migration across
Africa has been hampered by a lack of consistency in definitions, measures, timing, and
analysis techniques. Censuses or Demographic and Health Surveys are the most common
sources of data on internal migration in Africa at the national level, but these are conducted
infrequently and in some countries not at all (Brockerhoff 1995; Potts 2008). These surveys
collect data on migration status, which allows for comparisons to be drawn between in-
migrants and non-migrants in a population, but they tend not to focus on migration events
themselves. Population censuses are further designed to address more permanent forms of
relocation occurring across larger spatial boundaries. These instruments may thus fail to
identify frequent or temporary movements, or moves occurring over shorter distances
between more homogeneous settlement areas. Cross-sectional data have additional
limitations when applied to analyses of migration, due to the repeatable nature of movement
over time (Oucho 1998), and considerable effort is required to reconcile such data (Bell et al.
2015). Furthermore, the emphasis on analyses of rural-urban flows in many internal
migration studies may overlook the variety of circular movements and patterns of return
migration that are being documented in smaller population-specific studies (Beguy,
Bocquier, and Zulu 2010). Such small geographical areas may experience even more rapid
change in local population dynamics as a result of in-or out-migration and circular mobility.

HDSSs have been developed in locations where population vital registration is poor or
absent. The HDSS approach provides detailed, prospective, longitudinal data on
demographic, health, and socio-economic dynamics within these geographically demarcated
areas, usually the size of an administrative district. This is achieved by conducting a baseline
census of the full population at the outset, with subsequent tracking of individual
demographic events - births, deaths, in-and out-migrations - on an ongoing basis, at
prescribed intervals within the study population. In contrast with cross-sectional migration
measures that focus on in-migration status, HDSSs measure migration events over time. The
HDSS also collects socio-economic measures including educational attainment from each
member of the population at regular intervals. The HDSS platform therefore enables a
detailed exploration of determinants of two-way migration flows and dynamics over time.
These data offer an important perspective that cannot be attained using traditional survey
and census methodologies.
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To summarise, the literature reveals the following gaps in relation to the study of internal
migration and education: 1) the emphasis on studies of determinants of migration in the
literature has been on rural-to-urban movements, with much less focus on other migration
streams; 2) the empirical literature on migration and education has tended to focus on
educational attainment; however, many such studies have not been able to consider a
gradient in level of education, and have not generally allowed for the analysis of education
status at the time of the migration event (often using education at the time of a survey or
census as a proxy); 3) migration data generally represent migration status rather than
migration events - analysis of migration events has the advantage of incorporating a space
and time dimension.

Against the background outlined, this paper aims to address the gaps in the literature
discussed above by conducting a multi-centre analysis of dynamics of migration in relation
to levels of human capital using HDSS data. The paper contributes reliable comparative
findings on the selectivity of migrants in relation to education and will address the
hypothesis, proposed in selection theory, that better-educated people will leave rural areas
and enter urban areas within a geographical region with a common labour market context.
The paper comprises two parts. The first part provides a description of the patterns of in- and
out-migration by age and sex in each HDSS area. In so doing, the paper offers the
opportunity to consider migration streams that are not commonly analysed in studies of
internal migration. The second part of the paper examines the association between in- and
out-migration and educational attainment by sex for each geographical area, in order to
explore the flows of migration in relation to levels of human capital. The comparative aspect
of the study provides some insights as to context, and, moreover, identifies an important
platform on which to base future multi-country research on socio-economic and health
outcomes associated with migration.

3. Methods
3.1. Study population

The findings presented in this paper are based on data from eight HDSS sites that are
members of the International Network for the Demographic Evaluation of Populations and
Their Health (INDEPTH). The INDEPTH Network is an initiative that has brought together
HDSS sites from low-and middle-income countries with the purpose of standardising data
and techniques to enable cross-country comparative research (see Sankoh and Byass 2012
for more details concerning the methods and objectives of the INDEPTH organisation). The
HDSS sites represented in the current analysis are clustered within three sub-Saharan
African contexts, and they represent a mix of rural, semi-rural, and urban locations. The sites
included in the study were selected to provide a set of illustrative contexts to explore the
mechanisms of in- and out-migration in the West, East, and Southern regions of the
continent. These are Nanoro, Nouna, and Ouagadougou in Burkina Faso; Kilifi, Kisumu,
and Nairobi in Kenya; Manhiga in Mozambique, and Agincourt in South Africa (see Figure
1 for a map of the HDSS site locations). These HDSS sites are part of the Multi-centre
Analysis of the Dynamics of Internal Migration And Health (MADIMAMH) initiative within
INDEPTH which commenced in 2011 with the aim of producing comparative studies on
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questions concerning migration and health (Gerritsen et al. 2013). Necessary criteria for
inclusion in MADIMAH were longitudinal updates of education status in the HDSS and a
dedicated, local analytic team to work on this topic. The present study does not aim to cover
all possible situations on the continent, or to produce a set of representative findings. The
populations included in the study represent small sub-districts from which detailed
longitudinal data are collected. These small areas offer situations that are illustrative of
West, East, and Southern African sub-district populations that are diverse enough to
highlight a range of mechanisms by which education may relate to in- and out-migration,
across a continuum of (rural-urban) settlement types. Through detailed examination of the
dynamics of these demarcated geographical areas, insights about local-level migration flows
that operate within a region’s labour market can be elicited.

A profile of the eight HDSS sites is outlined in Table 1. The Nairobi HDSS is the most
densely populated of the HDSS sites, with Nouna having the lowest population density. The
Kilifi and Kisumu HDSS sites in rural Kenya have the largest populations under
surveillance. The HDSS sites also differ in relation to the contiguity of the population under
surveillance: the two urban sites in Nairobi and Ouagadougou comprise hon-contiguous
areas, while the rural-based sites are all contiguous.

In order to provide some information on the context in which the sites are based, Table 2
presents a set of indicators of the four countries represented in the analyses. South Africa
has the largest urban population of the four countries at 63% and the largest GDP per capita,
while Kenya has the smallest proportion of people living in urban areas (24%), and
Mozambique has the lowest GDP per capita (World Bank 2012a, 2012b). The Kenyan
formal labour market employs approximately 18% of waged workers, with the remaining
82% of the work force employed in the informal sector (Kenya National Bureau of Statistics
2012; Tijdens and Wambugu 2012). However, in Nairobi, formal sector employment was
estimated at approximately 88% of the city’s labour force around the year 1999 (Bocquier et
al. 2009), indicating that Nairobi concentrates most of the formal employment of the
country’s labour market. Of the four countries, South Africa has the largest formal labour
market employing both skilled and unskilled labour. In South Africa as a whole, the formal
sector (including agricultural and household employment) provides approximately 70% of
all jobs (Statistics South Africa 2014). In Gauteng Province, South Africa’s most densely
populated urban centre, the formal sector employs approximately 85% of the labour force
(Statistics South Africa 2014). In contrast, in urban Mozambique, formal sector employment
is only 30% (Jones and Tarp 2013), but many Mozambican workers seek employment in the
South African labour market as the countries have strong economic ties (Almeida-Santos,
Roffarello, and Filipe 2014). Of the four countries represented, Burkina Faso has the
smallest formal labour market nationally, employing only 5% of the workforce (Dayo 2014).
In Ouagadougou, informal sector employment was estimated at approximately 73% of the
labour force in 2001, a figure close to the mean (76%) for seven capital cities in French-
speaking West Africa (Roubaud and Torelli 2013).

In relation to educational indicators, the level of adult literacy in Burkina Faso is
substantially lower than in the other countries represented in the analyses, while the gender
disparity in literacy levels in Mozambique is particularly high (UNICEF 2014). Furthermore,
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school participation across the four countries is dissimilar, with high levels of school
enrolment reported in South Africa and Kenya and relatively low levels of school
participation evident in Mozambique and Burkina Faso (UNESCO 2008).

3.2 Variables

3.2.1 In- and out-migration—In the HDSS setting, information on migration of
household members is gathered retrospectively at each data collection round. An out-
migration event is recorded if a household member was absent from the household between
the current data collection round and the preceding data collection round for a duration
exceeding a specified time threshold. An in-migration event is confirmed if a household
gained a new resident member for a minimum period of time between the current and
preceding observations (Bocquier 2015). In-migrants may include both new residents to the
HDSS area, or migrants returning to the HDSS following a period of absence.

Definitions of in- and out- migration may differ across HDSS sites in relation to the
specified time thresholds used to determine HDSS membership (varying from 3 to 6 months
of residence within the boundaries of the HDSS) (Adazu 2009). In order to achieve
consistency across sites in this study, residency in an HDSS was standardised using the more
conservative 6-month residency threshold. Therefore an in-migrant is an individual who has
lived in the HDSS area for at least 6 months, while an out-migrant is someone who moved
away from the HDSS area for at least 6 months between observation points.

Migration is defined in this study as a move that crosses the geographical boundaries of the
HDSS site (in either an inward or an outward direction). Moves between households within
the study area are recorded but discarded from the present migration analysis. Moves
between households or locations not attached to the study areas are not recorded.
Consequently, migration as analysed in this study excludes moves within the HDSS
boundaries, moves for durations of less than 6 months into or outside of the HDSS area, and
moves that occur between two locations situated outside of the HDSS site.

3.2.2 Educational attainment—Individual-level data representing educational
attainment were collected for each site. In order to standardise measures of education across
the HDSS sites, a variable representing educational attainment was derived from the site’s
own education status data. This variable contrasts those individuals who had no formal
education with those who had either some primary or some secondary (or higher) levels of
education. Given the different thresholds of education that are achievable in relation to age,
the analysis of educational attainment and migration excludes children who would not yet
have commenced schooling (0-4 years of age), as well as a school-aged group of children
(aged 5-14 years) who would potentially be enrolled in the school system. This further
limits the importance, in this study, of education-motivated migration related to access to
primary-or secondary-level schooling. The analytical sample for the regression analysis of
the migration-education relationship is therefore based on individuals aged 15 to 65 years
who may be employed or seeking employment over the period of analysis. Educational
attainment has been included in the analyses as a time-variant measure. In the HDSS setting,
education data are usually collected less frequently than are regular event updates (such as
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in- and out-migration), therefore an individual may in- and out-migrate before an education
measure is collected. A category for missing education data was included in analyses to
control for any bias that might be present in the models as a result of a missing education
value being associated with other covariates — age and calendar year — in their effect on
migration. The analyses were repeated excluding observations with missing education values
(below 10% in all sites, except Kilifi with 18%) and the results found to be consistent with
those obtained when observations with missing education values were included in the
models (results not shown). The models that include the observations with missing education
values are reported on in this paper: however, the effects for unknown levels of education are
not displayed or interpreted. Significant hazard ratios for this category relate to the
association between migration and response by a proxy respondent who might not know the
level of education of the migrant they are reporting on.

3.3 Statistical analysis

The descriptive statistics and models were generated using Event History Analysis (EHA)
techniques. This approach is appropriate for the examination of repeated events (such as
migration) within the context of an individual’s life course (Yamaguchi 1991; Kulu and
Milewski 2007). Prior to commencing with EHA analyses, detailed data consistency and
quality checks were conducted, and data were transformed into a biographical “residency
episode” structure (see Gerritsen et al. 2013). This structure implies that events (including
births, deaths, in- and out-migration, and education measures) for individuals are recorded
sequentially and in continuous time (i.e., dates are attached to each event). The models allow
for repeatable migration events over an individual’s life course: thus individuals may
contribute more than one migration event over time.

In this study the HDSS population is the population at risk in all analyses. This implies that
both in- and out-migration rates are computed using the same population at risk, following
standard procedures in migration analysis. The same applies to models of in- and out-
migration: the relative risks are interpreted as the risks associated with in- or out-migration
based on characteristics relative to those of the HDSS population. In the case of out-
migration, the population at risk corresponds to the time contributed by individuals within
the HDSS. When an individual leaves and re-enters the population through return migration,
the individual is included in the population at risk from the time of re-entry until censoring.
For in-migration, the denominator represents the population at risk of ‘receiving’ an in-
migrant, and not the population from which the migrant originated. In order to analyse in-
migration, analysis time is reversed from age 65 (the upper age limit of the analysis) until
the occurrence of an in-migration event, or to birth/enumeration if no in-migration event
occurs. In this way in- and out-migration analyses are symmetrical and easier to compare
(see Beguy, Bocquier, and Zulu 2010 for further discussion of this method).

The analyses presented in this paper are based on the three years 2009-2011 for all sites,
with the exception of Nanoro and Ouagadougou whose data were analysed from 1 January
2010. These two sites conducted their initial censuses in the year 2009 and complete
migration data for this year are not available.
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In- and out-migration rates were computed by 5-year age categories for each site, stratified
by sex. Rates are expressed as the number of events (in- or out-migrations) divided by the
person time of the population at risk, expressed in years (person years at risk, or PYAR). A
set of Cox semi-parametric proportional hazards models was produced for each site in order
to examine formal educational attainment as a determinant of in- and out-migration. These
models control for age in the non-parametric part of the Cox model and calendar year as
covariates. Models were stratified by sex to control for gender compositional effects in the
patterns of in- and out-migration and educational attainment. All analyses were performed
using STATA version 13.

4. Results

4.1 Sample characteristics

The characteristics of the analytical samples from each HDSS site are presented in Table 3.
These frequency distributions have been derived using person-years over the period of
analysis, and thus they represent the total exposure to migration for the site populations. For
each site, the exposure of the population at risk is documented by categories of gender,
calendar year, and educational attainment. Amongst the Burkina Faso sites, the gender
composition (of the person-years observed) is roughly equal, with the exception of Nanoro,
which has a majority of females in the population (65%). In Kenya, the Nairobi HDSS is
58% male, while the rural sites have a higher female representation (55%). The two
Southern African sites comprise approximately 60% female residents over the period. The
largest proportion of residents in the Burkina Faso HDSS sites had no formal education over
the time period (75%, 69%, and 38% of the resident populations of Nanoro, Nouna, and
Ouagadougou respectively). In contrast, the highest proportion of individuals in the Kenyan
and Mozambican HDSSs had achieved some primary education (48%, 66%, 61%, and 59%
of the resident populations of Kilifi, Kisumu, Nairobi, and Manhiga respectively). Within
the Agincourt HDSS, the majority of individuals (75%) reported some secondary-level
education over the period. For all sites, the exposure by calendar year was roughly evenly
distributed. Individuals with unknown education values ranged from approximately 2% to
10% of the sample for all sites, with the exception of the Kilifi HDSS, where education level
was unknown for 18% of the sample.

4.2 In- and out-migration rates by age and sex

In order to provide a foundation for understanding the relationship between migration and
education, age-specific in- and out-migration rates for each site are presented in Figures 2
and 3, with rates for males and females shown in separate figures. An inspection of the rates
of out-migration by site indicates that between 7 and 21 per 100 PYAR of these local
populations are moving over the period, however, the rates vary substantially by age group.
Out-migration rates across all sites reach a peak in early adult years (ages 15-29) for both
males and females. The rates for in-migration are of a similar magnitude to those of out-
migration, with between 7 and 27 per 100 PYAR of individuals in-migrating over the period.
The age distribution of in-migration resembles that of out-migration, with movement
occurring most frequently between ages 15-29.
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4.2.1 West African sites—Among the sites in Burkina Faso, approximately 21 per 100
PYAR of 20-24 year-old females are observed to migrate out of the Ouagadougou HDSS.
Out-migration from the rural sites reaches as high as 37 per 100 PYAR amongst 20-24 year-
old males moving from the Nanoro site, while the lowest rate of out-migration (13 per 100
PYAR) is observed amongst males aged 20-24 from Nouna. The rates of in-migration into
the Ouagadougou site are relatively high in early adulthood, with 13 and 18 per 100 PYAR
of 20-24 year-old males and females respectively entering this urban area. The rate of in-
migration amongst females entering the Nouna HDSS exceeds that of males, with 24 per
100 PYAR of in-migration occurring amongst 15-19 year-old females.

4.2.2 East African sites—Amongst the HDSS sites in Kenya, rates of mobility reach as
high as 31 per 100 PYAR of 20-24 year-old females out-migrating from the Nairobi HDSS,
with 27 per 100 PYAR of similar-aged males out-migrating from this HDSS. The modal
rates of out-migration from the Kilifi and Kisumu HDSSs are observed between the ages of
20-24, with 27 and 20 per 100 PYAR of males and 26 and 23 per 100 PYAR of females
within this age group moving out of these HDSS sites respectively. The Nairobi HDSS
exhibits the highest ratio of in-migration of all sites over the period, with approximately 43
per 100 PYAR of males and females aged 20-24 entering the HDSS area. This is consistent
with Nairobi occupying a position as a major urban destination. The Kisumu HDSS
experiences the lowest rates of in-migration of the Kenyan HDSSs in the study.

4.2.3 Southern African sites—Of the two Southern African HDSS sites, Agincourt in
South Africa displays the higher rates of mobility. Rates of out-migration amongst males
and females aged 20-24 moving from Agincourt are 27 and 24 per 100 PYAR respectively.
Rates of in-migration are particularly high with 34 per 100 PYAR of 30-34 year-old males
entering the area. Low relative rates of in- and out-migration are observed in Manhiga. Out-
migration amongst both males and females peaks between ages 20-24 at approximately 19
and 15 per 100 PYAR respectively, while in-migration within this age range is 16 and 13 per
100 PYAR amongst males and females.

The age-sex profiles highlight the prevalence of both in- and out-migration flows in relation
to both urban and rural HDSS areas. Intensity of migration differs little by gender, with few
exceptions. The age patterns conform to the expected, and emphasise that young adults are
the most active part of the population and have a greater propensity to migrate.

4.3 Determinants of migration: Cox proportional hazards models

The Cox proportional hazards models of in- and out-migration are presented by site for
West, East and Southern African regions respectively, and stratified by sex. The models
explore education as a determinant of in- and out-migration, controlling for calendar year
and age (see the full models in Tables A-1, A-2, and A-3 of the Appendix). The coefficients
and corresponding hazard ratios of the education variable are presented in Figures 4-6.
Results are interpreted in terms of relative risk using the hazard ratios, where the reference
category is males or females with no formal education.
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4.3.1 West African sites—In the Ouagadougou HDSS, education, for both sexes, is a
significant but weak determinant of migration to or from the study area. In this mix of slum
and non-slum urban areas, educational attainment is in fact negatively associated with both
in- and out-migration for both sexes. For instance, males and females who had achieved
some secondary schooling have a 22% and 32% lower risk of in-migration compared with
those in the resident population who have no formal education (hazard ratios of 0.78 and
0.68 respectively). The rural perspective illustrated in the Nanoro and Nouna models helps
to refine the Burkina Faso urban perspective on human capital distribution.

In the Nanoro site in Burkina Faso the primary-level educated are generally those who are
less likely to migrate, with education following a J-shaped distribution. Females with some
secondary schooling have the highest risk of in- or out-migrating from Nanoro (hazard ratios
indicate 1.65 times higher risk of in-migration and 1.41 times the risk of out-migration
relative to the existing population), in contrast to those with no education, and even more so
compared to those with primary education.

The J-shape apparent in the Nanoro site is also seen in the Nouna HDSS, except in the case
of female out-migration, where levels of primary and secondary education do not display
much difference. Thus males with secondary schooling have a 1.98 times higher risk of out-
migration and 1.46 times higher risk of in-migration relative to those in the population who
are unschooled, while the estimated hazard ratio of secondary- schooled females out-
migrating from the Nouna HDSS is 1.35, indicating positive selection on education.

4.3.2 East African sites—The Cox regression models of the Nairobi HDSS reveal a
strong positive association between both in- and out-migration and education in the slums.
Males and females with some secondary schooling have 2.55 and 3.29 times the risk of out-
migration compared to those with no schooling. Primary and secondary levels of education
are even stronger predictors of in-migration, with males and females displaying 4.65 and
6.65 times the risk of in-migrating into the Nairobi HDSS relative to those residents in the
HDSS with no formal education. The hazard ratio of 6.65 represents the largest observed
effect of human capital on migration propensity in this study. Given the higher coefficients
for secondary schooling in the models, it appears that secondary-level-educated individuals
circulate more than individuals with primary-level education.

In the Kilifi HDSS, the positive association between education and in- and outmigration is
apparent amongst females only. Females with some secondary schooling have 1.98 times the
risk of in-migrating into Kilifi and 1.58 times the risk of out- migrating from this HDSS
relative to those HDSS residents reporting no formal education. In the Kisumu HDSS the
positive relationship between migration and education is evident amongst both males and
females, with the effect of secondary education exceeding that of primary-level education.
For example, the risk of secondary-educated males and females out-migrating from Kisumu
is 1.40 and 1.42 times the risk of out-migration amongst those with no formal education.

4.3.3 Southern African sites—Amongst the two Southern African sites, education
does not appear to be strongly associated with either in- or out-migration. The estimated
hazard ratio for out-migration amongst females is 1.37 times higher for the primary-
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educated leaving the Manhiga HDSS as compared to those with no formal education, while
primary-educated females have a 1.15 times higher risk of moving out of Agincourt as
compared to those reporting no schooling.

5. Discussion

This is the first multi-country comparative study of education as a determinant of internal
migration based on longitudinal data from multiple HDSS sites in Africa. The study
employs longitudinal analysis techniques, applied to migration data that have been
standardised across eight HDSS sites to allow for the systematic comparison between the
sites. These data are unique in allowing for in- and out-migration events to be measured
simultaneously and with temporal accuracy for the full population of a district.

Age is central to the human capital argument, as younger individuals have more years in
which to benefit from human capital differentials and should therefore be more likely to
move (Schwartz 1976). Thus the first aim of this paper is to contribute comparative evidence
on the patterns of in- and out-migration by age and sex from sub-district populations
represented by eight HDSS centres in sub-Saharan Africa. Indeed, the age profiles confirm
that in these study populations, young adults are particularly likely to migrate, just as has
been found repeatedly in other settings.

Previous studies of internal migration in sub-Saharan Africa have emphasised high levels of
internal mobility, in particular in a rural-to-urban direction; however, these studies have not
had the temporal detail available when using HDSS data. The findings of the present study
corroborate these trends by demonstrating high levels of both in- and out-migration
occurring amongst males and females, particularly during the young adult years. Thus,
empirical evidence of two-way flows is a contribution of this paper. Migration literature on
sub-Saharan Africa has further highlighted differential patterns of migration by sex and has
emphasised the feminisation of migration streams (Cross et al. 2006; Adepoju 2008). This
trend is apparent in relation to the HDSS populations observed here.

The results of this study are further able to offer insight into patterns of circulation. Scholars
have commented upon the distinctiveness of this pattern relative to that of permanent
migration, however, measurement challenges have prevented conclusive systematic evidence
from emerging in published literature. The HDSS provides an opportunity to empirically
evaluate simultaneously in- and out-flows during sub-annual periods of time. By
documenting the levels of in- and outflow to and from the HDSS populations, the present set
of analyses show bi-directional and reasonably balanced patterns of mobility that are
consistent with high circulation.

The paper’s second aim is to explore migrant selectivity by examining the relationship
between internal migration and levels of human capital as measured by educational
attainment, in eight HDSS sites situated in West, East, and Southern Africa. The different
regions present contrasting pictures. In the Ouagadougou HDSS in urban Burkina Faso there
is no evidence of positive selectivity in relation to education and in- or out-migration. This is
consistent with the labour market context in the country. In Burkina Faso, migration is
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potentially less visibly labour-market-driven due to the dominance of the informal economy
and hence there is a weaker expected connection between human capital (as indicated by
education) and migration (International Monetary Fund 2012; De Vreyer and Roubaud
2013). Conversely, more-highly educated individuals do not migrate out of the city due to
limited opportunities elsewhere and a lack of incentive to move. Of the two rural Burkina
Faso sites investigated, migration is positively selected on education where individuals have
achieved some secondary or higher levels of schooling. The positive relationship between
migration from rural areas of Burkina Faso to the cities and higher educational attainment
has been demonstrated in another study (Beauchemin and Schoumaker 2005). Such
migration has been linked to individuals seeking employment or further study opportunities
outside of these HDSS areas. However, the effect of primary-level education appears to be
negatively selected on in- and out-migration, while people with no education are situated
somewhere between the primary- and the secondary-educated. The education-migration
relationship is not linear and follows roughly a J-shape in these rural Burkina Faso HDSS
areas.

Conversely, in the Kenyan HDSS sites under observation there is evidence of positive
selection on migration and education. This reflects the fact that migration within this country
is formal-sector-driven (Bocquier et al. 2009). In Nairobi, migration is highly positively
selected upon education level, and skills accumulate in the urban area. This is consistent
with a study on the determinants of in- and out-migration in the Nairobi HDSS between
2003 and 2007, which found the same positive association as the present study, only weaker
due to the inclusion of a number of other social and economic characteristics (Beguy,
Bocquier, and Zulu 2010). A study of migrants entering Kisumu city found that males
migrate to find employment (Clark and Cotton 2013), while Kilifi experiences higher
circulation of educated females that is expected to relate to economic drivers.

The Southern African HDSS sites suggest that mobility is not selected on education levels.
This is corroborated by other studies commenting on rural-to-urban migration of the South
African black population (Clarke and Eyal 2013; Reed 2013). The out-migration reflected in
the Agincourt HDSS relates to unskilled employment, with male out-migrants often taking
up jobs in the mining sector and females frequently moving to take up employment as
domestic workers (Collinson 2010). Agincourt in-migration has been identified as return
migration, where migrants who have become ill in urban areas return home to receive care
from family members (Clark et al. 2007). Approximately 30% of the Agincourt HDSS
population comprises former Mozambican refugees who relocated to South Africa in the late
1980s as a result of civil war. Research has produced evidence of substantial assimilation
amongst former Mozambican refugees, with former refugees now considered to be self-
selected immigrants who display similar patterns of migration to that of the South African
Agincourt population (Collinson 2010). Migration from Manhiga has been linked to work in
the mining or agricultural sectors. It is well documented that this region is dominated by
employment opportunities in South African mines and in industry. These trends can be
explained as a corollary of a historical pattern whereby government policies encouraged
labour migration of males but discouraged relocation of families at these places of
employment (Crush 2000). The size and structure of the South African formal labour market
creates demand for both skilled and unskilled labour within the region. Taken together, these
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various contextual features may serve to weaken the conventional relationship between
education and migration.

The study shows that with respect to most of the HDSS sites analysed, educated female
migration is an important flow. Female migration is usually not conceived of as being driven
by education levels to the same extent as male migration, with women sometimes
accompanying men to their workplace locations, moving for marriage, or relocating to care
for other family members such as an older relative (Collinson 2009; Beguy, Bocquier, and
Zulu 2010). However, in the Nairobi slums as well as in the HDSS sites in rural Kenya and
Burkina Faso, educational attainment predicts a greater propensity to migrate for females
compared to males. This corroborates findings from a study of rural Ghana (Reed,
Andrzejewski, and White 2010), which may indicate a shift towards increased employment
opportunities for educated women in certain labour market contexts.

The study allows for certain inferences to be made about how relationships between
education and migration may diverge in different contexts. By examining a set of HDSS
sites in three different parts of the continent it is possible to observe within- country
similarities and across-country differences. One may consider whether these across-country
differences may be attributed to contextual factors such as the phase in a country’s migration
system development, the economic opportunities in a country at a given time, or the different
overall education levels within a country. The processes of transition and development
across different parts of sub-Saharan Africa are not homogenous (Tabutin and Schoumaker
2004) and the present study reinforces this.

The results of the study highlight some useful directions for further research, while certain
study limitations should also be noted. In order to allow for comparability across diverse
regions and to bridge modest variations in data collection methodologies, it was necessary to
sacrifice some detail in the data and exclude some measures from the models. In particular,
education in the models is not only measuring human capital, net of other dimensions, but is
also a proxy for other unobserved socio-economic covariates. Therefore the effects observed
in relation to education may be confounded with other covariates (such as occupational
status, marital status, socio-economic status, etc.). It is envisaged as part of the MADIMAH
initiative that HDSS sites will follow up on this paper with site-specific analyses, which
would allow for the inclusion of more detailed measures of human capital and socio-
economic context and thus add more depth to the study of human capital and internal
migration dynamics. Building on this foundation, the MADIMAH project has commenced a
second phase of multi-centre research on the health outcomes associated with migration.

In most parts of sub-Saharan Africa the measurement of demographic phenomena must
often resort to estimates or models; however, HDSS data allows for the direct calculation of
population-based statistics (Streatfield et al. 2014). HDSSs thus provide a unique and
valuable source of detailed migration data. Such longitudinal data provide complementary
insights on active migration patterns that can be interpreted alongside national-level or cross-
sectional findings, and macro-level economic trends. For example, future research based on
census data may add value by exploring how specific contextual variables impact the
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migration matrix in different countries or regions. To note, the results of this study generally
converge with studies at national or capital city levels where available.

In conclusion, this paper offers a unique perspective on the selectivity of migrants in relation
to education in sub-Saharan Africa. The analysis presented provides an empirical foundation
from which to unpack whether the higher-educated necessarily leave rural areas or enter
urban areas, as implied in the migration selection literature. In some contexts this seems to
be the case, particularly when urban labour markets are able to use the education
endowments of the in-migrants. The three triangulated points of the data in Kenya highlight
this. However, in contexts where the formal labour market does not support large
proportions of skilled workers and the rural education infrastructure is under-developed,
there appears to be less association and even a negative association between migration and
education. This is evident in the Burkina Faso case studies. Southern Africa presents a
different scenario, where the socioeconomic history of labour migration and consequent
rural impoverishment has produced a unique set of factors. Under-developed rural education
systems coupled with a labour economy that supports a combination of skilled and unskilled
employment opportunities has resulted in high levels of labour migration that are not
determined by education level.

The study approach demonstrates the benefits of temporal and directional data on migration.
At the same time, the results challenge some commonly held generalities about rural-urban
migration, at least as applies to several African regions. While age and education continue to
be implicated in determining migration patterns, the way in which human capital (through
education) unfolds in the migratory process depends on the context. Thus the study
concludes that the hypothesis that more-educated people are more likely to leave rural areas
or accumulate in urban areas is not universally valid. Lastly, the results point optimistically
to the knowledge that can be gained by careful population monitoring with HDSS at the
district or sub-district level.
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Table A-1:

Cox proportional hazards models for ages 15-65 years: Determinants of in- and out-
migration by sex and HDSS site — West Africa

Nanoro HDSS - Rural Nouna HDSS - Mostly rural Ouagadougou HDSS - Urban
In-migration Out-migration In-migration Out-migration In-migration Out-migration
Male Female Male Female Male Female Male Female Male Female Male Female

Hazard Ratios (95% Confidence Interval)

HokAk HkA *ok *ok

Calendar na. na. na. na. na. na. na. na.
Ve 0.79 085 092 0.92
2009 (074 (0.80 (0.86 (087
-0.84) -0.01) -0.98) -0.98)

Ref: 1 1 1 1 1 1 1 1 1 1 1 1
Calendar
Year 2010

Ak Ak Ak Ak Ak Ak Ak HAk
Calendar 148 1.25 115 096 g5 0.97 101 104 116 111 133 134
2011 w35 (117 (108 091 (0.80 092 (095 0.99 (110 (.05 (126 @27

~161) -134) -123) -1.02) -0.91) -1.03) -1.08) -111) -123) -117) ~1.40) ~1a1)

1 1 1 1 1 1 1 1 1 1 1 1
Education
No
Formal

A AA AR Ak A AA A kA A AA Ak A A AA A A A
Sducation 969 0.9 0.83 098 g5 067 0.89 125 0.79 084 074 0.96
Primary (060 ©79 ©75 (088 (046 062 (083 w7 073 ©78 (0.69 (089

-0.81) -1.03) ~0.91) -1.09) ~0.54) -0.72) -0.96) -133) - 0.85) -0.90) -0.80) -1.03)
; *Kk Ak Ak Ak * Ak Ak Ak Ak Ak Ak

Education 118 1.65 101 141 146 0.94 1.98 135 078 0.68 072 0.82

Some
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Nanoro HDSS - Rural

Nouna HDSS - Mostly rural

Ouagadougou HDSS - Urban

In-migration Out-migration In-migration Out-migration In-migration Out-migration
Male Female Male Female Male Female Male Female Male Female Male Female
Secondary (1.04 (1.46 (0.92 (1.26 (1.36 (0.87 (185 (1.25 (.73 (0.64 (0.67 .77
-133) -1.87) -1.11) -157) ~1.56) -1.01) -212) ~1.45) -0.84) -0.74) -0.77) -0.88)
Wald Chi- 4617 856.8 168.6 3016 897.6 565.3 790.7 444.8 1471 1537 3744 3193
square
Log -11892 -24836 -20814 -29252 -37847 -50096 -39057 -48893 -37617 -41484 -39882 -44430
Likelihood
Subjects 11926 20759 11927 20760 28074 29222 28076 29226 29778 29448 29779 29452
Time at 17264 32192 17282 32211 63013 62799 63045 62838 45973 44471 45984 44483
risk
Failures 2043 3760 3365 4326 5101 6686 5227 6517 5383 5834 5849 6331
Aokok
p<0.01,
*ok
p<0.05,
*
p<0.1

All Wald Chi-square are significant at the 1 per 1000 level

Note: Unknown values of education not shown.

Table A-2:

Cox proportional hazards models for ages 15-65 years: Determinants of in — and out-
migration by sex and HDSS site — East Africa

Kilifi HDSS - Mostly rural

Kisumu HDSS - Mostly rural

Nairobi HDSS - Urban

In-migration Out-migration In-migration Out-m igration In-migration Out-migration
Male Female Male Female Male Female Male Female Male Female Male Female
Hazard Ratios 595% Confidence Interval)
Ak Aokok Aokok Aok Aokok Aok Aokok Aokok A okok Aokok Aokok
Calendar g g7 o011 085 0.88 0.0 0.89 108 108 107 110 0.93 092
2009 (0.94 (0.88 (0.83 (0.85 (0.86 (0.86 (1.05 (1.05 (1.03 (1.05 (0.89 (0.88
-1.00) ~0.94) -0.87) ~0.90) -0.94) -093) -112) -112) -1.11) -114) -097) ~0.96)
Ref: 1 1 1 1 1 1 1 1 1 1 1 1
Calendar
Year 2010
Calendar Aokok Aokok Aokok Aokok Aok Aokok Aok Aokok AAA Aokok Aok ok
Year 0.88 0.85 0.86 0.89 0.83 0.85 0.88 0.89 0.95 1.06 1.07
2011 (0.86 (0.83 (0.84 (0.87 (0.79 (0.82 (0.85 (0.86 (0.92 (0.96 (1.02 (1.02
-0.91) ~0.88) -0.89) ~0.91) -0.87) -0.88) -0.92) -0.92) ~0.99) - 1.04) - 1.10) -1.11)
Ref: 1 1 1 1 1 1 1 1 1 1 1 1
Education
No
Formal
Education Aokok Aokok Aok Aokok * Aokok Aok Aokok Aokok A okok Aokok Aokok
Some 0.69 116 0.93 142 116 143 123 135 3.82 5.36 2.39 3.06
Primary (0.65 (111 (0.87 (1.36 (0.98 (1.27 (1.06 (121 (2.97 (4.18 (1.92 (249
-0.75) -122) -1.00) ~1.48) -1.36) -162) -1.42) - 151) -4.92) -6.88) -297) -376)

i Aokok Aokok Aok Aokok Aok Aokok Aokt Aokok Aokok Aokok
Education .01 198 0.96 158 1.39 162 140 142 465 6.65 255 3.29
Secondary  (0.94 (1.86 (0.89 (1.49 (118 (1.43 (121 (1.26 (3.61 (5.17 (2.04 (2.67

- 1.09) ~2.10) -1.03) ~1.67) - 1.64) - 1.84) -1.62) - 1.59) -5.99) - 8.54) -3.17) - 4.06)
Wald Chi- 20299 24338 12748 14466 1276 2497 598.3 672.1 4118 547.7 1421 236.2
square
Log -204853 -233268 -247777 -266902 -100919 -151675 -143701 -182436 -149982 -117241 -119030 -92052
Likelihood
Subjects 86821 103187 86826 103187 70919 86354 70937 86377 41991 31283 41995 31284
Time at 166972 211206 167061 211333 153785 186753 153875 186879 78553 56217 78563 56223
risk
Failures 25676 28181 30075 31429 12174 17739 16932 21086 19416 15424 15388 12109
*okok
p<0.01,
Aok
p<0.05,
*
p<0.1
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All Wald Chi-square are significant at the 1 per 1000 level
Note: Unknown values of education not shown.
Table A-3:

Cox proportional hazards models for ages 15-65 years: Determinants of in- and out-
migration by sex and HDSS site — Southern Africa

Agincourt HDSS - Mostly rural Manhiga HDSS - Rural
In-migration Out-migration In-migration Out-migration
Male Female Male Female Male Female Male Female

Hazard Ratios (95% Confidence Interval)

Calendar Year 116 ¥ 1.03 104 %%* 1107 103 7%%* 1.04 100 %% 1.02
2009
(1.09-124) (097-109) (L17-132) (1.04-116) (1.15-131) (098-1.11) (L13-128)  (0.96 - 1.08)
Ref: Calendar 1 1 1 1 1 1 1 1
Year 2010
Calendar Year 1.08™% 0.97 1.23%% 116 080" 090 130" 111
2011
(1.01-115)  (0.91-1.02) (1.15-131) (1.09-122) (0.75-0.86) (0.85-0.96) (122-1.38) (L04-1.17)
Ref: Education No 1 1 1 1 1 1 1 1
Formal
Education Some 081 " 0.80FF* 0.88 1157 0.95 11277 0.97 1377
Primary
(0.70-093) (0.70-091) (0.74-1.04) (1.01-131) (0.87-1.04) (1.04-1.20) (0.89-1.06) (127 -1.47)
Education Some 093 0s7™* 0.96 1.09 071 %% 085" 065" 1™
Secondary (0.82-1.05 (0.78-097) (0.82-1.12) (0.97-1.23) (0.64-079) (0.78-0.94) (0.59-0.72)  (101-1.22)
Wald Chi-square 439.1 1688 64.01 36.59 3711 2749 470.4 4242
Log Likelihood -36331 -49498 -41945 -58760 -38149 -48657 -42874 -50441
Subjects 19587 26933 19593 26943 23405 33312 23414 33330
Time at risk 36862 54320 36876 54352 49505 76621 49530 76669
Failures 5563 6959 6069 8042 5337 6364 5913 6602
Ak
p<0.01,
Hk
p<0.05,
*
p<0.1

All Wald Chi-square are significant at the 1 per 1000 level

Note: Unknown values of education not shown.
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Burkina Faso
1. Nanoro HDSS: Rural
2. NounaHDSS: Mostly Rural

3. OuagadougouHDSS: Urban

Kenya

4. KilifiHDSS: Mostly Rural

5. KisumuHDSS: Mostly Rural
6. NairobiHDSS: Urban

South Africa
7. Agincourt HDSS: Mostly Rural

Mozambique
8. ManhicaHDSS: Rural

Figure 1:
Map of HDSS site locations in Africa
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Figure 2: In-migration age profiles: All HDSS sites
Note; W: West Africa; E: East Africa; S: Southern Africa; R: rural; MR: mostly rural; U:

urban
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urban
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Figure 4: Education coefficients and hazard ratios of Cox proportional hazards models for in-
and out-migration by sex in West Africa, ages 15-65 years*

* Models control for calendar year Note: (R): rural; (MR): mostly rural; (U): urban; M:
male; F: female
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Figure 5: Education coefficients and hazard ratios of Cox proportional hazards models for in-
and out-migration by sex in East Africa, ages 15-65 years*

* Models control for calendar year Note: (MR): mostly rural; (U): urban; M: male; F: female
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Figure 6: Education coefficients and hazard ratios of Cox proportional hazards models for in-
and out-migration by sex in Southern Africa, ages 15-65 years*

* Models control for calendar year Note: (R): rural; (MR): mostly rural; M: male; F: female
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Table 1:
HDSS sites included in this multi-centre analysis
HDSS site Population Size of Settlement Population Inception Contiguity and location
size site type density year
(approximate) (km?) estimate
(persons per
km?2)

West Africa

Nanoro HDSS Burkina 61,000 594.3 Rural 102.6 2009 Contiguous site situated in centre

Faso (Derra et al. 2012) of Burkina Faso, 85km from
capital, Ouagadougou

Nouna HDSS Burkina 84,336 1,756 Mostly rural 48 1992 Contiguous site situated north west

Faso (Sie et al. 2010) of Burkina Faso, 300km from
capital, Ouagadougou

Ouagadougou HDSS 81,717 14.73 Urban 5,547.7 2008 Non-contiguous site comprising

Burkina Faso three informal areas: Nonghin,

(Rossier et al. 2012) Polesgo, and Nioko 2, and two
formal areas: Kilwin and Tanghin,
north of city.

East Africa

Kilifi HDSS Kenya 261,919 900 Mostly rural 291 2000 Contiguous site situated north of

(Scott et al. 2012) Mombasa on Indian Ocean coast of
Kenya

Kisumu HDSS Kenya 223,406 700 Mostly rural 319.2 2001 Contiguous site located in Rarieda,

(Odhiambo et al. 2012) Siaya, and Gem districts, northeast
of Lake Victoria, Nyanza Province,
western Kenya

Nairobi HDSS Kenya 71,000 0.97 Urban 73,195.9 2002 Non-contiguous site comprising

(Emina et al. 2011) Viwandani and Korogocho slum
settlements (7km apart) in capital,
Nairobi

Southern Africa

Agincourt HDSS South 91,178 420 Mostly rural 217.1 1992 Contiguous site situated in

Africa (Kahn et al. 2012) northeast South Africa close to
border with Mozambique

Manhica HDSS 90,000 500 Rural 180 1996 Contiguous site located in southern

Mozambique (Sacarlal et Mozambique, 80 km north of

al. 2009)

capital, Maputo
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Country indicators

Table 2:

Country Estimated level of
urbanisation (%) 20122

GDP per capita

(current US$) 2012b

National education indicator:
adult literacy rate (%), 2008-2012°

Male Female Total

Burkina Faso 27 652 36.7 21.6 28.7

Kenya 24 933 78.1 66.9 72.2

Mozambique 31 570 67.4 36.5 50.6

South Africa 63 7314 93.9 92.2 93.0
Sources:

a(WorId Bank 2012a);
b(WorId Bank 2012b);

C(UNICEF 2014).
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Table 3:

Page 33

Characteristics of the analytical sample*by HDSS site over the analysis period 1 January 2009/2010 to 1

January 2012
Nanoro Nouna HDSS  Ouagadougou Kilifi HDSS Kisumu Nairobi Agincourt Manhiga
HDSS** West Africa - HDSS™* East Africa - HDSS HDSS HDSS HDSS
West Africa  Mostly rural  \aest Africa- ~ Mostly rural East Africa-  East Africa - Southern Southern
- Urban Mostly rural Urban Africa - Africa -
Rural Mostly rural Rural
Person Person Person Person Person Person Person Person
Years % Years % Years % Years % Years % Years % Years % Years %
Gender
Male 17,282 35 63,045 50 45,984 51 167,061 44 153,875 45 78,563 58 36,876 40 49,530 39
Female 32,211 65 62,838 50 44,483 49 211,333 56 186,879 55 56,223 42 54,352 60 76,669 61
Calendar Year
2009 B ~ 40,188 32 ~ ~ 123,747 33 111,624 33 43,516 32 29,933 33 40,644 32
2010 24,467 49 41,957 33 45,467 50 126,462 33 113,350 33 44,879 33 30,410 33 42,400 34
2011 25,026 51 43,739 35 44,999 50 128,186 34 115,781 34 46,392 34 30,886 34 43,153 34
Education
No 36,983 75 86,844 69 34,717 38 82,168 22 18,334 5 3,385 3 6,954 8 29,609 23
Formal
Some
Primary 5,619 11 21,762 17 22,721 25 182,205 48 224,124 66 81,595 61 12,991 14 74,606 59
Some
Secondary 3,828 8 12,966 10 28,580 32 45,312 12 64,596 19 47,488 35 68,301 75 19,692 16
Unknown 3,063 6 4,313 3 4,449 5 68,710 18 33,701 10 2,318 2 2,983 3 2,292 2
Total 49,493 100 125,885 100 90,467 100 378,395 100 340,755 100 134,786 100 91,229 100 126,199 100

*
Age group 15 — 65 years

Aok

Sites for which analysis period commences on 1 January 2010
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