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Abstract. The northwest African country of Mauritania is a vast, desert territory, which was historically been dominated by
pastoral nomads. Since independence in 1960, the country has witnessed a dramatic sedentarization of its nomadic population, as
well as settlements in and movements to urban centers. This vast sedentarization movement coupled with internal and interregional
migration has resulted in the growth of Mauritania’s urban population from less than 10 percent of the total population in 1965
to nearly 90 percent in 2013. Factors that have caused this rapid urbanization, include the droughts that spanned the late 1960s
through to the early 1980s, and the turbulent transformation of Mauritania’s political economy. The aim of this study is to
determine and examine internal migration flows to analyze the relationship between long-term rainfall changes and dynamic spatial
demographic shifts in terms of movements toward urban centers. In this regard, we propose an assessment approach that integrates
official statistics from the decennial census and rainfall data, with available socioeconomic variables, to characterize interregional
migration flows. Our result confirms that rates of interregional migration remain elevated and are expected to increase. In 2013,
702,575 individuals were documented as having participated in interregional migration, comprising 17.5 percent of the total
population. In comparison, there were 477,814 individuals, which migrated inter-regionally in 2000, and 208,039 in 1988. These
results demonstrate distinct interactions between climate variability and interregional migration in Mauritania throughout the past
four decades.

Keywords: Environmental migration, climate change, sahel, migration statistics

1. Introduction

The climate is a dominant regulator of natural ecosys-
tems, given its influence on the growth, abundance,
survival, and distribution of species. Globally, ecologi-
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cal impacts of climate change have been evidenced by
changes in species abundance and/or extinction, com-
munity species composition, fragmentation of habitat,
as well as shifts in the structure and function of habi-
tat [29]. Recently, there has been an increase in the
global and local focus on climate change. This is due
in part to climate changes effect in augmenting the in-
tensity and frequency of natural, slow and sudden on-
set disasters and their socio-political, economic and
ecological impacts on the movement and migration of
human populations [36].

Therefore, it has become critical that a deeper un-
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derstanding of the complex factors that cause human
migration, and its associated patterns, is developed in
order to most effectively respond to climate change and
the increasing environmental degradation. The potential
impacts of climate change and increased climate vari-
ability on human migration are expected to increase,
particularly in the world’s poorest countries. These im-
pacts will most often be the result of an increased fre-
quency and severity of extreme environmental events
such as cyclones, hurricanes, tsunamis, drought, floods,
and sea level rise, which all greatly increase the preva-
lence of migration [46].

Since the 1970s, many African countries have expe-
rienced multiple climate shocks and conflicts, which
have led to the destruction of physical capital, as well
as displacement of human capital [47]. In the 19th
century, the climate of the Sahel region in western
Africa was dominated by acute dry periods, which of-
ten spanned multiple decades. This dry period was suc-
ceeded by [14] a humid period from the 1930s to the
1960s. The most severe known droughts in the entire
Sahel during the 20th century were observed between
1910–1914 [4], 1942–1949, 1968–1973, and 1982–
1984 [14,49], with the most severe droughts lasting
from 1968–1973 and 1982–1984. These two droughts
are considered to be the most dramatic, long-term glob-
ally observed changes in climate in the 20th Century.

As depicted in Fig. 1, rainfall during the defined pe-
riods was consistently below the 20th Century’s long-
term average [18,26,43]. These periods of drought co-
incided with political and economic transitions in the
Sahel Countries in West Africa from the 1960s through
the 1980s. These parallel political and economic tran-
sitions demonstrate the clear links between Sahelian
livelihoods and their environment and the susceptibility
of this population to climate variability and change.
The prolonged desiccation across the countries was
characterized by a severe drought during which hun-
dreds of thousands of people and millions of animals
died due to related famine. In the 1970s and 1980s,
the mortality rate rose from 2.7% to 7%, with a re-
ported 100,000 or more people losing their lives from a
combination of hunger and disease. This mortality rate
increase stretched from Senegal to Somalia [8]. The
drought caused streamflow reductions of 65% in the
Senegal River and 54% in Burkina Faso’s Black Volta.
Furthermore, Lake Chad was reduced to a third of its
normal size [5].

These drought impacts destabilized rural livelihoods
by accelerating land degradation, loss of livestock, ur-
banization, and, in many communities, prompted land

resource and water access conflicts between farmers
and herders [11,35] . In the past 20 years, rainfall for
the entire Sahel region has recovered to the approxi-
mate century-long mean [22]. However, numerous sub-
regions within the Sahel continue to experience signifi-
cant droughts.

Notably, the drought cycle is part of the natural cli-
matic variability in the Sahel Region [48]. It has fre-
quently been associated with the internal and interna-
tional movements of Mauritania’s population for cen-
turies. However, regardless of the isolated nature of
these severe drought periods, all recorded observations
have linked climatic fluctuations and environmental
changes with unprecedented interregional migration.
The extreme aridness that Mauritania experienced at the
end of the sixties is considered a distinct phenomenon
for the country’s rural population. This drought was
previously unprecedented due to its duration and related
impact on agriculture production, water resources, and
vegetation productivity.

Formerly a nomadic country, Mauritania’s inde-
pendence in 1960 witnessed the rapid sedentarization
across the entire nomadic population. Specifically, the
nomad population decreased from 75% of the total
population in 1965 to 12% in 1988, 6% in 2000, and
just 1.9% in 2013 [44]. This abrupt and unprecedented
sedentarization can be linked to several factors, includ-
ing the devastating droughts in the 1970s and 1980s,
as well as the turbulent transformation of Mauritania’s
political economy. The abandonment of nomadism and
the adoption of sedentary livelihoods have led to pro-
found changes not only in communal structures and
institutions, but also in modes of production and con-
sumption [44]. The droughts are the prominent under-
lying cause of this mass sedentarization as they caused
the rapid deterioration of the rural economy, which
resulted in the development of nomadic settlements
and mass rural-urban migration. As these trends con-
tinue, the nomadic population will soon become statis-
tically insignificant in the overall Mauritanian popula-
tion. Consequently, the urban population of Mauritania
has grown from less than 10% of the population in 1965
to nearly 90% of the total population in 2013 [44].

1.1. Literature review and theoretical framework

Migration has been identified as a key demographic
response to environmental changes. The economic the-
ory of labor migration supports the notion that rural
households employ migration as strategy to mitigate
risks to income [6] resulting from unforeseen climatic
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Fig. 1. Annual Standardized Precipitation Index (SPI) pattern at Seilibaby station in the Guidimagha region in the south from 1933 to 2013.

events. Furthermore, migration provides a strategy to
free oneself from unfreedoms of economic, political
and social development, and to augment and diversify
the actual freedoms a person can possess [27]. In addi-
tion, climate variability related migration occurs more
frequently within a country’s internal borders, because
of associated migration costs of crossing international
boundaries, including legal barriers [9,32]. There have
been a number of studies conducted that investigate
the links between rainfall variation and internal migra-
tion, specifically, the direct effect of droughts on mi-
gration [40]. However, the findings on the impact of
climate variability on internal migration are mixed [10].

A strand of the literature reports climate variability
to bear significant influence on internal migration as
households may adopt mitigation strategies against risks
from future climate events or trends. Historical, qualita-
tive, and anecdotal accounts indicate that migration and
population mobility have been a common response to
drought, as falling agricultural and animal production
forces households and individuals to seek new opportu-
nities elsewhere [25,34]. There is considerable evidence
to support the aforementioned finding. For example,
rainfall variability and land degradation, at both the ori-
gin and destination, increased inter-provincial migration
in Burkina Faso [23]. In Tanzania, rainfall reduction
intensified internal migration [3] and in sub-Saharan
Africa, rainfall and temperature anomalies saw internal
and international migration rates sofar [33]. In addition,
Canada experienced periods of extended droughts, re-
ducing the quality of farming soil and causing increased
internal migration rates [38].

In contrast, an alternative migration theory does not
find a clear correlation between climate variability and
both internal and external migration. Indeed, significant
obstacles can prevent households to opt for migration
as a livelihood strategy [12,13]. Multiple studies have

highlighted how groups and individuals do not migrate
despite times of environmental or livelihood stress due
to a lack of educational opportunities in potential re-
ceiving areas [20], strong attachments to land [3], age,
number of dependents in the household [41], poor levels
of market integration between sending and receiving ar-
eas [20], legislative impediments [7], physical barriers
to movement or a lack of capital [21].

There are multiple literature findings that do not sup-
port the notion that climate variability is a significant
driver of migration. For instance, a robust effect of rain-
fall was not noticed on migration patterns in a Pakistani
village [42]. Correspondingly, rainfall was identified as
the least important predictor of internal migration in
rural Ecuador [19]. In Ghana, rainfall was not a ma-
jor cause of migration for individuals in agricultural
communities despite a majority perception that rain-
fall was the most pressing stressor, given the commu-
nities dependence on agriculture [2]. Furthermore, in
India, Dallmann and Millock [15] did not find a statis-
tically significant effect of the magnitude and duration
of drought episodes or periods of excess precipitation
to be a push factor on inter-state migration.

Hence, there is a lack of conclusive literature about
the impact of climate variability on migration. Despite
this gap in the literature, it is suspected that there is a
correlation between climate variability and migration
flows in Mauritania. Mauritania is comprised of a large
farming and livestock-breeding population and the cli-
mate’s impact on farming and livestock production can-
not be overlooked as a motivating factor for migration.
Therefore, it is suspected that populations frequently
migrate to evade the socio-economic and environmental
risks caused by climate variability. Given agriculture’s
significance in Mauritania’s culture and economy, this
study hypothesizes that climate influenced previous mi-
gration flows, and may cause future migration. This
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paper contributes to the limited existing literature by
analyzing the effects of climatic variation and drought
intensity on migration in Mauritania.

The aim of this 40-year study is to dissect the com-
plex relationship between demography, key economic,
socio-cultural, and political factors, and drought fre-
quency, climatic change, and climate variability. We an-
alyze Mauritania’s interregional migration trends, with
a particular focus on the regional migration balance,
regional efficiency, out-migration, and retention indices
throughout these four decades. Furthermore, we exam-
ine the pattern and magnitude of migration flows across
the Mauritania’s 13 regions and compare the migrant
flows entering each region over specific periods. In the
next section, we describe the data used for the study,
followed by a presentation of the methods and analyti-
cal approach in Section 3. The results are presented in
Section 4, followed by conclusions in the final section.

2. Data

Data was used from four of Mauritania’s most recent
population and housing censuses conducted in 1977,
1988, 2000, and 2013 by the National Statistical Office.
These four censuses are the largest statistical operation
in the country and include data on every individual re-
siding in Mauritania. The comparative study of these
four censuses permits the estimation of the migrant pop-
ulation and the characterization of internal migration
flows during the last four decades. They further provide
comprehensive information on the socio-economic and
environmental sectors of the country. More information
on the different population and housing censuses used
in this study can be found at the National Statistical
Office website. (http://www.ons.mr/).

Key socioeconomic variables were selected from the
four censuses based on their appropriateness for the
study, capacity to explain the underlying factors causing
the interregional migration, and their presence in each
of the four censuses. The below variables were observed
for the entire period of the study.

This study hypothesized a strong relationship be-
tween migration and unemployment rates, as areas with
low unemployment rates tend to attract more migrants
than areas with high unemployment. Subnational un-
employment rates were available in the four censuses
and a significant correlation was detected between un-
employment rates and an individual’s probability to mi-
grate [45]. Within the context of this study, it is assumed
that unemployment reflects economic conditions and is

therefore used as a proxy for other missing economic
variables.

Education is an established indicator of wellbeing
and socioeconomic development. Therefore, this study
used it as a proxy for other social services indicators.
Mauritania’s national education enrollment index has
been steadily increasing. However, some regions, those
of historical, political, economic, or geographical im-
portance, have experienced considerable infrastructure
improvements when compared to other regions of less
strategic importance. These improvements have had
clear impacts on access to quality basic services, es-
pecially within the education domain. The regions of
less strategic importance, such as Guidimagha in the
south, continue to suffer from low enrollment levels.
Almost three out of every ten children in this region do
not attend school [44].

High population density has both positive and nega-
tive correlations with population migration. Frequently,
population density is dependent upon the magnitude of
a demand-driven system of migration versus supply-
driven natural growth [31]. Negative impacts of mi-
gration include increased pressure on scarce resources,
such as water resources and agricultural land. Com-
paratively, high population density is often associ-
ated with higher productivity levels in economic ac-
tivities, through agglomeration economies [17]. Based
on the analyzed censuses, there have been significant
density changes in three major regions, Nouakchott,
Guidimagha, and Gorgol. These observed changes can
be attributed to nationally instituted population growth
and national administrative reforms. Specifically, popu-
lation density in the Nouakchott region doubled during
the 1990s and then grew by more than 500% during
the first decade of the 2000s. Guidimagha, in the south,
experienced growth rates of 5 and 9% in the 1990s and
2000s, and the Gorgol region had population density
growth rates of 4 and 7%, respectively [44].

The characterization of changes in inter-annual vari-
ability of rainfall over the past 40 years was completed
by using two high-resolution gridded rainfall datasets.
The first dataset covers the period of January 1960–
December 1980 with a pixel size of 0.5-gridded degree
These monthly gridded time series were acquired from
the Système d’Informations Environnementales sur les
Ressources en Eau et leur Modélisation (SIEREM)
group website (http://www.hydrosciences.fr/sierem/).
The second climate dataset is from the Climate Haz-
ards Group InfraRed Precipitation with Station data
(CHIRPS) time series gridded 0.05-degree resolution,
from January 1981 to December 2013. More informa-
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tion on the dataset can be found on the CHIRPS website
(http://chg.geog.ucsb.edu/data/chirps/). All rainfall data
were resampled to 0.5-degree pixel size.

3. Methodology

This study utilized an assessment approach to inte-
grate demographic, socioeconomic, and rainfall time
series data from 1960 to 2013 the characterize inter-
nal migration in Mauritania. The key outcomes of this
approach were to assess the size and direction of in-
ternal population movements. This framework consists
of three steps with the first step utilizing population
and housing census data to characterize migration dy-
namics. The second step determined the directional
change in the inter-annual rainfall and rainfall variabil-
ity across the regions using three climate variables: (1)
inter-annual directional changes of rainfall, (2) stan-
dardized precipitation index (SPI), and (3) inter-annual
rainfall variation. The third step explored the temporal
interaction between population dynamics and the main
socioeconomic, demographic, socio-cultural, political
and climatic factors at the same regional levels.

3.1. Migration dynamics

Focusing on the principal aim of the study, to deter-
mine and examine internal migration flows, key indica-
tors on internal migration were extracted for Maurita-
nia’s 13 regions from the four census reports. The key
indicators included total migration, net migration, the
index of effectiveness, the out-migration rate and the
retention index. Combined, these indicators enabled the
study of the temporal dynamics of migration flows, as
well as the regional mobility degree:

– Regional total migration is the sum of the number
of people who move into an administrative unit
(immigrants) and the number of people who move
out (emigrants) of the same administrative unit
(region). The lifetime migration or regional total
migration used in this study refers to any individ-
ual whose place of residence, in a given reference
period, is different from his/her place of birth.

– Regional net migration is the difference between
the number of people moving into an administra-
tive unit (region) and the number of people moving
out of the same administrative unit.

– The regional outmigration index is the ratio of the
emigrant population of a given administrative unit
relative to that unit’s total native population. The

index is expressed as a percentage. It is a com-
plementary index to the retention index (100% –
retention index).

– The regional efficiency index is the ratio between
net migration and total migration. The range of the
index is from zero, when immigrant and emigrant
are equal in number, to one, when migration is
entirely one-way.

3.2. Inter-annual changes in rainfall

To characterize rainfall changes before and during the
population and housing censuses, the rainfall time series
was divided into five-time segments: 1960–1977(before
the first census), 1972–1977, 1977–1988, 1988–2000,
and 2000–2013. For each period, three different vari-
ables were generated at regional levels.

3.2.1. Inter-annual directional changes of rainfall
(slope)

A trend analysis was conducted over the rainfall time
series for each period: 1960–1977, 1972–1977, 1977–
1988, 1988–2000, and 2000–2013, to capture the direc-
tional changes in the annual rainfall for each region. We
used an ordinary least-squares (OLS) linear regression
model to detect the changes in inter-annual rainfall.
This statistical technique is widely used for evaluating
rainfall trends [24,30,53]. Equation (1) was used for the
trend analysis:

Rainfallmean, t = a× t+ b+ et (1)

Where a is the slope, t represents the year, b is the
intercept and e is the residual error term. Only signifi-
cant trends for p 6 0.05 were reported. Only slope was
used for the regression for each period in the analysis.

3.2.2. Standardized precipitation index (SPI)
Standardized precipitation index (SPI) has been

widely used to monitor precipitation conditions on a
variety of time scales [37,50]. Therefore, it is a sound
indicator for the characterization of both short-term and
long-term drought events. To study drought conditions
for each region, we compute the annual SPI from 1960
to 2013 as follows:

SPIit = (Xit −Xim)/αi (2)

Where i stands for regions, SPIit is the annual stan-
dardized precipitation index in region i for year t; Xit

the annual rainfall in region i and for year t, Xim

mean rainfall in region i; and αi, the standard devia-
tion of rainfall data in region i. After computing SPIit,
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we categorized the SPIit values into 7 categories: ex-
treme wet (SPIit values > 2) , severe wet (1.99 >
SPIit > 1.5 ), moderate wet (1.49 > SPIit > 1), mild
wet(0.99 > SPIit > 0), mild drought (0 > SPIit >
−0.99), moderate drought (−1 > SPIit > −1.99), se-
vere drought(−1.50 > SPIit > −1.99), and extreme
drought (SPIit < −2). These categories enable the cal-
culation of drought frequency for each period, demon-
strating the frequency of drought conditions experi-
enced during each period. If the SPIit value is nega-
tive, it signifies a drought event and lack of rainfall.
The regional drought frequency was calculated for each
period and for each region, by computing the number
of drought events and dividing that number by the total
number of years in a given period.

3.2.3. Inter-annual rainfall variation: Coefficient of
variation

The inter-annual coefficient of variation (CoVip) has
been used to measure spatiotemporal variation in en-
vironmental variables in various climates and ecosys-
tems [1,39,52]. Where the subscript p stands for time
periods (1960–1977, 1972–1977, 1977–1988, 1988–
2000, and 2000–2013). The inter-annual CoVip is the
ratio between the inter-annual standard deviation and
the average inter-annual rainfall. Changes in CoVips
in any given location and over any specific time can
be used as an indicator of changes in environmental
conditions [54]. This study employed the variation to
illustrate changes and variations in rainfall time series
for each of the periods under consideration.

3.3. Human interregional migration in response to
climate events

To estimate the impact of rainfall variability and
change on the interregional migration in Mauritania,
we applied Dallman and Millock’s [15] methodology
to analyze the impact of climate variability on internal
migration in India. However, our study makes one dis-
tinct departure in that we consider the regional reten-
tion index of region at period p, Rip, as the outcome
variable, rather than the bilateral, migration rate. Other
alternative indices that may be considered as outcome
variables are the regional net migration and regional
efficiency indexes. Despite benefits of these indices, the
retention index remains the preferable indicator of a
region’s migration dynamics as it reflects both push and
pull factors, while also considering population size.

The regional retention index as an indicator of mi-
gration dynamics is strictly comprised between 0 and

100%, without censuring. Therefore, it is assumed to
be linearly determined by a set of variables related to
climate or changes in environmental factors, as well
as changes in socio-economic conditions Eq. (3). This
study accounted for this by controlling for other so-
cioeconomic factors along with key climate variables
that may have an impact on regional migration flows.
Formally, the reduced form to estimate it is expressed
as follows:

Rip = βYip + δZip + Ci + εip (3)

In this equation, β and δ are vectors of parameters as-
sociated respectively with our sets of variables. Yip are
variables indicating rainfall variability across regions
and periods. This equation is comprised of four vari-
ables. The first variable is the standardized precipitation
index; the second is the inter-annual rainfall variation
(coefficient of variation); the third indicates the pro-
portion of drought years during each period (drought
frequency); and the fourth is the inter-annual direc-
tional changes of rainfall (slope). The second set of
variables, Zip control for socioeconomic factors and
include changes in the gross primary school enrollment
ratio and unemployment rates. Other socioeconomic
data that may affect migration, such as transport, infras-
tructure, water and sanitation, electrification, financial
and health services, are not available for all of the five
periods and therefore could not be considered for this
equation. However, all of these variables are closely
related to either school enrollment or unemployment
rates. Therefore, these two principal variables will serve
as proxies for access to services, level of economic ac-
tivity, and opportunities available in the different re-
gions. This assumption will be tested below through
the utilization of a model which estimates the observed
variability in the regional retention index with only
school enrollment and unemployment rates as the ex-
planatory variables. In addition, we incorporated test-
cases to capture the 1989–1991 Senegal-Mauritania cri-
sis, which structurally impacted living conditions and
population movement. Finally, εip represents the er-
ror term, and Ci captures time invariant unobservable
regional heterogeneity.

For the model estimation we considered both the
fixed effects and random effects models and then used
the Hausman Test to select the ideal specifications. The
random effects specification relied on the assumption
that there are no omitted variables – or the omitted vari-
ables are uncorrelated with the explanatory variables.
The fixed effects model allows to control for omitted
time invariant variable biases that are correlated with the
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variables in the model. Examples of such omitted vari-
ables include originating from a mining region or capi-
tal. The findings discussion relied on the fixed-effects
model results as it is the most appropriate specification
based on the Hausman Test (see below).

4. Results

4.1. Interregional migration patterns

Table 1 illustrates the number of immigrants, em-
igrants, net migration, and efficiency index, out-
migration index, and retention index for the periods
1972–1977 for the 13 regions in Mauritania. During
this period, total internal migration represented 26.5%
of the country’s total population. Results show that
Nouakchott, the capital city of Mauritania, was the main
destination for migrants during this time, with a high
in-migration rate (59.6%) followed by Nouadhibou,
the economic capital city, with an in-migration rate
of 8.75%. Only the regions of Nouakchott, Nouadhi-
bou, Tiris-Zemour (mining regions) in the north, and
Guidimagha in the south, along the Senegal River, had a
positive net migration, with an efficiency index of 0.82,
0.59, 0.42, and 0.13, respectively (Fig. 2a and b). We
use the efficiency index at regional levels to map the mi-
gration for each period over the different regions. Many
of the interregional migration flows were observed to-
wards Nouakchott and the northern regions. This period
is the most remarkable in terms of rainfall variability
and change (Fig. 3). There was significant displacement
from rural regions in the South of the country toward
urban centers in the North and West, where the min-
ing industries of Tiris-Zemour and Nouadhibou are lo-
cated. Results show that four out of five interregional
migrants moved toward the country’s economic centers,
Tiris-Zemour, Nouadhibou and Nouakchott during this
period.

Climate conditions during this period were charac-
terized by drier years in the late 1970s and from 1983–
1984. During these periods, the annual rainfall declined
dramatically and the country experienced high spatio-
temporal variation (Fig. 1). The total internal migration
between 1977 and 1988 reached 309,737 internal mi-
grants, or 22.5% of the country’s total population. The
distribution of migrants over the regions shows signifi-
cant disparities. For instance, the economic centers in
the country – Nouakchott, Nouadhibou, and Tiris Ze-
mour – remained the largest migrant destinations, with
high in-migration rates of 63.5%, 11.05, and 4.46%,

respectively (see Table 2). The regions of Nouakchott
and Nouadhibou received more than seven out of ten
migrants. Results show that the main regions of origin
during this period were Inchiri, Adrar, Tagant, Trarza,
Brakna and Assaba. They also indicate that only four
regions – Nouakchott, Nouadhibou, Tiris Zemour, and
Guidimagha – had positive migratory balances, with
differentiated degrees of attraction (Fig. 4).

Overall flow of internal migration for the period
1988–2000 accounted for approximately 129,000 mi-
grants. Table 3 illustrates the internal migration for the
period of 1988–2000. The region of Nouakchott alone
accounted for 44.4% of the national flow, and Nouadhi-
bou received about 13.1% of migrations between 1988
and 2000. The northern regions of Inchiri, Adrar and
Tiris Zemour received less than 7% of the interregional
flow. The regions of Inchiri (0.6%), Adrar (4.3%) and
Tiris Zemour (1.7%) were the least favored destina-
tions for migrants during this period. Trarza in the West,
Brakna, Guidimagha, and Gorgol received around 20%
of emigrants, while the southeastern regions of Assaba,
Tagant, Hodh El Charghi, and Gharbi received about
19% of the interregional flow.

The results confirm that only two regions, Nouadhi-
bou and Nouakchott, registered a net positive balance,
and to a lesser extent Adrar, experiencing a low posi-
tive balance +367 migrants. All the remaining regions
registered negative balances. Figure 4 shows the effi-
ciency index distribution across the regions. Nouak-
chott recorded a net positive balance with respect to
all the other regions of the country, except Nouadhi-
bou. This region posted a negative balance of 7000
persons per year. The very high positive balance in
Nouakchott (+25,483) was mainly generated by net
flows originating from the Assaba and Trarza regions,
which amounted on average, respectively, to +1100 and
+2,200 per year. The region of Hodh El Charghi had
the highest negative balance (−5050). Therefore, strong
emigration to Nouakchott and Nouadhibou contributed
to negative balances in other parts of the country. The
nationally relative gains recorded by Nouakchott and
Nouadhibou depict their national economic and admin-
istrative importance. Figure 5 shows the rainfall condi-
tions from 1988 to 2000 across the regions.

The census data collected in the three most recent
censuses provides the base numbers of decennial in-
ternal migration flows. From 1988 to 2013 the internal
migration flows more than doubled to 129.7%. This
accounts for an increase of 208,039 migrants in 1988 to
477,814 in 2000. Despite an overall increase, migration
rates slowed between 2000 and 2013, with only 702,575
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Table 1
Interregional migration flow of the period 1972–1977. Most regions registered a negative net migration, particularly those in the south and southeast

Region Immigrants Emigrants Net migration Efficiency index Outmigration index Retention index
Hodh El Charghi 11149 6099 −5050 −0.293 1.358 98.642
Hodh Gharbi 7301 4193 −3108 −0.270 5.102 94.898
Assaba 13160 11208 −1952 −0.080 5.402 94.598
Gorgol 10222 8414 −1808 −0.097 4.933 95.067
Brakna 11000 10013 −987 −0.047 10.034 89.966
Trarza 19262 7387 −11875 −0.446 9.139 90.861
Adrar 5022 5389 367 0.035 13.760 86.240
Nouadhibou 8911 16106 7195 0.288 9.245 90.755
Tagant 4750 1911 −2839 −0.426 9.830 90.170
Guidimagha 5702 3799 −1903 −0.200 2.379 97.621
Tiris Zemour 5379 2110 −3269 −0.437 8.912 91.088
Inchiri 1017 763 −254 −0.143 15.429 84.571
Nouakchott 25825 51308 25483 0.330 4.182 95.818

Fig. 2. (left) Migration flows between Nouakchott and the rest of the regions during the period of 1972–1977. (right) Regional efficiency index for
the same period. Only Nouakchott, Nouadhibou, Tiris-Zemour, and Guidimagha regions showed a positive efficiency index.

individuals reporting migratory movements. Therefore,
the total migration for 2000–2013 represented 17.5%
of the total population.

However, these results obscure significant dispari-
ties at the subnational level. Inchiri region experienced
the highest emigration with an outmigration index of
53.9%. This signifies that more than one out of ev-
ery two Inchiri natives was recorded as residing out-
side of the region in 2013. Adrar region ranked second,
with an outmigration index of 43%, followed by Trarza
(31.5%), Tagant (31.1%) and Tiris Zemour (30%).

Guidimagha, Nouakchott, and Hodh El Charghi
showed lower emigration with outmigration indices of

7.6%, 8.6%, and 10.6%, respectively. These changes are
explained by various factors, including the expansion
of agro-pastoral activities in Guidimagha and Hodh El
Charghi, as well as the available job opportunities and
improved living conditions in Nouakchott, capital city.

Data for the regional net migration and efficiency
index revealed an overall positive balance (excess mi-
gration balance) with a low efficiency index of approxi-
mately 0.1. However, the observed regional results re-
veal significant disparities (Fig. 6). Only four regions
had positive migratory balances with differentiated de-
grees of attraction (see Table 4). Results depict that
Tagant and Adrar regions constitute the two most af-
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Table 2
Interregional migration of the period of 1977–1988. Most regions registered a negative net migration, particularly those in the south and southeast

Region Immigrants Emigrants Net migration Efficiency index Outmigration index Retention index
Hodh El Charghi 4432 13962 −9530 −0.52 9.6 90.4
Hodh Gharbi 3813 21866 −18053 −0.70 16.4 83.6
Assaba 10623 32070 −21447 −0.50 20 80
Gorgol 10088 28178 −18090 −0.47 15.3 84.7
Brakna 8778 40333 −31555 −0.64 20.5 79.5
Trarza 9708 69308 −59600 −0.75 29.7 70.3
Adrar 3862 31742 −27880 −0.78 38.3 61.7
Nouadhibou 34234 4048 30150 0.79 16.1 83.9
Tagant 2953 30468 −27515 −0.82 36.6 63.4
Guidimagha 7749 7505 244 0.02 7.2 92.8
Tiris Zemour 13815 5114 8701 0.46 25.6 74.4
Inchiri 2932 11860 −8928 −0.60 56.4 43.6
Nouakchott 196750 13247 183503 0.87 7.5 92.5

Table 3
Interregional migration of the period of 1988–2000. Most regions registered a negative net migration, particularly those in the south and southeast

Region Immigrants Emigrants Net migration efficiency index Outmigration index Retention index
Nouakchott 25825 51308 25483 0.33 5.25 94.75
Hodh El Charghi 11149 6099 −5050 −0.29 4.58 95.42
Hodh Gharbi 7301 4193 −3108 −0.27 7.87 92.13
Assaba 13160 11208 −1952 −0.08 5.54 94.46
Gorgol 10222 8414 −1808 −0.10 5.72 94.28
Brakna 11000 10013 −987 −0.05 9.51 90.49
Trarza 4750 1911 −2839 −0.43 8.23 91.77
Adrar 5022 5389 367 0.04 14.14 85.86
Nouadhibou 8911 16106 7195 0.29 7.32 92.68
Tagant 4750 1911 −2839 −0.43 4.9 95.10
Guidimakha 5702 3799 −1903 −0.20 16.23 83.77
Tiris Zemmour 5379 2110 −3269 −0.44 6.82 93.18
Inchiri 1017 763 −254 −0.14 6.57 93.43

Table 4
Interregional migration situation during the period of 2000–2013

Region Immigrants Emigrants Net migration Efficiency index Outmigration index Retention index
Hodh Chargui 57961 39597 18364 0.19 10.58 89.42
Hodh Gharbi 8111 39022 −30911 −0.66 12.93 87.07
Assaba 13157 62226 −49069 −0.65 17.57 82.43
Gorgol 15845 64259 −48414 −0.60 17.54 82.46
Brakna 18028 78345 −60317 −0.63 22.08 77.92
Trarza 23431 107835 −84404 −0.64 31.53 68.47
Adrar 9045 36550 −27505 −0.60 43.61 56.39
Nouadhibou 61070 22197 38873 0.47 20.70 79.30
Tagant 5628 30112 −24484 −0.69 3.12 96.88
Guidimagha 10708 20625 −9917 −0.32 7.61 92.39
Tiris Zemmour 20952 13725 7227 0.21 30.02 69.98
Inchiri 9254 9264 −10 53.93 46.07
Nouakchott 456911 61339 395572 0.76 8.58 91.42

fected regions, with respective efficiencies of −0.8 and
−0.71. Moreover, the interregional migration results for
2013 depicted Nouakchott remaining as the principal
destination for migrants. Indeed, at least three out of
five migrants formally settled in Nouakchott, followed
by Nouadhibou, which attracted 9.2% of migrants.

All thirteen regions in Mauritania recorded a sig-
nificant increase in their urbanization rate during the

drought years between 1977 and 1988, resulting from
intraregional and interregional migration (Office Na-
tional de la Statistique 1988). Urban growth, however,
was more pronounced in the regions of Nouakchott,
Nouadhibou, and Tiris-Zemour regions. The population
of Nouakchott, for example, tripled to about 400,000
from 1977 to 1988 and rose a further 2.5 times to reach
nearly 1 million in 2013. This represents growth rates of
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Fig. 3. Coefficient of variation of rainfall from 1972–1977.

Fig. 4. Regional efficiency index for the period of 1977–1978. Only
Nouakchott, Nouadhibou, Tiris-Zemour showed a positive efficiency
index due to economic opportunities as well as Guidimagha in the
South, due to ecological conditions.

10% between 1977 and 1988 and 5.5% between 2000
and 2013 (Office National de la Statistique, 2015). The
rapid urban growth, with strong regional disparities,
(from 15.4% in Hodh Gharbi to 95.5% in Nouadhibou
in 2013) placed significant pressure on available infras-
tructure and services. This rapid growth caused multiple
socio-economic and environmental problems, including

Fig. 5. The regional efficiency index at regional levels of the period of
1988–2000. Adrar, Nouakchott, and Nouadhibou regions registered a
positive migration balance compared to the remaining regions.

Fig. 6. Regional efficiency index at regional levels of the period
2000–2013.

the deterioration of housing conditions in large urban
centers.

4.1.1. Internal migration in response to rainfall
variability and change

Considering the internal migration dynamics and
changes in response to rainfall variability and change
over the last four decades, Table 5 displays the results
of the econometric estimations of the fixed effects and
random effects models. We employed the regional re-
tention index as the outcome variable because it reflects
regional resilience, or a region’s capacity to deter its
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population from outmigration. The Hausman-Test value
of 22.74, and its associated p-value of 0.004, negate the
hypothesis that individual-level effects are adequately
modeled by a random-effects model. Therefore, the
fixed-effects model is the most appropriate specifica-
tion.

Critically, the fixed effects model estimation provides
significant results for this study’s consideration. No-
tably, the model indicates that climate events, specifi-
cally rainfall variability and change over the last four
decades, have strong correlations with internal migra-
tion in Mauritania. Primarily, the standardized precip-
itation index variable, which studies drought impacts
on interregional migration, is positive and significant
at 10%. This result indicates that an increase in rainfall
levels appears to increase the regional retention capac-
ity. Second, we find the interannual rainfall variation
negatively correlated with the regional retention indices
at a significance level of 5%. Specifically, increased
rainfall variation at regional levels coincided with in-
creased internal migration outflows. Similarly, calcu-
lation of the interannual directional change in rainfall
(slope) negatively correlated with the regional reten-
tion index. This result signifies that a prolonged neg-
ative trend in rainfall decreases a region’s capacity to
retain their populations. Correspondingly, several stud-
ies demonstrate that a decline in rainfall levels in Sub-
Saharan countries has increased rural to urban migra-
tion [7,16]. This signifies that changes in Mauritania’s
rainfall patterns have likely contributed to observed
high interregional migration and will likely persist in
the future.

Regarding socioeconomic variables, it is found that
the primary school enrollment ratio is significant and
negative at 1%. This means that the increase in the re-
gional primary school enrollment ratio over time has
reduced retention capacity and contributed positively
to net internal migration outflows. The negative rela-
tionship between the primary school enrollment ratio
and the regional retention index can be explained by
(1) the lack of access to livelihood opportunities and
upper secondary education, which may motivate people
to move to other regions to ensure continued education
for their children; and (2) by the fact that educated in-
dividuals typically possess more skills that permit them
to seek employment elsewhere, thus leading them to
emigrate [27].

In contrast, the unemployment rate is found to have
a significant and positive impact on the regional reten-
tion index, at the significance level of 1%. Essentially,
regions with lower employment rates tend to resist the

migratory impacts of changes in climate. Accordingly,
the employment variable is a more appropriate proxy
for prevailing economic conditions than the primary
enrollment indicator.

Another critical migratory factor is the 1989–1991
Senegal-Mauritania conflict. The conflict increased the
retention capacity in the concerned southern regions
in Mauritania to 5%. Evidently, the 1989–1991 bor-
der conflict shocked the inhabitants of the southern re-
gions, spurring the movement of inhabitants towards the
neighboring countries to the south: Senegal and Mali.
This mass migration rendered thousands of hectares
of agricultural land without owners. This phenomenon
eventually triggered a new generation of settlers in the
Senegal River Valley.

To explicitly model the regional fixed effects, the
analysis was expanded to estimate a Least Square
Dummy Variable (LSDV) version of the model. This
version produced estimates similar to the fixed effects
model. As shown in Table 6, the estimated parameters
for the LSDV model variables are identical to those of
the fixed effects model. However, the standard errors
differ slightly. With the Adrar region as a reference, it
appears that Nouakchott, Guidimagha and Nouadhibou
are the regions with sizeable specific effects that have
critical roles in retention capacity.

Furthermore, the fixed effect model is estimated by
individually adding climate variables. The results are
displayed in Table 7. The overall R-squared of the
model zero (0) indicates that our available socioeco-
nomic variables are relevant; therefore, our previous
assumption holds. The robustness of climate effects are
confirmed, as the coefficient signs remain unchanged
despite slight changes in the magnitudes of the cli-
mate variable coefficients. Finally, relying on overall R-
squared, the model with the full set of climate variables
appears optimal.

Ultimately, to verify the robustness of the calculated
impacts of drought, the model estimated the full set of
climate variables by replacing the proportion of drought
years with an indicator of drought intensity. Further-
more, the index of drought intensity was calculated for
each of the five periods. The weighted average of the
mean values of the Standardized Precipitation Index
were classified as mild drought, moderate drought, se-
vere drought, and extreme drought in each period. The
weights are for proportions of varying drought degrees
during the total experienced drought within each period.
The results are displayed in Table 7. However, this new
variable appears insignificant.
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Table 5
Model results showing the different variables included in the regression analysis to explain the interregional migration during
the last four decades (Robust standard errors in parentheses: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1)

Variables Fixed effects Random effects LSDV
Standardized precipitation index 10.104(5.087)∗ 6.166(4.189) 10.104(5.002)∗

Interannual rainfall variation −30.103(13.410)∗∗ −35.327(13.718)∗∗ −30.103(13.654)∗∗

Proportion of drought years −8.737(11.359) 5.432(13.338) −8.737(10.766)
Interannual directional change in rainfall (slope) −24.488(14.202) −29.744(10.955)∗∗∗ −24.488(12.084)∗

Primary school enrollment ratio −0.320(0.079)∗∗∗ −0.209(0.067)∗∗∗ −0.320(0.077)∗∗∗

Unemployment rate 0.538(0.122)∗∗∗ 0.318(0.078)∗∗∗ 0.538(0.121)∗∗∗

Region population density −0.006(0.004) 0.011(0.003)∗∗∗ −0.006(0.008)
Crisis of 1989–1991 9.397(3.923)∗∗ 6.952(3.596)∗ 9.397(4.246)∗∗

Constant 111.905(9.002)∗∗∗ 99.216(11.647)∗∗∗ 100.847(14.360)∗∗∗

Assaba (Ref.=Adrar) 3.500(7.245)
Brakna 11.987(6.539)∗

Gorgol 12.014(7.643)
Guidimagha 19.255(7.500)∗∗

Hodh El Chargui 13.904(6.893)∗

Hodh Gharbi 11.463(6.636)∗

Inchiri −7.211(9.112)
Nouadhibou 19.043(6.321)∗∗∗

Nouakchott 24.233(6.873)∗∗∗

Tagant 15.824(8.782)∗

Tiris Zemour 14.910(6.201)∗∗

Trarza 5.799(6.383)
R-squared within 0.649 0.558
R-squared between 0.095 0.408
R-squared overall 0.374 0.493 0.790
Number of region 13 13 13
Observations 52 52 52
Hausman test statistic chi2(8) = 22.74
Hausman test p-value Prob. = 0.004

Table 6
Econometric results of fixed effect models with climate variables included one by one. Robust standard errors in parentheses
(∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1)

Variables Model0 Model1 Model2 Model3 Model4
Standardized Preci. Index 13.324∗∗∗ 13.180∗∗∗ 11.230∗∗∗ 10.104*

(3.114) (1.730) (3.518) (5.087)
Interannual rainfall variation −21.677∗∗ −23.605∗∗ −30.103∗∗

(7.801) (10.154) (13.410)
Proportion of drought years −8.003 −8.737

(11.226) (11.359)
Interannual directional change in rainfall (slope) −24.488

(14.202)
Primary school enrollment ratio −0.142∗∗ −0.299∗∗∗ −0.340∗∗∗ −0.356∗∗∗ −0.320∗∗∗

(0.058) (0.081) (0.058) (0.057) (0.079)
Unemployment rate 0.542∗∗∗ 0.606∗∗∗ 0.532∗∗∗ 0.531∗∗∗ 0.538∗∗∗

(0.125) (0.119) (0.119) (0.113) (0.122)
Region population density −0.000 −0.008∗∗∗ −0.015∗∗∗ −0.016∗∗∗ −0.006

(0.001) (0.002) (0.002) (0.003) (0.004)
Crisis of 1989–1991 3.735 9.356∗∗ 9.450∗∗ 10.334∗∗ 9.397∗∗

(3.820) (4.234) (3.826) (3.894) (3.923)
Constant 83.665∗∗∗ 95.572∗∗∗ 106.741∗∗∗ 113.214∗∗∗ 111.905∗∗∗

(2.811) (4.229) (1.701) (9.806) (9.002)
R-squared within 0.470 0.543 0.628 0.633 0.649
R-squared between 0.178 0.025 0.008 0.006 0.095
R-squared overall 0.199 0.227 0.272 0.255 0.374
Number of region 13 13 13 13 13
Observations 52 52 52 52 52
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Table 7
Model estimates with drought severity indicator. Robust standard errors in
parentheses (∗∗∗p < 0.01, ** p < 0.05, * p < 0.1)

Variables Drought frequency Drought intensity
Standardized Preci. Index 10.104* 12.928∗∗∗

(5.087) (3.269)
Interannual rainfall variation −30.103∗∗ −24.451*

(13.410) (11.994)
Proportion of drought years −8.737

(11.359)
Severity of drought years −6.382

(6.792)
Inter. dir. changes of rainfall −24.488 −19.610

(14.202) (17.749)
Primary school enrollment ratio −0.320∗∗∗ −0.296∗∗∗

(0.079) (0.084)
Unemployment rate 0.538∗∗∗ 0.548∗∗∗

(0.122) (0.128)
Region population density −0.006 −0.008

(0.004) (0.007)
Crisis of 1989–1991 9.397∗∗ 9.437∗∗

(3.923) (4.182)
Constant 111.905∗∗∗ 98.479∗∗∗

(9.002) (7.477)
R-squared within 0.649 0.651
R-squared between 0.095 0.088
R-squared overall 0.374 0.379
Observations 52 52

5. Conclusion

In this paper, we analyzed Mauritania’s internal mi-
gration dynamics and trends in response to rainfall vari-
ability and change over the last 40 years using de-
scriptive and econometric approaches. We used several
measures to evaluate internal migration from 1972 to
2013. These measures included immigration, emigra-
tion, net migration, efficiency, outmigration, and reten-
tion indices, at regional levels for four different periods
- 1972–1977, 1977–1988, 1988–2000, and 2000–2013.
We produced further analyses on the regional migra-
tion balance to understand regional migration direction
and flow during each period. Furthermore, we used re-
gional efficiency, outmigration, and retention indices to
capture the degree of regional migration attraction.

The study confirms that internal migration rates have
continued to increase over the past four decades. No-
tably, in 2013, total internal migration reached 702,575
individuals, comprising 17.5% of the total population
compared with 477,814 (17.63% of total population) in
2000 and 208,039 individuals (10.8% of total popula-
tion) in 1988. The sustained trend in total migration is
partially the result of three factors, the persistent diffi-
cult living conditions, constrained national economic
activities, and continuous impacts of climate variability
and change. Sub-nationally, it was found that the south-

ern and southeastern regions experienced the highest
rates of emigration due to impacts of climate and en-
vironmental change. The study shows that the regions
of Nouakchott, Nouadhibou, and Tiris Zemour expe-
rienced negligible emigration due to various factors,
including the development of mining activities in Tiris
Zemour and fishing activities in Nouadhibou. Addition-
ally, favorable living conditions and increased economic
opportunities were reported in Nouakchott.

In conclusion, our results, particularly the economet-
ric findings, suggest that severe and persistent climate
variability and change have contributed to sustained
increases in Mauritania’s internal migration over the
last four decades, especially for rural-urban migration.
From 1977–1988, all thirteen regions recorded signifi-
cantly increased urbanization rates. This increased pe-
riod of intraregional and interregional migration is dur-
ing distinctly severe droughts. This rapid urban growth
has placed significant pressure on available infrastruc-
ture and services, causing multiple socio-economic
and environmental issues, including housing conditions
concerns in large urban centers. The climate dynam-
ics are poised to continue to cause unfavorable socio-
economic and environmental conditions for Maurita-
nia’s rural inhabitants, only exacerbating current migra-
tion trends and patterns.
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