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1.0  Introduction

Columnist Thomas Friedman (2012) attributed the onset of the Arab Spring unrest in no small
part to population and environmental stress. International security debates within academia as
well as policy domains have highlighted major demographic shifts, like rapid urbanization
exacerbated by push factors such as environmental shocks, as emerging drivers of violent
conflict with the potential to become major threats to peace and stability in the future (e.g.
Buhaug et al. 2014; Hsiang et al. 2013; Gleditsch 2012; Meierding 2013; von Uexkull et al.
2016)." Goldstone (1991, 2002) argues that rapid migration to cities has historically increased
the risks of violent urban protests, with environmental stressors being one of the mechansisms
triggering migration into the urban outskirts. Yet, there is limited evidence solidly linking urban
population growth with urban social unrest. The number of studies in this domain remains low
and of variable quality (Demarest 2015). In this article, we examine whether rapid growth in the
urban population increases levels of urban unrest, separating the most highly urbanized centers

from the peri-urban? areas surrounding the city.

The concern over the potentially destabilizing effects of rapid urbanization is strongly
related to a major emerging security concern that global climate change may increases violence
in the world (e.g. Buhaug et al. 2014; Gleditsch 2012; Hsiang et al. 2013). A simplified narrative
suggests that climate change affects rural, agrarian societies through erratic precipitation and

weather patterns and protracted droughts, pushing rural inhabitants towards cities where

! Research on resource scarcity and conflict has focused on the interaction between growing population
pressures, scarcity, and degradation of renewable resources like arable land, forests, and freshwater, and
the distribution of resources (for pioneering contributions, see Homer-Dixon 1991, 1994; Gleditsch et al.
1997; Kahl 1998). The literature on the security implications of climate change concentrate on weather
patterns, especially precipitation patterns, temperature variation, and droughts (e.g. Hsiang et al. 2013).

2 “Peri-urban” describes areas displaying both rural and urban characteristics and are proximate to, and
often surrounding, urban areas. These are areas that typically see gradual transformation of arable lands
into housing and development potentially resulting in conflicts over land use and land ownership; less
developed institutional contexts and lower levels of public services provision than the primary urban
areas; mixed economic zones between agricultural and modern sector economic activities; high levels of
poverty and inequality; and high levels of ethnically mixed in-migration. See Griffiths (2010) and
Iaquinta & Drescher (2000) for discussions about the peri-urban concept. Goldstone (1991) describes
similar patterns of peri-urban pressures in 17" century London, leading to radicalization of migrants
falling outside exicsting institutions of social control.



population mixing, competition for resources, poor governance and limited public service

provision create tensions that could spill over into violent conflict and social unrest.

Recent reviews of the climate change and conflict literature cast doubt on, at least, any
direct and broad link between climate change and organized violent conflict (Buhaug et al.
2014; Bernauer et al. 2012; Koubi 2019; Theisen et al. 2013; Scheffran et al. 2012; Witmer et
al. 2017). Yet most of the literature on the drought-conflict link does not draw a clear distinction
between the effects in urban and rural communities.® While rural societies and communities
may be affected more directly by variations in rainfall and droughts, secondary effects can

arguably be felt in the cities due to a high migration pressure.*

In this article, the primary aim is to explore the link between urban population pressure
and urban unrest using disaggregated demographic and social conflict data for all African urban
areas for the time period 1997 to 2010.5 While the approach is to assess the impact of
population growth on urban unrest directly, regardless of which factors that drive population
growth, we also specifically set out to test whether adverse environmental conditions,
operationalized as droughts, in rural areas close to urban centers may partly account for any
effect of population growth on unrest. We use the geocoded Social Conflict in Africa Database
(SCAD) (Salehyan et al. 2012) that includes event data such as riots, demonstrations, and
protests, distinguishing such events from organized armed conflict. The case for such

distinction is strong. Not only are the processes that drive protests and riots different from the

3Civil conflict here refers to the definition employed by the Uppsala Conflict Data Program (UCDP)
(Pettersson & Eck 2018, http://www.pcr.uu.se/research/ucdp/definitions/). In a special issue of the
Journal of Peace Research on climate change and conflict, none of the 16 articles examined urban
violence (Gleditsch 2012: 5).

* While not addressed empiricallty in the current analysis, another key mechanism potentially linking
drought to riots in urban spaces is volatility in food prices. Wischnath & Buhaug (2014) find that, across
India, harvest loss is robustly associated with increased levels of riots and other forms of political violence.
3> We define drought as an extreme weather pattern where a region or country experiences below normal
levels of precipitation. Yet, drought is a multi-scalar phenomenon where the time scale of the assumulation
over time of water deficits from diverse sources, including rainfall and ground water among others,
becomes very important.



causes driving violent armed conflict such as civil wars, but also, they are geographically

distinct phenomena of social unrest.®

The African continent is by far the least urbanized, with 40 per cent of the population
currently living in cities. But it is also the continent with the highest growth in urban populations,
at 3.6 per cent annually (UN 2014). The population that lives in African cities is expected to
increase by more than 150 per cent between 2020 and 2050 according to UN population
forecasts, massively outpacing rural population growth estimated at 35 per cent. Hence, the
African continent is a prime scene for investigating the urbanization-political unrest nexus. The
implications of any patterns of instability emerging in urban areas following changes in
environmental conditions could have considerable impact for future urban adaptation and

conflict prevention strategies in other continents as well.

This study breaks new ground in several ways. While recent important scholarship of
obvious relevance for understanding urban social unrest emphasizes the role of increasing food
prices (e.g. Abbs 2019; Hendrix & Haggard 2015; Smith 2014; Wischnath & Buhaug 2014), we
focus specifically on urban population growth which is a neglected factor in the population-
environment-conflict nexus. We further link this to debates over the potential security
implications of climate change by specifically attempting to identify whether environmental
“push” factors, in the form of nearby drought may explain some of the potential co-variation
between population growth and urban unrest.” Finally, by separating between different urban
locations, we are able to distinguish between different security scenarios associated with urban

population growth.

SWe define as urban social unrest phenomena of civil disorder such as riots and demonstrations that occur
in the urban and peri-urban areas without making a distinction between different levels of intensity
(violence). We are interested in separating urban social unrest from organized armed violent conflict, a
phenomenon more common in rural areas (Buhaug 2006).

7 Proximity to a drought is difficult to define, as there needs to be an arbitrary cut-off point. The threshold
we eventually settled on was 200km (or four of our grid cells), as this coincides with the distance over
which isohyets have moved in the drought-affected Sahel region in the twentieth century (see Nyong &
Fiki 2005; Lebel et al. 1997; I’Hote et al. 2002). When constructing the variable we do not take into account
national borders.



In line with our expectations, we find that high urban population growth rates have a net
positive effect on urban unrest. Importantly, peri-urban areas, the urban outskirts, are
particularly susceptible to urban unrest, suggesting that demographic changes on the urban
fringe pose particular challenges to political control in the form of an increased risk of political
instability. We do not find, however, that this effect is conditioned on environmental push
factors, as near-urban droughts do not seem to affect the relationship between urban
population growyh and unrest in peri-urban areas. Furthermore, droughts hitting urban areas

directly seem to depress social unrest.

2.0 The impact of population and environmental stress on urban social conflict
Large-scale migration to cities may arguably translate the problem of high rural population
pressure on natural resources into an urban setting, potentially causing a security challenge
(Cincotta et al. 2003; Homer-Dixon & Blitt 1998; Gizewski & Homer-Dixon 1995; Goldstone
1991; Kahl 2006; Kaplan 1994; Liotta & Miskel 2012). Gizewski & Homer-Dixon (1995) point to
three broad risk factors. First, rural-urban migrants are likely to experience economic
marginalization and relative deprivation, increasing their awareness of their own situation and,
hence, the potential for political radicalization, a mechanism empirically corroborated by Jstby
(2016). Second, traditional authorities of social control such as schools, established churches,
and government policing are less likely to be well established in peri-urban areas with high turn
over of population. The space created by the absence of such social institutions is filled by
alternative forms of authority and social control such as gangs, clans from the region of origin,
unorthodox religious groups, where migrants turn to in search for resources and social
networks. Goldstone (1991) discusses that migrants in the urban fringe areas in 17" century
London were more likely to be radical because of the low absorption into existing institutions of
social control. Similar patterns have been observed in developing countries as well (Goldstone
2002). Third, the urban environment facilitates high levels of social communication, including

greater opportunities for collective political action.



Rapid urban population growth can constrain governments’ ability to provide basic
services, including employment, housing, electricity, water, sanitation, enforcement of law and
order, and development of social capital, thus greatly affecting the quality of life of the citizens.
According to Goldstone (2002), the combination of over-urbanization and underdevelopment
produces a situation where the job market and the economy cannot keep up with urban
population growth, which could lead to urban violence and instability. Similarly, the mixing of
ethnicities and shifting demographic composition of urban centers are cited as central
destabilizing factors in urban environments, though Toft (2003) argues that ethnicity tends to
work differently in urban than rural settings since urban ethnic groups often lack a strong
attachment to the city as their “homeland”. Population growth is likely to add to these existing
challenges. We further speculate that population growth may be more likely to cause urban
unrest in more peripheral, ‘peri-urban’ areas, as these areas are likely to be prime locations for
land use transformations as well as underservice of basic infrastructure.

So far, however, the evidence for a link between urban population growth and social
conflict is limited. Urdal found high urban population growth to be associated with a lower risk
of conventional armed conflict both cross-nationally (2005) and across Indian states (2008),
while Fox & Bell (2016) found a negative association between urban population growth and
African state-level protest rates across all income levels. Buhaug & Urdal (2013) and
subsequently Jstby (2016) found no correlation between high urban population growth and
“urban social disorder” events in 55 major cities across Asia and Sub-Saharan Africa. However,
the geographical resolution of earlier studies, even those addressing the city level, has been
low, not allowing for a separate treatment of different urban environments. Earlier studies have
also not attempted to empirically consider the potential role of rural environmental conditions in

the population growth-unrest nexus .

In contrast to conventional armed violent conflict, riots and demonstrations are more
common in urban areas (Tarrow 1998; Wilkinson 2004) and are less likely to be driven by the
same environmental risk factors as conflicts in rural areas in the periphery of a country.

Therefore, the causal mechanisms that lead to urban unrest might differ compared to rural



areas. Hendrix & Salehyan (2012) identify some mechanisms that can explain variation in
unrest in urban settings. We develop these mechanisms further and also explore the impact of
droughts on urban unrest, by focusing on urban and peri-urban population growth in the context

of low development.

Existing theoretical frameworks link certain forms and constellations of demographic and
environmental pressures, such as droughts, to increased risks of armed conflict and political
instability (e.g. Goldstone 1991; 2002; Homer-Dixon 1991; Kahl 2006). A key assumption for
the climate change and conflict literature is the expectation that precipitation patterns will
significantly alter as a result of climate change, with rainfall levels generally increasing in
temperate zones and decreasing in subtropical areas, including in many parts of Africa.
Changing rainfall patterns are likely to trigger slow processes of soil degradation rather than
abrupt changes (Buhaug et al. 2010). The literature further suggests that low-income countries
are particularly susceptible to resource conflicts. Butler & Gates (2012: 24) argue that water
availability most directly affect pastoral conflicts as rural communities are directly dependent on
renewable resources threatening subsistence agriculture, while any effects on urban groups are
arguably more indirect and complex according to Hendrix & Salehyan (2012). In Sub-Saharan
Africa, where only five percent of arable land is irrigated, large parts of the agrarian population
are vulnerable to extensive periods of drought. Moreover, low capacity states often have weak
resource management institutions, unclear property rights, inefficient markets, and low financial
and human capital. Such states are arguably less likely to be able to prevent serious
environmental change from happening in the first place, and more likely to fail in adapting to

actual changes (Gizelis & Wooden 2010; Raleigh et al. 2015).

Yet, the evidence of eco-conflicts at the sub-state level is relatively weak. Studies of the
reactions to income shocks suggest that extreme weather conditions, particularly droughts, lead
to more cooperation rather than conflict. While resources might be at the center of conflict, it is
political exclusion and corruption that cause conflict as evidence from Mali, Somalia, and Sudan

suggests (Benjaminsen 2008; Verhoeven 2005). Large-N studies have also expanded the



range of types of conflicts that are attributed to environmental stress. The anticipation that
demographic and environmental factors may be more relevant to spontaneous, small-intensity,
and inter-group forms of violence, rather than civil wars, has led to an increasing sophistication
in the models applied and a greater diversity on the operationalization of the dependent variable
(e.g. Fjelde & von Uexkull 2012; Hendrix & Salehyan 2012; Theisen 2012). The use of high-
resolution geographical units as the basis for analysis rather than country averages, has
allowed for more detailed studies of interactions between demographic, environmental,
economic, political and social interactions (Koubi 2019; Raleigh & Kniveton 2012; Raleigh &

Urdal 2007).

Environmental factors determining resource supply or social demand factors -- arising
locally because of migration or unequal access to services--, are likely to affect the probability of
violent unrest and conflict in overstretched communities in states with low capacity to adapt
(e.g. Barnett & Adger 2007; Bell et al. 2011; Homer-Dixon & Blitt 1998; Kahl 2006; Raleigh et al.
2015; Reuveny 2007). Prolonged periods of drought driven by erratic changes in temperature
and precipitation levels affect agricultural production, prompting migration into other vulnerable
areas depending on the existing contextual factors and the duration of the drought (Buhaug et
al. 2008; Lillegr & Van den Broeck 2011; Reuveny 2007; Suhrke 1997).

Chronic droughts primarily lead to labor migration, while acute and sudden disasters
contribute to distress migration. While household vulnerabilities shape the behavior of migrants,
“environmental migrants” have higher levels of return than other types of forced migrants.
Environmental migrants also tend to be internally displaced while the duration of migration is an
average of short length reducing the probability of unrest and violent conflict. The patterns of
the environmental migrants’ settlement, whether migrants are self-settled or established in
larger, organized hamlets such as camps, influence the interactions between the migrants and
the host communities. Droughts and scarcity create the underlying conditions for unequal
distribution of resources and political corruption leading to violent conflict (Kahl 2006). A recent
study by Detges (2017) of African data suggests that the propensity to violent responses to

drought is amplified by group political exclusion.



In this article we specifically explore whether droughts, which are expected to increase
in frequency and severity as a result of climate change, could affect urban unrest through
spurringrural-to-urban migration.® While the concern over “climate refugees” has received
considerable attention, much of the migration related to changing weather patterns is likely to
contribute to the relatively slow, yet substantially massive, population transfer from rural to
urban areas worldwide. The case of Syria is often cited as a recent example of migratory
movements leading to protests in areas less affected by the historic drought (Ash and
Obradovich 2019; Fratkin 2001; Galvin 2009; UN 2014). These patterns have also been
recorded in East Africa. Historically, pastoralist communities used to migrate between rural
areas in search for available pastures for their livestock. Droughts in areas of Somalia, Kenya,
and Tanzania have led pastoral communities to increasingly migrate to urban centers in search
for employment opportunities and better access to health and services (Fratkin 2001; McCabe
2004; Omolo 2010). While in cities and urban areas, rural migrants are facing different
challenges that are often linked to governance and the ability of governments to accommodate

their needs and demands.

We hypothesize that migration into urban areas will trigger an increase in unrest in the
cities, and that this dynamic may in part be explained by rural-urban migration triggered by

droughts in the surrounding rural areas:

8 We are also briefly empirically addressing the role of food prices, another intermediary
mechanism between drought and urban unrest, in the Online Appendix. Wischnath & Buhaug (2014) find
that, across India, harvest loss is robustly associated with increased levels of riots and other forms of
political violence. Because of the mediation of politics and markets, any effect of adverse environmental
conditions on urban unrest through changes in food prices is likely to be temporally lagged and more
contingent on the political and economic climate, compared to the more immediate effects expected in

rural areas (Abbs 2019; Demarest 2015; Jones et al. 2017; Natalini et al. 2019).



H1: High urban population growth is associated with increased levels of urban social unrest.
This effect is likely to be more pronounced in peri-urban areas than urban cores.
H2: Droughts in nearby rural areas contribute to explain any effect of high urban population

growth on urban social unrest.

3.0 Model and data
To credibly study these relationships, one must go below these coarse units of observation to
capture local dynamics and the variation within states and urban areas (see Buhaug & Red
2006, Cedermann et al. 2011 and Theisen et al. 2011 for earlier, influential GIS-based
approaches). To test our empirical hypotheses, we look at low intensity unrest events, such as
riots and protests, in Africa for the period 1997-2010. Our unit of analysis is the grid-cell-year.
Each grid is 0.46x0.46 decimal degrees, corresponding to areas of approximately 50x50 km at
the equator. Across 14 years it yields 164,542 observations, or 11,753 per year. The data for
our dependent variable are based on events data on riots, protests, and other forms of social
unrest from the Social Conflict in Africa Database (SCAD) (Salehyan et al. 2012).° SCAD
records riots and protests independently from civil wars within a country for a given year. The
dataset includes all African countries with populations greater than 1 million and the main
sources of information are Associated Press and Agence France Presse newswires (Salehyan
& Hendrix 2012).

SCAD uses 10 categories of events to code social violence. Categories 1-6 include
organized and spontaneous riots and demonstrations, as well as general and limited strikes.
These categories are distinct from categories of armed conflict between state actors and

organized opposition groups. Since we are interested in separating between areas that have

? SCAD includes more low-intensity unrest events than two other prominent event datasets, the Armed
Conlflict Location & Event Dataset (ACLED) (Raleigh et al. 2010) and the Uppsala Conflict Project (UCDP)
Georeferenced Event Data (Sundberg & Melander 2013). UCDP includes events defined as part of
organized violence only. While ACLED includes riots and demonstrations, the orientation of the dataset is
towards incidents that are associated with ongoing civil wars.

10



experienced major unrest and those that have not we create a dummy variable (0-1) to capture
urban social unrest, scoring 1 of there is at least one event within a calendar year.

We specifically separate urban social unrest from armed violent conflict, the latter being
a phenomenon more common in the rural areas of a country. Using our restricting criteria gives
us a total of 4,230 events from 1997 until 2010.' While demonstrations and riots may
conceptually be thought of as distinct phenomena, with the latter being associated with largely
uncoordinated, violent rampaging and the former with peaceful and coordinated action, they
may also be considered as events along a continuous scale ranging from “peaceful” to “violent”.
Both are typically mass events and can be both spontaneous and organized (see e.g. Brass
2003 and Wilkinson 2004 on the organization of Indian riots). The main distinguishing criterion
between demonstrations and riots is the level of violence where demonstrations are “largely
peaceful” and riots “violent”. SCAD also includes an “escalation variable” that notes whether the
nature (event type) of an event has changed over the course of its duration. “Largely peaceful”
is somewhat subjective, with different researchers using different criteria to define “peaceful”.
The variation in the intensity of rioting tends to be large, though most cases are recorded at a
low intensity level. !

Based on the theoretical discussion and the derived empirical hypotheses we formulate
the following base model that we empirically estimate:

OccurenceOfUnrest = GridPopulationGrowth + GridPopulation + UrbanCore +
DistanceToDroughtArea + Drought + GridYear + DensityOfinfrastructure +

GridDistanceToCapital + LogGridEconomicDevelopmentPerCapita + SpatialLag

The breakdown of the events per category is as follows: 19% Type 1: Organized demonstration (795);
31% Type 2: Spontaneous demonstration (1,292); 4% Type 3: Organized violent riot (172); 25% Type 4:
Spontaneous Violent riot (1053); 2% Type 5: General strike (99); 18% Type 6: Limited strike (755).
The number of grid cell years with at least one event is 1,932, a little over 1% of the total.

""We used both the ACLED and SCAD data to calculate the Kernel Distribution Function (KDF) of high
and low intensity conflict events in urban and rural areas. There were more riots and protests in urban
than rural areas without any substantial differences between the ACLED and SCAD data.
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Identifying Urban and Peri-urban Areas

We are interested in addressing the presumed different dynamics between urban and peri-
urban areas, the latter capturing transition zones between urban and rural zones and
landscapes. We hypothesize that peri-urban areas are more vulnerable to environmental stress
and in-migration, thus, experiencing more incidents of social unrest.

We started with the data on urban and rural populations, updated through 2010,
provided by the Global Rural-Urban Mapping Project (GRUMP) (CIESIN et al. 2004; Balk et al.
2006). The gridded version of the GRUMP data has a resolution of 30” (43,200 x 16,800). This
was a higher resolution than we could use, so we initially down sampled by a factor of 8,
horizontally and vertically (giving us a data set with a resolution of 5400 x 2100, or
approximately 0.067 degrees per grid cell). We then later downsampled to the resolution of our

grid.’ The African areas defined as urban by GRUMP'? are presented in Figure A1 (see Online

Appendix).
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Figure 1: Urban areas in Africa, with southern Africa expanded for detail.

12 The advantage of this two-stage downsampling is that it allowed us to retain a relatively large number of
urban areas in the first wave, from which we were able to construct a new variable, as is discussed below.
13 GRUMP uses a combination of population data, settlement points and nightlight data to determine which
parts of the world are urban and which are rural. Urban areas are defined as those “where contiguous lighted
cells from the Nighttime Lights or approximated urban extents based on buffered settlement points for
which the total population is greater than 5,000 persons” (CIESIN, accessed 24 August 2018).
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Very little of the territory of Africa is urban; see the red areas in Figure 1. Indeed, once
these data were applied to our lower resolution grid, which is composed of 11,753 cells per grid
year, only 67 cells were defined as primarily, or ‘core’ urban, the other 11,686 being by default
‘rural’, thus excluding many smaller urban areas. To mitigate this strict inclusion criterion, we
expanded the radius of each urban area by approximately 30 kilometres.' This is presented in

Figure 2. Once applied to our grid, this gives us 929 grid cells in the wider urban area.
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Figure 2: Urban areas in Africa, expanded by a radius of approximately 30 kilometres.

We were then able to construct a ‘peri-urban’ dummy variable to capture the areas which are
neither the very heart of the urban area, nor the more remote rural areas. Figure 3 illustrates
this. By subtracting the central urban areas (represented in yellow) from the wider urban areas,

we create peri-urban areas, shown in red. These can be conceptualized as being shaped like

4 The radius of each urban area was expanded by 0.2667 degrees which is approximately 30 kilometres at
the equator.
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the ring of a doughnut, with the peri-urban area surrounding the urban core. We conceptualize,

therefore, that there are three main types of territory: urban core, peri-urban and rural.
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Figure 3: Urban (yellow) and peri-urban (red) areas in Africa.

The distinction between urban and peri-urban is important. Figure 4 zooms in further on

southern Africa. The image on the top shows urban and peri-urban areas at the resolution of
our initial GRUMP rendering; the image on the bottom shows the same data reduced to the

resolution of our grid. As can be seen in both cases, Pretoria, Soweto and Johannesburg are

identified as urban, while the surrounding areas are identified as peri-urban. These are not the

urban centres where we might expect to find mass-congregation protests; they are the urban

sprawl areas, which exhibit different characteristics and which we would not expect to serve as

a locus for protests.
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Figure 4: Urban (yellow) and peri-urban (red) areas at GRUMP resolution (top right) and grid
resolution (bottom right).

We are especially interested in peri-urban areas as, at least in absolute terms, this is where

most instances of unrest are to be found, as is shown in Table 1.

Table 1: African grid cells experiencing unrest in core urban, peri-urban and rural areas.

Cell type Cell count | Cell years Percentage | Total unrest | Percentage
(all years) experiencing of cell years | eventsin of all
unrest experiencing | cells unrest
unrest events
All types 164,542 1,918 1.2 4,166 100
Core urban | 938 210 22.4 823 19.8
Peri-urban | 12,068 836 6.9 1,954 46.9
Rural 151,536 872 0.6 1,389 33.3
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This is in part a function of the fact that there are more peri-urban cells than urban ones; in
relative terms, we see that there is a greater likelihood of unrest events in urban areas than in
peri-urban areas. Yet in simple absolute terms, there are more instances of unrest in peri-urban
areas than in core urban areas. The case of Algeria, presented in Figure 5, provides a useful
(and quite representative) example here. This is the case for most African states: the individual
grid cell with the greatest number of incidences of unrest is a peri-urban cell, not an urban core
cell. In 41 of the 50 African states we analyse, the cell with the greatest frequency of unrest is a

peri-urban cell (for more on this, please see Figure A2 in the Online Appendix).

Figure 5: Urban (yellow) and peri-urban (red) areas with focus on Algeria, rendered at the
resolution of our grid. Blue dots in the bottom right image indicate cells experiencing unrest.

Accordingly, there have been enough unrest events in peri-urban regions to warrant inclusion in
our analysis. However, we feel that peri-urban areas are different enough from either urban
core or rural areas that they constitute a separate category. Table A1 in the online appendix
includes information on differences between the categories in relation to infant mortality rate,

infrastructure, population, night light and disaggregated GDP.

Main Independent Variables

Grid Population Size and Growth

16



We argue that demographic changes, and in particular high population pressure on urban
areas, can lead to urban riots and social unrest. The expectation is that these effects are
particularly strong in peri-urban areas. We include in our analysis not only the population size of
the grid, but we also calculate the population growth of each grid for every year included in our
sample. Large positive changes in population growth are assumed to capture larger migratory
patterns into the grid cell. We cannot, however, empirically distinguish between urban
population growth that is attributed to migration from natural population growth (stemming from
the balance between fertility and mortality). It is important to underscore, however, that the by
far most significant driver of African urban population growth is migration, and not natural
growth, as evidenced by the fact that urban population growth rates on the continent are close
to five times as high as rural population growth rates. Neither can we distinguish between
migration that is caused by economic attractiveness in the urban areas (“pull factors”) or caused
by adverse environmental conditions in the rural regions (“push factors”). We attempt to
minimize this problem by separating between urban and peri-urban areas, assuming that
environmental and other push factors are more likely to lead migrants to more marginal, peri-
urban areas. We have also considered the interaction of urban population growth and level of
economic development (which admidttedly is a coarse measure in such a high-resolution
model) to capture variation in economic attractiveness.

The population data (gridPop) data are derived from Gridded Population of the World
(GPW) Version 3 (CIESIN & CIAT, 2005), providing data up until 2010. As the GPW compiles
data on a five-yearly basis, the final variable, gridPop, chooses the nearest of the previous four
variables to the year in question for that grid-cell-year. Despite concerns regarding the
modifiable areal unit problem (MAUP) described by Openshaw (1984), we believe that these
data are superior to country aggregates. To estimate changes in the population patterns of each
grid and calculate the population growth, we use linear interpolation to calculate the grid

population for each year. Then, we calculate the population growth for each year.

Drought
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We measure drought using data from the Global Standardized Precipitation-Evapotranspiration
Index (SPEI). The SPEI index is based on monthly precipitation and potential
evapotranspiration data and offers near real-time information about drought conditions at the
global scale. SPEI is a multi-scalar index of drought based on the Standardized Precipitation
Index (SPI), but also incorporates temperature data because temperature variations have a
significant impact in drought conditions (for more information on the construction of the index

and its differences from other indices see http://sac.csic.es/spei’/home.html). The index

provides SPEI time-scales between 1 and 48 months. One advantage of SPEI that explains the
popularity of the index is its comparability in time and space (Hayes et al 1999). Currently it
covers the period between January 1901 and December 2015; for our purposes, we restricted
this set to 1997 — 2010, using the 12-month version of the variable.® In this restricted set, SPEI
values are between -8.32 and 7.47 globally. For Africa, the range is from -3.46 to 3.05. We
develop two drought variables for our empirical analysis: one for “drought in the grid cell” and
one dummy for “drought within the proximity of 200 km of the cell”. Using “0” as a theoretical
median of all our grid cells we create a drought binary to capture whether a rural environment is
more or less hospitable to local populations. Locations where the SPEI variable is lower than 0
are defined as less hospitable areas that have experienced drought, while in areas where the
SPEI variable is higher than 0 are more hospitable and do not experience drought.

Urban areas are less likely to be in regions where the most severe droughts historically
occur in Africa, partly because of the dependence on large and regular water supplies for urban
areas. We calculate our distance from the drought variable by using the Great-Circle distance
formula, the geographical distance of urban areas from regions that are coded as having
experienced drought. This is a dummy variable indicating if there is major deviation from the
average levels of precipitation in a cell within the 200 km in the buffer zone relative to each
observation. Once we construct the dummy variable then we take the lag to indicate the

distance from an area that had experienced drought in the previous year.

15 We also use 48 months as a robustness check.
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Control Variables

To control for the effect of government capacity, we use the Geographically Based Economic
Data (G-Econ). We use the current data set (GEcon 4.0, available at gecon.yale.edu; Nordhaus
et al. 2006) that covers “gross cell product” for all regions for 1990, 1995, 2000, and 2005. The
basic metric is the regional equivalent of gross domestic product. Gross cell product (GCP) is
measured at a 1-degree longitude by 1-degree latitude resolution at a global scale. Because the
G-Econ data are of a lower spatial resolution that our grid (four times lower), we mapped each
one of our cells to the geographically nearest cell to G-Econ. We also used the G-Econ year of
1995 to calculate our years of 1997-1999; the G-Econ year of 2000 for our data years 2001-

2004; and the G-Econ year of 2005 to ours 2006-2010.

One of the controls that we use at the grid level is the density of infrastructure as an
experimental variable that analyzes the complexity of map images from http://maps.google.com.
For some time, there has been an expectation that roads and other infrastructure will be related
to increases in the opportunities for various types of conflict (roads permit troops or protestors
to move more easily; buildings give troops and rebels places to hide in civil war). The
significance of road networks in facilitating conflict is primarily relevant in large rural areas
rather than urban areas. Here we are interested not only in the primary urban centers, but also
in the peri-urban areas that combine urban and rural landscapes. The infrastructure variable is
used as a proxy for the ability of demonstrators and protestors to spread and mobilize. See the
Online Appendix for a discussion on the construction of the infrastructure variable.

We assume that urban areas closer to the capital experience more riots and
demonstrations than more peripheral urban and peri-urban areas, since governments tend to
locate in the capital city. Thus, we create the variable Grid Distance from the capital and
calculate the distance of each grid from the capital in kilometers. We expect that there is more
urban disturbance in the most densely population areas, simply reflecting a per capita effect. In
our analysis, we include the variable urban core dummy to capture the most central and
densely populated urban areas. We also control for possible time trends using the variable
GridYear.
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We also control for the possibility that riots and demonstrations are clustering in

space. We construct the spatial lag of social urban unrest by analyzing the eight pixels

surrounding each grid cell (known as the Queen's Move, see Figure 6).'® If one or more SCAD

events occurred in each of the eight cells, that cell was given the value 1; otherwise, it was

assigned the value of 0. The eight values are then added up and divided by eight. The spatial

lag value for the pixel at the center of Figure 6, therefore, is 0.25.

1

1

0

0

Figure 6: Creation of Spatial SCAD Lag, using Queen’s Move.

Finally, we tested for possible multicollinearity without any evidence that any of the variables

included in the analysis are collinear.

4.0. Results and discussion

16 The Queen’s move is a long-established means of controlling for spatial lag. See Cliff & Ord 1972, 1973;
Oden 1984; Anselin et al. 1996; Fingleton 2008; Getis & Ord 2010; LeSage & Page 2010; Rey & Anselin

2010.
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Table 2 presents the empirical estimation of our theoretical model.'” The first model (Model 1) is
the base model that includes urban population growth. Model 2 adds the drought variables to
allow us to test whether environmental push factors could be driving the population growth-
unrest relationship. Model 3 includes only the peri-urban areas in our sample, isolating the
effect of population growth in the urban outskirts, while Model 4 focuses strictly on the primary
urban core areas.

In Model 1 we present the core model including our main explanatory variable, the urban
population growth in a given grid. Consistent with our first hypothesis, grid population growth
has a significant and positive effect on urban unrest, linking high urban population growth to
higher likelihood of urban social unrest. An important qualification is that we cannot empirically
separate between urban population growth that is due to migration driven by “pull” factors, such
as higher economic growth and opportunities, from migration caused by “push” factors such as
environmental adversity.

As expected, grid cells that are defined as primary urban areas and are close to the
capital and hence likely targets for general political attention including unrest, and cells with
higher population size all experience a greater likelihood of urban social unrest, the latter
capturing a per capita effect. The density of infrastructure appears to be highly associated with
urban violence, possibly suggesting that improved infrastructure creates better opportunities for
mobilization. The level of development in the area, measured by the GDP per capita in the grid,
is associated with lower levels of urban unrest, as expected, while the positive and clearly
significant spatial lag captures a clustering effect.

In Model 2 we assess the effect on our initial model of introcucing a measure of distance
from drought are in the preceding 12-month period. The expectation is that drought in
surrounding rural areas may spur rural-urban migration that could feed urban unrest. There is
no evidence, however, that drought in nearby rural areas increase urban social unrest through

pushing rural residents towards the cities. The population growth variable is unaffected by the

17 For descriptive statistics please refer to Online Appendix.
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introduction of the Distance to drought variable that we expected (H2) to tap into the effect of
the population growth variable, rejecting H2.". Furthermore, the measure for recent droughts
hitting urban areas directly is negatively associated with unrest, and statistically significant. This
runs counter to a conventional resource scarcity scenario assuming increasing competition for
renewable resources is a source to increased social tensions, and is particularly interesting as
the geographical selection includes extensive peri-urban areas that are often already
experiencing complex processes of land use pressure and change.'® Arguably, this result is
supportive of case study evidence suggesting that social conflict can be more prevalent in times
of plenty, than during periods of shortage (e.g. Wario Roba et al. 2012).

As is emphasized in much of the environmental security literature, contextual factors are
likely to significantly affect the role of demographic and environmental factors in explaining
social unrest. Not least do we expect to see variations in drivers of unrest between primary
urban centers and the urban outskirts. We assume that separating the sample between urban
and peri-urban areas is a coarse, yet promising, way to distinguish between more affluent
migrants moving to the urban core and poorer migrants settling at the urban fringes, partly
capturing also “pull” and “push” factors respectively. While the primary urban centers are
typically economic hubs that provide economic opportunities, attracting more resourceful and
skilled individuals who enjoy generally better housing conditions and public services provision,
migrants who go to the urban outskirts are those who cannot afford to move to the primary
urban centers, but have to settle into less expensive, informal settlements without adequate
provision of public goods, often dominated by mixed ethnic settlements, unclear property rights,
and hybrid land use where households living off the land employing traditional modes of
agricultural production compete for space with migrants and development projects.

Model 3 includes only the peri-urban areas in our sample, while Model 4 includes only

the primary urban core centers. As anticipated in H1, high population growth rates are strongly

18 Similar results are found when including distance from drought in Models 3 and 4, not shown here.

19 We have also tested whether multiple demographic-environmental stressors, in the form of an interaction
between population growth and drought, affects urban unrest, however this interaction effect is statistically
insignificant and negative (see Table AS in the Online appendix).
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associated with more unrest in the peri-urban areas, while in the primary urban centers the grid
population growth rate is negatively associated with unrest. This provides the first quantitative
evidence, we believe, that urban population growth in the most vulnerable and least developed
urban outskirts increases the risk of urban unrest, and that the lack of distinction between types
of urban areas may explain why earlier attempts to study links between urbanization and
conflict have failed to detect such relationship, which has long been emphasized in the

qualitative literature.
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Table 2: Environmental and Demographic Stress on Urban Unrest

Dependent variable:

scad1.6 >0
(1) (2) (3) 4)
Grid pop growth 0.088™"  0.093™* 0.113"  -0.139"
(0.024) (0.025) (0.026) (0.073)
Grid population 0.00003"** 0.00003"* 0.00003"* 0.00001"*"
(0.00000) (0.00000) (0.00000) (0.00000)
Urban core 0.746™"  0.763""
0.111) (0.115)
Distance from drought area (lag) (past 12 months) -0.075
(0.081)
Drought (past 12 months) -0.2227
0.077)
Grid year -0.0217  -0.021° -0.024™  -0.012
(0.010) (0.011) (0.011)  (0.028)
Density of infrastructure 0.0001° 0.0001"" 0.0001°" 0.0001"""
(0.00002) (0.00002) (0.00002) (0.00003)
Grid distance to capital (km) -0.002"  -0.002" -0.001"" -0.004""
(0.0002) (0.0002) (0.0002) (0.001)
Log GDP grid per capita -1.5697  -1.413° -1.146° -17.493"
(0.731) (0.724) (0.688) (9.953)
SCAD (lag) 25727 2,618 25377 1.308
(0.395) (0.405) (0.429)  (1.156)
Constant 403107  38.965° 46.3407 24.204
(20.192) (23.005) (21.816) (55.985)
Observations 10,738 9,912 9,958 780
Log Likelihood -2,715.101 -2,520.988 -2,381.695 -303.944
Akaike Inf. Crit. 5,448.203 5,063.977 4,779.390 623.888
Note: *p<0.1; “p<0.05; “p<0.01
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Figure 7 summarizes our key findings, and is based on Model 2 in
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Table 2, plotting the probability of urban social unrest in the y-axis conditional on population
growth of the cell. The solid line depicts the probability of urban social unrest and the dotted
lines represent the confidence intervals. The effects are sizeable in that the probability of social
unrest is 64% greater in areas of 5% annual population growth, compared with areas with no

population growth.
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Figure 7: Probability of Urban Social Conflict (conditional on grid population growth).

In Figure 8 we plot the probability of urban social unrest in the y-axis conditional on population
growth for peri-urban areas only. The solid line depicts the probability of social unrest in peri-
urban areas and the dotted lines represent the confidence intervals. The conditional effect is

substantial, as the probability of social unrest is 58% greater in peri-urban areas of 5% annual

population growth, compared with peri-urban areas of no population growth’.
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Figure 8: Probability of social conflict in peri-urban areas (conditional on grid population growth).

Robustness Checks

We test several alternative mechanisms and model specifications. Our key findings, that
population growth in the grid has consistently a positive and significant effect on unrest in peri-
urban areas, and the lack of any impact of droughts on this relationship, remain robust.

In Table 3, Model 2, we use a different drought variable (SPEI-48) to capture if
the processes we observe in 12 months remain similar for a period of four years of drought. The
key conclusions remain intact, the presence of drought in the rural surroundings does not alter
the relationship between population growth and unrest, nor has it any significant impact on
social unrest (the coefficient remains negative, but it is statistically insignificant). We further find
that when observing drought over four years rather than a shorter period than 12 months, the
previous statistically significant negative effect of drought in the city disappears. Also in Table 3,
Models 3 and 4 mirror Models 3 and 4 in Table 2, but using another measure for social
disturbance based on the Armed Conflict Location and Event Dataset (ACLED) (Raleigh et al.
2010). When using the protest and riot data from ACLED, we find the same statistically
significant pattern as we do for SCAD, with population growth being associated with higher

levels of disturbance in the peri-urban areas, and lower levels in the urban cores. When running
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the models with the drought variables, the results are consistent with those from the SCAD
models, drought does not seem to be driving the effect of population growth on urban unrest
(for more details on the construction of the ACLED measure and the results of the ACLED

models, see Table A6 in the Online Appendix).
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Table 3: Environmental and demographic stress on urban unrest, robustness tests (UPDATE)

Dependent variable:

SCAD SCAD ACLED ACLED
(1 (2) (3) 4)
Grid pop growth 0.088"  0.097"" 0.113""  -0.139"
(0.024) (0.025) (0.026)  (0.073)
Grid population 0.00003™ 0.00003™* 0.00003"* 0.00001"*
(0.00000) (0.00000) (0.00000) (0.00000)
Urban core 0.746™  0.758™
©.111)  (0.115)
Distance from drought area (lag) (past 48 months) 0.004
(0.079)
Drought (past 48 months) -0.077
(0.078)
Grid year -0.021™ -0.018 -0.024™ -0.012
(0.010) (0.011) (0.011) (0.028)
Density of infrastructure 0.0001"" 0.0001™" 0.0001™ 0.0001""
(0.00002) (0.00002) (0.00002) (0.00003)
Grid distance to capital (km) -0.002""  -0.002"" -0.001"" -0.004""
(0.0002) (0.0002) (0.0002) (0.001)
Log GDP grid per capita -1.569  -1.439"  -1.146° -17.493"
(0.731) (0.728) (0.688)  (9.953)
SCAD/ ACLED (lag) 25727 2.6277 2.537 1.308
(0.395) (0.405) (0.429) (1.156)
Constant 403107  32.811  46.340™ 24.204
(20.192) (22.866) (21.816) (55.985)
Observations 10,738 9,912 9,958 780
Log Likelihood -2,715.101 -2,525.038 -2,381.695 -303.944
Akaike Inf. Crit. 5,448.203 5,072.076 4,779.390 623.888
Note: “p<0.1; “p<0.05; “p<0.01

Next, we control for various other measures that could potentially affect social unrest as

well as confound the relatiopnships of interest. Ethnicity is considered in Table A2 in the Online

Appendix. As displayed in Table A2, both the count of ethnic groups (REF) and the presence of
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excluded ethnic groups (Wucherpfennig et al. 2011; Vogt et al. 2015) are negatively and
statistically associated with unrest, however neither alter the significance of any of the key
results.

We further consider levels of political stability, government effectiveness, and voice and
accountability using the World Bank indicators at the country level, as well as the overall gross
national income of the country per capita, Atlas method (World Bank, sourced from Index Mundi
2015). The indicators of political responsiveness dramatically mitigate the demographic variable
of interest rendering population growth statistically insignificant in most models (see Table A3 in
the Online Appendix). When we include the gross national income at the country level rather
than the grid-specific income measure, the coefficient of population growth remains positive and
statistically significant. Nevertheless, it is important to point out that here we are primarily
interested in variations across urban areas rather than variations across countries. On average
countries that are more accountable and wealthier should also experience less urban social
unrest as they are more able to mitigate any effects of demographic and environmental stress
(Gizelis & Wooden 2010). The average effect across countries neither negates nor reflects
variations in urban areas within countries. We also included in the analysis the annual global
food price index. While clearly acknowledging the shortcoming of this global measure for
addressing local food prices dynamics, we note that its inclusion did not alter any of the key
findings and had no direct effect on urban social unrest (see Table A3 in the Online Appendix).

In our analysis we use the urban core dummy to capture the more central part of urban
areas as a control. We also examine how many cells included in the analysis indicate a
country’s capital. To construct the dummy variable for the capital we use the variable
gridDistToCapKm. If the value of this variable is less than 42, then the dummy variable takes
the value of 1 (0 otherwise). The threshold of 42 guarantees that all the states included in the
analysis have at least one cell recognized as the capital. In some states up to four cells are
recognized as the capital. A possible concern is that the Capital variable overlaps with the

urban core dummy variable. This is not the case as only 11% of the urban1 cells are in the
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capital. As an example, Lagos, the most populous city in Nigeria, is not the capital of the
country.

We also explored the possibility that African cities follow a different pattern of
urbanization than cities in other parts of the world where urban centers tend to be more densely
populated than peri-urban areas. We identified the geographical location of American
Embassies as a proxy to capture the parts of an urban area that are politically and socially most
prominent and matched it to the urban1 areas of our sample. As the map in the Online
Appendix suggests, most American Embassies are in the urban areas (see Figure A5).

Finally, as an additional robustness check we employed a linear probability model fixed
effects whereby “within only” information for each cell is used, i.e., using only deviation from the
cell specific mean. The main variable of interest, population growth, remains significant and

positive at 5% of significance level.

5.0 Conclusions

In this article we explore the links between population growth and social unrest in African urban
centers in the period 1997-2010. The article contributes to the larger debate around the
potential security implications of global demographic change, and the potential impact of
environmental and climate change in contributing to unrest through spurring rural-urban
migration. More generally it contributes to the large-N scientific inquiry that goes below the

state-level to disaggregate political unrest and violence spatially as well as temporally.

The article diverges from previous studies in important aspects. While many studies
make explicit assumptions about the different ways that demographic and environmental stress
affects security, most prior large-N studies have primarily addressed rural dynamics.
Furthermore, the study moves beyond the rural-urban dichotomy by separating between the
urban centers, which often are hubs of economic growth and prosperity, and the peri-urban
areas, or urban outskirts where conditions for social unrest are more conducive. The analysis

clearly identifies the urban outskirts as the most vulnerable to demographic stress. While we
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find population growth to be clearly associated with increased risks of unrest, we do not find
evidence that drought in neighboring rural areas is contributing to drive this relationship. Even
more important as a novel observation with significant implications for policy, population growth
is associated with increased risk of unrest in the urban outskirts, but not in the primary urban

centers, underscoring the importance of separating between different urban environments.

The prior neglect of urban areas in the statistical study of demographic and
environmental security represents a considerable and important research gap. While a very
small proportion of the African landmass is categorized as urban, the population in these areas
account for as much as 40 percent of the total population on the continent representing the
fastest growing urban population of the world (UN, 2014). This proportion is projected to
increase strongly in coming decades, underscoring the importance of studying the social and
political sustainability of African urbanization. Increased urbanization is generally associated
with greater economic, social and political development, and even more peace. Our results, if
true, suggest that urbanization might lead to less rural armed violence, but increase urban
social unrest. A major qualification is that population growth is associated with unrest in the
outer, peri-urban areas, which are more likely to be under-serviced, under-governed, under-
regulated, and poor, suggesting that improved political governance and provision of public

services could support urban sustainability, and alleviate unrest and violence.

Increasing our knowledge about the conditions under which urban population growth
represents challenges to political stability is crucial to design policies that may help
governments develop strategies to facilitate a sustainable urban development. According to a
survey of world governments, 78 percent of African states have implemented policies to reduce
migrant flows to large cities (UN, 2008: 12). Under certain conditions, negative measures to limit
urbanization could be counter-productive for political stability. Further research that links the
findings reported in this article to research on urbanization and urban resilience might help
exploring the role that political, social and economic conditions play in either exasperating or

mitigating any effects of demographic and environmental change on urban unrest.
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