
1. Introduction
Climate change impacts are increasingly affecting communities worldwide. More intense and frequent droughts 
and heat waves, extreme weather events, and rising sea levels represent a significant threat to human liveli-
hoods, health, and well-being (Hirabayashi et al., 2013; Knutson et al., 2010; Schleussner et al., 2016). Climate 
impacts can result in cascading risks affecting populations through multiple, interconnected challenges, includ-
ing through their effects on agricultural production, food and water security, employment, and conflict (Asseng 
et al., 2015; Burke et al., 2015; Dell et al., 2014; Schewe et al., 2014; Tai et al., 2014). The consequences are 
already felt today. About one-in-three people globally are moderately or severely food insecure (FAO, 2021) and 
1.42 billion people—including 450 million children—live in areas of high or extremely high water vulnerability 
(UNICEF, 2021).

In order to prevent future climate impacts, 194 countries have committed in the Paris Agreement to reducing 
greenhouse gas emissions toward net zero emissions. The goal is to limit global warming to well below 2 °C, pref-
erably to below 1.5 °C compared to preindustrial levels (1850–1900). Yet, with global emissions continuing to 
grow over the past years, Earth's warming is likely to exceed the 1.5 °C limit already in the 2030s (IPCC, 2021). 
Even if the commitments under the Paris Agreement are met, global temperatures are expected to likely increase 
by more than 2 °C until the end of the 21st century (Hausfather & Forster, 2021). Warming from anthropogenic 
emissions will persist for centuries to millennia causing further impacts on populations in the long-run and lead-
ing to a worsening of living conditions in many parts of the world (IPCC, 2019).

The Intergovernmental Panel on Climate Change Special Report on Global Warming of 1.5 °C (IPCC SR1.5) 
describes the consequences of not meeting the 1.5  °C target, highlighting that even small temperature shifts 
can have substantive impacts (IPCC, 2018). It stresses that limiting global warming to 1.5 °C compared to 2 °C 
could reduce the number of people both exposed to climate-related risks and susceptible to poverty by up to 
several hundred million by 2050 (see also Knutti et al., 2016; Schleussner et al., 2016). With continued warming, 
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adaptation to the changing climatic conditions will become increasingly difficult with some regions potentially 
reaching habitability thresholds in the future (Warner & van der Geest, 2013; Xu et al., 2020). This may lead 
to large-scale migration and displacement as people will be increasingly forced to move out from those heavily 
affected regions if in situ adaptation is no longer possible.

In their recent article published in Earth's Future, Thalheimer, Williams, et al. (2021) combine insights from the 
climate science and impact literature, including findings from the IPCC SR1.5 report, with recent evidence on 
climate mobility to better understand the consequences of global warming for migration and displacement. In 
their assessment, they focus on drylands in Africa, a region that is both highly exposed and vulnerable to climate 
risks due to its high dependency on agricultural livelihoods and limited adaptive capacities. A particular focus is 
placed on the role of six impact sectors as channels through which climate change is expected to influence future 
mobility patterns. These include impacts on economic activities, livelihood risks and poverty, food security, 
health, urban areas, and cascading risks.

Here, I discuss and contextualize key insights presented in the article by Thalheimer, Williams, et al. (2021) and 
highlight implications for research and policy. Climate mobility is shaped by a complex interplay of influences 
with climatic impacts being one of many closely related reasons for households to become mobile. In this context, 
there is a need to better understand how local conditions shape mobility outcomes and challenges, and how these 
will change under a future warmer climate. As many migrants are moving toward cities, Africa has witnessed 
substantial urban growth in the past decades, which has created a new set of interrelated risks and challenges.

2. Climate Mobility
Whether and to what extent climate change will influence human mobility has received widespread attention in 
the public in the past years. Since the 1980s, UN organizations have warned of major impacts of global warm-
ing on migration and displacement (Gemenne, 2011) with countries in sub-Saharan Africa, South, East, and 
Southeast Asia, and parts of Latin America being severely affected (Figure 1). Drylands in Africa are particu-
larly suffering from the consequences of climate change with major implications for human mobility (Šedová 
et al., 2021; Wiederkehr et al., 2018)

Climate mobility refers to any form of movement that has resulted as a direct or indirect consequence of climatic 
changes and related environmental hazards, such as extreme weather events. It involves a range of different forms 
of mobility in relation to climatic stress and hazards, including migration, forced displacement, and relocations or 
evacuations (Boas et al., 2019; Thalheimer, Williams, et al., 2021). Displacement refers to forced mobility, often 
as a result of a sudden-onset disaster event. This type of mobility is typically short-term and over short distances 
with many affected households returning to their origin locations once the danger is over. Climate migrants, on 
the other hand, are persons or groups of persons who are forced to leave their habitual home over longer periods 
or permanently due to a sudden or gradual change in the climatic conditions (IOM, 2021). Migration can also 
be the result of an initial displacement if the displaced persons do not return to their origin locations. Finally, 
planned relocations or evacuations refer to assisted forms of mobility that are typically supported by local or 
national authorities (Mach & Siders, 2021; Siders et al., 2019; Warner et al., 2013).

Mobility due to environmental influences is not a recent phenomenon. Moving away from inhabitable and 
dangerous regions has been a survival strategy at all times of human history (Piguet,  2013). Also for recent 
decades, research has shown that changes in environmental and climatic conditions were closely linked to migra-
tion dynamics and other forms of human mobility in different parts of the world (Hoffmann et al., 2020). To what 
extent environmental drivers influence needs, incentives, and possibilities to move depends on local socioeco-
nomic, cultural, and political conditions as well as on the type and intensity of the experienced hazards (Niva 
et al., 2021; Thalheimer, Otto, & Abele, 2021).

Climate mobility is hence the outcome of complex interactions between individual and contextual factors influ-
encing mobility decisions, outcomes, and related risks (Black et al., 2011). The environment is rarely the only 
driver of changes in mobility patterns, but one of many that are often closely interrelated. While there is a consen-
sus in the empirical literature that climatic changes and extreme events are relevant for mobility outcomes, there 
is no automatism at play. Not every community exposed to environmental stress sees increased mobility levels as 
a result and not every affected household migrates (Hunter et al., 2015).
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A range of other factors can influence whether a household decides or is forced to become mobile (Fore-
sight, 2011). This depends on the household's level of exposure and vulnerability, the available possibilities to 
adapt to changing conditions in situ and to diversify or transfer risks (Choquette-Levy et al., 2021), how strong 
the incentives are to move (e.g., in form of different pull factors), how strong the motivations are to stay (e.g., for 
cultural or social reasons), and whether the household has sufficient resources to leave. Differences in exposure, 
vulnerability, and resources arise from nonclimatic factors and from multidimensional inequalities often produced 
by uneven development processes (Eriksen & O’Brien, 2007; King & Harrington, 2018; Roberts, 2010).

Under conditions of resource scarcity, climate events can also lead to a reduction in mobility, if they further 
undermine the household's ability to move. This has for example, been documented in studies from West (Find-
ley, 1994; van der Geest, 2011) and South Africa (Nawrotzki & DeWaard, 2018). Especially poor households face 
a risk of getting trapped in a hazardous location as they are more constrained in their mobility (Niva et al., 2021; 
Zickgraf, 2019). For these vulnerable groups, climate change can lead to a vicious cycle of environmental deteri-
oration and hazards, persistent poverty, and the inability to leave to safer areas.

Figure 1. Displacement risks worldwide. Panel (a) shows the number of new weather-related displacements for the period 2011–2020 relative to the average 
population size of the countries in this period. Box with red dashes shows locations of major dryland areas in Africa. Data: Internal Displacement Monitoring Center 
(IDMC, 2021b). Panel (b) shows the total number of people affected by weather-related disasters for the period 2011–2020 relative to the average population size. Bars 
with red borders refer to African countries with major dryland areas. Data: Emergency Events Database (Centre for Research on the Epidemiology of Disasters, 2021). 
Note. Both measures serve as an indication for the affectedness of a country and do not refer to the share of displaced or affected in a population as some people may 
have gotten displaced or affected twice in the considered time period.
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3. Livelihood Contexts and Climate Vulnerability in African Drylands
Climate change is expected to have major impacts on the African continent (James & Washington, 2013; Müller 
et al., 2014). As documented by (Thalheimer, Williams, et al.  (2021), many parts of Africa have witnessed a 
significant warming trend over the recent decades with an increased frequency, intensity and duration of temper-
ature-related extreme events and heatwaves (IPCC, 2018; Rohat et  al.,  2019). Increased levels of aridity and 
drought have been observed in some regions of the continent, in particular in Southern and in parts of Eastern 
Africa. At the same time, there has been an increase in the intensity of heavy precipitation events in Western and 
Eastern Africa leading to flooding and major displacements (IDMC, 2021c). Risks arise also from more gradual 
environmental change processes, such as glacial retreat and sea level rise.

In their article, Thalheimer et al. place a particular focus on drylands in Africa. Depending on the level of aridity, 
these areas can be further distinguished in arid, semiarid, and dry-subhumid areas. They cover about 45% of the 
African land area and are home to around 525 billion people (CGIAR, 2021). Dryland ecosystems are charac-
terized by challenging agroclimatic conditions, including high levels of aridity, water scarcity, and high rainfall 
variability. Climate change together with human activities, such as unsustainable land use, are contributing to 
land degradation in African drylands, leading to significant reductions in crop and livestock productivity (Shif-
eraw et al., 2014; Stavi et al., 2021a, 2021b). The inhabitants have adapted their livelihood strategies to these 
conditions with populations in drier areas being mainly involved in forms of pastoralism or agropastoralism 
(FAO, 2018). Pastoralists face a number of specific challenges related to dwindling access to water resources 
and grazing lands, poverty and marginalization, and limited access to markets (Fjelde & von Uexkull, 2012; 
Wiederkehr et al., 2018).

Socioeconomic, agricultural, demographic, and political factors are influential in determining the impacts of 
climate change on populations with important implications for mobility patterns in the region. Many countries 
in Africa are highly vulnerable due to high levels of poverty, low adaptive capacities, structural inequalities, 
protracted conflicts, and political instability. Climate risks are closely related to and can be exacerbated by the 
occurrence of other sociopolitical and health crises (Barnett & Neil Adger, 2007; Leichenko et al., 2010). In the 
last 2 years, the coronavirus pandemic had a significant impact on the continent, contributing to a further increase 
in vulnerability in many countries (Leichenko et al., 2010; Phillips et al., 2020).

Food insecurity, fueled by changing climatic conditions, land use and management, and population dynamics, can 
cause major displacement and migration (Misselhorn, 2005; Stavi, Roque de Pinho et al., 2021). In 2020, an esti-
mated 282 million people in Africa (21% of the population) were undernourished and 798.8 million were moder-
ately or severely food insecure (59.6% of the population). Compared to 2015, these numbers increased by almost 
30% (FAO, 2021). Due to their limited capacities to adapt and cope with environmental changes and hazards, the 
poor face particularly high climate risks. Recent estimates suggest that without immediate action, by 2030, up 
to 118 million extremely poor people (i.e., those living on less than US$ 1.25/day) may be exposed to drought, 
floods and extreme heat in sub-Saharan Africa, causing humanitarian emergencies (Shepherd et al., 2013).

Demography plays an important role in assessing the exposure and vulnerability to climate risks (Lutz & 
Muttarak, 2017). Whereas in most regions of the world population growth has declined, Africa has seen persistent 
increases in its population over the past decades. The high levels of population growth result from a combination 
of declining mortality and high fertility rates (Lutz & Qiang, 2002). If the African population continues to grow 
at the current rate, it is expected to double in size by 2050 (UN, 2019). The growing population means that more 
people will be exposed to hazards in the future, which is also reflected in a growing number of people affected by 
disasters in the region (Centre for Research on the Epidemiology of Disasters, 2021). At the same time, the demo-
graphic trends have important implications for vulnerability and mobility as public sectors and infrastructures, 
such as housing, transportation, and health care, cannot cope with such a rapid population increase, contributing 
to lower resilience and increased risks for populations (Muttarak, 2021).

Together with the rapid population growth, environmental degradation can fuel conflicts in the area. For exam-
ple, increased competition for resources between farmers and pastoralists have led to disputes in the Sahel region 
with several outbreaks of violence in the past years (Brottem, 2016; UNEP, 2011). Institutional arrangements 
and social norms can play an important role in preventing violent conflict from occurring or getting out of hand. 
These can be arrangements regulating access to scarce resources or facilitating mediation (Adano et al., 2012). 
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As a result, with appropriate collective institutions in place, environmental scarcity can also foster collaboration 
between different social groups.

4. How Climate Change Affects Mobility in African Drylands?
For the year 2020, the Internal Displacement Monitoring Center (IDMC) recorded 11.1 million new displace-
ments in Sub-Saharan Africa of which about 4.3 million were due to disaster events (IDMC, 2021c). For exam-
ple, the Sudan and South Sudan experienced their worst floods in decades with 155 deaths and 830,000 people 
affected in the Sudan alone (WMO, 2021). At the same time, slow-onset processes and gradual environmental 
changes, which are mostly not covered in the IDMC numbers, represent a significant risk in the region, under-
mining local livelihoods and economic opportunities.

Climate change is expected to further amplify environmentally induced migration from these areas both within 
countries and across borders. Likewise, displacement risks are expected to increase due to disruptions in food 
supplies, threatened livelihoods, and conflicts (IDMC, 2021c; IPCC, 2018; Borderon et al., 2019). The World 
Bank Groundswell report estimates that until the year 2050 gradual environmental changes could force up to 86 
million people to migrate within the borders of their countries in sub-Saharan Africa, if no urgent climate action 
is taken (Clement et al., 2021).

Based on the IPCC 1.5SR and recent findings from the literature, Thalheimer, Williams, et al. (2021) discuss six 
impact sectors that will be particularly affected by climate change and highlight implications for mobility. These 
include impacts on economies, livelihoods and poverty, food security, health, urban areas, and cascading risks. 
Having a comprehensive understanding of the channels through which climate change will affect populations 
is pivotal for policymakers to identify hotspots of highly exposed and vulnerable areas and to develop effective 
policy responses.

Economic impacts, livelihood disruptions, and poverty are a key mobility driver. In the last Afrobarometer wave 
in 2019, economic considerations, including “finding work,” “economic hardship,” “poverty,” and “better busi-
ness prospects,” were cited as the most important reason for considering emigration in Africa (Afrobarome-
ter, 2021). With the majority of the population (52.9% in 2019 in sub-Saharan Africa) employed in agriculture, 
the agricultural sector is critical for African economies (ILO, 2021). Climate change will have major impacts 
on this sector's productivity, potentially reducing crop yields by up to 50% (Dinar et  al.,  2008; Schlenker & 
Lobell, 2010; Tol, 2018). As a result, based on recent projections of the African Development Bank, the African 
Gross Domestic Product could suffer a significant decrease. Under a high-warming scenario, Eastern and West-
ern Africa, could experience a reduction in GDP per capita by about 15% by 2050 (African Development Bank 
Group, 2019).

A second major channel through which climate change affects mobility outcomes is through its impacts on food 
production, water security, and health. Especially, issues related to food security have been shown to be an impor-
tant determinant of both the desire and the decision to migrate (Cai et al., 2016; Sadiddin et al., 2019; Warner 
& Afifi,  2014). With climate change, agricultural production will become increasingly difficult in drylands, 
including for pastoralists, who may be forced to alter their mobility patterns in search for suitable grazing land 
and water (Boone et al., 2018). Food and water crises have also been the cause of major displacements in Africa 
in the past decades, most notably the series of drought events that have affected the Eastern African region in 
2011–2012, causing a major famine and displacement. Aside of its impacts on nutrition, climate change also 
affects health outcomes through other channels, including through risks related to extreme weather events and 
disasters (Mirza, 2003; Warner et al., 2012), temperature extremes and thermal stress (Kjellstrom, 2009), altera-
tions in the spread of diseases and pests (Epstein, 2001), and through its impacts on conflict (Abel et al., 2019).

Climate change and resulting land degradation in drylands are expected to have major socioeconomic implica-
tions and represent a major risk for achieving inclusive and sustainable development (Figure 2). Scholars have 
warned that climate change could threaten achievements across a number of areas. These include achievements 
related to the Sustainable Development Goals (SDGs) on poverty eradication (SDG1), zero hunger (2), health 
(3), gender equality (5), clean water and sanitation (6), decent working conditions (8), inequality (10), life below 
water and on land (14 and 15) and peace, justice, and strong institutions (16), among others. Across these different 
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areas, capping warming to 1.5 °C can substantially minimize risks and thus considerably reduce migration pres-
sures on affected populations (IPCC, 2018; Thalheimer, Williams, et al., 2021).

5. Mobility, Urban Growth, and Climate Resilience
While climate change undermines the livelihoods of rural communities, it also has significant implications for 
urban areas in Africa. Environmental degradation together with limited social and economic opportunities in 
rural areas have pushed large number of migrants toward cities, leading to unprecedented urban growth in the 
region (Storeygard et al., 2014). The 10 fasted growing urban agglomerations are all located in Africa. Cities, 
such as Dar es Salaam in Tanzania, Kampala in Uganda, or Ouagadougou in Burkina Faso are expected to double 
in size by 2035 (Figure 3). By this time, the majority of the African population (50.9%) will likely be living in 
cities (United Nations, 2019).

The observed urbanization trends are closely related to climate mobility patterns (Henderson et al., 2017). They 
highlight the need to broaden the perspective when examining the climate mobility nexus. It is important to not 
only ask where climate migrants are coming from, but also where they are going. Depending on the severity of 
future climate impacts, a further depopulation of rural areas can be expected with both significant implications 
for rural and urban communities. The rapid urbanization will bring new opportunities, but also a range of chal-
lenges, including new environmental risks (Hoffmann & Muttarak, 2021).

Figure 2. Socioeconomic impacts of desertification and climate change based on the Sustainable Development Goals (SDG) framework. The length of the bars shows 
the magnitude of the expected impacts, the shading shows the level of confidence based on the existing evidence. Darker shades indicate a higher confidence in the 
findings. Source: IPCC Special Report on Climate Change and Land (IPCC, 2019).
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Climate change will have major impacts on cities. Heat waves exert a particularly strong effect in urban environ-
ments due to urban heat island effects, contributing to increased heat-related morbidity and mortality in densely 
populated areas (Thalheimer, Williams, et al., 2021). While cities are often the destination of those forced to 
leave their homes due to climate change, they are at the same time hotspots for climate-induced displacements 
(IDMC, 2021a). Migrants and internal displaced persons (IDPs) are particularly at risk. They often live in margin-
alized, informal neighborhoods with insufficient infrastructures, lack of basic services, poor housing quality, and 
limited protection (Pantuliano et al., 2012). These areas are often located in hazard prone environments, such as 
in marginal lands, low-lying deltas or coastal zones (Reckien et al., 2017).

Flooding and severe storms as two common hazards have been shown to have particularly severe impacts in urban 
environments, where they can unfold a high destructive potential leading to major losses and damages (Donner & 
Rodríguez, 2008; Gu, 2019; Hoffmann & Muttarak, 2015). Vulnerable population groups, including migrants and 
IDPs, tend to be particularly affected, further aggravating inequalities and poverty (IDMC, 2021a). Those who 
have fled from harm before, may thus find themselves forced to move again. This process, which is referred to 
as secondary displacement (IDMC, 2018), can lead to a vicious cycle of increased environmental risks, displace-
ment, and poverty and vulnerability.

Faced with a rapid population growth, many expanding cities in Africa are not well prepared to mitigate risks 
related to increasing inflows of migrants and IDPs in the future. With rising climate impacts, this entails substan-
tive risks both for city residents and migrant populations with implications for climate adaptation. Preparing 
cities and building climate resilience in urban contexts is therefore crucial. This requires forward-looking urban 
planning, the promotion of innovative solutions to sustainable urban living, preventative disaster risk reduction 
efforts, inclusive infrastructure development, and strengthened efforts to integrate migrant populations into urban 
labor markets, particularly through inclusive education and training. Better protection and support of migrants 
and populations affected by climate change is needed at all stages of the migration cycle, involving both origin 
and destination areas (Vinke et al., 2020).

Figure 3. Urbanization trends across Africa. Panels (a–d) show the urban expansion of the four largest among the 20 fastest growing cities of the continent. The red 
number left of the intersection of the dashed lines shows the population size of the city in the year 2020, the reference period. The second red number to the right shows 
the projected growth of the city population until 2035. Panel (e) maps the urbanization trends across Africa and shows the locations of the 20 fastest growing cities. 
Darker shades of blue indicate higher levels of urban growth in a country. The numbers in parentheses behind the city names show the city population in million in the 
year 2020 and the expected growth of the city 2020–2035. Data: UN Department of Economic and Social Affairs (2019).
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6. Toward an Integrative Approach in Science and Policy
The work by Thalheimer, Williams, et al. (2021) highlights the complexity of climate mobility processes calling 
for an integrative systems approach in both research and policymaking to address future warming impacts on 
populations (see Figure 1 in their paper). Climate change affects human livelihoods and well-being through a set 
of closely related and compounding channels and impact sectors. Effects on one sector may spill over to others, 
potentially leading to reinforcing and cascading risks.

The complexity of the issue also emerges from the very nature of human mobility, which is highly diverse. 
Populations respond in various ways to environmental threats either by altering their mobility or by remaining 
immobile and choosing other in situ adaptation and coping strategies, if possible. The question of who migrates 
and who stays (and under which conditions) is often closely related to issues of social inequality, poverty, and 
lacking opportunities. If people move, their mobility can take different forms: It can be temporary over a short 
period or over a longer time, over a short-distance or a long-distance, within national borders or international. It 
can also involve various degrees of decision power ranging from a spectrum from less to more forced forms of 
mobility (Hoffmann et al., 2021).

How can a systems perspective in research and policy help in understanding these processes better? System 
analytical approaches emphasize integrative thinking to address wicked issues and interconnected challenges 
(Hynes et al., 2020; van Kerkhoff, 2014). Systems are groups of related parts that influence and depend on each 
other. For example, (non)migration decisions are shaped by the closely connected social, economic, and political 
systems in a community that are influenced by environmental and nonenvironmental factors. Translocal migration 
networks (Greiner & Sakdapolrak, 2013) bridge origin and destination areas and constitute a social system of its 
own right, which closely interacts with other systems (e.g., by sending remittances, migrants contribute to build-
ing economic resilience in origin communities). Systems can respond to influences in nonlinear ways, a pattern 
that also applies to climate impacts on human systems (Gaupp et al., 2021). These are characterized by social 
tipping points (e.g., limits of habitability) beyond which the systems can no longer adapt to changes in climatic 
conditions, potentially leading to increased migration (Bentley et al., 2014; Warner & van der Geest, 2013).

System thinking acknowledges the close relationships and interdependencies between different types of systems 
and their parts, including natural (e.g., hydrologic, atmospheric, biological, geological) and human (e.g., 
economic, social, infrastructural) systems (Berry et al., 2018). Being inherently multidisciplinary and interdis-
ciplinary, system analytical approaches are well-suited to understanding climate mobility in different contexts, 
highlighting that the climate mobility nexus is deeply rooted in broader issues of sustainable development and 
other population dynamics. Such a comprehensive perspective is needed to study the consequences of climate 
change for human mobility and its implications and related challenges for origin and destination areas.

In order to achieve a stronger integration of different perspectives, closer collaborations between diverse part-
ners—involving actors from science and policy—are needed. These should be based on fair, equal, and inclusive 
processes of knowledge production, transfer, and implementation that involve a number of stakeholders, includ-
ing from communities directly affected by climate change impacts. In particular, voices from the Global South are 
rarely heard in discourses related to climate change and human mobility (Piguet et al., 2018). Establishing more 
inclusive funding schemes and research partnerships and investing into science and education are key elements 
to successfully integrate researchers from different fields as well as geographical and economic backgrounds. 
Furthermore, multistakeholder partnerships and participatory approaches, involving actors from academia as well 
as the public and private sector, can support evidence-based decision making with a relevance for local contexts 
(Lemos, 2015; Wittmayer & Schäpke., 2014).

A strong solution orientation is key in addressing the challenges arising from increasingly severe climate impacts. 
System analytical research can support decision makers to resolve challenges they face in the short, medium, and 
long term (Ison, 2017). To enable forward-looking, solution-oriented approaches in the context of climate mobil-
ities, anticipatory action and planning are needed (Thalheimer et al., 2022). These can help fostering resilience 
and sustainability in communities most severely affected by climate change.

Data Availability Statement
The code and data that support the findings of this study are available from the author upon reasonable request.
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