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Decreasing yields due to water stress form a threat to rural livelihoods and can affect migration dynamics, especially in vulnerable regions that lack the capacity to adapt agriculture to water stress. But since migration is complex, non-linear and context-dependent, it is not feasible to predict the precise number of people that will migrate due to water stress. It is possible to map the different conditions that shape regional vulnerabilities and the number of people affected. This study presents a vulnerability approach to identify areas on the African continent where emigration associated with water stress is expected to be relatively high by 2050 under a middle-of-the-road scenario (SSP2) and compares the results with the 2010 situation. By utilizing among other indicators the water yield gap, the impact of water stress on rainfed agricultural crop yields is included, reflecting the impact of water stress on rural livelihoods depending on crop farming. The analysis was done on a water-province level, 393 in total. Clusters of potential emigration associated with the impacts of water stress on agriculture are projected for parts of the Sahel, the Horn of Africa and regions of Angola. The regions where migration associated with water stress is expected to be relatively high by 2050 are approximately the same as those of 2010, although more people are projected to be living in these water-stressed regions. By developing this vulnerability approach, this manuscript enlarges the current insights regarding future clusters of water stress-related migration.
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INTRODUCTION

The impact of environmental change on migration dynamics has received increasing attention in academia and beyond since slow-onset processes such as droughts and land degradation increasingly affect people's mobility (IOM, 2021). Consequently, “environmental migration” is more and more discussed in international scientific and policy discussions as a cross-cutting and complex issue. The processes that determine migration are diverse and depend on the place where people live, their gender, age and their perceived opportunities (Neumann and Hermans, 2017). Therefore, the identification of a causal link between environmental change and migration is complex; there are many interconnected drivers of migration, including political, social, economic, and environmental causes (Black et al., 2011a). In addition to having a direct impact via fast-onset events, for example due to flooding, environmental change can have indirect slow-onset effects on migration decisions, as it also affects economic drivers, in terms of income and employment (Black et al., 2011a; Afifi et al., 2016; Cattaneo et al., 2019).

Migration associated with slow-onset environmental degradation is primarily observed in rural regions of low-income countries where a major share of the population depends on their natural environment for their livelihoods (Warner et al., 2010; Mortreux et al., 2018). In these natural resource-depended areas, economic factors are the mechanism through which environmental factors affect migration (Afifi, 2011; Neumann and Hermans, 2017). Temporary, cyclical or permanent migration can be a strategy to improve individual or household security, to spread economic risks or to avoid livelihood degradation when in situ adaptation to water stress or land degradation is not possible (Black et al., 2011a; Scheffran et al., 2012). In those cases, migration is mostly taking place internally since people have limited resources to move abroad.

Different types of research have been performed in order to better understand the complex dynamics of migration linked to environmental change (Borderon et al., 2019; Cattaneo et al., 2019). Empirical studies based on interview, survey or census data provide an overview of the common drivers of migration related to environmental change, as reviewed by Neumann and Hermans (2017) and Borderon et al. (2019), but not of the relative importance per driver. Some case studies in these reviews are qualitative analyses that allow for detailed narratives considering migrants perceptions and experiences (Carr, 2005; Abu et al., 2014). But qualitative case studies cannot provide conclusions on macro scale dynamics. The quantitative studies try to correlate observed or estimated patterns of migration with drivers, what yields an ambiguous picture on the order of magnitude and causal linkages (Van der Geest et al., 2010; Neumann et al., 2015; IRP, 2022). Because both qualitative and quantitative case studies use different methods and categories, a precise quantitative comparison between the reviewed studies was neither possible in Neumann and Hermans (2017) nor in Borderon et al. (2019).

Another type of research on migration linked to environmental change is simulation modeling. Few studies estimate the future number of migrants who are expected to move as a result of climate change and/or environmental degradation (Westing, 1994; Myers, 2002; Rigaud et al., 2018; Clement et al., 2021). These estimations, however, are debated for four reasons. First, critics say the numbers are based on “common sense rather than insight from theories or evidence” (Black et al., 2011a). Second, these studies do not use a commonly accepted methodology but they use rather specific scenarios and related assumptions (Gemenne, 2011; Cattaneo et al., 2019). Third, these studies may be influenced by social and political agendas (Kolmannskog, 2008). Fourth, defining migrants as environmental migrants is blurry, because of the intertwined drivers of migration. The limitations of empirical studies and simulation models in specifying causal mechanisms implicate that uncertainty about the complex and context-specific processes that drive migration affected by environmental degradation will persist (McLeman, 2013; Neumann and Hilderink, 2015). This affects how future developments regarding migration related with environmental degradation can be assessed. In line with Warner et al. (2010) we reason that in the absence of full knowledge on how all theoretical components interact, and the absence of sufficient data to measure the relevant variables, making precise migration predictions is therefore not feasible. From our perspective, stating exact numbers such as in Rigaud et al. (2018) and Clement et al. (2021) provides a false sense of precision, since migration dynamics are complex, non-linear, and hardly ever driven by environmental conditions alone.

Although making precise predictions is not feasible, it is possible to explore how various important macro drivers of migration linked to environmental degradation will develop and, by combining these drivers, to identify regions where migration associated with environmental degradation may be relatively more likely compared to other regions. These more vulnerable regions are also the regions where people may become “trapped” (Black et al., 2011a; Adger et al., 2015). Trapped populations are those who have too little means or capabilities to migrate, due to a lack of economic capital and relocation options. This emphasizes the fact that environmental change primarily decreases livelihood circumstances, and influences migration only in some cases (Borderon et al., 2019). Since actual migration is determined by the hard to predict balance between the incentive to migrate and the means and willingness to do so, indicating livelihood vulnerability toward environmental change is a more appropriate approach. The approach applied in this study is a form of vulnerability mapping (see for example Busby et al., 2014 and Thornton et al., 2008). In this study, we focus on water stress as the environmental driver since water availability is an important determinant for income and employment opportunities of rural farming households (Namara et al., 2010; Balasubramanya and Stifel, 2020). Several studies have showed that decreasing access to or absolute water scarcity can contribute to decreasing livelihood conditions, and contribute to emigration (van der Geest, 2011; Afifi et al., 2016; IRP, 2022). We select the most obvious and suitable vulnerability drivers in the context of migration associated with water stress by drawing upon the findings in two review studies of Neumann and Hermans (2017) and Borderon et al. (2019). Our study focusses on the African continent since it is one of the most vulnerable continents when it comes to water stress due to its on average high exposure and relatively low levels of state capacities to implement effective adaptation measures (Adger et al., 2014). Large parts of the African continent are projected to face yield gaps as a result of water stress of over 40% as a result of water stress in rain-fed agriculture under the middle-of-the-road scenario shared-socioeconomic pathway (SSP2) scenario (Biemans, 2018).

The main objective of this study is to project where migration associated with water yield gaps in rainfed agriculture is relatively likely on the African continent by 2050 under a middle-of-the-road scenario, and to project how many people will be living in these areas by 2050. To our knowledge, this is the first attempt to map clusters of potential migration associated with water stress. The results from this study can aid by setting priorities in policymaking processes and can help to identify locations for case study research.

The subsequent section presents the methodology of the study followed by a section presenting the main results. After the results, a comprehensive discussion section follows. The paper ends with concluding remarks.



MATERIALS AND METHODS

This section consists of four subsections to substantiate the methodology. In the first subsection, the choice of the indicators for the model are substantiated based on existing research and data. In the second subsection, the scenario and scale are presented. The third subsection explains what data has been used. In the last subsection the model approach is explained.


Identifying the Indicators

To assess future geographical clusters of potential migration associated with water stress, four indicators are identified that are of importance to identify levels regions vulnerable to emigration associated with water stress. These indicators have been selected based on the inventory and categorization of drivers by Neumann and Hermans (2017) and the case study review by Borderon et al. (2019), in combination with arguments derived from existing studies on migration. Since discussion exists upon the main drivers of migration in the context of environmental change, we provide the arguments for including specific drivers in the methodology section to provide a justification for the choices made. Thereby was the availability of projections a boundary condition to include indicators.


The Economic Indicator

The first indicator to include is gross domestic product (GDP) per capita, expressed in purchasing power parity (PPP). GDP PPP is more useful for this study than nominal GDP, since it takes the relative cost of living in the country into account, rather than just using international market exchange rates. GDP per capita PPP provides information on which regions are projected to face relatively high levels of migration associated with water stress for three reasons. First, the lower a country's average GDP per capita, the larger the rural population share is on average (De Brauw et al., 2014). The rural population is in general more dependent on the environment for their livelihoods than their urban counterparts. Second, and in line with the first reason, in countries with a low GDP per capita PPP, employment and income are more dependent on agriculture, as substantiated in Figure 1. In 2019, agriculture was the primary employment sector in sub-Saharan Africa, with around 53% of its population estimated to work in agriculture (World Bank, 2020). Therefore, a large share of the population in sub-Saharan Africa is vulnerable to decreasing precipitation or increasing variability, as compared to countries where people are predominantly employed in other sectors. Third, in countries with a low GDP PPP per capita, a relatively large share of the population lives in an economically marginalized position, which reduces their adaptive capacity to cope with potential losses (Chen et al., 2014).


[image: Figure 1]
FIGURE 1. Illustration of the correlation between agricultural rents as percentage of GDP PPP and GDP PPP (data received from: World Bank, 2020). The green line represents the LOESS trend.




The Demographic Indicators

Two demographic indicators are included to cover different aspects of regional vulnerability to migration associated with water stress: the youth share and population growth. Youth share is included since the greatest mobility is found among younger adults (Hugo, 2011; Abu et al., 2014; Borderon et al., 2019). Hence, a large percentage of young people can influence the level of mobility of a population. Population growth is included to represent pressure on resources, often in terms of land availability, as a result of high population density due to high population growth has often been found as a driver of migration (Afifi, 2011; Bezu and Holden, 2014; Hermans-Neumann et al., 2017). We include population growth to account for pressure, since population density is not adequate. Population density fails to consider the carrying capacity of the environment. Drylands, for example, can be distinguished into different categories based on environmental features (Sietz et al., 2017), these different types provide a livelihood for a differing number of people, depending on the natural resource base and the governance of these resources. An increase in migration could be expected when the number of local inhabitants reaches the point of saturation with respect to livelihood opportunities related to the natural resource base, rather than just based on local differences in population density. The increase in rural population density gives especially younger people the push to look for opportunities elsewhere (Hugo, 2011). However, since population increase and share of young people do not correlate too well,1 we use both population growth and composition as two separate variables in our model. While population growth in parts of the “global north” is expected to decline, various parts of Asian and especially sub-Saharan African drylands are projected to continue to see high levels of population growth toward 2050 as shown in Figure 2.


[image: Figure 2]
FIGURE 2. Population growth and growth of the share of young adults in %, by 2050 compared to 2010, globally, in drylands and in the African Drylands (Figure taken with permission from Ligtvoet et al., 2018, data from Samir and Lutz, 2017).




The Water Indicator

The water yield gap (WYG) was included to represent the impact of water stress on rainfed agricultural crop yields, and therefore reflects the impact of water stress on rural livelihoods depending on farming. We included the WYG rather than another water stress indicator for two reasons. First, most water stress indicators combine “green water” and “blue water”. Green water is water available to plants in soils, while blue water refers to the runoff in streams and rivers plus the annual recharge to aquifers (Rijsberman, 2006). To access blue water, irrigation schemes are needed, and since most of the African agriculture is rain-fed (Biemans, 2018), the use of these types of indicators tends to overestimate water availability for agriculture. Second, most water stress indicators are presented in relative severeness of water shortage but are not coupled to impact on livelihoods. To avoid this, we use the WYG since this indicator quantifies and isolates the effect of water stress on crop yields. This leaves other rural livelihoods depending on water out, although the indicator provides a proxy for limited grass growth due to water stress, which is relevant for pastoralists. The WYG estimates are derived from the dynamic global vegetation model IMAGE-LPJmL (Lund-Potsdam-Jena managed Land) (Bondeau et al., 2007) and described in more detail in Biemans (2018). In this model water availability as well as extension of the cropland area, climate change and a continuation of ongoing improvements in agricultural management practices are used to make projections of future crop yields both for rain-fed as well as for irrigated crops (Stehfest et al., 2014). The WYG for rain-fed agriculture represents the differences between actual yield and potential yield without water limitation (see Biemans, 2018 for more detail), as visualized in Figure 3.


[image: Figure 3]
FIGURE 3. Gap in rain-fed crop yields in Africa by 2050 as a result of water stress.





Scenario and Scale

Projections for all four indicators were derived from the Shared Socioeconomic Pathway 2 (SSP2) storyline “the middle-of-the-road scenario” which reflects a continuation of current trends (Fricko et al., 2017; O'Neill et al., 2017). This scenario was combined with Representative Concentration Pathway (RCP) 6.0 for the WYG, representing a medium baseline emission scenario in combination with a high level of mitigation (van Vuuren et al., 2011).

As spatial aggregation level we made use of water provinces (Straatsma et al., 2020); a balanced sub-national representation of topographic, hydro-climatic, and administrative properties, with a minimal size of 20,000 km2 (Straatsma et al., 2020). We use national data for population growth, demographic composition and GDP per capita PPP, whereas water yield gap and population distribution are grid-based data with a resolution of 30 arc-seconds (~1 × 1 km near the earth's equator). The African continent features 393 water provinces, as illustrated in Figures 4, 5. National data are inherited by the water provinces within countries. Thirty arc-second data on the water yield gap are aggregated to the level of water provinces using an area weighted calculation method. Thirty arc-second grid data on the distribution of the population are summed over water provinces, to obtain the number of people living per water province.


[image: Figure 4]
FIGURE 4. Probability map of regions facing migration associated with water stress by 2050 under the Shared Socioeconomic Pathway 2 scenario.



[image: Figure 5]
FIGURE 5. Probability map of emigration associated with water stress in 2010.




Data Sources
 
GDP per Capita PPP

GDP projections (converted to 2005 USD in PPP) for 2050 were derived from the SPSS2 scenario outlined by the International Institute for Applied Systems Analysis (IIASA) (Dellink et al., 2017). On the country level these data were divided by population projections to gain GDP per capita PPP.



Population Growth

Population growth projections on the country level for 2050 were derived from the SSP2 scenario outlined by the IIASA (Samir and Lutz, 2017). Results from the future urban growth model 2UP (Van Huijstee et al., 2018) were used to calculate the urban-rural distribution on the water province level to calculate the number of rural people per water province.



Share of Youth

The 15–29 year fraction was used to classify this indicator. Population projections on the country level were derived from the SSP2 scenario outlined by the IIASA (Samir and Lutz, 2017).



Water Yield Gap

Projections of the WYG for 2050 were derived from the LPJmL model using the SSP2 scenario making use of RCP 6.0 (Biemans, 2018). Actual yields were calculated by forcing the model with gridded precipitation data (CRU), whereas potential yields were calculated by supplying supplemental irrigation water in case of soil moisture deficits. These numbers, available at the level of 30 arc minutes, were aggregated to the water province level by calculating the average value for all cells containing data, hence cells with no data, mostly desert areas, were excluded.




Methodological Approach

To identify future potential clusters of migration we used a composite indicator technique (Nardo et al., 2005), by following a five-step procedure on the level of water provinces:

(1) all four indicators were normalized to values between 0 and 1 with the use of the lowest and highest values of all values for 2010 and 2050. Comparing results for both years is only possible when data for both years are normalized using the same under and upper boundaries;

(2) the four indicators were multiplied with equal weight, which is more discriminating toward the extreme values than an additive method;

(3) the results were taken to the power of ¼ to avoid skewness;

(4) the outcome values were multiplied by 10 and rounded up to gain discrete results between 0 and 10;

(5) the results were classified in probability categories. Water provinces with value 9 or 10: very high. Value 8: high. Value 7: moderate. Values 0 to 6: low to very low. The category “no data” consist of all water provinces without crops and water provinces without up-to-date data or projections available.




RESULTS

By using projections of future WYGs, economic and demographic indicators, we compiled a map of potential emigration clusters associated with water stress by 2050. Figure 4 presents the spatial results. It illustrates that potential clusters of emigration may be relatively rare in northern Africa. Although the WYG is projected to be between 40 and 60% (Figure 3) here, vulnerability of rural communities is projected to be relatively lower due to the economic and demographic conditions compared to other regions. In sub-Saharan Africa several regions are projected to face larger levels of migration associated with water stress due to an accumulation of vulnerabilities. In the northern drylands of the Sahel, especially in Mali, Niger and Chad, migration associated with water stress is projected be high toward 2050 under the SSP2 scenario. Countries in the horn of Africa, Kenya, Ethiopia and northern Tanzania are also projected to be vulnerable. In addition, several regions of Angola and Zambia are projected to face relatively high levels of rural emigration due to an accumulation of economic and demographic factors in combination with agricultural water stress.

Figure 4 indicates areas where future potential emigration associated with water stress may be more likely than in other areas. The map does not provide information on the number of actual migrants nor on the distance these people may migrate. We can calculate the number of people projected to live in the rural areas in the different classes though, which is given in Table 1. Although less water provinces are indicated as highly vulnerable by 2050 compared to 2010 (Figure 5), the number of people living in these most vulnerable regions is projected to increase by 63 million, or 86% (Table 1).


Table 1. Projected increase in rural population living in emigration cluster areas associated with water stress from 2010 to 2050 in millions (population data from: Samir and Lutz, 2017, rural-urban distinction by the 2UP model described in Van Huijstee et al., 2018).

[image: Table 1]

Figure 6 shows that the indicators we considered most influential for this study, are projected to diminish in most classes in the SSP2 scenario. Only water stress slightly increases on average. The share of young people remains high in comparison to other regions in the world, although in absolute terms a small decrease is projected. For the level of income there is also an increase toward 2050, but since this indicator is scaled the other way around, the value decreases. In all classes the average income increases, though only slightly for the class “very high”. This development mostly concerns areas in Mali, Chad and Niger and one water province in northern Burkina Faso. These are the only areas where the share of young people is projected to increase toward 2050, opposed to other regions.


[image: Figure 6]
FIGURE 6. Average value of the four normalized indicators of the migration model for every legend class for 2010 and 2050. Gross domestic product per capita is depicted inversely: 1 being very low and 0 being very high, the other indicators are depicted in the same direction as their value: 1 meaning either a very high water yield gap, a very high share of youth, or a rapid increase of population.




DISCUSSION


Scientific Contributions

The contribution of this study to the evolving research field on the link between human migration and environmental change is 2-fold. The first contribution is theoretical and is derived from insights in existing literature. This first contribution features the understanding that projecting precise numbers of “environmental migrants” is not possible, since migration is hardly, if ever, solely driven by environmental degradation. Additionally, migration associated with environmental degradation is highly context dependent. Following these insights, mapping vulnerabilities is the best way forward if we want to inform policymakers and practitioners about future migration linked to environmental conditions. The second, more explicit, contribution results from the first contribution. The second contribution is the development of an approach to provide information on regions where emigration associated with water stress is expected to be more likely than in others.

The first contribution of this study was the starting point of the mapping exercise. Since migration dynamics are affected by a diverse set of small- and large-scale conditions, push and pull factors, the goal of the study was not to project the exact number of future migrants affected by water stress by 2050. This exact number, even in a specific scenario with specific assumptions, would have provided a false sense of precision. Additionally, we do not provide information on the distance these migrants will travel, although the expectation is that people affected by water stress will mostly move within countries or to neighboring countries where livelihood opportunities are perceived to be better (de Bruijn and van Dijk, 2003; Henry et al., 2004). Contrary to our conviction, a 2018 study by The World Bank Group (Rigaud et al., 2018) did provide exact projections on the number of “internal climate migrants” by 2050. According to this study, in South Asia, Sub-Saharan Africa and Latin America, a total of 143 million people will be forced to move within their own countries, due to the impacts of slow-onset climate change. From our perspective, stating these exact numbers provides a false sense of precision, since migration dynamics are too complex, highly non-linear, and hardly ever only driven by climatic conditions. Although the 2018 World Bank study provides valuable insights on migrant decisions and destinations and combining multi-risk scenarios, providing projections on the exact number of “internal climate migrants” is too precise when compared to the current insights. Consequently, the strength of our study lies in the indication of vulnerable areas given projected future developments, rather than providing the estimated exact numbers of migrants itself.

The second contribution is the actual the methodology of this study. The approach is conceptually consistent with a growing body of research on environmental degradation, climate change and human security that seeks to incorporate national and sub-national variation in vulnerability levels. Existing work includes climate change vulnerability in Africa (Busby et al., 2014), food—cereal—production vulnerability to climate change (Fraser et al., 2013), poverty, vulnerability and climate change (Thornton et al., 2008) and population and climate change hotspots in Africa and parts of Asia (Hugo, 2011). While the precise methodology differs per study, all aim to provide insight in future climate- and environmentally induced impacts on human security, with our study being the first that specifically addresses migration.

The results show that the regions where emigration associated with water stress is relatively likely compared to other regions will not increase compared to 2010, although the number of people living in the more vulnerable regions is projected to almost double. This implies that the challenges in these areas increase. Consequently, more efforts will be needed to support sustainable and inclusive development. Many of these areas coincide with areas with high erosion sensitivity as indicated by Sietz et al. (2017) and areas where low resilience to climate change and high population growth coincide (Hugo, 2011). Thereby are these areas situated in countries presently having low institutional capacities (Kaufman and Kraay, 2019), what could severely limit adaptive capacities locally (Adger et al., 2014).



Limitations

The study has multiple limitations, as a result of the indicators used and their spatial scale, and the weighing of the indicators.


Indicators

The indicators used in this study reflect conditions of importance to migration associated with water stress, taking the spatial scale of this study into account. However, additional indicators can be thought of as of importance too. Governance structures and policies to assist or halt migration could affect where people are going, although there is evidence that restricting policies do not lower the number of migrant (Tacoli, 2010). A governance-related indicator would have not been included because the link with environmentally linked migration was found to be too fuzzy.

Another condition that has not been included is infrastructure and accessibility. Several studies have showed that the better connected a community is to decent roads, the more likely it is that seasonal and permanent migration occur (Henry et al., 2004; Afifi et al., 2014). Access to good infrastructure is an important characteristic for regional or national migration dynamics analyses. Although road infrastructure projections on the country level are available (Meijer et al., 2018), we did not include this indicator since it would discriminate against countries with relatively low levels of GDP per capita, since income is a major driver of infrastructure expansion in the scenario study by Meijer et al. (2018). And because GDP per capita was applied as the proxy for several important dimensions to indicate vulnerability to water stress (agricultural dependency, rural share, adaptive capacity), including road infrastructure would contradict this.

Education is an additional indicator which has not been included. High education levels have been found to increase migration levels since it creates opportunities to work in other regions or even abroad (de Haas, 2010; Neumann and Hermans, 2017). Generally, the higher a person is educated, the higher the probability of migration (Browne, 2017). However, education is excluded from the analysis since this study focusses on the people most vulnerable to environmental degradation, and well-educated people are not considered to be part of this group.

Lastly, solely one water indicator was operationalized. The WYG provides information on the impact of water stress on crop yield, grasping the reduction in production related to water use. However, the rain-fed module of the LPJmL model assumes that no additional water resources will become available in the future. This might not be representative, as autonomous adaptation will take place. Water efficiency and water conservation, such as with water harvesting techniques or small private wells, could potentially partly fill the future water yield gaps (Jägermeyr et al., 2017). Furthermore, it is highly uncertain where irrigation systems will be developed, especially in areas with lacking, incomplete or even unreliable data (Döll and Siebert, 2002; Wisser et al., 2008). Additionally, the indicator addresses solely crops, while livestock plays a significant role in many rural livelihoods (Herrero et al., 2013). Although (managed) grasslands are not included in the water yield gap, the relative decrease in the growth of grass due to water stress will be like crops.



Additional Environmental Pressures

There are multi other environmental and climate-related drivers that affect migration dynamics in rural areas (Black et al., 2011a; Borderon et al., 2019). Two important slow-onset drivers are overall temperature and land degradation. When temperatures rise above a mean annual temperature of 29°C, it becomes too hot to sustain agricultural livelihoods (Xu et al., 2020). In an extreme climate change scenario, large parts of the African continent reach this conditions toward the end of the century (Xu et al., 2020). Depleted soils and land degradation, both human and climate induced, can severely diminish agricultural production, and decrease rural livelihoods conditions (van der Esch et al., 2017; Olsson et al., 2019). Although we aimed to focus specifically on the impact of water stress, combining the risks of various environmental conditions for emigration could be a valuable next step in this field.



Income Levels

Another limitation of the study is the use of mean income levels, since this does not reflect reality. The incomes of small farmers and day laborer's will undoubtedly be lower than the average national per capita income. Additionally, since the increase of GDP is largely caused by non-agricultural rents, as suggested by Figure 2 and supported by Rodrik (2018), the effect of overall income increases on farmer income might be minimal. The economic SSP projections are based on a rather general model, which does not distinguish between economic sectors (Dellink et al., 2017). Besides these limitations, the overall GDP projections have been criticized as too optimistic (Buhaug and Vestby, 2019). To get an impression of the potential bandwidth we did a model run for 2050 using 2010 GDP, which shows a shift of around 40 million people living in areas classified as moderately probable moving to the highly probable class. This implies an increase of people living in areas classified as “high” of 58% instead of 18%.



Weighing the Indicators

A last important limitation to this study is the weighing of the indicators. As showed by Chowdhury and Squire (2006) and Visser et al. (2020) the choice of weighing composite indicators has huge impacts on the results. The level of agreement found in the literature is not convincing enough to weight the impact of the four identified variables that affect migration in our model other than evenly. The implication of this choice is that the WYG, has a minor impact on potential changes in migration compared to the socio-economic factors. This choice has rather big consequences. If the WYG was modeled as being evenly important as all three socio-economic factors together, the number of rural people living in areas classified as “very high” would increase from 23 million in 2010 to 53 million in 2050. This increase of 134% is substantially larger than the 89% estimated if all four indicators are weighted evenly. At the same time, the number of rural people living in areas classified as “low to very low” doubles in comparison with the original model, whereas the increase in the original model is estimated at 55%. All together this weighing would imply less people living in areas classified with at least a moderate probability of migration linked to water stress, even a decrease in comparison to 2010, but far more living in the very high probability class.



Neo-Malthusian vs. Boserup

This study has implicitly applied a neo-Malthusian approach by taking population growth as an indicator which can enhance migration. Including this indicator assumes that increasing pressure on resources can increase the number of migrants. This assumption is in line with neo-Malthusianism (Reuveny and Moore, 2009). Yet, this theory is not universally applicable and often criticized (McLeman and Gemenne, 2018). For example, a case study in northern Ghana observed that when critical levels of available food were reached, improvement of agricultural practices was an often applied adaptation option, rather than emigration (van der Geest, 2011). This is observation is in line with the theory of Boserup (1965). She stated that the exhaustion of natural resources leads to intensification and innovation. Innovation of agricultural practices is incorporated in the projections of agricultural developments used to calculate the water yield gap, although not linked to degrading environmental conditions, but linked to increasing GDP per capita.

The distinction between in situ adaptation to agricultural water stress—innovations to raise crops yields, or livelihood diversification outside of agriculture when possible—and ex situ adaptation—emigration—is important to make. However, empirical research shows that both strategies are applied, often in the same communities (Black et al., 2011b; Mortreux et al., 2018).





CONCLUSIONS

In this study we have developed a method to map in which African water provinces migration associated with water yield gaps is projected to be relatively high by 2050 following the SSP2/RCP6.0 scenario. The results are based on vulnerability mapping, regarded as the most appropriate way to project in which regions migration associated with water stress is more likely than in other regions. Vulnerability mapping is the most appropriate approach because of the complex, non-linear and context-dependent dimensions that shape migration dynamics.

Some sub-Saharan African drylands are projected to face relatively high levels of emigration associated with water stress by 2050 under a SSP2 scenario. These regions include the northern Sahel, the Horn of Africa and regions in and around Angola. In comparison with the result of a model run with data from 2010, fewer areas are qualified as having a “moderate,” “high,” or “very high” probability of facing emigration associated with water stress. Yet, the number of people living in those areas increases toward 2050, especially in the most prone areas. The rural livelihood prospects in the regions identified as having a “high” or “very high” probability of migration will be most certainly limited without substantial investments in adaptation measures such as water infrastructure. The findings of this study can support policymakers in setting priorities or help to identify locations for more detailed case study research.
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FOOTNOTES

1Correlation coefficient = 0.55 (calculation based on population data used in this study derived from Samir and Lutz, 2017).
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