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Abstract

The recent debate on population dynamics and climate change has highlighted the
importance of assessing and quantifying disparities in populations’ vulnerability and
adopting a forward-looking manner when considering the potential impacts of climate
change on different communities and regions. In this article, we overlay demographic
projections based on the Shared Socioeconomic Pathways and climate change projec-
tions derived from the Representative Concentration Pathways. We focus on popula-
tions that are likely to be the most exposed to climate change in the future, namely,
African populations in a comparative global context. First, we estimate the share of
populations living in rural areas, who would be more dependent on agriculture, as
one of the economic sectors mostly affected by climate change. Second, we explore
how climate change would worsen the condition of populations living below the pov-
erty line. Finally, we account for low levels of education, as further factors limiting
people’s adaptation ability to increasingly adverse climate circumstances. Our con-
tribution to the literature on population, agriculture, and environmental change is
twofold. Firstly, by mapping the potential populations exposed to climate change, in
terms of declining agricultural yields, we identify vulnerable areas, allowing for the
development of targeted strategies and interventions to mitigate the impacts, ensure
resilience, and protect the population living in the most affected areas. Secondly,
we assess differentials in the vulnerability of local populations, showing how Afri-
can regions would become among one of the most exposed to climate change by the
end of the century. The findings support the targeting of policy measures to prevent
increased vulnerability among already disadvantaged populations.

Keywords Climate change - Exposed populations - Vulnerable populations - Projections
Introduction
According to the 2023 Global Report on Food Crises, “humanity’s failure to

make progress toward Sustainable Development Goal 2 to end hunger” (FSIN,
2023—pp 6) must be recognised. Up to 153.4 million people are expected to
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experience high levels of acute food insecurity in 2023, but estimates may likely
increase due to a series of shocks from natural hazards, such as the unexpected
tropical cyclones in Madagascar, Malawi, and Mozambique; the earthquakes in
Syria; and the cumulative effects of prolonged droughts in the Horn of Africa.
Although several factors determine food insecurity worldwide, such as conflict
and policy instability (e.g., the war in Ukraine), economic shocks (together with
the impacts of COVID-19), in 2022, weather extremes remained the main fac-
tors affecting more than 56 million people (FSIN, 2023). Below-average rainfall,
along with tropical storms and persistent drought, impacted agriculture activities,
including crop losses and the displacement of large rural populations, affecting
food production and access to resources for a large proportion of the population.

Climate change is expected to have an increasingly significant impact on agri-
culture yields worldwide (IPCC, 2014). While the increase in carbon dioxide in
the atmosphere could have a positive impact on crop yields, it is probable that the
consequences stemming from elevated temperatures, changes in precipitation pat-
terns, and potentially more frequent extreme events like droughts and floods will
converge to reduce crop yields and heighten production risks in various regions
across the globe, particularly in countries with an economic system relying sub-
stantially on agriculture, like Africa (Tubiello & Fischer, 2007). There, climate
change will likely threaten the food security and livelihoods of rural popula-
tions, and contribute to an increase in the level of exposure and vulnerability to
climate change in the decades to come (Serdeczny et al., 2017). O’Neill et al.
(2022) provided an assessment of the key risks associated with climate change
across regions and sectors, and how future developments and adaptation efforts
can influence them. In line with the definitions adopted by the Intergovernmental
Panel on Climate Change (IPCC), exposure is assessed by the presence of popula-
tions in places affected by climate change, while vulnerability is a measure of the
ability of exposed populations to cope with the adverse consequences of climate
change (IPCC, 2012; Turner et al., 2003). Risks associated with climate change
are defined as “economic impacts across scales, including impacts on gross
domestic product (GDP), poverty, and livelihoods, as well as the exacerbating
effects of impacts on socio-economic inequality between and within countries”
(O’Neill et al., 2022, pp. 173). The International Monetary Fund (2021) assessed
that at global level, the warming of around 4 °C could have led to a~3% drop in
annual GDP.

Studies have demonstrated that environmental stressors are highly context spe-
cific (Piquet, 2020), recognising African populations as among the most vulner-
able in the world (IPCC, 2012; UNEP, 2017). The main reasons of this primacy
are thought to lie in the socio-economic conditions of populations and the high
economic dependence on agriculture, which is one of the main economic sec-
tors for population subsistence, particularly in tropical and subtropical regions,
where fast-growing populations, affected by poverty and recurrent environmental
shocks, may have low adaptive capacity (Zarnetske et al., 2021). Yet, few empiri-
cal analyses have been able to systematically compare the future effects of cli-
mate change on the population at global level, highlighting the disadvantage of
African populations compared with the rest of the world.
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Against this backdrop, our research aims to estimate how many people at
global level could be exposed to climate change up to the end of the century,
under hypothetical demographic and climate scenarios. We seek to fill the gaps
by using harmonised datasets on population and environmental conditions at a
granular level between 1975 and 2015, enabling us to assess historical trends and
project potential futures for all world regions. The severity of climate change
impacts is assessed based on the interactions between extreme weather events and
climate hazards on the one hand, and the exposure and vulnerability of environ-
mental systems and the population, on the other (O’Neill et al., 2020a, b). The
latter is not and will not be homogenously distributed across regions, with some
local areas and specific populations more affected than others, depending on their
level of vulnerability. Within this framework, we quantify the differentials across
populations worldwide in a comparative way. Specifically, our approach relies
on the combination of two independent sets of projections: the shared socioeco-
nomic pathways (SSPs), which forecast the socio-economic evolution of societies
based on certain narratives about the future (O’Neill et al., 2017), and the repre-
sentative concentration pathways (RCPs), used to model greenhouse gas concen-
tration and land use, which translate into different future climate trajectories (van
Vuuren et al., 2011). We intersect projections of socio-economic indicators from
the SSPs with projections of climate change stemming from different greenhouse
gas emission targets of the RCPs.

Our contribution to the Population Environment Special Issue on Population, Food
and Environment is twofold. First, we assess the share of populations living in rural
territories where agriculture represents one of the main human activities and one of
the economic sectors most dependent on natural systems and most exposed to climate
change. Our choice to focus on rurality is consistent with a growing body of studies
that recognise agriculture as one of the main channels through which climate change
may shape migration/mobility behaviours (Tubiello et al., 2002). We therefore quan-
tify differences in impact for African regions, where agriculture makes a significant
contribution to the gross domestic product (GDP)—around 20%—and is the main
source of employment in most countries, comparing them to other world regions.
Goedde et al. (2019) estimated that 60% of the population of sub-Saharan Africa is
made up of small-scale farmers. Second, we take into account socio-economic fac-
tors that would increase the vulnerability of the population: i) poverty: people liv-
ing below the poverty line would suffer additional burdens for climate variability and
extreme conditions (Hallegatte & Rozenberg, 2017); ii) education: climate risks are
strongly linked to inequalities generated by differential vulnerability and capacity to
adapt such as education (Oppenheimer et al., 2014; Lutz et al., 2014; O’Neill et al.,
2020a, b). Following these perspectives, we unravel the disadvantage of African pop-
ulations in a comparative perspective.

This paper is structured as follows. The second section describes the approach
used to project populations at a high geographical granularity, under the assump-
tions defined by the SSPs and RCPs. The third section presents the results of our
analysis, describing the potential impacts of climate change on agriculture, which
is one of the crucial economic sectors in many countries, and assessing the vulner-
ability of the population along the characteristics of place of residence, poverty, and
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education levels. The final section examines possible policy implications of our
findings and how the limitations of the analysis can be addressed in future research.

Data and methods

To explore possible climate change trajectories over the coming decades, we adopt
the RCP scenarios which provide potential future patterns of greenhouse gas emis-
sions. Since 2011 (van Vuuren et al., 2011), RCPs have formed the basis of cli-
mate change research and impact modelling, indicating the potential changes in the
energy balance of the earth system in relation to increases in anthropogenic green-
house gas emissions.

Out of the four existing RCPs, we select two scenarios: i) the RCP2.6 scenario,
which projects an increase of the global temperature below 2 °C by the end of the
century (IPCC, 2014), in line with the Paris agreement,1 the first legally binding
international treaty on climate change; ii) the RCP6.0 scenario, which corresponds
to a global warming of around 3.5 °C by 2100. Our methodological choice is
motivated by the need to present two opposing global warming trajectories: while
RCP2.6 explores the possibility of keeping global warming under control and within
a stringent target, RCP6.0 represents a stabilisation pathway in the longer term.

Given that the analysis focuses on the effect of climate change on food security,
for the two selected RCP scenarios, we consider the agriculture sector as the most
relevant economic sector and use the datasets available from the Agricultural Model
Inter-comparison and Improvement Project (AgMIP). The AgMIP project was part
of the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP). It was initiated
to improve modelling capacities based on common protocols and unified frameworks
(Byers et al., 2018; Lange et al., 2020) for the modelling of habitat degradation and
crop yields, enabling the comparison of simulation experiments (Miiller et al., 2019).

More specifically, changes in agriculture are estimated for the four main crops
that together occupy nearly 50% of the planet’s agricultural land (Martin et al.,
2019): soybean, rice, maize, and wheat. Although projected impacts vary widely
across territories, reductions are expected for all four crops. Specifically, with-
out adaptation to climate change, regions could lose about two-thirds of wheat
productivity by the end of the twenty-first century (Adhikari et al., 2015; Natale
et al., 2021). For rice, maize, and soybean, yield reductions are expected, mostly in
East African regions (Adhikari et al., 2015).

Our empirical strategy is implemented in three main steps, as follows. Firstly, we
consider two global climate models (GCM), the HadGEM2-ES and IPSL-CM5A-LR.2

! The Paris Agreement was adopted by 196 Parties at the UN Climate Change Conference in Parison 12
December 2015. It entered into force on 4 November 2016.

2 The HadGEM2-ES has been developed by the Met Office Hadley Centre for Climate Change in the
United Kingdom (Collins et al., 2008), whereas the IPSL-CMS5A-LR is a family of climate models devel-
oped by the Institute Pierre Simon Laplace Climate Modeming Center in France (Dufresne et al., 2013).
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Fig. 1 RCP selected scenarios and related climate and impact models

The main reason for choosing these two models is that the trends in their precipitation
forecasts differ substantially in terms of magnitude (Schewe et al., 2014). Furthermore,
both models are widely recognised (Frieler et al., 2017) and adopted, due to their finer
resolution (0.5 grid degree) compared to other models using a regional scale. Sec-
ondly, results derived from global climate models become inputs for two impact mod-
els (GEPIC and LPImL?). Thirdly, we take account of irrigation use (full irrigation
and no irrigation). For each crop and RCP, we use the mean of the eight models. The
results are finally weighted based on the irrigated surfaces reported by the Global data
set of monthly irrigated and rainfed crop areas around the year 2000 (MIRCA).* For
instance, if a grid has 100% of the rice area with irrigation, we exclude the option “no
irrigation” from the simulation models; if a grid area has 50% of rice with irrigation
and 50% without irrigation, results are weighted equally. It should be noted that neither
change in irrigation conditions nor progress in the use of agricultural technology is
considered. For the scope of the analysis, results obtained at grid level are aggregated
at country/continental level, covering the past trends for the period 1975-2015, and
projections for the period 2020-2100. To derive anomalies in the period 2020-2070,
we calculated mean deviations from the past trends over 5-year intervals.

To explore future population dynamics, we overlay the RCPs (Fig. 1) with SSPs
scenarios (Table 1). The SSPs are narratives (O’Neill et al., 2017), describing demo-
graphic and urbanisation dynamics in relation to the socio-economic challenges
societies may face in mitigating climate change and adapting to its impacts. The
first scenario “SSP1: sustainability: taking the green road” [SSP1 (sustainability)]
identifies the path to sustainability based on optimistic scenario assumptions, where

3 The GEPIC (GIS-based Environmental Policy Integrated Climate) is a crop growth model (Liu et al.,
2007) characterises by its high flexibility for simulating different crops under a variety of climatic condi-
tions. The LPImL is a global water and crop model designed by Potsdam Institute for Climate Impact
Research to simulate vegetation composition and distribution as well as stocks and land—atmosphere
exchange flows of carbon and water, for both natural and agricultural ecosystems (Bondeau et al., 2007).
4 https://www.uni-frankfurt.de/45218023/MIRCA
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Table 1 SSP scenario assumptions

Demographic and urbanisation patterns

Scenario Definition Urbanisation Fertility Mortality Migration

SSP1 Sustainability Fast—urban densification Low Low Medium

SSP2 Middle of the road Medium urbanisation process ~ Medium Medium Medium

SSP3 Regional rivalry Slow—intermediate levels of ~ High High Low
agglomeration

SSP4 Inequality Fast urbanisation process High High Medium

SSP5 Fossil-fueled development ~Fast—sprawling new urban Low Low High

areas

improvements in environmental and human well-being are achieved jointly. Over-
all, fertility and mortality decline lead to low population growth—and decline by
2055—in a world in which humans face weak challenges in terms of climate change
adaptation and mitigation. The global population is projected to remain below 9 bil-
lion for the entire century.

The second scenarios “SSP2: middle of the road” [SSP2 (middle of the road)]
represents the baseline scenario, consisting mainly of a continuation of historical
trends, with intermediate challenges for adaptation and mitigation. The world popu-
lation would reach a peak in 2075 at 9.7 billion and start declining thereafter.

In the third scenario “SSP3: regional rivalry: a rocky road” [SSP3 (regional
rivalry)] slow economic development characterised by growing inequality, rising
nationalism, and weak institutions worldwide is expected. Demographic and urbani-
sation transitions would stagnate, limiting population’s ability to mitigate and adapt
to environmental degradation. Population growth would continue unabated through-
out the century, leading to a population of 13.7 billion by 2100.

The fourth scenario “SSP4: inequality: a road divided” [SSP4 (inequality)] for-
mulates different trajectories across and within countries. In middle- and high-
income countries, elites control environmental policies with weak mitigation
strategies. While fast urbanisation is expected at global level, adaptation remains
challenging for populations living in areas with low levels of development. The
resulting world population is close to that obtained in SSP2, but with higher popula-
tion growth in low-income countries and lower growth in high-income countries.

In the final scenario “SSP5: fossil-fuelled development: taking the highway”
[SSP5 (fossil-fuelled development)] globalisation and the economic success of indus-
trialised and emerging countries would ensure the achievement of human develop-
ment goals. However, a trade-off between relatively low adaptation challenges and
high mitigation challenges would persist due to a high fossil fuel dependency. Urban-
isation would be characterised by the sprawl of new urban areas. Population growth
rapidly turns negative, and the population trajectory resembles that of SSP1.

Previous studies have notably used the SSPs to develop projections including
population by education levels (KC & Lutz, 2017), urbanisation patterns (Jiang &
O’Neill, 2017), and economic indicators, such as economic growth (Dellink et al.,
2017) and income inequality (Rao et al., 2019). We use the projections that are
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derived from the narratives and related assumptions on the level of fertility, mortal-
ity, migration, and urbanisation patterns; the projections were carried out at national
level and downscaled to the geographical granularity harmonised with the RCP sce-
narios (Jones & O’Neill, 2016).

The approach has the advantage of combining changes in population dynamic and
the climate; thus, vulnerability levels are assessed on the development of both socio-
economic adaptation and mitigation with environmental pathways. Conversely, the
method has the limitation of rendering untraceable effects due exclusively to demo-
graphic and socio-economic factors, compared with impacts generated by environ-
mental conditions. Yet, for prospective assessments, the use of downscaled projec-
tions and impact models is largely recommended (Puig, 2023), particularly when
conducting analyses, whose primary objective is to identify locations where popula-
tions would potentially be exposed to increased vulnerability.

Empirical strategy

As mentioned by O’Neill et al., “SSPs and RCPs are ‘completed” when combined
and applied in individual studies where climate risks and adaptation or mitigation
strategies are assessed” (O’Neill et al., 2020a, b, pp. 1074). We cross-reference the
SSPs and RCPs to set an integrated research framework that allows us to observe the
following levels of population vulnerability: exposure to climate change, rurality,
poverty, and education.

Exposure to climate change is defined as the number of people living in areas
where food insecurity is projected to increase since soybean, rice, maize, and wheat
productivity would fall below the 20% thresholds, compared to the 5-year interval
mean calculated for the period 1975-2015. Future changes in productivity are there-
fore simply linked to climate scenarios; this implies that technological and irrigation
transformations are assumed to remain as observed in 2000. All calculations are car-
ried out at grid level then summed to macro-region level. The source for the exposed
population at grid level is Jones and O’Neill (2016) whose estimates are consist-
ent with the SSPs. Figure 2 illustrates exposed populations across macro-regions in
2100, when different thresholds are adopted (according to SSP2 and RCP6.0). The
vertical line represents the selected threshold in this study (20%) which lies at the
inflection point of the curve between a lower exposure threshold and a higher one.
If we take the case of Africa, the 10% decrease threshold is associated with a 65%
share of exposed population in 2100, while the 30% decrease threshold is associated
with the 10% share of exposed population, supporting the choice of a 20% decrease
with about 30% of exposed population.

Rurality is defined as the number of people living in grids classified as rural
areas, as resulting from modelling scenario assumptions developed by Jiang and
O’Neill (2017). Although farmers can benefit to some extent from the positive
effects of higher temperatures and CO? fertilisation on crop growth (Tubiello et al.,
2002) and/or can adapt to drought by changing crops, management practices, plant-
ing seasons, and introducing new irrigation systems, these possibilities are limited in
low-technology farming systems, especially in subtropical and tropical areas. Also,

@ Springer



28 Page8of22 Population and Environment (2023) 45:28

2100
SSP2

100%

90%

80%

70%

60%

50%

40%

Population exposed - RCP6.0

30%

20%

10%

0%

-60% -50% -40% -30% -20% -10% 0%
Threshold decrease crops productivity

M Africa M Latin America and the Caribbean
M Asia B Northern America
M Europe Oceania

Fig. 2 Estimates of exposed population by threshold of decrease in agriculture (crops), 2100, SSP2, and
RCP6.0

trade in food commodities to compensate for declining agricultural productivity will
not solve local livelihood issues, especially for populations dependent on subsist-
ence farming. For these communities, a few consecutive years of reduced harvest
leave little choice but to abandon the land and move to other areas (Morton, 2007).
Poverty is measured as the percentage of the exposed population living below
the poverty line of $1.9 per capita per day. By limiting the access of individuals
and communities to economic resources, poverty is one of the main economic risk
factors (Hallegatte & Rozenberg, 2017) to be faced in the event of climate change,
limiting adaptive capacity. The poverty thresholds are presented in 2015 purchasing
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power parity (in $) using World Bank definitions. Grid-level poverty values corre-
spond to national GDP estimates provided by Dellink et al. (2017) for the five SSPs.

Low education is defined as the share of populations with primary level of educa-
tion or less (Oppenheimer et al., 2014). Education is recognised as one of the main
factors enhancing the adaptive capacity of people to climate change (Feinstein &
Mach, 2020; Striessnig & Lutz, 2016) and reducing vulnerability both at the indi-
vidual and aggregate levels (Muttarak & Lutz, 2014). Conversely, lack of education
can impair people’s ability to adapt to climate change and counter adversities. Grid-
level educational attainment values are based on estimates at national level provided
by Lutz et al. (2018), following the SSPs, and available in Wittgenstein Centre for
Demography and Global Human Capital (2018).

Results

We present projections of changes in agriculture according to the selected scenarios,
RCP2.6 and RCP6.0, over the period 2020-2100, plotting the median change in pro-
ductivity for the major crops (wheat, rice, maize, and soybean) across cells. Figure 3
shows the results aggregated by world macro-region.

Overall, we note that projected impacts on crop yields for maize and wheat are
more pronounced across the regions than for soya and rice. These results are in
line with Zhao et al. (2017), reporting that 1% increase in global mean temperature
would, on average, reduce global yields of maize by 7.4%, wheat by 6.0%, rice by
3.2%, and soybean by 3.1%.

Under the RCP6.0 scenario, among the regions expected to experience the worst
impacts in terms of crop yields, Western Africa would record a 19% decrease for
maize and 13% for wheat. In Eastern Africa, both RCPs foresee a slight increase
in future soybean yields, whereas no significant change is expected for rice

Latin Northern

Africa Asia Europe Americaan.. America Oceania
Eastern Northern Southern Western
Africa Middle Africa Africa Africa Africa
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Fig.3 Change (%) of crop productivity according to RCP2.6 and RCP6.0 scenarios for the period 2020—
2100 (median values), African regions and world macro regions
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productivity; on the contrary, both scenarios foresee a decrease in wheat yields,
and under RCP2.6, in maize yields as well. The worst impacts are projected for
maize yields (large decrease) under the RCP6.0 scenario. In Central Africa, a slight
increase is foreseen for soybean yields under both RCPs, and this applies to rice
under RCP6.0 scenario, whereas no significant change is predicted for rice yields
under RCP2.6. A slight decrease is expected for wheat and maize yields under
RCP2.6, while large decreases are projected for rice and maize under RCP6.0 sce-
nario. In Northern Africa, a strong increase is predicted for soybean yields under
RCP2.6 scenario and an even stronger increase should be anticipated for RCP6.0
scenario. Under both scenarios, no significant change is expected for rice, whereas
a slight decrease is projected for wheat. Finally, a slight decrease is also forecasted
for maize yields under the RCP2.6 scenario, while a larger decrease is anticipated
under the RCP6.0 scenario. For Southern Africa, a slight increase is projected for
soybean yields under RCP2.6, whereas an even larger increase is expected under
RCP6.0. For rice, no significant change is expected under both RCP scenarios,
while a slight decrease is projected for wheat in RCP2.6 scenario and an even larger
decrease under RCP6.0. For maize, a large decrease is forecasted in both RCP2.6
and RCP6.0 scenarios.

Compared to the African regions, decline in yields are lesser in Latin American
regions (—4% for wheat and —2% for maize) and Oceania (— 2% for wheat and — 9%
for maize) under RCP2.6 scenario. RCP6.0 aggravates the situation for both conti-
nents (—11% for wheat and—10% for maize in Latin American regions and —2%
and—14% in Oceania). By contrast, when looking at Asia and European conti-
nents, significant increases are expected in future soybean and rice yields under
the RCP2.6 scenario (6% and 2% in Asia, 23% and 21% in Europe). Based on the
RCP6.0 scenario, the increase is projected to raise-up in both continents (9% for
soya and 3% for rice in Asia and 38% and —37% in Europe).

These results are in line with the previous studies based on a combination of his-
torical agricultural production and weather data (Schlenker & Lobell, 2010).

Population exposure

Table 2 summarises the results in 2100 by macro-region; population sizes by macro-
region are derived from the aggregation of local populations at the level of geo-
graphic grid cells (i.e., about 56 km?).

Compared to the other continents, by 2100, the population exposed to
decrease in agricultural productivity of more than 20% would mainly live in
Asia, under the more favourable RCP2.6 scenario (between 200 and 600 million
depending on the SSPs) and both in Africa and Asia, under the RCP6.0 scenario.

According to the SSP1 (sustainability) and SSP5 (fossil-fuelled development)
scenarios, about 500 million people in Africa and 747 million in Asia would be
exposed to decrease in agricultural productivity of more than 20%. The SSP3
(regional rivalry) scenario doubles this number on both continents (1.1 billion in
Africa and 1.7 billion in Asia).
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Fig. 4 Share of populations exposed to a 20% decrease in crop productivity, according to SSP3 (regional
rivalry) and RCP scenarios in African sub-regions and other continents, 2020-2100

Looking at the African continent, most of the exposed population would
reside in Western Africa; according to SSP3 (regional rivalry) and RCP6.0, 48%
of the population in this region (728 million) would experience a decrease in
agricultural productivity of more than 20%. In the case of Western Africa under
SSP3 (regional rivalry), the share of exposed population would increase by 44
percentage points, under the more pessimistic RCP6.0 scenario compared to
RCP2.6, the more optimistic scenario.

When examining the RPC6.0 climate scenario, the change of assumptions
on socio-economic pathways between SSP1 (sustainability) and SSP3 (regional
rivalry) generates an increase of 3 percentage points in the share of populations
exposed to the decrease in agricultural productivity of more than 20%.

Over the entire projection period (Fig. 4), the share of population exposed
to a decrease in agricultural productivity of more than 20% is projected to rise
more in Western Africa than in the rest of world, expanding from less than 4% in
2040 to almost 50% in 2100. The increase would also be substantial in Northern
Africa (from 4 to 28%).

Vulnerable rural populations

The share of the rural population exposed to a decrease in agricultural productivity of
more than 20% would remain below 5% on all continents under most of the SSP sce-
narios and both RCP2.6 and RCP6.0, except in Africa and Asia under SSP3 (regional
rivalry) and RCP6.0. This is most likely due to the urbanisation transition process that
is foreseen at the global level. However, Table 3 shows an increased exposure under
the RCP6.0 scenario, especially for SSP1 (sustainability) and SSP3 (regional rivalry),
with the latter being associated with a share of populations in rural areas and exposed
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to a decrease in agricultural productivity of more than 20%, of around 11% in Middle
Africa (50 million people) and Asia (727 million), 10% in Northern Africa (45 mil-
lion), and 25% in Western Africa (385 million). These figures are consistent with the
literature, which indicates that these areas, particularly those with a semi-arid Sahelian
climate, are the most vulnerable to the impact of climate-change, particularly regarding
food security (Defrance et al., 2020). While for the total population, most of the differ-
ences in exposure are associated with changes in climate scenarios, when considering
the share of the rural population, vulnerability is also greatly influenced by assump-
tions about socio-economic development and urbanisation described in the SSP nar-
ratives. In the case of Western Africa, the slower urbanisation process foreseen under
SSP3 (regional rivalry) scenario compared to the SSP1 (sustainability) scenario would
be associated with a 20-percentage point increase in the share of the rural population
exposed to the impacts of climate change. This increase is almost equivalent to the
increase under the two RCPs combined with SSP3 (regional rivalry) assumptions.

Vulnerable poor populations

Extreme poverty would make people particularly vulnerable to climate change. The
SSP scenarios pay special attention to the distribution of wealth within the different
narratives. According to SSP3 (regional rivalry) and SSP4 (inequality), wealth inequal-
ities remain at the level observed in the base year (2015) under SSP3 (regional rivalry)
or are accentuated under SSP4 (inequality). Considering the percentage of the exposed
population living below the poverty threshold of $1.9 per capita per day, this share
would be the highest in SSP4 (inequality) scenario combined with RCP6.0, particularly
in Eastern Africa (1.7% corresponding to 22.8 million people) and Middle and Western
Africa (1.4%, corresponding to 6.4 and 20.7 million people, respectively). Compared
to the other continents (Table 4), these two African regions would stand out as having
the highest share of people exposed to the risk of poverty. Nevertheless, in the case of
poverty, the scenario that reports the largest impact in absolute terms of vulnerability is
SSP3 (regional rivalry) scenario in Asia, representing 66 million people (1% as share).

Vulnerable low educated populations

We present results for the main relevant SSP scenarios (SSP1-SSP3) that envisage
education as one of the main determining factors of population behaviours (Euro-
pean Commission, 2018).

Under SSP1 (sustainability) and SSP2 (middle of the road), the share of exposed
population with low education would be relatively low in 2100. Specifically, it would
be less than 5% in most scenarios, in all world regions (Table 5).

By contrast, the SSP3 (regional rivalry) scenario foresees a world with no educa-
tion progress, the percentage of the exposed low educated population would be higher,
between 5 and 10%, when the RCP6.0 assumptions are considered, especially in Asia
and in Middle and Northern Africa. The exposed population in Western Africa would
still account for almost 23% of the total population, meaning 345 million people in
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Table 5 Populations (share and absolute number) with low education (primary education or less) over
15 years of age exposed to decrease in crop productivity of more than 20%, SSP1-3 and RCP2.6 and
RCP6.0, 2100, African regions and macro regions

SSP1 SSP2 SSP3

RCP2.6 RCP6.0 RCP2.6 RCP 6.0 RCP 2.6 RCP 6.0

Africa Eastern 0.000  0.000 0.001 0.010 0.003 0.035
Africa 4482 105,151 654,817  9,114298 4,606,315 49,207,662
Middle 0.000  0.000 0.001 0.018 0.004 0.087
Africa 1637 36474 379247 6,186,787 1,821,579 39,733,755
Northern  0.000  0.001 0.001 0.003 0.012 0.061
Africa 12,200 159,995 164,094 891,020 5,403,145 28,523,510
Southern  0.000  0.000 0.000 0.000 0.004 0.008
Africa 647 1190 14,010 23,350 301,302 636,446
Western 0.000  0.001 0.005 0.054 0.019 0.228
Affica 45811 383432 4,934,939 54,188,790 29,322,197 344,627,728
Asia 0.000  0.001 0.004 0.011 0.027 0.078
840,003 2,194,000 16,293,536 50,225,023 179,552,663 520,439,539
Europe 0.000  0.000 0.000 0.000 0.000 0.000
817 7,565 3214 31,864 2,625 80,084
Latin America and the 0.000  0.001 0.001 0.008 0.007 0.049
Caribbean 116,830 641,525 800436 5,681,262 7,889,825 53,181,434
Northern America 0.000  0.000 0.000 0.000 0.000 0.001
1201 57448 3960 189,145 5198 295,448
Oceania 0.000  0.000 0.000 0.000 0.000 0.000
475 1622 2454 8871 776 16,458

2100, according to the combined SSP3 (regional rivalry) and RCP6.0 scenarios. These
populations would be highly vulnerable to radical changes in their environment and
likely geographically or socio-economically remote.

Discussion and conclusions

The analysis quantifies the exposed and vulnerable populations to climate change,
accounting for the interactions between socio-economic and environmental condi-
tions at local level. The figures developed in this paper should be interpreted as
upper bound estimates—seen from today’s perspective—of the number of people
who will need to adapt to climate change impacts. Overall, results indicate that the
changes in the assumptions formulated under the climate scenarios, the optimistic
RCP2.6 scenario, and the pessimistic RCP6.0 scenario mainly would drive vari-
ability in the size of populations exposed to environmental conditions. Yet, the SSP
scenario narratives would play a more prominent role in determining different lev-
els of population vulnerability. SSP3 (regional rivalry) would lead to increases in
both the share of exposed population living in rural areas and with low education,
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while the SSP4 (inequality) scenario would mainly affect the size of populations at
risk of poverty.

If we consider the share of populations affected by climate change under all cli-
mate and socio-economic scenarios, the population living in African regions would
reach the highest levels of vulnerability in the world, although in absolute values,
the number of populations affected would be higher in Asia. The findings are in line
with previous analyses on food insecurity, indicating that African populations are
among the most affected by climate change (IPCC, 2012). Although over more than
50 years, cereal production and population have grown at about the same pace, since
2017 the impacts of climatic conditions contribute to increased food insecurity in
many African countries (European Commission, 2018). In a long-term perspective,
our results indicate that up to 48% of the total population in Western Africa, corre-
sponding to about 728 million people, would be affected by decreases in agricultural
productivity of more than 20% at the end of the century.

Moreover, some SSP scenarios indicate that the population in Africa would not
only be more exposed to the impacts from climate change but also more vulnerable
due to the high share of the population living in rural areas, with low levels of edu-
cation and low levels of income. Comparing estimates of population vulnerability
within Africa, Western Africa stands out with high levels of exposure and vulner-
ability in relation to population living in rural area and with low levels of education,
as described by the RCP6.0 and SSP3 (regional rivalry) scenarios, while, under the
assumptions of the SSP4 (inequality) scenario, Eastern Africa would produce higher
shares of population exposed to the risk of poverty.

Especially in the SSP3 (regional rivalry) scenario, the high vulnerability of
populations in some parts of the world could be exacerbated by the resurgence of
nationalism, which would most likely constitute additional obstacles to interna-
tional mobility (O’Neill et al., 2017). Given the large number of populations at
risk, the needs of those who would be trapped in conditions of extreme environ-
mental degradation and disruption must be considered. In a context of geographi-
cally differentiated impacts, the ability of populations to mitigate impacts of cli-
mate change at the global level would require change in agricultural activities,
such as CO? fertilisation and irrigation availability to lead the increases of crop
productivity, the introduction of new agricultural technologies, the diversifica-
tion of the economy towards sectors less influenced by environmental conditions
(Collier et al., 2008), among others.

When moving from population exposure to vulnerability, the importance of
socio-economic and demographic factors in shaping future adaptive capacity should
be recognised. While reducing poverty and improving education are key to enhance
adaptive capacity, targeted adaptation measures are also required. This includes, for
instance, addressing the specific needs and constraints of vulnerable communities,
ensuring that financial resources, support mechanisms, and access to essential infra-
structure and services are guaranteed.

Despite this urgent demand at the policy level, scientific results on the
quantification of climate impacts are still disputed with strong criticisms (Kelman,
2019). For this reason, future research, aiming at the assessment of exposed and
vulnerable populations, should face the challenge of systematic data collections
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at local scale—such as the lack of harmonised definitions and practices in the
collection of data from communities themselves, local authorities, and relevant
stakeholders—to improve the modelling ability, gauge the robustness of results,
and reduce the sources of uncertainty that limit the definition of a strategical and
efficient policy agenda.

The analysis developed in this paper has many limitations. First, long-range sce-
narios (up to 2100) are associated with high uncertainty. The uncertainty is accen-
tuated in this case by cross-referencing several scenarios (SSP and RCP). Second,
the assumption about the chosen threshold in the decline in crop yield has a large
impact on the level of exposure of the population to climate change. Also, we do
not allow irrigation conditions to change in the future (i.e., no adaptation of agricul-
tural technology). While in principle with sufficient investment crops can be grown
everywhere, this would however be mostly out of reach for subsistence farmers in
developing countries. Third, due to the lack of detailed data, we analyse the different
vulnerability factors separately, while they obviously are interlinked, e.g., poor and
low educated rural populations. Additionally, for some indicators (exposure, rural-
ity), gridded estimates are available, while for others (poverty and education), we
use sources that provide data at national level, which erases some of the granularity
we expect to be present. In our future research, we aim to enhance the population
data by incorporating gridded spatial and socioeconomic characteristics. Although
absolute figures are subject to change and highly dependent on uncertainties in pop-
ulation projections, climate impacts, and socio-economic conditions that are diffi-
cult to predict, we believe that our results can help in identifying present and future
geographic areas of exposure and vulnerability.

Our research makes a dual contribution to the literature on population, agricul-
ture, and environmental change. Firstly, we identify potential populations at risk of
climate change impact, particularly in terms of declining agricultural yields, pin-
pointing vulnerable areas, enabling the development of precise strategies and inter-
ventions to mitigate the effects, enhance resilience, and safeguard the population in
the most affected regions. Secondly, by assessing variations in the vulnerability of
local populations, the findings underscore the importance of targeting policy meas-
ures to prevent increased vulnerability among already disadvantaged populations,
particularly on the African continent which will be the most exposed to climate
change at the end of the century.

Funding The paper has been provided as part of the working engagements, tasks and duties of the
authors with the European Commission Joint Research Centre.

Availability of data and materials Datasets are available from the authors upon request.

Code availability Not applicable.

Declarations

Conflict of interest The authors declare no competing interests.

@ Springer



Population and Environment (2023) 45:28 Page190f22 28

Disclaimer The scientific output expressed does not imply a policy position of the European Commission.
Neither the European Commission nor any person acting on behalf of the Commission is responsible for
the use that might be made of this publication. For information on the methodology and quality underlying
the data used in this publication for which the source is neither Eurostat nor other Commission services,
users should contact the authors. The designations employed and the presentation of material do not imply
the expression of any opinion whatsoever on the part of the European Union concerning the legal status of
any country, territory or of its authorities.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

References

Adhikari, U., Pouyan Nejadhashemi, A., & Woznicki, S. A. (2015). Climate change and Eastern Africa:
A review of impact on major crops. Food and Energy Security, 4(2), 110-132.

Bondeau, A., et al. (2007). Modelling the role of agriculture for the 20th century global terrestrial carbon
balance. Global Change Biology, 13(3), 679-706.

Byers, E., et al. (2018). Environmental Research Letters, 13, 055012. https://doi.org/10.1088/1748-9326/aabf45

Collier, P., Conway, G., & Venables, T. (2008). Climate change and Africa. Oxford Review of Economic
Policy, 24(2), 337-353.

Collins, W. J., Bellouin, N., Doutriaux-Boucher, M., Gedney, N., Hinton, T., Jones, C. D., Liddicoat, S.,
Martin, G., O’Connor, F., Rae, J., Senior, C., Totterdell, I., Woodward, S., Reichler, T., & Kim, J.
(2008). Evaluation of the HadGEM2 model. Met Office Hadley Centre Technical Note no. HCTN
74, available from Met Office, FitzZRoy Road, Exeter EX1 3PB. http://www.metoffice.gov.uk/
publications/HCTN/index.html

Defrance, D., et al. (2020). Impact of climate change in West Africa on cereal production per capita in
2050. Sustainability, 12(18), 7585.

Dellink, R., Chateau, J., Lanzi, E., & Magné, B. (2017). Long-term economic growth projections in the
shared socioeconomic pathways. Global Environmental Change, 42, 200-214.

Dufresne, J.-L., et al. (2013). Climate change projections using the IPSL-CMS5 earth system model: From
CMIP3 to CMIPS. Climate Dynamics, 40(9), 2123-2165.

European Commission. (2018). Joint Research Centre, Science for the AU-EU Partnership: Building knowl-
edge for sustainable development, Publications Office of the European Union, Luxembourg, 2017,
ISBN 978-92-79-86961-7. https://doi.org/10.2760/360029,JRC107753

Feinstein, N. W., & Mach, K. J. (2020). Three Roles for Education in Climate Change Adaptation. Cli-
mate Policy, 20(3), 317-322.

Frieler, K., et al. (2017). Assessing the impacts of 1.5 °C global warming — Simulation protocol of the
InterSectoral Impact Model Intercomparison Project (ISIMIP2b). Geoscientific Model Develop-
ment, 10(12), 4321-4345.

FSIN. (2023). Food security information network and global network against food crises. 2023, GRFC
2023. Rome.

Goedde, L., Ooko-Ombaka, A., & Gillian, P. (2019). Winning in Africa’s agricultural market, Denver:
McKinsey & Company.

Hallegatte, S., & Rozenberg, J. (2017). Climate change through a poverty lens. Nature Climate Change, 7(4),
250-256. https://doi.org/10.1038/nclimate3253

IMF. (2021). World Economic Outlook Update July 2021. International Monetary Fund.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1088/1748-9326/aabf45
http://www.metoffice.gov.uk/publications/HCTN/index.html
http://www.metoffice.gov.uk/publications/HCTN/index.html
https://doi.org/10.2760/360029,JRC107753
https://doi.org/10.1038/nclimate3253

28 Page 20 0f22 Population and Environment (2023) 45:28

IPCC. (2012). Managing the risks of extreme events and disasters to advance climate change adaptation.
Special Report of IPCC. https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-
disasters-toadvance-climate-change-adaptation/

IPCC. (2014). Climate Change 2014: Synthesis report. Contribution of Working Groups I, II and III
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing
Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp.

Jiang, L., & O’Neill, B. C. (2017). Global urbanization projections for the shared socioeconomic path-
ways. Global Environmental Change, 42, 193-199.

Jones, B., & O’Neill, B. (2016). Spatially explicit global population scenarios consistent with the shared
socioeconomic pathways. Environmental Research Letters, 11.

Kc, S., & Lutz, W. (2017). The human core of the shared socioeconomic pathways: Population scenarios
by age, sex and level of education for all countries to 2100. Global Environmental Change, 42,
181-192.

Kelman, I. (2019). Imaginary numbers of climate change migrants? Social Sciences, 8(5), 131.

Lange, S., Volkholz, J., Geiger, T., Zhao, F., Vega, 1., Veldkamp, T., Reyer, C. P. O., Warszawski, L.,
Huber, V., Jagermeyr, J., Schewe, J., Bresch, D. N., Biichner, M., Chang, J., Ciais, P., Dury, M.,
Emanuel, K., Folberth, C., Gerten, D., Gosling, S. N., Grillakis, M., Hanasaki, N., Henrot, A.-J.,
Hickler, T., Honda, Y., Ito, A., Khabarov, N., Koutroulis, A., Liu, W., Miiller, C., Nishina, K.,
Ostberg, S., Miiller Schmied, H., Seneviratne, S. I., Stacke, T., Steinkamp, J., Thiery, W., Wada, Y.,
Willner, S., Yang, H., Yoshikawa, M., Yue, C., & Frieler, K. (2020). Projecting exposure to extreme
climate impact events across six event categories and three spatial scales. Earth’s Future, 8(12),
¢2020EF001616. https://doi.org/10.1029/2020EF001616

Liu, J., Williams, J. R., Zehnder, A. J. B., & Yang, H. (2007). GEPIC — Modelling wheat yield and crop
water productivity with high resolution on a global scale. Agricultural Systems, 94(2), 478-493.

Lutz, W., Goujon, A., Kc, S., Stonawski, M., & Stilianakis, N. (2018). Demographic and human capital
scenarios for the 21st century: 2018 assessment for 201 countries. Publications Office of the Euro-
pean Union, Luxembourg. https://doi.org/10.2760/41776

Lutz, W., Muttarak, R., & Striessnig, E. (2014). Universal education is key to enhanced climate adapta-
tion. Science, 346(6213), 1061-1062. https://doi.org/10.1126/science.1257975

Martin, A. R., Cadotte, M. W., Isaac, M. E., Milla, R., Vile, D., & Violle, C. (2019). Regional and global
shifts in crop diversity through the Anthropocene. PLoS ONE, 14(2), €0209788. https://doi.org/10.
1371/journal.pone.0209788

Morton, J. F. (2007). The impact of climate change on smallholder and subsistence agriculture. Proceed-
ings of the National Academy of Sciences, 104(50), 19680-19685.

Miiller, C., et al. (2019). The global gridded crop model intercomparison phase 1 simulation dataset.
Scientific Data, 6(1), 50.

Muttarak, R., & Lutz, W. (2014). Is education a key to reducing vulnerability to natural disasters and
hence unavoidable climate change? Ecology and Society, 19(1).

Natale, F., et al. (2021). Projecting populations exposed and vulnerable to climate change. In: Migali,
Silvia and Natale, Fabrizio (eds), Population Exposure and Migrations Linked to Climate Change in
Africa, Publications Office of the European Union, Luxembourg, pp.13-33. https://doi.org/10.2760/
77546, JRC126594.

Oppenheimer, M., et al. (2014). Emergent risks and key vulnerabilities. In: Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Work-
ing Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
[Field, C. B., V. R. Barros, D. J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee,
K. L. Ebi, Y. O. Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R.
Mastrandrea and L. L. White (eds.)]. Cambridge University Press, Cambridge, United Kingdom and
New York, NY, USA, pp. 1039-1099. ISBN 9781107058071.

O’Neill, B. C., et al. (2017). The roads ahead: Narratives for shared socioeconomic pathways describing
world futures in the 21st century. Global Environmental Change, 42, 169-180.

O’Neill, B. C., et al. (2020a). Achievements and needs for the climate change scenario framework. Nature
Climate Change, 10(12), 1074-1084.

O’Neill, B. C., Jiang, L., KC, S., Fuchs, R., Pachauri, S., Laidllaw, E., et al. (2020b). The effect of edu-
cation on determinants of climate change risks. Nature Sustainability. https://doi.org/10.1038/
$41893-020-0512-y

O’Neill, B. C., van Aalst, M., Zaiton Ibrahim, Z., Berrang-Ford, L., Bhadwal, S., Buhaug, H., Diaz, D.,
Frieler, K., Garschagen, M., Magnan, A. K., et al. (2022). Key risks across sectors and regions. In

@ Springer


https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-disasters-toadvance-climate-change-adaptation/
https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-disasters-toadvance-climate-change-adaptation/
https://doi.org/10.1029/2020EF001616
https://doi.org/10.2760/41776
https://doi.org/10.1126/science.1257975
https://doi.org/10.1371/journal.pone.0209788
https://doi.org/10.1371/journal.pone.0209788
https://doi.org/10.2760/77546
https://doi.org/10.2760/77546
https://doi.org/10.1038/s41893-020-0512-y
https://doi.org/10.1038/s41893-020-0512-y

Population and Environment (2023) 45:28 Page210f22 28

Contribution of Working Group I1 to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press.

Piquet, E. (2020). Linking climate change, environmental degradation, and migration: An update after
10 years. Wiley Interdisciplinary Reviews: Climate Change, 13(1), €746. https://doi.org/10.1002/
wce. 746

Puig, D. (2023). Assessing climate change-driven losses and damages, Copenhagen, UNEP Copenhagen
Climate Centre; on behalf of the Initiative for Climate Action Transparency (ICAT).

Rao, N. D., Sauer, P., Gidden, M., & Riahi, K. (2019). Income inequality projections for the shared
socioeconomic pathways (SSPs). Futures, 105, 27-39.

Schewe, J., et al. (2014). Multimodel assessment of water scarcity under climate change. Proceedings
of the National Academy of Sciences, 111(9), 3245-3250.

Schlenker, W., & Lobell, D. B. (2010). Robust negative impacts of climate change on African agricul-
ture. Environmental Research Letters, 5(1), 014010.

Serdeczny, O., Adams, S., & Baarsch, F. (2017). Climate change impacts in Sub-Saharan Africa: from
physical changes to their social repercussions. Regional Environmental Change, 17, 1585-1600.
https://doi.org/10.1007/s10113-015-0910-2

Striessnig, E., & Lutz, W. (2016). Demographic strengthening of European identity. Population and
Development Review, 42(2), 305-311.

Tubiello, F. N., et al. (2002). Effects of climate change on US crop production: Simulation results
using two different GCM scenarios. Part I: Wheat, Potato, Maize, and Citrus. Climate Research,
20(3), 259-270.

Tubiello, F. N., & Fischer, G. (2007). Reducing climate change impacts on agriculture: Global and
regional effects of mitigation, 2000-2080. Technological Forecasting and Social Change, 74(7),
1030-1056.

Turner, B. L., et al. (2003). A framework for vulnerability analysis in sustainability science. Proceed-
ings of the National Academy of Sciences of the United States of America, 100(14), 8074-8079.

UNEP. (2017). Responding to climate change. UNEP — United Nations Environment Programme.
Retrieved 2022-07-12.

van Vuuren, D. P., et al. (2011). The representative concentration pathways: An overview. Climatic
Change, 109(1-2), 5-31.

Wittgenstein Centre for Demography and Global Human Capital. (2018). Wittgenstein Centre Data
Explorer Version 2.0. Available at: http://www.wittgensteincentre.org/dataexplorer

Zarnetske, P. L., et al. (2021). Potential ecological impacts of climate intervention by reflecting
sunlight to cool Earth. €e1921854118.

Zhao, C., et al. (2017). Temperature increase reduces global yields of major crops in four independent
estimates. Proceedings of the National Academy of Sciences, 114(35), 9326-9331.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer


https://doi.org/10.1002/wcc.746
https://doi.org/10.1002/wcc.746
https://doi.org/10.1007/s10113-015-0910-2
http://www.wittgensteincentre.org/dataexplorer

28 Page220f22 Population and Environment (2023) 45:28

Authors and Affiliations

Daniela Ghio'?® . Anne Goujon?? . Fabrizio Natale? -
Alessandrini Alfredo? - Thomas Petroliagkis?
< Daniela Ghio

daniela.ghio@torontomu.ca; dghio@yahoo.it

Anne Goujon
goujon@iiasa.ac.at

Fabrizio Natale
fabrizio.natale@ec.europa.eu

Alessandrini Alfredo
alfredo.alessandrini @ec.europa.eu

Thomas Petroliagkis

thomas.petroliagkis @ec.europa.eu

Toronto Metropolitan University, Canada Excellence Research Chair in Migration

and Integration (CERC), 350 Victoria Street, Toronto, ON M5B 2K3, Canada

Joint Research Centre, European Commission Via Enrico Fermi, Ispra, VA 2749-21027, Italy

Wittgenstein Centre (OEAW, IIASA, University of Vienna), International Institute for Applied
Systems Analysis, SchloBplatz 1, Laxenburg 2361, Austria

@ Springer


http://orcid.org/0000-0002-2687-7033

	Assessing populations exposed to climate change: a focus on Africa in a global context
	Abstract 
	Introduction
	Data and methods
	Empirical strategy

	Results
	Population exposure
	Vulnerable rural populations
	Vulnerable poor populations
	Vulnerable low educated populations

	Discussion and conclusions
	References


