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The variety and seriousness of the many possible physical, socio-economic, and political consequences 

of climate change have caused fears that climate change is a threat to security and peace. It is often 

asserted that climate change will affect most severely those countries and people that are already the 

most vulnerable. In fact, most of the references in the IPCC reports regarding the security implications of 

climate change are to such interactive effects – climate change plus other problems. In an attempt to 

make this notion more precise, we take Paul Collier’s list of the 58 ‘bottom billion’ countries as our 

starting-point: countries with a low level of development that have fallen into four traps (recent or 

present armed conflict, natural resource dependence, landlocked, bad governance) that cause them to 

fall further behind. The bottom billion list overlaps highly with alternative lists of vulnerable countries 

from the World Bank and others. We then look at past and projected future trends in climate change, 

such as higher temperature, shifting patterns of precipitation and drought, in order to see if they occur 

disproportionately in the bottom billion countries. Our analysis is limited to Africa, where most of the 

bottom billion countries are located. The results for past climatic changes offer no support for an 

interactive relationship, but indicate that the bottom billion countries in Africa are very different in terms 

of climate from other African countries. The results for future trends in climate patterns provide some 

limited support for the idea that the bottom billion countries in Africa will be somewhat more affected 

than other African countries. 
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Unfortunately, pollution, population growth and climate change are not in the 

distant future: they are occurring now and hitting the poorest and most 

vulnerable hardest. Environmental degradation has the potential to destabilize 

already conflict-prone regions, especially when compounded by inequitable 

access or politicization of access to scarce resources. – Kofi Annan (2006: 9–10) 

 

Introduction 

The idea that climate change is a threat to security and is likely to promote armed 

conflict in the future is gaining considerable attention. Recently, for instance, 

President Barack Obama said that ‘There is little scientific dispute that if we do 

nothing, we will face more drought, more famine, more mass displacement – all of 

which will fuel more conflict for decades’ (Obama, 2009). The president would have 

been closer to the mark had he said that there is little scientific evidence for these 

assertions. The two most recent assessment reports from the UN’s 

Intergovernmental Panel on Climate Change (2001, 2007) have summarized work in 

the natural sciences that add up to a clear majority view (if not full consensus) on 

the existence of global warming and the man-made contribution to it. But they had 

much less academic material to draw on when it came to the social consequences of 

climate change, and next to nothing on the issue of security and peace (Buhaug, 

Gleditsch & Theisen, 2008, 2010; Nordås & Gleditsch, 2007). While a few serious 

studies have now been published (Buhaug, 2010; Burke et al., 2009; Hendrix & 

Glaser, 2007; Raleigh & Urdal, 2007) and others are underway (Bernauer et al., 

2010; Hendrix & Salehyan, 2010; Theisen, Holtermann & Buhaug, 2010), there is 

no emerging consensus whether or not climate change is likely to contribute to a 

significant increase in conflict. On the whole, however, the bulk of the evidence so 

far points in the direction that climate change is likely to have a limited impact on 

future state-based armed conflict.2 

A detailed study of the third and fourth assessment reports of the IPCC 

(Nordås & Gleditsch, 2009) indicated that only in a very few cases was it argued 

directly that climate change will cause violent conflict. More frequently one finds an 

argument that climate change interacts with other problems, such as previous 

                                           

 

 

 
2 State-based armed conflict includes interstate war, colonial war, and civil war, in the terminology of 
the Uppsala Conflict Data Project (Gleditsch et al., 2002 and www.pcr.uu.se). Three other main forms 
of armed conflict are one-sided conflict (government vs. unorganized people), non-state (communal) 
conflict, and riots. While there have been claims that climate change is likely to increase each of these, 
there have not yet been much systematic work to investigate them. 
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conflict, poverty, natural disasters, etc. For instance, IPCC (2007: p. 443) notes that 

Africa has seen many armed conflicts in the recent past and claims that ‘climate 

change may become a contributing factor to conflicts in the future, particularly 

those concerning resource scarcity, for example, scarcity of water’. The main source 

for this view is Ashton (2002), which mainly discusses the pros and cons of ‘water 

war’ scenarios and then notes in passing that ‘There is also compelling, though as 

yet unproven, evidence that projected trends in global climate change will worsen 

this situation’ (p. 236). A US think-tank report on climate change and conflict (CNA, 

2007: 2) used the term ‘threat multiplier’ when describing the effect of climate 

change. O'Brien & Leichenko (2000) and Leichenko & O’Brien (2008) have referred 

to ‘double exposure’ when describing the dual impact of climate change and 

globalization. 

Although the expression ‘double exposure’ suggests an interaction effect 

between two factors making the situation worse, it is not obvious that the overall 

effect of both would be negative. On the contrary, it is not unlikely that globalization 

could stimulate economic activity that might compensate to some extent, at least at 

the global level, for negative effects of climate change. For that matter, it is not 

evident that all effects of climate change are uniformly negative. Areas that 

currently have a climate unfavorable to economic activity might improve, at least in 

the long run, but of course they would still have to face transition costs. 

In this paper we simplify by assuming that climate change generally imposes 

a burden, and the more so the larger the change. We test the hypothesis underlying 

the introductory quote from Kofi Annan, that climate change will affect areas that 

are already facing other problems. In order to make this notion more precise, we 

take Paul Collier’s notion of the ‘bottom billion’ as our starting-point. 

A billion people falling behind 

The focus of Paul Collier’s bestseller, The Bottom Billion (2007) is on countries 

struggling at the bottom of the development pyramid. In Collier’s rough 1–4–1 

division of the world, one billion people live in developed and prosperous countries, 

four billion in countries rapidly developing and meeting the living standards of the 

rich, and one billion in countries experiencing economic stagnation or decline. The 

main focus of Collier’s book is on the poor prospects of the third group. 

Collier’s bottom billion consists of 58 countries with a combined population 

of 980 million people (2006 estimate). These countries tend to be small, with an 

average population of 17 million people, and are mainly concentrated in Africa and 

Central Asia, with scattered cases elsewhere. Common to these countries is that 

they have very low GDP per capita and low or negative growth, and that they 

additionally are caught in one or several of the following development traps:  
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• The conflict trap. Nearly three-quarters of the people in the bottom billion 

have recently been through or are still in the middle of a civil war. 

• The natural resource trap. Close to one third of the people live in countries 

with a history of mismanaged dependency on natural resources. 

• The trap of being landlocked with bad neighbors. No less than 38% of the 

people live in countries that are landlocked and are therefore dependent on 

their neighbors’ transportation systems for international trade.  

• The trap of bad governance in a small country. Three-quarters of the people 

live in countries that have suffered long periods of bad governance and poor 

economic policies. Collier argues that bad governance is particularly harmful 

in small countries, where the population is more dependent on the 

government for providing services. 

 

Collier (2007) provides numerous examples of economically fragile countries that 

are caught in each of these four traps. At the time, however, the perceived political 

sensitivity of the matter prevented him from making a full list of the bottom billion 

countries available.3 As we will show, Collier’s definition of this category of 

countries is somewhat unclear and depends on subjective judgments.  

Identifying the bottom billion 

Given that the list of bottom billion countries was not available when we started on 

this project, we constructed a list based on the indications given in Colliers’s book. 

The countries making up the bottom billion are poor and characterized by economic 

stagnation or decline. In order to identify the economically most vulnerable 

countries, we first produced ranked lists of all UN member states according to their 

estimated GDP per capita (CIA, 2007) and average annual growth in GDP per capita 

for 2000-2004 (World Bank, 2007).4 Our next step was to identify which of these 

countries had additionally fallen into one or more of the development traps. We 

relied on the UCDP/PRIO Armed Conflict Dataset, v.4–2007 (Gleditsch et al., 2002) 

to identify countries with recent (post-1989) or current experience with intrastate 

                                           

 

 

 
3 Paul Collier, personal communication, 26 October 2007. 
4 We use different sources for these indicators because the World Factbook provides the most up-to-
date estimates of GDP per capita whereas the WDI contains the best estimates for recent economic 
growth. 
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conflict above the 25 annual battle-deaths threshold. Data on resource dependence 

are derived from Collier & Hoeffler (2004), who code all countries as such if their 

income from natural resources amounts to more than one-third of total income 

from exports.5 Further, we coded all countries as landlocked (by means of visual 

inspection) if they had no coastline. Finally, a country was considered to be subject 

to the trap of bad governance if its 2006 International Development Association 

(IDA) Resource Allocation Index (World Bank, 2007b) was below 2.86 on a scale from 

1 to 6. 

Collier (2007) is vague on measurements, thresholds, and data sources, so 

any attempt to identify the 58 countries hosting the bottom billion will necessarily 

include some iterations of trial and error. This is no coincidence. As Collier (2007: 

6) puts it, ‘in defining these traps I have had to draw lines somewhat arbitrarily and 

this creates gray areas.’ The lack of transparency meant that we decided to apply 

one final coding criterion: to include all countries that are explicitly mentioned as 

relevant cases in Collier’s book, regardless of their values on the other indicators. 

Examples of countries that do not naturally fall into our list on the basis of their 

economic performance alone include Angola, Equatorial Guinea, and Fiji. These 

three countries have relatively high income and growth, compared to the other 

countries that we first identified as the economically most vulnerable. Of the 58 

countries, about forty are exemplified as bottom billion countries in Collier’s book. 

Based on an assessment of the development traps, we identified 58 bottom 

billion countries with a total population of 980 million people and an average 

population of 16.9 million. 73% of the bottom billion live in Africa. With the 

exception of Equatorial Guinea, these countries have a very low GDP per capita, 

and an average annual GDP per capita growth of only 1.5%.7 Roughly three 

quarters of the people live in conflict or post-conflict countries; close to one-fifth of 

the people live in countries characterized by natural resource dependence; and 34% 

of the people live in landlocked countries. Finally, 22% of our bottom billion live in 

countries that suffer from poor governance. A complete list of these countries can 

be found in the appendix. 

                                           

 

 

 
5 For a critique of this measure, see Fearon (2005). 
6 The decision for this cutoff was based on Collier’s description of the Democratic Republic of the 
Congo (DRC) as a borderline case (Collier 2007: 69). DRC has an IDA Resource Allocation Index of 2.8 
(World Bank 2007). 
7 Due to enormous oil reserves and a small population, Equatorial Guinea now has the fourth highest 
per capita income in the world (CIA, 2007), after Luxembourg, Bermuda, and Jersey – unusually listed 
as a separate entity. 
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Table I. Characteristics of the bottom billion  
 Collier (2007) Replication 

Population (million) 980 980 

Avg. GDP capita growth 1.7% 1.5% 

Conflict (people) 73% 77% 

Resource dependent (people) 30% 18% 

Landlocked (people) 38% 34% 

Bad governance (people) 75% 22% 

People in Africa 

Number of countries 

70% 

58 

73% 

58 

 

Not surprisingly, most of the deprived countries are located in Sub-Saharan 

Africa. Indeed, Figure 1 shows that Gabon is the only continental African country 

between the Mediterranean rim and Namibia not included in our list. Outside 

Africa, most of the disadvantaged countries are located in Central Asia and the 

Asia-Pacific. Only two countries, Bolivia and Haiti, are found in the Americas. 

Verifying the replicated list 

Although Paul Collier initially would not release his list of bottom billion countries, 

he published it in his next book (Collier, 2009: 240f). There is good – but not 

complete – overlap between his list and our replication. 51 of our 58 countries are 

on Collier’s list. The ones that are not are Fiji, Iraq, Sao Tome & Principe, Solomon 

Islands, Timor-Leste, Tonga, and Vanuatu. The seven countries we have missed and 

that are on Collier’s list are Azerbaijan, Guyana, Kazakhstan, Kyrgyz Republic, 

Lesotho, Mongolia, and Turkestan. For this analysis we decided to retain our own 

list, since it is mostly generated by systematic criteria and since we don’t know why 

Collier’s list differs. In any case, the empirical analysis here is limited to Africa, and 

there is almost complete overlap for Africa (although Collier includes Lesotho in 

addition to the 39 countries on our list).  
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Figure 1. Mapping the bottom billion 

 
 
 

Comparing the bottom billion to alternative lists 

Collier’s bottom billion is only one of a number of evaluations of countries’ political 

and socioeconomic vulnerability: The International Development Association (IDA) 

of the World Bank has an annually updated list of fragile and marginal fragile 

states. This list covers low-income countries scoring 3.2 and below on the Country 

Policy and Institutional Assessment (CPIA), which is the primary tool used in the 

World Bank’s assessment of the quality of country policies and the main input to 

IDA’s Performance-Based Allocation system (World Bank, 2007c). Secondly, the 

African Development Bank (AfDB) has a list of fragile states, ranking its members in 

Sub-Saharan Africa according to their CPIA scores and the ADB’s own vulnerability 

index (African Development Bank, 2006). Finally, the United Kingdom Department 

for International Development (UK DFID) provides a ‘proxy list of fragile states,’ 

which also applies the CPIA index, and includes all countries that at least once 

appeared in the fourth and fifth quintiles of the index between 1999 and 2003 

(DFID, 2005). 

As shown in Table II the overall correspondence between the bottom billion 

and other alternative list of disadvantaged countries is quite high. On our list we 

find all but one (Papua New Guinea) UN members on the World Bank’s list of fragile 

and marginal states, 38 out of 45 UN members on the UK Department for 

International Development’s proxy list of fragile states, and all but one (Seychelles) 

on the African Development Bank’s list of fragile states. 
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Table II. Cross tabulation of alternative lists 

   
World Bank UK DFID  AfDB  

  
no  yes no yes no  yes 

Bottom  no 133 1 127 7  1 

billion yes 27 31 20 38  24 

 

According to International Alert (Smith & Vivekananda, 2007) there are 46 

poor countries that face the ‘double-headed problem of climate change and violent 

conflict’, in which effects of climate change interacting with social, economic, and 

political problems are assumed to create a high risk of armed conflict (p. 3). Forty-

six countries with a total population of 2.7 billion people are included in this list. A 

second list contains additional 56 countries (1.2 billion people) that face high risk of 

political instability due to the likely inability by their weak governmental 

institutions to handle the effects of climate change. No less than 47 of the 58 

bottom billion countries are included in the two lists; thirty countries face a high 

risk of armed conflict as a consequence of climate change, and 17 more countries 

are at high risk of political instability. 

Climate change 

The common assumption that climate change has a disproportionately negative 

impact on the most vulnerable states is never mentioned in Collier (2007), even 

though several of the ‘development traps’ that he dwells upon are key features in 

other reports’ definitions and measures of vulnerability to climate change and 

capacity to adapt8. And indeed, in his most recent book, Collier (2010: 197) argues 

that it’s a further stroke of ill luck that ‘the poorest parts of the world should be the 

ones most severely affected by climate change’. In the following, we conduct a 

systematic assessment of the extent of correspondence between the bottom billion 

and countries vulnerable to past and future adverse climate changes. 

Various probable physical effects of climate change can be taken as starting-

points for an evaluation of the impact of climate change, such as higher 

temperature (Burke et al., 2009), variations in precipitation (Miguel, Satyanath & 

Sergenti, 2004), and sea-level rise (Vafeidis et al., 2008). Here we focus on changes 

                                           

 

 

 
8 However, Collier et al. (2008) discussed the effects of climate change on economic development in 
Africa and Collier (2010: X) states that ‘Belatedly, I have accepted the importance of nature’ and 
devotes considerable space to climate change. 
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in temperature and precipitation, as well as drought events. Unfortunately, for this 

version of the paper the historical data on recent climate variability do not match 

the projected data perfectly as they rely on different metrics of environmental 

conditions and change. Nonetheless, as the purpose of this study is more concerned 

with comparing aggregate trends for the bottom billion with corresponding trends 

for other African countries than tracing individual countries over long time periods, 

we consider the data to be satisfactory.  

Measuring severity 

Our simple aim is to determine the accuracy of the notion that the poorest and 

most vulnerable countries are also the ones that will experience the most severe 

climate changes. Severity may be measured in several different ways: One is to look 

at the absolute degree of change relative to the ‘normal’, i.e. the average over a 

period of, say, ten years. Another is to look at changes that go in the direction of 

more extreme weather – are hot countries becoming hotter, dry countries becoming 

drier, etc? (Presumably, such changes are more serious.) A third possibility is to 

look at whether the predicted changes are outside the normal range of variability.9  

Measuring overlap 

A strong confirmation of the Kofi Annan thesis quoted above would be that a 

majority of the bottom billion countries are or will be severely affected by climate 

change, whereas a majority of other countries are not. A strong disconfirmation 

would be that the countries most severely affected are entirely outside the bottom 

billion. We might define partial confirmation as the case where a majority of bottom 

billion countries are affected more than the average country and weak confirmation 

as the case where there is some overlap, where fewer than half (but more than in 

the comparison group) of the bottom billion countries are severely affected. 

Data 

Country-specific historical temperature trend data were calculated from the CRU TS 

3.0 dataset from the Climate Research Unit, University of East Anglia. The CRU 

data contain monthly mean land-surface temperatures in a 0.5 x 0.5 degree grid, 

provided by more than 4,000 weather stations around the globe. The gridded data 

                                           

 

 

 
9 Societal responses to adverse environmental change also are determined by the level of vulnerability, 
which only partially is reflected by bottom billion status. We do not discuss additional indicators of 
vulnerability here (though we return to this issue in the conclusion) as our investigation – and the 
statements that we test – relate directly to anticipated exposure to physical changes in the climate. 
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were first aggregated to a yearly format by taking the mean cell value for all months 

within each calendar year and then aggregated to a country-year format by 

intersecting the gridded data with country boundary layers and calculating the 

country-mean values, using geographic information system (GIS) software. Past 

precipitation data were derived from the Global Precipitation Climatology Centre 

(GPCC). The GPCC data contain annual gauge-based estimates of total precipitation 

(mm) for the global land surface at 0.5 degree resolution based on approximately 

50,000 weather stations. The precipitation change measures were created in a 

similar fashion, by first aggregating the cell data to annual format and then 

generating country-year-specific estimates.10 As a third indicator of past climate 

variability and change, we include a measure of drought that is based on the 

gridded standardized precipitation index, SPI6. For each month, the SPI6 measures 

negative deviation from normal rainfall during the six preceding months and 

thereby captures within-year anomalies even when aggregate yearly statistics might 

indicate a normal year. In the annualized index, a drought is defined as three 

consecutive months with precipitation at least one standard deviation below the 

monthly normal or two consecutive months with precipitation at least 1.5 standard 

deviations below normal. This is a relatively inclusive definition, so many African 

countries experience a drought event somewhere within their territory in most 

years. As a more nuanced indicator of drought, we constructed a country-level 

measure that gives the share of the territory (i.e. share of all grid cells in country) 

affected by drought in each year. 

The empirical assessment also involves exploring future trends. As indicators 

of likely future climate change, we use data on minimum night-time temperature 

(tn90), annual frequency of rainy days (r10), and duration of heat waves (hwdi) for 

the 21st century, based on climate simulations on the SRES A1B scenario by the 

National Center for Atmospheric Research (NCAR), released by the Program for 

Climate Model Diagnosis and Intercomparison (CDMDI) at the Lawrence Livermore 

National Laboratory, San Francisco. More specifically, 

                                           

 

 

 
10 Some countries, notably Angola, are excluded from the current dataset as they did not reach 
independence until after the first decade of analysis. In addition, we dropped South Africa and 
Morocco as the outline of these countries shifted markedly during the period. These will be included in 
forthcoming analyses, using today’s boundaries as ‘cookie-cutters’ when generating past climate 
statistics. 
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• tn90 gives the percentage of daily minimum temperature (Tmin) above 

the 90th percentile Tmin value for the 1961–90 period. Nighttime 

warming is a main contributor to heat-related stress. 

• r10 gives the number of days with precipitation at or above 10 mm. 

This indicator is highly correlated with total annual and seasonal 

precipitation. 

• hwdi, or the heat wave duration index, gives the maximum number of 

days (>5) with maximum temperature (Tmax) at least 5ºC above the 

1961–90 daily Tmax normal.  

All indicators contain projected estimates for each country for every year, 2000–99. 

See Frich et al. (1992) for further details on the specific climate measures. 

An analysis of past climate variation 

Figure 2 shows aggregate time trends in temperature for Africa since 1970, 

separating between bottom billion countries and remaining countries. The bottom 

billion countries are on average significantly warmer than other parts of Africa. This 

is not surprising, given that the bottom billion countries are concentrated in the 

tropics. But the changes in temperature are almost identical between the samples.11 

For the bottom billion countries, the mean annual temperature has increased with 

a rate of 0.0288 degrees Celsius per year in this period; the corresponding figure for 

the other African countries is 0.0284. This makes it hard to argue that bottom 

billion countries as a group have been more severely affected by climate change, 

even if they are different in climate. In fact, the climatic difference between the two 

groups is so large that one may wonder if we are not observing how an unfavorable 

climate has contributed to the economic problems that these countries are facing. 

 

                                           

 

 

 
11 While our data cover the entire post-colonial period in Africa (1960–), we show climatic changes only 
since 1970 here as this is when the temporal trend (i.e. warming) started to materialize. 
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Figure 2. Trends in temperature for Africa since 1970 

 
 

Figure 3, which shows contemporaneous changes in precipitation, depicts a 

similar picture. BB countries on average have a qualitatively different climate, being 

significantly wetter than the rest of Africa, but temporal changes in precipitation 

(i.e. drying) are almost identical. Besides, there is little evidence of an increase in 

inter-annual variability in weather patterns. 

 

Figure 3. Trends in precipitation for Africa since 1970 
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Figure 4 shows changes in the annual extent of drought events between 

bottom billion countries and other African countries. Evidently, intra-annual 

drought events are more frequent among the bottom billion countries. This is 

probably at least partly a function of the overall higher amount of precipitation in 

these countries; wetter areas show a larger variation around the mean. In line with 

the gradual warming and drying of the continent, we see that drought events have 

become more frequent over time, although with notable variations between years. 

The most extensive droughts occurred in the mid-1980s, affecting more than 30% of 

African soil. The increase in drought events since 1970 appears to be somewhat 

stronger among other African countries. 

The aggregate statistics disguise significant variations between countries. The 

country with the largest absolute increase in temperature is Uganda (1.46 ºC), 

followed by Sudan (1.43 ºC) and Chad (1.36 ºC).12 By comparison, Equatorial 

Guinea and Lesotho both experienced less than 0.1 ºC warming in this period. 

Liberia (–1,229 mm), Sierra Leone (–561 mm), and Guinea (–483 mm) have had the 

largest drop in annual precipitation in absolute terms. In relative terms, the most 

significant drying occurred in Liberia (–42%) followed by Egypt (–37%) and Burundi 

(–30%). A handful of countries have become wetter since the 1960s, most notably 

Lesotho (6.1%) and Cameroon (4%). 

 

                                           

 

 

 
12 Changes are calculated by comparing the 1960–69 period with the most recent decade with high-
resolution data, 1995–2004. 
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Figure 4. Trends in drought events for Africa since 1970 

 
 

Finally, Figure 5 looks at the relationship between the first two forms of 

climate change, changes in mean decadal temperature and precipitation within the 

sample period (i.e. 1960–69 vs. 1995–2004). The country-specific changes in 

temperature appear to have occurred independently of changes in precipitation. 

However, the linear trend lines are sensitive to small changes to the samples and 

there is a tendency that countries that have seen most warming (e.g., Uganda, 

Tunisia, Rwanda, Sudan, and Chad) have had only minor changes in annual 

precipitation levels. There is no systematic difference in the temperature-

precipitation relationship between the bottom billion countries and the rest of 

Africa. 
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Figure 5. Climate change exposure in Africa since 1970 

 
The solid trend line represents the linear association between the climate parameters for bottom billion 
countries while the dashed line represents other African countries. 
 

An analysis of future climate variation 

There is little in the data shown thus far that suggests that recent climate change 

has occurred disproportionately in the poorest and most vulnerable countries of 

Africa. But will the future be different from the past? In the assessment of expected 

future climate change in Africa we rely on the same three indicators of climatic 

changes, temperature, precipitation, and drought events. Although these indicators 

apply different metrics than the historical data surveyed above, they are reasonably 

comparable for our purpose. We begin by inspecting the geographic distribution of 

projected change in night temperature (tn90) and frequency of rainy days (r10) over 

the course of the 21st century (Figure 6). As seen in the left map, all of Africa will 

become warmer over time. Our data suggest that unusually warm nights (i.e. at 

least as warm as the 10% warmest nights 1961–90) increasingly will become the 

norm (26% of nights in 2000; 73% of nights in 2099). That said, the map 

demonstrates substantial intra-continental variability. Night-time warming is 

projected to be particularly prominent in the tropical wet and dry zone and along 

the rim of the Sahara/Sahel belt. In parts of this area the minimum night-time 

temperature will be above the 90th percentile Tmin value for the 1961–90 period for 

all nights in the final decade of this century.  

The right map in Figure 6 illustrates expected change in rainfall, and here 

the spatial variability is even greater. While some areas will become drier, large 

parts should expect more precipitation in coming decades, including relatively dry 

zones such as the Sahel, potentially contributing to further greening of the region. 
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This may not be all good news, however, if more rainy days are associated with 

more extreme rainfall patterns, leading to increased flood risk in vulnerable areas. 

Our data suggests that this might not be a crucial risk (the simple daily intensity 

index (SDII) suggests a trivial increase in country mean amount of rainfall, from 6.4 

to 6.7 mm/day in this century) although we note that these estimates are based on 

a single simulation within the A1B scenario. 

 

Figure 6. The geography of projected climate changes in Africa, 2000–99 

  
The maps visualize projected percent change in share of nights with minimum temperature above the 
90th percentile for Tmin, 1961–90 (left map) and percent change in the annual number of days with 
precipitation ≥ 10 mm (right map) between the first and last decade of the 21st century. The categories 
are given as quintiles, where darker colors denote larger positive changes in night-time temperature 
and precipitation. The Saharan desert and other extremely dry areas are blank due to missing data. 
[The maps are best viewed in color.]  
 

Next, we assess aggregate projections of future trends in temperature, 

precipitation, and drought events between the bottom billion and other countries. 

Continuing the trends shown in Figures 2–4, we find that the bottom billion 

countries will remain warmer (Figure 7) and wetter (Figure 8) than other African 

countries, while there is no discernable difference in future drought exposure 

(Figure 9).). Unlike what we found in the previous analysis, there is a slight 

divergence between the trend lines for the bottom billion countries and other 

African countries for night temperature and precipitation. For temperature, the 

difference between the two groups increases from about 6 percentage points in the 

period 2000–05 to 19 percentage points in 2030–35. Beyond this, the two trend 

lines are largely parallel. For precipitation, the difference increases more gradually, 
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from approx 18 rainy days for the first five-year period to 23 days for the last five 

years (2095–99). In this case, however, the divergence in trends is much smaller 

than the difference at the start of the period. For heat wave duration there is no 

difference between the bottom billion and other African countries at the start of the 

period and no divergence between the two trend lines. 

 

Figure 7. Projected trends in night temperature 2000–99 

 

 
 
The figure shows the trend in tn90, the percentage of daily minimum temperature (Tmin) above the 
90th percentile Tmin value for the 1961–90 period.  
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Figure 8. Projected trends in precipitation 2000–99 

 

 
The figure shows the trend in r10, the number of days with precipitation at or above 10 mm. 
 

Figure 7. Projected trends in heat wave duration 2000–99 

 

 
The figure shows the trend in hwdi, the heat wave duration index, i.e. the maximum number of days 
(>5) with maximum temperature (Tmax) at least 5ºC above the 1961–90 daily Tmax normal.  
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Conclusions 

Our assessment of past and future climate trends in Africa suggests on the whole 

that the poorest countries have not been disproportionately affected by the physical 

consequences of climate change so far. Future projections indicate a considerable 

divergence in night temperature, with a heavier impact for the bottom billion 

countries. There is also a divergence for precipitation, but it is a minor one relative 

to the initial difference. Overall, the evidence for the proposition that the poorest 

societies will be hit harder in absolute terms, is fairly weak, although it is somewhat 

stronger for the projected climatic changes than for the changes observed to date. 

However, the security implications of climate change are not just a question of 

physical exposure. Environmental vulnerability also depends on the sensitivity of 

the affected society as well as their adaptive capacity. It is probably the difference in 

the ability of societies to overcome imminent challenges that more than anything 

determines the extent to which climate change is a real and direct threat to human 

security and livelihood. To the extent that climate change will act as a ‘threat 

multiplier’ (CNA, 2007: 6), it will be mainly because the bottom billion countries are 

less successful in adapting to the changing environment, not because their 

populations face a more severe future in an absolute sense. 
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Appendix. The bottom billion countries 

Table III Bottom billion countries – list constructed by us to Collier’s criteria 

 
 UN country name GDP pc ($)  GDP pc growth  Population 

1 Solomon Islands  600 -5.49 566,842 

2 Malawi  600 0.07 13,603,181 

3 Comoros  600 0.08 711,417 

4 Somalia  600  9,118,773 

5 DR Congo  700 -1.37 65,751,512 

6 Burundi  700 -0.46 8,390,505 

7 Timor-Leste  800 0.60 1,084,971 

8 Tanzania  800 4.28 39,384,223 

9 Afghanistan  800  31,889,923 

10 Guinea-Bissau  900 -1.87 1,472,780 

11 Liberia  900 -1.70 3,195,931 

12 Madagascar  900 -0.24 19,448,815 

13 Sierra Leone 900  2.27 6,144,562 

14 Eritrea  1,000 -3.85 4,906,585 

15 Niger  1,000 -0.47 12,894,865 

16 Djibouti  1,000 -0.02 496,374 

17 Yemen  1,000 0.56 22,230,531 

18 Zambia  1,000 2.44 11,477,447 

19 Ethiopia  1,000 2.95 76,511,887 

20 Benin  1,100 1.42 8,078,314 

21 Central African Republic  1,200 -2.06 4,369,038 

22 Kenya  1,200 0.29 36,913,721 

23 Sao Tome and Principe  1,200 1.74 199,579 

24 Mali  1,300 2.73 11,995,402 

25 Tajikistan  1,300 8.48 7,076,598 

26 Congo. Republic of the  1,400 1.04 3,800,610 

27 Burkina Faso  1,400 1.24 14,326,203 

28 Bhutan  1,400 3.59 2,327,849 

29 Nepal  1,500 1.32 28,901,790 

30 Nigeria  1,500 2.74 135, 031,164 

31 Mozambique  1,500 5.45 20,905,585 

32 Chad  1,500 8.25 9,885,661 

33 Cote d'Ivoire  1,600 -2.68 18,013,409 

34 Rwanda  1,600 1.90 9,907,509 

35 Togo  1,700 -1.09 5,701,579 

36 Haiti  1,800 -1.50 8,706,497 

37 Senegal  1,800 1.80 12,521,851 

38 Burma  1,800 10.32 47,373,958 
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39 Korea. North  1,800  23,301,725 

40 Uganda  1,900 2.30 30,262,610 

41 Iraq  1,900  27,499,638 

42 Gambia  2,000 1.58 1,688,359 

43 Uzbekistan  2,000 3.27 27,780,059 

44 Moldova  2,000 6.33 4,320,490 

45 Zimbabwe  2,100 -6.60 12,311,143 

46 Guinea  2,100 0.55 9,947,814 

47 Tonga  2,200 2.76 116,921 

48 Laos  2,200 3.50 6,521,998 

49 Sudan  2,400 4.06 39,379,358 

50 Cameroon  2,500 2.49 18,060,382 

51 Mauritania  2,600 2.09 3,270,065 

52 Ghana  2,700 2.43 22,931,299 

53 Cambodia  2,800 4.66 13,995,904 

54 Vanuatu  2,900 -1.87 211,971 

55 Bolivia  3,100 0.56 9,119,152 

56 Angola  4,500 4.11 12,263,596 

57 Fiji  6,200 1.31 918,675 

58 Equatorial Guinea  50,200 6.55 551,201 

    979,769,801 

 
Seven countries in italics (Fiji, Iraq, Sao Tome & Principe, Solomon Islands, Timor-Leste, Tonga, and 
Vanuatu) are on our list but not on Collier’s. Another seven countries (Azerbaijan, Guyana, 
Kazakhstan, Kyrgyz Republic, Lesotho, Mongolia, and Turkestan) are on Collier’s list but not on ours.  
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Table IV Bottom billion countries in Africa 

 
Country GDPpc Δ GDPpc Pop Bad gov. Conflict Resource Landlocked 

Angola 4,500 4.11 12,264 √ √ √ 

 Benin 1,100 1.42 8,078 

    Burkina Faso 1,400 1.24 14,326 

   

√ 

Burundi 700 -0.46 8,391 √ √ 

 

√ 

Cameroon 2,500 2.49 18,060 

 

√ 

  Central African Republic 1,200 -2.06 4,369 √ √ 

 

√ 

Chad 1,500 8.25 9,886 √ √ 

 

√ 

Comoros 600 0.08 711 √ √ 

  Congo, DR 700 -1.37 65,752 √ √ 

  Congo, Rep 1,400 1.04 3,801 √ √ √ 

 Cote d'Ivoire 1,600 -2.68 18,013 √ √ √ 

 Djibouti 1,000 -0.02 496 

 

√ 

  Equatorial Guinea 50,200 6.55 551 

  

√ 

 Eritrea 1,000 -3.85 4,907 √ √ 

  Ethiopia 1,000 2.95 76,512 

 

√ 

 

√ 

Gambia 2,000 1.58 1,688 

    Ghana 2,700 2.43 22,931 

    Guinea 2,100 0.55 9,948 √ √ 

  Guinea-Bissau 900 -1.87 1,473 √ √ 

  Kenya 1,200 0.29 36,914 

    Liberia 900 -1.70 3,196 

 

√ √ 

 Madagascar 900 -0.24 19,449 

    Malawi 600 0.07 13,603 

   

√ 

Mali 1,300 2.73 11,995 

 

√ 

 

√ 

Mauritania 2,600 2.09 3,270 

  

√ 

 Mozambique 1,500 5.45 20,906 

 

√ 

  Niger 1,000 -0.47 12,895 

 

√ 

 

√ 

Nigeria 1,500 2.74 135,031 

 

√ √ 

 Rwanda 1,600 1.90 9,908 

 

√ 

 

√ 

Sao Tome and Principe 1,200 1.74 200 √ 

   Senegal 1,800 1.80 12,522 

 

√ 

  Sierra Leone 900 2.27 6,145 

 

√ 

  Somalia 600 

 

9,119 

 

√ 

  Sudan 2,400 4.06 39,379 √ √ 

  Tanzania 800 4.28 39,384 

    Togo 1,700 -1.09 5,702 √ √ 

  Uganda 1,900 2.30 30,263 

 

√ 

 

√ 

Zambia 1,000 2.44 11,477 

   

√ 

Zimbabwe 2,100 -6.60 12,311 √     √ 
 

Lesotho is the only country in Africa on Collier’s list but not on ours. No countries are on our list and 
not on Collier’s. Population figures in 1,000s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


