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EXECUTIVE SUMMARY: 
 
Global warming is taking place at an unprecedented rate since instrumental records have 
been kept. This warming is largely caused by anthropogenic factors through the emission of 
greenhouse gases, with implications for precipitation and sea level rise. Although the 
developing countries have contributed a small part of the greenhouse gas, they bear the 
brunt of the adverse impacts of global warming. The heightened vulnerability of the 
developing countries to climate change is not only caused by climate elements but by 
complex combinations of social, economic, and environmental factors. Some of these 
factors discussed below, pose challenges to development and exacerbate vulnerability to 
climate change by reducing the adaptive capacity in these countries. Projected impacts of 
climate change cut through all the important sectors of the economies of the developing 
countries: agriculture and forestry, hydrology and water resources, natural ecosystems and 
biodiversity, coastal areas and settlements, and health. The economic costs of climate change 
in the developing countries are huge. While, there are several efforts to reduce the 
vulnerability of the developing countries to climate change, the magnitude of resources 
required for effective adaptation requires external assistance. If left unchecked, climate 
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change would hamper the achievement of the millennium development goals and even undo 
the modest achievements that these countries have made towards sustainable development. 
 
 

The Fourth Assessment Report of the Intergovernmental Panel on Climate Change 
(IPCC, 2007) has noted that between 1906 and 2005, the global average surface temperature 
has increased by about 0.74°C. The IPCC climate models have conservatively estimated that 
global average surface temperature could increase by up to 5.8°C by 2100. Most of the 
warming observed over the last 50 years is attributable to anthropogenic activities, through 
the emission of greenhouse gases, mainly carbon dioxide (CO2), methane (CH4) and nitrous 
oxides (N2O) with carbon dioxide being the most important contributor. While the 
industrialized countries are largely responsible for a greater proportion of the CO2 emissions 
through fossil fuel burning, the largest share of the emission of methane and nitrous oxide 
are from the developing countries, generated through agriculture and forestry.  
 
Observed and Projected Climate Changes 

 
Warming of the climate system is unequivocal and has implications for precipitation 

and sea level rise. Observations show that the oceans have been warming considerably, 
causing seawater to expand and contributing to sea level rise. Global average sea level rose at 
an average rate of 1.8 mm per year between 1961 and 2003, but the rate was faster at about 
3.1 mm per year over the period 1993 to 2003 (IPCC, 2007). Widespread changes in 
precipitation amounts and aspects of extreme weather including droughts, heavy 
precipitation, heat waves and the intensity of tropical cyclones have all been observed, with 
strong regional variations. Significantly increased precipitation has been observed in eastern 
parts of North and South America, northern Europe, and northern and central Asia. Drying 
has been observed in the Sahel, southern Africa, the Mediterranean, and parts of southern 
Asia. More intense and longer droughts have been observed over wider areas since the 
1970s, particularly in the tropics and subtropics. 

 
A warming of about 0.2° C per decade is projected by the 2020s and continued 

greenhouse gas emissions even at current rates would cause further warming and induce 
many changes in the global climate system. Increases in the amount of precipitation are very 
likely in high-latitudes, while decreases are expected in most subtropical regions. Throughout 
Africa, warming is expected to be larger than the global annual mean warming. Annual 
rainfall is likely to decrease in much of Mediterranean Africa, the northern Sahara, and 
southern Africa while an increase is expected in eastern Africa (Christensen et al., 2007). 
Central and northern Asia will likely experience a warming greater than the global mean. 
Winter precipitation is likely to increase in eastern Asia and the southern parts of Southeast 
Asia. Most parts of Southeast Asia will receive an increased summer precipitation, with a 
high probability of an increase in the frequency of intense precipitation events (Cruz et al., 
2007). In Central & South America, the annual mean warming is likely to be above the global 
mean. Annual precipitation is likely to decrease in most of Central America (Magrin et al., 
2007). In the small islands developing states (SIDS), the warming will likely be smaller than 
the global annual mean. Sea levels are likely to rise during the century around the small 
islands of the Caribbean Sea, Indian Ocean, and northern and southern Pacific Oceans, 
although the rise will not be geographically uniform. Annual rainfall is likely to increase in 



Anthony Nyong Climate Change Impacts in the Developing World 3 

the northern Indian Ocean with increases likely around Seychelles in December, January, 
and February, and around the Maldives in June, July, and August, while decreases are likely 
in the vicinity of Mauritius in June, July, and August (Mimura et al., 2007). 

 
 
 
 

Current Developmental Challenges 
 
Every published literature and assessment has concluded that the developing 

countries are more vulnerable to the adverse impacts of climate change. This vulnerability is 
not only determined by climate events but by complex combinations of social, economic, 
and environmental factors. Some of these factors discussed below, pose challenges to 
development and exacerbate vulnerability to climate change by reducing the adaptive 
capacity in these countries.  

 
Social factors: Many of the factors that characterize the developing countries and 

contribute to their heightened vulnerability to climate change include rapid population 
growth, endemic poverty and hunger, poor health, low levels of education, gender inequality, 
fragile and hazardous location, and lack of access to resources and services, including 
knowledge and technological means. When people are socially disadvantaged or lack political 
voice, this vulnerability is exacerbated further. Assessments of health in Africa, for instance, 
show that many communities are already impacted by health stresses that are coupled to 
several causes, including poor nutrition. An estimated 700,000 to 2.7 million people die of 
malaria each year in the developing countries. The economic burden of malaria is estimated 
as an average annual reduction in economic growth of 1.3 percent for those African 
countries with the highest burden (Gallup and Sachs, 2001).  

 
Economic vulnerability: There are important economic processes that serve to 

heighten vulnerability to climate variability in the developing countries. Issues of particular 
importance include globalization, trade, and equity. Structural adjustment accompanied by 
complex market reforms and market liberalisation has aggravated the vulnerability of many 
developing countries. Although globalization offers opportunities for growth and 
development in all parts of the world, structural challenges faced by many developing 
countries have dimmed the hopes and promises that should accompany the liberalisation of 
trade. The integration of markets has subjected the economies of many developing countries 
to a more fiercely competitive external trading environment; a competition they are neither 
prepared for nor equipped to deal with.  

 
Environmental factors: Many developing countries are contending with adverse 

environmental factors such as erosion, land degradation, and deforestation, which have 
caused irreversible damage to terrestrial and marine ecosystems with consequent loss of 
production potential in several areas. About 40 percent of the world’s arable land is 
degraded, and most of the degraded soils are found in the poorest countries, where 
deforestation, over-exploitation, and inappropriate land use practices compound the 
problem (UNEP, 2007).  

 
CLIMATE CHANGE IMPACTS IN THE DEVELOPING COUNTRIES 



Anthony Nyong Climate Change Impacts in the Developing World 4 

 
Agriculture and food security 

 
Agriculture is unarguably the most vulnerable sector to climate change and a majority 

of the population in the developing countries derives their livelihoods from agriculture. Key 
impacts of climate change in the agriculture sector in the developing countries are outlined 
below.1  

 
In mid- to high-latitude regions, temperature increases of between 1oC and 3oC will 

likely have small but beneficial impacts on the main cereal crops such as rice, wheat, and 
maize. Further warming beyond this range will likely have increasing negative impacts. In the 
low-latitude regions, where most developing countries are found, even moderate 
temperature increases are likely to result in declining yields for these cereals (figure 1). 
Countries such as Sudan, Nigeria, Somalia, Ethiopia, Zimbabwe, and Chad, could lose 
cereal-production potential by 2080 (Fischer at al., 2005). In Latin America, there are 
generalized reductions in rice yields by the 2020s, while cereal yields could decrease up to 
30% by 2050 in South Asia. The net loss in yield will exceed the net gains and this is 
expected to cause a modest increase of between 2 and 20 percent in the price of agricultural 
products in the short to medium term at the global level. Climate change could lead to a 
reduction in GDP of about 1.5 percent in many developing countries, particularly around 
the tropics by 2080 (Fischer et al., 2005). 

 
Figure 1. Projected Changes in Agricultural productivity by 2080 due to climate change, incorporating the 
effects of carbon fertilization (Cline, 2007) 

 
 
More frequent extreme events like floods and droughts may lower long-term yields 

by directly damaging crops at specific developmental stages. Heavy rainfall could precipitate 
soil erosion resulting in substantial agricultural loss. Several studies in Africa have established 
a positive relationship between drought and animal death. In most regions of Asia pasture 
availability limits the expansion of livestock numbers. Higher temperatures and longer 
growing seasons could result in increased pest and insect populations in temperate regions of 

                                                 
1 This section draws substantially from the conclusions of the Fourth Assessment Report of the IPCC 
(IPCC, 2007). 
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Asia. In Africa, rift valley fever epidemics, which always accompany El Niño events, could 
increase with a higher frequency of El Niño events. This has a strong negative impact on 
livestock health in the continent.  

 
However, global warming will also present opportunities for some countries to 

expand their agricultural potentials. For instance, global warming will likely increase the area 
that is conducive to growth and production of agricultural crops, as well as extend the length 
of growing periods in some countries. For other countries, particularly those in Africa, Latin 
America, and Asia, a significant decrease in land that will be suitable for rainfed agriculture is 
projected by 2080. In Africa, it is projected that the area of arid and semi-arid land could 
increase by 5 to 8 percent (Boko et al., 2007). By the middle of this century in northern 
China, tri-planting boundary will likely shift by 500 km and double planting regions will 
move towards the existing single planting areas, while single planting areas will shrink by 23 
percent (Wang, 2002). However, suitable land and production potentials for cereals could 
marginally increase in some parts of East Asia (Fischer et al., 2002). 

 
Fisheries could be affected by different biophysical impacts of climate change. A 

1.5oC to 2.0oC rise in temperature could result in the loss in productivity on the fisheries in 
northwest Africa and the East African lakes. In the small island states, the two main effects 
of climate change on tuna fishing are likely to be a decline in the total stock and a migration 
of the stock eastwards, both of which will lead to changes in the catch (McLean et al., 2001; 
Lehodey et al., 2003). The Asia-Pacific region, which is the world's largest producer of fish, 
will likely see a reduction of primary production in the tropical oceans because of changes in 
oceanic circulation in a warmer atmosphere (IPCC, 2001). Global warming will also bring 
some opportunities to this region. Moderate warming in some parts of Asia is likely to 
improve the conditions for some economically gainful fisheries, such as cod and herring.  

 
Food security is a function of food availability, food access, and food utilization. 

Climate change could directly or indirectly impact on these three pillars of food security. It is 
estimated that in 2080 about 768 million people will be undernourished (Fischer et al., 2005). 
Most of the undernourished will be in the developing countries, particularly in Sub-Saharan 
Africa and South Asia, where crop production is projected to decline considerably. A 
projected 2 to 3 percent reduction in African cereal production by 2030 is enough to put 10 
million people at risk of hunger. By 2080, the total population of the currently over 80 food-
insecure countries is projected to increase from about 4.2 billion to about 6.8 billion.  

 
Hydrology and Water Resources 

 
Climate change will have implications for water availability and demand in the 

developing countries. A rising population and a weak infrastructure will exacerbate this 
situation. Under a changing climate, some areas will experience an increased precipitation 
and consequent flooding, while others will experience a reduction leading to droughts. Many 
developing countries would be exposed to severe water stress. In the small island states, the 
wet and dry cycles associated with ENSO episodes will have serious impacts on water 
supply. For instance the la Niña of 1998 to 2000 was responsible for acute water shortages in 
many islands in the Indian and Pacific Oceans, which resulted in partial shutdowns in the 
tourism and industrial sectors (Shea et al., 2001; Hay et al., 2003). In Fiji and Mauritius, 
borehole yields decreased by 40 percent during the dry periods (World Bank, 2000). In Asia 
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ENSO events have also contributed to increase water shortage and a 6 to 10 percent 
increase in water demand for agricultural irrigation is expected for a 1°C rise in surface air 
temperature by the 2020s (Cruz et al., 2007). Expansion of areas under severe water stress 
will be one of the most pressing environmental problems in South and South-East Asia in 
the foreseeable future as the number of people living under severe water stress is likely to 
increase substantially in absolute terms. It is estimated that 120 million to 1.2 billion, and 185 
to 981 million people will experience increased water stress by the 2020s, and the 2050s, 
respectively (Arnell, 2004). The decline in annual flow of the Red River by 13 to 19 percent 
and that of Mekong River by 16 to 24 percent by the end of 21st century will contribute in 
increasing water stress (ADB, 1994). 

 
In Africa, an already bad situation of water resources will be exacerbated by climate 

change and variability, which will likely impose additional pressures on water availability, 
water accessibility, and water demand.  The population at risk of increased water stress in 
Africa is projected to be between 75 and 250 million people by 2020 and 350 and 600 
million people by 2050. Northern Africa and southern Africa will likely see an increase in the 
number of people that could experience water stress by 2055 (Arnell, 2004). A 3°C 
temperature increase could lead to 0.4  to 1.8 billion more people at risk of water stress in 
the continent, while many African countries will exceed the limits of their economically 
usable, land-based water resources before 2025 (Ashton, 2002). About 14% of the Latin 
American population has no access to a safe water supply—63 percent of these live in rural 
areas (Magrin et al., 2007). More than 22 million people are estimated to be living in water-
stressed watersheds (less than 1,000 m3/capita per year) in the absence of climate change in 
1995 (Arnell, 2004). The net increases in the number of people living in water-stressed 
watersheds by 2025 ranges between 7 and 77 million. While, for the second half of the 
century, the potential water availability reduction and the increasing demand from an 
increasing regional population would increase these figures to between 60 and 150 million 
(Arnell, 2004). 

 
In addition to its effect on water availability and demand, climate change will also 

affect water quality. Over-exploitation of groundwater in many coastal countries has resulted 
in a drop in its level, leading to saltwater intrusion in coastal areas making the sub-surface 
water saline. Coastal regions of Africa, India, China, Bangladesh, and the small island states 
are especially susceptible to increasing salinity of their groundwater as well as surface water 
resources due to increases in sea level as a direct impact of global warming. In Latin 
America, climate change induced drying, coupled with inappropriate agricultural practices 
(deforestation, soil erosion and the excessive use of agrochemicals) will deteriorate surface 
and groundwater quantity and quality, particularly in already degraded areas (UNEP, 2007). 

 
Natural Ecosystem and Biodiversity 

 
The ecosystem is very important to the economy of many developing countries, as a 

significant proportion of its population derives their livelihoods from there. However, recent 
assessments have identified significant impacts that climate change will have on both the 
terrestrial and aquatic ecosystem. In the small island states, the middle and high-latitude 
islands will be threatened by non-indigenous invasive species, previously limited by 
unfavorable temperature conditions. Under future climate change, there is a risk of 
significant species extinctions in many areas of tropical South and Central America. Seven 
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out of the 25 most critical places with high endemic species concentrations are in Latin 
America and these areas are undergoing habitat loss. By 2050, Mexico will likely experience 
significant increases in losses in species: mammals up to 26 percent, birds up to 8 percent, 
and butterflies up to 19 percent (Thomas et al. 2004). Replacement of tropical forest by 
savannas is expected in Eastern Amazonia and the tropical forests of central and southern 
Mexico, along with replacement of semi-arid vegetation by arid vegetation in parts of north-
east Brazil and most of central and northern Mexico due to the synergistic effects of both 
land-use and climate changes (Magrin, 2007). Other key ecosystem impacts in south and 
Central America include significant loss of tree species (Thomas et al., 2004), more frequent 
wildfire in Amazonia (the risks of forest losses through fires in some parts of Amazonia 
exceed 40 percent for temperature increases of more than 3°C), more runoff in 
northwestern South America, and less runoff in Central America.  

 
In Asia, up to 50 percent of the region’s total biodiversity is at risk due to climate 

change. Boreal forests in North Asia would move further north. Projections show that 105 
to 1,522 plant species and 5 to 77 vertebrates in China and 133 to 2,835 plants and 10 to 213 
vertebrates in Indo-Burma could become extinct by the end of the of the century. 
Projections have shown that an average temperature increase of 1°C could increase the 
duration of the wild fire season in North Asia by 30 percent (Cruz et a., 2007), which could 
have varying adverse impacts on biodiversity, forest structure and composition, outbreaks of 
pest and diseases, wildlife habitat quality, and other key forest ecosystem functions. The 
natural grassland coverage and the grass yield in Asia, in general, are projected to decline by 
about 10 to 30 percent as a consequence of climate change by the end of this century. This 
will have negative consequences on livestock production in the region. More frequent and 
prolonged droughts as a consequence of climate change and other anthropogenic factors 
together will result in the increasing trends of desertification in Asia. 

 
In Africa, climatic threats to ecosystems are very severe with strong consequences on 

the sustainability of livelihoods. It is estimated that the ice caps on Mount Kilimanjaro could 
disappear by 2020 (Thompson et al., 2002). Changes induced by climate change are also 
likely to result in shifts in species range, as well as in changes in tree productivity, adding 
further stress to forest ecosystems (UNEP, 2007). There are also possible changes in other 
ecosystems, such as grasslands, with implications for park animals. A study of the sensitivity 
of African mammals in 141 national parks in Sub-Saharan Africa showed that, assuming no 
migration of species, 10 to 15 percent of the species were projected to fall within the IUCN 
Critically Endangered or Extinct categories by 2050, increasing to 25 to 40 percent of species 
by 2080 (Thuiller et al., 2006). Major impacts on Africa’s coastal ecosystem include the 
possible extinction of endangered species associated with these ecosystems, such as 
manatees and marine turtles, along with migratory birds, coral bleaching, disappearance of 
low-lying corals, and losses of biodiversity. All these impacts will have negative effects on 
fisheries and tourism.  

 
Coastal Areas and Settlements 

 
Most of the physical development and infrastructure in the developing countries are 

concentrated close to the coasts. The expected increases in sea-level rise, weather, and 
climatic variability and extremes are very likely to affect coastal areas, resulting in heavy 
economic losses. Significant impacts of projected climate change and sea level rise are 
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expected between 2050 and 2080 on the Latin American coastal areas. With most of their 
population, economic activities and infrastructure located at or near sea-level, coastal areas 
will very likely suffer from floods and erosion, with high impacts on people, resources, and 
economic activities Some of these impacts include population displacement; increased 
erosion and altered coastal morphology; disruption of access to fishing grounds; negative 
impacts on biodiversity, including mangroves; salinization and over-exploitation of water 
resources, including groundwater; and pollution and sea-water acidification in marine and 
coastal environments (Conde, 2001; Magrin, 2007).  

 
As noted by Cruz et al (2007), all coastal areas in Asia are facing an increasing range 

of stresses and shocks—the scale of which now poses a threat to the resilience of both 
human and environmental coastal systems, and are likely to be exacerbated by climate 
change. A 40 cm increase in sea level by the end of the century is projected to increase the 
annual number of people flooded in coastal populations from 13 million to 94 million. A 
significant proportion of this will occur in South Asia. The projected sea-level rise could 
inundate low lying areas, drown coastal marshes and wetlands, erode beaches, exacerbate 
flooding, and increase the salinity of rivers, bays, and aquifers.  

 
In Africa, highly productive ecosystems, which form the basis for important 

economic activities such as tourism and fisheries, are located in the coastal zone. Forty 
percent of the population of West Africa live in coastal cities, and it is expected that the 500 
km of coastline between Accra and the Niger delta will become a continuous urban 
megalopolis of more than 50 million inhabitants by 2020 (Hewawasam, 2002). By 2015, 3 
coastal megacities of at least 8 million inhabitants will be located in Africa, which like most 
cities in the continent will consist of a sizeable proportion of slum dwellers (Klein et al., 
2002). Sea level rise will lead to floods in these coastal megacities, particularly affecting the 
poor who are prone to live in potentially vulnerable hazardous areas. The flooding will 
ultimately displace a significant number of people and create environmental refugees. 

 
The coastlines of small islands are often diverse and resource-rich, providing a range 

of goods and services, and population concentrations, many of which are threatened by a 
combination of human pressures and climate change and variability arising especially from 
sea-level rise, increases in sea surface temperature, and possible increases in extreme weather 
events (Mimura, 2007). In many of the Caribbean islands, more than half of the population 
live within 1.5 km of the shoreline. Fishing villages, government buildings, and important 
facilities such as hospitals are frequently located close to the shore. Moreover, population 
growth and internal migration of people are putting additional pressure on coastal 
settlements. Like settlements and industry, the infrastructural base that supports the vital 
socio-economic sectors of island economies tends to occupy coastal locations.  

 
Key climate change impacts in the islands will include accelerated coastal erosion, 

saline intrusion, and increased flooding from the sea. The impacts on transportation 
infrastructure will include closure of roads, airports, and bridges due to flooding and 
landslides, and damage to port facilities. The resulting disruption would not be confined to 
the transportation sector alone, but would impact other key dependent sectors and services 
including tourism, agriculture, the delivery of health care, clean water, food security, and 
market supplies. In the Caribbean, the damage to coastal infrastructure from storm surge 
alone has been severe. In November 1999, surge damage in St. Lucia associated with 
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Hurricane Lenny was in excess of US$6 million, even though the storm was centred many 
kilometers offshore (Mimura et al., 2007). In extreme cases, climate change could induce 
island abandonment in the region, where entire populations are forced to vacate the island. 

 
 
 

Health 
 
Climate change will pose a series of threats to health in the developing countries. 

The main health impacts due to climate change in Latin America are heat stress, malaria, 
Chaga’s disease, dengue, cholera, and other water-borne diseases. Malaria continues to pose 
a serious health risk in Latin America, where the potential risk of transmission ranges from 9 
percent in Argentina to 100 percent in El Salvador (PAHO, 2003). Climate change is likely 
to increase the risk of forest fires in some countries in the region. Forest fires have been 
associated with an increased risk of respiratory diseases and breathing problems (WHO, 
2000). Migration, resulting from climatic threats provides a good avenue for the spread of 
diseases.  

 
Many small island states lie in tropical or sub-tropical zones with weather conducive 

to the transmission of diseases such as malaria, dengue, filariasis, schistosomiasis, and food- 
and waterborne diseases (Ebi et al., 2006). The rates of many of these diseases are increasing 
in small island states for a number of reasons, including poor public health practices, 
inadequate infrastructure, poor waste management practices, increasing global travel, and 
changing climatic conditions (WHO, 2003). In the Caribbean, the incidence of dengue fever 
increases during the warm years of ENSO cycles (Rawlins et al., 2005). The incidence of 
diarrheal diseases is associated with annual average temperature  and negatively associated 
with water availability in the Pacific (Singh et al., 2001). Therefore, increasing temperatures 
and decreasing water availability due to climate change may increase burdens of diarrheal and 
other infectious diseases in some small island states. Tropical cyclones, storm surges, 
flooding, and drought have both short- and long-term effects on human health, including 
drowning, injuries, increased disease transmission, decreases in agricultural productivity, and 
an increased incidence of common mental disorders (Hajat et al., 2003).  

 
Climate change poses substantial risks to human health in Asia. The global burden of 

climate-change attributable to diarrhea and malnutrition are very high in Southeast Asian 
countries and the relative risks for these conditions for 2030 is expected to be also the largest 
(McMichael et al., 2004). The population at risk of dengue fever will be larger in India and 
China (Hales et al., 2002). Also in India and China, the excess mortality due to heat stress is 
projected to be very high (Takahashi et al., 2007). There is already evidence of widespread 
damage to human health by urban air quality and enhanced climate variability in Asia. 
Warmer sea-surface temperatures along coastlines of South and South-East Asia would 
support higher phytoplankton blooms. These phytoplankton blooms are excellent habitats 
for the survival and spread of infectious bacterial diseases such as cholera (Pascual et al., 
2002).  

 
Africa is already prone to serious health hazards and climate change will exacerbate 

these. These health hazards range from health-related risks arising from climate change, 
including direct risks (e.g. physical hazards from floods, storms, fires, and heat stress) and 
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less direct risks (e.g. climate change negatively affecting livelihoods, food supplies or access 
to water, or exacerbating air-pollution problems). Research has highlighted some of the 
health hazards that will likely be experienced in Africa as a result of climate change (See 
McMichael et al.2008; Nyong, 2008; Confalonieri et al, 2007; and Few et al., 2004). These 
include: 

 
• an increased burden of diarrheal disease and cholera; 
• increased frequency of cardio-respiratory diseases due to higher concentrations of 

ground-level ozone related to climate change; 
• altered spatial distribution of some infectious disease vectors such as malaria, and 

other arboviruses like dengue fever, Rift valley fever, West Nile virus, for instance as 
warmer average temperatures permit an expansion of the area in which many 
“tropical” diseases can occur. Expansion is likely in the area in which the mosquitoes 
that spread malaria and dengue fever can survive and breed. In Africa, malaria is 
expected to expand its range horizontally and vertically, from its currently endemic 
range to southern Africa and the east African highlands; 

• and mental illness as natural disasters such as floods and hurricanes take a heavy toll 
on the mental health of the people involved. 
 
Other health threats that will be exacerbated by climate change include malnutrition 

and displacement of population, injuries, and mortalities. For instance, a global assessment 
of mortalities arising from climate change shows that Africa has a disproportionately higher 
share (figure 2). Climate variability and change will interact with other background stresses 
and additional vulnerabilities such as HIV/AIDS and conflict and war in the future, resulting 
in increased susceptibility and risk of other infectious diseases (e.g., cholera) and 
malnutrition.  

 
Figure 2. Climate related mortality, 2000 (Source: Patz et al., 2005) 
 

 
 
 
 
 
 
 
 
 
 
 
 

ADDRESSING CLIMATE CHANGE 
 
The United Nations Framework Convention on Climate Change (UNFCCC) 

identifies two responses to climate change: mitigation of climate change by reducing 
greenhouse gas emissions and enhancing sinks, and adaptation to the impacts of climate 
change. Considering that the total greenhouse gas emissions from the developing countries 
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is small, the usual expectation of the developing countries is to adapt, while the industrialized 
countries are mandated under the Kyoto protocol to mitigate. However, current practice has 
tended to treat these two measures as mutually exclusive, with different spheres of 
responsibilities, where the responsibility for mitigation rests in the more industrialized 
countries and that of adaptation in the poor developing countries. This section will however 
focus on actions that developing countries have taken to reduce their vulnerabilities to 
climate change through adaptation. 

 
Given the urgency for adaptation in many developing countries, particularly in 

Africa, there has been an increase in ad hoc stand-alone sectoral projects to address 
adaptation in specific sectors. Some of these include: 

 
• Agriculture and forestry: Several strategies are being implemented. The first 

strategy involves management practices at the farm level that address crop and 
livestock vulnerability. A second strategy involves the reliance on insurance and 
other financial mechanisms. A third short-term adaptation strategy is temporary 
migration where migrant farmers relocate from drought-affected areas to more 
favorable regions to farm, and subsequently return to their villages when conditions 
improve. 

• Water resources: Sample adaptation actions include reevaluating the design and 
safety criteria of structural measures for water management; developing groundwater 
protection and restoration plans to maintain water storage for dry seasons; 
developing public awareness campaigns to highlight the value of rivers and wetlands 
as buffers against increased climate variability and to improve participation of 
vulnerable groups in flood adaptation and mitigation programmes. 

• Coasts and settlements: Some responses to sea-level rise have entailed the 
development of coastal zone management, monitoring, and protection plans, 
improvement and further development of legislation related to land use on 
floodplains, ensuring compliance with existing regulations of risk zones, floodplain 
use, and building codes, and construction of coastal defense systems.  

• Human health: There are many initiatives that are being proposed or implemented 
to address health impacts due to climate change in the developing world. These 
include raising awareness regarding climate change impacts on health, development 
of surveillance systems for potential disease outbreaks, and strengthening of national 
health infrastructures. 
 

Adaptive capacity and constraints to adaptation 
 
The main determinants of a country’s adaptive capacity to climate change are: 

economic wealth, technology, information and skills, infrastructure, institutions, and equity. 
Poverty is identified as the largest barrier to developing the capacity to cope and adapt 
(Adger et al., 2001). The poor usually have a very low adaptive capacity due to their limited 
access to information, technology, and other capital assets, which make them highly 
vulnerable to climate change. Poverty also constrains adaptation in other sectors. Poverty, 
along with infrastructural limitations and other socioeconomic factors, will continue to limit 
efforts to successfully implement adaptation in many developing countries. Adaptive 
capacity in countries where there is a high incidence of poverty will likely remain limited. 
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A common constraint confronting most developing countries is the lack of in-

country adaptive capacity, to design and implement appropriate adaptation strategies. In 
many of these countries, the cost of adopting and implementing adaptation options are often 
very prohibitive and would constitute a significant proportion of a country’s economic 
wealth. Financial resources that are generally not available to these poor developing 
countries would need to come from outside. This need for international support to assist 
with the adaptation process in vulnerable, developing countries is also strongly emphasized 
by Stern (2007). Similarly, there are often inadequate human resources available to 
accommodate, cope with, or benefit from the effects of climate change; a situation that may 
be compounded by the brain drain that characterizes many developing countries. To 
overcome this deficiency, the adaptive capacity of many developing countries will need to be 
built up in several important areas, including: 

 
• improving access to high quality information about the impacts of climate change; 
• improving the ability to carry out scientific adaptation and vulnerability assessment;  
• putting in place early warning systems and information distribution systems to 

enhance disaster preparedness;  
• reducing the vulnerability of livelihoods and infrastructure to climate change;  
• promoting good governance including responsible policy and decision making;  
• empowering communities and other local stakeholders so that they participate 

actively in vulnerability assessment and implementation of adaptation;  
• and mainstreaming climate change into development planning at all scales, levels and 

sectors. 
 

Adaptation costs  
 
Many of the options outlined above come with a range of costs and constraints, 

including large transaction costs. However, assessments of the impacts of sea-level rise in 
coastal countries show that costs of adaptation could amount to at least 5 to 10 percent of 
GDP (Niang-Diop, 2005). However, if no adaptation is undertaken, then the losses due to 
climate change could be up to 14 percent GDP (Van Drunen et al., 2005).  However, there 
are very few studies that estimate the costs and the value of the climate change damages 
avoided (i.e. benefits) of projects and policies that directly or indirectly have the potential to 
adapt to climate change in Africa or for that matter any place else in the world. Estimating 
the costs and benefits of projects and policies to adapt to climate change is important 
because it will allow multi- and bi-lateral donors and national governments to compare 
projects and policies for adapting to climate change on their economic grounds. The 
UNFCCC estimates that the additional global investment and financial flows needed for 
adaptation in 2030 are: 

 
• US$14 billion for forestry, fisheries, and agriculture 
• $11 billion for water supply infrastructure (85 percent in non-annex 1) 
• $5 billion for treating diarrheal diseases, malnutrition, and malaria 
• $11 billion for beach nourishment and dykes (c. 50 percent in non-annex 1)  
• $8 to 130 billion to adapt new infrastructure vulnerable to climate change 
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This brings the total to between US$ 48-175 billion. 
 
A more detailed study found coastal protection to be the least-cost strategy to 

combat sea-level rise in Singapore, under three scenarios. They noted that the annual cost of 
shoreline protection would increase as sea-level rises, and would range from $0.3 to 5.7 
million by 2050 to $0.9 to 16.8 million by 2100 (Ng and Mendolsohn, 2005). It was 
concluded that it would be more costly to the country to allow the coast to become 
inundated than to defend it. Studies of this type could provide useful guidance to developing 
country governments in the future, as they are confronted with the difficult task of making 
adaptation choices. 

 
Adaptation is no substitute to mitigation. Efforts should be made at all stages to 

create synergies between mitigation and adaptation. Creating synergies between adaptation 
and mitigation can increase the cost-effectiveness of actions and make them more attractive 
to stakeholders, including potential funding agencies. 

 
IMPLICATIONS FOR SUSTAINABLE DEVELOPMENT  
 

The economic, social, and environmental linkages between climate change and 
sustainable development, and their implications for poverty alleviation, have been 
highlighted in various studies (Hay et al., 2003; Huq and Reid, 2004) and these are very 
relevant to all the developing countries. While climate change may not have featured directly 
in the setting of the MDGs, it is clear from the evidence presented in the earlier sections that 
climate change and variability may be an additional impediment to achieving them. The link 
between climate change and the MDGs is presented in table 1 (see the following page). 
Although future climate change seems to be marginally important when compared to other 
development issues in many developing countries, it is clear that climate change and 
variability, and associated increased disaster risks, will seriously hamper future development 
(Davidson et al., 2003).  

 
The economic costs of climate change in the developing countries are huge. In the 

small island states, studies have shown that sea-level rise would so seriously damage the 
fishing and tourism industries that GDP would be reduced by more than 40 percent in the 
Maldives (Majeed and Abdulla, 2004). In Latin America, it is noted that if no action is taken 
to slow down climate change, in the next decades, climate-related disasters could cost $300 
billion per year. On an annual basis, for example, developing countries have already 
absorbed $35 billion in direct losses from natural disasters (Mirza, 2003). However, these 
figures do not include livelihood assets and losses and overall emotional and other stresses 
that are often more difficult to assess. A challenge, therefore, is to shape and manage 
development that also builds resilience to shocks, including those related to climate change 
and variability (Davidson et al., 2003; Adger et al., 2004). 

 
In summary, climate change can and will severely constrain development in the 

developing countries if left unchecked; it will become a major obstacle to continued poverty 
reduction.  
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• Falling agricultural output and deteriorating conditions in rural areas caused by 
climate change will directly increase poverty of households in many countries. 

• Climate change and variability cuts the revenues and increases the spending of 
nations, worsening their budget situation. 

• Strategies to manage the risks and impacts of an adverse climate can lock people into 
long-term poverty traps. Extreme weather events can—and do—affect growth rates 
in developing countries. Climate change presents a greater threat still.  

• Slower growth could cause an increase in poverty and child mortality relative to a 
world without climate change. 

• Under a high-climate-change scenario, the mean cost of climate change is predicted 
to be 2.7 percent of GDP in Africa by 2100. Climate-driven reduction in GDP 
would increase the number of people below the $2 a day poverty line by 2100 (100 
million in Africa), and raise the child mortality rate. 

• Greater resource scarcity, desertification, risks of droughts and floods, and rising sea 
levels could drive many millions of people to migrate—a  last-resort adaptation for 
individuals, but one that could be very costly to them and the world. 

• Drought and other climate-related shocks may spark conflict and violence, as they 
have done already in many parts of Africa.  

 
Table 1. 
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