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Abstract— This paper focused on the impact of climate change on human population and environmental health in Sub-
Saharan Africa. Africa is among the most vulnerable continents to climate change has a result of human’s explorative activities.
Throughout this region there are spatial and temporal discrepancies in temperature and precipitation trends; with dread
impacts on human population, its sustainability and environmental health. The effects of climate change are warming
temperatures, fluctuations in precipitation, harsh weather events, rising sea levels, population migration and displacement of
coastal communities. These impacts threaten human population, population distribution and settlement, health, water quality
and supply, agriculture and our ecosystems. Climate change impacts our health in a number of ways by: reducing the
availability of safe food and drinking water; damaging roads and bridges, disrupting access to communication, utility, and
health care services; increasing emission of greenhouse gases from human activities, such as the burning of fossil fuels (coal,
natural gas, and oil) for energy and transportation; risk of respiratory, cardiovascular and vector borne disease; and
increasing mental health problems like as depression and post-traumatic stress disorder (PTSD). For effective management of
this risk, it requires the integration of mitigation and adaptation strategies in the management of ecosystem, agriculture and
human health population in Africa.
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l. INTRODUCTION

Climate change is already a reality in Africa, this relates to aspects of climatic changes within the continent. Intergovernmental
Panel on Climate Change reports that surface temperatures have increased over Africa since the late 19th century to the early
21st century by about 0.5 °C while observed precipitation trends indicate spatial and temporal discrepancies in variability
among regions (1). Africa is among the most vulnerable continents to climate change, due to a range of factors that includes
weak adaptive capacity, high dependence on ecosystem for livelihoods and crude agricultural production system (4). This
climate change poses a great risk to the sustainability of various sectors which include: human population, population
distribution and settlement, health, water quality and supply, agriculture and our ecosystems biodiversity with severe
consequence on lives and sustainable development prospects in Africa. In order to contain this risk very well, it requires the
combination of mitigation and adaptation strategies in the handling of ecosystem goods and services, and the agriculture
production systems in Africa (19).

Climate change refers to any significant deviation from the measures of climate lasting for a long period of time. Climate
change therefore includes prominent changes in temperature, precipitation, or wind patterns, etc, that occur over a very long
period. While global warming an offshoot of climate change refers to the recent and ongoing rise in global average temperature
near earth's surface. It is as a result of increasing concentrations of greenhouse gases (carbon dioxide (CO2), methane (CH4),
nitrous oxide (N20), Ozone (03), and Chlorofluorocarbons (CFCs)) in the atmosphere. Global warming is causing climate
patterns to change. Human beings are largely responsible for recent climate change. Over the years, large amounts of carbon
dioxide and other greenhouse gases have been released into the atmosphere through burning of fossil fuels to produce energy,
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deforestation and industrial processes. Consequently, the buildup of greenhouse gases has triggered a change in earth's climate
resulting in dangerous effects to human health, water supplies, agriculture, power and transportation systems and ecosystems.

TABLE 1
PROJECTED CLIMATE CHANGES IN AFRICA

Change Region

Average conditions

Entire continent (median projected increase in annual average temperature: 3 to 4 °C

Temperature increase (end of century to present)

Decrease in rainfall West coast of Africa as far south as 15° N Southern Africa

Increase in rainfall Northern parts of East Africa

Uncertain projections for Sahel (already high variability) Guinean coast Southern Sahara

rainfall

Sea level rise Low lying islands and coastal zones Delta regions

Extremes

Increase in intense Entire continent (this applies also in regions of mean

precipitation events drying because there is a proportionally larger decrease in the number of rain days)
Cyclones Uncertain — changes in magnitude and frequency, and shifts in cyclone tracks possible

Source [12]

The earth is warming. According to Global Change Programme (14), there has been an increase by 1.5°F in earth's average
temperature over the past century, and will likely by another 0.5 to 8.6°F in hundred years to come. These minute changes in
the average temperature of the planet can translate to mighty and potentially dangerous shifts in climate and weather. Increasing
global temperatures have caused lots of changes in weather and climate. There have been changes in rainfall pattern in many
parts of the world, resulting in increased frequency and intensity of floods and droughts, as well as more frequent and severe
heat waves. Also, oceans and glaciers are warming and becoming more acidic, ice caps are melting, and sea levels are rising.
These and other changes present challenges to our society and our environment.

1. GREENHOUSE GAS EFFECT

Greenhouse gases are those gases that trap heat in the atmosphere and they include carbon dioxide (CO2), methane (CH4),
nitrous oxide (N20), Ozone (03), and Chlorofluorocarbons (CFCs) in the atmosphere. The recent climate change has been
attributed to CO,. CO2 is absorbed and emitted naturally as part of the carbon cycle, through plant and animal respiration,
volcanic eruptions, and ocean-atmosphere exchange. Burning of fossil fuels (coal, natural gas, and oil) for energy and
transportation, some industrial processes and changes in land use, release large amounts of CO2, causing increase in its
atmospheric concentrations. Human activities have been estimated to release over 30 billion tons of CO2 into the atmosphere
per annum. The devastating effect of increased greenhouse gas concentrations in the atmosphere include:

* Increase earth's average temperature

* Influence the patterns and amounts of precipitation

*  Reduce ice and snow cover, as well as permafrost

* Raise sea level

* Increase the acidity of the oceans

* Increase the frequency, intensity, and/or duration of extreme events

*  Shift ecosystem characteristics

* Increase threats to human health including

*  Negative impact on our food supply, water resources, infrastructure and ecosystems.
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TABLE 2
MAIN SOURCES OF GREENHOUSE GASES, CURRENT LEVEL, GLOBAL WARMING POTENTIAL AND THEIR
LIFETIME IN THE ATMOSPHERE

Green House | Atmospheric Life | Recent Global Warming Potential .
. - . Main Source

Gases time Level (in 100 yrs) time zone

co2 1 00yrs 389 ppm 1 Anthropogenic activities, fossil
fuel etc.

CH4 12yrs é;? 18709 25 | Land wastes, livestock etc.
Agriculture, industry and

N20 114yrs 323ppb 298 combustion etc

CECs 12 -1 00yrs 75-534ppt | 5000- 10900 Indl_Jstrles, old air conditioners and
refrigerators etc.

3 Hours to days 34ppb na Fuel combustion, organic

compound evaporation etc.

Source [12]

1. IMPACTS OF CLIMATE CHANGE IN SUB-SAHARAN AFRICA

The world average temperature is rising due to the greenhouse effect caused by increasing levels of greenhouse gases, especially
carbon dioxide. As the global temperature changes, so also changes in climate are expected across the earth. Regional effects
of global warming vary in nature, some are the result of a generalized global change or change in specific ocean current or
weather system; resulting in local effects, such as melting or forming ice, changes in the hydrological cycle (evaporation and
precipitation), changes of currents in the oceans and air flows in the atmosphere and rise of sea levels.

3.1 Human Population

Africa is considered vulnerable to climate variability and change due to some predisposing factors such as poverty, political
conflicts, and ecosystem degradation and low adaptive capacity. Climate change is projected to cause decrease in the
availability of freshwater. With population growth and increasing demand from higher standards of living, this decrease would
have negative effect on overwhelming percentage of world population in the future. Islands, located in the tropics or higher
latitudes, are already exposed to extreme weather events and changes in sea level. Regional temperature increases have affected
most oceans resulting in changes in regional rainfall patterns, earlier leafing of trees and plants over many regions; movements
of species to higher latitudes and altitudes in the Northern Hemisphere and shifting of the oceans' plankton and fish from cold-
to warm-adapted communities (24).

According to the Report of Intergovernmental Panel on Climate Change (11), by 2050, between 350 million and 601 million
people in Africa are projected to experience increased water stress due to climate change and displacement of large populations
of low-lying coastal areas due to projected sea level rise. Rising sea levels and extreme events threaten indigenous groups that
inhabit low-lying island nations. The results from various assessments of impacts of climate change on human population show
that sea-level rise could increase flooding, particularly on the coasts of Eastern Africa (18). Also, higher temperatures and
reduced snow, ice, etc, threaten the wellbeing of inhabitants of mountainous and polar areas. Climate effects in these areas
affects businesses such as hunting, fishing, transport, and other activities (1).

It was projected by (4) that in many African countries and regions, agricultural production and food security would probably
be severely compromised by climate change and climate variability this means there will be high food insecurity, in the face
of the ever-increasing population. Furthermore, climate variability and change can negatively affect human health and
population. In many African countries, the prevalent health threats such as malnutrition, malaria and other diseases can be
exacerbated by climate change, leading to tolling death- rate and decrease in population.

3.2 Population Distribution and Settlement

Climate change plays critical role in the migration of people within and between countries around the world. Harsh
environmental factors such as resource scarcity, degraded ecosystem services, lack of viable agricultural land or fresh water,
flooding, drought, and hurricanes force many people to migrate into other areas. Droughts have long contributed to human
migration, cultural separation, population dislocation and the collapse of prehistoric and early historic societies (21). One-third
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of the people in Africa resides in drought-prone areas and is vulnerable to the impacts of droughts (25). In Africa, for example,
several million people regularly suffer impacts from droughts and floods. These impacts are often further exacerbated by health
problems, particularly diarrhea , cholera and malaria (7).

Many types of extreme events- hurricane, flooding, are becoming more frequent and severe because of climate change, which
increases the rate of human migration and relocation of great mass of population to seek shelter in other places; indigenous
people groups in the coastal region are greatly endangered by this threat. This will likely increase the numbers of people
migrating during and after these types of events (1).

Deterioration in coastal conditions, such as beach erosion and coral bleaching, will likely affect local resources such as fisheries,
as well as the value of tourism destinations. Coastal settlements and low-lying areas are particularly vulnerable to climate
change impacts, such as sea level rise, erosion, and extreme storms. Rising ocean temperatures and acidity threatens coastal
ecosystems (24). As coastal habitats such as barrier islands, wetlands, deltas, and estuaries are destroyed, coastal settlements
can become more vulnerable to flooding from storm surges and erosion. Climate change effects such as increases in coastal
erosion, changes in the ranges of some fish, increased weather unpredictability are currently disrupting traditional hunting and
subsistence practices of indigenous people communities in Africa, and may force relocation of many coastal villages.

3.3 Health

Climate variability and change may also interact with other existing stresses and vulnerabilities of Sub-Sahara Africa such as
compromised populations (HIV/AIDS), conflict and war (9) in the future, resulting in increased susceptibility and risk of other
infectious diseases (e.g., cholera, diarrhea), vector borne diseases (malaria) and malnutrition. Countries with low capacity to
prevent and control sicknesses and epidemic are highly susceptible to climate-sensitive diseases with its attendant health
impacts. Many health challenges are related to climate change, some of which include: frequent and severe heat stress linked
to increases in temperatures; exacerbate respiratory and cardiovascular diseases due to worsened air quality that often
accompanies heat waves or wildfires and increase of malnutrition and prevalence of food-borne illnesses (6, 22). Increases in
the frequency or severity of some extreme weather events, such as extreme precipitation, flooding, droughts, and storms,
threaten the health of people during and after the event. The people most at risk include young children, older adults, people
with disabilities or medical conditions, and the poor.

Climate changes can influence the spread of infectious diseases. The spread of vector- borne diseases such as malaria, dengue,
and West Nile virus may increase in areas projected to receive more rainfall and flooding. Mosquito pupation rates and larval -
to-pupal development have been observed to be significantly faster in farmland habitats than in swamp and forest habitats (16).
Floods can also trigger malaria epidemics in arid and semi-arid areas (23). Increases in rainfall and temperature can cause
spreading of dengue fever. The spread of cholera and meningococcal (epidemic) meningitis is often linked to climate changes,
especially as drought, very low humidity and a dusty condition predisposes population to its spread. Areas of Sub-Saharan
Africa are sensitive to the spread of meningitis, and will be particularly at-risk if droughts become more frequent and severe
7).

The effects of global climate change on mental health and well-being are integral parts of the overall climate-related human
health impacts. Mental health consequences of climate change range from minimal stress and distress symptoms to clinical
disorders; such as anxiety, depression, post-traumatic stress, and suicidal thoughts (6). Exposure to extreme heat can lead to
heat stroke and dehydration, as well as cardiovascular, respiratory, and cerebrovascular disease (14). Excessive heat is more
likely to affect populations in northern latitudes with excessive temperatures, outdoor workers, student athletes and the
homeless.

Climate change has increased the production of unhealthy levels of ground-level ozone, a harmful air pollutant, and a
component in smog. It affects allergies and respiratory health. Ground-level ozone can damage lung tissue, reduce lung
function, and inflame airways. This can aggravate asthma or other lung diseases. Children, older adults, outdoor workers, and
those with asthma and other chronic lung diseases are particularly at risk of dying prematurely (6).

Changes in precipitation patterns and extreme weather events can lead to devastating health effects, particularly in low-income
countries when power, water, or transportation systems are disrupted. Adverse health effects from climate change particularly
diarrhoea diseases from contaminated water and food sources are a major concern to vulnerable populations especially children,
older adults, urban people living in poverty, traditional societies, subsistence farmers, and coastal populations. Rural
populations, older adults, outdoor workers, and those without access to air conditioning are often the most vulnerable to heat-
related illness and death (22).
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3.4 Water Quality and Availability

Climate change has the potential to impose additional pressures on water availability, accessibility and demand in Africa. Water
quality is important for domestic purposes, agriculture, ecosystems, human health and sanitation. The water sector is strongly
influenced by changes in climate. Increases in temperature, changes in precipitation, sea level rise, and extreme events can
diminish water quality in many regions. Large rainstorms may introduce large amounts of pollutants into rivers and estuaries.
Increased pollution as well as increasing water temperatures can cause algal blooms and potentially increase bacteria in water
bodies (13). In coastal areas and small islands, saltwater from rising sea level and storm surges threatens water supplies. These
impacts greatly affect the availability of safe water resources for human and animal uses.

Particularly, semi-arid and arid areas of Africa are vulnerable to the impacts of climate change on water supply, especially
areas already water-stressed due to droughts, population pressures, and water resource extraction. The availability of water is
strongly related to the amount and timing of runoff and precipitation. With a 2.7°F rise in global mean temperature, annual
average stream flow is projected to increase by 10-50% at high latitudes and in some wet tropical areas, but decrease by 10-
50% in some dry regions at mid-latitudes and in the subtropics (13). As temperatures increases, snowpack is reducing in many
regions and glaciers are melting at unprecedented rates, making water less available in areas that depend on it from melting
snow and glaciers during spring and summer; droughts and flooding are likely to become more widespread.

Agriculture

In many parts of Sub Sahara Africa, farmers and pastoralists are faced with the challenges of extreme natural-resource scarcity,
poor soil fertility, pests, crop diseases, and a lack of access to inputs and improved seeds. These challenges are usually
aggravated by periods of prolonged droughts and floods. Hence, the potential of climate change to affect global food security
is important for food producers and consumers in Africa. Climate change is a detrimental factor that affects global, regional,
and local food security by disrupting food availability, decreasing access to food, and making utilization more difficult. Climate
risks to food security are greatest for poor populations and in tropical regions (11). Changes in climate could have significant
impacts on food production around the world. Temperature rises can reduce the productivity of major crops and increase their
water requirements, thereby directly decreasing crop water-use efficiency. Heat stress, droughts, and flooding events may lead
to reductions in crop yields and livestock productivity. Areas that are already affected by drought in Sub-Sahara Africa, will
likely experience reductions in water available for irrigation; invariably, increasing the demand for irrigation. Additional risks
that could be exacerbated by climate change include greater erosion, reductions in crop growth period and deficiencies in yields
from rain-fed agriculture of up to 50% during the 2000-2020 period have been projected (2).

Global fish production is affected by climate change. Apparently, increasing ocean temperatures have shifted some marine
species to cooler waters outside of their normal range; as a result of the adverse effect of climate change. Fisheries as an
important sector of many economies are affected by any reduction in water flows and increases in sea level. This is because
water quality to a large extent depends on rate of flow of water.

V. ECOSYSTEMS

Ecosystems are critical in Africa, contributing significantly to biodiversity and human well-being (3, 15). The rich biodiversity
in this region is experiencing ecosystem change induced by complex land-use/climate interactions, such as the migration of
species, invasive species and land-use change and the interaction with fire (10). Deforestation poses a great threat to Africa’s
forests due to over dependency on trees for fuel-wood and charcoal; a major source of energy in rural areas, and are estimated
to contribute , about 80 to 90% of the residential energy needs of low-income households in the majority of

Sub-Saharan countries. Moreover, fire incidents represent a huge threat to tropical forests in Africa. Bush fires are a particular
threat to woodlands, causing enormous destruction of both flora and fauna. The ecosystem of African continent suffers greatly
from the impacts of desertification. At present, almost half (46%) of Africa’s land area is vulnerable to desertification (8).

V. ADAPTATION MEASURES

There is a need to improve our understanding of the effect of complex socio-economic, socio-cultural and biophysical systems
on environmental change and its links with climate change. In order to develop adaptation measures to combat climate change
in Africa. The Intergovernmental Panel on Climate Change defines adaptation as the process of adjustment to actual or expected
climate and its effects. In human systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In
some natural systems, human intervention may facilitate adjustment to expected climate change and its effects. Adaptation is
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the adjustment in natural or human systems to a new or changing environment that takes advantage of beneficial opportunities
or moderates negative effects. Some adaptation measures include:

. Educating people to help them avoid diseases that could become more prevalent as the climate changes such as malaria,
cholera, diarrhoea, meningitis, heat stroke, dehydration respiratory and cardiovascular diseases due to worsened air
quality that often accompanies heat waves or wildfires.

. Planting trees and expand green spaces in cities to reduce the "urban heat island" effect.

. Improve water use efficiency and build additional water storage capacity.

. Protect and restore stream and river banks to provide wildlife habitat and safeguard water resources.

. Protect and expand wildlife habitats to allow species to migrate as the climate changes.

. Reduce pollution, habitat loss, and other stressors that make ecosystems more vulnerable to climate change.

. Preserve wetlands and open spaces to protect coastal communities from flooding and erosion from storms and sea level
rise.

. Develop crop varieties through plant breeding and biotechnology techniques that are more tolerant of heat, drought, or
flooding from heavy rains.

. Provide more shade and air flow in barns to protect livestock from higher summer temperatures.

VI. CONCLUSION

The extent of climate change in the coming years depends largely on our efforts towards reduction greenhouse gas emissions
today. The more we emit greenhouse gas through indiscriminate human activities such as burning of fossil fuels (coal, natural
gas, and oil) for energy and transportation and hazardous industrial processes the larger the future climate changes will be.
Continuous emissions of greenhouse gases will lead to further climate changes. The future expected changes include a warmer
atmosphere, a warmer and more acidic ocean, higher sea levels, and larger changes in precipitation patterns. Climate change
will likely increasingly stress coastal communities and habitats, leading to displacement of settlement, migration of population
and scarcity of quality water. These impacts would threaten human population, environmental health, vital infrastructure,
ecosystem, settlements, and facilities that support the livelihood of indigenous communities. Hence, the need to adopt
adaptation measures to help combat the devastating effect of climate change ravaging the population of Sub-Sahara Africa.

REFERENCES

[1] Adger, W.N., J.M. Pulhin, J. Barnett, G.D. Dabelko, G.K. Hovelsrud, M. Levy, U. Oswald Spring, and C.H. Vogel (2014): Human
security. In: Climate Change 2014: Impacts, Adaptation and Vulnerability. Part A: Global and Sectoral Aspects, Chapter 12 (Human
security). Contribution of Working Group 1l to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, pp.
755-791.

[2] Agoumi, A., (2003): Vulnerability of North African countries to climatic changes: adaptation and implementation strategies for climatic
change. Developing Perspectives on Climate Change: Issues and Analysis from Developing Countries and Countries with Economies
in Transition. 11SD/Climate Change Knowledge Network, pp. 14 http://www.cckn.net//pdf/north africa.pdf.

[3] Biggs, R., E. Bohensky, P.V. Desanker, C. Fabricius, T. Lynam, A.A. Misselhorn, C. Musvoto, M. Mutale and Co-authors, (2004):
Nature Supporting People: The Southern African Millennium Ecosystem Assessment Integrated Report. Millennium Ecosystem
Assessment, Council for Scientific and Industrial Research, Pretoria, pp. 68.

[4] Boko, M., I. Niang, A. Nyong, C. Vogel, A. Githeko, M. Medany, B. Osman-Elasha, R. Tabo and P. Yanda, (2007): Africa. Climate
Change (2007): Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds.,
Cambridge University Press, Cambridge UK, 433-467.

[5] Collins, Jennifer M. (2011): "Temperature Variability over Africa”. Journal of Climate. 24 (14): 3649-3666.

[6] Crimmins, A, J. Balbus, J.L. Gamble, C.B. Beard, J.E. Bell, D. Dodgen, R.J. Eisen, N. Fann, M.D. Hawkins, S.C. Herring, L.
Jantarasami, D.M. Mills, S. Saha, M.C. Sarofim, J. Trtanj, and L. Ziska, Eds.(2016): The Impacts of Climate Change on Human Health
in the United States: A Scientific Assessment. U.S. Global Change Research Program (USGCRP), Washington, DC, pp. 312.

[7] FewR., M. Ahem, F. Matthies and S. Kovats, (2004): Floods, health and climate change: a strategic review. Working Paper 63, Tyndall
Centre for Climate Change Research, University of East Anglia, Norwich, pp. 138.

[8] Granich, S., (2006): Deserts and Desertification. Tiempo, 59, 8-11.

[9] Harrus, S. and G. Baneth, (2005): Drivers for the emergence and re-emergence of vector-borne protozoal and bacterial diseases. Int. J.
Parasitol., 35, 1309-1318.

[10] Hemp, A., (2005): Climate change-driven forest fires marginalize the impact of ice cap wasting on Kilimanjaro. Glob. Change Biol.,
11, 1013-1023.

[11] Hijioka, Y., E. Lin, J.J. Pereira, R.T. Corlett, X. Cui, G.E. Insarov, R. D. Lasco, E. Lindgren, and A. Surjan (2014): In: Climate Change
2014: Impact, Adaptation and Vulnerability. Part B: Regional Aspects. Chapter 24. Contribution of Working Group 1l to the Fifth

Page | 33



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN:[2454-1850] [Vol-9, Issue-12, December- 2023]

Assessment Report of Intergovernment Panel on Climate Change (IPCC), pp. 1327-1370.

[12] IPCC (2007). Summary for Policymakers. In: Climate Change 2007: Mitigation. Contribution of Working Group |1l to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change [B.Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer
(eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

[13] Jimenez Cisneros, B.E., T. Oki, N.W. Amell, G. Benito, J.G. Cogley, P. Doll, T. Jiang, and S.S. Mwakalila (2014): Freshwater
Resources. In: Climate Change 2014: Impacts, Adaptation and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of
Working Group 1l to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), Chapter 3 (Freshwater
Resources), pp. 229-269.

[14] Karl, T.R., J.M. Melillo, and T.C. Peterson (eds.) (2009):. Global Climate Change Impacts in the United States. United States Global
Change Research Program (USGCRP). Cambridge University Press, New York, NY, USA, pp 1234-1436.

[15] Muriuki, G.W., T.J. Njoka, R.S. Reid and D.M. Nyariki, (2005): Tsetse control and land-use change in Lambwe valley, south-western
Kenya. Agr. Ecosyst. Environ., 106, 99-107.

[16] Munga, S., N. Minakawa, G. Zhou, E. Mushinzimana, O.0.J. Barrack, A.K. Githeko and G. Yan, (2006): Association between land
cover and habitat productivity of malaria vectors in western Kenyan highlands. Am. J. Trop. Med. Hyg., 74, 69-75.

[17] Niang, I., O.C. Ruppel, M.A. Abdrabo, A. Essel, C. Lennard, J. Padgham, and P. Urquhart, 2014: Africa. In: Climate Change (2014):
Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working Group Il to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, D.J. Dokken et al. (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 1199-1265.

[18] Nichollas, R.J., (2004): Coastal flooding and wetland loss in the 21st century: changes under the, SRES climate and socio-economic
scenarios. Global Environ. Chang.(14) 69-86.

[19] Ofoegbu, C., Chirwa, P. W. (2019): "Analysis of rural people's attitude towards the management of tribal forests in South Africa".
Journal of Sustainable Forestry. 38 (4): 396-411.

[20] Ofoegbu, C., Chirwa, P. W.; Francis, J.; Babalola, F. D. (2019). "Assessing local-level forest use and management capacity as a climate-
change adaptation strategy in Vhembe district of South Africa". Climate and Development. 11 (6): 501-512.

[21] Pandey, D.N., A.K. Gupta and D.M. Anderson, (2003): Rainwater harvesting as an adaptation to climate change. Carr. Sci. India, 85,
46-59.

[22] Smith, K.R., A. Woodward, D. Campbell-Lendrum, D.D. Chadee, Y. Honda, Q. Liu, J.M. Olwoch, B. Revich, and R. Sauerborn (2014):
Human health: impacts, adaptation, and cobenefits. In: Climate Change 2014: Impacts, Adaptation and Vulnerability. Part A: Global
and Sectoral Aspects, Chapter 11 (Human Health). Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC). pp. 709-754.

[23] Thomson, M.C., F.J. Doblas-Reyes, S.J. Mason, R. Hagedorn, S.J. Connor, T. Phindela, A.P. Morse and T.N. Plamer, (2006): Malaria
early warnings based on seasonal climate i forecasts from multi-model ensembles. Nature, 439, 576-579.

[24] Wong, P.P., 1.J. Losada, J.-P. Gattuso, J. Hinkel, A. Khattabi, K.L. Mclnnes, Y. Saito, and A. Sallenger (2014). Coastal Systems and
Low-Lying Areas. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. EXIT Part A: Global and Sectoral Aspects,
Chapter 5 (Coastal systems and low-lying areas). Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC). pp. 361-409.

[25] World Water Forum, (2000): The Africa Water Vision for 2025: Equitable and Sustainable Use of Water for Socioeconomic
Development. UN Water/Africa, 34 pp.

Page | 34



