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2.1.1.	Introduction





This chapter focuses on the potential impacts of climate change on ecosystems, natural resources and various socio-economic sectors of mainland Africa.  Because of the prolonged sequence of dry years in the Sahel (1960s - 1990s), the famine in Ethiopia, and several years of drought which affected various parts of southern Africa over the period 1980-1995, the majority of the African population are now aware that climate is subject to change on a variety of time-scales, and also that their livelihood is greatly dependent on the nature of the rainy season.  However, because of widespread poverty and the subsistence level economies, few are able to take adequate precautions against periods of inadequate rainfall.  Population pressures also lead to the exploitation of the more marginal areas, thereby causing environmental degradation, (Morgan, W.B., 1996).  





One third of Africa is hyper-arid deserts, while the remaining two thirds consists of arid, semi-arid, and dry sub-humid areas, home to about 400 million peopleAfricans, two thirds of the continent's total population.  Recurrent droughts are a permanent feature of life throughout the dry-lands of Africa.  Over the last thirty years or so, severe droughts have seriously affected both agriculture and wildlife and caused deaths and severe malnutrition.  With each drought cycle, desertification  has increased.  Currently, 36 countries in Africa are affected by drought and some degree of desertification [PROVIDE REFERENCE].   The risk of drought is highest in the Sudano-Sahelian belt and in southern Africa [PROVIDE REFERENCE].  This situation is projected to worsen by 2050 under doubled CO2, (Hernes et al., 1995, Ringius et al., 1996).





The major part of the African population recognize drought, as an integral part of the African climate, the  increasing ability to forecast its occurence can be regarded as a major step forward, (Rasmusson E.M., 1987 and Hasternath, 1995).  However, this drought peridition information is yet being incorporated into management decisions by government policy-makers.    The predominance of rain-fed subsistence agriculture and an over-dependency on (water-demanding) maize has helped to ensure that food security, across southern Africa, is inextricably linked to the quality of each rainy season.  In that subregion, both crop and livestock production are extremely susceptible to seasonal rainfall variability, and as a result, have shown considerable volatility in recent years.  





For the majority of people in Africa, livelihoods are very seriously affected by drought, (Gibberd et al, 1996).  Drought shock, however, extends well beyond the confines of agriculture (crop) and livestock production, partly because of the important role that these two sectors play in the overall economies of many African states.  Crop and livestock production, are major employers and also make significant contributions to gross domestic product and export earnings.  They are both major sources of raw materials for industries, such as textiles, food processing, and fuel refining.  On the other hand, they are major markets for other industries such as machinery, animal feeds, fuel and fertilizer producers.





Although Africa has contributed the least to potentialthe current threat of Global Warming and looming possibility of cClimate cChange, it is the most vulnerable continent.   bBecause of widespread poverty limits capabilities, it is also the least able to adapt.   The USCSP (1996), results suggest that there will be sub-regional and local differences in sea level rise around the coast of Africa.  The sea level is projected to reach a mean rise of about 25cm by the year 2050.  Land areas are projected to experience a mean temperature rise of about 0.2oC per decade up to the year 2050.  During the same period, precipitation changes are projected to be relatively modest, but with very large year-to-year variability.





The ultimate socioeconomic impacts of climate change will depend on the relative resilience and adaptationcoping abilities of different social groups.  In general, the commercial sector and the high-income households in communal areas are better equipped to adjust adequately and in a timely fashion.  Much will depend on the coping abilities and mechanisms used by governments and households over the next fifty years or so.  Such abilities are determined by political stewardships.  If the region manages to achieve reasonable economic growth, the prospects for proper adjustments to climate change are much better than if economic stagnation prevails (Hulme, 1995).





2.1.2.	The Physical Geography 





Africa has a totalwith an area of approximately 30,244,0050 km2.  Countries considered in this chapter are shown in Box 2-1, and socio-economic data are provided in Annex D.  stretches from the Mediterranean in the north, to the meeting point of the Atlantic and the Indian Oceans in the south (USCSP, 1996).  It is the most symmetrically placed of all the continents with respect to the equator; the most northerly point, Cape Blanc, being at 37oN and the extreme southerly point, Cape Agulhas, at 35oS. From east to west it stretches 7,200 km, very comparable with the north-south extent of 8,000 km. The coast line is remarkably smooth and extends for 36,000 km, less than that of Europe, which has only one third the area of Africa. See Box 2-1 for a listing of the countries considered in this chapter, and Annex D, where the socio-economic data are compiled .





Africa's physical features consist of a series of plateaux, higher in the east but gradually declining towards the west, the general altitude relieved by great shallow basins and their river systems, by the deep incision of the 6,400 km long Great Rift Valley, and by the often magnificent volcanoes, fault blocks and inselbergs.  Figure 2-1 shows capitals, major towns, and elevation.  The highest point is Mount Kilimanjaro (5,894m), while the Qattara Depression reaches 132 m below sea level.  The vast plateau is broken by only a few rather low mountain ranges, of which the outstanding ones are the Atlas, Ahaggar, Cameroons, Tibetsi, Ethiopian and East African Highlands, and the Drakensberg mountains.  In the East African area there are, in addition to Kilimanjaro, Mount Kenya (5,199m), the Ruwenzoris (5,120m) and Mount Elgon (4,321m), (Pritchard, 1985).  





The African continent encompasses a rich mosaic of ecological settings. (see Figures 2-1 and 2-2).  It includes some of the world’s most unique and diverse coastal and marine ecosystems. Landward of the marine realms, the terrestrial biogeography of these coastal zones is very diverse, ranging from submerged coastal forest to desert scrub. Together these ecosystems harbour a wealth of economically and biologically important resources, from individual species to productive habitats, (Huq, et Al., S. Et al, 1996 --NOT IN REFERENCES).





[Insert Figures 2-1 and 2-2 here]
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2.1.3.	People and Natural Resources





The population of Africa is given as approximately 650m (World Bank, 1995).    About two-thirds of the population lives in rural areas and derives its main income from agriculture.  In some countries, such as Burkina Faso, Ethiopia, Malawi, and Uganda, rural population makes up more than 80 percent of the total.  Agriculture is the fundamental economic activity in these countries.,  Aalthough it accounts on average for about only 20 to 30 percent of the officially registered gross domestic product (GPD), itbut contributes the largest is the major share in the value of total exports (Cleaver and Schreiber, 1994). 





The cultivated land per capita varies considerably across the continent.  Considering the total continental population, it declined to about 0.3 hectare per capita in 1987, and in Kenya, an extreme case, has reached 0.1 hectare per capita (Cleaver and Schreiber 1994).  These small areas, which appear to contradict the usual perception of vast, unlimited African lands, reflecting the uneven distribution of population (for example, low density in the Congo Basin but high in the East African Highlands) as well as the low levels of technology and the unsuitability of wide areas  for farming.  The dependence on shifting cultivation makes the area needed for cropland highmany times larger than the average given above.  When scarcity  of good land is coupled with soil degradation and low levels of inputs and technology, the result is an increasing deficit in food production.  Agricultural production grew at an average rate of 1.7 percent from 1980 to 1993, which was not sufficient  to keep up with population growth (World Bank 1995). The high variability of precipitation over the last forty years has made a bad situation worse.





Of the thirty poorest countries of the world. twenty-two are African (World Bank, 1996).  The average income level in Sub-Saharan Africa in 1993 was $520 per capita, and the average growth rate per capita was a negative (-0.8 percent per year from 1980 to 1993).  By 2000 the number of poor in Africa is projected  to have increased to an estimated 265 million, which would represent more than 40 percent of the  continent's population , exceeding the poor  population of India and by far that  of China (World  Bank 1990).  In Africa, poverty is linked to the environment in complex ways, particularly in those economies, which are based on exploitation of natural resources exploitation.  Degradation of these resources reduces the productivity of the poor, who most rely on them, and will also make the poor even more susceptible to extreme events (meteorological, economic and civil unrest) (World Bank, 1996).  





Poverty  is exacerbated by a demographic profile which continues to record an annual growth rate of just under 3 percent, the highest in the world (WRI, 1996).  As a result, the population in most African countries will continue to double every twenty to thirty years, well into the 21st century. However, the high incidencets of incurable diseases, such as HIVaids and hepatitis B, may modify this estimate.  This, coupled with the fact that more than half of Africa's population in both urban and rural areas is below twenty years, is a phenomenon which the state of economies in the region cannot sustain.








Box 2-2. Africa’s nNatural rResources , economic, and political environment





African economies have made relatively low levels, investments in infrastructure and directly productive capital goods, and hence continue to rely heavily on natural capital (natural resources).  This natural capital is at risk, because poverty and high population growth often induce land degradation and deforestation, which in turn, lead to growing food insecurity and loss of  biodiversity.  This contributes  to migration into those rural areas often less suitable for agricultural expansion and to urban areas with inappropriate  physical, social and economic infrastructure.  The process  also contributes  to population growth  by creating an incentiveoffering a rationale for large families –.    aAdding family labour  becomes one way of coping with the increasing time costs of gathering fuel and water and clearing new land.  The severity of this population- agriculture-environment nexus is compounded by low investment in human capital (human resource development), which often restricts individuals to continued reliance on unskilled labour and short-term exploitation of natural resources (the land) as the only feasible survival options.  The major droughts which affected the various parts of Africa in 1991/92 have clearly demonstrated that Africa could be seriously affected by a rapid reduction of water resources, resulting from Climate Change, (World Bank, 1995).





Although Africa's youthful population represents future social capital, a great deal of investment in terms of education, training and skills development will be required to ensure its full productivity in the next decade and beyond.  Particular attention will need to be paid to capacity building in information technology so as to better prepare African societies for efficient and sustainable management of the continent's fragile resources.





In addition, the region's political structures, especially as these determine decision-making in resource allocation and consumption, will have to be stabilized,  Although there have been encouraging developments in the last five years, as evidenced in the reintroduction of plural political processes and economic liberalization, the political situation in Africa still remains highly unstable.  The social, environmental and economic impacts of that condition can be debilitating as the tragic events in Rwanda, Liberia and Somalia affirm.  Nevertheless trends emerging from Mozambique and South Africa suggest that those adverse consequences are not irreversible (World Bank, 1995b).





The fast pace of medical progress, which contributes to population growth, has not been matched by equivalent progress in adopting production technologies, which contribute to reducing poverty; as a result, poverty has increased.  The population in most African countries doubles within twenty to thirty years;  a demographic explosion unprecedented in human history (World Bank, 1995).  Imbalance of the age pyramid across Sub-Saharan Africa where almost half of the total population is below fifteen years of age - is further reinforced by the rural - urban migration of young men in their twenties leaving villages  with an overwhelming majority of children.  Although teenagers theoretically represent a high potential in future brain power, they also increase the instability of the social fabric, particularly under current conditions with low investment in human capital.





Africa will have to increase  dramatically its investments in human capital to catch up with other continents in terms of education, information and communication and will especially need to address the information gap on the environment that makes  its management so difficult today (World Bank, 1996).  It is common knowledge that the social capital (social and political institutions)  in Africa is in transition.  Although encouraging advances toward democracy have occurred, policy, institutions, and governance are often in crisis at multiple levels of society.  Increased  population density, competition for resources and demographic mobility  has resulted in increasing tensions, disintegration of  the social fabric and further political instability. Climate Change under doubled CO2 scenarios will make this, unsustainable situation worse.





 The African continent has to contend, in the short term, with both social and civil strife, in addition to unfavourable rainfall regimes which are the norm in the larger parts of the region.  If this unstable political environment continues unabated for the next fifty years, climate change will add another stress to this already volatile situation.











2.2.	Regional Climate





The continent of Africa is characterized by several climatic regimes and ecological zones.  All parts of the continent, except the Republic of South Africa and the Mediterranean countries north of the Sahara, have tropical climates.  These tropical climates may be divided into three distinct climatic zones: wet tropical climates; dry tropical climate and alternating wet and dry climates, (Huq, S. et al., 1996).  Arid and sandy deserts (The Sahara and  Kalahari) cover a significant portion of the total land area, (Griffith, 1989).





A complete analysis of the climate, hence climatology, of Africa is difficult to achieve due to several factors. Historically, except from the mediterranean belt and Eastern and Southern Africa, where scientific weather observations have longer and relatively consistent and homogeneous records, most meteorological stations on the continent emerged during and after the Second World War (Thomson, 1965). Despite this increase in the number of stations, the network was designed primarily for aviation purposes with little regard to agriculture and other specialised sectors.  In addition, vast areas are remote, inhabitable, lack suitable accommodation, water and food for observers, close at night due to poor communications and finance of staff.  Due to limited national financial resources, more often than not, the location of a weather station was determined by the existence of radio and other telecommunication facilities. Consequently, the data bases have remained relatively small and their quality highly questionable, to enable necessary climatological descriptions, on a geographical basis, to be made especially in, monitoring the climatic variability, defining the fringes of semi-arid regions bordering deserts for addressing the issue of desertification, (WMO, 1993). Direct and indirect remote sensing (radar and satellite) data are not commonly used in most of the continent, because of the prohibitive cost of the equipment.





Despite the above, Several comprehensive descriptions of the climates of Africa existare in existence, most notably those ofby Thomson (1965) and Griffiths (1972). Surveys of African rainfall have been carried out by Newell et al, 1972; Kraus, 1977; Klaus, 1978; Tyson, 1986; and Nicholson, 1994.  The above authors agree that the summer rainfall trend, is dominant over most of Africa, is primarily controlled by the intertropical convergence zone (Achrya and Bhaskara Rao, 1981; Nicholson, 1986). Overland, the ITCZ tends to follow the seasonal march of the sun and oscillates between the fringes of the Sahara Desert in boreal summer and northern Kalahari desert in the austral summer.  The latitude zones of these arid and semi-arid deserts demarcate the tropics from the subtropics. The rainfall in the these subtropics is modulated by mid-latitude storms which may be displaced equatorward in winter.  Further modification is provided by natural features such as lakes and mountains. The poleward extremes of the continent have extratropical influences associated with mid-latitude synoptic disturbances, resulting in winter rainfall (Griffiths, 1972).





Southern Africa, from as far north as Angola and Zambia, has been covered in great ice sheets during the interglacial period (Tyson, 1986).  The most recent of these episodes lasted for more than 100 million years, ending roughly 200 million years ago.  It is suggested that it is during that time, when the subcontinent's vast coal beds were deposited (Tyson 1991).  Around 100 million years ago, one of the hottest periods ever to occur in the earth's history laid its distinctive imprint on southern Africa.  However, it is only in the last half million years or so that palaeoclimatic records  have become sufficiently clear for a more continuous measure of climatic change to be evident. Between 12 000 and 10 000 BP, the whole of subtropical southern Africa south of 20oS apparently underwent aridification, lagging the desiccation in tropical southern Africa by about 2000 years (Tyson, 1991).  Synchroneity with tropical areas to the north was re-established by 9000 BP when the environment again became wetter.  These generally wetter conditions appear to have prevailed for at least five millennia.





In general, surface air temperatures over most of Africa display a high degree of thermal uniformity both spatially and seasonally (Riehl, 1979). The extreme north and south of the continent, however, experience cold frontal systems which quasi-regularly introduce abrupt air mass changes. Temperatures there are more variable in response to a large annual cycle of insolation and the effects of the seasonally-varying air masses and winds. Mean temperature trends over the last 100 years are also provided (Figure 2-3).





[Insert Figure 2-3 here]





[CHECK FIGURE NUMBERS BELOW]Figure 2-4 shows mean annual rainfall variability for the whole of Africa for the period 1900-1995.  Precipiation over Africa exhibits high spatial and temporal variability.  The mean annual precipitation ranges from as low as 10mm in the innermost core of the Sahara to over 2000mm in parts of the equatorial region and other parts of Africa (see Figure 2-5).  The coefficients of variability exceeds 200% in the deserts, about 40% in most semi-arid regions, and between 5 and 20% in the wettest areas.





[Insert Figures 2-4 and 2-5 here]





Much of Africa south of the equator is characterised by arid or semi-arid climate with high  inter-annual rainfall variability and a pronounced seasonal cycle (Tyson, 1986).  As such, the region is susceptible to frequent and prolonged droughts (Glantz, 1987; Glantz and Katz, 1987).  However, even during periods of severe drought one finds pockets of adequate rainfall in the midst of a severely drought affected subregion.  And, when the rains return, some areas still remain drought afflicted.





Most policy makers now  recognise drought as a normal feature of Africa's climate, and that its recurrence is inevitable.  The widespread occurrence of severe drought during the last decade repeatedly underscored the vulnerability of both developed and developing societies to its ravages in Africa. While the variability of African climate is inevitable, the loss of human life and economic disruption associated with extreme climatic fluctuation can be lessened by advance warning. Recent scientific advances in understanding the climate system and breakthroughs in predictive capabilities provide an opportunity to reduce the vulnerability of human societies by planning for what was previously  an unexpected variation from the mean climatic conditions. Current forecasting capabilities, although by no means perfect, give a better indication of the climatic conditions that are expected to prevail during the next one to two seasons than simply assuming that rainfall and temperature will be normal, (Bonkoungou, E.G., 1996).  








[DELETE THIS BOX--IMPACTS AND RESPONSE TEXT TO BE USED IN AG SECTION?]


Box 2-3. Record  Droughts in Africa





WMO (1995), in their Global Climate System Review, highlight the fact that, extensive droughts have afflicted  Africa in the recent past.  The episodes of 1946-47, 1965-66,  1972-73, 1981-84 and 1986-87 culminated in the most severe drought in 1991-92.While the most severe drought for most of Africa, 1994/95 was most severe in some parts of East Africa, (Usher, 1997).  These times were also major ENSO years.  Droughts in southern Africa do not always coincide with those in eastern Africa, where severe droughts occurred in 1933/34, 1938/39, 1949/50, 1973/74 and 1983/84 and also 1991/92.





The 1991/92 drought had a most crippling effect over much of southern Africa, with many countries from central Zambia through central Malawi and Mozambique southwards having seasonal deficits of up to 80% of normal rainfall, (Zinyowera and Unganai, 1992).  Large sections of the SADC subregion received scanty rainfall, ranging from 20 to 75% of normal, during the rainy season from October 1991 through April 1992.  This extreme dryness was exacerbated by abnormally high temperatures.  Temperatures reached 470C along the South Africa-Zimbabwe border.





As of late July 1992, exceptionally dry conditions dominated large sections of sub-Saharan Africa (especially across the western half of the region) while the ITCZ remained considerably south of its climatologically typical location.  The SADC countries experienced the worst drought of the century, with unprecedented crop failures.  Roughly five times more food had to be brought into southern Africa than that delivered to the Horn of Africa during the famine of 1984-85.   Regional grain production fell some 60% short of expected levels.  There was a virtual collapse of industries since both water shortage and hydropower failures were frequent.





The food stocks that could have been in reserve had been depleted, owing largely to exports.  Furthermore, the agricultural land-use patterns were not in harmony with the climate.  High population densities and poor water resource management taxed the carrying capacity of the environment and may well have contributed to the near catastrophic impact of the drought.  Even though 1992-93 and 1993-94 could be considered to be largely post-drought periods, in the subregion, the recovery was slow.





Over eastern Africa, poor rains had been affecting many countries from  as early as June 1991.  The main rain-producing system, the ITCZ, was quite inactive.  This led to deficient rains in large areas of Kenya, Uganda and the Sudan to the extent that by September, several areas in these countries had well below 75% of their normal seasonal rains.  Towards the end of the year, most of Kenya, Tanzania and southeastern Ethiopia recorded 50% of the long-term average.  In 1992, the onset of the summer monsoon over equatorial east and north Africa was delayed and subsequently, the season had poorly distributed, insufficient rains.  Over western and central Africa, there was an alternation of wet and dry conditions from 1991 to 1993.  However, the trend of below-normal precipitation over the last 30 years continued unabated.  The 1991 rainy season started early across much of west-central Africa, except for the extreme west where cool, wet conditions persisted in May.  Much of the region experienced a significantly drier-than-normal June and early July, than mid-July and August rains, particularly in the extreme west, brought some relief.





Across the western Sahel, rainfall totals in July to September 1991 were generally below 10% of the 1951-80 normal.  Dryness was most acute across northern Senegal, southwestern Mauritania, southwestern Mali, southeastern Guinea, south-central and central Niger, and central and southwestern Chad, where approximately half of the rainfall or less was reported.  By the end of September, accumulated totals were close to normal in northern Senegal and southwestern Mauritania.  Further south, moisture levels were from 45 to 85% of normal and, in eastern sections of Central African Republic and Ethiopia, seasonal rainfall amounts were 0 to 85%.





2.2.1.	Trends and Projections of  African Climates





[Add reference to Annex A] Rainfall trends, especially over the last thirty years or so, have had a very large bearing on socio-economic development of the continent where most activities are agriculturally based, (Serageldin, I., 1995)..  Figure 2-4 shows that over the last 40 years, or so, marked variations in rainfall are evident throughout Africa..  Rainfall in Sahelian West Africa from the late 1960s to 1993 was well below normal amounts received earlier in the century, and over the last two decades rainfall has been about half that of the wet 1950s.  Similar dry periods occurred during the historical and recent geologic past (Nicholson, 1994a, b)  The recent period exhibits some differences in character from previous dry periods, namely a tendency towards continental-scale dryness (Nicholson, 1995).  In recent years precipitation in eastern Northern Africa has returned to levels more typical of the first-half of the century.  Sahel rainfall in 1994/6, it was greater than in any such earlier period since the 1960s.





There is mounting evidence that global climate is already changing and that these changes are related to human pollution of the atmosphere (IPCC, 1996).  The characteristics of this climate change vary from region to region and may be more or less discernible from the background variability of temperature.  The changes might manifest themselves in a diversity of ways: changes in average temperature; changes in the frequency of drought,  with respect to Sahel and parts of southern Africa; changes in the nature of El Nino events in the Pacific (Trenberth & Hoar, 1996); or changes in sensitive environmental indicators, for examples, the appearance of malarial transmission at higher altitudes than ususal, in eastern and southern Africa.





Within Africa, the prolonged sequence of dry years in the Sahel, commencing in the late 1960s and continuing into the 1990s, has acted as an effective agent in changing the conventional view of climate.  The view prevailing at the end of 20th century is one in which climate is no longer regarded as a stationary boundary condition. New developments, in weather and seasonal time-scale climate forecasting, have also provided an even greater impetus for organisations, charged with investment decisions and with future planning strategies, to include climate in their decision-making structures as a key variable rather than as a fixed boundary condition.





IPCC Working Group 1 Assessment Report (1995)  uses 1992 emission scenarios to make projections of future climate with respect to global mean temperature and sea level.  At present, "the most highly developed climate models are atmospheric and oceanic general circulation models (GCMs), based upon the physics and dynamics of the ocean-atmosphere system at resolutions of 250 km in the horizontal and 1 km in the vertical IPCC (1996).  Many factors presently limit the scientists' ability to project future climate,(IPCC SAR 1(1995)).  





Uncertainties  in General Circulation Models the use of (GCMs) make it impossible to to derive regional climate change predictions (see Annex B of this report for an assessment of regional projections of climate change)scenarios, include model resolution, limitations in model physics and representation of present day regional climate features.  It is, therefore, important to interpret model outputs the changes predicted by Regional models in the context terms of their uncertainties , and to consider them as potential scenarios of change for use in sensitivity and vulnerability studies.  (IPCC, 1995)  In IPCC (1990), Hernes et al, (1995), the Sahel (10-200N, 20-400E) was selected as a study region for purposes of comparing model outputs. to represent Africa, results of which cannot be used for the whole continent.  Since then, several approaches to subregional climate projectionprediction have been made at national levels, (Ringus et al., 1995, Joubert (1995) and several others, under the USA Country Study Programme (USCSP, 1996).  





Although most of the initial work usedinvolved GCMs, an increasing number of climate modelling centres have used Regional Climate Models (RCMs), which rely on similar physical representations of atmospheric processes as GCMs, but operateing at a much finer spatial resolution, typically 50kms, over limited domains.  These regional models still need to be driven at their boundaries by the results from the coarser scale GCMs. Within their high resolution domain, RCMs generate a more detailed representation of surface climate.  Some climate change work using RCMs nested within GCM results have been completed over the last three years, in Africa (Ringus et al., 1996).  According to the Hadley Centre (1996), Mitchell et. al., (1995) and Joubert (1996), although there are still limitations in the ability to provide reliable regional projections of future climate change, in Africa, and confidence in the regional models is still very low because there are substantial inter-model differences in results obtained when using different models, the work done so far has had some degree of agreement in the direction of change, (Ringuis et al., 1996;USCSP,1996; Hulme, (1995).  The five models generally used in Africa have divided the region into three main subregions; the Sahel and North Africa, the Tropical area centred around the Equator, and Southern Africa south of the Equator.   Under enhanced greenhouse gases conditions, significant changes are projected to occur in sea level, temperature, precipitation and other climatic elements, as shown in Box 2-4 below.








Box 2-4. Climate Scenarios





According to Ringius et al.,( 1996), Hernes et. Al., 1995,  projeected a sea level  rise of about 25cm by the year 2050. Assuming the models to be reasonably accurate, the following changes in climate would be expected by the year 2050..  There will be sub-regional and local differences in this rise around the coast of Africa, depending on ocean currents, atmospheric pressure and natural land movements, but 25cm gives a generally acceptable figure (Joubert & Tyson 1996).  For Africa, South of the Equator, simulated changes in mean sea-level pressure produced by both mixed-layer and fully-coupled models are small (~1 hpa) but similar in size, or smaller than the present-day simulation errors calculated for both types of models (Joubert and Tyson, 1996).  Observed sea-level pressure anomalies of the same magnitude as the simulated changes are known to accompany major large-scale circulation adjustments associated with extended wet and dry spells over the subcontinent.





The same studies, with respect to temperature, land areas are projected to warm by up to 1.60C over the Sahara (Ringius et al., (1996), Hernes et al., 1995) and semi-arid parts of southern Africa.  The Equatorial countries of Cameroon, Uganda and Kenya, could be about 1.4oC warmer.  This represents a rate of warming to 2050 of about 0.2oC per decade.  Sea surface temperatures in the open tropical oceans, of Africa, will have risen by less than the global average (i.e. about 0.6o to 0.8oC) and the coastal regions of the continent will therefore warm the least compared to any Africa land region (between 1oC and 1.2oC warming).





Precipitation changes are projected to be relatively modest, but to have large year to year variability, of rainfall. In general, rainfall is projected to increase over the continent, the exceptions  being southern Africa and parts of the Horn of Africa.  Here, rainfall is projected to decline by about 10%.  Changes in rainfall seasonally are not expected to be large; while Joubert and Tyson (1996) found no evidence for a change in rainfall seasonality among a selection of both mixed-layer and fully-coupled models.  Hewitson and Crane (1996) found evidence for slightly extended later summer season over eastern South Africa (although nowhere else), based on a single mixed-layer model prediction.  However, great uncertainty, exists in terms of predictions of regional-scale rainfall changes based on GCMs (Joubert and Hewitson, 1997). Parts of the Sahel could experience rainfall increases of up to 15% compared to the 1961-90 average.  Equatorial Africa could experience a small (5%) increase in rainfall.  These rainfall results are not very robust in the sense that different climate models, or different simulations with the same model, yield rather different patterns.





The increased temperatures is likely to lead to increased open water and soil/plant evaporation.  Exactly how large this increased evaporative loss will be, depends on factors such as physiological changes in plant biology, atmospheric circulation and land use patterns.  As a rough estimate  potential evaporation over Africa is projected  to increase by between 5% and 10%.  Little can yet be said about changes in variability or extreme events in Africa.  Rainfall may well become more intense, but whether there will be more tropical cyclones or a changed frequency of El Nino events is largely in the realms of speculation.
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