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20th Century climate trends and 21st century climate change both offer considerable challenges to climate scientists today.  However, there is so much at stake for the more 800 million African inhabitants of Africa and especially those in sub-Saharan African where the hopes and dreams of many are caught in the tug of war between poverty and economic development. 

The problem of quantifying climate change in Africa exists in part because of the complexity of regional climates in Africa and their associated geographic features.  Africa is nearly symmetric about the Equator, which creates seasons, which are out of phase between the northern and southern hemispheres.  Hence the in Northern hemisphere the wet season corresponding to June-September (summer) corresponds to the dry season in the summer season in the Southern Hemisphere.  Adding to the complexity are deserts, numerous mountain chains that can alter regional climate and weather patterns, the influence of several large lakes and the surrounding Indian and Atlantic Oceans. 

Globally, surface temperatures have risen throughout much of the 20th century with some periods (such as the 1940s and 1950s) of cooling relative to the mean climate of 1951-1980.   However, warming over much of the globe has taken place since 1970, with the warmest global mean temperatures occurring over the last 10 years.  As for precipitation, there is evidence to suggest that wetter conditions have evolved during the 20th century, especially in the middle and higher latitudes.  

Surface observations in Africa are poor, but this network indicates that temperatures have warmed through the 20th century, while drying has occurred over large areas.  In some regions, such as the Sahelian belt, several decades of below normal rainfall during the late 1960s through 1990s have significantly impacted economic development.  In the case of the Sahel, scientists have developed two lines of thoughts about the causes for decadal trends in below normal rainfall: (1) internal processes such as desertification, deforestation and higher aerosol loading from the Sahara are responsible for the drying patterns, (2) external factors such as the impacts of global sea surface temperature anomalies or trend and anthropogenic climate change.

Over the last 5 years, a number of global and regional models suggest that the Indian and Atlantic Oceans are responsible for below normal rain in West and Southern Africa.  The Atlantic Multidecadal Oscillation (AMO) has been linked to some of the drying in West Africa but a stronger correlation to drying in West Africa and Southern Africa is linked to warming Indian Ocean SSTs.  Global Climate model simulations suggest that the AMO is a natural part of the climate system, but like El Nino Southern Oscillation (ENSO), anthropogenic climate change may influence the intensity, duration and return periods of the AMO.  The most likely cause for Indian Ocean warming at this time is global warming but it is still possible that natural climate variability is responsible for some of the warming.  

Warming of 1-3(C is likely on the African continent is expected to continue throughout the 21st century, with greater warming on a regional basis.   The warming is expected to increase evaporation leading to reduced soil moisture if there is not a corresponding increase in precipitation.  Precipitation changes in Africa during the 21st century have considerably more uncertainty, with some GCMs suggesting wetter conditions and others drier conditions.  This uncertainty is due in part to the different model parameterizations and climate sensitivities in GCMs, which can lead to different simulations of precipitation under the same forcing.    One approach has been to use regional climate models that can simulate precipitation processes better than GCMs because of finer scale and better physical parameterizations.  

Given the decadal variability in African rain that has been observed during the 20th century, there is no reason to believe that this pattern will not continue under elevated greenhouse gas conditions this century.  But, there are multiple factors that should be considered: 

· Direct effects of global warming on rain intensity and spatial/temporal variability on the African continent, especially as it relates to the start and end date of the growing season.

· Direct effects of global warming on the Atlantic and Indian Ocean temperatures that can impact rain anomalies on decadal timescales during the 21st century. 

· Direct effects of desertification, deforestation and land-use change on rain intensity and spatial/temporal variability on a regional basis.

· Positive or negative feedbacks within Africa that result from global warming.  

Droughts and floods associated with climate change will have a negative impact on food security throughout Africa.   Droughts will have an immediate and negative impact of food security because of lower yields.  However, given the changing demographics in Africa and increasing population in urban areas, agriculture will have need to increase its production and roads (along national highways and within urban areas) and drainage systems will need to be improved if precipitation does increase in the 21st century.    

It will take a collective effort to carefully monitor physical and natural systems in Africa that may be affected by anthropogenic climate change to protect the public.  A long-term monitoring system for climate change should be developed using existing technologies (satellites and surface measurements) and investing/replacing infrastructure where needed.   There is also the need to increase the numbers of African scientists who will study, monitor  and report 21st century climate change. Policymakers need to be informed and updated about regional climate change so that national policies can address the potential impacts and offer solutions.   Finally, there should be public outreach programs to that the inhabitants of Africa can put recent and future climatic change in a context that allows for possible adaptation. 
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