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Summary of Internship:

Climate Change Science Program at WWF,

Washington, D.C.

October 11th, 2005 – November 15th, 2006

I. Kaczynski

Introduction:

My involvement with climate change science began in March, 2002 when I served as a lab assistant for the Fire and Mountain Ecology Lab, then funded by the U.S. Geological Survey and the U.S. Forest Service at the University of Washington.  As a field crew member, I collected numerous tree cores in the North Cascades and Olympic Mountains.  Upon return from the field, I sanded the cores and counted and measured the tree rings to gather data on historic patterns in local climate.  Graduate students later used this information to employ dendrochronology techniques that would help them establish climate records for forests in the North Cascade and Olympic mountains.  With this experience contributing to my very rudimentary background in climate change, I was accepted as a volunteer intern with Lara Hansen (chief scientist) and Michael Case (research scientist) in the Climate Change Science Program at WWF in Washington, D.C. (U.S. headquarters).  I worked there from October 11th to November 15th, 2005, and in this duration I was assigned to create a "climate change threat map" for Africa, which is described further in the sections below.

Climate Change Science:

Climate change science goes beyond simply collecting historic data about the earth from tree cores, ice cores, corals, fossil pollen, and ocean and lake sediments (paleoclimatology).  The next steps involve not only representing the data and making observations of current trends relative to prior ones and then using the scientific method to discover mechanisms driving climate change, but also coming up with computer generated models of future climate trends.

In order to accurately model the earth's climate, it is essential, though not necessarily possible (in the case of unknowns), to consider all factors contributing to climate.   Climate generally refers to meteorological conditions that prevail in a general area, but climate descriptions can vary considerably depending on the scale of observation.  Scale is particularly important for the purpose of climate modeling; there are many models, each specialized for a particular scale at a particular resolution in order to describe, for example, how the climate system would react to changes in greenhouse gases or the deforestation of large tracts of land, or simply display relationships between the many variables involved in climate and how they react with one another.  The highest resolution models require supercomputers to operate, due to the complexity of the algorithms they are built on, and may only cover a small subregion on a continent.

These comprehensive models are conglomerations of sub-models of processes within them (simpler models of atmosphere, ocean, land surface, cryosphere and biosphere, and these component's interactions).  Simply put, these processes are represented by mathematical equations that are solved within a three-dimensional grid superimposed over the globe.  Atmosphere, for example, is represented with equations that describe the large-scale evolution of momentum, heat and moisture.  Global climate models where the atmosphere and ocean components are coupled are referred to as Atmosphere-Ocean General Circulation Models (AOGCMs). Some factors that are too small scale to "fit" into the scale of the model are parameterized, where their average effects are included by taking advantage of physically based relationships with the larger scale variables.  Comprehensive AOCGMs are very complex and once again, require large computer resources to run.  It has been my impression that technological resources are a significant limiting factor on the progress of establishing reliable climate models in the past, and for the time being, it appears that the progress of computer technologies will directly influence the development of accurate modeling of the earth’s highly variable atmospheric conditions.

Multiple models (coarse, intermediate, and fine scale) are run under various greenhouse gas emissions “scenarios” to model progressive time-slices that either have occurred in the past (for control and test purposes) or that may occur in the future, i.e. a doubling of CO2 or aerosol loading in the atmosphere, or alterations in land covered by forest (which in turn changes water cycling properties over a given area).  The Intergovernmental Panel on Climate Change (IPCC) has established a Special Report on Emissions Scenarios that many models run to predict what will happen under particular circumstances 20, 50, or 100 years from now (3).

Climate change science involves more than generating various types of models and attempting to predict the condition of the atmosphere in the future.  Much uncertainty about these models remains, and this uncertainty directly affects policymakers’ abilities to make decisions about practices directly affecting the climate in a number of economic and political sectors.  Several questions remain: What kind of measurable goals can we achieve when we are uncertain of what to measure and how much we should be measuring?  What areas in the planet are most dependent on inherent climate variability and may perhaps be devastated by sudden or unusual shifts in climate? 

It is well known that humans have tremendously impacted the world’s ecosystems.  Only a small percentage of our forests remain in their original state, unaltered directly by human activity.  Increasing levels of habitat fragmentation and the absence of adequate corridors are introducing sudden geographic barriers for species that have evolved without them, thereby negatively impacting the ability of their populations to recover in the instance of a large scale disturbance – namely, global warming.  The attached reports provide my synopsis of the threats that various ecoregions in Africa face under the prospect of rising atmosphere and ocean temperatures, gathered from various articles in scientific publications.

WWF’s Climate Change Science Program:

The Climate Change Science Program at WWF addresses climate change issues on several levels by increasing public awareness, forming progressive partnerships with businesses to reduce CO2 emissions, exploring and aiding solutions in developing countries as they attempt to industrialize for economic growth, and pressing policy and decision makers to manage and instill policies with future greenhouse gas emissions in mind.  The WWF works directly with scientists and technical experts to report facts and provide statistics relevant to monitoring global progress in ameliorating the impacts of anthropogenic climate change.  One of the tools WWF uses to help policy/decision makers focus their decisions is the presentation of a climate change threat map, as described in the following section (7).

Work Accomplished:

A climate change threat map essentially looks at specific ecoregions of particular conservation concern around the planet.  An ecoregion is defined as a “large unit of land or water containing a geographically distinct assemblage of species, natural communities, and environmental conditions”.  These ecoregions lack definite boundaries, and often overlap with human activities.  They are considered threatened or not depending on their inherent resiliency.  Some areas are distinctively high in biodiversity.  These are what the WWF has named “The Global 200”.

Since WWF is restructuring itself as an organization, and in the process paring down their active ecoregions in hopes of becoming more specialized, they need to know what areas they are going to narrow their focus on, especially with respect to climate change.  They want to know what areas are most at risk because of global warming.  My task, therefore, was to research ecoregions throughout Africa, determine what circulation/predictive models are available for these general areas, if any, interpret the results of the models in the context of the ecoregions’ biodiversity, and highlight what WWF should focus on when they establish their future climate change programs in these areas.

In the duration of my volunteer work in Washington D.C., I produced a general report summarizing current climate variability, current threats, and an assessment of the future with climate change for two critically threatened ecoregions in Africa (South African fynbos ecoregions and the West Africa Marine ecoregion).  I also produced a brief summary of key threats for all 12 WWF-recognized ecoregions in Africa.  Lastly, I summarized the chapters describing Africa in the IPCC’s 2001 Working Group II: Impacts, Adaptation, and Vulnerability report, as well as the United Nations Environment Programme’s Africa Environment Outlook, which examined the environmental state of the continent.  I also made a brief summary of descriptions of African ecoregions as identified by Conservation International.  In the duration of my stay, I attended several brown bag seminars in the WWF building covering a range of topics from the challenges of wildlife conservation in the Sahel region of Africa to the success of community management in national parks around Malawi Lake to the west of Mozambique.  I also attended an American Meteorological Society seminar and a U.S. Climate Change Science Program workshop, events I will describe below.  

The Amercian Meteorological Society Seminar:

On Tuesday, October 25th, 2005, I took to opportunity to attend a seminar held in the Dirksen Senate Office Building on hurricanes. It was put on by the American Meteorological Society and featured three prominent climate scientists discussing their latest research. The seminar was titled “Hurricanes: Are They Changing and Are We Adequately Prepared for the Future?” Each scientist presented their findings and perspectives on the latest disasters in the Gulf region, as well as other weather anomalies that have been happening recently.

Dr. Kevin Trenberth, Head of the Climate Analysis Section at the National Center for Atmospheric Research, spoke first. Aside from giving us an overview of the El Nino Oscillation (one of most influential cyclic patterns in tropical pacific weather), he provided a few of the necessary components for a hurricane to occur: 1.) High sea surface temperature (at least 80 degrees Fahrenheit), 2). High water vapor content in the atmosphere, 3). Weak wind shear (change in wind speed or direction with height in the atmosphere), 4). Weak static stability, and 5). A pre-existing disturbance.  After a display of numerous informative charts and correlations, one could clearly see that, compared to records dating back 1,000 years, average sea surface temperatures are rising.
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Dr. Kerry Emanuel, Professor of Atmospheric Science, Massachusetts Institute of Technology in Cambridge, MA, presented some more informative graphs and brought up some interesting points. He verified that rising sea surface temperatures are directly correlated with increased hurricane intensity. However, where the hurricanes that form will actually go is largely a matter of probability. So even though the sea may give rise to more intense hurricanes, the answer to whether we will suffer more damage from those hurricanes in our possible future with global warming is still unknown.  In these most recent disasters, all the ingredients to the hurricane “recipe” happened to be there, and they also happened to hit populated areas.  Now, once again, with increases in sea surface temperatures, the probability of these disasters occurring may increase, too. But not all scientists appear to be prepared to agree on the actual degree of damage that future hurricanes will cause.

Dr. Judith Curry, Professor and Chair of the School of Earth and Atmospheric Sciences, Georgia Institute of Technology in Atlanta, GA pointed out that given her research, the average intensity of global hurricanes has increased by .5 categories, with striking increases in category 4 and 5 hurricanes. Once again, she attributed this to rises in sea surface temperatures (1).

Perhaps the most interesting portion of this seminar was Curry’s explanations during the question session: There is a big discrepancy between what climate scientists predict and what weather/hurricane forecasters predict. Curry explained that climate scientists (who are mostly in agreement that the future of the weather is changing due to global warming), look at long term trends and climate variability, search for causes and explanations, and use the scientific method to derive answers to their questions. Forecasters (some dismiss the increasing numbers of disastrous hurricanes as purely cyclic) predict the weather based on empirical data and may not necessarily consider other factors, though they are very effective in the short term. Ultimately, Curry said, these two fields should collaborate to come up with the best short and long-term solutions and predictions for future climate conditions on earth.  Curry pointed out a significant conflict of scientific methodologies – while one group looks at past patterns to predict the cyclic changes in the system, another takes a mechanistic approach to eventually model the system and predict based on that model.  I speculate with Dr. Curry whether any one of these methods will work well alone to explain and effectively predict future climate patterns; however, it is entirely another issue to politically and quantitatively synergize the two approaches, and the degree of difficulty that may arise in attempts to do so may severely hinder the effort.

U.S. Climate Change Science Program Workshop:

On November 14th, I participated in the U.S. Climate Change Science Program’s workshop, Climate Change Science in Support of Decision Making.  During this workshop, I viewed introductions by James R. Mahoney, Assistant Secretary of Commerce for Oceans and Atmosphere, and Director of the Climate Change Science Program, David K. Garman, Under Secretary of the U.S. Department of Energy, Mike Johanns, Secretary of the U.S. Department of Agriculture, Peter Lichtenbaum, Acting Deputy Under Secretary for International Trade, U.S. Department of Commerce, Ralph J. Cicerone, President of the U.S. National Academy of Sciences , John Stowell, Vice President of Federal Affairs and Environmental Strategy at Cinergy Corporation and presentations by James R. Mahoney and Richard H. Moss, Director of the Climate Change Science Program Office.  Perhaps my strongest impression of this introductory session came from John Stowell of Cinergy Corporation.  He emphasized that companies must be aware that the long-term regulatory framework will eventually require that companies innovate and refurbish their old technologies.  Strategizing about compliance should start now; like the cathedrals built over several decades, a company’s strategies to meet future regulations on greenhouse gas emissions must have sufficient time to evolve and change.  Lastly, Stowell pointed out that climate scientists are wrongly accepting bad publicity (as exemplified by websites like junkscience.com which “question the honesty and integrity of the scientific community doing this research”) and failing to actively use their findings to convince and interest the public.  While, in his opinion, they have won the scientific debate, scientists should also focus their efforts on winning the people, eradicating their apathy towards climate change, and using strategies from political science to do so.  

Subsequently, I attended the breakout session covering Climate Sensitivity and Adaptive Management followed by a panel discussion.  The speakers represented the Environmental Protection Agency, NASA, NOAA, Department of Transportation, American Meteorological Society, and the World Bank.  During this breakout session, the speakers discussed how they proposed to overcome the challenges of implementing recent research in large scale management.  This session was followed by a group of panelists, which included Paul Stern of the National Academy of Science, Granger Morgan of Carnegie Mellon University, Lara Hansen of the World Wildlife Fund, Hugh Pitcher of the Joint Global Change Research Institute and Fred Meyerson from the University of Rhode Island.  Of the numerous questions posed to the panel by the audience, perhaps the most interesting ones included “How are you going to get policy and decision makers on the same page?” and “With the wealth of information existing, how will you ensure that everyone has access to it?”  Panelist Lara Hansen of WWF responded by pointing out that it is essential that information is translated in such a way that all individuals involved in decision making should be able to understand and interpret the results/implications of climate change research, regardless of scientific background and literacy.  It is her feeling that government agencies should work on providing useable, interpretive tools for policymakers in which they can easily see the potential results of their decisions (2).  

One of the main points I drew from this breakout session was that despite the wealth of information and syntheses available, we still have considerable gaps in our understanding of exactly how the effects of climate change will impact various regions and sub-regions around the world – such interpretations are largely dependent on existing assessments of vulnerability, the scale of past and present climatic information available, climate model resolution, and the level of syntheses that have been made by scientists and non-scientists.  Several speakers (i.e. DOT) posited that additional synthesis papers on climate in global regions may not necessarily help us any more than past syntheses have, and we should instead focus on just what methods we are going use to assess human developments and ecosystems at risk, employ those methods, and concentrate scientific investigation in these areas.  With this, I once again noted a slight political conflict of interest and disunion between government and non-government entities on what gaps in our understanding should be granted priority in being filled.  While I tacitly understood the interdependence of human focus and science, I observed explicitly in this session how governmental institutions or politics can frame the context, thus affect the direction of scientific inquiry. 
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Summary:
IPCC Working Group II

Climate Change 2001: Impacts, Adaptation, and Vulnerability

History of climate change for Africa:

· Warming of 0.7°C during the 20th century

· Decreased rainfall over large portions of Sahel

· Increased rainfall in east central Africa

Predictions from IPCC Data Distribution Center:

· Low 

· warming of 0.2C per decade

· few areas show trends that will exceed natural 30 year variability

· Intermediate

· By 2050, north Africa and interior of Southern Africa will experience decreases in rainfall during growing season, in the amount of one standard deviation of natural variability

· Parts of the equatorial east will increase in Dec-Feb and decrease in Jun-Aug.     

· High 

· warming of  0.5C per decade

· Large areas of Africa will experience changes in Dec-Feb and Jun-Aug that significantly exceed natural variability.

· In all cases warming will be greatest over semi-arid regions of the Sahara and mid-central Africa

The six factors of concern for Africa:

1. Water: Need for regional coordination of water management – shared water basins may lead to conflict

2. Natural resources: productivity at risk

3. Disease: human health

4. Food Supply: Uncertain climate impacts on agricultural production

5. Sea-level rise:  flooding in Coastal zones

6. Desertification: drought

1.  Water

· Current trends show a 17% reduction in runoff in major river basins

· Expected trend of reduction in soil moisture and runoff to continue

· Reservoir storage shows sensitivity to variations in runoff and periods of drought

· Models predict that global warming will increase the frequency of low storage episodes in lakes and major dams.

2. Natural Resources Management and Biodiversity

· Development pressures will increase – population and commerce.  Land-cover changes will increase dramatically by mid-century

· Results of global warming

· Changes in, i.e. distribution and productivity of plant and animal species, water supply, fuelwood and other services.

· Loss of biodiversity

· Altered frequency, extent and intensity of vegetation fires, w/ potential feedback effects on climate.

3. Human Health (disease)

· Temperature rises will extend the habitats of vectors of diseases such as malaria

· Droughts and flooding will interact with inadequate sanitary infrastructure to increase frequency of enteric diseases.

4. Food Security

· This continent already suffers from insufficient food production, and there is a wide consensus that global warming will exacerbate this problem via potential declines in soil moisture.

· Food-importing countries are at greater risk

· Inland fisheries will be rendered more vulnerable because of episodic drought and habitat destruction.  Ocean warming will also modify ocean currents, causing unknown changes in coastal marine fisheries.

5. Settlements and infrastructure

· Basic infrastructure inadequate for predicted changes due to global warming
· Coastal cities, being important centers for commerce and trade in Africa, may suffer from sea-level rise, coastal erosion, and flooding, all which will have significant impact on both coastal communities and communities throughout Africa.
6. Desertification

· Climate change and desertification are linked via feedbacks between land degradation and precipitation.
· Climate change may increase desertification, and conversely, desertification aggravates CO2 induced climate change via the release of CO2 from cleared and dead vegetation as well as the reduction of the carbon sequestration of desertified land.
· Potential increases in the frequency and severity of drought are likely to exacerbate desertification.
Previous Synthesis of Africa:

Some factors making Africa particularly vulnerable to climate change:

· widespread poverty

· recurrent droughts

· inequitable land distribution

· overdependence on rainfed agriculture

There are limits to reducing pressure on natural resource base:

· Deterioration in terms of trade

· Inappropriate policies

· High population growth rates

· Lack of significant investment

· Highly variable climate

· Previous assessments (Hulme 1996, IPCC 1998) fell short of assigning relative importance to these factors in Africa’s ability to adapt to climate change

What is different about Africa?

· Diversity – very few statements are valid about the entire continent.  Generalities must be read in that context

· Climate – predominantly tropical, hot and dry.  However, extreme variability exists throughout the continent. 

· Development status – poorest and least developed nations of the world.  General weakness in science and technology infrastructure limits the rate at which adaptive research can be done.

· Food supply – More than half of Africa is rural and dependent on locally grown products.  Food supply has been declining over the past 2 decades.

· Dominant formal and informal economies:

· Agriculture

· Pastoralism

· Logging

· ecotourism

· mining

· Biodiversity – One fifth of the worlds plants, birds, and mammals originate or have areas of major conservation in Africa

· Low Capacity for state initiated interventions – Governance structures undermined by:

· military coups

· despotism

· tribalism

· corruption

· poor governance
· economic adjustment programs imposed by international financial community

· Disease burden – numerous insect vector and water-borne diseases.  HIV/AIDS.  Heavy mortality impacts Africa’s productive potential.

· Armed conflict – widespread conflict for the last 3 decades limits Africa’s ability to respond to climate change.

· High External Trade and Aid Dependence: 

· heavy international debt-servicing burdens

· exports high volumes of relatively low value goods

· trade linkages follow patterns of old colonial relationships.

Synopsis: Africa’s future with climate change:

How climate change will hinder Africa:

· The overall capacity of Africa to adapt to climate change is low.

· National environmental action plans should incorporate long-term action changes and pursue “no regret strategies” (what’s this?)

· Current technologies and approaches (what are they?) (esp. in agriculture and water) aren’t enough

· Seasonal forecasting is a promising adaptive strategy that will help save lives (linking sea-surface temps to disease outbreak)

· It is unlikely that Africa will have enough of its own resource to respond to changes effectively.

How climate change will benefit Africa:

· The process of adapting to climate change will establish new development pathways:

· generating competitive agricultural products

· researching new crop varieties

· increased international trade

· industrial developments like solar energy

· more regional cooperation in science, resource management, and development

How vulnerable is Africa to climate change?

· Assessment of this is marked by uncertainty

· High rainfall variability and a sparse observational network make predictions difficult at subregional and local levels

· Sensitivity to climatic variations is established but incomplete

· Confidence in projected costs are low due to uncertainty in future conditions

What should be done?

· Must improve national and regional data

· Regional assessments of vulnerability, impacts, and adaptation should be pursued to fill the many gaps in information.

Summary:

United Nations Environment Programme

Africa Environment Outlook

1972-2002

Regional Assessment

The UNEP report, Africa Environment Outlook (AEO), synthesizes information on the impacts of environmental change in the 30 year time period from 1972 to 2002.  The African Ministerial Conference on the Environment (AMCEN) specifically requested this report to trace environmental and economic trends since the 1972 United Nations Conference on the Human Environment.  AMCEN, established about two decades ago to act as the environmental voice of conscience in the region, faces daunting challenges as it manages a variety of difficult tasks – harmonizing sub-regional and regional environmental issues so they receive equal attention, translating global environmental concerns to establish national, sub-regional, and regional programs of action (the African Union, NEPAD), acting as an advocate of Africa’s environmental concerns to intergovernmental organizations (e.g. WTO, IMF, WB), and promoting environmental consideration in nations’ development processes.

Information in the AEO report is presented in seven environmental themes: 

· Atmosphere

· Biodiversity

· Coastal and Marine Environments

· Forests

· Freshwater

· Land

· Urban Areas

This summary, however, will address only two of the three atmospheric issues (climate variability, climate change, and air quality) of major concern within each region: climate variability and climate change.  Each region includes the following nations as listed:

· Northern Africa:  Algeria, Egypt, Libyan Arab Jamahiriya, Morocco, The Sudan, Tunisia

· Eastern Africa: Burundi, Djibouti, Eritrea, Ethiopia, Kenya, Somalia, Rwanda, Uganda

· Western Indian Ocean Islands: Comoros, Madagascar, Mauritius, Réunion (France), Seychelles

· Southern Africa:  Angola, Botswana, Lesotho, Malawi, Mozambique, Namibia, South Africa, Swaziland, United Republic of Tanzania, Zambia, Zimbabwe

· Central Africa:  Cameroon, Central African Republic, Chad, Congo
Democratic Republic of Congo, Equatorial Guinea, Gabon, Sao Tomé and Principe

· Western Africa:  Benin, Burkina Faso, Cape Verde, Côte d'Ivoire, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, Togo

Generally speaking, Africa’s climate variability is primarily driven by patterns of sea surface temperature, atmospheric winds, and regional climate fluctuations in the India and Atlantic Oceans, and by the El Nino Southern Oscillation phenomenon (the 2 to 7 year shift in ocean currents and winds off the coast of South America), known to bring above average rainfall to some areas and below average in others.  Highest levels of rainfall occur along the equatorial belt, while the north and south of Africa, as well as the countries in the Horn of Africa, experience arid or semi-arid climate.  Most of Eastern, Central and Southern Africa, and the Indian Ocean Islands, are affected by ENSO.  Rainfall records from the early 1900s to the mid 1980s show that average annual rainfall in Africa has declined since 1968, and has remained fluctuating at a lower mean level.  There is also some evidence that the frequency of the occurrence of natural disasters, particularly drought in the Sahel region, has increased in the last 30 years.  However, most countries in Africa experienced severe drought in 1973 and 1984.  In 1992, drought was restricted only to the South African region.  Countries in the Sahel Region (particularly Mauritania, Burkina Faso, and Chad), Ethiopia and Kenya in the East, and Botswana and Mozambique in the South are most frequently affected by drought (FAO 2001a).

Northern Africa:

Climate Varibility:  This region receives only 7 percent of Africa’s precipitation and this is not evenly distributed, as some regions experience more drought than others.  Typical flash floods occur as well, usually eroding soils where vegetation has been cleared, and in the case of Egypt, bringing on disastrous mudflows.  Swearingen and Bencherifa (1996) suggest that the hazard of drought has increased in Northern Africa due to the expansion of cereal cultivation to drought prone rangeland.  Due to its dependence on rain-fed agriculture, drought has strong socioeconomic significance in North Africa.

Climate change: In 1996, Northern African countries accounted for 37 per cent of Africa’s total GHC emissions (280 million metric tonnes of carbon dioxide), the highest being from Algeria and Egypt, and with Libya having the highest per capita emissions of nay country in Africa (8 tonnes).  The predicted impacts of climate change in Northern Africa are increased desertification, decreased run-off, and increased frequency of both drought and flooding (IPCC 1998).  In the drylands, which characterize the subregion, population growth will push people into areas prone to desertification.

Eastern Africa:

Climate Variability:  This region is particularly vulnerable to climate varibility, since both the annual distribution and amount of rainfall are highly unpredictable (FAOSTAT 2000).  Annual rainfalls below 500mm are common.  As a result, food production and security of livelihoods is at risk and a high priority for this region.  Major drought years have been 1973/74, 1984/85, 1987, 1992-1994, and 1999/2000.  Evidence points to increasing climatic instability and increasing occurrence of drought (FAOSTAT 2000).  These persistent deficits in rainfall have severe water shortage, resulting in total crop failure, livestock death, skyrocketing food prices, dependency on food relief, and increased conflicts over water resources.  Persistently low water levels in rivers and reservoirs have not only had impacts on local biodiversity and farming opportunities, but have reduced the possibility of using hydropower as and energy source and led to power rationing in the domestic and commercial sectors.  Contrastingly, other areas have received above average rainfall, resulting in disastrous flooding, landsides, and crop failure as triggered by the ENSO phenomenon.  Thousands were displaced from their homes and extensive damage to property was caused.

Climate Change:  

Though this region’s carbon dioxide emissions were less than 2 per cent of Africa’s emissions in 1996 (African Development Bank 2001), climate change is a high priority due to its current food security status.  Climate predictions include reduced rainfall, particularly for the Horn of Africa, increased temperatures, and increased evaporation (IPCC 1998, IPCC 2001b).  It is not known whether the flood frequency and intensity will increase in Eastern Africa, though climate change may, too, impact ENSO events.  Rising sea levels and temperatures are another risk associated with climate change, and threaten the East African coast with inundation resulting in loss of infrastructure, population displacement, disruption of tourism activities, and coral reef bleaching in the Western Indian Ocean.

Western Indian Ocean Islands:  
Climate Variability:  This region experiences about ten tropical storms each year between November and May (4 per year in Madagascar), with interannual variations in rainfall, flooding, and droughts.  Increased variability from climate change and sea-level rise are priority issues for the Western Indian Ocean Islands.  Heavy rains and swells in the Western Indian Ocean from cyclones cause significant damage to human developments and infrastructure, and occasionally cause countries in this region, namely Madagascar, to rely on international relief aid (FAO 1984, UNDHA 1994). The ENSO phenomenon causes floods or droughts in this sub-region - Mauritius tends to experience drought in the dry season while Madagascar is most affected by desertification.  Population pressures in these and other areas throughout the region result in the use of marginal land close to rivers, of sand dunes, and land reclaimed from the sea for residential and commercial use.  Coral reefs in this area are at risk as well, with the ENSO phenomenon causing extensive coral bleaching and death in 1997 and 1998.

Climate Change:  This region’s low lying-flatlands, narrow coastal strips, atolls, reefs, sandy beaches, and the concentration of human populations, tourism, infrastructure, transport, and industrial activities in coastal zones make it highly vulnerable to the impacts of climate change (Leatherman 1997).  A one-meter rise in sea level can potentially submerge the Seychelles islands, causing loss of 70 per cent of their land area (Shah 1995, Shah 1996).  Mauritius may lose 0.3 per cent of its surface area with the same rise (IPCC 1995).  Such rises would also affect fishing and tourism, putting this region’s economic viability at risk.

Southern Africa:

Climate Variability:  Major impacts of climate variability in this region include recurrent flooding and droughts.  The Inter-Tropical Convergence Zone (a zone close the equator where the South East Trade Wind meets the North East Trade Wind and causes massive rain-bearing clouds) strongly impacts Southern Africa’s rainfall.  The ITCZ oscillates between the equator and the Tropic of Capricorn throughout the year, and its southward movement usually indicated the beginning of rainy season.  A more promising rainy season is associated with the ITCZ moving further south, but another system called the Botswana High, tends to push the ITCZ away, resulting in drought.  Southern Africa is also affected by ENSO events, which either bring drought or severe flooding.  Recent weather patterns in the region have been erratic, with droughts in 1967-73, 1981-83, 1986/87, 1991/92 (severest on record), and 1993/94. Floods occurred in most of Southern Africa in 1999/2000 (Chenje & Johnson 1994, WMO 2000).  Cyclone Eline hit south-eastern Africa in 1999/2000, causing US$273 million worth of physical damage in Mozambique.

Climate Change:  This region produces about 2 percent of the world total GHG emissions, with most coming from South Africa, which produces 42 per cent of all emissions from Africa (World Bank 2000a, Marland and others 2000).  This region’s high levels of food insecurity and water stress, combined with heavy climactic variability, make it most vulnerable to changes induced by global warming (IPCC 1998, IPCC 2001b).  Expected impacts include increased desertification with reduction in the extent of grasslands and increase of thorn savannah and dry forest.  This could dramatically influence wildlife distributions, which are of importance to tourism in National Parks in the region (IPCC 2001b).  Crop yields may vary and the malaria carrying Anopheles mosquito may extend its range to Namibia and South Africa, where it has not been previously found.  Rising sea-levels may inundate up to 2,117 km² and erode up to 9 km² of the coast of Tanzania.

Central Africa:
Climate Variability:  Central Africa naturally experiences periodic extreme weather events with unpredictable seasonal variations, like many other sub-regions on the continent.  Rainfall remains relatively high and predictable in the central and coastal areas, but becomes more variable and unpredictable northwards.  Persistent cloud cover over coastal forests keeps mean annual temperatures between 26ºC and 28ºC.  Mean annual temperatures are low (19ºC to 24ºC) in the high-relief mountainous areas.  Clear skies over semi-arid areas of Cameroon and Chad allow strong daily insolation and massive heat losses at night.  Drought frequency has increased in the Sahelian zone since the 1960s, and food security is declining (IPCC 1998).  Flooding is more common in humid areas, especially where vegetation has been cleared.  Commercial logging, subsistence agriculture and collection of firewood have caused extensive deforestation and a resulting disturbance in the microclimate of the area.  

Climate Change:  Central Africa contributes about 2 percent of the continents GHG emissions in 1996, with occasional contributions from Mount Cameroon.  This region’s tropical forests act as important carbon sinks and can assist in mitigating GHG emissions. Most of Central Africa will experience increased precipitation, soil moisture, and runoff.  This provides a good scenario for increases in forest cover, though increasing demand for suitable agricultural land will negate this effect.  Natural habitats for biodiversity in Central African forests may shift, having important consequences on species like the endangered Mountain Gorilla.  Disturbances in hydrological systems may cause changes in flooding patterns and potentially increase the risk of outbreaks of water-borne diseases.  Malaria and trypanosomiasis may spread areas previously limited my low temperatures or drier areas where increased rainfall may occur.  Freshwater availability may diminish in the semi-arid regions of Chad and Cameroon.  Due to continuous withdrawals and rainfall variability, the water level of Lake Chad is about one-twentieth of what it was 30 years ago (NASA GSFC 2001).  Sea-level rise will also increase Central Africa’s vulnerability to storm surges and inundation.

Western Africa:

Climate Variability:  The seasonal movements of the Inter-Tropical Convergence Zone govern the climate of Western Africa.  Along the border of the Sahel covering Mauritania, northern Senegal, Mali, and Niger, annual precipitation is 100-300 mm.  This region experiences high interannual variability in rainfall, high evaporation rates (more than 4 m/year) and no perennial run-off with flash floods during rainy periods.  Drought is common in the Sahelian region (the worst documented lasted over a whole decade from 1972-1984 – with decreases in rainfall even in the equatorial zone).  Desertification is a problem in the arid and semi-arid zones, though it happens in sub-humid areas as well. Such dry conditions give way to tropical climate further south, where widespread flooding occurs due to hydrological degradation, flat land, and high run-off.  The coastal zone is much reliably wetter with about 1,000 mm/yr.

Climate Change:  Nigeria is the largest GHG emitter in this area, contributing to 11 per cent of Africa’s total emissions in 1996 (African Development Bank 2001).  The others are negligible at this point.  Equatorial zones may experience up to a 5 per cent increase in annual rainfall and a temperature rise of 1.4ºC from climate change.  Rainfall may increase in parts of the Sahel, though many areas will be prone to desertification from increase evaporation and run-off (IPCC 1998, IPCC 2001b).  More rainfall means more potential for soil erosion, nutrient leaching, and crop damage.  Loss of rainfall may increase the risk of drought and bushfires.  Changing patterns may not only cause planning problems for agriculture, but changes in patterns and distribution of forests and the animal species the inhabit them.  Changing flood and rainfall patterns may affect inland fisheries, while rising sea-levels put Côte d'Ivoire, The Gambia, Nigeria, and Senegal at greater risk than ever.

Critical Regions in Africa:
Biodiversity Hotspots as identified

By Conservation International
Cape Floristic Region:  Was once rain forest, but climate changes in the last 15 million years caused the retreat of these forests.

· Biodiversity hotspot

· Evergreen fire-dependent shrublands

· Greatest non-tropical concentration of higher plant species in the world

· Vegetation:

· 6,210 endemic plant species

· Wildlife: geometric tortoise, the Cape-sugar bird, and a number of antelope species.

· 1 threatened endemic mammals

· 0 threatened endemic birds

· 7 endemic threatened amphibians

· Area: 

· 75, 555 km² - original extent

· 15,711 km² remain vegetated

· 10,859 km² protected

· 3,850 km² true forests, which are mostly in moist, fire-protected sites in the southern coastal forelands and lower mountain slopes

· Population Density – 51 people/km²

Coastal Forests of Eastern Africa:  High biodiversity for these tiny fragmented forests along the coast.  Vegetation is a complex mix of moist and dry forests, with coastal-thicket, fire-climax savannah woodlands, seasonal and permanent swamps, and littoral habitats that include mangrove vegetation along some parts of the coast.

· The 40,000 species of cultivated African violets are derived from a handful of species found in coastal Kenyan and Tanzanian forests, and form the basis of a $US100 million global houseplant trade

· Agricultural expansion is a threat facing this area (poor soil quality and increasing population trend)

· Vegetation:

· 1,750 endemic plant species

· Wildlife: 3 endemic and highly threatened monkeys and 2 endemic bushbabies, Tana river red colobus, and Tana river mangabey

· 6 threatened endemic mammals

· 2 threatened endemic birds

· 4 threatened endemic amphibians

· Area:

· 291,250 km² - original extent

· 29,125 km² remain vegetated

· 50,889 km² protected

· Population Density: 52 people/km²

Eastern Afromonte:  Though geographically disparate, the mountains in this region have remarkably similar flora. 3 ancient massifs comprise the large area of this region – The Eastern Arc Mountains and the Southern Rift (southeastern Kenya to Southern Tanzania and Malawi), The Albertine Rift (portions of Rwanda, Burundi, Uganda, Tanzania, and the Democratic Republic of Congo), and the Ethiopian Highlands (which cover much of Ethiopia and surrounding areas).

· Home to 617 endemic fish species (large lakes)

· Expansion of agriculture large threat (bananas, beans and tea)

· Growing bushmeat market coincides with increasing population, especially in the Albertine Rift.

· Vegetation:

· 2,356 endemic plant species

· Wildlife: The Albertine rift harbors more species of endemic mammals, birds, and amphibians than any other region in Africa

· 48 threatened endemic mammals

· 35 threatened endemic birds

· 30 threatened endemic amphibians

· Area:

· 1,017,806 km² - original extent

· 106,870 km² remain vegetated

· 154,132 km² protected

· Population Density: 95 people/ km²

Guinean Forests of West Africa:    These forests consist of a range of distinct vegetation zones including most forests along the coast, freshwater swamp forests, semi-deciduous forests inland with prolonged dry seasons.

· Logging, mining, hunting, and population growth are placing stress on forests

· 5 endemic bird areas lie either partly or entirely in the hotspot

· Vegetation:

· 1,800 endemic plant species

· Wildlife: Home to more than a quarter of Africa’s mammals including more than 20 species of primates.

· 35 threatened endemic mammals

· 31 threatened endemic birds

· 49 threatened endemic amphibians

· Area:

· 620, 314 km² - original extent

· 93,047 km² remain vegetated

· 108, 104 km² protected

· Population Density: 137 people/ km²

Horn of Africa:  As one of the most degraded hotspots in the world, only 5 percent of its original habitat remains. One of two hotspots that is entirely arid.  Overgrazing is the most destructive force in this area, but also charcoal harvesting and unstable government control

· Vegetation: 

· Dominant vegetation type is Acacia-Commiphora bushland, but fragments of evergreen bushland, succulent shrubland, dry evergreen forest and woodland, semi-desert grassland and low growing dune and rock vegetation occupy parts of the region.

· 2,750 endemic plant species

· Wildlife: This hotspot holds more endemic reptiles than any other region in Africa.  Home to a number of threatened antelope, notably species like the beira, the dibatag, and Speke’s gazelle.  Other endemics include the Somali wild ass and the sacred baboon.

· 8 threatened endemic mammals

· 9 threatened endemic birds

· 1 threatened endemic amphibians

· Area:

· 1,659,363 km² - original extent

· 82,968 km² remain vegetated

· 145,322 km² protected

· Population Density: 23 people/ km²

Madagascar and the Indian Ocean Islands:  This hotspot is a living example of species evolution in isolation.  These islands do not share any of the typical animal groups found in mainland Africa.  

· Vegetation:  8 plant families that exist nowhere else on earth.  Tropical rain forest along the eastern escarpment and lowlands.  Forests become dry deciduous along the west coast.  Unique spiny desert in the extreme south.  Several high mountain ecosystems, such as the Tsaratanana and Andingitra mastiffs.  The Sambirano region in the north has its own unique endemic species.

· 11,600 endemic plant species

· Wildlife: 4 bird families and 5 primate families that live nowhere else on earth.  More than 50 lemur species reside(d) there.  The Seychelles islands are home to the only endemic family of amphibians, the Sooglosidae, as well as the Aldabra giant tortoise.  These islands and the Comoros and Mascarene islands in the Indian Ocean support a number of Critically Endangered bird species.

· 51 threatened endemic mammals

· 57 threatened endemic birds

· 61 threatened endemic amphibians

· Area:

· 600,461 km² - original extent

· 60,046 km² remain vegetated

· 18,482 km² protected

Population Density: 32 people/ km

Maputaland-Pondoland-Albany:  Important center of plant endemism.  This hotspot is famous for the rescue of the Southern White Rhinoceros from extinction

· Rhino habitat is threatened by industrial and local farming as well as increasing grazing pressure.

· Three distinctive regions of high endemism and diversity: Maputaland (Tongoland) in the north, Pondoland further south, and Albany in the southwest.

· Several mountain ranges: Sneeuberg, Winterberg, Amatola Mountains, Ngeli Range, Lebombo Mountains and Ngoye Range.
· Vegetation:  The region’s warm, temperate forests house nearly 600 species, the highest richness of any temperate forest on the planet. Most areas in this hotspot are forests, thickets, bushveld and grasslands. About 80 percent of South Africa’s remaining forests fall within this hotspot.
· 1,900 endemic plant species

· Wildlife:

· 2 threatened endemic mammals

· 0 threatened endemic birds

· 6 endemic threatened amphibians

· Area: 

· 274,136 km² - original extent

· 67,163 km² remain vegetated

· 23,051 km² protected

· Population Density – 70 people/km²

Succulent Karoo:  This region’s plants are 69% endemic.  Reptiles also show high levels of endemism.  

· One of two entirely arid ecosystems and home to the halfmens, and many unique species of lizards, tortoises, and scorpions.

· Two regions within it – Namaqualand,  a winter rainfall desert with a mild climate moderated by cold Atlantic currents, and the Southern Karoo, with peak rainfall in the spring and summer, and more extreme climate variations that the first region.

· Vegetation: dwarf shrubland dominated by leaf succulents (1,700 species), which is unique among the world’s deserts.

· 2,439 endemic plant species

· Wildlife:

· 1 threatened endemic mammals

· 0 threatened endemic birds

· 1 endemic threatened amphibians

· Area: 

· 102,691 km² - original extent

· 29,780 km² remain vegetated

· 2,567 km² protected

· Population Density – 4 people/km²

WWF Climate Threat Map:

Summary of threats to 11 Ecoregions in Africa

1) Central and Eastern Miombo Woodlands (EcoR 88)

· Eastern Miombo Woodlands (Tanzania and Mozambique)

· Central Zambezian Miombo Woodlands (Tanzania, Burundi, Democratic Republic of the Congo, Angola, Zambia, and Malawi)
· Zambezian Baikiaea Woodlands (Afrotropics?)

Climate Threats:
Increased rainfall, temperature changes unknown.  Previous drought has dried the flood-dependent Rufiji River which traverses parts of this region, though stream flows are projected to increase in this key basin.

Notes:

Main non-climatic threats range from deforestation and poaching to mining.  Ecotonal habitats, which face potential alteration due to precipitation changes, support a variety of important mammals, such as the African wild dog (Lycaon pictus) and the African elephant (Loxodonta Africana)
2). East African Coastal Forests (EcoR 8) – (Kenya, Somalia, Tanzania)
Climate Threats:

Sea level rise, erosion threatens coastal settlements.  Flood plain settlements at risk with predicted increases in rainfall.  Increased inundation may exacerbate hygiene concerns.  Potential increases in rainfall in the equatorial forests.

Notes:  

Forests are heavily fragmented due to clearing for fuel and agricultural settlement.  Isolated patches may impede necessary genetic exchange across plant and animal populations to adapt to climatic pressures.  Human activity also prevents species from dispersing adequately to shift their ranges if needed.  Population already puts pressure on water reservoirs and basins, of which future evaporative losses are uncertain.  Current trends in desertification are a major threat for inland farming.

3). Eastern African Marine Ecoregion (Western Indian Ocean on the eastern coast of Africa)

Climate Threats:  

Increased rainfall, with changes in temperature unknown.  Catastrophic mortality of shallow-water reefs following the 1997-98 El Nino event emphasizes the need to reduce uncertainty in future temperature predictions for this region.  Sea level rise threatens costal forests.

Note:  

Other impacts that contribute to bleaching, such as pollution and sedimentation must be addressed with the potential future stresses associated with climate change

4). Fynbos (EcoR 118) 

· Lowland Fynbos and renosterveld (South Africa)

· Montane Fynbos and renosterveld (South Africa)

Climate Threats:
Sea level rise threatens the lowland regions, while decrease in precipitation during the growing season may lead to crop failure and desertification.  Reduction in runoff from major basins will severely impact the growing population, and increasing and unmitigated fragmentation of the landscape may lead to the extinction of numerous plant species already at the edge of their ranges.  Changes in fire regimes may further impact distributions of species in this ecoregion, especially with existing grazing pressures on drier, savanna-type ecosystems.

Note: 

With urbanization, landscape fragmentation, novel forms of agriculture allowing the use of marginal land, and the presence of invasive species, climate change will introduce changes which the already highly threatened endemic species will not be able cope with.

5). Madagascar Dry Forests (EcoR 51) – (Western coast of Madagascar)

Climate Threats:  

Temperature increases, precipitation decreases, sea-level rise.

Notes: 

Anthropogenic-induced fragmentation and conversion to grassland is increasing due to human population growth.  Highly dependent on ENSO, this region’s diversity will be heavily impacted by changes in the cycle’s frequency.

6). Madagascar Forests and Shrublands (EcoR 10)

· Madagascar subhumid forests

· Madagascar ericoid thickets

· Madagascar lowland forests

Climate Threats:
Temperature increases, precipitation decreases.  Fragile high elevation species may experience range shift and become further isolated as they are forced to higher elevations.  Inherent habitat fragmentation due to the isolated nature of the mastiffs will further impede resilience of the montane ecosystems.

Notes:
Habitat destruction, anthropogenic burning/slash and burn agriculture, conversion to highland cattle pasture threaten this region.  Reduction in the fallow period of farmlands is intensifying pressures by reducing crop yields, forcing farmers to burn more forest.  Abandoned fields become secondary grassland or invaded by weeds.  Increased drying will only amplify these and other effects of agricultural expansion.

7). Madagascar Spiny Thicket (EcoR 125) ​ (Southern and southwestern Madagascar, an island off the east coast of Africa)

· Madagascar succulent woodlands (AT1312)

· Madagascar spiny thickets (AT1311)

Climate Threats:
Temperature increases, precipitation decreases. Risk of malaria epidemics post-El Nino events may increase with climate change in the Madagascar highlands.  Loss of wildlife habitat due in part to climate change may negatively impact the tourism in this region.

Notes:

Poaching, anthropogenic fire-clearing and climate change collectively threaten the survival of numerous important and distinctive species of megafauna, such as the lemur.

8). Rift Valley Lakes (EcoR 182) – (East-central Africa: Burundi, Democratic Republic of Congo, Ethiopia, Kenya, Malawi, Mozambique, Rwanda, Tanzania, Uganda, and Zambia)

Climate Threats:

Potential increases in evaporative losses of selected lakes in the region due to increases in warming coupled with increasing population pressures not only heavily threaten freshwater and vegetative biodiversity but may also fuel intense international water disputes.  Increasing temperatures in some lakes may increase fish yield.

Notes:
Topics of major concern are exotic fish species, sedimentation from deforestation, water pollution, overfishing, and harvesting of fish for aquarium trade; climate impacts on these and other factors remain largely uninvestigated.

9). Western African Marine Ecoregion (EcoR 216)

Climate Threats: 

In the Niger delta area, sea level rise will result in the coalescing of smaller lagoon areas into larger bodies of water; coastal inundation threatens settlement.  Warming and rainfall may both increase in this region, but significant unknowns remain in how important marine species may respond to changes in atmospheric and ocean temperatures.  The lack of a protective continental shelf makes coastal erosion particularly threatening.

Notes:
Nearly 8 million people living along the coast of this ecoregion rely heavily on productive and predictable marine diversity to provide food and jobs.  Alterations in abundance and distribution patterns of economically important marine species may compound this area’s political disputes and further intensify local artisan competition with international fishing vessels.

10). Western Congo Basin Moist Forests (EcoR 6)

· Northwestern Congolian lowland forests (Cameroon, Central African Republic, Gabon, and Republic of the Congo)

· Western Congolian Swamp forests (Congo and Democratic Republic of Congo)
Climate Threats: 

Increasing temperatures in some seasons, with increasing precipitation.  Models predict minimal changes in Congo Basin hydrology.

Notes:
Predicted increases in precipitation may bring additional rainfall to the Congo Basin, and since this may reduce the size of slash and burn fields, food security in poor rural families may dramatically decrease.  The Congo forests are important centers of carbon sequestration.

11). Albertine Rift Montane Forests – (AT01010) (Burundi, Democratic Republic of Congo, Rwanda, Tanzania, Uganda)

Climate Threats:

Future increases in both temperature and precipitation may drive numerous plant and animal species out of their original ranges.  Variable levels of protection in this ecoregion offer little support for landscape continuity, therefore exacerbating the negative effects of changes in climate.

Notes:
Agriculture, logging, livestock grazing, hunting already affect the region, while intense political problems grossly prevent effective management of these areas.  Limited availability of research on biodiversity in this ecoregion impedes accurate assessment of climate impacts.

West Africa Marine Ecoregion:

Threat Summary
A General Climate Description of West African Climate
(summarized from UNEP Africa Environment Outlook, 2002):

Climate Variability:  The seasonal movements of the Inter-Tropical Convergence Zone govern the climate of Western Africa.  Along the border of the Sahel covering Mauritania, northern Senegal, Mali, and Niger, annual precipitation is 100-300 mm.  This region experiences high interannual variability in rainfall, high evaporation rates (more than 4 m/year) and no perennial run-off with flash floods during rainy periods.  Drought is common in the Sahelian region (the worst documented lasted over a whole decade from 1972-1984 – with decreases in rainfall even in the equatorial zone).  Desertification is a problem in the arid and semi-arid zones, though it happens in sub-humid areas as well. Such dry conditions give way to tropical climate further south, where widespread flooding occurs due to hydrological degradation, flat land, and high run-off.  The coastal zone is much reliably wetter with about 1,000 mm/yr.

Climate Change:  Nigeria is the largest GHG emitter in this area, contributing to 11 per cent of Africa’s total emissions in 1996.  The others are negligible at this point.  Equatorial zones may experience up to a 5 per cent increase in annual rainfall and a temperature rise of 1.4ºC from climate change.  Rainfall may increase in parts of the Sahel, though many areas will be prone to desertification from increase evaporation and run-off.  More rainfall means more potential for soil erosion, nutrient leaching, and crop damage.  Loss of rainfall may increase the risk of drought and bushfires.  Changing patterns may not only cause planning problems for agriculture, but changes in patterns and distribution of forests and the animal species the inhabit them.  Changing flood and rainfall patterns may affect inland fisheries, while rising sea-levels put Côte d'Ivoire, The Gambia, Nigeria, and Senegal at greater risk than ever (5).

West Africa Marine Ecoregion:
Description:  The West Africa Marine Ecoregion spans 3,500 km of coastline along Mauritania, Senegal, The Gambia, Cape Verde, Guinea-Bissau, and Guinea.  The unique coastal reefs of Cape Verde and powerful coastal upwellings of cold water provide an ideal environment for plankton, which support an overwhelming diversity of biologically and economically important species.  Over 1000 species of fish have been identified, several dolphins and whales, 5 species of endangered marine turtles, and a colony of monk seals.  One of the most important coral reefs in the world can be found in the offshore archipelago of Cape Verde.  As a center of endemism, this area is a top 10 global hotspot and remains of particular importance to conservation.  Since so many species rely on the West Africa Ecoregion to carry out parts of their life cycles, it is essential to manage the ecoregion as a whole.

Threats:  Depletion of local fish is not only a biological threat, but an economical one as well.  Nearly 8 million people life along the WAMER coast which depend on fisheries in this region for food or jobs.  In Mauritania, foreign industrial fleets catch about 600,000 tonnes a year or about 80% of fish caught.  However, in Senegal, artisianal fishermen catch about 80%, or 400,000 tonnes annually.  Access agreements from EU countries, Japan or China bring in necessary income, but they put unsustainable pressures on these waters, leading to conflicts between local and foreign fleets.  Fishing vessels use destructive methods such as dynamite, bottom-trawling, and beach seining are increasingly being used to compensate for dwindling fish supply.  Individual governments have experienced marginal success with surveillance patrols, ecological monitoring, or measures to address pollution, but these operations are difficult to manage effectively with so little income and so much corruption.

The West African Marine Ecoregion supports five species of marine turtle species on the IUCN Red List.  Unsustainable egg and turtle harvest practices, incidental capture by gillnets, trawlers and fishing gear, and habitat loss contribute to their endangerment (6).

Other threats include urban development, runoff as a product of soil erosion, release of agrochemical products, sewage discharge, and oil pollution (6).

Current Climate:

The seasonal movements of the Inter-Tropical Convergence Zone govern the climate of Western Africa.  Along the border of the Sahel covering Mauritania, northern Senegal, Mali, and Niger, annual precipitation is 100-300 mm.  This region experiences high interannual variability in rainfall, high evaporation rates (more than 4 m/year) and no perennial run-off with flash floods during rainy periods.  Drought is common in the Sahelian region (the worst documented lasted over a whole decade from 1972-1984 – with decreases in rainfall even in the equatorial zone).  Desertification is a problem in the arid and semi-arid zones, though it happens in sub-humid areas as well. Such dry conditions give way to tropical climate further south, where widespread flooding occurs due to hydrological degradation, flat land, and high run-off.  The coastal zone is much reliably wetter with about 1,000 mm/yr (5).

The Future with climate change (see also above summary - “Climate Change”):

GCMs do not provide direct information on water quality and other hydrological parameters that affect fisheries.  Assessments on vulnerability must translate changes in atmospheric conditions to changes in aquatic environments.  Most studies on the potential impacts of climate change have been done for temperate zone fisheries, which have emphasized the impacts of changes in the availability of thermal habitat on fishery resources.  Therefore, increasing SSTs and changes in salinity are of particular concern to this ecoregion.

Seafloor oxygen minimum zones (OMZs) are considered a limiting factor in species distribution off the coast of West Africa.  OMZs expand and contract over time and their expanses will vary with changes in climate induced impacts on oxygen content in these marine regions, thus affecting the marine ecosystem (2,3,4).  

Due to the lack of not only high-resolution/regionally downscaled models, but also the sparse availability of comprehensive documentation on interactions of sea surface temperature, salinity and marine biodiversity throughout this region, alternative means of targeting conservation priorities in the face of climate change may be required.  Conservation may temporarily involve working towards ameliorating the threat of non-climate related impacts, such as unsustainable harvest practices.  Particularly threatened or endangered species such as sea turtles, keystone species, and fish of economic importance should take conservation priority until potential climate impacts on the West African Marine Ecoregion are better assessed.
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South Africa Fynbos and Renosterveld:

Threat Summary

A General Climate Description of South African Climate
(summarized from UNEP Africa Environment Outlook, 2002):
Climate Variability:  Major impacts of climate variability in this region include recurrent flooding and droughts.  The Inter-Tropical Convergence Zone (a zone close the equator where the South East Trade Wind meets the North East Trade Wind and causes massive rain-bearing clouds) strongly impacts Southern Africa’s rainfall.  The ITCZ oscillates between the equator and the Tropic of Capricorn throughout the year, and its southward movement usually indicated the beginning of rainy season.  A more promising rainy season is associated with the ITCZ moving further south, but another system called the Botswana High, tends to push the ITCZ away, resulting in drought.  Southern Africa is also affected by ENSO events, which either bring drought or severe flooding.  Recent weather patterns in the region have been erratic, with droughts in 1967-73, 1981-83, 1986/87, 1991/92 (severest on record), and 1993/94. Floods occurred in most of Southern Africa in 1999/2000.  Cyclone Eline hit south-eastern Africa in 1999/2000, causing US$273 million worth of physical damage in Mozambique.

Climate Change:  This region produces about 2 percent of the world total GHG emissions, with most coming from South Africa, which produces 42 per cent of all emissions from Africa.  This region’s high levels of food insecurity and water stress, combined with heavy climactic variability, make it most vulnerable to changes induced by global warming.  Expected impacts include increased desertification with reduction in the extent of grasslands and increase of thorn savannah and dry forest.  This could dramatically influence wildlife distributions, which are of importance to tourism in National Parks in the region.  Crop yields may vary and the malaria carrying Anopheles mosquito may extend its range to Namibia and South Africa, where it has not been previously found.  Rising sea-levels may inundate up to 2,117 km² and erode up to 9 km² of the coast of Tanzania (7).

Lowland and Montane Fynbos and Renosterveld Ecoregions:

Description: Outstanding floral richness and diversity characterize this ecoregion in South Africa.  Sharing the Cape Floristic Region (CFR) with the Montane Fynbos and renosterveld ecoregion, it lies in deep acid sands of the west coast lowlands and interior valleys from 5 to 300 meters.  The Cape Floristic Region is considered one of the most biologically diverse regions on earth.  Frequent, regular fires have shaped local ecological diversity to provide habitat for thousands of fire adapted plant species.  Many species here have gained popularity in the flower trade, and new species continue to be identified.  Fynbos (hard-leaved, evergreen and fire-prone shrubland) covers 19,227 km2 (53.8 percent) of this ecoregion and renosterveld (a low shrub layer from 1 m to 2 m tall). covers 16,490 km2 (46.2 percent).  All five major perennial river systems in the Cape Floristic, which support locally endemic freshwater fish, transverse the Lowland Fynbos and renosterveld region (9).

The montane Fynbos ecoregion remains one of the well-preserved Fynbos and renosterveld, and lying about 300 meters in elevation it maintains the same outstanding biodiversity found in the lowland areas.  While a number of protected areas conserve Fynbos vegetation, renosterveld communities are not well-represented in protected areas and invasive plants, new forms of agriculture, and potential range shifts due to climate change all still threaten this ecoregions (9).

Threats:

· Invasive plant species

· Novel forms of agriculture are allowing the use of marginal land

· Urbanization (esp. Cape Town in the west and Nelson Mandela in the east, as well as the coastal margin)

· Fragmentation/habitat loss

· Cultivation and collection of indigenous species

· Specialized habitat requirements of species in this region make climate change a major threat

Current Climate:

Most of this ecoregion receives 300mm and 750mm of annual precipitation.  West of Cape Agulhas, winter months bring most of the rain as a result of the circumpolar westerly system.  To the East, advection of moist air from the Indian Ocean brings rain throughout most of the year, especially spring and autumn.  Temperatures remain above freezing and seldom exceed 30ºC, except for the interior valleys.  Summer brings southeasterly trade winds to the coast.  The cold Benguela Current influences the West Coast, making it prone to fog. (9)

The fire-prone ecosystems of the lowland receive rainfall of between 250 mm and 2,000 mm annually, predominantly occurring in the winter.  Soils are generally nutrient deficient.  The adjacent Succulent Karoo region occupies drier areas while the Albany Thickets lie in the eastern, fire-protected areas of the CFR which receive more summer rainfall.  The Southern CFR is comprised of The Knysna-Amatole Montane Forest ecoregion, which receives more than 800mm of year-round rainfall (9).

The Montane Fynbos and Renosterveld ecoregion receives between 300 and 3,000 mm of annual rainfall.  Winter months deliver a majority of precipitation west of Cape Agulhas, a result of cold fronts from the circumpolar westerly system.  To the east, rainfall is less seasonal – advection of moist air across a warm Indian Ocean produces chiefly spring and autumn rain.  Temperature lows are more extreme that the adjacent lowland area, with frost and snow accumulating for several weeks in the winter.  Temperatures seldom exceed 25ºC in the summer months (9).

The El Niño Pacific Oscillation (ENSO) is a driver of interannual climate variability in southern Africa.  However, this region can be further divided into numerous rainfall regions, all which may be affected by ENSO differently.  Generally speaking, El Niño years bring below normal rainfall in eastern/central South Africa while La Nina years bring above normal rainfall (South African Weather Service).  The long term effects of global warming on El Niño patterns are difficult to determine.  The 1990 to 1995 period brought several unusual weak to moderate El Niño events occurred without intervening El Ninas.  The El Niño of 1997/98 brought unexpected and devastating rain over eastern Africa, but no drought in southern Africa.  The sea surface temperatures of the Indian Ocean may play a significant role in the climate over these regions, but these effects remain largely unknown (4).

The future with climate change:

For a complete characterization of regional climate change projections for the 21st century, a range of atmospheric greenhouse gas loading scenarios obtained from the IPCC Special Report on Emissions Scenarios (SRES) were used in combination with the IPCC range of climate sensitivities (1.5-4.5°C—IPCC, 1996).  Four combinations of greenhouse gas (GHG) forcing/climate sensitivities were used as scenarios for a simple climate model to simulate global mean annual temperature response.  This was then combined with regional patterns of seasonal temperature/precipitation changes obtained from 10 general circulation model (GCM) simulations for the end of the 21st century relative to 1961-1990.  Coupled with a separate analysis concentrated in Africa (Hulme et al., 2001), projected temperature increases for Africa range from 0.2ºC per decade (low scenario) to 0.6ºC per decade (high scenario).  Intermodel discrepancies in the different climate change scenarios assessed by the IPCC is greatest over central South Africa than it is in any other region modeled (4).

El Nino events have recently become less predictable.  The latest moderate to strong El Nina event occurred in 1998/99 while El Nino events were in 1982/83, 1986/87, most of 1991-1995, and 199/98.  From 1876-1976, the numbers of strong El Nino and La Nina events were equal.  Additionally, there may be possible changes in the intensity of El Nino episodes, also of importance to the South Africa region.  The sudden predominance of El Nino type conditions may possibly reflect a change in the background climate state (associated with abrupt warming of SST’s in the Indian Ocean).  The prolonged El Nino episodes (i.e. 1908-1911, 1916-1918, 1920-1923, 1954-1957, 1973-1976, and 1991-1995) may be caused by typical initial conditions of interactions between wind anomalies and waves eventually altering mechanisms (i.e. delayed oscillator mechanism) within El Nino.  In a doubled CO2 scenario, some studies indicate that El Nino variability will not increase, but La Nina events may be stronger and persist longer with higher SSTs.  While it may be dangerous to emphasize the influence of El Nino variability on rainfall in the region, the percentage of times that observed December to February summer rainfall has been in the driest third of all years from the eight warmest El Niño episodes (1950/51 through 1996/97) range between 12.5-87.5% at the southern tip of South Africa.  Changes in SSTs in the tropical Indian Ocean during ENSO events may contribute to the atmospheric response over southern Africa, though why this is the case remains unclear.  Also, Southern Hemisphere standing waves appear to influence ENSO.  The unusual conditions in the Pacific Ocean may have contributed to the prolonged dry El Nino episode of the 1990s in southern Africa.  The abrupt warming of the tropical and Pacific Oceans in 1977 coincides with changepoints in the atmospheric circulation in the Southern Hemisphere and in the climate of southern Africa (5).

The weather and climate events and their extremes, in the extratropics are closely related to cyclone activity.  Geng and Sugi (2003) ran two (control and global warming) 20-yr time-slice experiments using the high resolution AGCM GSM8911 (T106) of the Japan Meteorological Agency.  This model has reasonable performance in simulating the climatology of cyclone activity.  They investigate the effects of atmospheric forcing by the observed SST and sea ice obtained from the GFDL coupled ocean-atmosphere model with a low resolution of R15 around 2050.  CO2 and sulfate aerosol concentrations used in the R15 model are also prescribed.  For time-slice experiments, data as written at 6 hr intervals to study high frequency weather conditions.  Only relatively fast moving cyclones are calculated in estimated of cyclone density.  From these tests, the density of strong cyclones increases substantially over the southeastern. coast of South Africa in the southern summer.  This is largely due to large baroclinicity (The number, per unit area, of isobaric–isoteric solenoids intersecting a given surface) zone shifts due to enhanced greenhouse gases and sulfate aerosols (3).

Water:  Precipitation changes are less well defined.  Two intermediate warming scenarios in most models indicate that southern Africa may experience 5-15% decreases in rainfall during the growing season (November to May).  An analysis by Hulme et al. (2001) showed that southeast Africa will get drier (4).

Some streams in Zimbabwe have shown an increase in the incidence of seasonal flow cessation (Magadza 2000).  Estimates from HadCM2 and HadCM3 models (Arnell, 1999) show that the south Africa region will suffer the greatest reduction of runoff by 2050; the Limpopo River basin may experience a 5-15% decrease in precipitation, a 5-20% change in potential evaporation, and a 25-35% decrease in runoff, while the Orange River basin may experience a 5-15% decrease in precipitation, a 4-10% change in potential evaporation, and a 10% decrease or 10% increase in runoff.  Simulated runoff change in the Zambezi basin shows decreases of 40% or more.  Cambula (1999) shows potential decreases in surface and subsurface runoff of five streams in Mozambique, including the Zambezi River, under five climate change scenarios.  Lake Chilwa in Malawi and Mozambique’s and Lake Okavango in Botswana have both suffered nearly 100% evaporative losses as a percentage of total hydrological income.  Current demographic trends and climate change are likely to cause significant economic constraints in South Africa (4)

The 1991-1992 drought cycle brought mean temperatures of over 2ºC above the long-term seasonal mean.  Seasonal Penman evaporation exceeded the long term seasonal mean by over 30%, peaking at just under 90% in February at the Kutsaga station.  The curtailment of hydropower generation by Lake Kariba in this drought period was estimated to be US$102 million loss in GDP and US$36 million in export earnings, and the loss of 36,000 jobs.  Lake Kariba may regularly fail to meet installed generating capacity if the temperature rises by more than 4ºC (4).

Food Security 

In a global comparison of indices of human development and food security in developing countries, East and South Africa ranked among the lowest in the world for food security.  Food security is further threatened by potential future decreases in rainfall and changes in growing seasons (4).

Fisheries:  In the 1991-1992 drought years, fish catch in Lake Kariba decreased.  Since many important aquatic species rely on particular temperature ranges in order to inhabit an area or reproduce, overall warming of the region may alter distributions and catch per unit effort for economically important species and their ecological counterparts (4).  In eutrophic lakes such as Lake Chivero, massive fish deaths, triggered by amoxia and ammonia intoxication have been noted.  The net impact of climate change on southern African marine fisheries depends on circulation of the southern oceans and wind shear in the coastal zone.  If these factors change with global warming, the results are likely to be severe (4).

Crop production:  Temperature, moisture levels, ultraviolet radiation, CO2 levels and pests and disease are the primary climate-driven factors behind crop failure or success.  The direct effects will be greater in crops with the C3 photosynthetic pathway (wheat [a major crop in South Africa], rice and soybean) compared to crops with the C4 photosynthetic pathway (maize, sorghum, millet and sugarcane [a major crop in South Africa]).  Staple crops such as wheat and corn may experience a drop in yield due to increased temperatures.  Major changes in farming systems can compensate for yield decreases due to climate change with additional fertilizer, seed supplies and irrigation which will generate additional operating costs for farms in South Africa.  Results from an analysis of potential impacts South African and the southern Africa region show the heavy dependence of the region on interannual and interseasonal variation in rainfall patterns (4)

An analysis on the economic impact of climate change on major South African field crops shows that revenue will increase with warmer winter (temperatures up to 14.78ºC, after which revenue will decline.  Revenue decreases for increasing summer temperatures to 22ºC and then increases with warmer temperatures (in other words, 22ºC is the minimum optimal growing temperature).  Winter rainfall benefits crop revenue up to an optimum of 390mm.  In the summer, crop revenue increases with more than 570mm.  Sensitivity analyses using IPPC’s conventional CO2 doubling scenarios showed that under mild warming and rainfall reduction scenarios, benefits of the rising temperatures exceeded the negative effects of rainfall reduction.  However, under a more severe warming and rainfall reduction scenario, the benefits of the rising temperatures are more than offset by the negative effects of rainfall reduction.  The Western Cape Province has recently showed increases in revenue, implying that farmers have shifted to using crops like soybean and sunflower to offset the losses of wheat production (2).

Livestock:  Domestic livestock in Africa predominantly feed on natural grasslands and savannas in arid to semi-arid zones.  Given the strong link between long-term large herbivore biomass in African wildlife and pastoral systems and mean annual precipitation at one site, changes in range-fed livestock numbers may be proportional to changes in precipitation within a region.  Since tree cover directly influences grass production in savannas, increases in dry-season rainfall may suppress fire, which in turn suppresses grasses by promoting tree growth, decreasing livestock carrying capacity.  The linear relationship between animal numbers and rainfall is linked by grass production, which is a function of soil nutrient availability and CO2 concentration in the atmosphere.  Simulations in grassland production in southern Africa show that even though decreases in rainfall may occur in southern Africa, increasing CO2 concentrations can positively impact water use efficiency, thus directly balancing the decreases in rainfall, even in C4 dominated grasslands (4).

African cattle (from the Bos indicus line) are generally more heat tolerant than European cattle (from the Bos Taurus line), but with increasing temperatures, their meat and milk production wanes, since they seek out shade instead of foraging.  Livestock distribution is also affected by disease prevalence; simulations of the tsetse fly distributions under global warming scenarios show that it could extend its range southward in Mozambique and Zimbabwe.  The tick Riphicephalus appendiculatus may decrease its range in southern and eastern Africa, but increase in the central and western parts of southern Africa (4).

Biodiversity:

Vegetation:  Changes in temperature and precipitation can significantly alter the spatial and temporal distributions of vegetation and animals in all regions throughout the world.  CO2-induced climate change is likely to alter the seasonality, extent, and particularly the intensity of vegetation fires that the Cape region has evolved with.  The Miombo woodlands may experience more intense fires, which will expand the extent of savanna areas.  Changes in fire regimes interact with changes in grazing regimes to control biodiversity, often causing ecosystem “switches” which are often accompanied by dramatic species shifts and even extinctions.  Though these ecosystem shifts have occurred in the past, habitat fragmentation due to human activity will make it very difficult for regions to maintain their biodiversity into the future.

Under a twice pre-industrial CO2 concentration prediction for southern Africa, from one-quarter to one-third of current reserves will experience a major change in the dominant plant types.  Increases in aridity in the interior Bushmanland Plateau will result in a desert-like environment (Rutherford et al., 1999).  Rutherford et al. (1999) also shows potentially large losses in plant species diversity in this semi-arid region.  The flat landscapes of the lower Fynbos will make the necessary rate of migration for most plant species to survive difficult to achieve.  Climate change heavily threatens regions in which vegetation is distributed across a flat landscape, areas heavily dependent on seasonality of rainfall (such as the southern Cape), areas where the tree/grass balance is sensitive to CO2 conditions, and areas whose fire regime may be altered.  Species at risk include those with poor dispersal abilities, those with limited distribution ranges, habitat or soil specialists, and those species that rely on particular disturbance regimes (4).

The Cape Floristic Kingdom hotspot has provided well defined vegetation biomes and excellent plant databases of plant distributions to estimate risks of climate change for plant diversity.  A bioclimatic model was established using GIS framework for the spatial distribution of the CFR and a 1 x 1 min resolution climatic database to provide temperature and water availability over the area of interest.  Five parameters (mean minimum temperature of the coldest month, heat units exceeding 18ºC, annual potential evaporation, winter soil moisture days, and summer soil moisture days) were used to create a bioclimatic envelope for South Africa’s CFR.  This model ignores individual species’ soil preferences and the impact of rising CO2 levels on plant growth.  Predictions were based on CSM, HadCM2s (with sulphate amelioration), and HadCM2n (without sulphate amelioration) models, which assumed atmospheric CO2 concentrations of 550p.p.m, downscaled and interpolated for South Africa.  Application of the models showed that the Fynbos biome lost, over all altitudinal ranges, 65% (HadCM2n), 51% (HadCM2s), and 58% (CSM) by ≈2050.  However, most significant losses are recorded at the northern biome limits above 33ºS, mainly the northern coastal plain and the Cederberg Mountains.  Areal loss is distributed evenly with altitude.  Due to higher species concentration in southerly latitudes, there is significant difference between mean Proteaceae species richness in areas lost and areas retained, with areas retained having almost double the mean richness value.  HadCM2n predicts 1/3 of all 330 endemic Proteaceae species will suffer from range dislocation with possibility of extinction.  It is possible that higher ambient temperatures will accelerate the fire cycle, but it remains uncertain how changes in precipitation will alter fire patterns, and whether rising CO2 levels will affect fuel accumulation.  A further 40% of Proteaceae species will experience loss of 1/3 of their range.  This study shows that biome-level approaches grossly underestimate the potential loss of both species and within-species genetic diversity (6).

Somewhat contrastingly, an analysis on the threat of both land use and climate change shows that the very low-lying coastal areas assumed in the previous study to be spared, are particularly threatened.  This study suggested that the IUCN Red list criteria may not be satisfactory for including species currently threatened by global climate change.  Four scenarios in this analysis consider only the effects of habitat transformation and four scenarios include the impacts of climate change on species distributions in a single climate change scenario (HadCM2 IS92a GGa).  According to simulations of future scenarios, 3.5% to 29.1% of species currently on the Red List are uplisted.  There are 22 different taxa that are uplisted by two or three categories under at least one of the future scenarios.  Overall, the Proteaceae in the southwest and on the west coast are more threatened than those of the south central and northwest.  Overall, high altitude taxa are less threatened than low-altitude taxa.  Monitoring should be focused on Proteaceae that are expected to face the highest threat status, including four that are expected to become extinct.  Some of these species are not currently on the Red List.  Low altitude regions along the coast should be prioritized for conservation, since migration distances are longer in flat, coastal areas due to extended potential future ranges, compared to high-altitude ranges in which steep climatic gradients occur.  This study identifies specific species of concern for conservation and is intended to help in detecting the most appropriate actions for certain species in certain areas (1).

Species most capable of dispersing effectively will be more likely to persist than species that either cannot inherently disperse distances significant enough to ameliorate their potential altered conditions or lack sufficient corridors through which to disperse. However, species shifting up in elevation may become isolated as they gain altitude a reach their limits of dispersal.  A study identifying minimum dispersal corridors for the Cape Proteaceae focused on the western part of the CFR extending to 20º48’E and to 31º53’S where it includes Fynbos communities.  Given the uncertainty of dispersal, some species may benefit from identifying persistence areas that remain suitable for those species over time, despite climate change.  This study identifies species requiring urgent action and species for which there is little hope.  It is also suggested that this method can be easily modified to include a variety of implementation strategies by adding social cost values or conflict within the selection-area procedure.  Some species may still require transplanting and intensive management (8).

Large mammals:  Migratory systems of large ungulates and their predators are likely to persist if land-use pressures allow them to.

Birds:  Approximately one-fifth of all southern African bird species migrate seasonally within Africa and one-tenth migrate throughout the rest of the world.  Waterfowl form one of the main intra-Africa migratory patterns, spending the austral summer in southern Africa and overwinter in central Africa.  Palearctic migrants spend the austral summer in areas such as Langebaan lagoon, near Cape Town and the boreal summer in Siberia (4).  If faced with changes in seasonal patterns, these species may have difficulty finding alternate regions to in which to overwinter in an increasingly fragmented and intensively used world.

Locust migrations:  Locust outbreaks in southern Africa typically occur when heavy rains follow a dry period, as in southern Africa after and El Nino episode.  If El Nino is altered due to climate change, the timing, location, and extent of locust outbreaks may change in presently unpredictable ways (4).

Human migratory systems:  The Sahel, Kalahari and the Karoo support robust nomadic pastoral societies, evolved to live with climate variability through migration.  Given sufficient space to move, they may not be as heavily affected as nonmigratory pastoral cultures.  However, extensive movement may be impossible due to unfavorable conditions, and these people may, too, be heavily impacted by climate change.

Desertification: 

Primary non-climatic factors contributing to desertification are unsustainable agricultural practices, overgrazing, and deforestation.  Desertification causes soil infertility, reduces organic matter content, pore space and water holding capacity, which in turn causes long term declines in all ecological functionality and trades which depend on the soil.  Model simulations also show a doubling of mean annual runoff in urban areas and areas of reduced land cover as a result of conversion of more than one-quarter of the watershed from forest and rangeland to agricultural land in the Mgeni River watershed in South Africa.  Savannas previously dominated by annual grasses will irreversibly shift to be dominated by perennials, as has already occurred in the Kalahari Gemsbok National Park in South Africa (4).
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