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1. Climate change  
1.1. General/ temperatures 

Observational evidence from all continents and most oceans shows that many natural systems 
are being affected by regional climate changes, particularly temperature increases (see map 

2). There is high confidence that hydrological systems are being affected around the world: 

There will be increased run-off and earlier spring peak discharge in many glacier- and snow-

fed rivers e.g. in Peru and Tansania; and also a strong tendency towards warming of lakes and 
rivers in many regions, with effects on thermal structure and water quality. 

There is very high confidence that recent warming is also strongly affecting terrestrial 
biological systems, leading to changes as earlier timing of spring events (leaf-unfolding, bird 

migration and egg-laying) and Pole ward and upward shifts in ranges in plant and animal 
species. 

Based on satellite observations since the early 1980s, there is high confidence that there has 

been a trend in many regions towards earlier ‘greening’ of vegetation in the spring linked to 

longer thermal growing seasons due to recent warming (see map 8, 12, 34).  

 

Temperature increases have strong effects on agricultural and forestry systems, causing 

droughts, pests, fires, soil degradation, erosion and changes/reductions in growing 
seasons (see map 1).  

Among all publications there is a general consensus about rising temperatures. It can be 

seen as a manifestation of climate change where little doubt is about.  
(IPCC WGII Fourth Assessment Report) 

 

1.2. Precipitation/Water 
By mid-century, annual average river runoff and water availability are projected to increase 
by 10-40% at high latitudes and in some wet tropical areas, and decrease by 10-30% over 

some dry regions at mid-latitude sand in the dry tropics (see map 3), some of which are 

presently water stressed areas. In some places and in particular seasons, changes differ from 

these annual figures.  

Drought-affected areas will likely increase in extent. Heavy precipitation events, which are 

very likely to increase in frequency, will augment flood risk. Precipitation events are getting 
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more extreme, which means a tendency towards more rain on less days and longer dry 
periods.  
In the course of the century, water supplies stored in glaciers and snow cover are projected 
to decline, reducing water availability in regions supplied by melt water from major mountain 

ranges. This is the case in some of the focus regions: those located close to Mount Kilimanjaro 

or the Peruvian Andes, where melting glaciers are already causing serious problems for local 

communities. (IPCC WGII Fourth Assessment Report, Summary for Policymakers April 6th, 2007) 

The IPCC points out that water-related problems are some of the main outcomes of climate 

change. There is a consensus about changing and more extreme precipitation but there are 

sometimes very different scenarios of how precipitation patterns will change exactly (tendency 

towards drought or floods). Nonetheless water is one of the most concerning climate change 

issues, especially for agriculture. (IPCC WGII AR4-Draft): 

 

Regarding to precipitation changes the following effects may be summarized:  (IPCC WGII    

AR4-Draft): 

 

• changes in streamflow volume (increase/decrease, general/seasonal) 

• peak streamflows are likely to move from spring to winter caused by early 

snowmelt => lower flows in summer/autumn 

• water quality is likely to be degraded by higher temperatures 

• flood magnitude increase, low flow decrease 

• precipitation and stream flow concentrated over a few months  

• increased erosion due to increased precipitation intensities, land slides 

• extension of dry season with no/low stream flows affects water reservoirs/users 

• winter flows increase, summer flows decrease (floods/droughts) 

• mid and high latitudes: risk of flash flooding 

• low/mid-latitudes: increase of drought risk 

• higher temperatures promote algal blooms, increase bacteria/fungi content  

• intense rainfall => pollutants washed from soils to water bodies 

• Soil erosion (caused by changes in plant canopy/ litter cover/ plant biomass 

production rates/ soil moisture/ erosive rainfall/ land use) 
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• Changes in runoff regime and inter-annual runoff variability => negative 

effects on river flows in summer/ on snowmelt-fed basins  

• Water holding capacity of atmosphere/evaporation into atmosphere increases => 

increased climate variability/ more intense precipitation and droughts 

 
1.2.1. Adaptation options for water supply   
For these water related problems caused by changes in precipitation patterns the IPCC WGII 

poses some adaptation options for water supply during average/drought conditions, at the 

supply side as well as the demand side:  

Supply side Demand side  
Prospecting/extraction of groundwater Improvement of water-use efficiency by recycling 

water 
Increasing storage capacity by building 
reservoirs and dams  

Reduction in water demand for irrigation by 
changing the cropping calendar, crop mix, 
irrigation method, and area planted 

Desalination of sea water  Reduction in water demand for irrigation by 
importing agricultural products, i.e. virtual water 

Expansion of rain water storage Promotion of indigenous practices for sustainable 
water use  

Removal of invasive non-native 
vegetation from riparian areas 

Expanded use of water markets to reallocate 
water to highly valued uses. 

Water transfer Expanded use of economic incentives including 
metering and pricing to encourage water 
conservation. 

 
Adaptation options for flood risks 

• Modify flood water (e.g. via water conveyance system/modify systems susceptility to 

flood damage) 

• Enhace society’s abilities to live with floods (protection measures, flood forecasting, 

regulations, zoning, insurance)  

=> Measures depend on geographical context  

 
1.3. Ecosystems 

The resilience of many ecosystems is likely to be exceeded this century by an unprecedented 

combination of climate change, associated disturbances (e.g., flooding, drought, wildfire, 
insects, ocean acidification), and other global change drivers (e.g., land use change, 
pollution, over-exploitation of resources). This is especially problematic for smallholders 
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who have little options and financial resources for adaptation measures and limited access to 

information concerning climate change/climate variability trends.  

 

Over the course of this century net carbon uptake by terrestrial ecosystems is likely to peak 
before mid-century and then weaken or even reverse, thus amplifying climate change.  

Approximately 20-30% of plant and animal species assessed so far are likely to be at increased 

risk of extinction if increases in global average temperature exceed 1.5-2.5°C.  

For increases in global average temperature exceeding 1.5-2.5°C and in concomitant 

atmospheric carbon dioxide concentrations, there are projected to be major changes in 
ecosystem structure and function, species’ ecological interactions, and species’ geographic 

ranges, with predominantly negative consequences for biodiversity, and ecosystem goods and 

services e.g., water and food supply. (IPCC WGII) 

 
 At lower latitudes, especially seasonally dry and tropical regions, crop productivity 

is projected to decrease for even small local temperature increases (1-2°C).  
Increases in the frequency of droughts and floods are projected to affect local 
production negatively.  (IPCC WGII) 

 
Poor communities can be especially vulnerable, in particular those concentrated in high-risk 
areas. They tend to have more limited adaptive capacities, and are more dependent on climate-

sensitive resources such as local water and food supplies. Where extreme weather events 

become more intense and/or more frequent, the economic and social costs of those events 
will increase, and these increases will be substantial in the areas most directly affected (IPCC 

WGII).  

 

The following pages try to give a first overview over climate change tendencies in the 
projects focus regions Africa (Tanzania, Uganda, Kenya) and Latin America (Mexico, 
Peru, Nicaragua). Main data sources are the IPCC working papers, assessment reports 
and regional impact studies, the ILRI study on climate change and vulnerability in Africa, 
the IIASA study on Kenyan agriculture and the UNAM works on climate change in Latin 
America and others (see sources).  
The effects of climate change/variability on coffee production in the focus regions will be 
discussed later. 
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2. Climate change in Africa 
By 2020, between 75 and 250 million people are projected to be exposed to an increase of water 

scarcity due to climate change. If coupled with increased demand, this will adversely affect 

livelihoods and exacerbate water-related problems. Agricultural production in many African 

countries and regions is projected severely compromised by climate variability and change. The 
area suitable for agriculture, the growing seasons and yield potential, particularly along 
the margins of semi-arid and arid areas are likely to decrease. Yields from rain-fed 
agriculture could be reduced by up to 50% by 2020.  

New studies confirm that Africa is one of the most vulnerable continents to climate variability 

Because of multiple stresses and low adaptive capacity. (IPCC WGII) 

 

African countries were identified as having the highest vulnerability to drought. The Africa 

Sahel is particularly prone to drought. Droughts have particularly affected the Sahel, the Horn of 
Africa and Southern Africa since the end of the 1960s. Estimates suggest that one third of 

African people live in drought-prone areas and that around 220 million people are annually 

exposed to drought (see map 4).  

 

Although some parts of Africa are supposed to get wetter, this will not necessarily lead to 

better agricultural growing conditions but increase soil stress (see map 6, 7) 

 

Desertification has its greatest impact in Africa. Two thirds of the continent is desert or 

drylands. Africa's desertification is strongly linked to poverty, since poor people have little choice 

but to overexploit the land. Extensive agriculture in the drylands of Africa and the heavy 

dependence of rural people on natural resources for subsistence has largely contributed to land 
degradation and desertification. This situation could be further aggravated by the impacts of 
expected climatic changes e.g. a decrease in precipitation and increasing temperature.  

 
Climatic variation is the main cause of droughts. Projected climate change by the year 2025, 

associated with a rise in mean temperature, will exacerbate the losses already experienced 
due to drought. Climate change and climate variabilities are already causing problems in these 

areas and can not be said to be only future scenarios.  
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The maps 4 and 5 show the number of people affected by natural disasters during the period of 

1971-2001 and the counties affected by water stress and scarcity.  
(UNFCCC, Background Paper for the African Workshop on Adaptation, Implementation of Decision 1/CP.10 of the UNFCCC 

Convention. Accra, Ghana 2006) 

 

The FAO summarizes some general impacts of the discussed climate change and 
variabilities on agriculture in Africa (FAO, 1999): 

 
• Reduction in soil fertility (see map 7) 
• Changes in lengths of growing periods (see maps 8-13) 
• Higher number of failed seasons (see map 14) 
• Decreased livestock productivity directly (through higher temperatures) and 

indirectly (through changes in the availability of feed and fodder) 
• Increased incidence of pest attacks, resulting from increase in temperature 
• The manifestation of vector and vector born diseases 
• Negative impacts on human health affecting human resource availability 
• Increase of people affected by natural disasters (see map 5) 
 

(See also: UNFCCC, Background Paper for the African Workshop on Adaptation, Implementation of Decision 1/CP.10 of the 
UNFCCC Convention. Accra, Ghana 2006) 

 
The graphics in the annex are supposed to give an overview of tendencies in changes of 
growing periods, precipitation patterns, changes in numbers of growing seasons, 
vulnerability etc. For further explanations and scenarios see the ILRI publication on 
vulnerability and climate change.  
 
 
 The IPCC (Regional Assessment) and the ILRI predict the following scenarios for 
 Africa and focus regions:  

 With respect to temperature, land areas may warm by 2050 by as much as 1.6°C over 

the Sahara and semi-arid parts of southern Africa. Equatorial countries (Cameroon, 

Uganda, and Kenya) might be about 1.4°C warmer. This projection represents a rate of 

warming to 2050 of about 0.2°C per decade. Sea-surface temperatures in the open 

tropical oceans surrounding Africa will rise by less than the global average (i.e., only 

about 0.6-0.8°C); the coastal regions of the continent therefore will warm more 
slowly than the continental interior (IPCC). Also the ILRI predictions estimate warmings 

 In general, rainfall is projected to increase over the continent-the exceptions being 
southern Africa and parts of the Horn of Africa; here, rainfall is projected to decline 
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by 2050 by about 10%. Following the maps of ILRI the focus regions will experience 

more precipitation, but this does not necessarily lead to better agricultural conditions 

 Projected temperature increases are likely to lead to increased open water and 
soil/plant evaporation. Exactly how large this increased evaporative loss will be would 

depend on factors such as physiological changes in plant biology, atmospheric 

circulation, and land-use patterns. This will be discussed below. As a rough estimate, 

potential evapotranspiration over Africa is projected to increase by 5-10% by 2050. 

Rainfall may well become more intense, but whether there will be more tropical 

cyclones or a changed frequency of El Niño events remains largely in the realm of 

speculation (IPCC) 

 ILRI scales the focus regions at 3 of 4 levels of vulnerability to climate change  

 (see map 9) 

 A higher number of failed seasons is projected for focus areas (see map 14)  (ILRI) 

 Changes in growing periods are projected (ILRI), the IPCC states that these changes 

are very uncertain and have to be determined for the affected regions in particular (see 

map 8) 

 
The IPCC points out some adaptation measures which could be efficient to weaken and 
deal with the impacts of predicted climate variations in Africa: 

• Natural responses: particular tree species develop the ability to make more efficient use 

of reduced water and nutrients under elevated CO2 levels.  

• human-assisted action programs (such as tree planting)  

• active vegetation and soil management 

• watershed manipulation 

• In Tanzania adaptation should focus mainly on reducing high deforestation rates, 

protecting existing forests, and introducing new species or improving existing species.  

• At the institutional level, mechanisms need to be created (or improved upon) to facilitate 

the flow of scientific results into the decision-making and policy-making process 

• Against biomass reduction in soil possible ways of managing soil cover may consist in : 

mulching, erosion barriers, roughen soil surface 
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Influences of climate change on African agriculture 

According to the IPCC the most important climatic element for agricultural production is 

precipitation, particularly seasonal drought and the length of the growing season (for Africa, 

see maps cited above, for coffee discussed later). Also the distribution of rainfall within the 

growing season may affect yields. Low temperatures and radiation limit production in some 

high-elevation regions. High temperatures can affect yields and yield quality (especially for 

coffee), although water is more important. Sea-level rise and coastal erosion will affect 

groundwater and irrigated agriculture.  

Warmer climates will alter the distribution of agroecological zones. Highlands may become 
more suitable for annual cropping as a result of increased temperatures (and radiation) and 

reduced frost hazards. For the coffee growing regions this can be positive regarding an 

extension of areas suitable (if higher areas have been too cold) or an reduction of agricultural 

land for coffee growing if the area has high annual mean temperatures already. Some regions 

could experience temperature stress at certain growing periods - necessitating shifting of 

planting dates to minimize this risk. 

As the rainfall variability is increasing there is a higher risk of loosing coffee plants due to 

interrupted flowering, erosions etc (discussed below) 
 
2.1. Kenya 
Agroecological suitability in the highlands of Kenya would possibly increase by 20% with 
warming of 2.5°C based on an index of potential food production. Semi-arid areas are likely to 

be worse off. In eastern Kenya, 2.5°C of warming would result in a 20% decrease in calorie 

production. In some lowlands, high-temperature events may affect some crops. This shows that 

climate models concerning agricultural productions must be analyzed at a regional level, 
especially in counties with very different vegetation zones as the focus regions.  

 

According to a very detailed study by the Austrian International Institute for Applied Systems 

Analysis (IIASA) rising temperatures and increased plant water requirements would lead to 

dramatic reductions in agricultural production potential, especially in eastern and 
southern Kenya. In central and western Kenya, temperature increases would result in an 
extension of the land suitable for cultivation because some higher-elevation areas would 
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become suitable for cropping (see below). In humid regions diminished wetness is likely to 
reduce pest and disease constraints. The balance of increased evapotranspiration and 

precipitation in semi-arid regions determines the effect of climate change on agriculture the 

lowlands. (IPCC Regional Report 2.3.3.2.2.) 

 

According to the IIASA study, land productivity in Kenya is likely to be positively affected by 

climate change. However, impacts vary depending on location. 

Negative impacts occur primarily in Coast province and North-eastern Province. 

Main reasons for negative impacts are:  

• exceeding of optimal temperature ranges of crop photosynthesis 

• shortening of crop cycle and yield formation periods due to warming,  

• increased evapotranspiration requirements 

• pest and disease damages 

• Worsening of workability conditions due to increased wetness. 

 

Impacts are usually positive for Central province, Nairobi area, and Eastern province.  

Main reasons for simulated positive impacts:  

• temperature increases in mid and high altitude zones (see map 15) 

• increased multi-cropping index 

• gains from C02 fertilization 

 

Impacts are mixed (though often positive) for Rift Valley, Nyanza and Western provinces.  

Depending on location and scenario, negative impacts are observed (e.g., Laikipia, Narok, 

Kericho) as well as very positive ones (e.g., Nakuru, West Pokot, Elgeyol'arakwet). 

 

The high-potential agricultural lands in central and western Kenya will dominate agricultural 
production potential even more under climate change conditions. (IIASA Kenya study) 
 

• temperatures are projected to increase between 1- 4,5 °C  

• Night-time temperatures are expected to increase more than average 

temperatures. 
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 This may result in higher respiration losses for C3 plants like coffee 

 

Nashon Adero tells about extreme weather events especially around the basins of Rivers 

Nzoia and Nyando and a 5-20% increase in wet season rainfall in L. Victoria Basin by the year 

2050 (see map 16) (Hydrological Sciences-Journal-des Sciences Hydrologiques, 45( 1 ):144-145, February 2000) 

 

IPCC, IIASA, ILRI, FAO and PIK studies agree in predictions of higher temperatures, more 
precipitation, higher variability of precipitation. They also state soil stress, reduction of 
water holding capacity in soil, higher percentages in failed seasons and increased runoff 
in wet season. The wet season may also start later (Vlek-ZEF). Kundzewicz from the PIK 
points out that even if the region is getting wetter it will still stay very dry and with the 
rainfall events getting more extreme and happening on less days, drought problems can 
remain or even get worse. The IIASA study annex contains several figures pointing out 
changes in growing periods, climate, productivity, precipitation etc in the Kenya. 
(http://www.iiasa.ac.at/Admin/PUB/Documents/WP-96-071.pdf).  
 
2.2. Tanzania 
Impacts resulting from climate change are receding glaciers of Kilimanjaro, frequent floods, 
droughts, poor harvests, higher frequency of extreme weather events such as El Niño floods. 

The Paper on Adaptation and Implementation planning points out some main environmental 

challenges in Tanzania:  

 

• loss of vegetation due to forest fires leading into floods,  

• Soil erosion and loss of fertile land for agriculture during the rainy seasons. 

• Unsustainable irrigation resulting to loss of water resources;  

• Unsustainable mining activities resulting in tree felling and loss of vegetation cover.  

• Low education of the farmers on environmental aspects 

• About 91 300 hectares of forest are lost every year resulting to land degradation and 

hence desertification 

• Water levels in important dams are decreasing 

• Wells, rivers, dams and other water resources have dried 
(Adaptation Planning and Implementation: Agriculture and Food Security, C.M. Shayo, Vice Presidents Office, Dar es Salaam) 

 

The icecap on Mount Kilimanjaro has been disappearing due to climate change with serious 

implications for the rivers that depend on ice melt for their flow. Map 17 indicates a reduction 
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in the ice cap of around 82 percent since it was first surveyed in 1912. Several rivers are 
already drying out in the summer region due to depletion in melt water, and recent projections 

suggest that if the recession continues at its present rate the ice cap may have disappeared 

completely within 15 years. Other glacial water reservoirs such as Ruwenzori in Uganda and 

Mount Kenya are facing similar threats (UNFCCC, Background Paper for the African Workshop on Adaptation, 

Implementation of  Decision 1/CP.10 of the UNFCCC Convention. Accra, Ghana 2006) 
 

Tanzania’s climate ranges from tropical to temperate in the highlands. Average annual 

precipitation over the entire nation is 1,042 mm. Average temperatures range between 17°C and 

27°C, depending on location. Natural hazards include both flooding and drought. Within the 

country, altitude plays a large role in determining rainfall pattern, with higher elevations 
receiving more precipitation. As pointed out in the case of Kenya, climate change impacts can 

vary strongly with the temperature zones.  

Only about half the country receives more than 762 mm of precipitation annually. It is governed 

by two rainfall regimes. Bimodal rainfall, comprised of the long rains of Masika between March-

May and short rains of Vuli between October-December, is the pattern for much of the north-

eastern, north-western (Lake Victoria basin) and the northern parts of the coastal belt. A 

unimodal rainfall pattern, with most of the rainfall during December-April, is more typical of most 

of the southern, central, western, and south-eastern parts of the country.  
(Development and climate change in Tanzania: Focus on Mount Kilimanjaro) 
 

 Projected for Tanzania: General water scarcity, droughts, higher anual 
precipitation leading to  floods in rainy seasons, soil degradation, receding 
glaciers of Kilimanjaro causing pressure on water basins 

 
 
 
 
2.3. Uganda 
Studies concerning climate change impacts in Uganda are scarce; there exists a study 

concerning coffee production (see below) telling that a 2°C temperature increase would lead to 

dramatic losses of agricultural land suitable for coffee production. Other studies only refer to 

Uganda talking about the Uganda/Kenya/Tanzania region. Generally the outcomes are similar to 

the other two countries and there is a need to point out the regional climatic variabilities and 

changes.  



16.6.2007, Miriam Wolf 
 
 
Public-Private-Partnership 
Adaptation for Smallholders to Climate Change 
 
 

Adaptation for Smallholders to Climate Change A joint project of Cafédirect and GTZ  

 

13

13

 
2.4. Summary 

 There is no general agreement about changes in precipitation patterns in the 

Kenya/Tanzania/Uganda regions. The most stated risks include (IPCC, ILRI, IIASA, 

UNFCCC,GRID, FAO, Hulme, PIK, ZEF):  

• Temperature increase  

• Droughts 

• Floods 

• Water stress (in Uganda/Tanzania) water stress in Kenya 

• 10 to 20% wetter in Tanzania/Uganda/Kenya region  

• Reduction of soil water holding capacity: 10-75% 

• Percentages of failed seasons will rise 

• Changes in length of growing period to 2050 and current: 15-28% 

• Tanzania/Uganda/Kenya: rise in precipitation with increased 
variability => increased runoff in wet season 

• Wet season starts later  

• Increase of extreme events 

• Agricultural areas suitable for coffee growing might extend or 
move upwards or downwards depending on current temperature 

 
 

 The IPCC predicts that it will get wetter in Tanzania, Uganda and Kenya, but even 
then it will remain a very dry climate. The rainfall is getting more extreme which 
means that there will be more rainfall on less days, which results in floods, 
droughts, etc (IPCC, Kundzewicz). This will not only affect agriculture per se but 
also its transportation infrastructures 



16.6.2007, Miriam Wolf 
 
 
Public-Private-Partnership 
Adaptation for Smallholders to Climate Change 
 
 

Adaptation for Smallholders to Climate Change A joint project of Cafédirect and GTZ  

 

14

14

 
3. Climate change in Latin America 
By mid-century, increases in temperature and associated decreases in soil water are 

projected to lead to gradual replacement of tropical forest by savannah in eastern Amazonia. 

Semi-arid vegetation will tend to be replaced by arid-land vegetation. There is a risk of 

significant biodiversity loss through species extinction in many areas of tropical Latin 

America. In drier areas, climate change is expected to lead to salinisation and desertification 

of agricultural land. Productivity of some important crops are projected to decrease and livestock 

productivity to decline, with adverse consequences for food security.  

Changes in precipitation patterns and the disappearance of glaciers are projected to 

significantly affect water availability for human consumption, agriculture and energy 

generation.  

Some countries have made efforts to adapt, particularly through conservation of key 

ecosystems, early warning systems, risk management in agriculture, strategies for flood drought 

and coastal management, and disease surveillance systems. However, the effectiveness of 

these efforts is outweighed by: lack of basic information, observation and monitoring 
systems; lack of capacity building and appropriate political, institutional and technological 

frameworks; low income; and settlements in vulnerable areas, among others. (IPCC WGII) 

Hurricanes and tropical storms are likely to increase in intensity. With 26 tropical storms and 

14 hurricanes, the 2005 hurricane season is rated one of the most active and destructive in 

history. Snow and rainfall patterns are changing, creating extra stress on already limited 
freshwater availability in Peru. In subtropical South America, east of the Andes, rainfall has 
been increasing since about 1970 accompanied by more destructive, sudden deluges. More 

northern areas of South America are expected to experience greater warming than southern 

areas of the continent.  

Climate models predict more rainfall in eastern South America and less in central and 
southern Chile. Both the positive and the negative rainfall trends on either side of the Andes 

are predicted to continue for decades.  

Warming in high mountain regions melts glaciers, snow and ice, affecting farming and the 

availability of water. Glacial lake outbursts also pose a threat to lives and livelihoods. Glaciers 

are currently disappearing fastest in the Peruvian Andes. (IPCC WG II) 
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Around 35 per cent of the worlds freshwater is found in Latin America. Regardless of climate 

change, stress on water resources is set to increase because of rising human demand from 

growing populations and economic activity. Estimates of freshwater availability and the impacts 

of climate change in Mexico and South America over the next quarter of a century indicate that 

by 2025 about 70 per cent of the population will live in regions with low water supply. (Up in 

Smoke: Latin America) 

 

Increased support for small-scale agriculture is needed, along with an approach to farming 

based on maximum appropriate diversification. Highly diverse systems, as opposed to 

monocultures, have repeatedly been shown to be more resilient and productive. Farming based 

on expensive and energy-intensive artificial inputs will be both vulnerable to fuel price rises and 

will further add to the problem of climate change and environmental vulnerability. Vitally, small-
scale farmers need support by a favourable policy environment and research that 
addresses the problem that they, themselves, have identified. New insights and 

technologies should be combined with traditional knowledge about adaptation measures to 

climate variabilities. (Source: Up in Smoke: Latin America) 

 

In the Latin American region, climatic variability is related to the Southern Oscillation (SO) and 
the El Niño phenomenon (EN). Studies on the SO effects have shown its connection with 
pressure, temperature, and rainfall, as well as with hydrometeorological anomalies (record 

river discharges and lake levels). (IPCC Regional Report) 

 
Map 18 shows the available water (m3/year) in the year 2059 for present climatic conditions, in 

1990, 2050, for three scenarios: The numbers in the second column show only the effect of 

growing population, column 3 resumes this effect combining growing population and climate 

change over availability of water. The calculations are based on the IPCC socioeconomic 

scenario (1992a). Following these predictions a positive scenario would be that Mexican and 
Peruvian water supplies will be halved by 2050, the negative scenario tells that they could 
be even reduced to 1/3.  
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Country   current climate   current climate  range of scenario 

1990    2050     2050 
México   4.720    2.100     1.740 - 2.010 
Perú    1.860    880     690 - 1.020 
 
Map 18: Source: PNUMA/UNEP: Impactos regionales del cambio climático: evaluación de la vulnerabilidad 
 
3.1. Peru 
Peru, with 470,000 ha covered by glaciers, possesses 70 per cent of the mountain glaciers 
within the Earth’s tropics. According to officials at the glaciology unit with Instituto Nacional de 

Recursos Naturales (INRENA), the ice-covered area of the Peruvian Andes has been 
reduced 22 per cent over the 1970–1997 period (See maps 19, 20).  

 

Mount Huascarán has lost around 40 per cent of what it covered 30 years ago. Peru’s highlands 

are experiencing what is called friaje. In 2004 temperatures fell to -35ºC. Waves of cold were 
felt between June and August caused by the arrival of frozen winds from the South Pole. 

These came with unusual storms followed by frosts that killed crops. The temperature shifts 
are getting more extreme. Cold winters have been followed by hot, dry summers. (Source: Up in 

Smoke: Latin America) 

Following the PROCLIM Study there is a tendency towards cooler winters and less warm 
summers, increases in intensity of winds and alterations in precipitation patterns. As in the 

other Latin American countries, precipitation events in Peru are strongly related to el Niño/la 

Niña phenomena.  

Prominent among SO-related anomalies in South America is the tendency for anomalously-
wet conditions along the otherwise arid coast of northern Peru. The strong El Niño episode in 

1982-83, which coincided with a marked negative SO phase, and caused a convection regime 

associated with flooding in northern Peru.  

Snow dominated basins in the Andes will suffer less stream flow and decreased water supply 

in summer, in winter and spring there is a high flood risk. (IPCC WGII AR4 Draft) 

For Peru the IPCC states the impact study from Teves et al, 1996 as one of the most important, 

this study is missing here.  
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3.2. Mexico 
The country is very vulnerable to climate change due to:  

• Modification of rainfall patterns, including changes in temporal and spatial 
distribution (see map 24, 26). 

• Changes in soil and atmospheric humidity, including alterations in the processes of 
evapotranspiration and aquifer recharging. 

• Intensification of droughts, desertification of the land, and the potential modification 
of regional ecosystems: drastic reductions in tropical and temperate forests. 

• Greater incidence of forest fires, leading to more acute problems of deforestation, soil 
erosion, carbon emissions and biodiversity loss. 

• Alteration of hydrological catchments, as well as the pattern and distribution of 

surface runoff and flooding. 

• Sea level rise, with consequent impacts on coastal and marine ecosystems. 

 

30% of Mexico’s territory is comprised of arid and semiarid areas. Temperate and tropical 

forests cover an additional 28%. Around 80% of the nation’s soils present some degree of 

erosion, principally due to deforestation of steep slopes. Under these circumstances, a 

doubling of CO2 compared to pre-industrial levels would have grave consequences in terms of 

such processes as desertification, deforestation, erosion and biodiversity loss. It would 

also potentially increase the frequency and severity of extreme events. The area most 

appropriate for the production of basic grains would shrink considerably; forest ecosystems and 

the species which comprise them would suffer irreversible damage; water supplies for human 

consumption and irrigation would be affected, and the country’s production infrastructure could 

suffer severe damage. Furthermore, some coastal regions would be exposed to flooding, and 

agriculture, in particular rain-fed production, would suffer severe losses due to the greater 

frequency of droughts. In sum, Mexico is a country with an enormous vulnerability to potential 
climate change (see map 27, 34). 
(Source: Secretaría de Medio Ambiente, Recursos Naturales y Pesca, México: México ante el Cambio Climático) 

 

Most relevant impacts of climate change in Mexico are changes in precipitation and lack of 
water resources (because most of the country semiarid). 
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Generally there is a tendency towards more intense rains in the winter time of El Niño years, 

and less rain during the summer. In la Niña years, precipitation is likely to be over average. 

There is a tendency towards more hurricanes (except in la Niña years). Although the el Niño 

phenomenon is a sign of climate variability and not recognized as climate change element 

(IPCC) it is taken into account because of its strong impact on precipitation, temperature and 

extreme events. They can be seen as climate variability now but also as a prediction for possible 

tendencies of climate change in the next decades because El Niño is supposed to get 
stronger. In the southern part of Mexico precipitation is supposed to get stronger while in 

the north there is a tendency towards drought.  
 

 El Niño can be seen as the main indicator for precipitation variability in Mexico as 
well as an indicator for future climate change. Precipitation in the south of Mexico 
is getting stronger, in the north there is a higher tendency towards drought. 

 
(Source: Magaña/Gay García: Vulnerabilidad y Adaptación regional ante el cambio climáticoy sus impactos ambiental, social y 
economicos, Instituto Nacional de Ecología, UNAM 
 
Agriculture will be affected mostly by water shortage and the country is especially vulnerable in 

terms of climate change due to missing resources for adaptation to climate change.  

Strong el Niño years have already caused serious floods and droughts causing costs of 

millions of dollars. The strong dependence of agricultural production from summer 
precipitation leads to an especially high level of vulnerability of the agricultural sector. 83% of 

the countries water resources are used for agricultural production. The disponsibility of water per 

year and person in 1955 was 11500 m3, 1999 only 4900 m3 and for 2025 it is expected to be 

3500 m3.  

It is possible that climate change in Mexico will cause lack of water in the northern regions and 

excess of water in the south, causing floods and droughts. Water resources are also expected to 

be a major cause for conflicts in the country in the next decades. 

 

General results of the vulnerability studies pointed to the following regions as being the most 
vulnerable: 

• Central and Lerma-Chapala-Santiago Basin: According to the results of the Hydrology 

study, the current critical conditions observed in the base scenarios for these regions 

may be aggravated. The predicted increase in temperature coupled with a decrease in 
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rainfall could result in severe water supply shortages in these regions, exacerbated by 

the growth in population and industries predicted by the Human Settlements research.  

• Northern areas and regions with large populations, especially in Central Mexico, are 

most vulnerable to droughts and desertification, since erosion and drought severity 

will increase with higher temperatures and rainfall variations in these arid and semi 

arid regions.  

• The Tabasco State Coast will be most vulnerable to sea level changes. 

Approximately 40 to 50 km of inland sea penetration is predicted by the Coastal Zones 

studies, using the trends observed in 50 years of aerial photograph data, and with 0.5 

meters per decade as a change scenario.  

• Northern and Central regions are most vulnerable in the agricultural sector, according 

to application of a crop simulation model (CERES maize), and calculation of the possible 

changes in the aptitude for maize optimal production, given different temperature and 
precipitation changes.  

• Forests in temperate climates will be the most vulnerable ecosystems, particularly 

those located on the Eje Neovolcanico (Neovolcanic Axis mountain range) and Northern 

regions of the country, (dependent of altitude).  

• The maximum vulnerability is anticipated in the Central regions of the country, 

according to the Human Settlements studies, which show major increases in population 

growth, density, morbidity, and decrease in water supply     
  (Source: Conde, C., 1999: Impacts of Climate Change and Climate Variability in Mexico. U.S. National 

Assessment, U.S. Global Change Research Program, Washington, DC, USA) 

Various studies have shown that the El Niño/Southern Oscillation phenomenon mainly 

affects precipitation and moisture conditions over Mexico. The ENSO signal may explain 
up to 25% of the variability in monthly precipitation in some parts of Mexico, particularly 

along the northern Mexican states. The ENSO impacts are summarized in Map 28. 
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Map 28. El Niño and La Niña impacts,  
for winter and summer 

 Summer  Winter 

El Niño (eastern Pacific sea surface 
temperature anomalies > 0° C) 

Precipitation  
below normal

Precipitation above normal (in 
most cases) 

La Niña (eastern Pacific sea surface 
temperature anomalies < 0° C) 

Precipitation  
above 
normal 

Precipitation   
below normal 

(Source: Conde, C., 1999: Impacts of Climate Change and Climate Variability in Mexico. U.S. National Assessment, U.S. Global 
Change Research Program, Washington, DC, USA.) 

During some El Niño years, winter precipitation may be so great that stream flow and water 

levels in dams may exceed those observed during summer. In contrast, summer droughts 

during these events can lead to serious deficits in reservoir levels. In Mexico during 1997, the 

estimated costs of climate anomalies associated with El Niño were around 900 million US dollars 

particularly in agricultural activities, when 2 million hectares were affected by a severe drought. 
 (Source: Conde, C., 1999: Impacts of Climate Change and Climate Variability in Mexico. (U.S. National Assessment, U.S. 

Global Change Research Program, Washington, DC, USA.) 

Forest fires represent a serious problem for the country. According to the IPCC they are a 

consequence of climate change and variabilities. Substantial increases in the frequency and 

severity of wildfires could lead to vegetation and soil alterations.  

Their effects last in the biotic reserve activating a process of changes in land-use, which leads to 

different degrees of aridity. The damages depend on the specific soil type and intensity of the 

fire.  

 
The ecological effects of forest fires experienced in Mexico consist in:  

• decrease of soil porosity 
• decrease of water infiltration 
• increase of soil erosion 
• increase of temperature in upper layers of the soil, in currents and lakes 
• increasing mortality of microfauna 
• physical displacement of fauna 
• extinction of species 
• air pollution  
 

Chiapas, Veracruz and Oaxaca represent the states with the highest forest biodiversity and 

biological productivity. Currently deforestation and forest fires pose a serious threat to these 
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ecosystems, placing the country in the first ranks of deforestation indexes. Actual numbers 

display over 500.000 h/year and even greater numbers for the southern regions (see map 

29).  

Map 29: Number of forest fires and affected areas. In the years 1992-1998 there has been a 
dramatic increase of forest fires, affecting mainly the southern areas 

:  
 
Map 30: Surface affected by forest fires, per type of vegetation:  

 
(Source: Delgadillo, M.J., 0.T. Aguilar, and V.D. Rodríguez, 1999: Los aspectos económicos y sociales del El Niño. In: Los Impactos 
de El Niño en México [Magaña, V. (ed.)]. ¡Al, SEP-CONACYT, UNAM, México) 
 
Map 31: Precipitation in states most affected of drought 1991-1998 (mm). In Chiapas there 
has been an elevation of precipitation rates in the last years (which are in first place related to 
el Niño but also pose a climate change tendency) 
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(Source: Delgadillo, M.J., 0.T. Aguilar, and V.D. Rodríguez, 1999: Los aspectos económicos y sociales del El Niño. In: Los Impactos 
de El Niño en México [Magaña, V. (ed.)]. ¡Al, SEP-CONACYT, UNAM, México) 
 

Map 32: Average precipitation 
1991-1998 (mm). This map is 
showing a tendency towards 
less rain in all regions while in 
the south there is a greater 
variation in the years  
(Source: Delgadillo, M.J., 0.T. Aguilar, and 
V.D. Rodríguez, 1999: Los aspectos 
económicos y sociales del El Niño. In: Los 
Impactos de El Niño en México [Magaña, V. 
(ed.)]. ¡Al, SEP-CONACYT, UNAM, México) 

 

 According to estimations, 
el Niño effects lead to 
production decreases 
up to 30% for the 
Mexican agricultural 
sector (see map 31) 

 

 

Map 33: Impact of el Niño 
phenomenon 1998, estimated 
economic losses  

 
(Source: Delgadillo, M.J., 0.T. Aguilar, and V.D. Rodríguez, 1999: Los aspectos económicos y sociales del El Niño. In: Los Impactos 
de El Niño en México [Magaña, V. (ed.)]. ¡Al, SEP-CONACYT, UNAM, México) 
 
Mexico is one of the most vulnerable countries to climate change in Latin America. The IPCC 

and the researchers from the Centro de la Atmósfera of  UNAM (Magaña, Gay García, Conde), 

which is doing a lot of climate change and variation research, agree in the following changes:  

• Changes in rainfall distribution, temporal as well es spatial 

• Tendency towards more rainfall in the south, less in the north (to be verified, there 

are also maps showing the distribution the other way round) 
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• Changes in soil and atmospheric humidity 

• Modification of ecosystems and vegetation patterns, areas suitable for coffee 

production may move up- or downwards depending of actual temperatures (see maps 

34,35) 

• Increasing forest fires and deforestation (mainly in the south) 

• El Niño is the main indicator for climate change tendencies in the area 

• El Niño years display exceeding winter precipitation (floods, soil erosions etc) and 

marked summer droughts 

 

3.3. Nicaragua and Central America 
In the Pacific basin the annual cycle of precipitation is dominated by a dry season extending 
from November to April/May and a wet season lasting for the rest of the year, with 

maximums in June and September-October. The strengthening of the easterlies in July 

produces a maximum in precipitation in most of the Caribbean side of Central America and 

Southern Mexico, which results in a marked Mid Summer Drought (MSD) in the Pacific side 

(Magaña,IPCC) in which a secondary minimum in cloud covertures is associated with 
increases in temperature. In Central America and Mexico climate variability is the cause 

frequent droughts and floods. Dry years in Central America are associated with anomalies in 

atmosphere general circulation like those occurring during El Niño-Southern Oscillation (ENSO) 

events. In the last 50 years 9 events, extending between 12 and 36 months each, have impacted 

Central America causing drought in the Pacific Basin. Events with important economic and 

social consequences impacted Central America in 1926, 1945-46, 1956-57, 1965, 1972-73, 

1982-83, 1992-94, 1997-98.   

Cold sea surface temperature in the Caribbean and the Gulf of México seem to be associated 

with dry conditions that could also originate drought like the one the Region experimented in 

2001. Cold air masses from continental North American penetrating in the Caribbean, during the 

winter season produce intense rainfall that causes floods in easterly planes in Nicaragua. 

Between May and October occasional intensification of Inter tropical Convergence (ITCZ) 

produces intense rainfall in both basins and almost the whole Central American Region 

Records of precipitation in countries of the Central American isthmus show an important 

reduction in precipitation during the ENSO period, particularly along the Pacific watershed (IPCC 

Regional Report) 
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 Climate in Central America shows its variability mainly in rainfall (ENSO related) 
 

 
Climate in Central America results of the interaction of oscillations with different spatial and 

temporal scales, like the:  

• Pacific Decadal Oscillation (temporal scale of decades and more than 1000 

Km. spatial scale) that combines with more frequent also large spatial scale 

variations like  

• El Niño-La Niña Inter-annual cycles or intra-annual fluctuation 

• the Madden Julian Oscillations (MJO), main oscillation influencing weather in 

the tropics 

 

Evident climate change and climate variation trends and interrelations in Central America can be 

summarized as follows:  

• Strong climatic association, through teleconnection mechanisms, with the east 

equatorial Pacific (El Niño region, mainly) and tropical north Atlantic (TNA) 

• Response of air surface temperatures over Central America to oceanic surface 

• changes Tropical Atlantic sea surface temperature anomaly (SSTA) more strongly 

associated with rainfall over the Caribbean and Central America than is tropical eastern 

Pacific SSTA  

• Response of air surface temperatures over Central America to oceanic surface changes  

• Relation between additional latent and sensible heat transfer from the ocean to the 

atmosphere associated with  bigger (smaller) size of the  warm pool in the Central 

American Pacific side influencing positively (negatively) air surface temperature in almost 

all the region  

• Above normal hurricane activity beginning with 1995, contrasting with the generally 

below-normal activity observed during the previous 25-year period (1970-1994) or during 

the 1950s and 1960s. (see map 37) 

• general warming 
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• Temperature extremes increased at significant rates of 0.2 C/decade for maximum 

temperature and 0.3 C/decade for minimum temperature , what means a positive trend of 

0.1 °C/decade in diurnal temperature range 

• Amount of rainfall coming from extremes do show a significant positive trend of 18.1 

mm/decade in extreme events (values over the 90 % percentile) and 10.3 mm/decade for 

very extreme events (values over 95% percentile). Rainfall amount in rainy days also 

shows an increasing trend at a rate of 0.3 mm/decade 
Source: Climate, Climate Variability and Climate Change in Central America: Review of 

Experiences, actors and needs (TROFCCA) 

 

 
Map 38: Changes in annual mean precipitation and temperature under pessimist and optimist scenarios for time horizons 2030, 
2050, 2100 
 
 

 For Nicaragua under the IS92a emissions scenario, mean temperature for the Pacific 
watershed would be expected to rise, ranging from 0.9 for the year 2010 to 3.7°C for 
the year 2100, and precipitation would decrease by 8.4% for the year 2010 and 
36.6% for the year 2100.  

 
 
For the Caribbean watershed, mean temperature would increase, ranging from 0.8°C for the 

year 2010 to 3.3°C for the year 2100, and precipitation would decrease in a range between 8.2% 

for the year 2010 and 35.7% for the year 2100 (MARENA, 2000). This will imply an additional 
pressure on productivity sectors and human activities. 
The Journal of Geophysical Research (Vol. 110) expects the el Niño phenomena getting 
stronger, which would cause an increase of precipitation amounts on rainy days, worsening 

landslide-problems. Nicaragua has the highest deforestation rate in Central America, which 

makes the country even more vulnerable to climatic variations and climatic change.  
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There is a consensus in literature about:  

- rising temperatures 
- less annual precipitation but more intense rain on less rainy days  
- sea level rise (causing salinisation problems) 
- high vulnerability to storms  
- drought problems (see map 36) 

 
4. Effects of climate change on coffee and tea production 

4.1. Effects of Co2 on C3 plants  

According to IPCC WHII Co2 concentration affects also the evapotranspiration of plants 

which can cause changes in plant physiology, water use efficiency (WUE) and growth:  

• Reduced evapotranspiration leads to increased plant growth  

• Alters plant physiology, affecting evaporation from plants 

• An elevation of CO2 concentration leads to reduced evaporation (stomata 

conduct less water), can lead to increased plant growth (for C3 plants up to 

30% increased productivity) 

• This causes increased leaf area and leads to earlier and more complete light 

interception which stimulates biomass increases 

• Water use efficiency WUE for some plants tends to increase which would 

increase ratio of crop per yield per unit of water  
According to the IIASA study 

• At higher C02 levels, plant growth damages inflicted by air pollutants, such as 

nitrogen oxides (NO,), sulfur dioxide (SO2) and ozone (O3), are partly limited 

because of reduced stomatal opening  

• As a consequence of reduced transpiration, leaf temperature will rise and may 

lead to a faster rate of plant development and considerable increase in leaf 

area development, especially in the early crop growth stages  

• Biomass and yield increased in almost all experiments with Co2 elevation 
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• Root shoot ratios often increase under elevated C02 levels, favouring root and 

tuber crops (and also contribute to soil organic matter build-up) 

• Content of non-structural carbohydrates generally increases under high C02 

while concentration of mineral nutrients and proteins is reduced. Food 

quality of leaf tissue may decline leading to an increased requirement of 

biomass by herbivores 

 

The IPCC and the IIASA point out that of the climatic factors important to plant growth, 

among the most significant are:  

    (1) Temperature 
    (2) Water availability 
    (3) and CO2 concentrations  
These affect the plants directly and are modified by (4) soil feedbacks and (5) biological 
interactions among different organisms.  

 

The IPCC Regional Report states that in most of Africa, water availability is projected to have 
the greatest impact on plant processes. Individual species are adapted to particular water 

regimes and may perform poorly and possibly die out in conditions to which they are poorly 

adapted.  

The effects of climate change will vary - depending, for example, on how particular plant 

types use water (WUE) or the amount of water available in the soil. Plants are grouped into C3, 

C4, and CAM plant types depending on how the process of photosynthesis takes place.  

 

C3 species tend to respond readily to increased C02 levels. 
 
C3 plants (Coffee) have relatively poor WUE. Higher CO2 concentration will likely improve 
water-use efficiency and growth in C3 plants in water-limited environments.  
 

The effects vary between plant types, it must be determined for the cases of coffee and tea 

as C3 plants.  
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Maximum photosynthesis rates (P, in kg CH20 ha-1 hr-l) by mean day-time temperatures for 
crop adaptability groups I (c3) at present atmospheric C02 concentrations are shown in the 
next map: (Source: IIASA) 
 
Mean Day-
time 
Temperatures 

5°C 10°C 15°C 20°C 25°C 30°C 35°C 40°C 45°C 

Crop Group I 
(c3) 

5 15 20 20 15 5 0 0 0 

 
Maximum photosynthesis rates (in kg CH,O ha-l hr-l) by mean day time temperatures for crop 
adaptability group (C3)  at doubled atmospheric Co2 concentrations tend to go up: (Source: IIASA) 
 
Mean Day-
time 
Temperatures 

5°C 10°C 15°C 20°C 25°C 30°C 35°C 40°C 45°C 

Crop Group I 
(c3) 

5 10 22 28 21 7 0 0 0 

According to the IPCC Second Assessment Report, the effect of a doubling in CO2 

concentrations (from the present) varies from a 10% increase to almost a 300% increase in 
biomass; WUE may increase by up to 50%. Thus, the beneficial effects of increased 
concentrations of CO2 are likely to offset some of the effects of decreased precipitation. 

However, the effect of CO2 on crops for example in Africa-where nutrients often are a limiting 

factor and leaf temperatures are high - remains highly uncertain. 

 
4.2. effects of climate change on coffee and tea  
Higher mean temperatures during the cold season allow earlier planting and cause earlier 
ripening of annual crops. Reduced length of the crop growth duration generally diminishes 

yields. Temperature influences the partitioning of dry matter and the growth rate of 
biomass. Higher temperatures in mountainous areas will provide more plant growth at high 

altitudes. Higher temperatures might also effect phenological development of crops or induce 

temperature stresses.  

Climate change projections point to an intensification of the hydrological cycle; higher 

evaporation, humidity and precipitation. However, changes in seasonal precipitation 

distribution and intensity, would affect crop productivity more than changes in annual 

precipitation and evapotranspiration do. At higher temperatures annual determinate crops will 

experience shortened growth cycles. The changed ontogenetic development and higher 
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growth vigor at higher temperatures will not fully compensate for the shortening of the 
growth cycle; therefore a net yield loss is likely to occur. (IIASA: Kenya Study) 

 

Changed rainfall regimes alter soil-water balances and result in changes of growing period 

conditions:  

• of the number of growing periods per year;  

• of the types of growing periods (normal growing periods which fully meet crop water 

requirements, and intermediate which only partly meet water requirements) 

• the lengths of growing periods  

•  

Coffee requires quite specific growing conditions. It grows in subtropical regions that have 

distinct wet and dry seasons.  Although plants can live and produce fruit for decades, drought 
or heat in summer can diminish production and quality. And while coffee requires a dry 

period in the spring, heavy rains in this season can disrupt flowering.  

 

General climatic conditions for coffee growing are summarized by Embrapa café Brazil: 

 
• critical temperatures: more than 30% possibility of 2°C or less in the months from may to 

July  
• up to CAD 125 mm: adequate for Arabica  
• no temperatures over 34°C 
• no strong winds 
• more than 150 mm precipitation/month during flowering and maturing, between 

October and March  
• From October to may strong need of humidity 
• from June to September less precipitation, even droughts do not cause severe 

damages 
• Annual precipitation about 1200mm 
• Annual mean temperature between 18 and 23,5 °C 

 
The Brazilian Ministry of Agriculture (Embrapa) has an extra section dealing with climate 

change influences on coffee production, determining areas where irrigation is getting necessary, 

where it might get difficult to grow coffee and also giving some support to producers in providing 

predications on extreme whether events (www.embrapa.gov.br) and adaptation options. This 

might be an example for other coffee growing countries.  

http://www.embrapa.gov.br/
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GRIDA Arsenal studies point out that the number of pollen grains produced by the coffee 
plant appears to decline with a changing climate and the pollen tubes or anthers appear to 
be also damaged. They need to extend to the area of the plant containing the female ova. 

Rising temperatures appear to reduce the distance to which the pollen tubes extend thus 

reducing the chances of fertilisation. Another effect appears to be a reduction in the 
carbohydrate found in the seeds (Source: http://www.grida.no/Newsroom.aspx?m=54&pressReleaseItemID=145) 

 

As coffee plants do not support very high temperatures (>34°C) an increase of temperature in 

already hot places can cause serious problems. For Tanzania and Uganda the IPCC predicts an 

elevation of temperature up to 1,4°C. Areas with mean temperatures of 22°C and more might 

get unsuitable for coffee production (although other limiting variables like precipitation, Co2 

concentration, soil interactions, etc must be taken in account).  

An UNEP study (from the eighties) tries to determine: What happens with an increase in 
temperature of e.g. 2oC ? 

Increasing temperatures will affect major crops such as tea or coffee. Major impacts on 

production will, as shown before, come from changes in temperature, moisture levels, 
ultraviolet (UV) radiation, CO2 levels, and temperatures which may cause expansion of 
production into higher elevations. The grain filling period may be reduced as higher 

temperatures accelerate development, but high temperatures may have detrimental effects on 

sensitive development stages such as flowering, thereby reducing grain yield and quality.  

 

Crop water balances may be affected through changes in precipitation and other climatic 

elements, increased evapotranspiration, and increased WUE resulting from elevated CO2.  
 

An increase in temperature of an average of 2ºC would drastically reduce the area suitable 
for growing Robusta coffee in Uganda, where it is a major export crop and limit growth to the 

highlands only.  

 

 

 

 

http://www.grida.no/Newsroom.aspx?m=54&pressReleaseItemID=145
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Map 40: (UNFCCC, Background Paper for the 
African Workshop on Adaptation, Implementation 
of Decision 1/CP.10 of the UNFCCC Convention. 
Accra, Ghana 2006) 

 

 In Uganda, the total area 
suitable for growing 

Robusta coffee would be 
dramatically reduced with a 

temperature increase of 2 
degrees. Only higher areas 

would remain suitable for 
coffee production, the rest 

would become too hot   

  

The other side of this migration of prime coffee-growing areas is illustrated by Tanzania. 

There, where coffee contributes significantly to the GNP, the OECD has collected scientific 

models of the changes that would be brought when the current warming trend continues through 

the next few decades:  

 

 In Tanzania, increased temperatures are expected to increase coffee yields by 
nearly 20 percent. (http://www.oecd.org/dataoecd/47/0/21058838.pdf)  

The impacts on tea and coffee in traditional growing areas will be stark. The findings cover 

Uganda and Kenya, but the have implications for the Caribbean, Latin America and Asia 

where coffee and tea are also economically important produce. In Uganda the total area for 

growing Robusta coffee would be dramatically reduced with an average temperature rise of 2 

degree C. Only higher areas, the Ruwenzoris, South western Uganda and Mount Elgon, would 

remain as the rest would become too hot to grow coffee, according to to the GRID Ardenal 

model. 

 

http://www.oecd.org/dataoecd/47/0/21058838.pdf
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The overall area suitable for tea in Kenya would not be reduced by a warming of 2 
degrees C, but existing plantations around Mount Kenya and the Aberdares would now lie 
outside the tea-growing temperature range.  

 

In these areas the tea belt would move 
upwards, where there are forests today, 

which indicates another potential future 

conflict. The impact on the economies of 

such countries could be serious. 

Agriculture earns Kenya an estimated 675 

million US dollars a year in exports. Of 

this, 515 million comes from tea and 

coffee exports. For Uganda, annual 

agricultural exports are worth around 434 million with tea and coffee worth $422 million. Such 

impacts could be even more devastating to livelihoods if the current decline in coffee and tea 

commodity prices continues over the coming decades.  

(Source: http://www.grida.no/Newsroom.as)  Map 41: Source : www.grida.nopx?m=54&pressReleaseItemID=145) 

 
5. Adaptation options 
Due to the problems and changes indicated by climate change and variability there is a strong 

need for adaptation measures especially in agriculture. Some possible adaptation instruments 

have been stated above: 

 Water related:  

• Modify flood water  

• via water conveyance system 

• modify systems susceptility to flood damage 

• Enhace society’s abilities to live with floods  

• protection measures, 

• flood forecasting,  

• regulations,  

• zoning,  

http://www.grida.no/Newsroom.as)%20%20Map%2041:%20Source%C2%A0:%20www.grida.nopx?m=54&pressReleaseItemID=145
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• insurance 

• watershed manipulation 

• Improvement of water-use efficiency by recycling water 

• Expansion of rain water storage 

• Prospecting/extraction of groundwater 

• Increasing storage capacity by building reservoirs and dams 

• Introduce or facilitate access to early warning systems 

Change of growing periods:  

• Reduction in water demand for irrigation by changing the cropping calendar, 
crop mix, irrigation method, and area planted 

• Adjust cropping calendar and crop rotation to deal with climatic variability and 

extremes  

Soil related:  
Preventing biomass reduction by managing soil cover:  

• mulching  

• erosion barriers  

• roughen soil surface 

Biodiversity:  

• Reduce habitat fragmentation and promote development of migration corridors and 

buffer zones  

• Encourage mixed-use strategies  

• Shade coffee growing 

• Prevent deforestation and conserve natural habitats in climatic transition zones 

inhabited by genetic biodiversity of potential for ecosystem 

Local knowledge:  

• Identification, popularization, and use of traditional methods and indigenous 

knowledge for environmental protection 

• Continuous education and creation of awareness on all aspects in environmental 

conservation including sustainable agriculture & and tree planting 

• Introduction of rewards and prizes for those exercising good practices 
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• mapping local technologies that are used by various communities for disease 

treatment and grain storage and preservation 

• At the institutional level, creation of mechanisms (or improvement) to facilitate the 
flow of scientific results into the decision-making and policy-making process 

(IPCC Adaptation options for water, Adaptation Planning and Implementation: Agriculture and Food Security, Extract from the 
Background Paper Impacts, vulnerability and adaptation to climate change in Asia)  

 
There are no overall suitable adaptation measures for climate change and climate 

variabilities, strategies have to be pointed out at a regional level. Several initiatives and 
projects are dealing with adaptation options, for example:  

• ACCA (Projects on adaptation options research in Kenya, Tanzania, all project concepts 

can be found online) 

• START (research on adaptation) 

• IIED (Mainstreaming adaptation project) 

• AIACC (Assessments of Adaptation options to Climate Change) 

• OXFAM (Coffee diversification project, 

http://www.kit.nl/smartsite.shtml?id=KITPROJECTS&ProjectID=811) 

 
 
Lots of other institutions related with climate change, adaptation, agriculture etc can be found in 
the Stakeholder lists. All listed institutions have special climate change projects or research 
programs. 
 
 
 
5. Summary 

 Rising temperatures 

For all focus areas except Peru there is a consensus about rising temperatures. This could 

have implications for coffee growing in respective areas, where actual temperatures already are 

closed to 23, 5 °C annual mean temperature or tend to exceed 34°C. Rising temperatures are 

likely to cause droughts, pests, desertification, fires and soil degradation.  

 

 Extreme precipitation events 

There is also a consensus about higher precipitation in Kenya, Tansania, Uganda and the 

southern areas of Mexico, in Peru and Nicaragua it is likely to decline.  

 

http://www.kit.nl/smartsite.shtml?id=KITPROJECTS&ProjectID=811
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In all cases precipitation events will get more extreme, more rain will come down on fewer 
days, causing floods and erosions. There is a tendency towards increased runoff in rainy 
seasons, changes in streamflow volume, degraded water quality and extension of dry 
season.   

 

 ENSO 

In Latin America the main indicator for climate change are ENSO-related events, which are 

already causing strong climate variations. There has been a lot of research concerning el Niño 

and it might be a good option for adaptation measures to deal with existing and worsening 

ENSO phenomena.  

 

 Deforestation and fires 

are causing additional stress for soil and ecosystems. They are strengthening the 

vulnerability towards erosions and flash floods. Mexico and Nicaragua are highly affected.  

 

 Implications for agriculture 

Highlands may become more suitable for annual cropping, lower areas may become unsuitable, 

there may be shortenings of crop cycle and yield formation periods and crops may be affected 

more frequently of pests and diseases.  

The growing periods are likely to change in number, types and lengths. 

 

 Plant reactions  

The designated climate change and climate variability impacts, as well as the resulting changes 

in crop cycles/growing periods and evaporation have also impacts on coffee and tea plants. Until 

a certain point an elevated Co2 concentration could lead to an increased WUE and thus growth 

for C3 plants. Thus, increased Co2 concentrations are likely to offset some of the effects of 
decreased precipitation. However, there are too many other limiting aspects so it will not 
compensate other negative effects discussed in this papers and a net yield loss is likely to 

occur. 
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 Adaptation measures 

Have to be developed on a regional level, taking into account local climate change 

manifestations, vulnerability and existing strategies to deal with natural hazards. Especially 

smallholder farmers are in strong need of support concerning climate change issues. 
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7. Annex:  

 
Map 1: Major global environmental potential 
and constraints for Agricultural Production (FAO 
1999: the state of food insecurity in the world) 
 

  
Map 2: annual temperature trends 1976-2000 (IPCC Graphics) 
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Map 3: annual percipitation trends 1900-2000 
(IPCC Graphics) 
 

 
Map 4: (UNFCCC, Background Paper for the African Workshop 
on Adaptation, Implementation of Decision 1/CP.10 of the 
UNFCCC Convention. Accra, Ghana 2006) 
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Map 5: (UNFCCC, Background Paper for the African Workshop on Adaptation, Implementation of Decision 1/CP.10 of the 
UNFCCC Convention. Accra, Ghana 2006) 
 

 
Map 6: some parts of Africa are projected to get wetter 
Source: Hulme  
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Map 7: increasing precipitation causing soil stress 
 

  
Map 8: Length of growing period (days/year) current conditions (2000): 
Source: ILRI 2006: mapping climate vulnerability in Africa  
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Map 9: Country-by-systems, showing quartiles of the vulnerability indicator derived 
through PCA (quartile 1, “less vulnerable” – quartile 4, “more vulnerable”): 
ILRI 2006: mapping climate vulnerability in Africa  
 

 
Map 10: Coefficient of variation of annual rainfall (%), current conditions (2000), 
 



16.6.2007, Miriam Wolf 
 
 
Public-Private-Partnership 
Adaptation for Smallholders to Climate Change 
 
 

Impressum 
 
Herausgeber: 
Deutsche Gesellschaft für 
Technische Zusammenarbeit (GTZ) GmbH 
 
Dag-Hammarskjöld-Weg 1-5 
65760 Eschborn 
T +49 61 96 79-0 
F +49 61 96 79-11 15 
E info@gtz.de 
I www.gtz.de 
 

42

 
Map 11: Projected change in length of growing period (IILRI 2006) 
 

 
Map 12: Areas within the LGA 
(Livestock only systems, aridsemiarid) 
and MRA (Rainfed 
mixed crop/livestock systems, 
arid-semiarid) systems 
projected to undergo >20% 
reduction in LGP to 2050: 
HadCM3, A1 (left), B1 (right) 
Source: ILRI 2006 
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Map 13: Number of growing seasons: left-hand panel, current conditions; right-hand panel, in 2050 (HadCM3, A1) Source: 
ILRI 2006: mapping 
climate vulnerability in Africa 
 

 
Map 14: Percentage of failed seasons: lefthand 
panel, current conditions; right-hand 
panel, in 2050 (HadCM3, A1), ILRI 
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Map 15: Kenya climate change scenarios (IIASA, Kenya study) 
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Map 16: flooded areas/areas prone to flooding (WRI: Kenya Study) 
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Map 17: (UNFCCC, Background Paper for the African 
Workshop on Adaptation, Implementation of Decision 1/CP.10 
of the UNFCCC Convention. Accra, Ghana 2006) 
 

 
Map 19 
Source: Perú National Communication on the UNFCCC 2001 UNEP/GRID Europe  
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Map 20: 
Source: Peru National Communication on the UNFCCC 2001 UNEP/GRID Europe 
 

 
Map 21: Source: Peru National Communication on the UNFCCC 2001 UNEP/GRID Europe 
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Map 22: Source: Peru National Communication on the UNFCCC 2001 UNEP/GRID Europe 
 

 
Map 23: Source: Magaña Rueda, UNAM: Centro de 
Ciencias de la Atmósfera/Instituto Nacional de Ecología: Cambio Climático 
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Map 24: Tendency of precipitation (mm/day), 1945- 
1994, annual mean precipitation/region (: 
Magaña/Gay García: Vulnerabilidad y Adaptación 
regional ante el cambio climáticoy sus impactos 
ambiental, social y económicos, Instituto Nacional de 
Ecología) 
 

 
Map 26: Source: Magaña/Gay García: 
Vulnerabilidad y Adaptación regional ante el 
cambio climáticoy sus impactos ambiental, social y 
económicos, Instituto Nacional de Ecología, UNAM 
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Map 25: Regions affected by sea level rise 
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Map 27: Vulnerability in Mexico to el Niño/la Niña 
(Source: Magaña/Gay García: Vulnerabilidad y Adaptación regional ante el cambio climáticoy sus impactos ambiental, social 
y económicos, Instituto Nacional de Ecología, UNAM) 
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 Map 34: degree of vulnerability to climate change/regions (1990-2025) 
(Source: Guillermo Aguilar: Los Asentamientos Humanos y el Cambio climático en México un escenario Futuro de la 
Vulnerabilidad Regional) 
  
  
  

  
Map 34: Actual Vegetation     Map 35: Potential Vegetation 
Source: Villers-Ruiz/Trejo-Vásquez: el cambio climático y la vegetación en México 
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Map 36: Latin American areas vulnerable to drought. Source: Climate, Climate Variability and Climate Change in Central America: 
Review of Experiences, actors and needs (TROFCCA) 
 

 
Map 37: tropical storms in Central America 
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Map 39: Impacts of climate change on distribution of growing periods in Kenya (IIASA, Kenya study) 
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sociales del El Niño. In: Los Impactos de El Niño en México [Magaña, V. (ed.)]. ¡Al, SEP-

CONACYT, UNAM, México 

(http://servir.nsstc.nasa.gov/climate_change/docs/El_Nino/contenido.pdf) 

• Embrapa café: http://orion.cpa.unicamp.br/cafe/ 

• Extracted from the Background Paper Impacts, vulnerability and adaptation to climate 

change in Asia Beijing, China 11 to 13 April 2007  

• FAO 1999: the state of food insecurity in the world 

(http://www.fao.org/News/1999/img/SOFI99-E.PDF) 

• GRIDA Arsenal study: www.grida.no 

• Guillermo Aguilar: Los Asentamientos Humanos y el Cambio climático en México un 
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