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EXECUTIVE SUMMARY 

 

The world’s climate is changing, becoming generally warmer, more extreme 

and more variable. In some regions, rainfall is increasing; in others it is 

decreasing. Such changes are similarly affecting the climate of Africa including 

that of Tanzania and Malawi, the two target countries of the Project, and are 

potentially extremely disruptive to rural livelihoods there. To examine changes 

in climate and the capacities of rural communities to adapt their livelihood 

strategies, in each country, members of farming communities which are high 

and low in agricultural potential and rich and poor in infrastructure were 

interviewed in focus groups and individually. Less rain, shorter rainy seasons 

and less predictable rains were widely reported along with increased 

temperatures and winds; weather was also perceived by some communities to 

be becoming more extreme, increased frequencies of both flooding from heavy 

rains and drought, and of very hot and very cold weather being reported for 

individual locations. Ten broad categories of adaptations involving crops or use 

of natural vegetation were identified by farmers in the communities and/or 

mentioned in community or district plans, National Adaptation Programmes of 

Action (NAPAs) and in literature:  

1. Improved use of water 

2. Combating damage by excess rainfall 

3. Diversified and genetically adapted cultivars 

4. Re-forestation and agro-forestry 

5. Changed farming practices 

6. Improved weather/climate forecasting 

7. Diversifying livelihoods 

8. Improving pest, disease and weed management practices  

9. Protection of natural resources against fire 

10. Improved storage of crop yield 

The most frequently mentioned by farmers were Diversified and genetically 

adapted cultivars (improved cultivars), Re-forestation and agro-forestry (Re-

forestation), Diversifying livelihoods and Changed farming practices. 

Improved weather/climate forecasting and Improving pest, disease and weed 

management practices were not mentioned. Deforestation was frequently 

mentioned as a cause of local climate change; whilst some new livelihoods 

mentioned such as beekeeping and working in nearby game reserves may be 

environmentally benign, others such as charcoal burning or increasing numbers 

of grazing livestock may be maladaptations. The different options were 

evaluated for project in terms both of the type of stakeholder involved and of 

developmental response. This evaluation identified Re-forestation and agro-

forestry, Diversified and genetically adapted cultivars and, despite the lack of 

mention by farmers, Improved weather/climate forecasting as particularly 

appropriate for the project. 
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INTRODUCTION 

 

This report on effects of climate change on crop biophysical factors is part of a project 

entitled: Strengthening Local Agricultural Innovation Systems in Less and More 

Favoured Areas of Tanzania and Malawi to Adapt to the Challenges and 

Opportunities arising from Climate Change and Variability. It supports the project 

team in their general understanding of the vulnerability to climate change of 

communities in both less and more favoured areas of Tanzania and Malawi. It also 

helps identify strategies to strengthen the capacity of individuals, organizations and 

institutions within agricultural innovation systems in East and southern Africa to 

adapt to the challenges and opportunities arising from climate change
1
 and variability. 

It focuses primarily on the effects of climate change on crop production, the main 

livelihood of these countries. None of the target communities are located close to 

oceans so effects of climate change on sea levels are ignored. 

Global warming and climate change 

Climate includes annual, seasonal and daily variation, the last generally being 

described as weather. In many parts of the world, climate is modulated through the El 

Niňo Southern Oscillation (ENSO) (and the contrasting La Niňa) causing extreme 

droughts, flooding etc. The world’s climate is changing and “Most of the observed 

increase in global average temperatures since the mid-20th century is very 

likely due to the observed increase in anthropogenic greenhouse gas concentrations”  

(IPCC, 2007: IPCC AR4 WG1; Summary for policy makers). 

i. Past emissions of greenhouse gases already commit the world to warming over 

the next several decades 

ii. Despite some political will to mitigate emissions of greenhouse gases, they 

continue to increase leading to additional warming 

iii. Observed changes in the world’s climate are at the high end of scenarios 

considered by the Intergovernmental Panel on Climate Change (IPCC) 

iv. There may be ‘tipping points’ at which climate change occurs unexpectedly 

rapidly 

v. There is evidence that climate change is accelerating (TCI, 2007). 

 

The main aspects of climate change are expected to be (Adger et al., 2003; IPCC, 

2007): 

i. A rise in global temperatures, especially but by no means solely at higher 

latitudes 

ii. Some areas of the world will get increased rainfall associated with increased 

evaporation, for example, from the warmer oceans. Other areas will get less 

rainfall. 

                                                
1
 In the IPCC AR4 WG2, ‘climate change’ refers to any change in climate over time, whether due to 

natural variability or as a result of human activity and this meaning will be intended in this report. 

 

This meaning differs from that in the United Nations Framework Convention on Climate Change 

(UNFCCC), which defines ‘climate change’ as: ‘a change of climate which is attributed directly 

or indirectly to human activity that alters the composition of the global atmosphere and which is in 

addition to natural climate variability observed over comparable time periods’. 
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iii. Weather will become more extreme; for example, periods of heavy rainfall, 

drought and hot weather are likely to be longer and more so 

iv. Weather is expected to become more variable and so less predictable 

A more detailed description of the science and predictions for global climate change 

is part of the Project Literature Review. 

 

At high latitudes, limited warming may enable additional areas to be warm enough to 

support crops, to approach optimum conditions for current crops or to allow more 

valuable and/or productive crops to be grown and increased CO2 will generally 

benefit plant photosynthesis and therefore yields. However, other negative effects of 

climate change are expected to overwhelm such limited benefits and result in reduced 

production of food, fibre and forest products, especially in the tropics and sub-tropics 

(Easterling et al., 2007). In the face of this, it is therefore essential to develop 

strategies that will help livelihoods to be sustained in the changed future conditions. 

Also, strategies that add robustness to cope with future climates generally also add 

robustness to cope with current climatic events. 

Global warming and climate change in East and southern Africa 

 Africa has been identified to be particularly vulnerable to climate change (Slingo et 

al., 2005), a situation aggravated by existing developmental challenges – for example, 

only 2% of arable land is irrigated (Devereux & Edwards, 2004) - leading to limited 

adaptive capacity (Boko et al., 2007). Predictions describe a complex picture. 

Temperature is predicted to rise by about 1
o
C in both eastern and southern Africa by 

2030 but, whilst rainfall is predicted to rise in East Africa, it is predicted to decrease 

by about 10% in southern Africa (Christensen et al., 2007; Lobell et al., 2008), 

drought becoming more frequent (Christensen et al., 2007) yet coupled with more 

frequent heavy rainfall events (Usman & Reason, 2004). Already within East Africa 

there is increasing rainfall in its northern part and decreasing rainfall in the southern 

part (Schreck & Semazzi, 2004). Some predicted changes for different parts of East 

and southern Africa are (general references: Boko et al., 2007; Christensen et al., 

2007; Project Literature Review): 

� Decreased rainfall and associated shortened rainy seasons and lack of cloud 

cover increasing evapo-transpiration cause: 

− Low crop yields or crop failure 

− Lack of grazing or other forms of fodder for livestock 

� Increased temperatures [3 – 4
o
C in the next 100 yrs] (Christensen et al., 2007) 

− Disrupting plant and seed development 

− Affecting especially cattle 

� Increased heavy rain causing:  

− Floods disrupt farming and can cause loss of crops and livestock 

− Increases in some plant and animal diseases and weeds 

− Increased soil erosion and loss of plant nutrients especially N  

− Most farming practices, e.g., ploughing to be more difficult 

� More variable weather hindering weather forecasting and leading to: 

− Crop planting having to be repeated  

− Crops failing when rains cease unexpectedly early 

− Insufficient food and forage being obtained for extremely poor seasons 

− Farming practices and crop varieties which are successful some years fail 

unpredictably in others. 
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Table 1. Changes predicted from combining a range of models for 2080/2099 period 

for the climates of East and Southern Africa: derived from Christensen et al. (2007). 

 

  Median response of 

models 

Predicted % chance of extreme 

seasons by models 

 Period Temp (
o
C) Precipitation 

(% change) 

Warm Wet Dry 

East 

Africa 

DJF 3.1 13 100 25 - 

MAM 3.2 6 100 15 - 

JJA 3.4 4 100 -* - 

SON 3.1 7 100 21 - 

Annual 3.2 7 100 30 - 

Southern 

Africa 

DJF 3.1 0 100 11 - 

MAM 3.1 0 98 - - 

JJA 3.4 -23 100 - 23 

SON 3.7 -13 100 - 20 

Annual 3.4 -4 100 - 13 
* Cells containing ‘-’ indicate either no predicted change within the sensitivity of the models 

 

Increased temperatures are predicted to occur in both East and southern Africa. Even 

though this will occur especially during the dry season(s) when crop production is 

largely absent, “ In all four regions and in all four seasons the median temperature 

increase lies between 3
o
C and 4

o
C” (Table 1; Christensen et al., 2007), this is still 

likely to significantly affect agricultural production. In southern Africa, the predicted 

low rainfalls are expected to reduce maize production by 30% within just 30 yrs, 

leading to an increase in the frequency of crop failures (Thornton et al., 2006) and 

dramatic losses in crop, particularly maize, production. In East Africa, these changes 

may not have such a severe effect on crop production, the increased rainfall even 

boosting production of minor cereal crops such as barley (by perhaps 25% even) 

grown at higher altitudes (Lobell et al., 2008). Despite this relatively benevolent 

prediction, local effects may be severe, with increased temperatures and increased 

drought especially in the centre of Tanzania (Paavola, 2006). Removing vegetation to 

increase cultivation, charcoal-making etc and overgrazing due to increasing numbers 

of livestock – often as strategies to compensate for poor agricultural production - may 

themselves also locally exacerbate climate change, particularly warming and drought 

(Christensen et al., 2007). 

Some secondary predicted impacts of climate change  

Climate change may also affect biotic agents such as pests and diseases such that 

these become more damaging. In particular, increases in temperature may allow some 

pests and diseases of crops to increase their geographical and altitudinal range. One 

possible current example of this is Maize streak virus transmitted by cicadulinid 

leafhoppers; warmer weather is at least anecdotally enabling the vector, and therefore 

the virus, to spread to higher altitudes on the African plateau. Increases in temperature 

may similarly be enabling insect vectors of human and animal diseases to survive at 

higher altitudes, for example, mosquito vectors of malaria and increasing rainfall may 

increase the spread of waterborne diseases such as dysentery causing increased human 

disease (Boko et al., 2007). Reduced fitness in humans and livestock reduces their 

ability to provide labour for farming operations, reducing the area that can be 
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cultivated and its timeliness. However, other negative aspects of Man’s activities, 

such as increased global trade spreading pests, weeds and diseases, are predicted to 

have even greater effects than climate change on plant, animal and human ill-health 

(Rweyemamu et al., 2006).  

 

 

BIOPHYSICAL FACTORS IN OUR TARGET AREAS 

 

Most people’s livelihoods occur at a local level and day-to-day basis for which the 

regional approximations are of little value. Thus, despite the relatively positive 

forecast for crop production in East Africa (Lobell et al., 2008), a review by Paavola 

(2006) of likely climate change in Tanzania describes how temperature increases are 

likely to be considerable away from the coast, dry seasons to be increasingly 

prolonged and droughts and crop failures to be of increased occurrence and severity 

(also identified in Thornton et al., 2006) and how flooding [but not drought] may 

increase in frequency in the North-east, South-east and Lake Victoria Basin. In 

response, farmers in the Morogoro Region of Tanzania are making local adjustments, 

for example, expanding the area of land cultivated to compensate for reduced yields 

during droughts, partly by reducing fallows, switched to more drought-resistant crops 

such as sorghum and cassava and taking up alternative occupations such as brick- and 

charcoal-making.  

 

Table 2. The villages targeted by project activities and their different characteristics 

 

Code 

number 

Name District Country Agricultural 

potential * 

Village 

infrastructure** 

      

Tz1 Laikala Kongwa Tanzania L P 

Tz2 Maluga Iramba " L P 

Tz3 Sanjaranda Manyoni " L G 

Tz4 Chibelela Bahi " L G 

Tz5 Mpunguti Kyela " H P 

Tz6 Mwitiklwa Mufindi " H P 

Tz7 Nyombo Njombe " H G 

Tz8 Kapugi Rungwe " H G 

      

M1 Mpasu Chickwawa Malawi L P 

M2 Mwayuweyu Karonga " L P 

M3 Mphampha Chickwawa " L G 

M4 Mulyeleka Karonga " L G 

M5 Samuel 

Mphepo 

Mzimba " H P 

M6 Nessa Mulanje " H P 

M7 Mtambalika  Mulanje " H G 

M8 Kacholola 

Ndhlovu 

Mzimba " H G 

*H = High, L = Low; **G = Good, P = Poor 
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Our project targets high and low potential agricultural areas in Tanzania and Malawi 

(Table 2) and, within these, more or less socio-economically favoured areas. Detailed 

reports based on local weather records at different sites in each country (see Project 

Literature Review) demonstrate temperatures increasing by around 1
o
C over the last 

30 yrs in Tanzania, particularly during the dry season (s), predicted to rise by another 

2
o
C by 2100. Both current and predicted changes in rainfall are less clear but suggest 

increased variability, and more rain in the north and less in the south. Situation 

analyses conducted in communities in both countries included local perceptions of 

climate change. Residents in target communities identified the following changes 

(Table 3), listed roughly in order of frequency of mention: 

i. The duration of the rainy season has decreased by at least 2 months: 

− Onset of rains delayed by at least one month; for some communities, 

onset of rains sufficiently reliable to plant were delayed by 2 – 3mths 

− End of rains brought forward by about 1 month 

ii. Equivalently, the dry season has become longer by at least 2 months 

iii. There is less rainfall  and amounts of rainfall have become more extreme 

leading to increased frequency of: 

− Flooding 

− Drought during the normal growing season 

v. Strong winds have become more common and stronger, with more frequent 

whirlwinds 

vi. Weather, especially rainfall, has become less predictable, with drought 

increasingly common during the rainy season 

vii. It has become hotter in the hot season and colder in the cold season 

There has also been less cloud cover so the sun is more drying, there is less dew, soil 

is becoming less fertile and crops, animals and humans are more often diseased. Most 

of these changes were ascribed to local human activities, particularly chopping down 

trees. Individual communities reporting both hotter and colder, and wetter and drier is 

indicative of the climate becoming more extreme. Most of these farmer observations 

are consistent with other reports from Africa (Magrath & Simms, 2006).



 9

Table 3. Changes in the main biophysical factors affecting crop production identified by members of target communities during situation 

analyses in Tanzania and Malawi and possible adaptation strategies  

 

Biophysical 

factor 

Main impacts 

mentioned 

Tanzania Malawi  

Community Tz1 Tz2 Tz3 Tz4 Tz5 Tz6 Tz7 Tz8 M1 M2 M3 M4 M5 M6 M

7 

M8 Total 

Agricultural potential L L L L H H H H L L L L H H H H  

Infrastructural development P P G G P P G G P P G G P P G G  

 

Temperature 

Hotter Crops drying � �  �  � �  � �    � �  9 

Colder None on crop 

growth 

� �  �            � 4 

 

Rainfall 

More rain Flooding/ water-

logged crops 

 � � �  � � � �  �  � � � � 12 

Less rain Drought/ low yields � � � �  �  � � � �  � � � � 13 

Shorter period of 

rains 

Reduced growing 

season 

� � � �  �  � �   � � � � � 12 

Less predictable 

rains 

Not knowing when 

to plant 

� � �  � � � � � � � �  � � � 14 

Increased 

frequency of 

drought during 

rainy season 

More crop failures; 

reduced yields 

�  �     �    �     4 

 

 



 10

Table 3 continued: 

Biophysical 

factor 

Main impacts 

mentioned 

Tz1 Tz2 Tz3 Tz4 Tz5 Tz6 Tz7 Tz8 M1 M2 M3 M4 M5 M6 M

7 

M8 Total 

Air 

More windy Drying soil & plants 

Tall crops such as 

maize & bananas 

blown over 

� � � � � �  �  � �      9 

 

Sunlight 

Less cloud cover Drying soil & plants �       �      �   3 

 

Soil 

Infertility Poor crop growth �  � �  � �          5 

 

Pests, Weeds & Diseases 

Increased 

susceptibility to 

pests, weeds or 

diseases 

Crop failures or 

reduced yields 

�   � � � �          5 

 

Availability of labour 

Increased human 

diseases/lack of 

food 

Lack of family and 

hired manual labour 

   �   �          2 

Increased animal 

diseases/lack of 

feed 

Lack of animal 

labour for 

ploughing etc 

  � �             2 
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ADAPTATION STRATEGIES TO IDENTIFIED BIOPHYSICAL 

FACTORS 

 

Various adaptation strategies to biophysical factors were identified at various levels. 

These included individual/ community level in/by target communities during situation 

analyses (Table 5), district level by local councils in their strategic plans (Table 3) and 

nationally in National Adaptation Programmes of Action (NAPAs) for Malawi and 

Tanzania. Social or economic aspects of livelihoods in target communities were also 

sought during the situation analysis [and also in a separate Stakeholder Analysis] 

because sustainable solutions will involve social and economic issues as well as 

biophysical ones but are covered elsewhere.  

 

 

Biophysical coping strategies

LESS SUCCESSFUL 

RURAL LIVELIHOODS

with adverse effects at 

household, community, 

district, regional, national 

& international levels

CLIMATE CHANGE

�Increased flooding & soil 

erosion

�Increased evapo-transpiration & 

more frequent droughts 

�Difficulties in predicting weather 

preventing farming practices 

being appropriate and timely 

LESS 

SUCCESSFUL 

CROPPING

Social 

coping 

strategies

Economic 

coping 

strategies

�Hotter

�Increased or 

decreased rainfall 

�More extreme weather

�More variable weather

 
Malawian NAPA: 

� Improving crop production through appropriate technologies 
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� Increasing resilience of food production systems to erratic rains by promoting 

sustainable dimba production of maize and vegetables in dambos, wetlands 

and along river valleys 

� Targeting afforestation and re-forestation programmes to control siltation and 

the provision of fuel wood, and sources of alternative income 

� Developing community-based wildlife ranching  

� Managing forest fires in collaboration with communities 

� Developing small dams and other storage facilities to mitigate flooding, to 

harvest water and to initiate community-based fish farming and breeding 

 

Tanzanian NAPA  

� Water efficiency in crop production [irrigation] to boost production and 

conserve water 

� Alternative farming systems, catchment conservation and water harvesting 

� Afforestation programmes in degraded lands using more adaptive and fast 

growing tree species 

� Developing community forest fire prevention plans and programmes 

� Enhance wildlife extension services and assistance to rural communities in 

managing wildlife resources 

� Water harvesting and recycling 

 

These and other adaptation strategies identified by the farmers (Table 4) and by 

international researchers (Adger et al., 2007; Boko et al., 2007; Easterling et al., 2007; 

Howden et al., 2007) cut across the range of biophysical constraints detailed by the 

farmers (Table 3) and/or predicted for East and southern Africa by climate change 

models. They are listed below in no particular order since their relative importance 

will vary in different circumstances: 

� Improved use of water 

� Combating damage by excess rainfall 

� Diversified and genetically adapted cultivars  

� Re-forestation, agro-forestry and forest protection 

� Changed farming practices 

� Improved weather/climate forecasting 

� Diversifying livelihoods 

� Improving pest, disease and weed management practices  

� Protection of natural resources against fire 

� Improved storage of crop yield 

Adopting such strategies has been estimated to provide 10% yield benefit or provide 

damage avoidance for crops such as wheat, rice and maize within a mean temperature 

rise of 1.5 to 3
o
C (Easterling et al., 2007). This subdivision of strategies provide a 

framework for analysing the opportunities available to our project to improve rural 

livelihoods by addressing local biophysical constraints. For each of them there is 

however, a massive literature available. The following is therefore an over-view of 

each strategy coupled with some detailed local opportunities/needs as appeared to the 

author or by respondents in the situation analyses.  
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Table 4. Mentions of different responses to climate change and variability  by farmers in target communities during the situation analyses 

 

 Tanzanian community Malawian community Total 

Community Tz1 Tz2 Tz3 Tz4 Tz5 Tz6 Tz7 Tz8 M1 M2 M3 M4 M5 M6 M7 M8  

Agricultural potential L L L L H H H H L L L L H H H H  

Infrastructural development P P G G P P G G P P G G P P G G  

Adaptation strategy                  

Improved use of water � �  � �     � �   �   7 

Combating damage by excess rainfall �             �   2 

Diversified and genetically adapted 

cultivars 

� � � � � � �  � � � � � � � � 15 

Re-forestation, agro-forestry and forest 

protection 

� � � �  � �  � � � � � � � � 14 

Changed farming practices � � �   � �  � �  � � � �  11 

Improved weather/climate forecasting                 0 

Diversifying livelihoods (often labouring 

in fields or charcoal making) 

� � � � � � �  � � � �  � � � 14 

Improving pest, disease and weed 

management practices 

                 

Protection against fire �  �   � �       �   5 

Improved storage of crop yield �  �              2 
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Table 5. District government adaptation activities mentioned in plans of 5 districts in Tanzania [adapted from data collected by project team 

members in 2007 as part of an initial reconnaissance report  

 

 Kongwa District Bahai District Mufindi District Rungwe District 
 

Kyela District 

Adaptation strategy      

Improved use of water Protect water supplies 

Construct 7 dams 

Expand irrigated area 

Increased irrigation Increase irrigation   

Combating damage by 

excess rainfall 

Construct 7 dams 

 

    

Diversified and genetically 

adapted cultivars 

 Better use of improved seed    

Re-forestation, agro-

forestry and forest 

protection 

Increase supply of tree 

seedlings 

Tree growing and 

conservation 

 Afforestation 

 

Tree nurseries 

Changed farming 

practices 

 Mechanization/Oxenization    

Diversifying livelihoods Increase use of modern 

beehives 

Increase use of fish 

ponds 

Involve villages in use 

of wildlife reserves 

Increase production of 

cash crops 

Fish-farming 

Beekeeping 

Beekeeping 

Tourism 

Growing potatoes  

Fish-farming 

Tourism 

Beekeeping 
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THE ADAPTATION STRATEGIES 

Improved use of water 

‘There are always strong links between soil conservation and water conservation 

measures. Many actions are directed primarily to one or the other, but most contain an 

element of both. Reduction of surface runoff can be achieved by constructing suitable 

structures or by changes in land management. Further, this reduction of surface runoff 

will increase infiltration and help in water conservation. Soil and water conservation 

can be approached through agronomic and engineering procedures. Agronomic 

measures include open and tied ridges, contour farming, off season tillage, deep 

tillage, mulching and providing vegetative barriers on the contour’ (Sivanappan 

2005).  

 

Africa has only 2% of arable land irrigated (Devereux & Edwards, 2004) yet, in the 

Great Lakes Region, countries such as Tanzania and Malawi have massive permanent 

supplies of freshwater. Increased irrigation is planned by several district councils 

(Table 3) and identified by several of our target communities in both countries, 

particularly in agriculturally low potential areas. In all cases, flood irrigation seemed 

to be planned, sometimes using pumps to draw up groundwater.  

 

Although unsophisticated, this approach has the potential to improve livelihoods 

enormously. Apart from sustained availability and quality of water sources and 

ensuring drainage is adequate to avoid salinisation, concerns with such an approach 

largely involve organizational issues. A common feature of communities visited in 

Tanzania was the frequent presence of large-scale communal water supplies which 

had been abandoned because systems were not in place to ensure effective 

management. 

 

 

 

 

 

Plates 1 & 2. An 

abandoned 

pumphouse and 

water tank at 

Sanjaranda, 

Tanzania 
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Plate 3. A small plot of Amaranthus next 

to a communal well at Sanjaranda, 

Tanzania 

 

 

Although on a much smaller scale, 

individual or communal wells and dams 

and pumped tube wells provide an 

alternative strategy by which access to 

water is organised. Although generally 

inappropriate for boosting production of 

staple foods, these are often used for the 

production of high-value and health-

giving crops such as tomatoes and green vegetables. 

Combating damage by excess rainfall 

Adaptation strategies for combating damage by excess rainfall can be identical to 

those described above under improved use of water as means of holding back water 

through dams or by improving rainfall infiltration into the soil by contour ploughing, 

breaking up soil pans, terracing or using minimum cultivation techniques to ensure the 

soil is not readily eroded. However, they can comprise the opposing approach of 

enabling excess rainfall to drain away as rapidly as possible from the homes and fields 

of a community. Whilst this may protect the target community, such actions may 

worsen the situation of downstream villages and, to be equitable, watershed 

management may need a river basin view. 

Diversified and genetically adapted cultivars 

As rains become less in amount, duration and reliability, one common adaptive 

strategy is to shift to cultivars or different crops which are better adapted to the new 

conditions. There appear to be three main options selected for: 

1. The ability to generate yields under conditions of low rainfall 

2. The ability to yield quickly but well during a short rainy season 

3. An ability to yield well during good rainfall but able to survive drought 

 

Sorghum, pearl millet and pigeon pea are examples of crops with the ability to 

generate yields under conditions of low rainfall (Option 1). Although seemingly 

appropriate, such drought tolerant crops yield much less under good rainfall than more 

drought susceptible maize, rice or potatoes so it is often not the preferred strategy. 

Researchers are seeking genes for drought tolerance with which to transform high-

yielding susceptible crops but, even assuming it will succeed, this will take decades 

and so is unlikely to be relevant to our project.  

 

Option 2 is slightly risky but farmers often opt for it [sometimes against the 

recommendations of extensionists] attracted by their relatively high value and yield. 

Maize, cowpeas, beans and groundnuts are examples of such crops. They are 

generally determinate to ensure crop maturity occurs during the growing season. Such 

crop species tend to include cultivars differing in the length of their growing season, 

the later maturing cultivars generally having the higher yield potential – maize is a 

classic example. Consequently, farmers have to choose at the beginning of the 

growing season between planting a lower yielding short duration cultivar and a higher 
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yielding cultivar which will fail if the rains are finish prematurely. Such farmers 

would benefit enormously from accurate seasonal weather forecasts and shorter-term 

forecasts for planting pre-germinated seed. 

 

Option 3 seems to get the best of both option 1 and 2; the ability to adjust their growth 

to the length of the growing season is achieved by a non-determinate growth pattern. 

Cassava provides a classic example amongst staple crops and the distribution of 

improved varieties has received strong support by many African governments 

including those of Tanzania and Malawi and by donors such as the Bill and Melinda 

Gates Foundation and USAID. Sweet potato is a ‘halfway’ example, having the 

ability to yield even more highly than cassava during periods of good rainfall but only 

able to tolerate short periods of drought. Cassava is increasing in acreage in drier parts 

of Tanzania but especially in Malawi (though from a low base). Sweet potato 

production is, however, expanding even faster (faster than any other staple food crop 

in Africa), again especially in Malawi. However, sweet potato also identifies a major 

limitation of this option – the need to survive a prolonged dry season. Cassava is so 

drought tolerant it can generally do so but, for sweet potato, only the roots can survive 

underground. Consequently, farmers without access to wetlands in which they can 

maintain planting material have to wait until the roots have sprouted before they can 

plant their main crop [Option 2 avoids this problem through the use of seeds]. 

Research in Uganda is developing a method by which sweet potato roots are kept over 

the dry season in beds which are watered before the expected arrival of the rains to 

ensure timely availability of planting material. 

 

Farmer respondents in our project Situation Analyses indicated that the rains are 

becoming both shorter in duration and less in total but did not indicate whether the 

amount of rainfall/day during the now-more-limited growing season is different. 

Global warming predictions suggest the rains may be becoming more intense. More 

detailed analysis could help determine the relative advantages of each option. Option 

1 crops may only be more productive if rainfall/day during the growing season is 

reducing. If only the length of the growing period is shortening or if rainfall/day is 

actually increasing, Option 2 crops [short duration, high yielding] may be the more 

productive. Option 3 crops, with indeterminate growth pattern, provide a compromise 

which may be the best in the absence of good meteorological forecasts.  

 

There appears to be considerable interest in the differing metabolic systems of C3 and 

C4 crop species, C4 crops such as maize, sorghum and sugarcane losing less water 

during respiration and so being more drought tolerant, though this benefit may reduce 

with increasing CO2 concentrations. Although scientifically exciting, as with 

transferring genes for drought tolerance, it will probably be decades before a C3 crop 

can be transformed into a C4 crop. Of more immediate significance is the common 

breeding strategy of selecting high yielding and determinate short duration varieties 

(Option 2) from crops with landraces which are low yielding, long duration and non-

determinate (for example, pigeon pea) or highly photoperiod-sensitive (sorghum and 

pearl millet). These are already transforming production of these crops and are a 

particularly valuable adaptation to ever-shortening rainy seasons. 

 

The above describes strategies based on a focus on single crops. Subsistence farming 

worldwide has classically taken a multicrop approach to the risk of adverse 

conditions, farmers growing a diversity of crops and cultivars of those crops with the 
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experience that, even if conditions are not ideal for all, some cultivars will survive to 

provide the farmer with an adequate yield. Andean potato landraces provide an 

extreme example, some 5,000 being recognized, with >100 grown in a single valley 

and >12 grown by a household (Brush, 1992). Other examples are that, in lowland S. 

America, just 16 Amerindian communities grew >200 landraces of cassava (Salick et 

al., 1997) and some 600 landraces of beans were reported in Rwanda (Sperling & 

Berkowitz, 1994). Different facets of their diversity provide benefits such as 

satisfying multiple needs [food, forage, brewing, cultural, religious etc] and markets 

but also stabilise/increase productivity in diverse and unpredictable environments and 

help resist attack by pests, weeds and diseases (IPGRI, 2001; Jarvis et al., 2006). 

Farmers also commonly inter-mix landraces of both the same and different species 

with similar but even greater benefits (Smithson & Lenné, 1996). Examples of 

polycultivar cropping include potato farmers in the Andean region growing an 

average of 21.1 landraces/225 plants sampled/field (Zimmerer, 1991) with one field 

containing 46 landraces (Brush et al., 1981) and, in central Africa, 42 Rwandan 

households growing mixtures of 6 – 29 (averaging 20) bean landraces/field (Voss, 

1992). Their individual cultivars may also each comprise a diversity of genotypes, 

contrasting markedly with the pure inbred or hybrid seed planted by more commercial 

farmers. This latter approach has to an extent been mimicked by plant breeders 

generating multiline varieties, closely inbred only for their yield characters. 

 

Finally, as a ‘long shot’, it is worthwhile noting that the majority of agricultural 

production is Africa is based on New World crops such as maize, cassava, beans, 

groundnuts and sweet potato. Might it be possible to explore the possibilities of 

introducing even more crop species and cultivars but purposely seeking cultivars 

adapted to climate change? 

Re-forestation, agro-forestry and forest protection  

Many individual farmers, communities, district strategic plans and the NAPAs 

mentioned planting trees as an adaptive strategy to climate change, indicating the 

presence of a locally-strong enabling environment for this and a supporting policy 

environment. As well as economically beneficial, providing timber for fuel, 

construction, sale, production of charcoal etc., growing more trees is likely to have a 

local ameliorating effect on climate change, lowering air temperatures, increasing 

rainfall and reducing wind speeds. It may also help control soil erosion caused by 

either wind or heavy rains and reduce the risk of flooding. More recently, the use of 

trees as a carbon sink is also being recognized as a global benefit which can be traded, 

for example, by countries, for example, Norway has recently agreed to give Tanzania 

USD100 million over 5yrs to cut its deforestation as part of its policy to offset its 

carbon emission (The New Vision, Uganda: 23 April 2008, p12). Companies, for 

example airline companies, also use similar arrangements as part of an advertising 

campaign by an organization such as a commercial company to offset their carbon use 

and so claim ‘green’ credentials. Such opportunities may be difficult for rural 

officials, organizations or institutions to access, providing an opportunity for the 

project to provide a learning platform, including for its team members.  

 

It was surprising that, in what were largely farming communities, agro-forestry was 

not mentioned. Agro-forestry has, however, become associated with relatively labour 

intensive and land-extensive systems, growing various nitrogen-fixing trees which 

themselves have little human food value and using their leaves or foliage to improve 



 19 

the soil for other crops or as cattle fooder. There are major NGOs involved, for 

example, VI Agroforestry [http://www.viskogen.se/Default.aspx?ID=360] focuses on 

the Lake Zone of Tanzania and the Chinjanya Consortium Project in Malawi includes 

agroforestry. The following is an extract from the web page for the World 

Agroforestry Centre (formerly ICRAF) headquartered in Nairobi 

[http://www.worldagroforestrycentre.org/Agrorestryuse.asp]: 

  

‘Proven impacts of agroforestry 

• Reducing poverty through increased production of agroforestry products for 

home consumption and sale. 

• Contributing to food security by restoring farm soil fertility for food crops and 

production of fruits, nuts and edible oils. 

• Ensuring, through negotiation support, a fairer deal for women farmers and 

other less-advantaged rural residents whose rights to land are insecure. 

• Reducing deforestation and pressure 

on woodlands by providing fuelwood 

grown on farms. 

• Increasing diversity of on-farm tree 

crops and tree cover to buffer 

farmers against the effects of global 

climate change. 

• Improving nutrition to lessen the 

impacts of hunger and chronic 

illness associated with HIV/AIDS. 

• Augmenting accessibility to 

medicinal trees, the main source of 

medication for 80% of Africa’s 

population.’ 

Plate 4. Prickly pear and, in background, oil 

palm tree, possible candidates for inclusion 

in perennial cropping systems 

 

It would seem valuable to enquire more closely into the exact reasons behind the 

apparent current focus by farmers, district officers and NAPAs on planting more trees 

rather than on agroforestry. It would also seem valuable to consider perennials which 

themselves have human food or commercial value. Possible examples include long-

duration pigeon pea or fruiting perennials such as prickly pear. Research at ARI-

Ukiriguru (R Kapinga, personal communication) in Tanzania and in Uganda has 

demonstrated benefits from combining pigeon pea and sweet potato crops. 
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Fig 1. Improved productivity achieved by intercropping sweet potato (SP) and pigeon 

pea (PP) as shown by combined partial land equivalent ratios (data provided by Ms 

Ruth Kaggwa). 

 

 
 

Changed land management practices 

This involves a wide range of options. Farmers suggested increased use of draught 

animals in order to achieve more timely cultivations making better use of the shorter 

growing season or to enable farmers to react more quickly to unexpected rainfall, but 

the main ones proposed by scientists involve what has been called conservation 

agriculture, with FAO as one of the main proponents: 

 

‘Conservation agriculture (CA) aims to achieve sustainable and profitable 

agriculture and subsequently aims at improved livelihoods of farmers through the 

application of the three CA principles: minimal soil disturbance, permanent soil cover 

and crop rotations. CA holds tremendous potential for all sizes of farms and agro-

ecological systems, but its adoption is perhaps most urgently required by smallholder 

farmers, especially those facing acute labour shortages. It is a way to combine 

profitable agricultural production with environmental concerns and sustainability 

and it has been proven to work in a variety of agroecological zones and farming 

systems. It is been perceived by practitioners as a valid tool for Sustainable Land 

Management (SLM). 
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It is because of this promise that FAO is actively involved in promoting CA, especially 

in developing and emerging economies. CA can only work optimally if the different 

technical areas are considered simultaneously in an integrated way. Therefore staff 

from several Divisions of FAO took the initiative to create an informal workgroup 

consisting of members from the Plant Production and Protection Division (AGP), the 

Land and Water Division (NRL), and Rural Infrastructure and Agro-Industries 

Division (AGS). It is understood that the multidisciplinary nature of CA will always 

require the rich mix of expertise available to FAO as it works to promote the CA 

concept worldwide’ (http://www.fao.org/ag/ca/). 

 

Because conservation agriculture involves minimal soil disturbance and permanent 

soil cover, erosion by increasingly heavy rain or by wind during more severe droughts 

is minimized and soil structure is maintained to allow easy infiltration of even heavy 

rain, reducing the risk of flooding. The reduced labour requirements also assist with 

predicted shortages of draft animals and able-bodied people. 

Improved weather/climate forecasting 

Some adaptive strategies such as time of planting or planting crops with a maturity 

date appropriate to the length of the rainy seasons require accurate predictions of 

short- or medium-term weather. Local communities and farmers in Africa have 

developed intricate systems of gathering, predicting, interpreting and decision-making 

in relation to weather (Parry, 2007). These may enable farmers to make appropriate 

adjustments to planting dates etc in the light of changing climate and increased 

variability of weather. However, it is unclear whether their ability to predict weather 

will be maintained in a changing climate or is sufficient even currently. Scientific 

forecasting based on regional meteorological conditions provides an alternative source 

of information for farmers and have the potential to increase food production 

significantly. A better understanding of ENSO events is allowing seasonal predictions 

and improved information-gathering through satellites and meteorological stations 

coupled with increasing computing powers and means of communication is even 

improving short-term forecasts. However, making forecasts useful to smallholder 

farmers remains a challenge. Seven main constraints limiting this have been identified 

in studies examining the effectiveness of forecasts for Namibian, Tanzanian (O’Brian 

et al., 2000) and Zimbabwean farmers (Patt & Gwata, 2002):  

� Access. Smallholder farmers may not access information sources for forecasts 

such as the appropriate radio programme, newspaper etc on a regular basis.   

� Credibility. This relies on past forecasts being accurate – but forecasts 

generally involve probabilities rather than certainties and the inevitable 

occasional failure may be misunderstood  

� Legitimacy. Forecasts may benefit one sector of society more than another – it 

might allow business people better able to obtain and interpret forecasts an 

advantage which is perceived to be unfair by farmers selling crops 

� Scale. Rain in Africa often comprises patchy thunderstorms and an area 

forecast may be of little value to an individual farmer 

� Cognitive capacity. Farmers unaware of ENSO events, satellites or other 

means of predicting weather may not believe forecasts based on no apparent 

source 

� Procedural and institutional barriers. The release of, for example, seasonal 

forecasts may be dependent on institutional procedures rather than the needs of 

farmers to order seed of a particular variety  
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� Available choices. Farmers may have no capacity to change farming practice 

based on forecasts. Seed of the required varieties or labour for early planting 

may, for example, not be locally available 

In order to address most of these concerns, farmers need to be transferred from the 

periphery to the centre of such forecasts (O’Brian et al., 2000). 

 

The alternative approach to forecasting is to identify adaptive strategies which are 

relatively weather neutral and so do not rely on accurate forecasting. These may 

include, for example, use of compost, deep cultivation or growing indeterminate crops 

such as cassava and sweet potato. 

Diversifying livelihoods [within biophysical environment] 

Several district councils (Table 3) identified promoting beekeeping, including using 

modern beehives to boost production, to supplement livelihoods; some communities 

in both Malawi and Tanzania located close to wildlife parks identified tourism.  Other 

diversifications mentioned included increasing livestock, charcoal- and brick-making 

and hunting. The latter, whilst common adaptations to crop failures due to drought, 

may be maladaptions in that they themselves exacerbate climate change by the 

associated destruction of the natural vegetation. Villagers often appreciated this but 

mentioned that there was sometimes no alternative means of survival. 

 

Some of these ways of supplementing livelihoods are very location specific. 

Beekeeping, although not location specific, is unusual because it is an activity which 

directly generates high value primary products (honey and wax). Generally, however, 

what is required are means to transform using local labour a cheap primary product 

grown by the farmer into a higher value product which is worthwhile and able to be 

transported to city markets or to other end users. Charcoal and bricks, though the 

process is environmentally destructive, illustrate the concept, turning low value wood 

into a higher value, more transportable product. NRI has recently been awarded a 

large grant from the Bill and Melinda Gates Foundation to transform fresh cassava 

roots into dried grits or flakes which can be bulked by intermediaries and processed 

into high quality cassava flour for use in a wide range of products such as bread and 

other confectionery, glue, sweeteners and for brewing. High quality dried fruit or wine 

could be similar products. 

Protection against fire 

Fire, a natural phenomenon generated for example by lightning strikes, is one of the 

most destructive agents of natural vegetation. It is, however, much more common in 

environments occupied by Man, generated accidentally for example by lighted 

cigarette stubs, or purposely by herdsmen wanting to regenerate pasture, by ‘slash & 

burn’ cultivators or by hunters using fire to drive out game into areas where it can be 

killed. In such examples, individuals within the general population often achieve 

considerable personal benefit but at a large cost to the natural resources available to 

the general population. Thus, whilst huntsmen may gain a prized high protein meal, 

everyone may lose long term access to low-cost firewood or suffer high winds and 

dust devils generated by local heating of bare ground. Although firebreaks and fire 

fighting may need communal efforts to achieve, generally a more effective control of 

fires is achieved by the community identifying how much it is losing communally and 

long-term for the (relatively small) personal gains of a few individuals – who may, if 
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they are, for example, migrant pastoralists, not even be members of the settled 

community. 

Improving pest, disease and weed management practices 

Climate change is likely to affect the survival of crop pests, diseases and weeds. 

Increased heavy rainfall is, for example, likely to increase the spread of aerosol-borne 

bacterial and fungal diseases such as late blight of potato [More resistant varieties are 

increasingly available. Varieties released under the SARPO tradename are, for 

example, horizontally-resistant and may be useful in the Southern Highlands of 

Tanzania]. Higher temperatures may also allow pests and disease vectors to multiply 

more rapidly or to extend their range further south or to higher altitudes. Insect 

vectors likely to benefit from warming include whiteflies, particularly Bemisia tabaci 

which transmits a range of viruses including cassava mosaic viruses and one of the 

component viruses causing sweet potato virus disease and cicadullinid vectors of 

Maize streak virus. However, accidental introductions of, for example, maize grey 

leaf spot, have proved far more threatening, and the recent and continuing pandemic 

of cassava mosaic disease is the result of a change of the virus-virus vector complex 

rather than global warming. 

 

Improving pest, disease and weed management practices is more often a necessary 

component of other changes in farming practices to cope with climate change. No till 

or minimum till conservation farming is likely to benefit weeds and herbicide 

technology or smother crops may need to be introduced to counter them. Extended 

growing of pigeon 

pea as a drought 

tolerant legume may 

require the 

introduction of wilt-

resistant cultivars. 

 

 

 

Plate 5.  A crop of 

maize in an 

irrigation scheme in 

the Southern 

Highlands of 

Tanzania devastated 

by Maize streak 

virus. 

 

 

Irrigation introduced to counter drought can also have major impacts on the 

epidemiology of diseases by eliminating the cropping break caused by annual dry 

seasons. Thus, Maize streak virus can be maintained at epidemic proportions by 

continuous growing of maize and host wild grasses in irrigated areas. As a counter, Dr 

N Lyimo at ARI Uyole has bred extremely MSV-resistant maize hybrid varieties as 

part of a DFID-funded project involving both Richard Lamboll and myself (Gibson et 

al., 2005). 
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Improved storage of crop yield  

Improved means of storing crop yields, particularly grain harvests, was identified by 

farmers as a means of addressing unpredictable crop failures. The main constraints to 

long-term storage of grain harvests are rodents, particularly rats and mice, and insects, 

mainly weevils particularly the larger grain borer. Physical exclusion provides the 

main means of preventing damage by rodents. The main means of preventing damage 

by weevils includes physical exclusion but also includes traditional treatments such as 

adding ash or insecticidal plant components and commercial insecticides and 

solarization. Improved crop storage assumes farming can generate sufficient harvest 

in good years to provide a surplus for storage in bad years. It is, however, also a 

means of empowering farmers in the marketplace as it can reduces the pressure on 

farmers to exchange their crops for cash. 

 

 

WAYS FORWARD 

 

Our action research project specifically aims to: 

1) Strengthen farmers’ capacity to access and use quality information, training and 

products in order to adapt to climate change and its increasing variability (CC&V) 

2) Strengthen capacity of private & public sector stakeholders to make agricultural 

innovation systems work more efficiently, equitably and responsively to CC&V 

3) Learn and share lessons for scaling up successful strategies for capacity 

strengthening (individuals, organizations and systems) within agricultural 

innovations systems to adapt to CC & V. 

Adaptation strategies undertaken in response to vulnerabilities to CC & V have to be a 

part of general livelihood improvement in current climatic conditions and have to fit 

within social, economic and policy as well biophysical environments. A key element 

of our project is to use innovative learning systems to improve sharing and learning of 

information and experiences in such complex situations where a range of choices and 

requirements need to be considered. This desire to test innovative learning systems for 

adapting to climate change may require seeking multi-stakeholder situations for which 

this approach is particularly suited as well as practicality/ likelihood of success. In 

Table 6, the level of involvement by stakeholders operating at different levels is 

suggested and is included as one way of assessing potential action research targets for 

our project.  

 

ADAPTIVE 

STRATEGIES TO 

BIOPHYSICAL 

CONSTRAINTS

SOCIAL 

ENVIRONMENT

ECONOMIC 

ENVIRONMENT

POLICY 

ENVIRONMENT
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Improved use of water Many of the communities and district councils promoted 

irrigation yet, even though multi-stakeholder (Table 5), large-scale engineering 

schemes are beyond the scope of project funds whilst small-scale individual wells or 

pumps [which elsewhere have led to competitive pumping down water levels using 

increasingly expensive electricity (Devereux & Edwards, 2004)] only involve a 

narrow level of stakeholders. Changing farming practices and Improving pest, disease 

and weed management practices may involve mainly technological changes at the 

farm level and perhaps innovative extension systems; Protecting against fire may 

involve mainly social changes at the community level; Diversifying livelihoods may 

involve mainly individuals, communities or district actions. All these options also 

seem likely to be expensive and/or time-consuming to extend over sufficiently large 

areas to have noticeable impact.  

 

The effective use of seasonal forecasts has been identified as an important target for 

Africa specifically (Slingo et al., 2005). Though not mentioned at the district, 

community or farmer level, increasing the relevance of forecasts to smallholder 

farmers is a particular challenge in Africa (O’Brian et al., 2000; Patt & Gwata, 2002) 

and seems particularly relevant to our project because it is likely to: 

� require change through a wide range of stakeholders and there are social, 

economical and technical issues making it an appropriate/ interesting test for 

innovative learning approaches 

� be useful to all communities we target 

� require a fairly uniform set of adjustments [unlike, for example, providing new 

varieties, for which each community may want a different crop, let alone 

different variety] 

� require changes at a fairly ‘high’ level where changes involving only a few 

people/ pieces of equipment can improve many peoples’ livelihoods 

 

Another approach which may be particularly appropriate to our project is Re-

forestation and agro-forestry.  

� It is valued by international stakeholders, e.g., the recent announcement that 

Norway is giving Tanzania USD100 million over 5yrs to cut deforestation in 

order to offset its own carbon emissions (The New Vision, Uganda, 23 April, 

2008, p12), and reforestation is valued highly at the district, community and 

farmer level  

� It is appropriate to all communities we target 

� It is likely to require a fairly uniform set of adjustments [unlike, for example, 

providing new varieties, for which each community may want a different crop, 

let alone different variety 

However, it perhaps requires involvement of a narrower range of stakeholders and 

may involve a considerable extension exercise to have impact - though there are 

specialist NGOs such as VI Agroforestry which may provide this. 

 

Diversified and genetically adapted cultivars Working with individual crops to 

identify suitably adapted cultivars is likely to be time-consuming to extend over 

sufficiently large areas to have noticeable impact but one of the main sources of 

innovation to African agriculture has been the mass transfer of indigenous American 

crops - maize, beans, groundnuts, cassava, tomatoes etc. Much of this occurred during 

the colonial period and was by traders. This broad success has not been followed 

through in a methodical way – more in a piece-meal, crop-by-crop approach - and it 
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may be appropriate for our project to support the original approach of transfering new 

species by ‘twinning’ ourselves with partner ARIs or NGOs in the Americas targeting 

agriculture across similar latitudes and agroecologies to Malawi and Tanzania and to 

develop approaches whereby crops grown or approaches used there are tested in 

Malawi and Tanzania. This would involve multi-stakeholder and social, economic and 

technical issues so it is an appropriate/ interesting test for innovative learning 

approaches but it may also involve a long-term strategy having little significant 

impact during our project’s lifetime. 

 

As well as considering the range of stakeholders involved, the project team may also 

benefit from considering adaptation activities in terms of vulnerability to climate 

change. Vulnerabilities may also often be addressed in several ways and not just by 

addressing biophysical constraints: increased frequency of crop failures due to 

increased climate variability may, for example, be addressed by growing more robust 

crops but also by increasing food storage capacity, improving road infrastructure, 

bank facilities etc. Strategies for adaptation to climate risks also often are a composite 

consideration of: current variability (which also reflects learning from past 

adaptations to historical climates); observed medium and long-term trends in climate; 

and anticipatory planning in response to model-based scenarios of long-term climate 

change (Adger et al., 2007). McGray et al. (2007) have extended this, framing the 

range of adaptation activities to climate change as a continuum of responses ‘from 

“pure” development activities (addressing current climate variability) on the one hand 

to very explicit adaptation measures on the other’, dividing it into four types of 

adaptation efforts: 
1. Addressing the Drivers of Vulnerability 

Activities reducing poverty and addressing other fundamental shortages of capability that 

make people vulnerable to harm. Sample activities include efforts to improve livelihoods, 
literacy, and women’s rights, and even projects that address HIV/AIDS. 

2. Building Response Capacity 

Activities focusing on capacity-building of robust systems for problem solving. Examples 

include the development of robust communications and planning processes, and the 

improvement of mapping, weather monitoring, and natural resource management practices. 

3. Managing Climate Risk 

Incorporating climate information into decisions to reduce negative effects on resources and 

livelihoods. Examples include disaster response planning activities, drought-resistant crops, 

and efforts to “climate-proof” physical infrastructure.  

4. Confronting Climate Change 

Actions focus almost exclusively on addressing impacts associated with climate change, 

typically targeting climate risks that are clearly outside historic climate variability. Examples 

include communities that relocate in response to sea level rise or glacial melting. 

5.  Confronting maladaptations  

Although not included in McGray et al. (2007), this fifth subdivision is included to cover 

maladaptive practices which result in the destruction of natural resources. These are 

generally done for short-term gain and include burning natural vegetation for hunting. 

 

How different adaptations to biophysical factors fit in this framework have been 

provisionally examined by the author of this report (Table 7), though it would be 

beneficial to re-examine this from the wider viewpoint of the whole project team. 

Once again, adaptation strategies of particular interest may be those that cut across 

several levels but perhaps also those that address adaptation efforts 2, 3 and 4 above 

as these specifically address climate change. Improved use of water, Genetic 

adaptation of cultivars, Re-forestation and agro-forestry and Improved 
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weather/climate forecasting are again identified as particularly interesting. In 

identifying these adaptations, however, it is appreciated that other team members will 

be aware of specific projects with which we could collaborate and that alternative 

viewpoints from the biophysical one of this report will surely identify additional 

options, for example, perhaps improving markets.  

 

 

 

………………AND NOW SOMETHING COMPLETELY DIFFERENT 

 

 

One of the biophysical factors 

identified by many of the farmers in 

low potential areas of Tanzania during 

the Situation Analysis was increased 

wind. This was generally perceived as 

a problem by the farmers but a project 

has been initiated in Singida by Wind 

East Africa and including wind expert 

Dr Ladislaus Lwambuka at the 

University of Dar-es-Salaam, in which 

this ‘constraint’ is being harnessed by 

24 giant wind turbines with the potential to generate 50 megawatts (MW) of power, 

almost 10% of Tanzania's current power needs. Go to: 

< http://news.bbc.co.uk/go/em/fr/-/1/hi/business/7358776.stm > 
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Table 6. Suggested levels of stakeholder involvement in different adaptation strategies   

 

Stakeholder level Farmer/individual Community District Region 
 

Nation 

Adaptation strategy      

Improved use of water      

 Small dams/wells **** * *   

Village irrigation schemes **** **** ** * * 

Major irrigation schemes *** *** *** *** *** 

Diversified and genetically 

adapted cultivars  
* * **** **** **** 

Re-forestation, agro-

forestry and forest 

protection 

** **** **** ** ** 

Changed farming 

practices 
**** * **** ** * 

Improved weather/climate 

forecasting 
*** ** **** *** *** 

Diversifying livelihoods *** *** *** * * 

Improving pest, disease 

and weed management 

practices 

**  ** ** ** 

Protection against fire *** *** ** ** * 

Improved storage of crop 

yield 
**** * *   

 

*, **, ***, **** = increasing involvement of stakeholders at that level
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Table . Suggested form of developmental response of different adaptation strategies to biophysical factors (After McGray et al., 2007)  

Form of developmental 

response 

Confronting 

maladaptations 
Addressing the Drivers 

of Vulnerability 
Building Response 

Capacity 
Managing Climate 

Risk 
Confronting Climate 

Change 

Adaptation strategy      

Improved use of water      

 Small dams/wells  ** *** *  

Village irrigation schemes  ** *** *** *** 

Major irrigation schemes  *** *** *** *** 

Diversified and genetically 

adapted cultivars 
 ** **** ** ** 

Re-forestation, agro-

forestry and forest 

protection 

*** *** *** *** *** 

Changed farming practices **** * * * * 

Improved weather/climate 
forecasting 

 ** **** **** ** 

Diversifying livelihoods  **** ** * * 

Improving pest, disease and 
weed management practices 

 * **** * * 

Protection against fire **** ** * * * 

Improved storage of crop 

yield 
 ** *** ***  

*, **, ***, **** = increasing developmental response
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