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Abstract 

It is predicted that climate change will make some parts of Africa generally drier and 
other parts generally wetter.  Even if these general trends hold, long-term rainfall 
predictions for any particular area in Africa are very uncertain.  What is much more 
certain, however, is that all parts of Africa will be subject to more extreme day-to-day 
and season-to-season fluctuations in rainfall.  This means that African farmers will need 
to adapt to more extreme and erosive storms, greater likelihood of flood, longer periods 
of drought, and generally less certain conditions for food and agricultural production. 
There are a number of technologies –particularly those focused on water management-
that are likely to have greater relevance for Africa’s agriculture in the coming years and 
decades. This paper describes known adaptation technologies including inter alia crop 
improvement, water harvesting and their associated informational and institutional 
requirements. Some of the informational requirements for include giving the right 
information in the right package to farmers as well as establishing or strengthening 
institutions to ensure their scaling up. This ensures the necessary information and 
institutional ‘architecture’ for scaling up the use of these technologies by a larger 
community of African farmers.  The pursuit and promotion of agricultural technologies 
by focusing on information and institutional needs will require strategic policy and 
institutional development within a system of global governance that links effectively with 
national and community-level adaptation iniatives. Finally we review the existing 
informational and institutional gaps, challenges and the way forward with the hope that 
these will catalyze a re-look at community-based adaptation, increased investment in 
adaptation and consideration of community-based adaptation as part of the global 
response in addressing the potential effects of climatic variability and climate change.   
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1. Introduction 
The global phenomenon of climate change constitutes major threats to Africa (IPCC, 
2007). Although the impact of climate change is global, for various reasons including the 
state of preparedness of the continent, it has been estimated that Africa will be most 
vulnerable to climate change (Arnell, 2004 and IPCC, 2007). The impacts of climate 
change in the continent are manifested in various forms including extreme weather 
patterns, prolonged droughts, flash floods, decline in crop productivity and loss of 
livestock due to droughts, resurgence of malaria in highland areas, water and pasture 
scarcities leading to conflicts. The challenges in capacity and the availability of resources 
and, the existence of a high dependence on natural resources increases the risks and 
uncertainties to livelihoods of the rural poor, as the natural resource base becomes more 
vulnerable to the vagaries of climatic changes (Denton et al., 2000). As a result of these, 
climate change has the risk of compromising efforts to attain development targets set for 
the Millennium Development Goals or wiping out some of the modest developments that 
were already achieved in the continent. Given these challenges, efforts are being initiated 
to mitigate the effects of the phenomenon and or to fashion out various coping strategies 
to assist the population to adapt to climate change with a view to reducing present and 
future vulnerability. However, adaptation to climate change has to be localized, given 
that adaptation to climate change is inevitably and unavoidably local (Blaikie et al. 1994, 
Ribot, 1995), 
 
Several adaptation approaches have been advocated. Given the urgency and the potential 
impacts of climate change, “community-based adaptation” strategies are currently 
advocated as the best approach.  Community –based adaptation (CBA) is enabling 
communities to enhance their own adaptive capacity, and empowering vulnerable 
communities to increase their own resilience to the impacts of climate change 
(http://community.eldis.org/Communities/). It involves strengthening the adaptive 
capacity of poor communities to deal with the potential impacts of climate change and 
climatic variability. Currently communities are not key participants in ongoing adaptation 
iniatives not because they are not recognized, but because climate change responses are at 
policy levels and shaped by climate negotiations at regional and international levels. 
Ongoing UNFCCC negotiations on the post-2012 regime are focusing more on 
“REDD+”-reducing emissions from deforestation and forest degradation in developing 
countries – plus conservation, sustainable management of forests and enhancement of 
forest carbon stocks in developing countries as well as financial, technical and capacity 
strengthening. Many commentators including Dazé and Chan (2009) argue against the 
likelihood of these negotiations emphasizing financing mechanisms for community-based 
adaptation because: i) existing funding mechanisms and planning processes under the 
UNFCCC do not prioritize CBA, ii) the National Adaptation Programmes of Action 
(NAPAs) identify vulnerability only on the basis of location-based risk and  impacts on 



3 
 

key risk averse agricultural sectors, and iii) lack of scaling up of existing adaptation 
technologies. Capacity related challenges affect the ability of national level and 
decentralized state institutions to design, pilot and scale up adaptation strategies at the 
community level.  
 
Poor linkage between climate change research and communities leads to poor 
appreciation of technologies developed by the scientific community as well as integration 
of lessons and experiences from community coping strategies. National-level initiatives 
are driven by collective action at the international level. Subsequently, local level 
mainstreaming of climate change strategies are top-down and rarely evidence-based. In 
Africa, poorly resourced agricultural research (World Bank, 2008) has worked against 
technology development and dissemination. Agricultural extension has faltered over the 
years because of policy changes as well as lack of institutional capacity due to poor 
investments. Kenya’s extension approach, for example, has shifted from a robust 
effective supply driven approach to a challenges-ridden demand driven approach. 
Initially the extension approach provided a platform for farmers’ participatory learning, 
scientists-to-farmers interaction and pathway for dissemination of agricultural 
technologies. Pathways for knowledge to action are therefore impeded by poor extension 
service provision approaches and lack of robust approaches to enhance use of scientific 
evidence by communities. At the institutional level, failures of markets, governments and 
local organizations to resolve resource allocation and public good challenges further 
weaken the adaptive capacity of local communities to adapt to the impacts of climate 
change.  
 
Despite these challenges adaptation technologies have continued to be developed by 
international, regional and national research institutes. These technologies are rarely 
adopted by farmers. In this paper we enumerate on these technologies and propose 
strategies for enhancing their uptake as the best approach for promoting community-
based adaptation. We have also suggested institutional and informational requirements to 
enhance uptake and lesson learning from adaptation strategies of communities.  
 
2. Known adaptation technologies 
Research and development efforts over the last twenty years have established a number 
of technologies and practices that are known to be suitable for the kinds of extreme 
climate conditions that are emerging across the African continent. Some of these case 
studies have learnt lessons from experiences of communities with coping strategies 
including inter alia adjustments in cropping and animal practices (Paavola, 2004; Orindi 
and Eriksen, 2005). These strategies will not be enough to respond to the impacts of 
climate change (Kandji et al. 2007), but they could be enhanced and complemented 
through the development, adoption and scaling up of agricultural technologies. Barry and 
Skinner (2002) categorized adaptation options into: i) technological developments, ii) 
government programs and insurance, iii) farm production practices; and iv) farm financial 
management. In this paper we have used this typology to order and guide our discussions 
on technology adaptation options. Although the focus of the paper is on agricultural 
technologies, they are not mutually exclusive from farm production practices.  
 
Agricultural technologies have the potential to enhance the adaptive capacity of 
smallholder farmers, although their adoption is affected by various factors. It is generally 
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agreed that these technologies will potentially improve resilience and reduce 
vulnerabilities of different farming systems. Agricultural technologies have been 
developed over the years, but their uptake is limited by several factors including inter 
alia: high costs associated with technology adoption, poor information flow from 
technology developers to the farmers, lack of financial support infrastructure, cognitive 
related challenges and poor extension service provision to the farmers. The following is 
an overview of some of the technologies developed over the last 20 years.  
 
2.1 Crop development 
Agricultural research has focused more on improving crop yields. As the uncertainty of 
climate change effects become clearer and warnings by the Intergovernmental Panel on 
Climate Change (IPCC) reports, ‘climate-proofing' of crops has become crucial-
switching crop research to climate adaptation. The Consultative Group on International 
Agricultural Research (CGIAR) institutes are now investigating how to make crops' more 
resilient to environment stresses. National agricultural research institutes like Kenya 
Agricultural Research Institute (KARI) have also developed new cultivars that are stress 
tolerant. The International Maize and Wheat Improvement Centre (CIMMYT) with the 
International Institute of Tropical Agriculture (IITA), national agricultural research 
institutes in sub-Saharan Africa, advanced research institutions, private sector seed 
companies, and nongovernment and community-based through the Drought Tolerant 
Maize for Africa (DTMA) iniative have developed high yield stress tolerant maize 
varieties for 13 countries in East and Southern Africa. It has been established that the 
drought tolerant maize varieties produce about 20-50% more grain than other maize 
varieties, under “mid-season drought” conditions 
(http://www.Cimmyt.org/english.docs/ann_report/2007/pdf/ar07_stress.pdf).   
 
The International Centre for Maize and Wheat Improvement (CIMMYT) and its national 
partners have used participatory crop breeding techniques to develop and promote the 
adoption of stress tolerant crops among hundreds of thousands of farmers in East and 
Southern Africa. In the Sahel, the International Centre for Agricultural Research in the 
Semi-Arid Tropics (ICRISAT) specializes in developing stress tolerant crops including 
millet and cowpeas that are well adapted to low and highly variable climatic conditions 
(CGIAR, 2008).  Efforts by the CGIAR harvest centres to develop stress tolerant crop 
priorities are complemented by efforts by regional policy institutions like the Conseil 
Ouest et Centre Africain pour la Recherche et le D’eveloppement Agricoles/West and 
Central African Council for Agricultural Research and Development 
(CORAF/WECARD). In Sahelian parklands, CORAF/WECARD has initiated various 
research activities such as DNA extraction of tamarind and baobab trees aimed at 
improving their adaptation to drought. CORAF/WECARD has also screened and 
characterized cowpea and sorghum from the sub-region with the results charged as 
promising (CORAF/WECARD, 2008). The regional centre for breeding stress tolerant 
crop and tree species is at Thies, Senegal. 
 
2.2   Resource management innovations 
As a response to moisture insufficiency, research and development institutions have 
developed resource-based innovations. The literature gives a range of innovations 
including water harvesting and market-based approaches. Water harvesting is still 
practiced by relatively few farmers and communities, despite the fact that there are a 
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number of proven technologies.  The World Agroforestry Centre hosts a water harvesting 
network for Southern and Eastern Africa (SEARNET) that draws together and supports 
efforts in a number of countries. The Water Harvesting programme has over the years 
provided technical support to farmers and national research systems to promote uptake of 
technologies.  Reduced tillage technologies such as Conservation agriculture and 
improved fallows are gaining momentum in Africa, although still in their infant stages.  
In Zambia, farmers are adopting animal-drawn implements that help prepare land for 
crop production without large losses in ground cover or soil moisture.  Elsewhere in 
Southern Africa, hundreds of thousands of farmers are using nitrogen-fixing trees as 
improved fallows, thus restoring soil nutrients, retaining soil moisture, and increasing 
infiltration rates (Akinnifesi et al. 2008).  

 
Reward schemes for environmental services have been gaining momentum in Africa. 
Apart from promoting ecological benefits, reward schemes promote less erosive and 
more beneficial land use systems. This improves resilience of different ecosystems to 
climatic change and variability. Designing and implementing rewards for environmental 
services (RES) is a daunting task given the information and institutional requirements 
associated with such schemes. ICRAF and partners are implementing a project on pro-
poor rewards for environmental services in Africa (PRESA) which is aimed at fostering 
fairs and workable reward mechanisms that can benefit stewards of ecosystem services in 
East and West African highlands. PRESA and partners are also implementing carbon 
sequestration projects that not only act as carbon sinks, but provide alternative income 
streams for participating farmers.  Annual crops now comprise less than half of farm 
income in many countries, with vegetables, dairy, and tree crops taking on greater 
importance.    
 
2.4  Water efficient trees  
 Water scarcity is increasing in much of Africa, with countries like Rwanda, Burundi and 
Kenya already classified as water scarce.  Climate change predicts that a 10% drop in 
rainfall can reduce river flow by 50% (Chin Ong, 2006).  Water scarcity is particularly 
severe in water catchments where farmers and urban residents share available water 
supplies.  Many of those same areas are also experiencing shortage in wood products, 
prompting rapid uptake of fast-growing trees such as clonal eucalyptus from South 
Africa.  The World Agroforestry Centre has recently synthesized research results on 
water efficiency of tree-based systems and established principles for water-efficient tree 
production. The synthesis recommended for better tree alternatives and making 
appropriate trade-offs. Research by the World Agroforestry Centre (ICRAF) and its 
partners show that leaf phenology or shedding has very important effects on seasonal 
water use.  Native deciduous trees– which drop their leaves in the dry season-- can help 
match the water use of trees to the long-term rainfall pattern.  This means less impact on 
river flow, while producing high value to farmers in terms of timber and fodder.  Such 
species can also be very suitable for intercropping with crops.  This is illustrated in 
Figure 1 below.  
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Figure 1: Rainfall demand by evergreen and deciduous trees 
 

 
Source: Chin Ong et al. 2006 
 
The question is what are the best tree alternatives? Will these be better than the water 
thirsty trees such as eucalyptus? As illustrated in Figure 1 above the alternative tree 
species have different water demands during different seasons. With climate change and 
subsequent decline in water and availability of moisture, these trees will continue 
providing important ecosystem services and products. Alternative tree species will not 
only use less water during dry seasons by shedding their leaves. Some of the alternative 
tree species include Cordia Africana, Melia volkensii and Croton machrostachys.  
 
Cordia Africana is found widely throughout dry to moist regions in sub-Saharan Africa, 
ranging from Guinea in West Africa to Ethiopia to South Africa.  In Kenya, Cordia 
displays bimodal shedding of its leaves in time with the rainfall pattern and is suitable for 
intercropping with coffee. It has the potential to improve on the quality of coffee and also 
provide other ecosystem services associated with coffee. Cordia is also forage tree and 
flowers between March and to October (Fichtl and Admasu, 1994). It is therefore good 
for beekeeping and honey production. Cordia is also a source of excellent high-value 
timber that is suitable for furniture, mortars, windows and house doors and therefore 
would replace timber provided by eucalyptus. Cordia is not as fast growing as 
eucalyptus.  
  
Melia volkensii a deciduous species displays a major reduction in leaf cover during both 
the long and short rainy seasons in Kenya, closely matching the rainfall pattern.  This tree 
species is drought-resistant and found in semi-arid areas of Ethiopia, Kenya and 
Tanzania. Melia is highly prized for its valuable timber that is termite resistant, both 
when alive and dead (Mulatya, 2000). Compared to Cordia and even fast growing thirsty 
trees, Melia has the added advantage of being harvested in reasonably short rotations. In 
Machakos in Kenya, Melia was found to produce poles in less than 3 years and timber in 
less than 5 years from coppiced stems (Ong et al. 2002). Other uses of Melia volkensii 
include inter alia construction and carving, fuel, fodder, mulch and green manure. All of 
these unique features add up to economically favourable options for farmers (Ong et al. 

Evergreen 
Native 

Deciduous
Native 

Deciduous 
Exotic 
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2002; Mulatya 2000, 2006). Its climate change benefits with regards to water use 
efficiency enhance its benefits to smallholder farmers.  
Croton machrostachys is suitable for intercropping with coffee and is found more or less 
throughout tropical Africa in montane forest and evergreen bushland areas that receive 
between 700 and 2000mm annually. These trees experience extended flowering seasons 
in most areas, peaking in March-June and May-July, providing excellent bee forage. The 
cream-coloured, soft wood is used for indoor carpentry, furniture, veneers, tool handles, 
boxes and crates. Many parts of the tree have medicinal value, including the fruit and the 
roots are used to treat venereal diseases, and the juice from the leaves which is used to 
treat skin diseases like ring worm (Fichtl and Admasu, 1994). 
 
2.4  Flexible livestock production strategies  
 Mobility, grazing reserves and communal water management are important strategies 
used by African livestock keepers to cope with variable rainfall conditions.  The Borana 
people in southern Ethiopia have elaborate institutions for ensuring that their livestock 
are able to maintain access and good care for water points and pastures.  The Sukuma 
people of Western Tanzania have revived their customary ngitili arrangement for 
reserving dry-season grazing areas. Recently the Kenyan Government and civil society 
have implemented an off take program for livestock to reduce the adverse effects of 
prolonged droughts. Capacity building for farmers on diversification and re-stocking has 
also been undertaken by NGOs like Oxfarm and Semi-arid Rural Development 
Programme, an SNV-GOK initiated programme.    
 
Research institutes are working with smallholder farmers to try out some of the 
agricultural technologies discussed above as a way of adapting to potential climate 
change. Provision of information has the potential to stimulate adaptation. This is 
however limited by the institutional and informational challenges. Research and 
approaches to sharing information also present challenges to the Consultative Group on 
International Agricultural Research (CGIAR) centres and national research systems. 
Institutional factors constraining the adoption of agricultural technologies and support 
infrastructure include changing commodity prices, trade agreements, resource use rights, 
government subsidies and support programs. ). Institutional and information needs for 
enhancing the uptake of agricultural technologies by farmers are discussed in the next 
section.  
 
3. Information and Institutional Needs 
Different adaptation strategies will need different information and institutional needs. 
The identification of the knowledge gaps and institutional needs associated with each of 
the adaptation strategies is useful information for farmers, policy makers, technocrats, 
research institutes, national research systems, national level climate change negotiators, 
universities, regional level policy processes and non state actors.  
 
3.1 Information needs   
The use of research results to inform action by farmers and farmers’ organizations is 
constrained by the poor linkage between two domains: knowledge/science and action 
domains. Often knowledge produced by scientific institutions does not translate into 
action by ‘actions institutions’ because of the lack of boundary objects. The boundary 
objects/agents who straddle the multiple and varied boundaries between stakeholders, 
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translating, communicating and facilitating linkages between knowledge and action  are 
often lacking and this limits action by action institutions. However developing more 
nuanced tools, approaches and methodologies that address the needs of action institutions 
would bridge the gap between science and practice. This is only possible if the six classes 
of boundary work are understood (Table 1). Meine van Noordwijk (2008) identified and 
expounded on the six classes of boundary work by linking knowledge and action to typify 
the relationship between the knowledge and action domains.  
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Table 1: Typology of boundary organizations on the interface of knowledge and action, 

with examples of six classes of boundary work  
Source: Meine van Noordwijk, 2008 
 
Based on table 1 Meine van Noordwijk (2008) and Guston et al. (2000) developed 
typologies of boundary organizations based on a 0, 1 and ≥2 classification of actors and 
ways of knowing. Meine van Noordwijk (2008) further identifies 6 classes of boundary 
spanning activities as:  
 
0. A  A, no K, meaning not informed by any science;  
I. K  K, no A, knowledge not influencing any action; 
II.  K  A -- the archetypal boundary work of technology transfer, science-policy 

advice, public funding for science and decision support systems; the IPCC 
effort falls within this class with its ‘policy relevant’ but not ‘prescriptive’ 
synthesis of science  

III. K  (A  A) -- boundary work such as ‘joint fact finding’ that can emerge at a 
certain stage in (mediated) political negotiations 
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IV. (K  K)  A – integrated assessments, such as the Millennium Ecosystem 
Assessment (MEA) 

V. (K  K)  (A  A) – negotiation support systems and the emerging reward 
mechanisms for environmental systems, where both the articulation of 
knowledge and the actions are negotiated 

 
In most cases the boundary spanning activities that best explain the links between the 
‘scientific’ and ‘farmer’ domains are A A and K K. It is desirous to have the rest four 
but this is constrained by different factors including knowledge gaps. For agricultural 
technologies to be adopted scientists have to provide knowledge that would be required 
by the farmers as well as by policy makers at different scales (Figure 1???). Information 
gaps are also useful for different policy domains. Here below we have broken down the 
different categories into specific agricultural technologies and provided some of the 
requisite information required for successful adoption by farmers. Decision makers and 
technocrats such as planners also require such information to improve their decision 
making as well as provide extension advice to the farmers. Information gaps and needs 
vary from one technology to another. To best exploit these known technologies, there is 
need for better information for farmers, regional planners and policy makers.  Table 2 
below presents a summary of some of these information needs.   
 
Table 2: Summary of information needs 

Adaptation 
strategy 

Farmer’s information needs 
 

Regional/ national planners and 
policy makers’ needs 

Stress-tolerant 
crops 
 

suitable tested germplasm; reliable 
germplasm suppliers; management needs; 
and other input needs 

Long-term climate trends; adoption of 
existing or development of new 
varieties  

Water 
harvesting 
and storage 
 

Individual or group approaches; appropriate 
harvesting technology; opportunities for 
public support; licensing requirements   

Appropriate technologies; returns to 
small or larger-scale water harvesting; 
climate scenarios for planning storage 
capacity 

Flexible 
livestock 
production 
strategies 

Market risks and opportunities; production 
risks, hardy breeds, reliable sources of 
parent stocks, husbandry practices 

Tradeoffs between investment security 
and flexibility 

Diversified 
production 
and marketing 
strategies  

Market risks and opportunities; 
technologies and management needs; 
complementarity 
 

Tradeoffs between specialization and 
diversification; farmers’ motivations 
and interests; range of options 

Conservation 
agriculture 
and improved 
fallows 

Benefits and costs of technologies; benefits 
of collective action 

Geographic suitability and targeting of 
technologies. 

Reward 
schemes for 
environmental 
services 

Obligations of the farmer in service 
provision, benefits, monitoring and 
evaluation  

RES vis-à-vis policy implementation, 
appropriate policies to support RES 
design and implementation  

Water-
efficient tree 

market opportunities for products; 
germplasm suppliers; economic returns; 

tradeoffs between production and 
seasonal water use in watersheds; 
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species and 
cultivars 
 

farm and local tradeoffs between production 
and water use 

invasiveness risks; production risks; 
tree suitability assessments  

 
 
 
3.2 Institutional needs 
Availability of better information may need to be augmented by changes in institutions. 
In this paper we have viewed institutions as organizations, establishments, foundations, 
societies, or the like, devoted to the promotion of a particular cause or programme, 
especially one of a public, educational, or charitable character. Institutions are also the act 
of instituting or setting up; establishment: the institution of laws (Dictionary.com). 
Institutions established at the national, sub-national and local levels are determined by 
response mechanisms to climate change at the global level. Institutions at the national 
level are organized into policy domains: forestry, agriculture, water etc. These domains 
operate vertically and there is lack of cross-sectoral coordination. Climate change is a 
cross-sectoral issue that requires cross-sectoral coordination. Knowledge, in this case, 
agricultural technologies, is passed through institutions and policy domains (Figure 2) 
with factors like levels of income, property rights, extension service provision, 
governance, levels of education, state of market infrastructure and proximity to urban 
centres determining the rate of adoption and scaling-up of agricultural technologies. In 
most cases there are challenges to institutional capacity that can be said to be ideological, 
historical, structural or even sometimes perceptive. In the case of germplasm 
development, farmers are rarely aware of its availability. This would require public and 
private sector investment in providing information as well as establishing support 
infrastructure. In Table 3, we discuss requisite institutional needs for each adaptation 
technology and propose options of meeting those institutional requirements. In section 4 
we also explore various institutional and policy needs for community-based adaptation to 
climate change.      
 
Table 3: Summary of institutional needs 

Adaptation 
Strategy 

Institutional Needs Options for Meeting Institutional 
Needs

Stress-tolerant 
crops  
 

Research, extension, output markets and 
germplasm supply systems that support a 
range of crops, as well as genetic 
adaptation of existing crops to harsh 
conditions 

Public research and extension 
institutions that give particular 
attention to crops that are well 
adapted to climatic stresses; 
participatory genetic improvement 

Water 
harvesting and 
storage 
 

Appropriate technologies for water 
harvesting are available and supported for 
the household, community and regional 
scales. Better integration of planning for 
water and agricultural development. 

Water harvesting is mainstreamed 
into agricultural extension; targeted 
public investment for community 
and public water infrastructure.   

Flexible 
livestock 
production 
strategies 
 

Effective mechanisms for group tenure; 
incentives for maintaining group tenure; 
technical innovations to add value to 
grazing reserves; management of conflict 
between pastoral groups sharing 

Public research and mainstreaming 
in emerging livestock and fisheries 
policies. Sharing of research results 
and institutionalizing improvements 
in livestock systems.  
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rangelands.    
Diversified 
production and 
marketing 
strategies  
 

Extension systems and agricultural 
development strategies support 
infrastructure of general, versus 
commodity-specific, value.   

Pluralistic and participatory 
extension 
 

Conservation 
agriculture and 
improved 
fallows 

Innovative research and extension 
approaches 
 

Public research and extension 
institutions and institutions for 
sharing information and capacity 
building 

Reward 
schemes for 
environmental 
services 

Enabling environment for the design and 
adoption of RES. Institutional 
arrangements for implementation, 
monitoring and evaluation 

Action research to provide solid 
scientific evidence base as well as 
using existing and site-specific 
networks as entry points 

Water-efficient 
tree species 
and cultivars 
 

Cooperation and shared understanding 
between forests, hydrologists, ecologists 
and social scientists; removing blockages 
on germplasm for indigenous species 

Cross-sectoral promotion of water 
efficient tree species and working 
through mandated bodies like 
national environment management 
authorities.  

 
To effectively promote adoption of agricultural technologies, the six classes of boundary 
spanning activities, must be understood in the contexts of feedbacks, strong or weak, 
across the different multilevel regime structures. Within each level, there are sector-based 
policy domains (in this paper we have used agriculture, forestry, energy, water and 
wildlife) which relate with climate change adaptation in different ways, a relationship 
that is limited by vertical planning and regime structures pursued by different African 
institutions.  

The national level sub-unit is charged with policy formulation and implementation 
facilitation. Lower level sub-units are mainly responsible for translating policy provisions 
into action with lessons and experiences feeding into the national level policy formulation 
sub-unit. National level lessons and experiences feed into regional and international level 
negotiations and decisions. Policy, plans, programmes and projects implementation at the 
climate change adaptation is rarely informed by research and rarely translates to action by 
farmers at the lowest regime structure.  Implementation of policies, plans, programmes 
and projects is also affected by complexities associated with multilevel governance 
systems (Figure 2 . Regional-level initiatives influence and are shaped by what is 
happening at the national-level domain. Discussions at the international level on several 
policy areas and collective learning and action initiatives influence what is happening at 
the national and country-level domains. International level negotiations and collective 
action are also influenced by what is happening at the regional and national levels.  
Adaptation to climate change or any other large-scale environmental problems are then 
nested in the different levels of governance providing opportunities of learning lessons 
across different levels.  
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Figure 2: Relationships between different domains and how nested climate change 
adaptation (CCA) could be addressed through interactions between action institutions and 
knowledge systems 

Source: Yatich et al (2008).  

 

As is discussed above it is obvious that adaptation to climate change at the community 
level is lacking if not minimal. Given this situation, what therefore needs to be done at 
the policy level to unlock community-based adaptation to climate change?  

 

4. Enhancing interactions between knowledge and actions institutions  
Having discussed existing technologies and farmers’ information and institution needs, 
and to avoid these being prescriptive, we explore and propose what is required to 
promote feedback between knowledge and action domains at the local level in this 
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section. This is because adoption of some of these technologies among smallholder 
farming communities has generally lagged behind scientific and technological advances 
thereby reducing their potential impact (Ajayi et al., 2008; Franzel and Scherr, 2002).  A 
recent review indicates that the adoption of technologies depends on several factors that 
are technology-specific, household-specific, policy and institutions context within which 
they are disseminated and geo-spatial factors (Ajayi et al., 2007). As a result, efforts to 
improve adoption of the technologies necessitate a thorough analysis of the biophysical, 
economic, social, and cultural constraints which have been barriers to using these 
promising and renewable technologies. 
 
It will be difficult to have mass adoption of the technologies discussed above given the 
existing multiple interests and stakes. In the case of water efficient trees there is need to 
provide information to farmers by: i) sharing existing understanding with farmers and 
policy makers interested in banning eucalyptus or finding alternatives; ii) enhancing 
knowledge of a range of species to widen choices for farmers, and iii) geographically 
targeting of catchments for more or less attention to water use, including water taxes by 
evoking the polluter-pays-principle. In some cases rewards for environmental services 
has been used where farmers are given incentives to remove water thirsty trees. In Mt. 
Kenya East for example, certification programmes for smallholder outgrower schemes 
for tea have been developed and includes removal and replacement of water thirsty trees. 
Currently ICRAF and partners are piloting river care/water care programs in Mt. Kenya 
East would involves planting of water efficient trees such as ‘moringa’  
 
Some of the institutional needs for promoting water efficient trees/alternatives include 
getting around the bias in African conservation and forestry against indigenous trees.  
Ashley, Russell and Swallow (2006) studied the policy terrain affecting agroforestry 
around protected areas in Mali, Cameroon and Uganda, and generally found that forestry 
and agroforestry extension was weak and biased toward exotic trees. Changing the 
approach however requires providing alternative trees species to farmers as well as 
providing policy makers at various levels with guidelines on how to manage the water 
use of different tree species (e.g. no planting of fast-growing evergreens near areas of 
permanent water sources). The World Agroforestry Centre has provided evidence-based 
guidelines on where to plant specific tree species relative to their water use efficiency 
(Swallow and Rumley, 2006).   
 
To ensure that the knowledge gaps are made at a strategic level, there is need to rethink 
agricultural research and education.  
 

4.1 Agricultural Research and extension 
To inform decision making and support community-based adaptation and mitigation 
through scaling up of existing technologies, research must focus on:   

• Answering the right questions: the right questions must be raised and answered 
with communities. Perhaps agricultural and climate science research have been 
asking and solving the wrong questions, at least from the perspective of national 
agricultural research systems. This could be attributed to the failure of 
international institutions to influence policy processes because of poor link of 
research results to national interests or science-policy communication disconnect. 
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Much of the research results have had only modest impact on policy making 
processes due to this communication disconnect. It is therefore recommended that 
international research institutes realign their research to be relevant to the interests 
of national governments and national research systems (NRIs) by: i) undertaking 
joint planning with NRIs, ii) undertaking targeted capacity building e.g. in climate 
change negotiation, and iii) providing relevant information to farmers and 
communities.  

• The science-policy dialogue:  provides a knowledge base and discussions among 
representatives from broader public viewpoints including policymakers, 
researchers and other stakeholders. The participation of public stakeholders is 
important given that policies emerge from policy processes that are themselves 
embedded in political processes (Ajayi et al., 2009). The World Agroforestry 
Centre (ICRAF) has tried to address this challenge through the design and 
adoption of negotiation support systems (NSS) in Southeast Asia for purposes of 
linking knowledge systems to action. Negotiation support systems are now being 
expanded to Africa through ICRAF’s work on compensation and rewards for 
environmental services currently being tested in different agricultural landscapes 
across Africa. NSS requires the use of science to inform decisions at community 
level as well as ensuring an enabling policy environment.  

• Provision of information and data: Provision of information to farmers 
catalyzes adaptation.  To produce and avail relevant information to farmers, 
requisite data for predicting huge climate uncertainty is lacking. This is because 
of the poor collaboration between Meteorological and Hydrological services with 
line ministries, and research institutes. More cross-sectoral coordination is 
warranted to improve the current scenario. Institutions need to work closely with 
national-level partners to ensure capacity building and uptake of their research 
results (Stockholm Environment Institute, 2008).  

• Linking climate change research to the broader context: Broader issues of 
agriculture often hide the importance of climate change at farmer or national 
level. Research undertaken in Machakos by ICRISAT indicated that farmers 
attributed declining crop productivity to climate change, but when ICRISAT 
analyzed other factors from a broader context, declining crop productivity was 
linked to declining trends in the use of fertilizers (CGIAR, 2008). Rainfall trends 
were established to have remained constant over the years. This is because of 
government’s policy rather than climate change. In Malawi, the heavy attention to 
fertilizer subsidy as a way of improving crop productivity has obscured the need 
for attention on climate change. Fertilizer tree technologies advocated by the 
World Agroforestry in Malawi and Zambia are slowly being seen as more 
sustainable as research is linked to the broader context-seeing food security in the 
context of climate change mitigation and adaptation.   There is a need to initiate 
new institutional forms to bring science (technology development) and policy 
making together to examine climate change through a sustainable multi-faceted 
development lens (Ajayi et al., 2009).   

•  Participatory action research: scientists often ignore lessons and experiences 
that local communities have gained over the years as they adapt to the impacts of 
climatic variability. ICRISAT’s research on adoption of new crop varieties in the 
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Sahel shows that farmers eagerly adopt new crop varieties but over time they 
discard them and go back to their traditional crop varieties (CGIAR, 2008). 
Further research showed that the traditional varieties were more adopted than 
those developed and promoted by scientists. The same is true in Malawi for local 
open pollinated maize versus improved maize variety. Building on existing 
coping and adaptive strategies of local communities is therefore important. It is 
prudent to see climate change as an integrative science requiring integrating both 
local and scientific knowledge with local circumstances.   However, this also calls 
for proper needs assessment in development for promotion of new technologies. 

• Community of practice: Platforms for sharing lessons and experiences are 
lacking. National and regional platforms will provide avenues for learning lessons 
and act as springboards for country-based or collective action for climate change. 
Through these platforms, there will be review of adaptation initiatives, 
methodologies, tools and approaches. PRESA (Pro-poor rewards for 
environmental services in Africa) community of practice (CoP) focuses on 
rewards for environmental services (RES) including carbon sequestrations by 
bringing together payment for environmental services (PES) innovators to share 
information on assessment tools, negotiation approaches and partnerships. 
Existing platforms should re-look at their focus and expand to include climate 
change mitigation and adaptation.  Platforms for promoting adaptation at the 
community level are however lacking.  

Use of research results and data at the national level are complicated by monocentric 
governance systems with distributed regime structures and excessive red tape. 
Disconnects between science-based evidence and policy implementation at different 
levels exist because policy implementation is left to the discretion of technocrats at 
different levels. Mainstreaming of adaptation in country policies plans and 
programmes need to learn lessons and be informed by science-based evidence so as to 
scale out some of the existing adaptation technologies.  These would require strategic 
policy formulation with focus at the community level and climate change adaptation.  

 

4.2  Strategic Policy Development 
In developing countries, the lack of strategic policy formulation to deal with 
emerging threats of climate change is likely to heighten its impacts at various levels 
with the adverse impacts on smallholder farmers. Existing policies and laws are 
sectoral, some outdated, others duplicative in nature or altogether contradictory to one 
another. Despite these weaknesses, it is worth noting that policy domains steer 
government interventions, influence markets and market transactions, concern the 
immediate decisions of consumers, and have important impact on the behaviour of 
policy makers and communities.   

When a vertical policy approach is adopted, linkages between different policy 
domains are likely to promote waste of resources and duplication of efforts as these 
domains will operate as autonomous entities within existing governance systems 
(Yatich, 2007). Addressing, promoting and balancing feedbacks across the different 
policy domains are crucial from a planning perspective. Mainstreaming climate 
change adaptation is likely to remain as a challenge in the face of differing mandates 
among regime sectors, failure of governments to promote cross-sectoral policy 
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formulation and implementation as well as power relations that shape feedback 
mechanisms among the different sectors. For purposes of promoting community-
based adaptation, strategic policy development should therefore focus more on 
promoting cross-sectoral coordination and decentralization and devolution.   

 

4.3 Institutional adaptation 
Ongoing economic and institutional reforms in African economies have created 
constraints and opportunities for climate change adaptation. Reed (2004) enumerates 
these opportunities as the dismantling of state-controlled marketing systems, the 
removal of bureaucratic obstacles to initiating small-scale enterprises, the opening of 
market outlets for new crops and products, and the opening of some political 
structures to public participation. Institutional reforms have also created constraints 
for the poor:  entrenchment of political and economic elites, new resource 
management regimes that preclude access for the poor, decentralization reforms that 
shift power to regional power brokers but not to the poor, and increased vulnerability 
to economic shocks that threaten the meager asset base of the rural poor (Reed, 2004). 
These constraints do not prepare the poor to adapt to climate change or promote 
interventions at the strategic level to boost the resilience of systems against impacts 
of climate change.  

In many countries, smallholder farmers rarely influence government policy on 
climate change because they do not interact with climatologists, and they seldom 
have umbrella organizations that possess the required national visibility and with 
sufficient political clout to influence policies. Climate change adaptation is neither the 
traditional mandate of meteorological services, nor agriculturalists. In whose realm 
does climate change lie? How is it handled by several sectors and how do the sectors 
interact with each other? Perhaps we defer these questions for another paper. The 
failure of African governments to adequately deal with these questions creates some 
confusion among institutions responsible for climate change. Consequently, 
adaptation interventions are developed at levels that are not operational. Agricultural 
decision makers fail to make the right decisions because of the inability of 
agricultural technocrats to offer strategic advice. In some instance there is 
overemphasis on the impacts and multiplier effects of climate variability because they 
are perceived as real.  Despite increased collective action and awareness at the 
international level and looming threat of climate change,  national-level institutional 
adaptation innovations do not match the ‘dynamism’ of climate change and rarely are 
farmers/communities involved. African governments are at different levels of putting 
in place appropriate institutional frameworks for dealing with climate change 
adaptation at regional and national levels. At a strategic level climate change 
adaptation has not been adequately mainstreamed in the existing policies, laws, plans, 
projects and programmes. Institutional arrangements that will wholly be charged with 
the mandate of climate change adaptation are yet to be established.  
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5. Gaps and way forward 
In this synthesis we have provided an overview of existing agricultural technologies with 
the potential to enhance farmers’ and communities’ adaptation to climate change. 
Knowledge gaps and institutional needs have also been discussed including what needs to 
be done at strategic levels to ensure adoption of agricultural technologies. Challenges 
however still abound. These include re-orienting research to meet the needs of farmers 
and policy makers i.e. promoting research to address the gaps summarized in Table 2 and 
3 on informational and institutional needs. With focus on these needs, uptake will be 
possible depending on provision of the information to farmers and establishing requisite 
institutions to promote adoption. The way information is packaged and passed onto the 
farmers and communities influences adoption of technologies. Lessons and experiences 
learnt through ongoing trials of these technologies, needs to inform scaling out. Linking 
extension to communities’ needs to enhance adaptation to climate change has gaps 
including weaknesses of extension approaches. If extension service provision is demand 
driven, its success would be dependent on how proactive farmers are, levels of education 
and other motivating factors e.g. demand for their agricultural products, supportive 
policies and legislation and existing market infrastructure.    

Conclusion 
The failure to realize improved technology adoption by communities as a climate change 
adaptation strategy can be attributed to the failures of the scientist to provide information 
to farmers and communities. Meeting the institutional needs for the promotion and 
adoption of technologies is the responsibility of policy makers. Research should however 
be re-oriented so that the information needs of farmers and communities are realized. 
This includes shifts from focus on improving agricultural productivity to ‘climate 
proofing’-ensuring that we adapt to the uncertainties of climate change but at the same 
time enhance food security. The institutional infrastructure including cross-sectoral 
coordination for community-based climate change adaptation, need to be addressed at a 
more strategic level, but distributive enough to meet the needs of communities living 
under different biophysical and social conditions. This requires strategic policy 
development as well as institutional adaptation. It is hoped that this paper will catalyze 
and reshape ongoing debates on adaptation to climate change.  
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