
Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 20-25 October 2013. Nakuru, Kenya. 

Analysis of analytical tools for climate change impacts on agriculture in Kenya 
 

S.J. Matere, Kwena Kizito1, S.O. Nyamwaro2, A.O. Esilaba3, W. Ndegwa4, 
D.K. Wamae2, J.W. Kuyiah5, R. Ruttoh1 and A.M. Kibue4 

 

Kenya Agricultural Research Institute, Muguga South, 
P.O. Box 30148-00100 Nairobi, Kenya, stellamatere@gmail.com 

1KARI-Katumani, P.O. Box 340-90100 Machakos, Kenya 
2KARI-Muguga North, P.O. Box 032-00902 Kikuyu, Kenya 
3KARI-Headquarters, P.O Box 57811-00200 Nairobi, Kenya 

4Kenya Meteorological Dept, P.O. Box 30259-00100 Nairobi, Kenya 
5Ministry of Agriculture, P.O. Box 30028-00100 Nairobi, Kenya 

Abstract 

Climate change poses a major threat to the environment, economic growth and sustainable 
development globally. Agriculture is arguably the most important sector of the Kenyan economy that is 
highly dependent on climate. Since the first Intergovernmental Panel on Climate Change assessment 
report was published in 1990, substantial efforts have been directed toward understanding climate 
change impacts on agricultural systems worldwide. The resulting advances have come from 
development of methods, models and data collection in addition to the observation of actual changes in 
climate and its impact. Although a large body of scientific data and models have been developed to 
predict the impacts of the contemporary and future climate, there is little knowledge on the level of 
application of the models in Kenya.  The availability of such knowledge is critical for designing 
technologies and policies to mitigate climate change and facilitate adaptation to the changes that now 
appear inevitable in the next several decades and beyond. The study conducted key informants 
interviews to identify the analytical tools used to estimate the impacts of climate change and the level of 
utilization on productive sectors of the economy; namely crops, livestock, water and natural resources. 
The respondents were purposively selected from Universities, Research institutions and policy 
institutions. All respondents reported that climate change has already exerted stresses on the 
biophysical, social and institutional environments that underpin agricultural production. However, 
77% of the respondents had not used any analytical tools to estimate the impact of climate change. on 
any sector of the economy; a meagre 3% used crop simulation models. This was attributed to 
insufficient knowledge on analytical tools that could be used to estimate the impact of climate change 
on major sectors of the economy and therefore requires capacity building to empower researchers and 
decision makers to use analytical tools that would enable them make informed decisions on the 
appropriate adaptation and mitigation strategies. 
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Introduction  

Climate change poses a major threat to the environment, economic growth and sustainable 
development globally. Sub-Saharan countries are threatened by the predicted effects of climate change 
because of their economic dependence on climate for development of agriculture which is the 
cornerstone of the economies, the basis of economic growth and the main source of livelihood (Boko et 
al., 2007). Agriculture is arguably the most important sector of the Kenyan economy that is highly 
dependent on climate (GoK, 2007). The farming communities have continuously tried to get adapted to 
the techniques. It is therefore certain that if future climate change reduces precipitation, then it will 
present an additional challenge to agriculture and water resource availability which will be aggravated 
by existing low efficiency water-use farming techniques. This will add to the country’s vulnerability 
due to widespread poverty, low economic and technological development that limits the adaptive 
capacity of its people (Herero et al, 2010; SEI, 2009).  
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About eighty percent of Kenya is arid and semi-arid (GOK, 2010). Non-irrigated agriculture dominates 
these areas and most crops grown are near their maximum temperature-tolerance; crop production is 
predicted to decrease even with small increases in atmospheric temperature (Odera et al., 2012; 
Thornton et al., 2010). The increasing climatic variability arising from extreme weather events will have 
serious implications on crop production and food availability (Mariara-Kabubo and Karanja, 2007). 
Population growth and development have driven up national demand for food leading to 
encroachment of farming activities on marginal lands and as competition for other land uses, water and 
energy intensifies, the impacts of climate change starts to take effect thus exacerbating the existing food 
production stress (Bryan et al., 2013).  

Since the first Intergovernmental Panel on Climate Change (IPCC) assessment report was published in 
1990, substantial efforts have been directed toward detailed understanding of climate change impacts 
on agricultural systems worldwide. The resulting advances have led to development of methods and 
models to brace the existing observation of actual changes in climate and its impact. Most existing 
research on agricultural impacts in Kenya has led to dire predictions of adverse impacts of climate 
change on agricultural production (Njiru et al., 2010; Kabubo-Mariara and Karanja, 2007). The public   
and private institutions that support agriculture could contribute towards averting the situation by 
empowering the farming communities adapt to climate changes in ways that would mitigate negative 
impacts and take advantage of positive impacts, especially when based on empirical evidence of the 
climate change impacts (Bryan et al., 2013).  

After the publication of the first IPCC assessment report, a large body of scientific data and models 
have been developed to predict the impacts of the contemporary and future climate. However, there is 
little knowledge on the level of application of the models in Kenya.  The availability of such knowledge 
is critical for designing technologies and policies to mitigate climate change and facilitate adaptation to 
the changes that now appear ineviTable in the next several decades and beyond. The study sought to 
identify the analytical tools that have been used to estimate the impacts and their level of utilization in 
major productive sectors of the economy. 

Materials and methods 

A baseline survey was undertaken to determine the type of analytical tools used to estimate the impact 
of climate change on crops and livestock production, water resources and natural environment between 
the year 2007 and 2012 (a five year period). Key informants from universities, research institutions and 
policy areas were purposively selected for interviews.  About 90 respondents drawn from each of these 
groups were interviewed using open-ended questionnaires.  Data were coded, entered, cleaned and 
analyzed using Statistical Package for Social Scientists (SPSS) version 18 computer program.  Utilization 
of analytical tools in three broad thematic areas namely adaptation, mitigation and capacity building 
was assessed. The development sectors selected for analysis were agriculture, livestock, environment 
(natural resources), and water resources. To disconnect livestock from agriculture, the selected 
agricultural sector was left to crops sub-sector alone. 

Results and discussions 

The results from the survey show that 12% of the respondents used structural models in analysing 
climate change impacts, of which 9% were within the adaptation theme, 2% in mitigation and 1% in 
capacity building. Three percent of the respondents utilized spatial models of which 2% was employed 
in adaptation and1% in mitigation. The climate change models were applied by 2% of respondents in 
adaptation and 1% in mitigation. A total of 16% of the respondents employed analytical tools in 
evaluating adaptation. Generally more technical tools were used to address adaptation while the least 
technical tools were used in capacity building. This implies that adaptation was being addressed more 
than mitigation. The implication is in line with IPCC fourth assessment report’s recommendations that 
adaptation be widely recognized as an immediate and vital component of any policy response to 
climate change while mitigation interventions should be considered as long term (IPCC, 2007). The 
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situation is underpinned by the National Climate Change Response Strategy (NCCRS) of Kenya that 
recognises adaptation as a short term intervention of cushioning sectors of the economy against adverse 
effects of climate variability and change (GOK, 2010). The Strategy also recognises mainstreaming 
climate change issues throughout all economic sectors to ensure coordinated implementation of climate 
change adaptation and mitigation activities. The NCCRS further acknowledges the importance of 
effective communication, education and public awareness programmes in improving the resilience of 
communities and productive sectors for adaptation to climate change which buttressed the use of 
analytical tools in capacity building. However, the low level utilization of climate models in capacity 
building could be explained by inadequate capacities among researchers or trainers to adapt such 
approaches as economics of climate change is in its infancy in terms of framework and tools 
(Chambwera and Stage, 2010). 

 

Figure 1 : Analytical tools used to generate estimates of climate change impacts in selected Thematic 
areas (n=178) 

 

From the survey, 77% of the respondents had not used any models in analyzing the impact of climate 
change on selected productive sectors. Twelve percent of the respondents had applied structural 
models; 3% used spatial models, 5% and 3% used economic and climate change models respectively. Of 
those that used models in climate change impact assessment, 11% were involved in crops sub-sector, 
6% in livestock sub-sector, 5% in environment and 1% in water. A total of 18% of the respondents had 
used models in crops and livestock, which could be attributed to importance of the two sub-sectors in 
alleviating hunger and malnutrition and contribute towards achieving the target two of the first goal of 
the millennium development goal. The utilization of the structural model is credited to ability of the 
approach to combine crop model through agronomic response with economic-farmer management 
practices; the approach is based on detailed experiments that determine the response of specific crop 
varieties on different climatic and other conditions. The crop simulation models that were imbedded in 
the structural models include CERES, Agricultural Production System Simulator (APSIM) and Decision 
Support System for Agrotechnology Transfer (DSSAT). Diminutive usage of climate change model 
could be due to lack of facilities and human resources to collect and process climate data. The wide use 
of economic analysis model could also be due to minimal data requirement and hence most 
parsimonious models are simple and therefore suiTable for developing countries that are normally 
financially constrained when searching for extensive data. The statistical packages that were used in 
conjunction with the models were General Statistical package (GENSTAT), Statistical Analysis System 
(SAS), SPSS and Excel.  
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Figure 2: Analytical tools used to generate estimates of climate change impacts on selected 
productive sectors (n=178) 

 

Figure 3: Statistical packages used in data analysis (n=184) 

 

A meagre 3% of the respondents used crop simulation models within the structural approach. 
Agricultural Production System Simulator (APSIM) was reported as a popular crop modelling tool 
accounting for 46% of respondents using crop models, followed by 28% and 26% for CERES-maize and 
DSSAT respectively. Forty two percent of the crop models were utilized in the adaptation theme, 26% 
and 32 % in the Mitigation and the capacity building respectively. Wide use of the APSIM model could 
be explained by its wide use in farming systems and the ability to provide accurate predictions of crop 
production in relation to climate, genotype and soil management factor while addressing the long-term 
resource management issues. The model is also applied in support for on-farm decision making, 
farming systems design for production or resource management, assessment of the value of seasonal 
climate forecasting, risk assessment for policy making and as a guide for research and educational 
activities. 

Climate change will pose a great challenge to agriculture in Sub- Saharan Africa (SSA) due to the 
region’s vulnerability and low adaptive capacity (Shah et al., 2008; Slingo et al., 2005). The study sought 
to identify the methods used to analyse agricultural sector’s vulnerability to climate change.  This study 
based the definition of vulnerability on the Intergovernmental Panel on Climate Change’s definition, 
where a region’s vulnerability to climate change and variability is described by three elements: 
exposure, sensitivity, and adaptive capacity (IPCC 2001).  Exposure is interpreted as the direct danger 
(the stressor), and the nature and extent of changes to a region’s climate variables (e.g., temperature, 
precipitation, extreme weather events). Sensitivity describes the human and environmental conditions 
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that can worsen the hazard, ameliorate the hazard or trigger an impact. Adaptive capacity represents 
the potential to implement adaptation measures that help avert potential impacts 

 

Figure 4: Crop simulation models used in selected thematic areas (n=30) 

 

The results from this survey indicated that 15% of the respondents used the indicator approach which 
involved risk zoning and maps, 6% employed spatial-GIS related technologies, while 79% had not 
conducted any empirical study. The use of the indicator approach is attributed to its ease in detecting, 
their degree of vulnerability, the causes of their vulnerability, and what responses can lessen their 
vulnerability. The approach uses a specific set or combination of indicators (proxy indicators) and 
measures vulnerability by computing indices, averages or weighted averages for those selected 
variables or indicators. The indicator approach was favoured for its wide scale of application; used at 
household, county or district, and national level. The approach is used to develop a better 
understanding of the socio-economic and biophysical factors contributing to elicit vulnerability. 
Mapping helped in identifying the vulnerable areas and groups to guide on where to locate specific 
activities that improve the target group resilience to climate variability. 

 

Figure 6: Analytical tools used in vulnerability assessment 

 

Conclusions and recommendations 

The results from the survey show that the application of analytical tools by researchers, academia and 
policy planners in assessment of climate change impact on the major sector of the economy is low. Most 
of the analytical tools were applied in adaptation; specifically in crops and livestock sub-sector while 
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capacity building had the least application followed by mitigation. Structural models were most 
utilized in all the selected productive sector of the economy followed by the economic models, climate 
change models were least applied in all the sectors. Agricultural Production System Simulator model 
was the most adopted crop simulation model to Decision Support System for Agrotechnology Transfer 
(DSSAT) and CERES-model. 

In Kenya like many other African countries, economics of climate change is in its nascent stage in terms 
of analytical frameworks and tools. Practical applications of climate change impact analysis are limited 
within research institutions and policy arena. Vigorous capacity building to empower the researchers to 
rigorously estimate the impacts of climate change on an economy that would enable development of 
appropriate adaptation strategies is required. More research on varieties that are indigenous or locally 
adapted varieties to the country should be modelled and entered into the major crop simulation 
software such as APSIM and DSSAT to broaden the ability of climate change studies in the country in 
providing more informed choice of practices, technological tools that would be used as appropriate 
means of reducing long term vulnerability to climate change.   
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