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Abstract 

The complex form of resource management and vastness of dry lands in Kenya make it very difficult to 
assess risks associated with climate change. In this paper, we propose the use of a framework for 
exploration of climate risk assessments. The qualitative risk matrix encouraged stakeholder 
involvement and classified climate impacts into four severity categories: minor, moderate, major and 
severe. The likelihood of occurrence of impacts ranges from unlikely to extremely likely. A combination 
of Likelihood and severity determine the risk level. The assessment followed four steps where 
stakeholders documented risks and their consequences in matrices. Climatic impacts with Extreme risk 
level were droughts and sea water intrusion while. reduced and erratic rainfall had an overall high-risk 
level The climat factors are of greatest concerns to inhabitants in the ASALs and should be incorporated 
into adaptation decisions. 
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Introduction 

Dry lands in Kenya cover up to 80% in area and are characterized by low and erratic precipitation, high 
temperatures and high rates of evapo-transpiration. Dry land include Arid and Semi Arid lands 
(ASALs) and support a growing population of pastoralists and agro-pastoralists. Grazing is a 
predominant land use especially in the Arid regions while Semi arid areas are characterized by rain-fed 
and irrigated agriculture, agro pastoralist, fishing, hunting and gathering. Grazing support livestock 
production contributing 12% of the total Gross Domestic Product (GDP). Dry lands livelihoods 
represent a complex form of resource management, involving a continuous ecological balance between 
pastures, livestock, crops and people (WISP, 2007). The environment is fragile in terms of economic and 
livelihood potential however, over millennia pastoral and agro-pastoralists have shown considerable 
capacity to cope with water scarcity, variability in rainfall and recurrent weather related shocks 
(IAASTD, 2009). However, there are concerns whether they will be able to adapt to future changes, let 
alone continue to cope with already occurring variability and uncertainty (TEAR FUND 2010) as 
traditional coping strategies become increasingly insufficient (UNCCD/UNDP/UNEP,2009). High 
poverty levels (GoK, 2008), demographic growth (GoK, 2009), land degradation due to over grazing, 
poor soil management practices prevail in ASALs and these are exacerbated by the climatic changes 
occurring globally ( IPCC, 2007).  

Climate model scenarios for Kenya show increases in temperature of 1º by 2030 and 1.5 º by 2050 for a 
mid- range emission scenario (CSAG and SEI, 2009). Recent studies project increased drier and drought 
conditions in the ASALs (Williams A. P. and Funk C., 2011). So far uncertainties exist in climatic 
projections. Nonetheless, climate is changing and by 2030 and beyond it will unlikely be the same as at 
present. Climate is closely linked with environmental resources and variability and extreme events pose 
risks to people’s livelihoods. Risk is the potential impact of a hazard to an asset and involves a 
combination of an event, its likelihood and consequences. Although there is some understanding on the 
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potential consequences of climate change for pasture and crop production, the magnitude and 
likelihood of these consequences is less understood. Completing a risk assessment can identify risks, 
assess their significance, their likelihood of occurrence, consequences should the event occur in the 
future and identify climate change impacts of most importance and adaptation strategies  

The main aim of this paper is to assess climate impacts and trends including their uncertainty in 
pastoral and agro-pastoral systems production systems in the lower Tana delta and Transmara counties 
in Kenya.  

Materials and methods 

Study sites 

The study was conducted in pastoral and agro-pastoral production systems in lower tana and 
Transmara district, Kenya. Transmara lies between latitude 0º 50' and 1º 50' south and longitude 34º 35' 
and 35º 14' east with an altitude of 1500-2500 m. Topography is characterised by highlands and 
plateaus. Mean annual rainfall is about 1600 mm and temperatures fluctuate between 16-28 °C, the 
lower midland zones being hotter throughout the year.  

Identification of key climatic factors and their impacts on livelihoods in the ASALs. Analysis of 
predominant climate trends and identification of key climatic factors was conducted by analysing 
climate data and gathering stakeholder and expert views in stakeholder workshops.  

Rainfall data for 42 years (1968-2010) from Kenya Metereological weather stations in Kilgoris, and 
Galole, in tana delta were analysed .Confidence levels of climatic trends were generated and used to 
assess the degree of uncertainty of the climatic factor. (IPCC, 2007). The likelihood terminology and 
corresponding values are indicated in Table 1. 

Table 1: Description of likelihood assessment of climatic factor having occurred or occurring in the 
future based on climatic data analysis and expert view  

 

Source: IPCC (2007) 

 

Stakeholder workshops. We adopted a modified risk assessment framework (AGO, 2006; George et al., 
2009, WBI, 2010) to assess climatic risks. A climate risk matrix was developed in a series of stakeholder 
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workshops. During each stakeholder workshop 4 distinct steps were followed to complete the risk 
assessment exercise which includes: Step 1. Understanding the scope of the assessment, identify climate 
change factors of interest to stakeholders and how they impact on sectors of interest and assess the level 
of confidence in their projections., Step 2. Evaluating the likely impacts of climate change using expert 
and local knowledge. Step 3.A risk assessment of the impacts to identify the threats of the impacts, the 
consequences and likelihood of occurrence of the impact. Step 4.completed the risk assessment of the 
impacts  

Step 1: identification of climatic factors: Identification of key climate factors and their features that 
impact sectors of interest. Stakeholders were asked to identify the climatic risks that farmers face in 
their daily lives. The identification process facilitated awareness creation and exchange of information 
between communities and facilitators. The discussion centred on the indicators of climate change in 
each site. 

Identification of variables of interest. During workshops stakeholder were guided to identify most 
important environmental, social and economic sectors and variables of interest to agriculture that may 
be impacted by the mentioned climatic change factors. The results were used to identify the variables of 
interest that are impacted by the climate factors and are considered critical to the functioning of the 
agricultural sector in the study regions.  

Step 2: Impact matrices. All the identified variables were used to develop impact matrices consisting of 
climatic factors (left column) and the variables of interest (the top row). The workshop participants 
through dialogue and based on expert and local knowledge generated the likely impacts of the climatic 
factors and filled the matrix cells with the identified impacts.  

Step 3 Risk assessment of the impact. Risk assessment of the impacts of climate change involved 
understanding the potential consequences and the likelihood of these consequences occurring. The 
association between the likelihood of the climatic factor occurring and the consequences should a 
climatic factor occur was translated into a risk value (George et al., 2009; WBI 2010). When a factor is 
‘likely’ to occur and have ‘severe’ consequences, it is classified as ‘high’ risk. The risk values are 
classified into 4 categories: low, medium, high and extreme (Figure 1).  
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Extremely 
likely  

D C B A 

Very likely D C B B 

Likely D C C B 

Unlikely D D D D 

 Minor  Moderate Major  Severe  

 Severity/consequence 

Figure 1: Risk matrix; Extreme risk ( A), High risk value (B), moderate risk condition to give 
consideration for further adaptation and planning (C), Low risk value(D) 

Results and discussion 

Stakeholder identification of key climatic factors of interest 

Stakeholder identified nine key climate variables and related aspects with potential to have a significant 
impact on livelihoods in the ASALS (Table 2). 

Rainfall data analysis : The rainfall trend for the sites was analyzed using the meteorological data from 
Kenya Metereological weather stations in Kilgoris, and Galole, in tana delta. Rainfall trend is projected 
to decrease in Transmara with low moisture spells and possibly frequency of drought occurrence 
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(Figure 2). Farmers confirmed these findings as they reported decreased rainfall amounts in the last 10 
years and an increase in night and day time temperatures. 

Table 2: Summary of climate variables and related aspects of interest to farmers in dryland 
regions of Kenya 

Climate related impacts  

Lower Tana Transmara 

Ijarra Ozi Garsen Kirindoni Lolgorien 

1. Rainfall Reduction ● ●  ● ● 

Erratic rainfall    ● ● 

Increased rainfall intensity ●  ● ●  

2. Temperature increase ● ● ● ● ● 

Drought ●   ● ● 

Prolonged drought ●   ●  

3. Floods/ sea water intrusion  ● ●   

4. unpredictable wind direction ● ● ●   

 

 

Figure 2: Kilgoris annual rainfall trends 

At Galole station rainfall data for 1961-2001 (40 years) period indicates a general decline in rainfall in 
the area as described by the equation y = -2.123x + 503.8 (Figure 3). 

Fitted equation : TotRain = 4665 - 2.123 * Year; Confidence level is 71.57%. 

 

Figure 3: Time series rainfall trend for the Tana River irrigation (Galole) meteorological station 
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This coincides with the observations from the district departmental heads and farmers interviewed 
during the risk assessment exercises. Farmers lamented on the declining rainfall trends in the area 
characterized by shifts in seasons, erratic and relatively high intensity.  

Climatic factors and sectors of interest identified by stakeholders. Increased drought frequency, sea 
water intrusion, temperature increase and rainfall reduction were identified as climatic factors that 
occur frequently in the study sites. Key sectors impacted by the recurring climatic factors included 
agricultural and domestic water, crop, livestock ,pasture and rice production especially in Tana delta 
where there is heavy reliance on flood farming and paddy rice farming.  

Impact matrices. Likely impacts of the climatic factors on the sectors of interest are shown in Table 3. 

Table 3: Highlights of impacts experienced in key sectors as identified by farmers 

Sector/resource Example of impacts as disused with stakeholders 

Crop production  Intense precipitation can delay planting and damage crops while still in field and lead to 
nutrient leeching  

High temperatures and prolonged drought leads to high evaporation rates , reduced soil 
moisture leading to crop wilting and yield loss  

increased pests and diseases e.g. powderly mildew & mealy bugs in cashew at the 
coastal regions  

Decreased yields  

Water Drying up of water sources e.g. rivers, water pans and boreholes. 

Scarity of water leads to Human-livestock-wildlife water resource conflicts and water 
related diseases  

 Decline in water quality in available water sources increase incidences of leading to water 
related diseases  

 “Trekking” long distances to access water 

Soil  Intense precipitation leads to excessive water in the cropping fields 

Heavy downpours accelerates soil erosion in sloping croplands.  

Pastures Severe drought leads to overgrazing in forests and other natural pastures areas leading to 
poor regeneration of native species  

Slow regenation leads to replacement with noxious “hard” weeds in pasture fields and 
emergence of invader species e.g. Penisetum canabatis 

Reduced pasture quantities (i.e less acreage in communal grazing lands due to shift to 
crop production.  

Loss of pasture quality i.e available pasture is less palatable to animals 

Livestock production Wildlife-livestock conflicts due to resource scarcity (water and pastures) leading to spread 
of wildlife diseases to livestock and vice versa/ Increased transmission of diseases from 
wildlife to livestock. 

Emergence of new disease- OSertert- local name maasai  

Livestock-wildlife conflicts results in spread of diseases 

No water for livestock 

Long distances to water points and pastures. 

Absence of family members, increased poverty levels, spread of HIV 

 

The impact matrix shows how severe consequence will be if the climatic factor occurred. Extent of 
impats of the climate change factors on each of the identified production sectors of interest to farmers in 
the ASALs is given in Table 4. 
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The proportion of cells with extreme negative impacts was 12%, and 48 % had a high negative impact 
level. For the key variables of interest identified, consequences was high for water availability, pasture, 
crop and livestock production.  
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Table 4: Impact matrix indicating severity of consequences associated with climate impacts on 
selected sectors of interest for farmers in ASALs 

Sector/ variable of 
interest 

Climate impacts 

Temperature 
increase 

Rainfall 
reduction  

Sporadic 
rainfall  

Increased drought 
frequency 

Floods (sea 
water intrusion) 

Water availability High High High Extreme High 

Livestock production Moderate Moderate Moderate High Moderate 

Pasture availability High Moderate High Risk High Moderate 

Crop production High High High High High 

Rice production Low Moderate Extreme Moderate Extreme 

 

Assessment of risk level  

Increased drought frequency, sea water intrusion, temperature increase and rainfall reduction were 
identified as climatic factors that occur frequently in the study sites. Increased drought frequency and 
sea water intrusion were rates as extremely likely to occur while temperature increase and rainfall 
reduction were rated as Very likely to occur They were viewed as having severe consequences to the 
livelihoods in the ASALs. The overall risk value was extreme for increased drought frequency and sea 
water intrusion, and high for temperature increase and rainfall reduction . These risks should be 
incorporated into coping decisions. The risk assessment shows an overall high impact of climate change 
in the ASALs. Increased drought incidences and erratic rainfall were the major causes of risks across the 
production systems of interest. The high potential impacts, low adaptive capacity of the farmers and 
frequent droughts is likely to render pasture and crop production vulnerable to climate change. 
Farmers are already adapting and there is need for a planned adaptation where changes are monitored 
and evaluated in levels of risks and suitability of adaptation strategies.  

Conclusion 

The risk matrix assessment methodology and provide a baseline on which to build on and complete 
risk assessment and further evaluate adaptation options. The tool allowed us to identify and discuss 
projected climate change, likely impacts, and characterized risks. Climatic factors with overall extreme 
risks were frequent droughts and seawater intrusion. The overall Risk value was high for water 
availability, pasture, crop and livestock production. These climatic factors are of greatest concerns to 
inhabitants in the ASALs and should be incorporated into adaptation decisions. 
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