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List of acronyms 

 

 

 

 

 

 

ALP     Adaptation Learning Programme 

ASAL   Arid and semi-arid lands 

CMIP3   Coupled Model Inter-comparison Project, phase 3  

CO2e  Carbon dioxide equivalent 

CRU  Climatic Research Unit 

DSSAT  Decision support system for agro technology transfer 

ECHam4  European Centre for Medium-Range Weather Forecasts Climate Model, version 4 

ENSO   El Niño Southern Oscillation 

FAO  Food and Agricultural Organisation (United Nations) 

GCM  Global Climate Model   

GHGs   Greenhouse gases 

GPCP   Global Precipitation Climatology Project 

HadCM3  Hadley Centre Coupled Model, version 3 

ILRI   International Livestock Research Institute 

IPCC   Intergovernmental Panel on Climate Change 

ITCZ   Inter-Tropical Convergence Zone 

LGP  Length to the growing period 

LPG   Liquid Petroleum Gas 

MAM  March, April, May  

OND    October, November, December 

RCP   Representative Concentration Pathways 

SLR  Sea level rise 

SOND   September, October, November, December 

SRES   Special Report on Emissions Scenarios 

SSA   Sub-Saharan Africa 

SST   Sea Surface Temperatures 

UNEP-GRID  United Nations Environment Programme, GRID-Arendal 

WCRP  World Climate Research Programme 

WGI   Working Group I (Physical Science) of the Intergovernmental Panel on Climate 
Change 

WGII   Working Group II (Impacts, Adaptation and Vulnerability ) of the Intergovernmental 
Panel on Climate Change 

http://www.ipcc.ch/
http://www.ipcc-wg2.gov/index.html
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Technical Appendix 1: A review of 

climate change impacts in Kenya 

and Garissa 

Introduction 

The following report contributes to the first phase of the CARE 

International commissioned economic analysis on community-based 

adaptation to climate change. The aim of this document is to assess 

the most recent literature examining climate impacts in eastern 

equatorial Africa, Kenya, and specifically the Garissa region and 

extract data basd on state-of-the-art modelling studies on future 

climate impacts to establish a baseline of current and future costs 

relating to the impacts of climate change in a sample of ALP 

communities in the Garrisa region of Kenya. 

First we describe future climate scenarios used to force a range of 

climate models. The current climatology of the study region is then 

described and key impacts identified. Each impact is then described 

and quantified where possible. A range of figures are presented with 

levels of uncertainty. 

Future climate scenarios 

The impact of different scenarios set out in the Intergovernmental 

Panel on Climate Change (IPCC) Special Report on Emissions 

Scenarios (SRES) on global average temperature change by 2100 

relative to the 20-year average from 1980 to 2000 is shown in Table 

A1.  

SRES emissions scenarios were developed in the mid-1990s and are 

based on four different storylines to describe the relationship between 

the forces which drive emissions, i.e. their evolution. The storylines 

also add context for scenario quantification. Each storyline represents 

a different world future:  

1. Scenario A1: a world with quick economic growth and a quick 
launch of new and efficient technologies;  

2. Scenario A2: A very heterogenic world with focus on family values 
and local traditions;  

3. Scenario B1: A world without materialism and the launch of clean 
technologies; and  

http://www.ipcc.ch/
http://www.ipcc.ch/
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4. Scenario B2: A world with a focus on local solutions for economic 
and ecological sustainability. 

 

The temperature ranges for each scenario are shown in Table A1 and 

are based on projections from the simple model emulation of 19 

climate models as shown in Figure 10.26 of the AR4,1 WGI.  

Table A1. Temperature ranges by the year 2100 for different IPCC 
emission scenarios.2  

SRES Scenario ˚C above 1980–
2000 

Model average ˚C 
above 1980–2000 

B1 scenario 1.4 – 2.9 2.0 

A1T scenario 1.9 – 3.8 2.6 

B2 scenario 2.0 – 3.8 2.7 

A1B scenario 2.3 – 4.3 3.1 

A2 scenario 2.9 – 5.3 2.9 

A1FI scenario 3.4 – 6.1 4.6 

 

Where available, impacts will be presented for the B1 scenario 

(SRES, best-case scenario) and A2 (business as usual). Studies 

rarely systematically report on these or other SRES scenarios, 

however. Where data for the best- and worst-case scenario are not 

available, the SRES scenario employed will be highlighted. For 

example, the most recent regional climate model (RegCM3)3 has only 

been run for a control (no climate change) and the SRES A2 scenario.  



 

Counting on Uncertainty Technical Appendices 1-9 5 

Climatology and geography of the study region

 

Figure A1 shows the Köppen-Geiger Climate Classification scheme 

for the African continent.4 Garissa is located in the Equatorial East 

African climatic region (10°S to 10°N, 20°E to 50°E) as defined by 

Giannini et al.5 and Hulme et al.6  

The Equatorial East African climatic region consists of diverse climate 

zones from forest to desert. However, annual rainfall, while complex, 

exhibits a bimodal (has two peaks) pattern. This is due to the 

seasonal movement of the Inter-Tropical Convergence Zone (ITCZ).7 

The region of study (Garissa Region) is mainly characterized by BSh 

(arid, steppe, hot – 

 

Moving away from the coastline, the south-eastern tip of the district 

agro-climatic zone is classed as semi-arid (500–600mm/yr). North of 

this region in the southern part of district, the agro-climate zone is 

classed as arid (mean annual rainfall of 300–550mm). Farthest away 

from the coast in the north eastern region, the agro-climate zone is 

classed as very-arid (<300mm).  

The study region is a low-lying region (<500m above sea level) and 

the majority of the land in the Garissa Region lies between 0-200m. 

While there is low potential for agriculture, the region is rich in wildlife 

with high tourism potential. 
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According to Munde et al (2007) Twenty per cent of the Kenyan 

population live in semi-arid to very arid regions – this includes the 

Garissa region.  

The Garissa region has a population of 392 510, in addition to an 

outstanding 130 000 refugees, mainly from neighbouring Somalia, 

exerting pressure on natural resources in the district, especially in the 

Liboi, Jarajila, and Dadaab divisions.  However, the region has a 

highly heterogeneous population density. Overall, the district has a 

population density of 9 people per km2. However, this ranges from 2 

people per km2 in Bura Division to 82 people per km2 in Central 

Division. 

Table A2), where annual temperatures (Tann) ≥ +18 °C and annual 

precipitation (Pann) have a dryness threshold of >5Pth.  

Using ensemble projections from five GCMs applied to emission 

scenarios of the IPCC and described in the SRES, Rubel & Kottek8 

project future shifts in the Köppen-Geiger Climate Classification. The 

authors do not report an expected shift in the climatic zone in the 

Garissa Region over the period 1901–21009 in any of the SRES 

scenarios used to force the GCMs. As such, generic impact 

assessments for arid and semi-arid lands (ASAL) are a useful starting 

point for the assessment of climate risks in this region and are 

discussed in later sections of this Appendix. 

Characteristic of the climatic zone, Kenya has a bimodal annual 

rainfall pattern. The long rains (March–May) contribute more than 70 

per cent of the annual rainfall, while the short rains (October–

December) contribute less than 20 per cent.10 The spatio-temporal 

variability of these rainfall patterns are variable on an inter-annual 

timescale, particularly over ASAL.11,12  

Average rainfall is 320–445mm per year in Garissa.13,14 Temperatures 

reach close to 40 °C during the jilaal dry season, with an annual 

temperature range of 20–38 ˚C.15  

 

Figure A1. Köppen-Geiger Climate Classification of Sub-Saharan 

Africa (SSA)16 using CRU and GPCP data over the period 1951–

2000. Red boxes identify climatic sub-regions as defined by 

Giannini et al.17  These regions are also broadly consistent with 

Hulme et al.18 The first letter describes the main classes of 

climate, the second latter accounts for precipitation and the third 

letter for temperature (see Table A2). 
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Moving away from the coastline, the south-eastern tip of the district 

agro-climatic zone is classed as semi-arid (500–600mm/yr). North of 

this region in the southern part of district, the agro-climate zone is 

classed as arid (mean annual rainfall of 300–550mm). Farthest away 

from the coast in the north eastern region, the agro-climate zone is 

classed as very-arid (<300mm).19  

The study region is a low-lying region (<500m above sea level) and 

the majority of the land in the Garissa Region lies between 0-200m.20 

While there is low potential for agriculture, the region is rich in wildlife 

with high tourism potential.21 

According to Munde et al (2007) Twenty per cent of the Kenyan 

population live in semi-arid to very arid regions – this includes the 

Garissa region. 22 

The Garissa region has a population of 392 510, in addition to an 

outstanding 130 000 refugees, mainly from neighbouring Somalia, 

exerting pressure on natural resources in the district, especially in the 

Liboi, Jarajila, and Dadaab divisions.23  However, the region has a 

highly heterogeneous population density. Overall, the district has a 

population density of 9 people per km2. However, this ranges from 2 

people per km2 in Bura Division to 82 people per km2 in Central 

Division. 
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Table A2. Köppen-Geiger climate classification. 

Main Climates Precipitation Temperature 

A: equatorial W: desert h: hot arid 

B: arid S: steppe k: cold arid 

C: warm temperate f: fully humid a: hot summer 

D: snow s: summer dry b: warm summer 

E: polar w: winter dry c: cool summer 

 m: monsoonal d: extremely 
continental 

  F: polar frost 

  T: polar tundra 

 

Poverty levels are very high in Garissa District, with 68 per cent of the 

population living in absolute poverty. The district also has one of the 

lowest literacy levels in the country, with a literacy level of 20 per cent. 

Traditionally, nomadic pastoralism has been central to the economy in 

the region24,25, (Table A3). Since the strong El Niño in 1997, however, 

the area has only had a couple of normal rainy seasons. All other 

rainy seasons have been below normal.  

Table A3. Livelihood zones in Garissa District by division and 

population distribution.26  

Livelihood zone Divisions covered Population % 
population 

Pastoral: All species Balambala, 
Benane, Bura-
Garissa, Dadaab, 
Jarajila, Liboi, 
Modogashe, Shant 
Abaq 

165,519 50 

Formal employment/ 
casual wage 
labour/business 

Central Garissa 65,678 20 

Pastoral: 
Cattle/sheep 

Balambala, 
Danyere, Jarajila, 
Liboi 

54,845 17 

Agropastoral Balambala, Central 
Garissa, Danyere, 
Sankuri 

30,477 9 

Pastoral: 
Camel/sheep/goat 

Bura-Garissa, 
Shant Abaq 

13,349 4 
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Total  329,868 100 

 

Table A4. Human population and livestock numbers in different 
agro-ecological zones of Kenya.27  

Human population and livestock numbers 

Agro-climate 

zone (LGP= 

Length of 

Growing 

Period). 

Human 

pop 

(‘000s) 

Cattle Goat Sheep Area 

(km 2) 

Arid (LGP < 

90 days) 

2,516 2,665,750 4,005,340 2,882,090 351,347 

Semi-Arid 

(LGP 90 - 120 

days) 

4,377 2,751,580 2,500,690 1,969,670 123,436 

Sub-humid 

(LGP 180-210 

days) 

2,808 1,129,430 772,522 772,678 32,203 

Humid (LGP > 

210 days) 

20,373 7,210,830 2,263,680 2,803,410 83,490 

 

 

This has led to an increase in drought frequency which has been 

accompanied by outbreaks of livestock disease and abnormal 

migration to Ethiopia and Somalia, as pastoralists have searched for 

pasture and water. According to Browne et al (2007), livestock 

holdings have been severely affected and the ability of local 

populations to survive on a purely pastoral livelihood has been 

compromised.28 

Arid and semi-arid districts (including Garissa) are home to around 15 

per cent of the population, 40 per cent of the cattle, and 60 per cent of 

the small ruminants in Kenya. These areas also produce the majority 

of Kenya’s dryland crops (sorghum and millet). These largely 

neglected areas are characterized by a high degree of poverty and 

food insecurity, increased conflicts, high rainfall variability, and 

significant production risk of which has led to significant human 

migrations to cities in higher potential areas (Nairobi, Nakuru, 

Kisumic, etc.) in search of employment.29 Furthermore, excessive 

rainfall, can lead to the emergence of rift valley fever, while prolonged 

dry spells can cause death of herds. 

Semi-arid areas currently present the highest yield gaps for crops. 

Major environmental factors limiting crop production in the ASAL of 
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Kenya are high potential evaporation30 and rainfall (which is highly 

variable and unpredictable in space and time).31 However, with 

adequate programmes to support agriculture, investment in 

infrastructure, market development and adoption of risk management 

practices, crop and livestock production could be significantly 

improved.32  

Table A5. Production of key agricultural commodities by agro 
ecological zone.33  

Production in metric tonnes (‘000s), 2000 

Agro-climate 
zone (LGP = 
Length of 
Growing Period) 
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Arid (LGP < 90 
days) 

20 11 171 95 1,441 16 3 29 8 

Semi-Arid (LGP 
90–120 days) 

111 45 703 222 1,096 69 4 35 15 

Sub-humid (LGP 
180–210 days) 

83 13 292 74 424 29 5 17 4 

Humid (LGP > 
210 days) 

267 25 1,036 223 1,299 421 165 43 21 

Total 480 95 2,203 614 4,260 536 177 126 47 

 

The major ecosystem types (1995–2000) in Garissa region can be 

defined as mainly bush and woodland, with savanna and grassland 

towards the north-east of the region. Forest ecosystems are scattered 

to the east of the region and bordering Somalia and in the north-west 

of the region.34 

Given the low vegetation cover, the environment is fragile, and much 

of the vegetation in the area has been utilised for firewood leaving the 

area vulnerable to wind erosion, which has the potential to lead to 

desertification.35  

The River Tana, the single most important source of water for Garissa 

town and surrounding areas runs along the western boundary of the 

district. As it is the only permenant river, it has a huge influence over 

the climate, settlement patterns and economic activities within the 

district.36  

Figure A2. Garissa District Livelihood Zones.37  
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Soils in the region range from the sandstone, dark clays in some 

patches to alluvial (white and red sand) soils along the Tana river 

basin. The white and red sand soils found in the Balambala Division 

hold no water, but support vegetation which remains green long after 

the rains. According to the ILRI, these soils have potential for farming. 

The rest of the district has sandy soilds that support scattered shrubs 

and grassland. Along the banks of the River Tana and Iagha valleys, 

however, fertile alluvial soils dominate which can support increased 

agricultural production using irrigation.38  

In terms of groundwater,the district has a lot of potential from the Merti 

aquifer which stretches from the Shant Abaq to Jarajila Division. 

Along the aquifer most of the water is fresh although some parts of 

Jarakila have saline water. In the northern and central parts of the 

district, however, there is no underground water potential and 

therefore these cannot support human habitation during the dry 

periods.39  

Rainfall climatology 

Prediction of changes to rainfall over Africa is plagued with 

uncertainty; primarily as the relative importance of different 

mechanisms that drive precipitation still need to be understood. 

However, multi-model intercomparisons of all models in the 
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WCRP/CMIP3 archive imply that the precipitation signal over eastern 

equatorial Africa is more robust compared to other climatic zones in 

Sub-Saharan Africa (SSA). Here multi-model means of precipitation 

imply more intense rainfall. 

Historically over the past 30 years, the eastern equatorial region has 

suffered from more frequent, dry anomalous events (Error! 

Reference source not found.). The trend towards drying of the 

region and this is even more apparent with GPCP (Global 

Precipitation Climatology Project)40 extension of time series (red solid 

line in Error! Reference source not found.). CRU41 (Climatic 

Research Unit) data is in black bars, GPCP is the solid red line. The 

CRU climatology over 1930–1995 is depicted by the green dashed 

horizontal line and that of the GPCP over 1979–2005 is depicted by 

the brown horizontal line. 

Theory predicts that a uniform warming will lead to an increase in 

specific humidity. The hypothesis that regional precipitation changes 

are determined by this humidity change, rather than by changes to the 

circulation imply that there will be an increase in rainfall in currently 

rain-rich regions, with a decrease in currently semi-arid regions. 

However, superimposed on this pattern will be changes to intensity 

and frequency of rainfall events during the long and short rain 

seasons.  

Christensen et al.42 reported an increase in the number of extremely 

wet seasons to 20 per cent in East Africa regions (i.e. 1 in 5 of the 

seasons is extremely wet, as compared to 1 in 20 in the control period 

in the late twentieth century). Wet extremes are projected to increase 

during both the SOND rainy season and MAM rainy season.43 

Although dry extremes are projected to be less severe than they have 

been during SOND, GCMs do not show a good agreement in the 

projected changes of dry extremes during March to May.44,45 

 

 

Figure A3. Regional averages of annual mean (July–June) 
precipitation over 1930-2005 in eastern equatorial (10°S to 10°N, 
20°E to 50°E).46  
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El Niño-Southern Oscillation 

Interannual rainfall variability in this region is strongly correlated to the 

El Niño Southern Oscillation (ENSO), a quasiperiodic climate pattern 

in the tropical Pacific ocean that has a global signature.47  

ENSO is a natural fluctuation of the global climate system caused by 

equatorial ocean-atmosphere interaction in the tropical Pacific Ocean. 

Southern Oscillation refers to the tendency for above-average surface 

atmospheric pressures in the Indian Ocean to be associated with 

below-average pressures in the Pacific, and vice versa. This 

oscillation is associated with variations in SST in the east equatorial 

Pacific. The oceanic and atmospheric variations are collectively 

referred to as ENSO. An El Niño eposide is one phase of the ENSO 

phenomenon and is associated with abnormally warm central and 

equatorial Pacific Ocean temperatures, while the opposite phase La 

Niña episode, is associated with abnormally cool ocean temperatures 

in this region.48  

ENSO has a well-known impact on rainfall in eastern equatorial Africa. 

ENSO affects Africa directly through an atmospheric teleconnection 

and indirectly, via the response of the Indian and Atlantic basins to the 

phenomenon. El-Niño-like climate change could lead to 

teleconnections similar to those seen at interannual time scales that 

would tend to dry much of the African continents. However, the 

potential role of increased GHGs in affecting the behaviour of ENSO 

over the past 50–100 years is uncertain.49  Because El Niño 

behaviour is strongly related to the average ocean temperature 

gradients in the equatorial Pacific, Yeh et al. (2009) suggest that 

changes in the background temperature associated with increases in 

greenhouse gases (GHGs) should affect the behaviour of the El Niño, 

such as the location of the strongest SST anomalies. 50 While some 

studies imply that the increased activity in ENSO in recent years may 

be related to the increase in GHGs; no formal attribution study has 

been completed. 51 A number of studies also suggest that changes in 

the phenomenon are simply within the range of natural variability. 52 
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Response of eastern equatorial Africa to ENSO can be defined as: 

 El Niño: wet eastern equatorial Africa, dry southern Africa. 

Specifically in Kenya, El Niño is associated with anomalously wet 

short rains which can lead to extreme flooding (e.g. the particularly 

strong 1997/1998 El Niño). 

 La Niña: dry eastern equatorial Africa, wet southern Africa. 

Specifically in Kenya, La Niña conditions are associated with 

unusually dry conditions, such as the drought in 1999/2001. 

AR4 determined that all models exhibited continued ENSO 

interannual variability in projections through the twenty-first century, 

but the projected behaviour of the phenomenon differed between 

models, and it was concluded that, there is no consistent indication at 

this time of discernible changes in projected ENSO amplitude or 

frequency in the 21st century’.53 This position has not changed in post-

AR4 studies. For example, Collins et al. 54conclude that, despite 

considerable progress in our understanding of the impact of climate 

change on many of the processes that contribute to El Niño variability, 

it is not yet possible to say whether ENSO activity will be enhanced or 

damped, or if the frequency of events will change.55 

General climate change  

Generic impacts of climate change on ASAL:56 

 Deterioration of soil and vegetation cover 

 Disruption of hydrological cycle 

 Reduction of water supplies 

 Disruption of livestock industry 

 Adverse effect on (distress, starvation, famine, and cessation of 

economic activity) 

 Dislocation or reduction of wildlife 
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Future scenarios: temperature and precipitation 

Table A6. Expected changes to temperature and precipitation 
variables by spatial scale. 

Spatial 
Scale 

Impact Description Range 

East 
Africa 
Region 

Seasonal 
temperature 
response 
(2100)57  

Maximum and 
minimum 
predictions of 
change (˚C) with 
the 25, 50 and 75 
quartile values 
from 21 GCMs58  

Season Min 25 50 75 Max 

DJF 2.0 2.6 3.1 3.4 4.2 

MAM 1.7 2.7 3.2 3.5 4.5 

JJA 1.6 2.7 3.4 3.6 4.7 

SON 1.9 2.6 3.1 3.6 4.3 

Annual 1.8 2.5 3.2 3.4 4.3 

 

Seasonal 
precipitation 
response 
(2100)59  

Maximum and 
minimum 
predictions of 
change (5) with the 
25, 50 and 75 
quartile values 
from 21 GCMs60  

Season Max Min 20 50 75 Max 

DJF 4.2 -3 6 13 16 33 

MAM 4.5 -9 2 6 9 20 

JJA 4.7 -18 -2 4 7 16 

SON 4.3 -10 3 7 13 38 

Annual 4.3 -3 2 7 11 25 

Kenya61 Temperature 
Average annual 
temperature 

Average annual temperature will rise by between 1 °C 
and 5 °C, typically 1°C by 2020s and 4°C by 2100.  

 Precipitation 

Climate is likely to 
become wetter in 
both rainy 
seasons, but 
particularly in the 
Short Rain 
(October to 
December). 
 
The rainfall 
seasonality i.e. 
Short and Long 
Rains are likely to 
remain the same. 

Predictions for changes in precipitation show a large 
regional variation. The coastal region will become drier, 
while Kenyan highlands and northern Kenya will 
become wetter. 
Global Climate Models predict increases in northern 
Kenya (rainfall increases by 40% by the end of the 
century), whilst a regional model suggests that there 
may be greater rainfall in the West. 
Based on A2, A1B and B2 SRES scenarios, an 
ensemble of 15 climate models suggest that projections 
of mean rainfall are consistent in indicating increases in 
annual rainfall in Kenya. The ensemble range spans 
changes of -1 to +48% by the 2090s.62 
 
 

Spatial 
Scale 

Impact Description Range 

 Precipitation  

Projected increases in total rainfall are largest in OND 
(-3 to +49mm per month), but the proportional changes 
are largest in JF (-7 to +89%).63 
Annually, these increases are in the order of 20–40mm 
per year to 2090 for the arid districts of Kenya. 
However, these small increases may be overshadowed 
if rainfall variability and frequency of rainfall events 
increases in the future.64 
 
It is noted, however, that it is difficult to downscale the 
GCMs to regional or local scales. Different climate 
models integrations suggest, under a range of different 
SRES scenarios both an increase and decrease in total 
precipitation for Kenya.65 But, most models project 
increases in total rainfall of up to 30% (the largest 
increases expected in Dec–Feb (the hot, dry season). 
Changes in rainfall during the rest of the year are less 
clear and rainfall may increase or decrease by as much 
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as 20% between June and August. 

 Extremes 

Temperature, all 
projections indicate 
an increase in the 
frequency of days 
and nights that are 
considered ‘hot’ in 
current climate.66,67 
 

Annually, projections indicate that ‘hot’ days will occur 
on 17–45% of days by the 2060s, and 23–75% of days 
by the 2090s.68  
Nights are considered ‘hot’ for the annual climate of 
1970–1999 are projected to increase more quickly than 
hot days, occurring 32–75% of nights by the 2060s and 
40–95% by the 2090s.69 
All projections indicate decreases in the frequency of 
days and nights that are considered ‘cold’ in current 
climate.70 
 These events are expected to become exceedingly 
rare, and do not occur at all under the highest 
emissions scenario (A2 and A1B) by the 2090s.71 
 

  

Spatial 
Scale 

Impact Description Range 

  

Precipitation 

Rainfall events during the wet seasons will become 

more extreme by 2100. Consequently flood events are 

likely to increase in frequency and severity. 

Models consistently project increases in the proportion 
of annual rainfall that falls in heavy events. The 
increases range from 1 to 13% in annual rainfall by the 
2090s.72 The models consistently project increases in 1 
and 5 days rainfall annual maxima by the 2090s of up 
to 25mm in 1-day events and 3 to 32mm in 5 day 
events.73  

 Water 
availability 

Droughts are likely 
to occur with 
similar frequency 
as at present, but 
to increase in 
severity. This is 
linked to the 
increase in 
temperature. 

 

Garissa Precipitation Change in total 
annual 
precipitation 

Using the B2 SRES scenario, Jones & Thornton74 
expect total annual precipitation to be more or less the 
same in the Garissa region by 2030. These forecasts 
where derived from HadCM3 using the downscaling 
methodology described in Jones & Thornton.75  

  Short rains (Sep-
Dec) 

Error! Reference source not found. and A5 show 

projected variations in wettest events that occur once 

every 10 years on average. However, climate models 

all underestimate the strength of the long rains, limiting 

the confidence of these projects.76,77  

In the warmer climate of 2100, 12 GCMs78 show 

evidence of an increase in the intensity of extreme 

rainfall events. During short rains, there are indications 

of the possibility of increases in excess of 50% in 10-

year high rainfall events over Garissa region. 
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Spatial 
Scale 

Impact Description Range 

   Two of the models project an increase in short rain 
season extreme rainfall events, with ECHAM5 
projecting over 50% increase by 2100. However, there 
is considerable variability within the models. In the 
Garissa reigon, models consistently do not forecast a 
reduction in these events, however. For projected 
changes in the lowest rainfall events imply all models 
(excluding HadGEM) suggest an increase in driest 
rainfall events. 

  Long rains (March-
May) 

Figure A6 and A7 show that during the long rains, 
GCMS simulate an increase in the 10-year highest 
rainfall event over the Garissa region,79 although 
HadGEM1 shows no change or a decrease in the 
region. There is even more variability between 
projected changes for driest rainfall events, with 
HadGEM1 showing a large decrease in events, while 
the other GCMs imply no change or a slight increase. 

 

Figure A4. Projected changes in ‘short rains’ high rainfall events, 

2100. 

 

Figure A5. Projected changes in ‘short rains’ lowest rainfall 

events, 2100. 
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Figure A6. Projected changes in ‘long rains’ high rainfall events, 

2100. 

 

Figure A7. Projected changes in ‘long rains’ lowest rainfall, 2100. 

 

Extreme weather 

Studies reviewed in Füssel80 suggest significant increases in indices 

of extreme precipitation in most regions, especially in those regions 

that are relatively wet already. While regions that are currently dry are 

projected to become drier because of longer dry spells.81 Additionally, 

warmer temperatures are projected to cause more frequent and more 

intense extreme weather events, such as heavy rainstorms, flooding, 

wildfires, hurricanes, tropical storms and El Niño events. 

Research on changes in extremes specific to Africa, in either models 

or observations is limited. Little can be said yet about changes in 

climate variability or extreme events in Africa.82,83  

Extreme weather (droughts and floods), common in Kenya, these are 

primarily linked to the quasiperiodic ENSO. While still highly uncertain, 

if climate change leads to more frequent and intense ENSO events, 

this will result in more widespread drought and flooding events.84 El 

Niño events produce abnormally high amounts of precipitation in parts 

of equatorial east Africa and can lead to flooding which has the 

potential to destroy homes, crops and property (extensive risk); 

disolate people; contaminate water resources; increase the incidence 

of waterbourne diseases; increase the incidences of famine; increase 

the risk of siltation of rivers; enhance soil erosion. This will require 

costly and complicated disaster management.85 
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Table A7. Projected changes in temperature and precipitation 

(including dryness) extremes in the East African region.86 

Projections are for the end of the twenty-first century vs end of 

the twentieth century (i.e. 1961––1990 or 1980–1999 vs 2-71-2100 

or 2080–2099) and for the A2/A1B emission scenario. Based on 

GCM simulations.  

 

T max [WD: 
warm days 
CD: cold 
days] (using 
1961–1990 
extreme 
values as 
reference, 
e.g. 90

th
/10

th
 

percentile 

T min [WN: 
warm nights CN: 
cold nights] 
using 1961–
1990 extreme 
values as 
reference, e.g. 
90

th
/10

th
 

percentile) 

Heat waves (HW)/ Warm spells 
[HWDmean/max: mean/max 
heat wave duration WSDI: 
warm spell duration index] 
(using 1961–1990 extreme 
values as reference) 

Heavy precipitation 
[HDP: heavy 
precipitation days, 
e.g. precipitation > 
95

th
 percentile % 

DP10: percentage 
of days with 
precipitation > 
10mm HPC: heavy 
precipitation 
contribution e.g., 
fraction from 
precipitation >95

th
 

percentile] (using 
1961–1990 extreme 
values as reference 
except in case of 
%DP10) 

Dryness [CDD: 
consecutive dry 
days SM: 
(simulated) soil 
moisture PDSI: 
Palmer-drought 
severity index] 

High 
confidence: 
HD likely to 
increase and 
CD likely to 
decrease.

87
  

High confidence: 
WN likely to 
increase

88,89
  

and CN likely to 
decrease.

90
  

High confidence: Likely 
increase of HWD but weaker 
seasonal signal and ~0-
30S.

91,92,93
  

High confidence: 
Likely increase in 
HPD and 
HPC.

94,95,96
  

Low confidence: 
inconsistent signal 
of change in CDD 
and SM.

97,98,99
  

 

Water availability 

Osbahr and Viner100 specify that increases in temperatures would 

have significant impacts on water availability, and are therefore 

expected to exacerbate drought conditions regularly experienced and 

predicted to continue. The unpredictability of Kenya’s rainfall and the 

tendency for it to fall heavily during short periods are also likely to 

cause problems by increasing the occurrences of heavy rainfall 

periods and flooding.101  

As rainfall is not distributed equally in Kenya, there is considerable 

spatial variation in both predictions of future water availability and 

vulnerability to water insecurity. The Garissa region faces severe 

water crises especially during drought. Additionally, it is worth noting 

that the cumulative effect of drought can have increasingly adverse 

impacts on the quality of water resources. 

The rise in temperatures and droughts are likely to increase rapid 

evaporation and could increase waterborne diseases, reduce water 

availability and lake fluctuation. Conversely, increased rainfall could 

lead to potential increases in the availability of safe water, though 



 

Counting on Uncertainty Technical Appendices 1-9 20 

possibly also to increased flooding from extremes, low water quality, 

and damage to water supply pipes. 

The economic benefits from water security in Kenya includes: fishing, 

water supply, transport, hydro-energy and tourism.  

Table A8. Impact of climate change on water in Kenya by spatial scale 

Spatial 
Scale 

Impact Description Range 

East 
Africa 

Seasonal 
rainfall 

East Africa will experience warmer 
temperatures and changes to 
precipitation patterns 

5–20% increase rainfall from 
Dec–Feb and 5–10% 
decreased rainfall from Jun-
Aug by 2050.102  

 
Extreme 
precipitation 
events 

Likely that increased precipitation 
will come in a few large rainstorms 
mostly during already wet seasons, 
adding to erosion and water 
management issues and 
complicating water management. 

 

 Drought  

Less precipitation during the dry 
season leading to more frequent 
and severe droughts and increased 
desertification. Drought diminished 
water supplies reduce crop 
productivity and have resulted in 
widespread famine in East Africa. 

 

 ENSO 

Inter-annual climate variability 
(ENSO) may play a key role in East 
African rainfall and may be linked to 
the change in rainfall across some 
parts of equatorial-subtropical East 
Africa.103,104,105  

 

 
Warming 
SSTs 

Warming of SSTs, especially in the 
southwest Indian Ocean are thought 
to be responsible for the recent 
droughts of equatorial and 
subtropical Eastern Africa during the 
1980s and 2000s.106 

 

 
Drinking 
water 

Currently two thirds of rural Africans 
and a quarter or urban dwellers in 
Africa lack access to clean, safe 
drinking water . 
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Flooding 

Figure A8. Flood-prone regions, Kenya.107  

 

Food security 

Agriculture is important for subsistence, domestic income generation, 

export earnings and employment creation. Long-term droughts and 

heavy rains reduce Kenya’s agriculture sector performance, resulting 

in higher food prices, lower domestic revenues and lower export 

earnings. Drought can also cause death of livestock used in transport. 
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Table A9. Impact of climate change on food security in East Africa and Kenya by spatial scale. 

Spatial 
Scale 

Impact Description Range 

East 
Africa 

Food 
crises 

There is a strong link between climate and East African 
livelihoods. East Africa depends heavily on rain-fed 
agriculture making rural livelihoods and food security 
highly vulnerable to climate variability such as shifts in 
growing season conditions.108 Temperature rise can 
increase pests and diseases affecting both livestock and 
crop farming. In its extreme form, it can result in drought 
which leads to increased wildfires, lack of water, 
livestock and crop stress, migration and even death of, 
not only animals but also human beings. Increased 
rainfall could have positive effects, but if it falls as 
extremes – leads to flooding, increased erosion of soil, 
water pollution, landslides and increase incidence of 
pests. 

FAO109 report that the number of African food crises per 
year has tripled from the 1980s to 2000s. 

  A combination of higher evapotranspiration and even a 
small decrease in precipitation could lead to significantly 
greater drought risks. An increase in precipitation 
variability would compound temperature effects.110  

 

 

Spatial 
Scale 

Impact Description Range 

Kenya Impact 
of 
weather 
shocks 
on crop 
yield 

Schlenker and Lobell111 examine how five staple crops 
(maize, sorghum, millet, groundnuts, cassava) in SSA 
relate to weather fluctuations using an econometric 
model (panel dataset). The authors excluded wheat and 
rice from the analysis, as these crops are widely 
irrigated. 

This particular study measures the impact of weather 
shocks, rather than responses to permanent shifts in 
climate on these crops. The results are shown in Table 
A10. Predictions are based on the A1B SRES scenario 

Results from Schlenker and Lobell112 

Crop 5 
percentile/ 
worse case 
(% of crop 
yield) 

Mean (% of 
crop yield) 

95 percentile 
/ best case 
(% of crop 
yield) 

Maize -30 -20 -10 

Sorghum -20 -20 -10 
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for mid-century (2046-2065) using an ensemble of 16 
climate models. Panel model uses both temperature 
(maximum and minimum) and relative precipitation 
variations. A1B falls mid-way between B1 and A1F1. 
The authors do not, however, consider changes to the 
growing season.  

 

Millet -20 -10 +10 

Groundn
uts 
(proxy for 
beans) 

-30 -20 -10 

As ASAL are largest producers of both sorghum and 
millet in Kenya,113 the figures for these two crops are 
significant for the Garissa region.  

 

Spatial 
Scale 

Impact Description Range 

  Changes in length to the growing period (LGP). Changes 
in rainfall patterns, in addition to shifts in thermal 
regimes, influence local seasonal and annual water 
balances, and in turn affect the distribution of periods 
during which temperature and moisture conditions permit 
agricultural crop production.114 These characteristics are 
well reflected by LGP 

While Garissa is becoming slightly wetter, the LGP is not 
expected to change over time due to increasing 
temperatures (Figure A9). Figure A9 is based on 
Thornton et al.115  and shows projected changes in LGP 
from 2000-2030 from downscaling outputs of the 
HadCM3 and ECHam4 GCMs for 4 emissions 
scenarions (including A1F1 and B1). In the Garissa 
region, forecasts appear to be relatively consistent 
between two the GCMs HadCM3 and ECHam4. 
However, for other regions, there is large variation 
between the two GCMs 

  Water availability Oshbar and Viner116 conclude that although the 
projected increases in rainfall might appear to be good 
news for arid and semi-arid districts, the increasing 
temperatures mean a substantial increase in evaporation 
rates that are likely to exceed any increases in 
precipitation. Overall, water availability is expected to 
become more problematic in the future. Particularly if 
current population trends mean that demand continues 
to increase. 
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Figure A9. The percentage change in length in growing period to 
2030 in Kenya.117 The maps are based on predictions of the 
HadCM3 GCM model for A1F1, A2, B1 and B2. Losses in LGP of > 
20% (‘large’ losses); of 5-20% (‘moderate’ losses)’ no change (± 
5% change); gains of 5-20% (‘moderate’ gains); and gains of 
>20% (‘large’ gains).  

 

 

Figure A9 shows that some of the large losses and large gains are 

located in areas with LGP < 60 days (e.g. arid agro-ecozone), i.e. in 

highly marginal areas for cropping but important for pastoralists. This 

implies that pastoralism will to be a significant livelihood option in 

these regions vis-à-vis crop expansion in marginal lands under current 

circumstances but that there is a need to support them with 

mechanisms to deal with potentially greater variability (e.g. risk 

reduction, insurance based schemes, development of safety nets, 

etc.) Second, there is considerable variability in results arising from 

the different scenarios, and there is also variability in results arising 

from the different GCMs used. Third, if anything could be generalised 

about three different maps, it is that under the range of these SRES 

scenarios and the GCMs used, may parts of Kenya are likely to 

experience a fall in LGP, and in some areas, the fall may be severe. 

Error! Reference source not found. shows the impact of climate 

change on the yield of four key stable crops (maize, wheat, 

groundnuts (a proxy for beans) and irrigated rice for 2050).118 

Statistical downscaled climate data from a number of models forced 

with A2 SRES scenarios were used to run the DSSAT suite of crop 

models. 

In four out of the six models, large decreases in yields (20–50 per 

cent) are observed for groundnuts and wheat irrespective of agro-
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ecozone. HadCM3, however, shows different effects by agroecozone: 

potential gains in yields for groundnuts of 5–20 per cent in the humid 

and sub-humid areas, but potential reductions of 20–50 per cent in 

ASAL. Modest gains of 5–20 per cent are observed in semi-arid 

areas, while large losses are predominately seen in the humid and 

sub-humid zones. A similar case is observed for irrigated rice. 

Additionally, Thornton et al.119 concluded that maize yields to 2050 are 

reduced by 20 per cent for the more semi-arid areas of Kenya and 

Tanzania where maize cropping is possible. Most of these losses are 

in the range of 200–700kg/ha. Production losses of maize to 2050 

could be the order of 8.4 per cent in mixed rain-fed systems in ASAL 

and 9.8 per cent in the mixed rain-fed systems in the humid and semi-

humid areas of Kenya. By contrast, maize yields are projected to 

increase in the central and western highlands of Kenya, mostly by 

between 200 and 700kg/ha. To 2050 the production of maize is likely 

to increase by 46.5 per cent in the mixed rain-fed systems in the 

temperature areas of Kenya,120 but total country production will still 

decline as these areas contribute modestly to the total country 

production. 

There is limited information available on the impacts of climate 

change on cash crops in Kenya. According to maps provided by 

UNEP-GRID, a 2 ˚C increase in temperature would make much of the 

current tea area in Kenya unsuitable to tea production, in particular, 

the tea areas in the Mount Kenya, Aberdaresm, and Kisumu area.121 

In the short term, recent declines in tea production have been directly 

linked to erratic rainfall patterns and drought. 

Table A10 shows the price effects under the three scenarios for 2025 

and 2050.122 Climate change will increase world prices of cereals, 

grains and meats compared to a scenario with historic climate. 

Adverse impacts on food prices are even higher for some crops if the 

carbon fertilization effect is included, with the exception for rice, 

soybean and sweet potato for 2025 and rice and soybean for 2050. 

The carbon fertilization effect has much lower benefits for the African 

continent as few crops receive adequate fertilization. By 2025, maize 

prices increase most under the NCAR 369 A2 scenario, followed by 

the Hadley scenario; by 2050, maize prices are similarly high under 

NCAR 369 A2 scenario, followed by CSIRO 532 A2 scenario. While 

price increases are lower for meat and dairy product, the analysis 

does not incorporate the impact of climate change on grazing lands 

and pastures, nor animal heat stress. If these impacts were included, 

price effects for these commodities would likely be larger. 
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Figure A10. Climate change impacts on yields of key 
commodities in Kenya to 2050 as projected by six different 
models using A2 SRES scenarios.  
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Table A10: Agricultural commodity prices, alternative climate 
change scenarios (US$/mt) and percentage change under 
alternative climate scenarios (Herrero et al., 2010). 
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Beef 2,146 2,336 -9 2 -14 1 2,836 -29 9 -25 

Pigmeat 911 1,033 6 3 -10 2 1,272 -15 15 -20 

Sheep & 
Goat 

2,996 3,100 -11 0 -25 0 3,275 -39 6 -39 

Poultry 1,191 1,396 -7 4 -13 3 1,688 -20 17 -20 

Rice 211 255 17 19 10 7 310 26 36 12 

Wheat 134 144 33 48 28 33 162 48 106 43 

Maize 102 124 27 29 16 23 155 27 52 14 

Millet 310 324 11 52 -6 13 281 21 22 -30 

Sorghum 121 144 14 230 8 19 146 11 41 -5 

Soyabeans 214 306 10 7 2 0 347 13 14 6 

Groundnuts 501 529 20 -67 17 19 487 20 52 16 

Other 
grains 

88 88 39 57 24 44 83 43 123 17 

Potatoes  226 188 38 58 49 50 158 56 118 90 

Sweet 
Potatoes 

549 567 2 46 38 38 624 -7 94 50 

Cassava & 
other roots 
and tubers 

69 71 15 42 23 27 68 16 97 41 
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Figure A11. Per capita calorie availability per day, alternative 
climate change scenarios,123 A2 SRES Scenario. 

 

Figure A12. Share of malnourished children in Kenya, historic 

climate and alternative climate scenarios 2025 (%),124 A2 SRES 

Scenario. 
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Figure A13. Share of malnourished children in Kenya, historic 
climate and alternative climate scenarios 2050 (%),125A2 SRES 
Scenario. 

 

 

Climate impacts by sector 

Table A11 shows the description of impacts by sector in Kenya 

(AEAT, 2007). 

Table A11. Description of impacts, from CRISP-Kenya Climate 
Risk Adaptation Assessment.126 

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 

 

Energy 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Evaporation increase, 

building temperatures 

uncomfortable, 

increased growth in 

highlands, decreased 

growth in arid areas 

Increased demand for cooling 

services – e.g. air conditioning, 

refrigeration. Increases peak load  

Higher average 

rainfall during both 

wet seasons 

More water in 

reservoirs, growing 

season increases 

Increased hydro, better water 

resources and energy demand for 

water treatment 

Droughts likely to 

continue 

Drop in water table, 

reduced wood fuel 

productivity and 

availability 

Reducing hydro-electric production, 

biomass productivity decreases 

generating a demand for alternative 

fuel sources e.g. paraffin and LPG 

Extreme event – 

droughts become 

more intense 

Drop in water table 

reducing hydro-

electric production 

Human conflict, opportunity to exploit 

demand in energy resource 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Flood damage to 

energy infrastructure 

and biomass 

Reduced electrical generation, cost of 

repair, loss of life, increased siltation 

rates at hydro facilities 

Sea Level Rise Erosion, flooding Damage to distribution network 
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Agriculture: 

Pastoralists 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Pests and diseases 

increase, Increased 

highland pasture 

area, livestock stress 

More diseases in livestock and 

humans, better health of livestock 

and humans, Length of growing 

season possibly curtailed by 

increased evapo-transpiration rates 

Higher average 

rainfall during both 

wet seasons 

Increased highland 

pasture area, 

increased pests, 

more available water  

More diseases in livestock and 

humans, better health of livestock 

and humans, pastoral to sedentary 

shift in livelihoods 

Droughts likely to 

continue 

Drying leading to 

increased risk of 

wildfires, lack of 

available water, 

livestock stress 

Damage to livestock, grazing lands, 

homes, poorer health, conflict 

between communities over access to 

pasture, pastoral to sedentary, 

dependence upon food aid 

 

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 Extreme event –  

droughts become 

more intense 

Drying leading to 

increased risk of 

wildfires, lack of 

available water, 

migration, livestock 

stress 

Market closure, sale of livestock 

equipment, financial problems, lack of 

grazing & death of livestock 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Pasture damage, 

flooding, 

Death of livestock either directly or 

from water borne diseases, loss of 

feedstock, migration, market closure 

Sea Level Rise Loss of coastal land, 

erosion of pasture 

land 

Migration, rural to urban migration 

 

 

Agriculture: 

Commercial 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Plant stress, 

Increased highland 

pasture area, 

Reduced soil 

moisture, Livestock 

stress (in particular 

cattle) 

Length of growing season possibly 

curtailed by increased evapo-

transpiration rates, Problem 

exacerbated by land use change 

(such as deforestation) which is 

increasing temperatures through 

micro-climate changes of some areas 

Higher average 

rainfall during both 

wet seasons 

Plant stress, e.g. 

tea/coffee, drainage 

issues 

Opportunity to improve water 

management and increase yields, 

may need to change crop types, 

geographic areas of planting and 

management practices 

Droughts likely to 

continue 

Crop failure Economic impacts and damage to 

crops 

Extreme event – 

droughts become 

more intense 

Crop failure Economic impacts and damage to 

crops 

Extreme event - 

more extremely wet 

seasons for the 

short rains 

Landslides, water 

pollution 

Economic impacts and damage to 

crops 
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Sea Level Rise Flooding, salt water 

intrusion 

Damage to export crops (Mangoes, 

Cashews & Coconuts), economic 

impacts 

 

 

Agriculture: 

Sedentary 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Plant stress, Reduced 

soil moisture 

Length of growing season possibly 

curtailed by increased evapo-

transpiration rates, Problem 

exacerbated by land use change 

(such as deforestation) which is 

increasing temperatures through 

micro-climate changes of some areas 

 

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 Higher average 

rainfall during both 

wet seasons 

Increased highland 

pasture area 

Opportunity for increased yields in 

some regions 

Droughts likely to 

continue 

Damage and crop 

failure 

Highly variable yields, more food 

insecurity 

Extreme event- 

Droughts become 

more intense 

Increased damage to 

community crops 

Highly variable yields, more food 

insecurity 

Extreme event - 

more extremely wet 

seasons for the 

short rains 

Flooding of rivers and 

farming infrastructure 

damage,  

Highly variable yields, more food 

insecurity 

Sea level rise Flooding, salt water 

intrusion 

Damage to export crops (mangoes, 

cashews and coconuts) 

 

 

Agriculture: 

Fisheries 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Increased water 

temperatures 

Increased algae and toxins in 

seafood, changes in biodiversity, 

Implications for tourism, livelihoods 

diversity & economy 

Higher average 

rainfall during both 

wet seasons 

Higher water levels in 

lakes and rivers 

Increase in fish populations and 

farming opportunities 

Droughts likely to 

continue 

Drying up of rivers 

and lowering of lake 

levels 

Damage to fisheries, Implications for 

tourism, livelihoods diversity and 

economy 

Extreme event – 

Droughts become 

more intense 

Further drying up of 

rivers and lowering of 

lake levels 

Implications for tourism, livelihoods 

diversity and economy 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Flooding of rivers and 

farming infrastructure 

damage, freshwater 

level fluctuations (e.g. 

Lake Victoria) 

Implications for tourism, livelihoods 

diversity and economy 

Sea level rise Salt water intrusion  Freshwater resources in lowlands 

altered, fishing harbours damaged 

Transport & 

infrastructure 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Damage to roads 

(cracking, melting) 

Increased maintenance, damage to 

vehicles and accidents (safety) 
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Higher average 

rainfall during both 

wet seasons 

Roads not designed 

for wetter conditions, 

increased erosion, 

loss of coastal 

infrastructure 

Higher maintenance 

 

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 Droughts likely to 

continue 

Drying of ground 

creates subsidence 

Gigher maintenance, damage to 

sewage infrastructure, roads and 

water resources 

Extreme event – 

droughts become 

more intense 

Migration, drying of 

ground creates 

subsidence, death of 

livestock (used for 

transport) 

Increased demand for using tracks, 

reduced access to markets 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Damage to roads 

erosion, landslides 

Lack of access to markets, reduced 

access to maternal health care 

services, inability to deliver aid 

effectively, increased cost of 

transportation impacting upon 

multiple sectors 

Sea Level Rise Erosion, damage to 

coastal infrastructure 

Inability to deliver aid effectively 

 

 

Water supply, 

sanitation and 

water 

resource 

management 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Water-borne diseases 

change location, 

Rapid evaporation 

Increased water demand from 

population 

Higher average 

rainfall during both 

wet seasons 

Increased flooding, Increased risk of cholera epidemics 

Droughts likely to 

continue 

Reduced water 

availability 

Conflicts, economic damage 

Extreme event- 

droughts become 

more intense 

Traditional water 

management plans 

may no longer be 

appropriate, lake level 

fluctuations 

Infrastructure problems surrounding 

lakes 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Damage to water 

pipelines, lake level 

fluctuations 

Sewage infiltration and increased risk 

of cholera epidemics, punctured 

water pipeline meant people without 

safe drinking water, infrastructure 

problems surrounding lakes 

Sea Level Rise Salt water intrusion, 

Damage to water 

infrastructure 

 

 

 

Health 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Introduction or spread 

of disease, malarial 

regions change 

Rift valley fever increases,  

new regions with epidemic malaria 
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Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 Higher average 

rainfall during both 

wet seasons 

Introduction or spread 

of disease (malaria), 

Water borne vectors 

increase, improved 

water quality and 

quantity, increased 

humidity 

Improved sanitation, hygiene, more 

drinking water, endemic malaria in 

new regions 

Droughts likely to 

continue 

Decrease in food 

availability 

Will increase in malnutrition, related 

health issues, child mortality and 

increased need for aid supplies 

Extreme event – 

droughts become 

more intense 

Decrease in food 

availability 

Increase in malnutrition and related 

health issues, child mortality and 

increased need for aid supplies, 

strain on existing health services 

Extreme event - 

more extremely wet 

seasons for the 

short rains 

Flooding, increased 

humidity  

Increase in water borne disease e.g. 

cholera, Reduction in safe drinking 

water and other flood related injury, 

mental health issues, disruption to aid 

and maternal health 

Sea Level Rise Flooding, saline 

intrusion to 

groundwater 

Reduction in safe drinking water and 

other flood related injury, mental 

health issues, disruption to health 

and maternal care 

 

 

Environmental 

Management, 

Forestry 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Plant stress, coral 

bleaching 

Damage to tourism, shift in species 

zones, loss of some species 

Higher average 

rainfall during both 

wet seasons 

Increased growth 

rates 

Change from traditional conditions 

and ecosystems, biomass 

opportunities, greater water 

resources for wildlife 

Droughts likely to 

continue 

Increased pressures 

on endangered 

species 

Damage to tourism 

Extreme event – 

droughts become 

more intense 

Increased pressures 

on endangered 

species 

Damage to tourism 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Flood events Groundwater contamination, direct 

wildlife destruction from floodwaters 

 

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 Sea level rise Salt-water intrusion, 

Loss of mangroves, 

Erosion of tourism 

beach infrastructure, 

Loss of some coastal 

ecosystems 

Increased pressures on endangered 

species, damage to tourism industry 
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Education 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

  

Higher average 

rainfall during both 

wet seasons 

Introduction or spread 

of disease (malaria), 

Water-borne vectors 

increase 

Regions without historical knowledge 

malaria become epidemic regions so 

education required 

Droughts likely to 

continue 

 Migration disrupts schooling and 

enrolment  

Extreme event- 

droughts become 

more intense 

 migration disrupts schooling and 

enrolment 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Damage to schools Loss of education and economic 

rebuilding costs 

Sea level rise   

Private sector 

development, 

business 

sector 

development, 

banking,  

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Demand for cooling 

increases  

Opportunities and demand for retail 

of water, waste and air technologies 

Higher average 

rainfall during both 

wet seasons 

Greater water 

resource for irrigation 

and industry and 

electricity (water 

treatment) 

Rain-fed industries increase in 

potential, opportunity for energy 

industries 

Droughts likely to 

continue 

 Reduction in hydro, opportunity for 

other energy technologies. 

Extreme event – 

droughts become 

more intense 

Lack of water Opportunity to exploit demand in 

water resource area 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Damage to buildings 

and infrastructure 

Economic and financial loss, adverse 

long term perception of risk to inward 

investment 

 

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 Sea Level Rise Damage to buildings 

and infrastructure 

Economic and financial loss  

 

 

Land policy 

and 

administration 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

 Migration and need to share 

increasingly scarce resources causes 

conflict 

Higher average 

rainfall during both 

wet seasons 

  

Droughts likely to 

continue 

 Conflicts over water resources 
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Extreme event – 

droughts become 

more intense 

 Conflicts over water resources 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Flooding Displacement of people and livestock 

Sea level rise Flooding Displacement of people and livestock 

 

 

Gender 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Less safe drinking 

water 

 

Higher average 

rainfall during both 

wet seasons 

More safe drinking 

water available 

Women can spend less time 

collecting water 

Droughts likely to 

continue 

Less safe drinking 

water 

Principally women collect the water 

Extreme event – 

droughts become 

more intense 

Less safe drinking 

water 

Principally women collect the water 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Less safe drinking 

water 

Principally women collect the water 

Sea level rise    

 

 

Governance 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

 Crisis management instead of long-

term strategic management, diversion 

of resources away from government 

activities to short-term response 

    

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

Public 

financial 

management 

Higher average 

rainfall during both 

wet seasons 

  

Public sector 

management 

Droughts likely to 

continue 

Reduction in hydro-

electricity production 

Thermal energy generating 

equipment required at high capital 

cost 

Governance 

justice law 

and order 

Extreme event- 

droughts become 

more intense 

  

Parliament Extreme event – 

more extremely wet 

seasons for the 

short rains 

Infrastructure damage Law and order, looting, 

communication,  

  Sea level rise Infrastructure damage Law and order, looting, 

communication, damage to tourism 

economy 
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Humanitarian 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Change in 

geographical area 

e.g. epidemic malarial 

become endemic 

areas, other 

diseases, e.g. rift 

valley fever 

Child mortality increases, livestock 

deaths  

Higher average 

rainfall during both 

wet seasons 

Change in 

geographical area 

e.g. epidemic malarial 

become endemic 

areas, other 

diseases, e.g. rift 

valley fever 

Child mortality increases, livestock 

deaths  

Droughts likely to 

continue 

 Reduction in food 

security migration, 

lack of safe drinking 

water and other 

health issues, 

Conflicts, resource issues, refugee 

issues, displacement of people, 

malnutrition increased need and 

dependence on aid 

Extreme event – 

droughts become 

more intense 

 Reduction in food 

security migration, 

lack of safe drinking 

water and other 

health issues, 

Conflicts, resource issues, refugee 

issues, displacement of people, 

malnutrition increased need and 

dependence for aid 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

Migration, lack of safe 

drinking water and 

other health issues, 

transport accessibility 

and distribution, lack 

of shelter and security 

and gender issues 

Social conflicts, resource issues, 

refugee issues, displacement of 

people, lack of aid access, short term 

aid demand 

 

Sector Climate Change  Physical Impact Consequence/Risk/Opportunity 

 Sea level rise Migration, lack of safe 

drinking water and 

other health issues, 

transport accessibility 

and distribution 

Conflicts, resource issues, refugee 

issues, displacement of people, lack 

of aid access, short term aid demand 

  Worsening effects and advance 

planning 

 

 

Economic 

growth 

Higher average 

temperatures in all 

seasons and areas 

(especially in the 

north) 

Diseased cattle Closes market and causes export 

ban affecting economic growth 

Higher average 

rainfall during both 

wet seasons 

  

Droughts likely to 

continue 

Loss of crops, 

livestock, settlements,  

Pressure on public resources, food 

price fluctuations 
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Extreme event – 

droughts become 

more intense 

Reduction in hydro-

electricity 

GDP decrease, knock on financial 

implications causing damage to 

development path resulting in failure 

to achieve MDGs, Black outs and 

high electricity prices mean 

businesses suffer economic losses. 

Food price fluctuations 

Extreme event – 

more extremely wet 

seasons for the 

short rains 

  

Sea level rise   

 

Issues, uncertainties, and limitations to knowledge 

Few regional to sub-regional climate change scenarios using regional 

climate models or empirical downscaling have been constructed for 

Africa, mainly due to restricted computational facilities, lack of human 

resources and problems of insufficient climate data.127,128 The extent 

to which current regional models can successfully downscale 

precipitation over Africa is unclear and the limitations of empirical 

downscaling results for Africa are not fully understood. 

Problems for forecasting climate change for Africa still remain highly 

uncertain due to: the problem of small signal-to-noise ratios in some 

scenarios for precipitation and other variables; the inability of climate 

model predictions to account for the influence of land cover changes 

on future climate; and the relatively poor representation in many 

models of some aspects of climate variability that are important for 

Africa (e.g. ENSO, discussed earlier). Furthermore, vegetation 

feedbacks and feedbacks from dust aerosol production are not 

included in the global models, and there is insufficient information on 

which to assess possible changes in the spatial distribution and 

frequency of tropical cyclones affecting Africa (AR4). 

Advances since IPCC AR4 

Some elements of the multi-disciplinary field of climate change 

research have advanced since AR4. While in others, little has 

changed since AR4. Leading up to AR5, due to be launched in 2013, 

there will be an increasing number of new studies examining the 

impact of climate change using a new generation of GCMs – for 

example, HadGEM2-ES. These new models will have additional 

components that integrate parts of the climate system that have never 

before been achieved. It also means they will have a much wider 

spread of possible climate outcomes. While these models will be more 

useful from an academic perspective, they may not reduce uncertainty 

that policymakers often demand for decision-making. Therefore, whilst 

the AR5 will have more observations about climate change that will 

inform models and impact assessments, uncertainty in predictions of 

regional impacts may not improve – and could, in some cases, 

increase. 
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Additionally, the next IPCC assessment will include the results from 

models that have used emission-controlling scenarios – 

‘representative concentration pathways’ or RCPs. These are different 

to the SRES scenario storylines that formed the basis of the TAR and 

AR4. SRES scenarios developed for the TAR included socio-

economic factors, such as different population and consumption 

levels, different rates of clean technology development, however, 

these scenarios were non-mitigating, i.e. did not consider any policy 

actions to mitigate against climate change. The new scenarios are 

based on levels of radiative forcing (warming level) expected in 2100 

and are shown in the table A10.  More information on the new 

scenarios can be found in references.129,130 

In general, since AR4 have been a number of new studies that have 

revealed climate change impacts are occurring more rapidly and with 

increased severity compared to the scientific and impact assessment 

by WGI and WGII of the AR4.131 These findings span SLR, the 

magnitude and frequency of extreme weather events, changes to 

ocean circulation, the ablation of sea ice and land-based ice and 

impacts on ecosystems. 

From a policy perspective, perhaps the most useful development 

relates to two papers published in Nature in 2009.132,133 Both papers 

suggest that rather than mapping temperature to atmospheric 

concentrations of greenhouse gases, and concentrations of 

greenhouse gases to impacts, a more accurate methodology of 

assessing the probability of exceeding 2 ˚C is by examining 

cumulative carbon emissions.  

Due to uncertainties in the carbon-cycle, the final equilibrium 

temperature change associated with a given stabilization 

concentration of greenhouse gases is poorly understood. In order to 

address this uncertainty, a number of studies have begun to quantify 

cumulative greenhouse gas emissions that would limit warming to 

below 2 ˚C.134 

Table A12. New IPCC RCP Scenarios.135  

Scenario Storyline Pathway 

RCP8.5 

Emissions rise indefinably, 
radiative forcing reaches 8.5Wm 
-2

 and concentrations of all 
anthropogenic GHGs reach at 
least 1370 ppm CO2e by the 
end of the century (2100). 

Rising 

RCP6.0 

Emissions level off and radiative 
forcing reaches about 6Wm

-2
 

sometime after 2100, with GHG 
concentrations stabilizing at 
about 850 ppm CO2e sometime 
after 2100. 

Stabilization without 
overshoot 

RCP4.5 

Emissions level off earlier and 
radiative forcing reaches roughly 
4.5Wm

-2
. Atmospheric GHG 

concentrations stabilize at 

Stabilization without 
overshoot 
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around 650ppm in CO2e 
sometime after 2100. 

RCP3.0-PD 

Radiative forcing peaks at about 
3Wm

-2
 then declines; 

atmospheric GHG 
concentrations reach around 
490ppm in CO2e and decline. 

Peak and decline 

 

Meinshausen et al.136 found that in order to stand a 75 per cent 

chance of keeping temperatures below 2 ˚C, the world has to limit the 

cumulative emissions of all greenhouse gases to approximately 1.5 

trillion tonnes of CO2e between 2000 and 2049. To reduce the risk by 

another 5 per cent, this means capping total emissions to just over 1 

trillion tonnes of CO2e. However, Meinshausen et al.137 also argue that 

if emissions are still 25 per cent above 2000 levels in 2020, the risk of 

exceeding 2 ˚C shifts to more likely than not. This equates to a 

reduction in global emissions by 2.5 per cent year on year, starting 

now. Recent research by the Global Carbon Project138 found that 

annual growth in CO2 was on average 3.6 per cent per year between 

2000 and 2007. Emissions growth slowed to 2 per cent in 2008, this 

was due to the economic recession.  

At the same time, more research has been published exploring the 

impact of carbon-cycle feedbacks and tipping points (e.g. critical 

thresholds, after which abrupt and potentially irreversible transitions 

occur).139,140,141 Whilst a survey of post-AR4 research suggests no 

major changes in the distribution of impacts, many post-AR4 studies 

suggest that impacts may be more severe (i.e. may have lower 

temperature thresholds) and are occurring more rapidly than 

projections the AR4 suggest. 
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Technical Appendix 2: Socio-

economic questionnaire 

Household ID: SA/SAKA_______________ 

Information on livestock 

1. No. of livestock by type:  

Goats  Cows  Sheep  Camels  Donkeys  Other 

If other, please specify: 

2. No of livestock which died during the last flood:  

Goats  Cows  Sheep  Camels  Donkeys  Other 

If other, please specify: 

3. No of livestock that died during the last drought (i.e. up to the 

last rains):  

Goats  Cows  Sheep  Camels  Donkeys  Other 

4. No of livestock affected by disease during the last drought 

(not dead): 

Goats  Cows  Sheep  Camels  Donkeys  Other 

5. Did you manage to replace dead livestock (from the previous 

drought)? Yes [  ]    No [  ] 

6. If yes, how many animals did you manage to buy?  

Goats  Cows  Sheep  Camels  Donkeys  Other 

Health impacts 

7. Did any persons in the household fall sick as a consequence 

of drought? Yes [  ]  No [  ] 
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8. If yes, how many and who?  

9. If yes, which type of diseases did they have?  

Education 

10. Do your children go to school when there is drought?   

Yes [  ]  No [  ] 

11. If not, how many months of school do they miss?  

No. of months:                   

No. of children missing school:                

Time spent away (with livestock) 

12. For how long do you / head of the household stay away from 

the household when there is drought?                          

No. of months:                      

13. For how long do you / head of the household stay away from 

the household when there is no drought?   

No. of months:                      

Income structure 

14. How much did you manage to earn from livestock & livestock 

products during the last 12 months? 

Per year (KSH):                           

Livestock products (KSH): 

Livestock (KSH): 

15. How much (approximately) did you use to earn from livestock 

during a good year (for example in 2009)? 

 Per year (KSH):                    

Livestock product (KSH): 

Livestock (KSH): 

16. How much (approximately) can you earn by selling a 

healthy/good body condition animal? 

Goats 

(KSH) 

Cows 

(KSH) 

Sheep 

(KSH) 

Camels 

(KSH) 

Donkeys 

(KSH) 

Other 

(KSH) 
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17. How much (approximately) can you earn by selling a 

sick/weak /poor body condition animal? 

Goats 

(KSH) 

Cows 

(KSH) 

Sheep 

(KSH) 

Camels 

(KSH) 

Donkeys 

(KSH) 

Other 

(KSH) 

18. Do you have other sources of income (e.g. small business)?  

Yes [  ]  No [  ] 

19. If yes, how much did you earn from other sources of income 

during the last year?  

Per year (KSH):                     

20. Do you spend all of your income? Yes [  ]  No [  ] 

21. If not how much (approximately) do you keep?  

Percentage (%):          

22. Do you have debts at the local shop? Yes [  ]  No [  ] 

23. How much of your everyday food consumption is derived 

from livestock (e.g. milk/meat)?  

1 (None) 2 (A little) 3 (Some) 4 (A lot) 5 (All of it) 

24. How much of your everyday food consumption is derived 

from food you buy from the local shop / donations?  

1 (None) 2 (A little) 3 (Some) 4 (A lot) 5 (All of it) 

25. How much (approximately) do you spend in the local shop 

during a good year?  

Per month (KSH):                 

How much on a credit basis (%)?  

26. How much (approximately) do you spend in the local shop 

when there is drought?  

Per month (KSH):                 

How much on a credit basis (%)?  

Social evaluation  

Community Structure & Support 

27. How many households / families depend on community 

support in a good year?  

No of households:                    
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28. How many households / families depend on community 

support in a bad year?  

No of households:    

29. How much money /livestock do you give (including ZAKAAT) 

to help relatives / extended family/ other members of the 

community during a bad year? 

Per year (KSH):                 

30. How much money /livestock do you give (including ZAKAAT) 

to help relatives / extended family/ other members of the 

community during a good year? 

Per year (KSH):                 

Gender Equality 

31. When there is drought, do you reduce your own food 

consumption for your family?  

Male: Yes [  ] No [  ] 

Female: Yes [  ] No [  ] 

32. And if so, approximately by how much? 

Men: 

1 (Some)  2 (Half) 3 (A lot) 

Women:  

1 (Some)  2 (Half) 3 (A lot) 
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Technical Appendix 3: CVCA results Shant’abaq (overview) 

Hazards in 
order of 
importance 

Impacts Current coping strategies/current 
Reponses  

Alternative coping strategies/Identified CC adaptation responses 

Drought 
5. Livestock deaths 6. Supplementary feeding (harvesting of 

grasses, tree barks, purchase of livestock 
feed) and livestock off take, rural urban 
migration to engage in wage labor 

1. Promotion of good rangeland management practices 
- strengthening traditional wet and dry season grazing controls,  
- formation/strengthening of traditional committees on DRR 
- enhanced climate information 
- harvesting of grass and other fodder during rainy seasons –stored and fed to 

livestock during drought 

2. Irrigated farming -using borehole water 
3. Livestock off take during drought 
4. Scale up income-generating activities for groups 
- sale of vegetables  
- other consumer goods 
- trade in milk and milk products – value addition, extraction of fat from cow 

milk 

- bee keeping 
- trade in small stock - women 
5. Surface water harvesting for farming 
- Use of contours to conserve water 
- Drip irrigation systems supplied by borehole water  
6. Group savings and loans 
- promotion of ‘ayuta’ system 

7. Degradation of pasture 
lands 

8. Migration 

9. Increased incidences 
of livestock and 
human diseases 

10. Treatment 

11. Reduced livestock 
productivity 

12. Engage in Income generating activities 

13. Reduced income from 
small scale 
businesses 

14. Rely on remittances 

15. High food prices 
 

16. Increased credits 17. Rely on social contributions 

   
- training in GS&L approaches 
7. Planting trees e.g. Neem trees as wind breaks 
8. Establishment of green belt zones – which allows regeneration of grasses, 

reseeded with grass seeds and herbs – this can be harvested 
Introduce dry land farming/drip irrigation 
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Strong winds 
18. Destruction of trees 19. Planting of trees 9. Afforestation programme 

10. Tree planting to act as wind breakers 
Establishment/expansion of green belts 20. Destruction of houses 

and other property 
21. Reconstruction of houses 

22. Increased incidences 
of respiratory diseases 

23. Seek treatment at the hospital 

24. Destruction of 
vegetation cover 

25. Tree planting to act as wind breakers 

26. Soil erosion 27. Establishment of green belts 

28. Human and livestock 
diseases respiratory 
infections 

 

29. Human and livestock 
diseases- 

  

30. Water-borne diseases 
  

31. Inaccessibility of roads 
  

32. Destruction of houses 
  

Floods 
33. Water-borne diseases 

 
34. Protective fencing for houses 

 
35. Inaccessibility of roads 

 

 
36. Destruction of houses 
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Technical Appendix 4: CVCA results Saka (overview) 

 

Hazards in 
order of 
importance 

Impacts Current coping strategies/current 
Reponses  

Alternative coping strategies/Identified CC adaptation responses 

Drought Livestock deaths Migration to areas with pasture and 
water, off take of livestock, 
purchase of supplementary feed 

1. Fodder production (for herds to survive effects of drought and lactating herds to 
maintain milk supply to households) 

- Fodder varieties already tried include Sudan grass and boma Rhodes  
- Integrating fodder production with fruit tree farming 
2. Engaging in small scale irrigated agriculture 
- Production of food crops and vegetables such as maize, cowpeas, beans, millet, 

water melon, tomatoes, onions, kales, green grams, groundnuts, ginger etc.  

- Fruit trees – citrus, mangos, banana, pawpaw 
- Promoting value chain and value addition for better marketing 
- Electric fence to reduce destruction by wildlife (work closely with KWS) 
3. Improved breeds-  
- Introduction of milk goats breed 
- Advocate for promotion of drought-resistant breeds 
4. Livelihood diversification 
- Engage in small scale business –tea kiosks, sale of consumer goods (women)  
- Handcraft making –mats for sale (women) 
- Trade in small stock (women) 
5. Capacity building in risk reduction 

   - Formation and training of DRR committees Linkage with climate information agents 
- Contingency planning 
- Improve range management systems – revival of traditional systems 
6. Group savings and credit 
- Training groups in GS&L methodologies – based on the existing ‘Ayuta’ system 

 

Human diseases Seek treatment at health centre  

Reduced crop 
productivity/Incre
ased food prices 

Engage in small scale irrigated 
farming 

Poor livestock 
productivity 

Diversification of livelihoods 
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Livestock 
diseases 

Seek treatment from extension 
workers 

 Environmental 
degradation 

Migration to areas with pasture and 
water 

Human wildlife 
conflict 

Increased labor of farms to guard 

Reduced river 
water levels 

 

Floods Crop and farm 
implement 
damage 

planting of crops away from flood 
prone areas 

1. Erection of dykes to reduce impact of floods 
2. Training of community members as extension animal health service providers 
3. Conservation of vegetation along the river banks and practicing of conservation 

agriculture 
4. Promotion of early warning systems 

Livestock 
diseases 

treatment of livestock by extension 
worker 

Destruction of 
houses 

use of reinforcement pillars 

Disruption of 
transport 

trekking to nearby centers to 
access services 
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Technical Appendix 5: Modelling 

assumptions 

The measurement of outcome incidence is required in order to grasp 

how much change occurs for stakeholders.  Two steps are followed:  

1. Defining the indicators which are used to represent and measure 

outcomes.  

2. Collecting two types of data:  

a. population size: number of affected, i.e. the number 

experiencing change, as a consequence of the adaptation 

intervention; and 

b. magnitude of change: how large is this change and/or its 

impacts.  

Broadly speaking, evidencing outcome incidence is an empirical 

exercise requiring data collection rather than secondary research. 

Nonetheless, the complexity of the present work has required the 

definition of assumptions relating to costs of different interventions as 

well as their potential impacts, for example, soil productivity, water 

availability, impacts of different production patterns on ecosystems. 

Here, we present an overview and sources of these assumptions 

based on secondary sources or data.  

Parameters Source 

 

Livestock activities 

 

 

 

Manitra, Massawe, Mude, Ouma, Freeman, Bahigwa, Karugia: Investment opportunities 
for livestock in the north eastern province of Kenya – a synthesis of existing knowledge  

 

Jones and Thorton: Croppers to livestock keepers: livelihood transitions in Africa due to 
climate change 

 

Davies: Total economic valuation of Kenyan pastoralism 

 

International livestock research institute: Introducing index based livestock insurance 
products as a means to improve drought risk amongst pastoral populations 

Aklilu and Wekesa  (2001) Livestock and  Livelihoods in Emergencies: Lessons Learnt 
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from the 1999-2001 Emergency Response in the Pastoral Sector in Kenya.  OAU-IBAR 

Stockwatch (2002a)  Livestock-Related Drought Mitigation Projects in Kenya: Participatory 

evaluation of social and economic impacts of interventions at the household level: 

Samburu District.  Stockwatch, Nairobi. 

Stockwatch (2002b)  Livestock-Related Drought Mitigation Projects in Kenya: Participatory 

evaluation of social and economic impacts of interventions at the household level: 

Marsabit District.  Stockwatch, Nairobi. 

 

 

Agricultural yields 

 

 

Food and Agriculture Organisation (FAO): Farming systems and poverty: improving 
farmer’s livelihoods in a changing world 

Use of map SPAM (Spatial Production Allocation Model) 

http://mapspam.info/ 

Food and Agriculture Organisation (FAO): Value-chain analysis: a case study of mangoes 
in Kenya 

Akibode and Maredia:Global and regional trends in production, trade and consumption of 
food legume crops 

Export processing zones authority: Grain production in Kenya 

Ifpri: Seed provision and dryland crops in the semi-arid regions of eastern Kenya 

 

Fertiliser application 

 

Ariba, Jayne, Kibaara, Nyoro: Trends and patterns in fertiliser use by smallholder farmers 
in kenya 1997-2007 

Water requirements 

(and sustainability) 

 

Food and Agriculture Organisation (FAO): Irrigation water management manual no 2 
Http://www.fao.org/docrep/s2022e/s2022e00.htm#contents 

CAB International: Water productivity in agriculture: limits and opportunities for 
improvement 

Food and Agriculture Organization (FAO):  Crop-wise estimates of rain fed arable land 
production potential in Kenya (per ecological zone) 

Wango, Muhangu, Juma, Githae: Groundwater resources in Kenya 

Hoff, H, Noel, S, Droogers, O (2007). Water use and demand in the Tana basin. Green 
Water Credits Report 4, ISRIC – Wageningen 

Tana River Delta: conservation and management plan:  

http://darwin.defra.gov.uk/documents/EIDPO029/21538/EIDPO029%20AR1%20Ann17-

%20Draft%20Tana%20Delta%20Management%20plan%20_v1_.pdf  

Meigh, Robins and Calow (1999) Water Resources Aspects of Drought DFID Water 

Resources Occasional Paper. 

Total hectares 

 

Empirically-derived through community engagement 

 

Soil type 

 

Use of map-SPAM (Spatial Production Allocation Model) Http://mapspam.info/ 

Kenyan Agricultural Research Institute: A search for sustainable dry land cropping in 
semi-arid eastern Kenya 

http://mapspam.info/
http://www.fao.org/docrep/S2022E/s2022e00.htm#Contents
http://darwin.defra.gov.uk/documents/EIDPO029/21538/EIDPO029%20AR1%20Ann17-%20Draft%20Tana%20Delta%20Management%20plan%20_v1_.pdf
http://darwin.defra.gov.uk/documents/EIDPO029/21538/EIDPO029%20AR1%20Ann17-%20Draft%20Tana%20Delta%20Management%20plan%20_v1_.pdf
http://mapspam.info/
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Market returns 

(crops) 

 

Food and Agriculture Organization (FAO): Compendium on post-harvest operations 

 

Market returns  

(livestock) 

 

Derived from information provided by communities and market prices in Garissa 

Morton et al: Comparing mitigation interventions in the pastoral livestock sector 
http://www.nri.org/projects/pastoralism/interventions.pdf 

 

Impacts on: 

Biodiversity / 

ecosystem services 

 

 

Ariba, Jayne, Kibaara, Nyoro: Trends and patterns in fertiliser use by smallholder farmers 
in Kenya 1997-2007 

Kenyan agricultural research institute: A search for sustainable dry land cropping in semi-
arid eastern Kenya 

Maitime, Kariuki, Mugatha, Mariene: Adapting east African ecosystems and productive 
systems to climate change: an ecosystems approach towards costing of climate change 
adaptations in east Africa  

Naidoo, Balmford, Costanza: global mapping of ecosystem services and conservation 
priorities 

R.S. Reid, S. Serneels, M. Nyabenge and J. Hanson: The changing face of pastoral 
systems in grass-dominated ecosystems of eastern Africa 
 

 

  

http://www.nri.org/projects/pastoralism/interventions.pdf
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Technical Appendix 6: Valuation 

assumptions 

The monetary valuation process requires an understanding the value 

of the change created by a programme by assigning (1) appropriate 

economic (rather than strictly financial) values to components that 

have a market price, and (2) monetary values to things that do not 

have a market price using financial approximations (proxies). This 

process is generally referred to as ‘social valuation’ or ‘environmental 

valuation’ respectively for monetising social or environmental 

wealth/capital.  

It is worth noting that while environmental valuation (e.g. of GHG 

emissions, ecosystem services, or other natural resources) is a 

relatively robust exercise, and has been mainstreamed throughout the 

past decade, whilst monetising social goods can be more challenging 

given a relative lack of robust studies. Except when conducting direct 

valuation, notably through willingness-to-pay or a willingness-to-

accept methodology, the definition of proxies is generally based upon 

assumptions derived through benefit transfer. Here, we present the 

main studies and/or assumptions used to determine the valuation of 

non-marketed goods, most notably social and environmental ones.       

Components Sources Comments 

Social capital 

 

 

Derived from 

questionnaire 

Value of reciprocity (i.e. redistribution) based on extra-

obligatory (religious) community payments 

Time spent away is considered as an opportunity cost 

of the benefits of spending time within the community; 

and participate to decision-making processes 

Gender equality 

 

 

Derived from 

questionnaire and 

stakeholder 

engagement through 

a willingness-to-pay 

(WTP) exercise 

 

Value of financial (marketed) contribution to community 

and household life as determined by women (WTP 

exercise). 

Cost of malnutrition, this hits women first (as in our 

questionnaire application) during anomalous climatic 

conditions. Adversely, the benefit is precisely an 

‘avoided cost’ (see infra on valuation of malnutrition).    

Health costs World Health These figures were used to value the costs of human 
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Organization (WHO): 

Estimate of DALYs for 

191 countries: 

methods and results  

 

Brent: an implicit price 

for QALYs to be used 

in a cost-benefit 

analysis 

life loss as well as of disease outbreak and vector-

borne diseases impacts, expressed in QALYs. As such 

these figures were combined with estimations of climate 

change impacts on QALYs, injuries and death.1  

Value of 

education 

 

 

 

Brewer and McEwan: 

The economics of 

education 

Figures used separately to analyse (1) primary to 

secondary education returns, (2) developed versus 

developing countries returns as well as (3) strict 

financial returns with broader individual and social 

returns on education. As such, this study seemed the 

most appropriate to capture the full stream of benefits. 

Value of time 

 

 

 

Determined both 

through stakeholder 

engagement evidence 

in literature that 

community 

mobilisation and 

preparedness can 

reduce disaster 

impacts (e.g. ISDR: 

mobilising 

communities to 

reduce disasters). 

Through stakeholder engagement with men, it became 

explicitly apparent that time spent away in periods of 

drought in order to seek for pasture reduces capacity of 

communities to prepare for unexpected events. While 

we found no study quantifying such an impact, we 

assume that time savings can go about reducing by 

10% the impacts of disaster occurrence, most notably 

floods – for which more straightforward community 

responses can be defined – precisely via tighter 

participation to community institutions and decision-

making . Given lack of quantitative literature, we accept 

this quantification measure as an assumption – albeit 

conservative one. 

Value/costs of 

malnutrition 

 

Darton Hill et al: 

Micro-nutrient 

deficiencies and 

gender: social and 

economic costs 

Reviewed figures were used to determine both strict 

productivity costs of malnutrition as well as broader 

social costs – when available. 

Value of foregone 

ecosystem 

services 

Hussain et al. (2011): 

The economics of 

ecosystems and 

biodiversity: the 

quantitative 

assessment 

Figures from this study were used to value ecosystem 

services loss. Since this study extensively reviews 

environmental valuation literature, it represents the 

complete flow of ecosystem services. These were then 

used along with a percentage decrease in order to 

evaluate net loss under different scenarios. 

                                                           
1
 Anil Markandya and Aline Chiabai (2009) Valuing Climate Change Impacts 

on Human Health: Empirical Evidence from the Literature. Int. J. Environ. 
Res. Public Health 6: 759-786 
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Technical Appendix 7: Climate 

assumptions 

This appendix presents the climatic assumptions forecasted to 2030 

that underpin the socio-economic BAU and adaptation scenarios.  

Forecasts for occurrence of drought, mean temperature and mean 

rainfall evolution are taken from IPCC emission scenarios B1, A2 and 

Kenya Meteorological department data.  Climate impacts are 

modelled in a linear fashion, as it was beyond the scope of this study 

to model trends in alternative ways. 

Figure 1. The probability of drought occurring over a 20-year 
period 

 

 

 

Figure 1 presents data used in the construction of a sub-model 

asserting extreme weather events occurrence probability of droughts, 

up to 2030. This model uses probability theory to predict possible 

extreme weather events occurrence during the period 2011–2030, 

based on previous occurrence (1980–2010) in terms of frequency and 

magnitude.  Figures 2-4 present the mean climatic changes that 

underpin the models used in this study. 
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Figure 2. Mean forecasted temperature evolution from observed 
data by the Kenyan Meteorological Department, IPCC B1 and A2 
scenarios 

 

 

  

Figure 3. Forecasted rainfall evolution based on IPCC scenarios 
B1 and A2.  
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Figure 4. Forecasted mean annual rainfall based on observed 
data from Kenyan Meteorological Department. 
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Technical Appendix 8: Comparing 

Saka and Shant’Abaq 

As mentioned throughout the analysis, the two communities under 

consideration present differences linked to their geographic location 

and therefore production and income patterns. As such, their adaptive 

capacity, notably linked to diversification possibilities, is also different. 

These differences explain why both under a business-as-usual and 

adaptation scenario, Saka has a higher level of capital linked (1) to 

the fact it is situated on the River Tana, hence having a higher access 

to water resources, (2) to its proximity to Garissa markets, (3) to 

higher levels of livestock regeneration after experiencing drought or 

flood, and (4) to higher initial income diversification levels.  

Given that we assume a similar level of investment in both 

communities and as a consequence of higher resource and capital 

endowments, investment in Saka thus triggers a higher level of capital 

as a consequence of adaptation interventions.    

Figures 5 and 6 present the socio-economic capital evolutions for 

each community under a business as usual and adaptation scenario, 

respectively. 

Figure 5. Capital evolution under a business-as-usual scenario in 
Saka and Shant’Abaq. 
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Figure 6. Capital evolution under an adaptation scenario in Saka 
and Shant’Abaq. 
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Technical Appendix 9: Confronting 

costs and benefits under different 

scenarios 

Figure 7 presents the present value of costs and benefits under 

different scenarios and using different discount rates, respectively 1%, 

4%, and 8%. Logically, discount rate choice influences the magnitude 

of results given that costs are borne in the immediate future while 

benefits accruing to the communities are spread across two decades. 

An 8% discount rate tends to depreciate future benefits to an 

important extent; as such a high discount rate diminishes net benefits, 

although cost-benefit ratios are still positive under virtually all 

scenarios.   

Figure 7. Three discount-rate scenarios. 

Example scenario 1 
 
Scenario involving (a) a highly 

successful enhancement of 

livestock pastoralism with (b) 

low diversification towards 

subsistence agriculture 

(drought resistant) in a 

situation of (c) optimistic 

rainfall and temperature 

evolution (IPCC A2) 

Example scenario 2 
 
Scenario involving (a) a 
moderately successful 
enhancement of livestock 
pastoralism with (b) low 
diversification towards 
subsistence agriculture 
(drought-resistant) in a 
situation of (c) optimistic 
rainfall and temperature 
evolution (IPCC B1) 

Example scenario 3 
 
Scenario involving (a) a moderately 
successful enhancement of livestock 
pastoralism with (b) low diversification 
towards subsistence agriculture 
(drought-resistant) in a situation of (c) 
pessimistic rainfall and temperature 
evolution (extrapolation from data of 
Kenyan meteorological department 
1960-2011) 
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