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UNHCR

United Nations High Commissioner for Refugees

UNISDR

United Nations International Strategy for Disaster Reduction

WHO

World Health Organisation

WRI

World Resource Institute

vi	
  
	
  

	
  

	
  

	
  

Glossary of terms
Adaptation. Adjustment in natural or human systems in response to actual or expected
climatic stimuli or their effects, which moderates harm or exploits beneficial
opportunities. (IPCC AR4 WGII, 2007).
Adaptive capacity (in relation to climate change impacts). The ability of a system to
adjust to climate change (including climate variability and extremes) to moderate
potential damages, to take advantage of opportunities, or to cope with the consequences.
(IPCC AR4 WGII, 2007)
Baseline/reference. The baseline (or reference) is the state against which change is
measured. It might be a ‘current baseline’, in which case it represents observable,
present-day conditions. It might also be a ‘future baseline’, which is a projected future
set of conditions excluding the driving factor of interest. (IPCC AR4 WGII, 2007)
Capacity building. In the context of climate change, capacity bucm

0.(e) 2 (q) 1 (ue) 2 (nc) ] TJ107 (b)
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with local/regional climate variables. In all cases, the quality of the downscaled product
depends on the quality of the driving model. (IPCC AR4 WGI, 2007)
Ecosystem services. Ecological processes or functions having monetary or non-monetary
value to individuals or society at large. There are (i) supporting services such as
productivity or biodiversity maintenance, (ii) provisioning services such as food, fibre, or
fish, (iii) regulating services such as climate regulation or carbon sequestration, and (iv)
cultural services such as tourism or spiritual and aesthetic appreciation. (IPCC AR4
WGII, 2007)
Emission scenario. A plausible representation of the future development of emissions of
substances that are potentially radiatively active (e.g., greenhouse gases, aerosols),
based on a coherent and internally consistent set of assumptions about driving forces
(such as demographic and socioeconomic development, technological change) and their
key relationships. (IPCC AR4 WGI, 2007)
Extreme weather event. An extreme weather event is an event that is rare at a particular
place and time of year. Definitions of rare vary, but an extreme weather event would
normally be as rare as or rarer than the 10th or 90th percentile of the observed
probability density function. (IPCC AR4 WGI, 2007)
Greenhouse gas (GHG).
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Risk. Combination of the probability (likelihood) of an event and its consequences
(ISO/IEC, 2002).
Resilience. The ability of a social or ecological system to absorb disturbances while
retaining the same basic structure and ways of functioning, the capacity for selforganisation, and the capacity to adapt to stress and change. (IPCC AR4 WGII, 2007)
Sensitivity. Sensitivity is the degree to which a system is affected, either adversely or
beneficially, by climate variability or change. The effect may be direct (e.g., a change in
crop yield in response to a change in the mean, range or variability of temperature) or
indirect (e.g., damages caused by an increase in the frequency of coastal flooding due to
sea-level rise). (IPCC AR4 WGII, 2007)
SRES scenarios. The storylines and associated population, GDP and emissions scenarios
associated with the Special Report on Emissions Scenarios (SRES) (Nakićenović et al.,
2000), and the resulting climate change and sea-level rise scenarios. Four families of
socio-economic scenario (A1, A2, B1 and B2) represent different world futures in two
distinct dimensions: a focus on economic versus environmental concerns, and global
versus regional development patterns. (IPCC AR4 WGII, 2007). The following terms are
relevant for a better understanding of the structure and use of the set of SRES scenarios
(IPCC AR4 WGI, 2007):
•

Scenario family Scenarios that have a similar demographic, societal, economic
and technical change storyline. Four scenario families comprise the SRES scenario
set: A1, A2, B1 and B2.

•

Illustrative Scenario. A scenario that is illustrative for each of the six scenario
groups reflected in the Summary for Policymakers of Nakićenović and Swart (2000).
They include four revised scenario markers for the scenario groups A1B, A2, B1, B2,
and two additional scenarios for the A1FI and A1T groups. All scenario groups are
equally sound.

•

Marker Scenario. A scenario that was originally posted in draft form on the SRES
website to represent a given scenario family. The choice of markers was based on
which of the initial quantifications best reflected the storyline, and the features of
specific models. Markers are no more likely than other scenarios, but are considered
by the SRES writing team as illustrative of a particular storyline. They are included in
revised form in Nakićenović and Swart (2000). These scenarios received the closest
scrutiny of the entire writing team and via the SRES open process. Scenarios were
also selected to illustrate the other two scenario groups.

•

Storyline. A narrative description of a scenario (or family of scenarios), highlighting
the main scenario characteristics, relationships between key driving forces and the
dynamics of their evolution.

Storm surge. The temporary increase, at a particular locality, in the height of the sea due to
extreme meteorological conditions (low atmospheric pressure and/or strong winds). The
storm surge is defined as being the excess above the level expected from the tidal
variation alone at that time and place. (IPCC AR4 WGI, 2007)
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Threshold. The level of magnitude of a system process at which sudden or rapid change
occurs. A point or level at which new properties emerge in an ecological, economic or
other system, invalidating predictions based on mathematical relationships that apply at
lower levels. (IPCC AR4 WGII, 2007)
Uncertainty. An expression of the degree to which a value (e.g., the future state of the
climate system) is unknown. Uncertainty can result from lack of information or from
disagreement about what is known or even knowable. It may have many types of
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should be pursued in the next 5 years. The ATAR includes reference to the current level of
response by the GoK, civil society organisations, the private sector and individual
communities.
The impacts and risks identified in this assessment are based on a desk-based review,
utilising peer-reviewed and grey literature, together with national communications,
technology needs assessment reports and other relevant national planning documents. This
review has sought to identify the full range of ways that current climate variability and
climate change will impact Kenya and characterise what the evidence tells us about these.
Where necessary and in the absence of more detailed work being available, the authors have
used expert judgement to assess the likelihood and consequence of individual risks out to the
2050s. The initial desk-based assessment, and the underpinning scoring methodology, has
been validated at a risk assessment workshop (30 – 31 March 2012) and supplemented with
information gleaned from the Climate Change Action Plan County Consultations (March –
May 2012).

1.2. Key concepts
1.2.1. Climate variability and climate change
Climate varies naturally on a wide range of timescales and it is important to highlight the
distinction between climate variability and climate change. Based on the IPCC (2007a)
detailed definitions (as outlined in the glossary on page vi):
•

Climate variability refers to variations in the mean state of climate on all temporal
and spatial scales beyond that of individual weather events. Examples of climate
variability include extended droughts, floods, and conditions that result from
periodic El Niño and La Niña events.

•

Climate change refers to shifts in the mean state of the climate or in its variability,
persisting for an extended period (decades or longer). Climate change may be due to
natural changes or to persistent anthropogenic changes in the composition of the
atmosphere or in land use.

Both climate variability and climate change contribute to the vulnerability of individuals,
businesses, communities and regions. As has been argued by a number of authors, the
immediate imperative is to address climate variability in its present form as part of the
continuum of change (e.g. Downing et al., 1997; Washington et al., 2006). As such, emphasis
in this report, and the associated ATAR, has been placed on impacts to which Kenya is
already susceptible, whilst also considering how these impacts may change over time, by
incorporating future climate projections. In this report, the distinction has been made that
for impacts and risks out to the 2020s it is critical to consider current climate variability;
whereas for impacts and risks out to the 2050s and beyond, it is important to consider both
future climate variability and climate change.

1.2.2. Climate change vulnerability and risk assessments
There are a range of methodologies currently used and advocated worldwide to guide
decision-makers through the challenges associated with managing climate change risks and
dealing with associated uncertainties. Two adaptation frameworks, in particular, stand out: a
vulnerability-based approach and a risk-based framework. Although each methodology
provides slightly different angles in which to approach adaptation policy, as discussed below,
they are not mutually exclusive and a number of synergies exist.
The vulnerability-based approach, also termed “bottom-up”, focuses on reducing
vulnerability to past and present climate variability, typically in the wake of an extreme event
or disaster (Wilby and Dessai, 2010). The term “bottom-up” is used because the analysis
begins with the factors and conditions that enable successful coping with climate-related
threats at the level of individuals, households and communities (Wilby and Dessai, 2010).
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Defining and measuring vulnerability has become the subject of vigorous academic debate,
with numerous different disciplines or fields of research (e.g. catastrophe risk management,
ecology
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technology (Brooks et al., 2005; Wilby and Dessai, 2010). Conventional vulnerability
assessments, however, are less suited to guiding adaptation if coping thresholds change, or
climate risks emerge that are outside the range of recent experience (Wilby and Dessai,
2010).
The risk-based approach to adaptation addresses the problem from the angle that “climate
change will alter the severity, frequency and spatial distribution of climate-related
hazards” (UNDP, 2009) and, as such add “new and even more intractable dimensions to the
problems of risk accumulation... disaster occurrence and loss” (UNDP, 2009). The riskbased approach is primarily concerned with quantifying as accurately as possible the
probable impact of known risks on particular populations or geographical regions, in order
“to identify a safe level or rate of change, or at least a socially acceptable level of risk to be
avoided” (Adger et al., 2009). As a result, this approach will be much more likely to gain
traction with the policy community in situations where there are known and immediate
risks, because it prioritises credibility and cost-efficiency (Eakin et al., 2009). In other
words, it suggests to the policy community that adaptation efforts are best directed at issues
for which the risks are fairly well understood, with sufficient weight of scientific evidence to
justify action. Risk-based approaches can include “scenario-led” or “top-down” climatescience driven methods, which rely heavily on modelling different climate futures,
identifying climate hazards, risks and vulnerabilities and assessing the probability and likely
extent of hazard impacts on particular populations and geographical regions (Dessai et al.,
2009; Wilby and Dessai, 2010).
Although this assessment for Kenya is termed a climate change “risk assessment”, in
practice, it is a blended approach, as two of the key components of vulnerability, namely
exposure and sensitivity, are incorporated within the assessment of climate risks. For
example, when assessing the possible impacts of urban flooding, consideration is naturally
given to land-use, the location of communities and physical infrastructure when prioritising
the risks. In this example, one possible impact is the flooding of informal settlements;
scoring the likelihood and consequence of this event occurring considers both their exposure
(i.e. the tendency for such communities to be located in marginal land, such as flood plains)
and their inherent sensitivities (i.e. the poor condition of housing and infrastructure leading
to devastating consequences in such communities). Understanding of the third component of
vulnerability, adaptive capacity, is developed by identifying the responses that are already in
place to address current and perceived risks, both the adaptation actions that are
autonomous and planned.
1.3. Structure of this report
Following this introduction, an overview of the methodology that underpins this risk
assessment and subsequent identification of priority adaptation actions (as presented in the
ATAR) is provided in Chapter 2. The risks to individual MTP Themes are then identified and
discussed in Chapter 3. Reference is made in this section to any geographic variability /
applicability in specific impacts and risks. This Chapter also includes a number of case
studies that serve to highlight some of the climate-related impacts Kenya is currently
experiencing. Particular emphasis is placed on the 2008-2011 drought, which had
devastating consequences across a number of sectors. Finally, the report closes by making
recommendations on future risk assessment methodologies and research needs in Chapter 4.
Supplementary information, including details of the literature reviewed and a full risk
register, is provided in Appendix 1 and 2, respectively. The importance and value of the risk
register cannot be understated; for the first time, policy-makers and researchers have a
centralised and consolidated inventory of the risks Kenya faces under a changing climate. It
is recommended that the risk register is reviewed on a regular basis, to assess critically
whether risk profiles are changing and whether current adaptation actions and priorities are
still appropriate.
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Climate change risk assessment methodology

1.4. Introduction: Risk-based framework
In line with best practice in policy-making and decision-making more generally, this
assessment of the implications current climate variability and future climate change poses
for Kenya has been developed using a risk management approach. The overall aim of this
risk assessment is to inform the prioritisation of adaptation actions, by assessing the main
threats and opportunities from the present day to the year 2050. The overall approach to the
risk assessment and subsequent adaptation plan is based on the UK Climate Impacts
Programme (UKCIP) Risk and Uncertainty Framework (Willows and Connell, 2003). This
framework is acknowledged by UNDP as one that uniquely deals with uncertainties, and has
been used by the World Bank and other organisations in developing countries. The
framework comprises eight stages as shown in Figure 2. The risk assessment addresses
Stages 1, 2 and 3 as outlined below. Stages 4 and 5 will be addressed as part of the adaptation
planning component of this sub-component, and the remaining stages will be implemented
by the GoK and other stakeholders. The framework presents a continual process that can
adapt as new evidence and policy emerges.
Figure 2: The UKCIP risk-based climate adaptation decision-making framework (Willows and
Connell, 2003).

•

Stage 1 is defined by the aims of the ATAR and the subsequent NAdP, to identify the
priority immediate, medium and long-term adaptation actions for Kenya. The context
of the NAdP is defined within the wider development goals and objectives identified
in Vision 2030 and the MTP 2013-2018 (currently under review). As acknowledged in
the MTP (GoK, 2008) “[Kenya] is still confronted with major developmental
challenges. These include the challenge of faster job creation that is required to
address the high unemployment of labour and which is compounded by an
increasing number of youths leaving school and unable to find gainful employment;
the large number of Kenyans still living in poverty; high inequality in income
distribution; inequity in gender; considerable disparities in development among the
different regions of the country; low savings and investment rates; insecurity;
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persisting corruption and weak governance; poor infrastructure; slow progress in
achieving structural changes in the economy, away from reliance on agriculture
and export of primary products.” It is critical that climate variability and climate
change are addressed within the context of this development deficit.
•

Stage 2 established decision-making criteria for the study, which were used to frame
the impacts analysed in Stage 3. This involves identifying the receptors, exposure
units and risk assessment endpoints. The risks identified in this assessment are
referenced against the 20 MTP themes (as agreed with the Task Force and Thematic
Working Group):
1. Economic pillar / Agriculture, Livestock and Fishing;
2. Economic pillar / Business Process Outsourcing2;
3. Economic pillar / Financial Services;
4. Economic pillar / Manufacturing;
5. Economic pillar / Tourism;
6. Economic pillar / Wholesale, Retail and International Trade;
7. Social pillar / Environment, Water and Sanitation;
8. Social pillar / Health;
9. Social pillar / Population, Urbanisation and Housing;
10. Social pillar / Gender, Vulnerable Groups and Youth;
11. Social pillar / Education and Training;
12. Political pillar / Decentralisation2;
13. Political pillar / Governance and the Rule of Law;
14. Foundations for national transformation / ICT;
15. Foundations for national transformation / Infrastructure;
16. Foundations for national transformation / Human Resource Development,
Labour and Employment;
17. Foundations for national transformation / Land Reforms;
18. Foundations for national transformation / Public Sector Reforms2;
19. Foundations for national transformation / Science, Technology and
Innovation; and
20. Foundations for national transformation / Security, Peace Building and
Conflict Resolution.
This approach has the added advantage of linking directly with Vision 2030 – a key
planning document for the GoK – meaning that Government Ministries and other
key stakeholders will have a direct responsibility for management of specific risks and
opportunities. It also ensures that climate variability and climate change are
considered with the overall context of development planning in Kenya – this is
essential in order to avoid maladaptation and ensure integration of adaptation into
other decision-making processes. For risks that are relevant across a number of
themes, these inter-linkages are highlighted in the discussion provided in Chapter 3.
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  No	
  risks	
  specifically	
  identified	
  for	
  these	
  MTP	
  themes.	
  This	
  might	
  not	
  remain	
  the	
  case	
  going	
  forward	
  and	
  as	
  
such,	
  it	
  is	
  crucial	
  that	
  the	
  risk	
  register	
  is	
  regularly	
  reviewed	
  to	
  identify	
  any	
  new	
  risks	
  that	
  may	
  fall	
  under	
  these	
  
MTP	
  themes.	
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Stage 3 covers the risk assessment process. This involved an assessment of risks,
including quantification and monetisation where information was available, through
a series of steps as outlined in Figure 3 and expanded in the methodology below. A
list of climate change risks and opportunities was developed and stored in a risk
register (provided in Appendix 2), which contains over 125 risks and 25
opportunities. This full list has been consolidated into a list of the highest priority
climate change risks and opportunities, which form the focus of the discussion in
chapter 0 of this report.

Figure 3: Risk assessment methodology

1.5. Data collection
1.5.1. Literature review
There is an extensive body of literature detailing the impacts of both current climate
variability and projected climate change. Climatic research has been undertaken by a range
of different stakeholders, which focus both on the impacts to Kenya and the wider East
African region. A comprehensive literature review has been undertaken, utilising peerreviewed and grey literature, together with national communications, the technology needs
assessment report and other relevant national planning documents. The level of detail and
complexity of the studies reviewed ranges from in-depth climate modelling studies down to
localised case studies describing individual historic events. This review has sought to identify
the full range of ways in which a changing climate will impact Kenya and characterise what
the evidence tells us about these. Information regarding risks and opportunities has been
extracted and stored in the NAdP Knowledge Database3. A full list of the publications
reviewed is provided in Appendix 1.
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1.5.2. Consultation
Emphasis has also been placed on undertaking the risk assessment in consultation with
stakeholders. A variety of organisations have been consulted, through workshops, face-toface meetings, telephone interviews and email correspondence. Information regarding
climate change risks has been extracted from these consultation activities and incorporated
in the risk register. A full list of organisations and individuals consulted is provided in
Appendix 1 of the ATAR. Focused workshops with the Task Force and Thematic Working
Group, together with wider stakeholder groups in the County Consultations (as part of the
NCCRS Action Plan process), provided very rich information that has been incorporated into
this report. A specific risk assessment workshop was held on 30-31 March 2012 in Naivasha;
the agenda and list of participants is provided in the accompanying Workshop Report.
Details of the locations and timings of the nine County Consultation workshops are also
provided in the accompanying County Consultation Report. Any risks and opportunities
identified by expert judgement, including that of the report authors, are clearly highlighted
through the pedigree score (as described in section 1.7.2).
1.6. Risk assessment and prioritisation
Risk is defined as the “combination of the probability (likelihood) of an event and its
consequences” (ISO/IEC, 2002); both components are explained in more detail below. All
risk assessments involving physical climate change may have uncertainties in the quality of
knowledge concerning both the probability and consequence elements of risk (including
economic aspects).
It is important to note that risks have been rated assuming that no additional adaptation
measures are in place to address climate change (i.e. the green line in Figure 4) – rather than
rating risks post-adaptation (red line in Figure 4). This will allow the GoK to consider how
significant the risks of climate change could be, if no action is taken on adaptation.
Figure 4: Illustration of climate change risks in absence of adaptation (difference between green
line and blue line) and residual risks post-adaptation (difference between red line and blue line)

8	
  
	
  

	
  

	
  

	
  

1.6.1. Risk causal narrative
To provide consistency of description, risk causal narratives have been developed, which
clearly outline the “cause”, “process” and “consequence”. An example is provided in Table 1.
Table 1: Example risk causal narrative.

Risk
ref
no4.

Causal narrative
Cause (climate
driver)

Process
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and extreme events and the terminology used in the risk causal narratives highlights this
distinction.

t

Although several climate drivers (e.g. increase in average annual temperature and decrease
in precipitation during long rains) may result in the same impacts and consequences (e.g.
decrease in agricultural productivity), risks have intentionally not been grouped. The reason
for taking this approach is that as climate modelling and our understanding of future
scenarios improves, it will be easier to review individual risks and change their ranking to
reflect the current state of knowledge. Finally, it is worth highlighting that compounding
effects (e.g. smog, particulate matter) have not been included in this assessment.
1.6.2. Likelihood
With respect to the likelihood component of risk, the rating method considered the
probability of the climate-related impact occurring out t3 (h) -e
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Table 3: Consequence scoring criteria.

Consequence severity

Economic Pillar /
Agriculture,
Livestock and
Fishing

Economic Pillar /
Manufacturing /
Wholesale, Retail
and International
Trade / Tourism

Social Pillar /
Environment,
Water and
Sanitation

Social pillar /
Health /
Population,
Urbanisation &
Housing /
Gender,
Vulnerable
Groups & Youth /
Education &
Training

Foundations for
national
transformation /
Infrastructure

Foundations for
national
transformation /
Security, Peace
Building and
Conflict
Resolution

1

• Slight losses of
• Slight losses
annual
covered by normal
production
contingency
and/or livestock
budgets and or
covered by
slight disruption
normal
to business
contingency
continuity.
allocations.
• Slight loss in
• Livelihood: Non- competitiveness
stressed.
and reduction in
trade.
• Phase 1: No
Acute Food
Insecurity.

Slight impact:
Temporary with
recovery in less
than one season

• Slight increase in
the number of
reported cases of
illness and
disease.
• Unchanged
mortality rates.
• No consequences
for educational
development.

Slight damage:
Repairable with
no disruption to
operations /
performance

Slight impact:
Low-level and
short-term social
instability. No
intervention
required by local
government.

2

• Minor losses of
• Minor losses of
between 2% and
between 2% and
10% of annual
10% of annual
production
profits and/or
and/or livestock.
minor disruption
to business
• Livelihood:
continuity.
Stressed.

Minor impact:
Short term with
recovery in less
than 5 years

• Minor increase
in the number of
reported cases of
illness and
disease.
• Unchanged
mortality rates.

Minor damage:
Repairable with
disruption to up
to 2% to 10% of
operational
capacity /
performance

Minor impact:
Minor mediumterm social
instability on
small number of
people.
Intervention
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• Phase 2:
Stressed Food
Insecurity.

	
  

• Minor loss in
competitiveness
and reduction in
trade.

	
  

	
  

	
  

required by local
government.

• Minor
consequences to
educational
development.

3

• Moderate losses • Moderate losses of
of between 10%
between 10% and
and 25% of
25% of annual
annual
profits and/or
production
moderate
and/or livestock.
disruption to
business
• Livelihood:
continuity.
Accelerated
depletion.
• Moderate loss in
competitiveness
• Phase 3: Crisis
and reduction in
Food Insecurity.
trade.

Moderate impact:
Medium term
with recovery in
between 5 and 10
years

• Moderate
increase in the
number of
reported cases of
illness and
disease.
• Marginal
increase and
unstable
mortality rates.
• Moderate
consequences for
educational
development.

Moderate
damage:
Repairable with
disruption to
between 10% and
25% of
operational
capacity /
performance

Moderate impact:
Moderate
medium-term
social instability
or frequent social
issues.
Intervention
required by local
government.

4

• Major losses of
• Major losses of
between 25%
between 25% and
and 50% of
50% of annual
annual
profits and/or
production
major disruption
and/or livestock.
to business
continuity.
• Livelihood:
Irreversible
• Major loss in
depletion.
competitiveness
and reduction in
• Phase 4:
trade.
Emergency Food
Insecurity.

Major impact:
Long term with
recovery in more
than 10 years

• Major increase in
the number of
reported cases of
illness and
disease.
• Significant
increase in
mortality rates.
• Major
consequences for
educational
development.

Major damage:
Repairable with
disruption to
more than 25%
and 50% of
operational
capacity /
performance

Major impact:
Extensive longterm social
instability and
migration.
Intervention
required by
government and
NGO's.

5

• Catastrophic
losses of more
than 50% of

Catastrophic
impact:
Irreversible,

• Catastrophic
increase in the
number of

Catastrophic
damage: Complete
or near complete

Catastrophic
impact:
breakdown of

• Catastrophic
losses of more
than 50% of
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annual
annual profits
production
and/or permanent
and/or livestock.
disruption to
business
• Livelihood: Near
continuity.
complete
collapse.
• Massive loss in
competitiveness
• Phase 5:
and reduction in
Catastrophe
trade.
Food Insecurity

	
  

permanent loss

reported cases of
illness and
disease.
• Catastrophic
increase in
mortality rates.
• Massive
consequences for
educational
development.

	
  

	
  

	
  

failure. More than
50% of operations
compromised.

social order,
resulting in
conflicts and
cross-border
migration. Armed
intervention by
national and
international
forces.
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1.6.4. Economic quantification
A review of the economic literature for Kenya has been undertaken as part of the data
collection process (as described in section 1.5). This enabled exploration of the potential
economic costs of climate change impacts for the six grouped MTP themes presented in
Table 3. As in the previous sections, assumptions have been made that no adaptation
measures have been undertaken (i.e. the green line in Figure 4). These monetary estimates
include both historical analogues (i.e. based on past climate-related events, such as El Niñoand La Nina- induced flood and drought in 1997-1998 and 1999-2000, respectively) and
future annual projections. In combination with government-provided estimates (Camco, in
preparation), the monetary values outlined in this report are mainly based on two major
economic assessments, which take a multi-sectoral and country-wide approach (World Bank,
2006; SEI, 2009). This allows the extrapolation of relevant economic data across the full
range of sectors. Even though historical analogues have many limitations (as described in
section 1.23), they nevertheless provide a good indication of the lower range of the likely
future climate burden on the national economy and public budgets.
1.6.5. Ranking
Once individual risks were rated based on their likelihood of occurrence and severity of
consequence, the complete aggregated list and individual thematic lists could then be
ranked, with very high likelihood and critical impact at the top of the list. Additional
weighting was also given to those risks Kenya is already susceptible to and experiencing
through existing climate variability. Ideally the prioritisation process would also include
additional information such as the numbers of people affected and any associated costs;
unfortunately such detailed information is largely missing for Kenya, therefore has not been
incorporated in the ranking process. The outputs from the risk rating process are provided in
the risk register (Appendix 2). Opportunities are grouped at the end of each sub-section in
the table. Another method to graphically represent the risks is to plot them against the risk
assessment matrix (Figure 5), with the colouring system representing the risk magnitude
being transferred to the Tables in Appendix 2.
Figure 5: Risk assessment matrix.
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MAGNITUDE OF RISK:
Low

Medium

High

Serious

1.7. Reviewing impacts
There are some impacts of climate change for which existing evidence is clear and there is in
general a scientific consensus. However, for many impacts there is not yet consensus, and
there may even be controversy. Therefore, for transparency, this risk assessment
methodology also incorporates:
•

The level of confidence using IPCC terminology (IPCC, 2007b)7, and;

•

The ‘weight of evidence’ using pedigree scores based on the UK Climate Change Risk
Assessment guidance (Defra, 2010).

Each individual risk was reviewed against these criteria, based on any available information
provided in the original publications, together with expert judgement (from the report
authors and stakeholder engagement at consultation events).
Impacts were also reviewed to ascertain their relevance and applicability in different
geographical contexts, as explained in section 1.7.3.
1.7.1. Confidence
Confidence level scores have been given to each of the identified impacts or consequences.
The score is based on both climate effect and consequence and refers to the lowest
confidence of the two (Defra, 2010). For example:
•

If there is low confidence that there will be an increase in the frequency of intense
storm events, but high confidence that there will be an increase in surface water
flooding, if there is an increase in the frequency of intense storm events. This
therefore has a low degree of confidence.

•

If there is high confidence that there will be an increase in sea surface temperatures,
but medium confidence that there will be shifts in marine species, if there is an
increase in seawater temperatures. This therefore has a medium degree of
confidence.

The ‘levels of confidence’ terminology from IPCC (2007b) was used in this assessment, as
detailed in Table 4.
Table 4
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1.7.2. Pedigree
The purpose of pedigree scoring is to record and ‘carry through’ information on the ‘weight
of evidence’ associated with climate risks (Defra, 2010). Several components form part of the
pedigree descriptors, including:
• Information or data, for example inclusion of historical and observed data, or use of
modelling and cost analysis.
• Theory and method, for example established theory and accepted methods. Peer
Acceptance, for example peer-reviewed evidence versus contradictory views.
• Consensus, for example acceptance as an ideal approach or untested in the sector.
The resulting pedigree scoring system is outlined in Table 5. This is a slightly modified
version of the methodology used in the UK Climate Change Risk Assessment, which was
published and laid before UK Parliament in January 2012 and widely regarded as a world
class and ground-breaking study. The modification applied in this study was to reverse the
numbering system, to provide comparability with the confidence scale, with the positive
(negative) implications assigned lower (higher) values.
Table 5: Pedigree terminology (modified from Defra, 2010).

1

Comprehensive evidence using the best practice
and published in the peer reviewed literature;
accepted as an ideal approach.

2

Reliable analysis and methods, with a strong
theoretical basis, subject to peer review and
accepted within a sector as ‘fit for purpose’.

3

Estimation of potential impacts or consequences,
grounded in theory, using accepted methods and
with some agreement across the sector.

4

Expert view based on limited information, e.g.
anecdotal evidence.

5

Non-expert opinion, unsubstantiated workshop
discussion with no supporting evidence.

It is important to highlight that pedigree scores can change as further evidence is gathered,
or be modified through the peer-review process.
1.7.3. Geographic variability
Due to the diverse nature of Kenya’s climate and landscape, and associated agro-climate
zones and livelihood strategies, vulnerabilities, exposures and sensitivities, climate change
impacts will be geographically variable. Certain climate impacts and risks will be applicable
across the nation, whereas others will be specific to individual regions (e.g. Arid and SemiArid Lands (ASALs), urban areas). Research to date in Kenya has not provided a
comprehensive county by county quantitative assessment of impacts (actual and projected)
across all sectors.
To provide a picture of the geographic variability of climate impacts, information gleaned
from the County Consultations has been incorporated into this climate change risk
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assessment. Each of the nine County workshops followed the same structure, with break-out
sessions on day one whereby participant were instructed to discuss the evidence and impacts
of climate change in the counties they were representing. This information has been
tabulated within the County Consultation reports, which are available for download from the
Ministry of Environment and Natural Resources (MEMR) Climate Change Action Plan
website8. Impacts highlighted by workshop participants have been utilised in this risk
assessment and linked to MTP themes presented Chapter 3. Maps have been produced that
depict the geographic variability of specific impacts discussed under individual MTP themes.
Unfortunately, at the time of writing this report, data was unavailable for Lakipia county,
hence its exclusion from the maps in Chapter 3.
Although the County Consultations provided a rich source of information, it is important to
acknowledge that these findings are based on stakeholder judgment, and in some cases with
limited supporting scientific or documented evidence. Utilising the pedigree scoring system
outlined in section 1.7.2, this information would be assigned a pedigree score of 5. The
impacts participants are highlighting are likely to be a true reflection of what they are
currently experiencing on the ground; however, validating the impacts as a deviation from
the normal trend and a true manifestation of a changing climate is particularly challenging.
Furthermore, there is the risk that in certain counties participants may not have highlighted
an impact they are in fact experiencing. Utilisation of the County Consultation material in
this manner is simply to provide a high-level overview of some of the geographic variability
Kenya is currently experiencing. As highlighted in the ATAR, to gain a detailed and accurate
understanding of climate change impacts at the regional- and community-scale, it is
imperative that detailed impact modelling work is undertaken at a comparable scale. A
national climate change risk assessment will not provide the level of detail needed to make
robust decisions at the sub-national and community-level.
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Risks and opportunities across MTP themes
A range of climate drivers, resulting from both incremental (chronic) changes and extreme
(acute) events, are likely to cause impacts on the natural environment, Kenyan citizens, the
wider economy and prosperity and stability of the East Africa region. In the following
discussion of the main risks and opportunities to individual MTP themes, emphasis is placed
on those risks with the highest magnitude (i.e. highest likelihood and severity of
consequence) and for which Kenya is already susceptible. A full risk register is included in
Appendix 2.
1.8. Economic pillar / Agriculture, Livestock and Fishing
Comparable with other developing countries, the Agriculture, Livestock and Fishing sector is
of critical importance to Kenya; in terms of employment, food security, livelihoods and
economic development. The GoK has stated that the vision for the Agriculture, Livestock and
Fishing sector is “to improve livelihoods of Kenyans through promotion of competitive
agriculture, sustainable livestock and fisheries sub-sectors, growth of a viable cooperatives
sub-sector, equitable distribution and sustainable management of land resources” (GoK,
2008). Climate change has the potential to significantly threaten this vision for rural
livelihoods, by creating more challenging arable and pastoral farming practices, and fishing
systems, and exacerbating existing regional inequalities in land and natural resources.
Discussion of the climate change risks to this MTP theme are divided into the three
components of the theme: Agriculture; Livestock; and Fishing. Quantified projections of
future changes in production are included, where information is available in the source
literature. Published studies range in complexity, from quantified analyses utilising
sophisticated climate and crop models, to assumptions based on previous experience or
regional / global case studies. As explained in section 1.7, the quality of the underlying
analysis is reflected in the pedigree and confidence score assigned to individual risks. The
risks that represent the highest magnitude of risk to Agriculture, Livestock and Fishing, and
for which Kenya is already susceptible, are presented in Summary box 1, Summary box 3,
and Summary box 5, respectively. Similarly, the potential climate change opportunities for
Agriculture and Livestock are presented in Summary box 2 and Summary box 4,
respectively. It is important to note, however, that only the opportunities marked with an
asterisk are assumed to represent a present-day experience. The reference codes in the
summary boxes below refer to full risk register provided in Appendix 2.
1.8.1. Agriculture
Agriculture is viewed as the backbone of the Kenyan economy, contributing 24% directly to
GDP and 65% of export earnings (GoK, 2012). The sector generates almost all of the
country’s food requirements and provides a significant proportion of raw materials for agrobased industries. The sector is dominated by small-scale and subsistence farmers. There are
more than 3.5 million small-scale farmers who own land that is on average 2.5 acres (GoK,
2012). Overall, the smallholder sub-sector contributes about 75% of the country’s total value
of agricultural output, 55% of the marketed agricultural output and just over 85% of total
employment within agricultural sector (GoK, 2012).
Unfortunately, due to their limited capacity to deal with climate shocks, subsistence farmers
can be severely impacted by climate and weather events, which can frequently lead to major
food insecurity. A study published for the World Bank (Padgham, 2009) argues that SubSaharan Africa is the most vulnerable region to the impacts of climate change on agriculture,
given its “repeated exposure to extreme climate events, very high reliance on rain-fed
agriculture for basic food security and economic growth, and entrenched poverty”. Kenya
has been food insecure for a long time, in both urban and rural areas, as well as in high
potential and ASAL areas (Gitu, 2004). However, food insecurity is a complex issue, with
attributing factors including a decline in agriculture productivity, inefficient food
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distribution systems, HIV/AIDS, land fragmentation and climatic changes (Gitu, 2004);
disentangling the climate signal is particularly difficult.
Agriculture is inherently extremely vulnerable to climate change, due to the natural
connections and dependencies that exist between climatic conditions and plant
development. There are a variety of climate drivers that are likely to impact agricultural
productivity, in a range of ways, both directly and indirectly. For example, higher
temperatures are likely to directly reduce yields of desirable crops in the long-term, while
encouraging invasion of alien species and pest proliferation, which will indirectly affect
productivity. Changes in precipitation patterns increase the likelihood of short-term crop
failures and long-term production declines. Rain-fed agriculture is and will remain the
dominant source of staple food production and the livelihood foundation of the majority of
the rural poor in Kenya (Herrero et al., 2010). As is apparent from the majority of the risk
causal narratives detailed in Summary Box 1, the ultimate end-point consequences from a
decline in agricultural production are detrimental impacts for food security and human
health.
Summary box 1: Highest magnitude risks to Agriculture

•

Incremental climate change and extreme events, particularly increase in drought
frequency, causes resource scarcity (e.g. water, land, livestock) with the
consequence that conflicts arise and human health is detrimentally impacted (risk
ref. HRD20)

•

Incremental climate change and extreme events cause decrease in reliable cropping
days and crop failure with the consequence that rural livelihoods are threatened,
rural communities face food insecurity and associated health impacts (risk ref.
ARD1)

•

Increase in average annual temperature and increase in evapotranspiration causes
decrease in agricultural productivity, with the consequence that rural livelihoods
are threatened, rural communities face food insecurity and associated health
impacts (risk ref. ARD2)

•

Increase in average annual temperature causes decrease in agricultural productivity
and revenue in the medium and low potential zones, with the consequence that
rural livelihoods are threatened, rural communities face food insecurity and
associated health impacts (risk ref. ARD8)

•

Incremental climate change and extreme events, particularly increased frequency of
droughts, causes water shortages for agricultural purposes, with the consequence
that rural livelihoods and commercial enterprises are threatened (risk ref. ARD3)

•

Unpredictable precipitation during both the short and long rains, together with
extreme events, particularly increased frequency of droughts, causes decline in
agricultural productivity, including livestock-based, with the consequence that rural
livelihoods are threatened, rural communities face food insecurity and associated
health impacts, particularly in the ASALs (risk ref. ARD4)

•

Decrease in annual mean precipitation and extreme events, particularly increase in
drought frequency, causes decrease in agricultural productivity, with the
consequence that rural livelihoods are threatened, rural communities face food
insecurity, with associated health impacts, particularly in the ASALs (risk ref.
ARD5)

•

Increase in average annual temperature causes shifts in tolerable limits for some
crops (e.g. tea and coffee), with the consequence that rural livelihoods are
threatened (risk ref. ARD27)

•

Changes in the timing of long and short rains causes lower predictability of maize
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yields, with the consequence that rural livelihoods are threatened and face food
insecurity and associated health impacts (risk ref. ARD20)
•

Incremental climate change causes shortening of the length of growing period and a
decrease in cereal production, with the consequence that there is a national-scale
shortfall in grain production and food insecurity (risk ref. HRD27)

•

Sea level rise causes coastal flooding and erosion with the consequence that
agricultural land is damaged or destroyed and coastal livelihoods are threatened
(risk ref. ARD9)

•

Incremental climate change causes shift from produce food crops (maize, beans,
potatoes, etc) to cash crops (tea, coffee, etc), with the consequence that rural
communities face food insecurity (risk ref. HRD28)

•

Extreme events, particularly the El Niño rains, cause flooding of agricultural land
and destruction of crops, with the consequence that rural livelihoods are
threatened, rural communities face food insecurity and associated health impacts
(risk ref. ARD6)

•

Incremental climate change causes biodiversity loss, emergence of pests and
invasion of alien species, with the consequence that agricultural productivity
declines and rural livelihoods are threatened (risk ref. ARD7)

•

Shifts in the timing of the short and long rains and increase in precipitation
intensity causes soil degradation and erosion, leading to decreased agricultural
productivity, with the consequence that rural livelihoods are threatened, rural
communities face food insecurity and associated health impacts (risk ref. ARD11)

•

Incremental climate change causes change in migratory routes (and timings) of
species that use both seasonal wetlands (e.g. migratory birds) and track seasonal
changes in vegetation (e.g. herbivores), with the consequence rural livelihoods are
threatened and human-wildlife conflicts arise (risk ref. ARD13)

•

Increase in average annual temperatures and shifts in precipitation timing and
distribution causes decrease in maize yield, particularly in the mixed rainfed humid
/ sub-humid regions (agro-climate zone III) and ASALs, with the consequence that
traditional farming practices are no longer appropriate and rural livelihoods are
threatened, rural communities face food insecurity and associated health impacts
(risk ref. ARD23)

•

Increase in frost frequency causes destruction of crops with the consequence that
rural livelihoods are threatened, rural communities face food insecurity and
associated health impacts (risk ref. ARD67)

•

Increase in hailstorm frequency causes destruction of crops with the consequence
that rural livelihoods are threatened, rural communities face food insecurity and
associated health impacts (risk ref. ARD68)

In the year 2000, the food available for Kenyans was 1965 calories per capita per day, which
was below the recommended 2250 calories per day (Gitu, 2004). Food availability has been
declining largely because maize production was down by 44% on per capita basis in 2000
compared to 30 years before, as local staple food production has been outstripped by a
relatively high rate of population growth and increased life expectancy (Gitu, 2004). Chronic
under-nutrition is the most common form of malnutrition and is mainly associated with
insufficient dietary intake because households lack enough income to secure their basic food
requirements.
Climate change is certain to amplify these vulnerabilities given projections of warming
temperatures, potential for increased activity attributable to the El Niño Southern Oscillation
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(ENSO), and trends of increased aridity in some locations. The overall adverse weather
events that may occur because of the projected climate change could have severe socioeconomic impacts such as shortages of food, water, energy and other essential basic
commodities, as well as long-term food insecurity. Due to the fact that the majority of
farmers are subsistence, depending on the 20% of Kenya’s land that is suitable for producing
crops for their own needs, there are inherent links between the discussion in this report of
climate change impacts on agricultural productivity and food security.
Existing climate variability, particularly the high inter-annual unpredictability in
precipitation is already having devastating consequences on rural livelihoods in Kenya. The
two extreme climate events associated with this unpredictability are drought (risk ref. ARD4)
and flooding (risk ref. ARD6). Both these events can occur in the ASALs and the high
potential areas, with subsistence farmers experiencing loss of crops and significant food
insecurity.
Drought is the prime recurrent natural disaster in Kenya; in recent times, intense droughts
have occurred in 1991/92, 1995/96, 1998/2000, 2004/2005, and 2008-11 (GoK, 2006; SEI,
2009; GoK, 2012). Each of these events has caused severe crop losses, famine and
population displacement in the country. The impacts of the 2008-2011 drought for
agricultural production are detailed in Case Study 1. Even at the time of writing this report,
the Famine Early Warning Systems Network (FEWS NET) has issued a food security alert for
Kenya: “Food security Crisis (IPC Phase 3) likely in parts of the pastoral areas and
southeastern and coastal marginal agricultural lowlands in September at the peak of the
lean season” (FEWSNET, 2012a). FEWSNET highlight that the main drivers of the acute
food insecurity are the poor 2012 March to May long rains after previous successive poor
seasons, conflict and insecurity, and high food prices. It is predicted that affected households
are likely to experience significant food consumption gaps and may resort to employment of
irreversible coping strategies such as liquidating livelihood assets or diverting expenses from
essential non-food items such as health care and education (FEWSNET, 2012a). Climate
change introduces an additional uncertainty into existing vulnerabilities, particularly in the
ASALs (Osbahr and Viner 2006). Increased temperatures are likely to exacerbate the
drought conditions already experienced and in the future may have a significant impact on
water availability.
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With respect to the longer-term implications of a changing climate on agricultural
productivity, the seminal global study by Lobell et al. (2008) depicts a picture of significant
regional variations in crop yield, with distinct “winners and losers”, as climate change
inevitably favours some crops and regions over others. Overall, crop yields in Africa may fall
by 10–20% by 2050 because of warming and drying, but there are places where yield losses
may be much more severe, as well as areas where crop yields may increase (Jones and
Thornton, 2003). From a regional and Kenyan perspective, the story is very similar; some
crops are expected to experience more favourable growing conditions as a result of climate
change, whereas others will find future climatic conditions intolerable. Equally, some
regions, namely the mixed rain-fed temperate and tropical highlands, are projected to
experience an increa
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Incremental climate change is likely to result in most of the tropics experiencing a change in
growing conditions. In East Africa, reliable crop growing days are likely to decrease to critical
levels, posing a significant threat to rural livelihoods (risk ref. ARD1). In a major effort to
identify hotspots of climate change and food insecurity in the global tropics, as part of the
Climate Change, Agriculture and Food Security (CCAFS) initiative, parts of south west Kenya
were highlighted as potentially experiencing a flip in the number of reliable crop growing
days from more than 90 to less than 90 by the 2050s (Ericksen et al., 2011). This will clearly
have implications for rural livelihoods and “cropping might become too risky to pursue as a
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2010). As a consequence of the limited evidence and lack of detailed results for future trends
in tea yield, a pedigree score of 3 is assigned to this risk.
Figure 7: Simulated maize (left-hand panel) and secondary-season bean (right-hand panel)
percentage yield differences to 2050 compared with current conditions, for the HadCM3 and A1FI
scenario combination, mapped in areas of statistically significant yield differences (p ≤0.05)
(Thornton et al., 2009a).

Rainy seasons in Kenya can be extremely wet and often late or sudden, bringing floods and
inundation, such as in 2000. Major floods periodically afflict the Winam Gulf of the Lake
Victoria, the Lower Tana basin and the coastal regions (Otiende, 2009). Geographically, the
western, northern, eastern, central and south-eastern parts of the country are quite
susceptible to seasonal floods in the wet seasons of March-April-May and OctoberNovember-December (Otiende, 2009). Riverine floods are the most dominant floods in
Kenya, although the ASALs are particularly vulnerable to flash flooding. Floods result in the
inundation of productive agricultural land leading to destruction of crops and harvested food
that has been stored, with clear implications for agricultural productivity (risk ref. ARD6). In
fact, participants at the Rift Valley Province North County Consultations shared experiences
of rotting crops, including maize, wheat and passion fruits, as a result of heavy rains in
August 2011 in Eldowos (Uasin Gishu County). This highlights the current susceptibility of
small-scale farmers who may lack adequate storage facilities to protect their produce from
the weather. Workshop participants from Kiambu County (Central Province) also
highlighted the damage flash flooding has caused farmers in Kikyu and Limuru.
Unfortunately, there is little consensus amongst the models with respect to their simulated
changes in extreme rainfall events (Herrero et al., 2010). Based on observed data, the
number of extremely wet seasons is increasing to roughly 20% (i.e. 1 in 5 of the seasons are
extremely wet, as compared to 1 in 20 in the control period in the late 20th century)
(Christensen et al., 2007). Across Africa, and other regions, climate change is anticipated to
cause a general increase in the intensity of high rainfall events, associated in part with the
increase in atmospheric water vapour (Christensen et al., 2007).
It is commonly perceived in Kenya that a large proportion of rainfall variability is
attributable to El Niño (Osbahr and Viner, 2006; Otiende, 2009; Herrero et al., 2010) (see
information box below). However, there is currently no clear relationship between either El
Niño or La Niña events and prolonged drought or particularly wet periods (Thornton et al.,
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2006; Conway et al., 2007; Herrero et al., 2010). Furthermore, modelling future variability
in El Niño Southern Oscillation (ENSO) activity is inherently difficult, due to the complex
interactions that exist in the climate system. In general, research on changes in extremes
specific to Africa, in either models or observations, is limited (Herrero et al., 2010). As a
result, risk ref. ARD6 has been assigned medium confidence and a pedigree score of 3.

Information box 1: Role of El Niño in driving Kenyan climate variability

Climate variability at intra- and inter-annual and multi-decadal time scales is an important
contributor (along with such factors as population growth, land degradation and
deforestation) to diminished agricultural productivity and associated food security
(Padgham, 2009). During the past several decades, the El Niño Southern Oscillation
(ENSO) has become the dominant source of inter-annual climate variability in East and
southern Africa, and has been linked to several recent severe climatic events, although
anomalous rainfall years in Africa do occur independently of ENSO activity. Food
production in southern Africa has become more volatile over the past several decades, in
part because of the sensitivity of maize production to ENSO effects. The greatest
vulnerability to the ENSO occurs in southern Africa, where drought risk has been estimated
to increase by 120% during warm, El Niño phases, causing maize yield losses in excess of
50% (Stige et al., 2006). Kenya is one of the countries in the Greater Horn of Africa region
that has been identified as having a strong ENSO signal (El Niño and La Nina). The warm
and cold ENSO cycles are often, but not always associated with above/below average
rainfall amounts that lead to floods and droughts respectively. El Niño is already a major
concern to Kenya due to its adverse impacts including floods and droughts (Otiende, 2009).
Two further “freak” weather events highlighted at various County Consultation workshops
were hailstorms (risk ref. ARD68) and frosts (risk ref. ARD67). In Bungoma and Vihiga
County (Western Province), Kisii County (Nyanza Province), Nyandarua County (Central
Province), Trans-Nzoia County and Uasin Gishu County (Rift Valley Province North) and
Bomet County (South and Central Rift Valley), workshop participants described the
significant crop damage that occurred during recent hailstorm events. In Bomet County,
there was significant damage to tea and maize, with associated consequences for rural
livelihoods and food security. Equally, unexpected frosts have been experienced in Embu
County (Eastern Province), Kiambu County, Nyandarua County, Nyeri County and Murang’a
County (Central Province), Elgeyo Marakwet County and Nandi County (Rift Valley Province
North), Trans-Nzoia County and Uasin Gishu County (Rift Valley Province North) and
Kericho County (South and Central Rift Valley), destroying tea and horticultural crops. As
recently as February 2012, Kericho County experienced frosts that lead to widespread loss of
tea crops. Unfortunately, there are no climate projections available for these two climate
parameters, therefore both these risks have been assigned a low confidence. Furthermore,
because the risks were highlighted through anecdotal evidence and workshop discussion
they have been given a pedigree score of 4-5.
Climate change is also likely to cause a number of secondary (indirect) impacts – such as
increased rates of runoff and soil erosion (risk ref. ARD11) and increased crop losses from
wildlife migrations (risk ref. ARD13) insects, diseases, (risk ref. ARD7) and weeds (risk ref.
ARD14) – which could magnify production losses. Increases in crop destruction and wildlife
attacks have been recorded in western Kenya in the last two years (]igure	
  8; GoK, 2012). In
Marsabit, there are increased human-elephant conflicts, as elephants look for succulent
plants in the farms (GoK, 2012). Wildlife destruction of crops, fences and water systems are
commonly reported during periods of drought. For example, elephants unearthed water pipe
systems in Badasa, Songa, Leyai and Marsabit lodge inconveniencing the residents and
visitor facility in the park (GoK, 2012). Human-wildlife conflicts were a recurrent topic at
conversation at County Consultations, with specific examples including hippopotamus along
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the shores of Lake Victoria and monkeys in Wire and Gwasi Hills (Homa Bay County,
Nyanza Province).
Figure 8: Cases of Human Wildlife Conflict 2007- 2010 (GoK, 2012).

With respect to agricultural pests and diseases, workshop participants in the Coastal
Province highlighted the ‘maize stalk borer menace’, which is devastating crops in the area.
Increased flood and landslide risks from heavy storms and observations that higher
temperatures are causing expansion of the over-winter range of some crop pathogens
provide early evidence that climate change is already intensifying these indirect effects
(Padgham, 2009). Secondary impacts are not well represented in climate impact models, if
represented at all, and therefore the pedigree score is 3. However, they are very likely to
create significant additional pressure on the long-term viability of agricultural systems,
especially where productivity is already low or declining, and consequentially these risks
have been rated as high magnitude.
As outlined in the introduction to this section, climate change has the potential to create
more favourable agro-climatic conditions; the opportunities for agricultural productivity are
detailed in Summary box 2. It is important to note that only those bullet-point marked with
an asterisk are assumed to be a current experience in Kenya. It is anticipated that the
highlands of Kenya and high potential zones11 will experience the most benefits from the
incremental increase in temperature, by removing crop growth constraints and thus
potentially leading to higher yields in these regions (ref. ARD15 and ARD16) (Herrero et al.,
2010).
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   ^enya	
  is	
  di_ided	
  into	
  7	
  agro-‐climatic	
  `ones	
  using	
  a	
  moisture	
  indea	
  based	
  on	
  annual	
  rainfall	
  eapressed	
  as	
  a	
  
percentage	
  of	
  potential	
  e_aporation.	
  Zreas	
  with	
  an	
  indea	
  greater	
  than	
  50b	
  ha_e	
  high	
  potential	
  for	
  cropping,	
  
and	
  are	
  designated	
  `ones	
  I,	
  II,	
  and	
  III	
  (Orodho,	
  2001).	
  chese	
  `ones	
  account	
  for	
  12b	
  of	
  ^enyads	
  land	
  area.	
  Yigh	
  
potential	
  areas	
  in	
  ^enya	
  are	
  identified	
  as:	
  (i)	
  ^isii	
  and	
  eyamira	
  (eyan`a	
  Pro_ince),	
  largely	
  for	
  tea	
  growing	
  and	
  
dairy	
  farmingV	
  (ii)	
  large	
  parts	
  of	
  figori	
  (eyan`a	
  Pro_ince),	
  for	
  mai`e,	
  sugarcane	
  and	
  tobaccoV	
  (iii)	
  Tasin	
  Gishu	
  
and	
   crans-‐e`oia	
   (Wift	
   Valley	
   Pro_ince	
   eorth)	
   are	
   known	
   widely	
   as	
   the	
   bread	
   baskets	
   of	
   ^enya.	
   garge	
   scale	
  
mai`e	
  farming	
  is	
  practiced	
  in	
  these	
  two	
  counties.	
  Yorticulture	
  is	
  also	
  practised,	
  especially	
  in	
  Xldoret	
  in	
  Tasin	
  
GishuV	
  (i_)	
  eandi	
  (Wift	
  Valley	
  Pro_ince	
  eorth),	
  where	
  tea	
  is	
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  because	
  of	
  its	
  cool	
  climateV	
  (_)	
  Yighlands	
  of	
  
^ericho	
   and	
   homet	
   (Uouth	
   and	
   Central	
   Wift	
   Valley)	
   are	
   areas	
   of	
   large	
   scale	
   tea	
   farmingV	
   and	
   (_i)	
   eakuru	
   and	
  
earok	
  (Uouth	
  and	
  Central	
  Wift	
  Valley)	
  grow	
  wheat	
  and	
  horticulture	
  is	
  practised	
  in	
  eakuru	
  (e.g.	
  large	
  scale	
  cut-‐
flower	
  industry	
  in	
  eai_asha).	
  
26	
  
	
  

	
  

Summary box 2: Opportunities for Agriculture

•

Increase in average annual temperature and increase in annual mean precipitation
causes an increase in agricultural productivity, particularly in the highlands, with
the consequence that rural livelihoods thrive and food supply is secure, with
associated beneficial health impacts (ref. ARD15)*

•

Increase in average annual temperature causes increase in agricultural productivity
and revenue in the high potential zones, with the consequence that rural livelihoods
thrive and food supply is secure, with associated beneficial health impacts (ref.
ARD16)*

•

Increase in annual mean precipitation, particularly over Lake Victoria and the
coastal and neighbouring regions, causes increase in agricultural productivity and
revenue, with the consequence that rural livelihoods thrive and food supply is
secure, with associated beneficial health impacts (ref. ARD18)*

•

Increase in average annual and seasonal precipitation causes increased yield of both
rain-fed and irrigated crops (e.g. rice), with the consequence that rural livelihoods
thrive and food supply is secure, with associated beneficial health impacts (ref.
ARD19)*

•

Increase in average annual temperature and shifts in precipitation timing and
distribution causes increase in maize yield in some of the highland regions and agroclimate zone IV, with the consequence that rural livelihoods thrive and food supply
is secure, with associated beneficial health impacts (ref. ARD24)*

•

Increase in average annual temperatures and shifts in precipitation timing and
distribution causes increase in maize yield, particularly in the mixed rainfed
temperate / tropical highlands, with the consequence that rural livelihoods thrive,
including livestock-based due to the dependence on maize as a feed resource, and
food supply is secure, with associated beneficial health impacts (ref. ARD26)

•

Increase in precipitation during short rains causes increase in greengram, soybean,
groundnut, cowpea, fababean, mango, pineapple, banana, cassava and sweet potato
yield, with the consequence that rural livelihoods thrive and food supply is secure,
with associated beneficial health impacts (ref. ARD43 – ARD52)

•

Increase in average annual temperature causes increase in finger millet yield, with
the consequence that rural livelihoods thrive and food supply is secure, with
associated beneficial health impacts (ref. ARD53)

•

Incremental climate change causes increase in secondary season bean yields in the
western highlands of Kenya and Great Lakes Region, with the consequence that
rural livelihoods thrive and food supply is secure, with associated beneficial health
impacts (ref. ARD54)

•

Increase in average annual temperatures and shifts in precipitation timing and
distribution causes increase in bean yield, particularly in the mixed rainfed
temperate / tropical highlands and mixed rainfed humid / sub-humid regions, with
the consequence that rural livelihoods thrive and food supply is secure, with
associated beneficial health impacts (ref. ARD55)

•

Increase in average annual temperatures and shifting patterns of precipitation
causes increase in bean yield, with the consequence that national production
increases and food supply is secure, with associated beneficial health impacts (ref.
HRD36)

•

In
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causes increase in maize yield, with the consequence that national production
increases and food supply is secure, with associated beneficial health impacts (ref.
HRD37)
Again fo
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social and economic standing of resource-poor livestock keepers (Padgham, 2009). The risks
that represent the highest magnitude of risk to livestock systems, and for which Kenya is
already susceptible, are presented in Summary box 3.
Summary box 3: Highest magnitude risks to Livestock

•

Incremental climate change and extreme events, particularly increase in drought
frequency, causes livestock morbidity (e.g. decline in growth and poor reproduction
performance) and mortality, with the consequence that rural livelihoods are
threatened and face pressure to diversify their income sources, rural communities
face food insecurity and associated health impacts, particularly in the ASALs (risk
ref. ARD56)

•

Incremental climate change and extreme events cause decrease in agricultural
productivity, with the consequence that prices of staple foods and animal feed
increases and rural livelihoods face food insecurity and associated health impacts
(risk ref. HRD24)

•

Incremental climate change causes changes in vector-borne and infectious diseases,
with implications for livestock production, with the consequence that rural
livelihoods are threatened (risk ref. ARD57)

•

Increase in seasonal precipitation causes an increase in livestock diseases, with the
consequence that the rural livestock-based livelihoods are threatened (risk ref.
ARD58)

•

Increase in annual mean precipitation causes decrease in livestock production and
net value as farmers substitute livestock for crops, with the consequence that rural
livestock-based livelihoods are threatened (risk ref. ARD59)

•

Increase in precipitation intensity causes flash flooding and loss of livestock, with
the consequence that rural livestock-based livelihoods are threatened (risk ref.
ARD60)

Grazing and mixed rain-fed livestock systems are highly vulnerable to climate, due to their
heavy dependence on natural resources. Extreme weather and climate events already greatly
impact the livelihoods of pastoralists in Kenya, as the ASALs are largely characterised by
high evapotranspiration rates, low organic matter and poor infrastructure (GoK, 2012). For
the last two decades, drought has been a cyclical phenomenon impacting these pastoralist
communities, as explored in Case Study 2. Drought-associated food insecurity has been
highest among the pastoralists and small-scale mixed farmers found within these regions
(GoK, 2012).

Case study 2: Impact of the 2008-2011 drought on livestock

The years 2005-2006 and 2009 received below normal and poorly distributed rainfall,
with depressed rainfall in five consecutive rainfall seasons leading to the drought of 2009
(GoK, 2012). This lead to devastating consequences, with the depletion of pastures and
water especially in the ASALs and deterioration of livestock body condition and reduced
immunity. This triggered massive migration of livestock from one region to another
including national parks, high altitude areas of Mount Kenya, and permanent water
sources. Congregation of migrating herds has resulted in increased and widespread disease
outbreaks in most parts of the country. Some of the major outbreaks include Foot and
Mouth disease in Kwale-Kinango, Makueni-Kathonzweni, Makueni-Mukaa, and KajiadoKajiado North; Newcastle disease in Kwale; Peste des Petits Ruminants (PPR) in Isiolo,
Kajiado Isinya, and Central, Kajiado-Mashuru, and Garissa at varying times between 201029	
  
	
  

	
  

2011.
Livestock mortalities from starvation and disease outbreaks affected 9% of livestock while
disease incidence reached more than 40% of the herds in the affected districts. The 20082009 drought was particularly severe, with very high mortality rates in livestock,
particularly for cattle and sheep. Goats and camels had lower mortality rates, as
presumably they were able to find
forage as they are browsers. The
livestock losses reported in the table
are extremely high when compared
to the livestock losses reported
during other recent droughts and
compared to those reported during
the 1976 drought.
Between 2008-2011, combined drought-related damages and losses for the livestock sector
was highest in Rift Valley province (Ksh 322 billion) – several times the level of effects of
all other provinces which may be attributed to the high population of livestock in the
province and the intensity of the drought (Figure 9). The rest were less but still
significantly affected as follows in order of decreasing importance Eastern (Ksh 88 billion),
Nyanza (Ksh 70 billion), North Eastern (Ksh 63.4 billion), Central (Ksh 45 billion), and
Western (Ksh 42.5 billion). Other provinces sustained much lower values of damage and
losses.
Figure 9: Spatial distribution of livestock damages and losses (GoK, 2012).

(Source: Zwaagstra et al., 2010; GoK, 2012).

For Kenya, the implications of climate change on livestock-based rural livelihoods are largely
negative, with farmers predicted to incur heavy losses in the future. In a study that sought to
quantify the marginal impacts of climate change on livestock incomes in Kenya, livestock
production was found to be highly sensitive to climate change, with a non-linear relationship
between climate change and net livestock incomes (Kabubo-Mariara, 2009). For example,
extremely high temperatures will force farmers to reduce their stock levels, but milder
temperatures at the seasonal low points will encourage farmers to increase their stocks. The
estimated marginal impacts of climate change on net value of stocks suggest that the overall
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impact of rising temperatures will be a very modest increase in livestock productivity;
whereas the overall marginal impact of rainfall is negative, implying that increased
precipitation will lead to a fall in net value of livestock (Kabubo-Mariara, 2009).
Livestock are classified as “heat stressed” if they have difficulty achieving a balance between
body heat production and body heat loss. Thermal stress influences productivity and health.
For example, heat stress for cattle causes a decrease in food intake and an increase in
respiratory rate, which affects milk yields (Sugden et al., 2008). The response of increased
temperatures on water demand by livestock is well studied, with water intake increasing
when temperatures increase (Thornton et al., 2009b). There does not seem to have been a
great deal of work done on the direct impacts of climate change on heat stress in animals,
particularly in the tropics and subtropics (Thornton et al., 2009b). Easterling and Apps
(2005) state that a lack of appropriate physiological models that relate climate to animal
physiology limits the confidence that can be placed in predictions of impacts.
It is clear, however, that warming will alter heat exchange between animal and environment,
and feed intake, mortality, growth, reproduction, maintenance, and production are all
affected, potentially (Thornton et al., 2009b), with associated consequence for rural
livelihoods (risk ref. ARD56). In a warmer climate, excessively high temperatures are
predicted to damage livestock production (through losses of herds to drought, which
frequently occurs currently in ASALs; see Case study 2), as farmers are forced to reduce their
stock levels or risk losing them altogether (Kabubo-Mariara, 2009). Furthermore, an
increased drought frequency to more than one drought every five years could cause
significant, irreversible decreases in livestock numbers in ASALs (Herrero et al., 2010).
Results indicate that a drought once every five years (i.e. representative of current
conditions) keeps herd sizes stable in ASALs (Herrero et al., 2010). Increased probability of
drought to once every three years has the potential to decrease herd sizes, due to increased
mortality and poorer reproductive performance of the animals (Herrero et al., 2010). This
will have clear consequences for pastoral farmers. A high confidence score has been assigned
to this risk, with a pedigree score of 2.
The effects of climate change on livestock and non-vector-borne disease have received only
limited research attention, although the link is frequen
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livestock health risks associated with flooding, for example, following the El Niño flood of
1997/98, outbreaks of bovine disease were responsible for an 80% reduction of livestock in
northern Kenya (Otiende, 2009). As discussed previously, there is little consensus among the
climate models with respect to their simulated changes in extreme rainfall events (Herrero et
al., 2010) and as a consequence, a low confidence has been assigned to this risk and a
pedigree score of 3, due to the broad sectoral agreement of the potential impacts, despite
reliance on anecdotal evidence.
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1.8.3. Fishing
The fisheries sector contributes about 5% of Kenya’s GDP and plays a significant role in the
social and economic development through the sector’s positive contribution to employment
creation, revenue generation and food security (GoK, 2012). The sector supports about a
million people directly and indirectly, working as fishers, traders, processors, suppliers and
merchants of fishing accessories and employees and their dependants (GoK, 2012). The
majority of Kenya’s fisheries sector (about 90%) relies on freshwater bodies, particularly
Lake Victoria. Marine fishing activities primarily occur inshore, with an estimated 6,500
artisanal fishermen harvesting about 4% of Kenya’s national fish production. Aquaculture is
the source of about 4% of Kenya’s total national fish production (MOFD, 2011) and is
undertaken primarily at the subsistence level; few commercial fish farms have been
established in Kenya.
Climate change-induced degradation of both freshwater and marine environments is likely to
have significant implications for the associated biodiversity and fisheries. Increasing water
temperatures and decreasing water levels is likely to negatively impact fish stocks, with
detrimental consequences for the rural communities such systems support. The risks that
represent the highest magnitude of risk to livestock systems, and for which Kenya is already
susceptible, are presented in Summary box 5.
Summary box 5: Highest magnitude risks to Fishing

•

Decrease in mean annual precipitation causes reduction in lake levels, river flow,
seasonal rivers completely dry up and fish stocks decline, with the consequence that
rural livelihoods are threatened, rural communities face food insecurity and
associated health impacts (risk ref. ARD70)

•

Increase in average annual temperature causes decline in fish species composition
and productivity in lakes and rivers, with the consequence that rural livelihoods are
threatened, rural communities face food insecurity and associated health impacts
(risk ref. ARD28)

•

Increase in sea surface temperature causes decline in marine fish stocks, with the
consequence that rural livelihoods are threatened, rural communities face food
insecurity and associated health impacts (risk ref. ARD66)

In recent times, the fisheries sector has experienced the detrimental consequences of climate
variability, specifically droughts. The 2008-2011 drought impacted Kenya’s fisheries sector
in a variety of complex and interrelated ways aggravating the already dire situation of
increased fishing effort in the Kenyan fisheries resources (GoK, 2012). Low inflows into the
lakes and reservoirs as a result of prolonged drought condition coupled with the high
evaporative effects have contributed to receding water levels (e.g. Lakes Turkana, Naivasha,
Baringo) and the drying up of ponds (GoK, 2012). The receding water in the Lakes reduced
the breeding grounds and also the fishing grounds, and some of the streams feeding the lakes
dried altogether (GoK, 2012). For instance, the River Omo, River Turkwel and River Kerio,
which feed Lake Turkana, were significantly affected and there were low inflows into Lake
Turkana. Rivers Maraigushu and Karati which feed Lake Naivasha dried up. Some of the
impacts resulting from the 2008-2011 drought event are outlined in Case study 3.

Case study 3: Impact of the 2008-2011 drought on fishing

The major impacts of the 2008-2011 drought for the fishing sector are as follows:
•

Loss of livelihood due to drying up of fish ponds- reduced incomes;

•

Receding Lake levels reduced the fishing area therefore causing increased fishing
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effort;
•

Disruption of fish farming activities due to the drying up of the ponds;

•

Landing beaches/sites distances from Lake and Sea shore increasing up to 3kms
(Lake Naivasha), causing fishermen to incur extra costs of paying for transport in
order to get the fish to the landing site;

•

The levels of the jetties (Lake Victoria) reduced disrupting the offloading of fish;

•

Increased fishing effort and illegalities in the Lakes because of the influx of
agricultural farmers; and

•

Replacement cycle of the physical assets was reduced.

Prior to the onset of the drought in 2008, Kenya’s aggregate fish production was
provisionally forecasted at 165,129 tonnes, which would represent an increase in output of
56%, compared to 2007 production. However, failure of the rains occurred in March and
April 2008, and again in October – November, reducing the production to 135,408 tonnes
(Figure 11). The production increased in 2010 and 2011 due to the increased number of
otherwise crop farmers moving into fishing after their crops failed due to the drought, as
well as the government’s intervention in aquaculture through construction of 48,000 fish
ponds countrywide. Production in 2010 was 140,751 metric tons, while in 2011 it was
predicted to be approximately 150,880 metric tonnes.
The fisheries sector sustained negative effects between 2008-2011 to the tune of Ksh 4,164
million, comprising of Ksh 503 million in damages and Ksh 3,661 million in losses. The
damages represent the value of destroyed fish ponds, pond liners and fishing gears while
losses occurred from a reduction in catches by the fishers, reduced harvests from the
ponds and higher production costs from repair of fishing crafts.
The overall value of damage and losses was highest in Nyanza Province at Ksh 2,323.8
million, several times higher than the other provinces due to the impact on Lake Victoria
which has the highest contribution to the national production (about 80%). The rest
sustained less values of damage and losses but were still significantly affected.
Figure 11: Fish production and prices (2002-2011) (GoK, 2012).

(Source: GoK, 2012).
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Unfortunately, there has been limited research to date with respect to the potential impact of
climate change on Kenya’s freshwater fisheries sector. It is assumed that the trend of
increasing temperatures and potential decline in precipitation would be detrimental to fish
stocks and the associated rural communities (risk refs. ARD28 and ARD70), yet without
specific country-specific studies, it is difficult to provide any further details. Information is
largely gleaned from local case study experience and knowledge transferred from other
contexts. At the County Consultation event in South and Central Rift Valley, participants
from Bomet County highlighted the impact rising temperature are having on trout, with the
species no longer found in Kericho County’s rivers, and the associated consequences for
fishing activities. Similarly, in the Rift Valley Province North, workshop participants
discussed the collapse of resource-based factories, including the Kolokol Fish Factory in
Turkana County. As a consequence, these risks have been assigned a pedigree score of 3 and
a medium-high confidence.
With respect to marine fishing activities, direct effects of climate change on marine capture
fisheries include sea level rise, sea temperature change, lower ocean pH levels, and changes
in rainfall that will affect estuarine fisheries, changes in ocean circulation, increased storm
frequency and intensity. These direct effects will in turn alter fish habitats and change the
distribution and composition of species that will have a profound impact on fisheries and
marine ecosystems (risk ref. ARD66). In the longer-term, the fish populations most at risk
with climate change will be those that are already near the physiological limits in terms of
temperature, salinity and pH tolerance; severely compromised in terms of their resilience
due to existing anthropogenic factors such as overfishing. Most coastal communities in the
East Africa region depend on the coastal and marine resources for their livelihood and
income; if fish catches decline due to climate change impacts, this will significantly impact
coastal communities dependent on such resources for their livelihood, thus leading to
poverty and associated health and social problems.Q q 0.24T Q q 0.210.0109 2 (d ) -(i)d ir
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Figure 12: Impacts identified at the county-level: A = Decrease in agricultural productivity, with
associated consequences for rural livelihoods, food insecurity and human health; B = Increase in
livestock morbidity (e.g. decline in growth, poor reproduction performance and diseases) and
mortality; and C = Decrease in fisheries production, with associated consequences for
livelihoods.

1.9. Economic Pillar / Financial services

As outlined in the First MTP, the GoK has a desire to create “a vibrant and globally
competitive financial sector driving high levels of savings and financing Kenya’s
Investment need” (GoK, 2008). As acknowledged in the First MTP, a well-functioning
financial system will ensure macroeconomic stability as well as promote private sector
development, which in turn will generate employment opportunities and reduce poverty
(GoK, 2008). Furthermore, “a sound financial sector will also encourage Foreign Direct
Investment (FDI), safeguard the economy from external shocks as well as propel Kenya to
become a leading financial centre in Eastern and Southern Africa” (GoK, 2008). Climate
change has the potential to act as an “external shock” to the financial services sector, through
impacts to both finance (e.g. exposure to indirect risks through investment portfolio,
customers in the retail sector defaulting on loans) and insurance (e.g. increased risks leading
to high claim ratios, low uptake of insurance covers). This risk that represented the highest
magnitude ofr -3 (m7 323.5-3 (h) (u) 5 .0 12 () ) 5 tni-3 (m7) m7m7t(r) 6mi-3 (m7) (r) 6mm71 (s (f) 53.5) -7
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•

Financial and credit performance of individual investments and investment
portfolios (loans, equity, guarantees, etc.);

•

Reputation, if by failing to assess and manage climate risks institutions fall short of
growing stakeholder expectations on adaptation;

•

Investor pressures for climate risk and adaptation disclosure, and climate resilient
risk management; and

•

Legal liabilities, if decisions fail to take into account the reasonably foreseeable
impacts of climate change and information is not provided on the material risks of
climate change; and

•

Market changes in the event of a change in demand for finance from governments,
commercial and individual clients. For the financial institutions, this may represent a
lost opportunity to finance adaptation (Stenek et al., 2010; KPMG, 2008; UNEPFI,
2011).

At present, there is limited substantive evidence of the consequences of changes in climate
on financial institutions globally, let alone in Kenya. It is difficult to establish a clear and
direct link between climate-related impacts and financial institution performance. However,
there is recognition by researchers, stakeholders and financial institutions themselves that
sensitivity to some of the risks of climate change could be high in the short term (Baglee et
al., 2012). As such, the exposure of financial institutions to climate change is known, hence
the high confidence assigned to this risk, but uncertainties are too high and available
information too limited to provide any further details and quantification of the risks.
1.10. Economic Pillar / Manufacturing / Wholesale, Retail and International
Trade
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consequence that infrastructure, including roads, telecommunications and utilities,
are damaged or destroyed and businesses face disruption and additional costs (risk
ref. T4)*
•

Increase in frost frequency causes destruction of crops with the consequence that
commercial enterprises are detrimentally impacted, with loss of earnings and
workforce redundancies (risk ref. T20)*

•

Decrease in annual mean precipitation and extreme events, particularly increase in
drought frequency, causes water scarcity, with the consequence that water rationing
is imposed and businesses face disruption and additional operational costs (risk ref.
T5)

•

Incremental climate change and extreme events cause negative impacts on forestry
resources, with the consequence that forestry-based businesses face security of
supply and product quality issues (risk ref. T15)

Summary box 8: Opportunities for Manufacturing, Wholesale and Retail

•
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affected were those in Nandi, Bomet, Kericho and Nyamira counties, where individual
farmers lost up to 50% in their earnings; KTDA has over 600,000 small-scale tea farmers
with 64 tea factories owned by the growers. In Nandi County alone, 25,000 small scale
farmers lost more than Ksh. 500,000 million between December 2011 and March 2012. Ten
tea multinational companies in Rift Valley were shut down because of the shortage of tea
arising from the frost leading to massive job losses (Daily Nation, 2012). Factories like
Tinderet experienced little damage due to numerous trees around the plantations. At the
County Consultation in Eastern Province, workshop participants from Makueni County also
highlighted the closure of the Makueni Ginnery and coffee factories in Mbooni, due to
decreased production of commercial crops and other products. Conversely, if projection of
increased agricultural yields materialise, particularly commercial crops such as tea, coffee
and bananas, agri-businesses may face significant commercial opportunities (ref. T9). This
will be beneficial to both small-scale farmers and the wider economy (as discussed further in
section 1.10.2).
1.10.2.

International trade

International trade comprises the import and export of both goods and services, and is
crucial as an instrument for economic growth (GoK, 2008). Kenya’s exports remain
concentrated both in traditional market destinations and primary products, with Common
Market for Eastern and Southern Africa (COMESA) being the leading market destination for
Kenyan products, accounting for an overall market share of 69.7% in 2006 (GoK, 2008).
Other market destinations for Kenya products include the East African Community (EAC),
European Union (EU) among others (GoK, 2008).
Climate change has the potential to significantly affect international trade and markets
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Summary box 10: Opportunities for International Trade

•

Incremental climate change causes shift from produce food crops (maize, beans,
potatoes, etc) to cash crops (tea, coffee, bananas etc), with the consequence that
commercial opportunities are presented, international trade increases and revenue
is gained (ref. T20)

With the agricultural sector accounting for about 26% of the GDP and 75% of the jobs, the
Kenyan economy is highly sensitive to climate-induced changes in production and
international exports (Figure 13; Herrero et al., 2010). For example, Grey and Sadoff (2006)
estimated that extreme climate events, like the widespread flooding and drought produced
by back-to-back La Niña/El Niño events from 1997 through 2000 in East Africa, caused
declines in GDP in excess of 10%. Decline in major foreign export crops, such as tea, coffee
and fresh vegetables will potentially reduce Kenya's foreign exchange earnings (risk ref. T6).
Because tea is Kenya’s leading export crop, generating Ksh 153 billion in 2009 (GoK, 2010),
lower yields for crops intended to be exported could generate ripple effects that weaken the
wider Kenyan economy. Ultimately, this potential long-term reduction in foreign exchange,
may heavily impact foreign trade and investment capabilities (T21, in preparation).
Conversely, climate change is expected to alter comparative advantage, setting up the
possibility of producers respond to changing opportunities and leading to changes in trade
flows. For example, if climate change causes a wide-scale shift towards cash crops, thus
increasing national production, there is the potential that international trade will increase
and revenue is gained (ref. T6). Due to the uncertain nature of future yield projections (as
discussed in section 1.8.1), and difficulty in predicting farmers response, this risk and
opportunity has been assigned a low confidence and a pedigree score of 3.
Figure 13: Linkage between the Palmer Drought Severity Index (PDSI) and GDP growth, Kenya,
1975–1995. (Source: IFPRI, 2006 cited in Herrero et al., 2010).

With respect to international imports, Sub-Saharan Africa faces increased net food imports
even under historic climate as a result of growing populations, faster economic growth
compared to the past, and growing urbanization, coupled with slow improvement in
agricultural productivity (Herrero et al., 2010). Climate change is likely further increase net
food import demand in the region (risk ref. T8). For example, recent crop failure for maize
resulted in the GoK importing 2.6 million bags between 2008 and 2009, worth Ksh 6.7
billion (GoK, 2010). Rice is equally exposed, due to the existing deficit in annual production
compared to consumption, which is met through imports valued at Ksh 7 billion in 2008
(Mati and Nyamai, 2008).
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Figure 14 shows changes in net cereal and maize trade for Kenya for 2050. As expected, net
imports increase under historic climate for both maize and all cereals (Herrero et al., 2010).
Maize imports are expected to almost quadruple, from 663,000 t to 2,404,000 t; and total
cereal imports are projected to increase from 1.5 to 3.2 million tonnes (Herrero et al., 2010).
Under climate change, maize and total cereal imports would be much higher for two out of
the three scenarios examined, by between 21% and 44%, thus increasing the future
dependency and vulnerability of local food systems under climate change (Herrero et al.,
2010).
Figure 14: Change in net cereal and maize trade for Kenya (thousand tonnes), under alternative
climate change scenarios. Negative numbers indicate net imports. (Source: IFPRI, 2009 cited in
Herrero et al., 2010)

Furthermore, since international regions are linked to each other through trade, changes in
another region’s climate conditions may also have indirect consequence on another’s regions
imports and exports. For example, it has been highlighted that if agricultural production in
Sub-Saharan Africa declines, prices for such commodities will also increase in northern
economies and worsen their terms of trade – the indirect effects of climate change (NCCR,
2012). Even without climate change, world prices are forecast to increase, from 39% to 72%
for the most important crops, driven by population and income growth in the developing
world outstripping expected productivity enhancements (Nelson et al., 2010). Climate
change is expected to cause even greater price increases; rice prices are projected to be 13%
higher in 2050 compared to a no-climate change case, wheat prices 70% to 87% higher, and
maize prices rise 34% (Nelson et al., 2010). Thus, Kenya will not only be affected by local
impacts, but also by climate change impacts in other countries (Hsp( - (s)e(o
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wider economy. This risk is based on expert judgement, with knowledge transferred from
other contexts, and as a result has been assigned a pedigree score of 3.
1.10.3.

Geographic variability

Outside of the agriculture sector, climate-related impacts on manufacturing, wholesale, retail
and international trade were not discussed widely at the County Consultations. Two counties
did highlight the potential reduction in economic competitiveness and foreign exchange
earnings on commercial crops, namely tea in Kericho (South and Central Rift Valley) and
coffee in Makueni (Eastern Province) (Figure 15).
Figure 15: Impacts identified at the county-level: Reduced economic competitiveness and foreign
exchange earnings.
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impacts on wildlife and biodiversity, with the consequence that the tourism industry
is negatively impacted (risk ref. T12)
•

Incremental climate change causes migration of wildlife to more favourable
habitats, with the consequence that the wildlife-related tourism is negatively
impacted (risk ref. T14)

With its close connections to the environment and climate itself, tourism is considered to be
a highly climate-sensitive industry (Simpson et al., 2008). Due to the fact that the tourism
industry is heavily dependent on environmental conditions and quality, a wide-range of
climate-induced environmental changes will have profound effects on tourism at the local
and regional destination level. Changes in water availability, biodiversity loss and reduced
landscape aesthetic (risk ref. T12), increased natural hazards, coastal erosion and inundation
(risk ref. T10) and the increasing incidence of vector-borne diseases (as discussed in section
1.13) will all impact the tourism industry to varying degrees. At the South and Central Rift
Valley County Consultation, workshop participants highlighted the potential detrimental
consequences for tourism, quoting the observed reduction in tourist visits to Lakes Baringo
and Bogoria (in Baringo County). With tourism contributing 10% to the GDP of Kenya
(Kithiia, 2011), such impacts have the potential to reverberate up to a national level. There
has not been any quantifiable assessment of the potential impacts, therefore a pedigree score
of 3 has been assigned to this suite of risks.
1.11.1. Geographic variability
Only a handful of counties identified the potential negative climate-related impacts for the
tourism sector, namely Kwale, Mombasa, Baringo and Uasin Gishu (Figure 16).
Figure 16: Impacts identified at the county-level: Reduced earnings from tourism.

1.12. Social Pillar / Environment, Water and Sanitation
As outlined in the First MTP, the GoK’s vision for the Environment, Water and Sanitation
theme is to “enhance access to a clean, secure and sustainable Environment, Water and
Sanitation” (GoK, 2008). Climate change will affect the availability of key water and
environmental resources, while exacerbating existing sanitation problems. From a global
perspective, the Millennium Ecosystem Assessment (2005) estimated that approximately
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60% of the ecosystem services are already being degraded or used unsustainably (including
freshwater, fisheries, air and water purification). Climate change is expected to become the
first driver of biodiversity loss by the end of the century. Due to the diverse nature of Kenya’s
natural environment, with climate-related risks being equally varied across these
environments, discussion in this section is divided into Coastal, Freshwater, Terrestrial and
Forest environments. The issue of sanitation is viewed as largely being a significant concern
in urban environments and is consequently addressed under the MTP theme of Population,
Urbanisation and Housing (section 1.14).
1.12.1. Coastal
Kenya is endowed with over 1500km of coastline that is home to some of the most diverse
natural resources country-wide, such as mangroves and coral reefs. Climate change impacts
(including increase in sea surface temperature, sea level rise and coastal erosion) are likely to
put additional pressure on reefs and other marine ecosystems, currently endangered by
other non-climate drivers including over-fishing, pollution, human settlement and
development, mining and shipping industry. The coastal strip is composed of the counties of
Kilifi, Kwale, Lamu, Mombasa, Taita-Taveta and Tana River, with all bordering the western
Indian Ocean coastline except Taita-Taveta. The agro-ecological zones in which the counties
are located vary from semi-arid to semi-humid. Nature-based tourism, fishing and
agriculture are the main economic activities in the coastal province. The port of Mombasa
plays a crucial role in the economy of not only Kenya, but of other eastern African countries
such as Uganda, Burundi, Rwanda, Southern Sudan and others. The risks that represent the
highest magnitude of risk, and for which Kenya is already current susceptible, are presented
in Summary box 12.
Summary box 12: Highest magnitude risks to coastal environments

•

Sea level rise and increase in storm surge causes coastal flooding and erosion /
deposition with the consequence that coastal ecosystems (e.g. mangroves) are
damaged or destroyed and environmental degradation occurs (risk ref. EWS1)

•

Increase in sea surface temperature causes more frequent coral bleaching events
and mortality, with the consequence that environmental degradation occurs (risk
ref. EWS2)

•

Sea level rise causes saline intrusion of aquifers, with the consequence that water
supplies are threatened (risk ref. EWS8)

•

Increase in sea surface temperature causes invasion of alien species, with the
consequence that marine environmental degradation occurs (risk ref. EWS3)

•

Increase in sea surface temperature and El Niño-driven upwelling events, cause
Harmful Algal Blooms (HABs), with the consequence that marine environmental
degradation occurs (risk ref. EWS4)

Sea level rise in combination to extreme weather events is likely to intensify flooding as the
majority of the coastland is low-lying (SEI, 2009). This is also potentially destructive to
coastal ecosystems, including islands, estuaries, beaches and marine biodiversity (risk ref.
EWS1). This may in turn lead to problems with water systems, agriculture, infrastructure,
fisheries, tourism and other related sectors dependent on the coast. The coastal city of
Mombasa is particularly vulnerable to climate change and associated coastal storm damage
and flooding on local flora and fauna, such as changes in sedimentation patterns and
decreased light penetration to benthic organisms leading to loss of food for various marine
fauna (Awuor et al., 2008).
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substantial stress from increasing water temperatures and ocean acidity, while experiencing
a host of other on-going challenges from over-fishing and destructive fishing practices,
pollution, mining, deforestation, poor land management practices, and poorly managed and
planned tourism. Coral reefs in the region have already faced several significant events of
coral bleaching and mortality. For example, bleaching and mortality levels in excess of 80%
were found in 1998 (Obera, 2002). Climate change is very likely to lead to more of such
events and lowering the recovery rate of pre-bleaching coral cover, following increasing sea
surface temperatures (risk ref. EWS2). According to the IPCC (2007a), coral bleaching is a
significant threat to fisheries resources and the tourism value of coastal areas, comparable to
that potentially experienced through coastal erosion.
Marine biological invasions are increasingly recognised as a threat to biodiversity (and
industry, particularly with regard to commercial fisheries and aquaculture). The introduction
of non-native species to a marine ecosystem and their subsequent establishment may cause
effects ranging from the almost undetectable to the complete domination and displacement
of native communities. Invasive alien species and Harmful Algal Blooms (HABs) are other
significant and current threats to the health of coastal ecosystems that may be climatechange related (risk ref. EWS3 and EWS4). A number of medium to large-scale HABs
impacted the northern coasts of East Africa between December 2001–February 2002
(Obura, 2002). The associated excessive phytoplankton concentrations in northern Kenya
led to extensive fish mortality (e.g. surgeon fish, snapper, triggerfish).
1.12.2. Freshwater
Water resources cover 1.9% of Kenya (Mango et al., 2010), and include Lake Victoria, Lake
Turkana, Lake Naivasha and Lake Baringo, as well as a large number of swamps in the
Loraine Plain (Mutimba et al., 2010). These lakes and Kenya’s other water resources are
mostly supplied by a network of perennial rivers that originate from five water towers:
Mount Elgon, the Aberdare Range, the Mau Escarpment, Cherangani Hills and Mount
Kenya. Water resources in Kenya are unevenly distributed, being more densely located in the
central and western regions of the country; the Lake Victoria drainage basin contains 65% of
Kenya’s renewable surface water supply (WRI et al., 2007). The rivers used most for human
consumption are primarily recharged by rainfall (Kandji, 2006).
Despite the presence of these water resources, Kenya is already one of the most water scarce
countries in Africa (Kandji, 2006; Mango et al., 2010; WRI et al., 2007). With 647m3 of
renewable freshwater supplies available per capita, Kenya is considered as a water-scarce
country (GoK, 2010). Based on current population growth rates, it is projected that water
availability will fall to 350m3 per capita by 2020 (WRI et al., 2007). The availability of water
is of fundamental importance for all sectors of the Kenyan economy and wider society; it is a
direct input for agriculture, fisheries and forestry, it drives Kenya’s hydropower generation,
it is used in manufacturing processes and is required for drinking water and sanitation.
Freshwater resources are
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consequence that environmental degradation occurs and water supply is affected
(risk ref. EWS9)
•

Increase in average annual temperature and increase in evapotranspiration rates
causes water losses from open water bodies, with the consequence that
environmental degradation occurs, including declines in fish stocks, and water
supply is affected (risk ref. EWS10)

•

Shifts in seasonal precipitation timing, distribution and increase in precipitation
intensity causes soil degradation and erosion, leading reduced groundwater
recharge, with the consequence that water shortages occur (risk ref. EWS15)

Water availability is already a significant problem in cities; for example Mombasa receives
only half of the water required to meet its needs, which leads to rationing and use of private
sources (Kitthiia and Dowling, 2010). Inadequate water supply has led to people and
businesses drilling boreholes in their backyards, thereby increasing the risk of salty-water
intrusion into fresh water aquifers (Kitthiia and Dowling, 2010). Sea level rise is likely to
render more acute the current water supply and salinisation problem, as freshwater aquifers
are contaminated with saline water (risk ref. EWS8). In addition, lower lake levels and
melting glaciers have the potential to restrict the quantity of freshwater resources over the
longer-term, as a result of decreasing average precipitation (risk ref. EWS9) together with
increasing temperature and related evapotranspiration (risk ref. EWS10). According to the
IPCC (2007a), the large East African lakes (including Lake Victoria) have warmed by
between 0.2°C and 0.7°C since the early 1900s, resulting in higher surface water
temperatures and evaporative water loss. This is supported by evidence of climate change
discussed at the County Consultations; decreases in the volume of water in rivers and lakes
was highlighted by workshop participants from numerous counties, including Turkana
County in Rift Valley Province North (River Turkwel, R. Kerio, R. Karaach and Lake
Turkana), Isiolo County, Makueni County and Marsabit County in Eastern Province (River
Ewaso Nyiro, R. Isiolo, R. Bisanadi, R. Makindu and Lake Paradise), Kirinyaga County,
Murang’a County and Nyandarua County in Central Province (River Nyamindi, R. Ngumbo,
R. Gakarati, R. Ikundu, Gikundu, R. Kinja, R. Turasha, R. Mukungi, R. Olkaria and Lake
Olbolosat), Homabay County and Kisumu County in Nyanza Province (Lake Victoria) and
Nakuru County in South and Central Rift Valley (Lake Naivasha, Nakuru and Elementaita).
The drying-up of wetlands was also highlighted as a current experience by participants from
-
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largest habitat for wildlife – one of the country’s key tourist attractions. Kenya’s natural
resources, in particular its rich flora and fauna are among the country’s most valuable
natural assets.
According to the IPCC (2007a), inexorably rising temperatures has a great potential for
widespread genetic devastation. “A 2.5°C increase in global temperature above the preindustrial level may see major biodiversity losses: 41–51% loss of endemic plants in
southern Africa, anything between 13% and 80% of various fauna in the same region”
(Thornton et al., 2009b). Anticipated impacts of climate change on biodiversity include
shifting of ecosystem boundaries, change in natural habitats and sharp increases in
extinction rates for some species (Reid, 2004). Rapid changes are expected in mountainous
regions where species have no alternative habitats to which they can migrate in order to
survive (Reid, 2004). The risks that represent the highest magnitude of risk in a Kenyan
context, and for which the country is already susceptible, are presented in Summary box 14.
Due to the limited specific information relating to this risk area, all have been assigned a
pedigree score of 3.
Summary box 14: Highest magnitude risks to terrestrial environments

•

Incremental climate change and extreme events, particularly increase in drought
frequency, causes fauna and flora losses, with the consequence that environmental
degradation occurs (risk ref. EWS14)

•

Incremental climate change and extreme events, particularly increase in drought
frequency,
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damages to plant and animal species, wildlife habitats, reduced forest productivity and
water levels, increased livestock and wildlife mortality rates. During this period, there was
a significant increase in the number of reported cases of wildlife deaths and in some cases,
wildlife was physically translocated. In the month of May 2009, an unusual number of
wildlife, including 23 elephants (mostly young ones) died in the Meru conservation area.
The rare and endangered Grevy’s zebra which inhabit the northern rangelands of Kenya
are already struggling with the searing drought that has hit the region for the past three
years. As at June 2009, their deaths have been alarming and reports indicate that the
mortality increase is a result of starvation, lack of water and due to babesiosis infections.
In Lamu district, along the Kenyan coast all fresh water sources dried up in early 2009. As
a result, over 300 buffaloes and other wildlife species died of dehydration after drinking
sea water between the months of March and April 2009. In the Samburu – Laikipia
ecosystem, more than 40 elephants have died due to drought related causes.
Table 6: Damages and losses to the environment and wildlife sub-sectors (GoK, 2012)

(Source: GoK, 2012).
In addition to these extreme events, the slow creeping change in temperature and
precipitation patterns over the longer-term are likely to negatively impact vegetation and
wetlands, with associated consequences for birds and animals higher up the food chain. At
the County Consultations, workshop participants from Nakuru County (South and Central
Rift Valley) have observed that flamingos are migrating as far as the Western Province.
Similarly, in Trans-Nzoia County (Rift Valley Province North), participants highlighted that
elephants have been moving to the Mount Elgon slopes in Uganda. In addition to reductions
in the number of indigenous species, workshop participants also discussed the occurrence of
invasive species, which in some cases are thought to be causing the extinction of local
species. For example, in Trans-Nzoia County (Rift Valley Province North) mention was made
to the destruction of habitats for the Sitatunga antelope in Saiwa Swamp National Park.
Furthermore, workshop participants from several counties described the increased
occurrence of Prosopis juliflora (“mathenge”), particularly in Wajir County (North Eastern
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Province), Taita-Taveta County (Coastal Province) and West Pokot (Rift Valley Province
North), together with Sesbania sesban in Kisumu County (Nyanza Province).
1.12.4. Forests
There are three relatively distinct areas of forest in Kenya: first a narrow belt follows the
coast and extends inland for about 30 km; secondly, tropical dry woodland and mixed
evergreen forest expand to the south-east; thirdly evergreen forest covers the south-west at
higher altitudes of the highlands (FAO, 2003). Forests are habitat for a large portion of the
country’s biodiversity and hence, valued as a significant resource to the country. Kenya’s
forest cover has declined over the years, as a result of deforestation and degradation. Kenya’s
closed canopy forest cover currently stands at approximately 1.7% of the country total land
area, which is low compared to other African countries, with an average of 9.3%, and the
world, with an average of 21.4% (GoK, 2012). Most of the closed canopy forests in Kenya are
montane forests and are the nation’s water towers (see section 1.12.2). Among the most
important are the Mau Forests Complex, Mount Kenya, Aberdare and Cherangany. Climate
change has the potential to cause significant forest die-back, with associated detrimental
consequence for rural livelihoods that are dependent on wood and non-wood forest
products. In a Kenyan context, the risks that represent the highest magnitude of risk are
presented in Summary box 15; however, it is important to note that these risks are assumed
not to represent a present-day experience. Although there has been international research to
assess the implications of climate change on forests, there is very limited knowledge at a
regional or country-specific level. As a consequence, these risks have been assigned a
pedigree score of 3.
Summary box 15: Highest magnitude risks to forest environments

•

Decrease in annual mean and seasonal precipitation causes decline in deciduous
and semi-deciduous closed-canopy forests, with the consequence that
environmental degradation occurs (risk ref. EWS6)

•

Increase in average annual temperature and periods of extreme high temperatures
causes increase in fire frequency and intensity, with the consequence that
environmental degradation occurs (risk ref. EWS17)

•

Incremental climate change and extreme events, particularly increased frequency of
droughts, causes negative impacts on forests and wetlands, with the consequence
that environmental degradation occurs (risk ref. EWS7)

The distribution of forests in Kenya is largely determined by precipitation, which means the
survival of Kenya’s forest resources is likely to be severely affected by climate change (risk
ref. EWS6 and EWS7). This will result in reduced biodiversity and capacity to deliver
important forest goods and services.
Forest fires are an additional hazard that is influenced by climatic conditions. Since about
1990, Kenya has lost an average of >5,700 hectares of forested land per year due to forest
fires (Mutimba et al., 2010). The projected rise in temperatures and long periods of drought
are predicted to lead to more frequent and more intense fires (risk ref. EWS17). Forest fires
have in the recent past affected Kenya’s major forests, including the Mount Kenya Forest in
February/March 2012.
Forest and swamp fires were also discussed by workshop
participants from Nandi County, Uasin Gishu County, West Pokot and Trans-Nzoia County
(Rift Valley Province North) and Nakuru County (South and Central Rift Valley), with
specific reference made to Mau and Menengai.
1.12.5. Geographic variability
Across the environment sector, a range of climate impacts were identified at the County
Consultation events (Figure 17). The two most commonly identified impacts were
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degradation of water resources (Figure 17C) and broader ecosystem degradation, including
encroachment, loss of wetlands, forest cover, wildlife and biodiversity (Figure 17D).
Figure 17: Impacts identified at the county-level: A = Sea level rise and shoreline erosion
(including coastal ecosystems, e.g. mangroves); B = Coral bleaching and degradation of marine
ecosystems; C = Degradation of water resources (e.g. drying up of rivers, lower lake levels, deeper
water table); D = Ecosystem degradation (including encroachment, loss of wetlands, forest cover,
wildlife and biodiversity); E = Increased prevalence of pests, diseases and invasive species; F =
Increased frequency of forest and grassland fires.

1.13. Social Pillar / Health
As stated in the First MTP, the GoK has a vision that the health sector will provide “equitable
and affordable health care of the highest standard” (GoK, 2008). Climate change is
expected to put at risk human health by exacerbating the magnitude and occurrence of
existing impacts, such as heat stress, air pollution, asthma, vector-borne diseases (such as
malaria, dengue, schistosomiasis – also referred to as swimmer’s itch or snail fever – and
tick-borne diseases), water-borne and food-borne diseases (such as diarrhoeal diseases).
According to the World Health Organisation, increasing temperatures and precipitation
patterns arising from a changing climate in the past 30 years already claim over 150,000
lives annually (Patz et al., 2005). Among which 88% of the disease burden afflicts children
under the age of 5.
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Future climate change is expected to “exacerbate the occurrence and intensity of future
disease outbreaks and may increase the spread of diseases in some areas” (IPCC, 2001).
The World Health Organisation estimated that climate change was responsible in 2000 for
approximately 2.4% of worldwide diarrhoea and 6% of malaria in some middle income
countries (WHO, 2002). The current burden of climate-sensitive disease is high in Kenya.
Climate variability is already responsible for modifications in natural processes leading to
negative impacts on human health. Increasing annual temperatures and changing
precipitation patterns are likely to facilitate the reproduction and survival of infection
disease agents (protozoa, bacteria and viruses). Similarly, the incidence of extreme events
(e.g. droughts, heat waves, floods) is likely to have severe health consequences and
potentially fatality for the population (e.g. increased death toll due to flooding). From a
Kenyan perspective, the risks that represent the highest magnitude of risk and for which
Kenya is already susceptible, are presented in Summary box 16. Potential opportunities for
health are presented in Summary box 17. This section explores the direct impacts of climate
change on health, specifically diseases and natural disaster-related injuries; the issue of food
security and associated human health impacts is addressed in section 1.8.
It is important to highlight that the most vulnerable in the Kenyan society (e.g. children,
those living in poverty) often bear the brunt of water- and vector-borne diseases, together
with heavy human costs from natural disasters as a result of existing variability (as discussed
in more detail in section 1.15). It is likely that they will also be the primary victims under
future climate scenarios. Given the importance of a healthy, productive and competitive
labour force for Kenya to reach its Vision 2030 target towards the status of middle-income
country, understanding how climate change endangers existing achievements and future
outcomes in terms of human resource development is of critical importance.
Summary box 16: Highest magnitude risks to Health

•

Extreme events, in particularly strong El Niño events, cause outbreaks of disease,
such as malaria, typhoid, cholera, rift valley fever and meningitis, with the
consequence that human health is impactedTm/TT46.9490196 sc 78mk/TT46. sc 1 (e) -1 ./TT46.H5
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with the consequence that there is the increased risk of human injury and death
(risk ref. HRD16)
•

Increase in average annual temperature, humidity and periods of extreme high
temperatures causes heatstress (and increase in air pollution), particularly in urban
areas and for outdoor workers, with the consequence that human morbidity and
mortality increases (including respiratory illnesses) (risk ref. HRD1)

•

Increase in average annual temperature and annual mean precipitation, together
with associated increase in vapour pressure, causes extension in the distribution of
malaria, with the consequence that there is increased demand on health and social
care resources (risk ref. HRD11)

•

Increase in sea surface temperature and El Niño-driven upwelling events, cause
Harmful Algal Blooms (HABs), with the consequence that human health is
negatively impacted (risk ref. HRD7)

Summary box 17: Opportunities relating to Health

•

Increase in average annual temperature and changing distribution of precipitation
causes reduction in the distribution of malaria in lower altitudes, with the
consequence that human exposure to the disease decreases, with associated
beneficial health impacts (ref. HRD12)

Malaria is one of the most explored health-related impacts from a changing climate (risk ref.
HRD9, HRD10 and HRD11) because it is considered as the most physically and economically
debilitating disease in Kenya. Malaria currently causes the death of 5% of Kenyans annually
(ROK, 2009). Close to 70% of the population lives in at-risk areas of malaria including 3.5
million children under 5, and 1 million pregnant women (SEI, 2009). Economists have
estimated that malaria represent a growth penalty of 1.3% of GDP in some African countries
(WHO, 2012a). Reports indicate that the Kenyan Highlands, which were initially free of
malaria, will be exposed to the risk of malaria following increasing temperatures and
precipitation (Lindsey and Martens, 1998; Patz et al. 2005; Githeko et al., 2012). In contrast,
exposure will likely be reduced in lower altitudes (Emert et al., 2012) (ref. HRD12). A recent
modelling study has projected that by 2055, as a result of the central average climate
warming (2.3°C) across the projections, the population annually affected by malaria in rural
areas over 1000 metres (which comprises 63.5% of the population of Kenya) would increase
by up to 74% (SEI, 2009).

]igure	
   18 shows an increase in prevalence in mid-altitudes and geographical extension at
higher altitudes by plotting the malaria lapse rate (in green) against rural population (blue
bars). With a 1°C and 2°C increase in temperature, geographic exposure shifts in altitude by
190 and 380 metres, respectively. However, there is controversy over the spread of malaria
to the Highlands because most of the studies fail to integrate non-climate factors, such as the
decline in the control and treatment of the disease (Hay et al, 2002). As a consequence of the
mixed evidence for future exposure to malaria in the Highlands and the potential
opportunity climate change represents for lower altitudes, a low confidence score has been
assigned to this risk.
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Figure 18: Shift in geographical exposure to malaria with 1 and 2°C increase in temperature (SEI,
2009).

Increasing annual temperature is likely to be responsible for increasing prevalence of
diarrheal disease, particularly among children under 5 years (risk ref. HRD2). Extreme
events, especially extreme rainfall, will threaten the health of the increasing population
without basic sanitary infrastructure and reliable waste collection infrastructures. An
augmentation of respiratory illnesses due to air pollution is also anticipated as a direct
consequence of increasing temperature (risk ref. HRD5). Limited evidence was found
relating to these two risks, as most studies were case studies on the broader climate
challenges faced by Kenyan and regional cities (including Mombasa) and with little emphasis
on health-related issues. Consequently, these risks have been assigned a pedigree score of 3.
However, the cause and effect process for both these risks, and the future direction of
change, are well-established and consequently they have been assigned a very high
confidence.
Extreme events and El-Niño floods are also likely to lead to increasing outbreaks of other
disease such as cholera and rift valley fever (risk ref. HRD6; see Case Study 3). For example,
rift valley fever outbreaks in East Africa are closely associated with the heavy rainfall that
occurs during the warm phase of the ENSO phenomenon (WHO, 2012b). While the disease
mainly affects cattle and has potential large costs to the livestock industry, the 2006/2007
outbreak in the North Eastern Province and Coast Province of Kenya has also claimed
human lives. About 155 people died and another 684 were infected from 30 November 2006
and 12 March 2009, as mosquitoes transferred the disease to humans due to favorable
breeding conditions following the heavy downpour (WHO, 2012c). Based on the limited
evidence and the uncertainty surrounding the inter-connection between El Niño events and
future climate change, this risk has been assigned a pedigree score of 3 and a medium
confidence score.
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Finally, in coastal areas, toxins from HABs can create significant health risks for humans
(risk ref. HRD7) and wide-ranging impacts on marine ecosystems, causing the death of fish,
sea birds and marine mammals. The most potent HABs produce neurotoxins that may be
responsible for human illness or death via consumption of contaminated seafood,
particularly bivalve molluscs (e.g. oysters, mussels), commonly referred to as shellfish
poisoning. HABs can also bring about harmful effects on cage culture operations of salmon,
for example. Economically they render shellfish unfit for human consumption if they are
exposed to them.
During recent years there has been an apparent increase in the occurrence of HABs in many
marine and coastal regions (FAO, 2009) and a number of cases are reported in Kenya. This
may be due to increased stratification of the upper water column, changes in ocean
circulation altering phytoplankton assemblages and increased freshwater run-off from land
with consequent nutrient enrichment (eutrophication). It has been suggested that the rate of
eutrophication and HABs will increase in the future (Peperzak, 2003; Edwards et al., 2006),
although this is likely to be spatially variable. Due to their negative economic and health
impacts, in many world regions HABs or the toxins that they produce are closely monitored,
although we are not sure if this is widely undertaken in Kenya. The lack of observed data in a
Kenyan context, together with the inherent difficulty in modelling this marine phenomenon
and the associated implications for human health, this risk has been assigned a pedigree
score of 3 and a low confidence.
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1.13.1. Geographic variability
Health-related impacts were commonly identified by workshop participants at the County
Consultation events (]igure	
  19).
Figure 19: Impacts identified at the county-level: Increased disease incidence (water- and vectorborne, respiratory).

1.14. Social Pillar / Population, Urbanisation and Housing
As the First MTP defines, the vision for Population, Urbanisation and Housing is for
“adequate and decent housing in a sustainable environment” (GoK, 2008). Rapid
urbanisation mainly due to rural-urban migration and high urban growth rate are significant
dynamics impacting on the socio-economic development of the Kenyan society (GoK, 2008).
The World Bank (2011) predicts that Kenya will become a predominately urban country by
2033 and hence building capacity to manage climate risks in these centres will become of
increasing importance, particularly considering the vital role urban centres such as Nairobi
and Mombasa are predicted to play in Kenya’s future economic development. The risks that
represent the highest magnitude of risk, and for which Kenya is already susceptible, are
presented in Summary box 18. These risks are explored in more detail below, with the
quantified projections of future changes in natural disaster-induced health impacts,
migration and inequality.
Summary box 18: Highest magnitude risks to Population, Urbanisation and Housing

•

Incremental climate change and extreme events cause deteriorating / unsuitable
living and working conditions, with the consequence that migration occurs, with
associated human health impacts (risk ref. HRD39)

•

Increase in seasonal precipitation and intensity, possibly linked to El Niño events,
causes flooding, landslides, erosion and water contamination, with the consequence
that housing and urban infrastructure is damaged or destroyed and communities
55	
  

	
  

	
  

are displaced (risk ref. HRD17)
•

Sea level rise and storm surges cause coastal flooding and erosion, with the
consequence that there is increase risk of human injury and death and communities
are displaced (risk ref. HRD14)

As discussed in section 1.8, climate change is likely to result make rural livelihood strategies
and living conditions increasingly challenging. This is likely to exaggerate the rural to urban
migration trend Kenya is currently experiencing (risk ref. HRD39). Climate drivers and
particularly, extreme events (e.g. flash flooding, severe and persistent droughts) are already
responsible for global and regional migration and internally displaced persons (IDPs). These
people are in turn, major vectors for the spread of disease. For example, more frequent and
severe flooding and drought will encourage human displacement from affected areas, adding
more demographic pressure on other areas (e.g. urban areas, refugee camps). Because of its
geographical location in one of the most politically instable and poorest regions of the world,
Kenya is the ‘first asylum’ country in East Africa, and hosts the world's largest refugee
complex, with its sprawling camps hosting more than 463,000 refugees (UNHCR, 2012).
Flooding is recognised as a major threat to communities, with flood-related fatalities
constituting 60% of disaster victims in Kenya (Otiende, 2009) (risk ref. HRD17). Since 2002,
there has been significant flood damage every year in the country. The most significant
floods—in terms of number of people affected— occurred in 1997 and 2006. Extreme events
and particularly El Niño rains are likely to undermine the health of Kenya’s inhabitants
directly through increasing numbers of injuries and deaths and indirectly through water
quality issues and food insecurity (risk ref. HRD15). Due to the fact that the majority of
Kenyans obtain their water supply from open water sources, floods can easily pollute
drinking water and increase the chances of outbreaks such as cholera and malaria.
Floods are common in major cities and towns, including Nairobi, Mombasa, Kisumu,
Nakuru and Garissa. The cause of urban floods in Kenya is mainly poorly maintained
drainage systems, which frequently surcharge during heavy rainfall events (Otiende, 2009).
As is the case particularly in Nairobi, increasing exposure and vulnerability has resulted from
a rapid expansion of poor people living in informal settlements around the city, leading to
houses of weak building materials being constructed immediately adjacent to rivers and
blocking natural drainage areas (IPCC, 2012) (see Case Study 4). Due to the inherently
difficult nature of modelling climate extremes, particularly extreme rainfall events, and
translating this into geographic exposure to flood events, this risk has been assigned a low
confidence. Equally, impact studies are largely based on anecdotal evidence and previous
case studies; therefore a pedigree score of 4 has also been assigned.
In addition to housing being exposed to flood risks, other forms of infrastructure are also
susceptible to flood-related damage. The most recent report by the IPCC (2012) highlights
that many lives have been lost in developing countries through the inability of education
infrastructure to withstand extreme events. Where flooding is a recurrent phenomenon,
schools can be exposed or vulnerable to floods (IPCC, 2012). For example, a survey of
primary schools’ flood vulnerability in the Nyando River catchment of western Kenya
revealed that 40% were vulnerable, 48% were marginally vulnerable, and 12% were not
vulnerable; the vulnerability status was attributed to a lack of funds, poor building
standards, local topography, soil types and inadequate drainage (Ochola et al., 2010).
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Case study 6: Flooding in Nairobi

Flooding is a major problem in all informal
settlements in Nairobi. In the Maili Saba
slum, part of Dandora, next to the river,
flooding is a normal occurrence. Poor
people’s houses are built of weak,
inadequate building materials. Migration
has led to more houses being built close to
rivers, with consequent greater disruption
when floods occur. To many residents, the
El Niño-associated floods were particularly
severe. Many local residents link increased
flooding to both local activities and climate
change. Many long-term inhabitants of slums such as Mabatini in Mathare agree that
floods now occur in places where they did not two decades ago. Similar reports come from
other African cities, whether inland or coastal. For the residents, floods are getting worse
and climate change is contributing to this situation.
(Source: Douglas et al
Coastal flooding is a significant threat coastal communities and cities, including Mombasa
(risk ref. HRD14). Mombasa has been widely explored in the literature due to its low lying
nature, making it particularly vulnerable to sea level rise and coastal flooding. One study
predicts that an area of between 4-6 km2 in Mombasa is likely to be submerged with a rise in
sea level of only 0.3 m (Kitthiia and Dowling, 2010). A further study projects that this
amount of sea level rise equates to 17% of Mombasa being submerged and links such a
scenario with the displacement of people due to flooding, water logging of soils and reduced
crop production caused by salt stress (Awuor et al., 2008). A further study by the Tyndall
Centre suggests that a 1 in 100 year extreme water event (e.g., storm surge) would currently
affect 190,000 people and US$470 million in assets, and that this exposure will increase to
over 380,000 people and US$15 billion in assets by 2080 due to socio-economic and, to a
lesser extent, climatic factors (Kebede et al., 2010). The flooding in 2007/08 provides a
reminder of the human risks. Informal settlements are particularly at risk, due to their land
coverage and concentration in low-lying areas (Kitthiia and Dowling, 2010). The linkages
between future climate change and El Niño phenomenon/ precipitation patterns are still a
grey area in the region, as discussed in 1.8 (see Information Box 1). The major direct and
indirect health burdens caused by floods are widely acknowledged, but they are poorly
characterised and often omitted from formal analyses of flood impacts (Few et al., 2004).
Consequently, these flood-related risks have been assigned medium confidence, with a
pedigree score of 3.
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1.14.1. Geographic variability
Migration and flood-related damage and disruption were frequently identified as a direct
consequence of climate change by the majority of counties at the County Consultation events
(Figure 20).
Figure 20: Impacts identified at the county-level: A = Increased migration and human
displacement (including rural to urban); B = Riverine and flash flooding, with associated
environmental and infrastructure damage.

1.15. Social Pillar / Gender, Vulnerable Groups and Youth / Education and
Training
As outlined in the First MTP, the GoK is striving to promote “gender equity in power
resource distribution, improved livelihoods for all vulnerable groups and a responsible,
globally competitive and prosperous youth” (GoK, 2008). To facilitate this, the GoK is
deter ()) ] TJ ETQ q 0.24 0 0 1324 6 0.0.24 301.0224 cm BT 0.0066 Tc 45 0 0 45 0 0 Tm /TT4.01 Tt -7 (o)
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exacerbated (e.g. gender, educational, poverty) (risk ref. HRD40)
•

Extreme events, particularly increased frequency of droughts and flooding, causes
unsuitable living and working conditions, with the consequence that gender
inequality increases, with the disempowerment of women (risk ref. HRD41)

•

Incremental climate change and extreme events causes increase in the price of key
commodities and cost of living, with the consequence that poverty levels amongst
vulnerable groups increases (risk ref. HRD42)

Incremental and extreme climate changes are likely to negatively affect living and working
conditions, particularly among the most vulnerable, for example women and children (risk
ref. HRD39 and HRD41). Drought and associated water scarcity, in particular have the
potential to exacerbate existing inequalities (risk ref. HRD40), as highlighted in Case Study
5. Women in Kenya have been observed to be disproportionately affected by drought because
pre-existing gender discrimination exposes them to higher rates of poverty and insecurity
and because of the extra socio-economic burden they have meeting the needs of households,
children, vulnerable and the elderly (GoK, 2012). As discussed in section 1.14, migration is
also expected as an indirect consequence of these climate drivers, together with poor
educational development due to temporary dropouts and irregular attendance in schools as a
result of pressure on children to contribute to the survival of the families through domestic
chores (like fetching water) (GoK, 2012). The longer-term impact for children who drop out
altogether is that they lose their learning forever, which impacts the healthy development of
the child and the long-term growth of the community. Workshop participants at the County
Consultation event in the North Eastern Province highlighted high rates of school drop-outs,
child labour and early marriages, as parents marry off their daughters to raise money to
alleviate the scarcity of food, as evidence of climate change.
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Case study 7: Impacts of the 2008-2011 drought on gender, vulnerable groups and youth,
education and training

The drought in Kenya has clearly had a devastating impact on many communities in
Kenya, destroying livelihoods and increasing the vulnerability of women, men, boys and
girls.
In the agricultural sector, generally men control the
commercial crops, while women control low value
subsistence crops. During the drought, men lost their
source of income and left for urban centres to look for
casual labour leaving women to shoulder the burden of
feeding their families on their limited supplies. For
example, in Narok and Kajiado, mothers left behind had
no sale rights over the remaining animals and they would
only borrow from neighbours but could not sell the
livestock left behind for school fees or food. Furthermore,
as the drought escalated, women had to travel longer
distances and spent more time fetching water which
reduced the time they had to tend their crops.
Generally, the droughts were observed to lead to a breakdown in the family. For example,
fathers migrated or abdicated their responsibility to immoral behaviour patterns like
alcohol and drug abuse or cohabiting with other sexual partners. Child labour intensified
and forms of negative sex orientation were witnessed especially in Coastal Counties, where
child prostitution appears to not only have been accepted but encouraged by vulnerable
parents. In Kilifi, girls who appear to be hardly 13 years could be seen in the company of
adult tourists who are reported to be sexually exploiting them.
The drought also undermined broader social standing of agropastoral households whose
status is determined by the size of livestock herds and food stocks. The drought disrupted
local power relationships and damaged social safety networks, especially those built
around lending and borrowing of cereals. Poor farmers in marginal agricultural areas were
pushed out of their production systems forcing them to move to urban centres where food
distribution, health, sanitation and water supply, and casual wage labour were available.
(Source: GoK, 2012).
Globally, climate change will affect food production, thus affecting Kenya which currently
relies on the imports of such staples as wheat, maize and rice. Food price volatility is a
serious issue for developing countries, such as Kenya (risk ref. HRD42). Recent food price
surges in 2008 and 2010, showcase how a combination of factors such as food stocks, energy
policy and agricultural yields lead to global food price volatility, hitting developing countries
the hardest. Extreme weather events, affecting agricultural yields of some major crop
producers, are acknowledged to play an important role in the price surges of 2008 and 2010,
despite the fact that the full array of causes of these price surges and consequent food crises
are disputed in the scientific literature, (see, for instance Headey, 2010; Nelson et al., 2010;
Schaar, 2011).

Figure	
  21 21 illustrates the increases in maize price, preceded by droughts and floods in some
major grain-producing countries.
Figure 21: Maize price trends in the main wholesale markets, January 2007-May 2012 (initial
average) (Source: Ministry of Agriculture, cited in FEWSNET, 2012b)
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Even without climate change, world prices are forecast to increase, from 39-72% for the most
important crops, driven by population and income growth in the developing world
outstripping expected productivity enhancements (Nelson et al., 2010). Climate change, in
its turn, acts as a threat multiplier: crop yields are projected to decline for many of the
countries due to worsening agricultural conditions, whereas more frequent extreme weather
events will contribute to future food price volatility. As a result, climate change is expected to
cause even greater food price increases, including such staples imported in Kenya as wheat,
maize and rice. Rice prices are projected to be 13% higher in 2050 compared to a no-climate
change case, wheat prices 70-87% higher and maize prices rise 34 % (Nelson et al., 2010).
Lower food accessibility due to increased commodity prices is likely to translate in increases
in malnutrition, especially of young children. In modelling work undertaken by IFPRI using
the International Model for Policy Analysis of Agricultural Commodities and Trade
(IMPACT) model and published in Herrero et al. (2010), the effects of climate change on
human well-being outcomes (malnutrition, kilo-calorie availability) are examined. The
results are alarming; depressed food demand translates into direct increases in malnutrition
levels, with often irreversible consequences for young children (Herrero et al., 2010).
Projections show that climate change increases the share of malnourished children in both
2025 and 2050, compared to a non-climate change scenario (Figure 22) (Herrero et al.,
2010). Without climate change, the share of malnourished children is projected to decline
from 19% in 2000 to 15% by 2025 and 11% by 2050 (Herrero, 2010). Under climate change,
child malnutrition levels increase under all alternative climate change scenarios. These
effects will probably be exacerbated in areas of high vulnerability, like in the ASALs (Herrero
et al., 2010).

Figure 22: Kenya: share of malnourished
children (%), historic climate and alternative
climate change scenarios, 2025 (left) and 2050
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(right). (Source: IFPRI Impact Simulations, 2009 in Herrero et al., 2010).

1.15.1. Geographic variability
Climate-related impacts to livelihoods,
poverty and social issues were frequently
identified by workshop participants at
the County Consultation events (

62	
  
	
  

	
  

(risk ref. PI7)
•

Increase in average annual temperature and humidity causes high internal building
temperatures with the consequence that ICT equipment underperforms or is
damaged, leading to interruption to service (risk ref. PI8)

Flooding has the potential to cause significant damage to ICT infrastructure, leading to
interruption to service (risk ref. PI7).
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compromised (risk ref. PI6)
For coastal locations, it is likely that the compound effects of mean sea level rise, high tides
and increased storm surges will be the most significant risks of climate change (risk ref. PI1).
Port and transport infrastructure is particularly exposed, together with tourism assets and
settlements situated close to the coast. To exemplify the point, Kenya’s First National
Communication to the UNFCCC states that due to the low lying nature of Mombasa, an area
of between 4-6 km2 is likely to be submerged with a rise in sea level of only 0.3 m (Republic
of Kenya, Ministry of Planning and National Development, 2002). This would result in “the
destruction of human settlements, cultural monuments, shipdocking ports, and industries,
and interference with water supply, among other negative consequences” (Kithiia and
Dowling, 2010). The scientific community have high confidence in the future trajectory of
sea level and consequentially, this risk has a confidence score of 1. However, based on the
literature reviewed, we only found a couple of case studies, for example Mombasa (Kithiia
and Dowling, 2010), with a lack of detailed research assessing the implication of coastal
flooding in a Kenya-wide or regional context. As a result, this risk has a pedigree score of 4.
Flooding has the potential to cause significant damage to physical infrastructure, which
results in widespread disruption, a requirement for additional capital expenditure and wider
environmental damage (risk ref. PI3). In Kenya, torrential rainfall experienced during the
wet months often translates into high stream/river flow in permanent and intermittent
streams, with associated flooding events. Major infrastructure that supports the national
economy, such as roads, bridges and water pipelines are prone to flood damage. For
example, the 1997/98 El Niño floods seriously damaged water supply infrastructure and
transport networks across the country, with dams, water pans and some pipelines in 22
districts either destroyed or severely damaged (Otiende, 2009). Example of flood damage
highlighted at the County Consultations include damage to the Eldoret-Iten Road in Uasin
Gishu County (Rift Valley Province North) and the destruction of bridges, roads and human
settlements when the River Kongelai dramatically changed course in West Pokot County
(Rift Valley North Province). Landslides in Tinderet and Ndururo Hills were also highlighted
by workshop participants from Nandi County (Rift Valley Province North), in Ena in Embu
East and Maua in Meru (Eastern Province) and in Gatundu South and Mundara in Kiambu
County, and Mukwereini in Nyeri County (Central Province). Furthermore, participants from
Kiambu County also highlighted the submergence of waste water treatment facility in
Kiambu Town and the destruction of Juja sub-station and associated power lines in April
2012.
With specific reference to energy infrastructure, numerous studies have highlighted the link
between droughts and hydroelectric power generation (Osbahr and Viner, 2006; WWF,
2006) (risk ref. PI6). Following heavy investment in hydroelectric power facilities to
underpin national economic development (over 70% hydropower), the country has been left
particularly exposed to the affects droughts have on the supply of power and water to urban
areas (Osbahr and Viner, 2006). Reservoir storage has marked sensitivity to variations in
runoff and periods of drought (Maingi and Marsh, 2002). Model results and monitoring of
lakes and reservoirs indicate that intensity may increase as a result of ENSO. For example,
during 2000, drought caused a fall in electricity generation by 25-30%, with the effective
power generation capacity of the hydropower plants reduced from a high of 665 MW to 501
MW (Kiva, 2008). The 2008-2011 had equally devastating consequences on energy
infrastructure, as outlined in Case study 6. As discussed in section 1.10.1, a decline in power
generation, load shedding and rationing has knock-on consequences for business operations
and wider society.

Case study 8: Impact of the 2008-2011 drought on energy infrastructure

The drought impacted the energy sector to a large extent through reducing hydroelectric
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power generation and increasing the cost of supply. Under favourable hydrological
conditions, hydropower generates approximately half of the total electricity generated.
However, in some drought years, hydropower generation can be reduced by almost 40% of
normal years. Between April 2008 and April 2010, there was a significant reduction in
power production, as shown in Figure 24. Such conditions make it necessary to increase
thermal power generation; during the drought periods of 2009 and 2010, thermal power
generation went up to 37% and 45% respectively. This lead to an increase in cost of supply
in the country and thereby affected all the institutions and private and public companies
relying on supply of electricity.
Figure 24: Gross Hydropower Production (GWh) (GoK, 2012).

(Source: GoK, 2012).

1.17.1. Geographic variability
Climate-related damage to infrastructure was identified as an impact of climate change by
roughly half the counties at the County Consultation events (Figure 25)
	
  

Figure 25: Impacts identified at the county-level: Damage / underperformance of infrastructure
(including transport, utilities, communications) and associated disruption for businesses and
wider society.
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1.18. Foundations for national transformation
Development, Labour and Employment

/

Human

Resource

As outlined in the First MTP, “Kenya aims to create a globally competitive and adaptive
human resource base to meet the requirements of Vision 2030” (GoK, 2008). There are
clearly important interconnections between the various economic sectors, including
agricultural, livestock and fishing, tourism and manufacturing, wholesale and retail, and
human resources. Beneficial and detrimental climate-related impacts in any one of these
sectors will clearly have associated knock-on consequences for employment levels and
training. These issues have largely been addressed in the specific economic pillar sections;
focus in this section is placed on direct climate-related consequence on the working
population and the consequences this may have on economic pillars. The risk that represent
the highest magnitude of risk in a Kenyan context, and for which the country is already
susceptible, is presented in Summary box 22.
Summary box 22: Highest magnitude risks to Human Resource Development, Labour and
Employment

•

Increase in average annual temperature and humidity causes heat stress for
workers, with the consequence that business continuity is affected (risk ref. T1)

Heat stress is caused by an inability of the human body to maintain its core temperature of
37°C. If body temperature exceeds 39°C, heatstroke may develop, and a temperature of
40.6°C is life-threatening. Before these serious health effects occur, at lower heat exposures,
the effects are diminished “work capacity”, diminished mental task ability and increased
accident risk (Kjellstrom et al., 2009) (risk ref. T1). As well as being determined by
temperature, heat stress risk is affected by high relative humidity, which limits the ability of
the body to lose heat through perspiration.
Several studies have shown that the level of worker thermal comfort can have effects on
productivity levels (Kjellstrom et al., 2009; Kosonen and Tan, 2004; Srinavin and Mohamed,
2003). Work capacity rapidly diminishes within a 10- to 20-°C temperature range, across all
the work intensities (Figure 26; Kjellstrom et al., 2009). Climate change projections suggest
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an increase average temperatures, as well as daily peak temperature and humidity, meaning
heat episodes will become more frequent and more extreme. The percentage of working days
lost in East Sub-Saharan Africa due to high heat exposure in the 2050s is projected to be
almost 9%, based on the A2 emissions scenario (Kjellstrom et al., 2009). Such losses in
working days will have associated consequences on business continuity, productivity and
profitability. In outdoor, and many indoor, jobs, particularly in low- and middle-income
countries, air conditioning of the workplace is not, and will possibly never be, an option
(Kjellstrom et al., 2009). This risk has been given a high confidence rating and a pedigree
score of 3.
Figure 26: Worker capacity (%) as a function of wet bulb globe temperature (WBGT) at 4 work
intensities (Watts); acclimatised workers (Source: Kjellstrom et al., 2009).

1.19. Foundations for national transformation / Land Reforms
Accessibility to land remains a key aspect of the First MTP and relates to issues regarding
land ownership and administration, security of tenure, land use and development, and
environmental conservation (GoK, 2008). Land provides the foundation for all other
activities such as agriculture, water, settlement, tourism, wildlife and forestry, and is
consequently one of the most sought-after resources (GoK, 2008). Apart from its economic
importance, land in Kenya also has cultural value and it is from this angle that risks to this
theme are explored. The risk that represents the highest magnitude of risk in a Kenyan
context is presented in Summary box 23.
Summary box 23: Highest magnitude risks to Land Reforms

•

Incremental climate change causes environmental degradation with the
consequence that pressure on land resources increase, including those of cultural
significance (kayas) (risk ref. EWS20)

Climate change-induced degradation of the natural environment, partnered with existing
land scarcity and population pressure, is likely to put increasing pressure on land resources.
Currently protected sacred or cultural significant areas will not be exempt from this pressure
(risk ref. EWS20). This risk was identified by workshop participants in the Coastal Province
and in South and Central Rift Valley, where specific reference was made to the encroachment
into the Ogiek ancestral lands in Bomet County. The associated consequences are severe,
particularly for the cultural heritage of affected areas and communities, with the potential for
the matter to escalate into conflicts, as discussed in more detail in section 1.21. This risk has
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been assigned a pedigree score of 5, as it is based on anecdotal evidence and unsubstantiated
workshop discussion.
1.19.1. Geographic variability
There were isolated records of workshop participants highlighting the potential
consequences of climate change on issues of cultural heritage, including damage to culturally
significant areas (kayas) and lifestyle changes, such as shifts in diet to reflect changes in the
supply of agricultural products (Figure 27).
Figure 27: Impacts identified at the county-level: Cultural heritage (including loss of cultural
areas and lifestyle change)

1.20.
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(e.g. air-conditioning, heating and ventilation engineering, irrigation technology) and
electrical engineering (e.g. energy control equipment, energy-efficient household appliances)
(Deutsche Bank, 2007). Equally, products from the chemical industry could be used in many
climate technologies, in the development of new materials and in aiding the acceleration of
technical advances (Deutsche Bank, 2007; Lehman Brothers, 2007). Examples mentioned
include low emission manufacturing processes; carbon capture; energy storage; and
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to disaster reduction programmes and there is increased dependence on overseas
aid (risk ref. HRD32)
In recent decades, periods of environmental stress, particularly droughts, can be correlated
with times of resource-based conflicts, boundary disputes, cattle rustling and conflict
induced displacements due to the ongoing shortage of water and pasture. The impacts of the
2008-2011 drought on security and conflicts are explored in Case study 7. During such
events catchment areas become degraded, rivers dry up, lake levels drop and conflict over
scarce resources increase (risk refs. G1, G2 and G3). Reductions in river flow have been
accompanied by land use changes, environmental degradation and declining agricultural
production, which have put pressure on the already fragile environment. The resulting water
conflicts can be considered at different spatial scales: between farmers at different agroecological zones; between farmers and pastoralists; between sedentary and nomadic
pastoralists and between farmers/pastoralists and wildlife (Ngigi et al., 2007). At the County
Consultation in the South and Central Rift Valley, workshop participants highlighted the
inter-community conflicts involving the Maasia, Kipsigis and Kisiis over grazing lands in
Bomet County, together with the Eljamus and Endorois sub-clans in Baringo County.
Furthermore, representatives from Narok County (South and Central Rift Valley) highlighted
the potential for trans-boundary conflicts between Kenya and Tanzania given that changes
affecting the upstream of the Mara River will cascade downstream to Tanzania.
Climate-induced changes in water resources is identified as one of the main potential drivers
for conflicts in Kenya (risk ref. G1), largely due to the uneven spatial distribution of water.
The highlands of Kenya are considered natural water towers, given that the higher
precipitation rates in these areas historically provide water resources for large regions along
the lowlands throughout the year (Maeda et al., 2010). However, as has been observed
during recent decades, average precipitation rates are no longer able to provide water
resources for the lowlands during the entire year. In a study undertaken in the Taita Hills,
availability of water resources is already a limiting factor for agricultural production (Maeda
et al., 2010). While agricultural production is relatively favourable in areas located in
altitudes higher than 1100m, in general, producers face severe water resources scarcity
throughout the lowlands during the dry seasons (roughly 600-1000 m). In some areas along
the foothills, rural producers reported halting production during three or more consecutive
years due to water shortages for irrigation (Maeda et al., 2010). As this study highlights,
there are already upstream and downstream disparities in water availability. The authors
state that due to the very limited availability of non-agricultural land in the highlands, new
cropland areas are being settled in areas with low precipitation and higher temperatures
(Maeda et al., 2010). The continuity of this trend, as simulated by the models, will drive
agricultural lands to areas with higher irrigation water requirements and, consequently,
increase pressure on water resources (Maeda et al., 2010).
Equally, climate-induced changes in livestock-based resources had the potential to result in
conflict (risk ref. G3). For pastoral societies in particular, migration and mobility are high,
causing difficulties in availability of resources, land management policy, service delivery and
support to cope with weather-related disasters (Osbahr and Viner, 2006). Pastoralist
livelihoods have historically been marginalised and face exacerbating vulnerability to
extreme events. When faced with extreme conditions, such as drought, conflict over water
and grazing resources results, including cattle raiding and invasion of protected areas by
herders (Osbahr and Viner, 2006). Unsurprisingly, when this occurs, inter-tribal conflicts
may result.

70	
  
	
  

	
  

were found to be much more common in years of plenty (Witsenburg and Roba, 2007). In
wet years, when the grass was high and water was plentiful, it was much easier for raids to be
made on the herds of others and cattle were much fitter and could be trekked greater
distance (Toulmin, 2009). By contrast, in dry years, the scarcity of water and the need for
cooperation between different herding groups over survival strategies brought them together
(Toulmin, 2009). This example serves to highlight that impacts are not always as you would
first expect, and furthermore, that there is a need for deeper study of climate change impacts
across sectors and themes.

Case study 9: Impact of the 2008-2011 drought on security, peace building and conflict
resolution

Conflicts over resources have been observed to intensify during droughts. The current
ongoing conflicts in Isiolo, Turkana, Pokot and Marsabit counties can partly be traced to
the effects of the drought. Conflict in 2011 in the pastoral areas left more than 350 people
dead, compared to 179 in 2010. OCHA’s 2011 tracking of violence in pastoralist areas is
comparable to 2009 when Kenya faced another severe drought with 364 killings recorded.
When livestock-based communities are stressed, they often resorted to the use of force to
restock (through rustling from their immediate neighbours). Enhanced conflicts and
insecurity have led to the loss of access to natural pastures, displacements, and market
disruptions.
(Source: GoK, 2012).
Globally, a study by International Alert (2007) identified nations and 2.7 billion people at
high risk of being overwhelmed by armed conflict and war because of climate change. A
further 56 countries are cited as facing political destabilisation, affecting another 1.2 billion
individuals. In a further study (Burke et al., 2009), strong historical links were found
between civil war and year-to-year variations in local temperature in Africa, with warmer
years leading to significant increases in the likelihood of war. Using climate model
projections, the study estimated that there would be a 54% increase in armed conflict
incidence by 2030, with an additional 393,000 deaths, if future wars are as deadly as recent
wars. An increase in temperature of 1°C “represents a remarkable 49% increase in the
incidence of civil war” state the authors. This work has been subsequently been criticized
and defended on various technical grounds such as the details of the statistical model, the
number of deaths required for classification as a civil conflict, and the sensitivity of the
results to the period of analysis (Solow, 2011).
In a recent study, Hsiang et al. (2011) presented the first quantitative study linking civil
conflict to global climate variations, specifically, those associated with the ENSO. The
authors used historical climate data to divide the countries of the world into two groups: 93
“teleconnected” countries, which have strong ENSO-related climate effects, including Kenya,
Sudan, Ghana, Laos, Australia and Trinidad; and 82 non-teleconnected ones that don't
experience these effects, such as Afghanistan, Greece, Latvia, Sweden and Tunisia. Then
statistical models were used to see whether the rate of outbreak of civil conflict each year
from 1950 to 2004 correlated with an annual index of ENSO for the two groups. The analysis
identified a statistically significant relationship between the rate of outbreak of conflicts and
ENSO among the countries in the teleconnected group, but not among the others. In the
teleconnected group, outbreaks of civil unrest are twice as likely to occur during a warm,
environmentally stressful El Niño year than during a milder and less disruptive La Niña.
It is important to stress than ENSO-related variability is not a proxy for long-term climate
change, however, the study by Hsiang et al. (2011) highlights some alarming trends. Any
effect of climate on conflict is likely to be indirect, in other words “people do not start wars
simply because they are hot” (Solow, 2011). One plausible hypothesis to explain the study’s
findings is that the warm, dry conditions during El Niño years reduce agricultural yields,
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leading to conflict related to food availability (Solow, 2011). This is the critical point,
particularly in a Kenyan context; climate-induced changes in resource availability and the
associated adverse economic effects, such as loss of income or increasing food prices, are
likely to the dominant drivers for civil conflict, as highlighted in Summary box 25.
1.21.1. Geographic variability
At the County Consultation events, the majority of counties identified conflicts as a potential
impact of climate change (Figure 28). This included both human-human and human-wildlife
conflicts.
Figure 28: Impacts identified at the county-level: Increase in resource-based conflicts, including
human-human and human-wildlife.

1.22. Economic consequences across MTP themes
In Vision 2030, the country sets out an objective of 10% annual growth starting from 2012.
Climate change is likely to put greatly at risk this objective as well as put additional pressure
on an already resource-constrained government and society. Making the case in economic
terms is crucial to inform decision-makers about the material significance of climate-related
impacts on strategic sectors. SEI (2009) estimated the continued annual burden of these
events leading to large economic costs as much as 2.6% of annual GDP by 2030. This is not
surprising considering that existing climate variability has already had large economic costs.
For example, as discussed through the previous sections, the prolonged drought Kenya
experienced between 2008-2011 had significant economic and social costs across sectors.
The private sector incurred large costs of $1,400 million as result of reduced industrial
production (World Bank, 2006). Similar events if they were to be repeated would be
particularly detrimental to Kenyan business and international competitiveness. The
continued burden of these events restricts long-term growth prospects and has been
estimated to cost as much as $0.5 billion per year (equivalent to around 2% of GDP) (World
Bank, 2006).
Sector-specific quantified estimates are provided in Summary box 27. Economic estimates
regarding manufacturing, wholesale, retail and international trade, in particular, are clearly
co
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in understanding and quantifying potential risks as well as opportunities that climate change
poses to Kenyan businesses.
Summary box 27: Potential economic consequences for MTP themes
Economic Pillar / Agriculture, Livestock and Fishing

•

Crop loss due to La Nina- drought in 1999/2000 of Ksh 19 billion ($241 million) and El
Niño- flood in 1997/1998 of Ksh 33 million (World Bank, 2006).

•

Livestock loss due to La Nina- drought in 1999/2000 of Ksh 11 billion ($379 million) (World
Bank, 2006).

•

Reduced aquaculture production as a result of the 1997/1998 El Niño- flood of Ksh 19
million (World Bank, 2006).

•

Foreign earnings and balance of payments: decline in horticultural output (6.4 %) and fall in
export earnings following the 2000 drought of $ 188 million. Between 2008-9, major crop
failure (maize) led to imports of 2.6 million bags for Ksh 19 million (Camco, 2012).

•

Drought-related food crop losses between 2008-2011 amounting to Ksh 69 billion, including
maize, wheat, beans, sorghum, millet, rice, cowpeas, greengrams and sweet potato (GoK,
2012).

•

Drought-related cash crop losses between 2008-2011 amounting to Ksh 52 billion, including
tea, coffee, sugarcane (GoK, 2012).

•

Drought-related impacts on livestock between 2008-2011 amounting to Ksh 699 billion, with
Ksh 643 billion in losses and Ksh 56 billion in damages. Recovery, reconstruction and DRR
initiatives are estimated to cost Ksh 50 billion, Ksh 56 billion and Ksh 85 billion respectively
(GoK, 2012).

•

Drought-related losses to the fisheries sector between 2008-2011 amounting to Ksh 4.2
billion, comprising Ksh 3.7 billion in losses and Ksh 0.5 billion in damages (GoK, 2012).

•

Loss of income from mangoes, cashew nuts and coconuts following one metre sea level rise

along the Coast of US$ 472.8 million (Camco, 2012).

Economic Pillar / Manufacturing / Wholesale, Retail and International trade

•

Loss of industrial production due to power shortages of Ksh 110 billion or $ 1.4 million
(World Bank, 2006).

Social Pillar / Environment, Water and Sanitation

•

Costs of sea level rise for the city of Mombasa of $7 - 58 / year by 2030 and $31 - 313

•

Increased water supply costs arising from drought of Ksh 31.503 billion/ $389 million
(World Bank, 2006).

•

Maintenance and other costs due to siltation in water reservoirs of Ksh 17 million per year
(World Bank, 2006).

•

Damages to water systems arising from flood of Ksh 3.6 billion/ $45 million (World Bank,
2006).

•

Resource degradation leading to increased pumping costs for Nairobi and water treatment
costs of Ksh 870 million/ $11 million and Ksh 1.5 billion/ $18 million per year respectively
(World Bank, 2006).

•

Costs of relocation of water intakes of Ksh 12 million annually (World Bank, 2006).

•

Costs of reduced hydropower generation (including costs of generation and imported
substitutes of Ksh 51.806 billion/ $642 million (World Bank, 2006).

•

Reduced / increased costs of the water shortage from the Tana River including hydropower
generation and irrigation ranging from being beneficial by $2 million to a negative cost of

/ year by 2050 (SEI, 2009).
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Recommendations on future risk assessment needs
1.23. Introduction
This report has reviewed the effects a changing climate will have on Kenya’s social,
environmental and economic systems. Risks and opportunities have been identified from a
desk-based review, utilising existing peer-reviewed and grey literature, together with
national communications, technology needs assessment report and other relevant national
planning documents.
In preparing this report, it became apparent that the impacts, vulnerabilities and risks
identified are not based on common methodologies and data sets; the challenges associated
with this are briefly explored below. Furthermore, a number of key knowledge gaps have
been identified, both in the climate science and for individual sectors. These issues are
considered in the following sections.
It is important that action is taken to fill these gaps in order to ensure that resources
(financial, technical, natural, people) that may already be under stress are effectively utilised
and managed. Failure to understand the changing vulnerabilities, the complexity and interrelationships between the direct and indirect impacts, and to correctly assess the risks will
inevitably compromise decision-making and lead to an inefficient use of these resources. We
are also likely to see actions failing to deliver and build resilience, and possibly increase
vulnerabilities, through an incorrect understanding of the underlying challenges.
1.24. Risk methodologies and tools
In carrying out this review, it became apparent that the impacts, vulnerabilities and risks
identified are not based on common methodologies and data sets. This poses a number of
problems:
•

Relative comparisons of risks between sectors, geographical areas, communities,
natural resource systems become extremely difficult to provide. This has
consequences for prioritisation activities which in the absence of reliable and
comparable risk assessments undertaken with common methodologies force
decision-makers to use subjective judgement.

•

Information from one project (even within the same sector) cannot always be used in
another project if different methodologies are employed. It is extremely difficult to
build on previous work (including relevant work undertaken in other countries).

•

Expertise in the use of methodologies is fragmented and becomes a unique rather
than a generic skill across and within sectors. The expertise often sits with an
external consultant, NGO or research organisation and is not institutionalised across
Kenya.

•

There are widespread differences in the typology and lexicon used in methodologies
to describe key terms (such as risk, vulnerability and impact). This leads to confusion
and misunderstanding.

•

It is not always apparent which methodology is being used.

•

Data sets compiled as part of the project work funded by development partners, the
Kenyan government and quasi-government bodies should be made available under
an open-access policy. It should also be held in a central data and knowledge
clearing-house.

The project team will explore these issues further in consultation with the Climate Change
Secretariat, the Task Force and the Thematic Working Group. A risk methodology workshop
is being arranged, which will consider these issues and develop a series of actions for
inclusion in the NAdP.
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1.25. Climate science and dealing with uncertainty
Arguably the largest knowledge gap relates to the climate science, with limited information
available for East Africa at country level or local scale and considerable uncertainties
surrounding the projections of climate models into the future. In particular, rainfall
projections in Kenya are inconsistent; a range of models and scenarios suggest both
increases and decreases in total precipitation (Osbahr and Viner 2006). Furthermore, much
more work is needed on understanding changing climate variability; variability of weather
patterns in many places is increasing and with it the probability of extreme events and
natural disasters occurring (Thornton et al., 2009a; van de Steeg, 2009). The predictability
of events such as ENSO in current GCMs is especially poor. The importance of intra-seasonal
analysis in climate change studies is stressed, in particular when taking into account
dynamic activities, such as agriculture (Maeda et al., 2010). With respect to sea level rise,
only limited accurate and long term measurement data exists in the area and the monitoring
of both sea level and extreme coastal events need to be continued to enable more detailed
studies to be carried out (Kebede et al., 2009).
Uncertainty about future climatic conditions will persist, unless there is continued
investment in seasonal forecasts and downscaled climate projections (Zwaagstra et al.,
2010). The common approach of representing uncertainty is to examine output from
different climate models risks; however, this may result in a gross over-estimation of our
current ability to predict agricultural responses to climate change (Lobell et al., 2008). As
depicted in Figure 29, the ‘envelope’ of uncertainty expands over each step in the scenarioled methodology, as the number of permutations of emission scenario, climate model,
downscaling method, and so on, proliferating at each stage (Wilby and Desai, 2010).
Although more exhaustive characterisation of uncertainty may be scientifically tractable, the
prospect of reducing uncertainty depends on further progress being made in the
underpinning climate science (Hawkins and Sutton, 2009; Wilby and Desai, 2010).
Conversely, Osbahr and Viner (2006) argue that climate science may only be partially
successful in reducing these uncertainties in the next 10 years. Their recommendation is that
efforts are directed to improving the communication of uncertainty, and how uncertainty can
be better addressed in the future (without causing decision paralysis), could be very
important.

Figure 29: A cascade of uncertainty proceeds from different socio-economic and demographic
pathways, their translation into concentrations of atmospheric greenhouse gas (GHG)
concentrations, expressed climate outcomes in global and regional models, translation into local
impacts on human and natural systems, and implied adaptation responses. The increasing
number of triangles at each level symbolise the growing number of permutations and hence
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expanding envelope of uncertainty. For example, even relatively reliable hydrological models can
yield very different results depending on the methods (and observed data) used for calibration
(Wilby and Desai, 2010).

1.26. Knowledge gaps across MTP themes
The review has highlighted that understanding of the climate change impacts and risks
varies across sectors and geographic settings; some sectors or settings have been the focus of
extensive research to model and quantitatively project future impacts (for example,
agriculture and the ASALs), whereas other sectors have not even identified some of the direct
impacts climate change poses (for example, ICT and urban environments). This disparity in
understanding and weight of evidence is depicted graphically in Figure 30. Furthermore,
utilising the literature reviewed as part of this risk assessment, identified knowledge gaps for
specific sectors and themes are highlighted under the respective headings below. These
should be the focus of further research and where appropriate, enhanced cross-sectoral
collaboration.
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2

Figure 30: Understanding and weight of evidence of climate change impacts by MTP theme,
ranging from comprehensive (dark blue) to limited (light blue). Codes on the triangles relate to
the following MTP themes: 1 = Economic pillar / Agriculture, Livestock and Fishing; 2 =
Economic Pillar / Financial services; 3 = Economic Pillar / Manufacturing / Wholesale, Retail and
International Trade; 4 = Economic Pillar / Tourism; 5 = Social Pillar / Environment, Water and
Sanitation; 6 = Social Pillar / Health; 7= Social Pillar / Population, Urbanisation and Housing; 8 =
Social Pillar / Gender, Vulnerable Groups and Youth / Education and Training; 9 = Foundations
for national transformation / ICT; 10 = Foundations for national transformation / Infrastructure;
11 = Foundations for national transformation / Human Resource Development, Labour and
Employment; 12 = Foundations for national transformation / Land Reforms; 13 = Foundations
for national transformation / Science, Technology and Innovation; 14 = Foundations for national
transformation / Security, Peace Building and Conflict Resolution; and Political Pillar /
Governance and the Rule of Law.
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1.26.1. Economic pillar / Agriculture, Livestock and Fishing
One of the most apparent outcomes from the literature review is the vast amount of research
that has been undertaken to explore the impacts of climate change on agriculture, livestock
and rural development issues. Based on the number of records in the NAdP Knowledge
Database, there have been over 180 studies assessing the implications of climate change on
agricultural productivity in the East African region, including livestock-based systems. Given
the importance of agricultural production to Kenya, both as a means to support the country’s
population and for international trade reasons, this finding is to be expected. The key
research institutions active in this area include International Livestock Research Institute
(ILRI), International Food Policy Research Institute (IFPRI) and International Crops
Research Institute for the Semi-Arid-Tropics (ICRISAT), together with a number of
academics, largely based at universities in Nairobi and overseas (e.g. Walker Institute at
Reading University). Published studies range in complexity, from quantified analyses
utilising sophisticated climate and crop models, to assumptions based on previous
experience or regional / global case studies. The fishing sector, however, has received much
less research attention and a full assessment is needed of how Kenya’s freshwater fisheries
sector will be affected by climate change given its important role in food security and the
provision of local livelihoods.
Specific research needs identified in the literature include:
• Much of the agricultural impacts work done to date is continental or regional in scope
(e.g., Lobell et al., 2008), but such work “constitutes a blunt instrument” – much
higher-resolution assessment will be needed if targeting is really to meet the needs of the
most vulnerable people (Thornton et al., 2009b).
• Most of the work done on agricultural impacts of climate change has focussed on crops,
and there is relatively very little literature on the impacts of climate change on farming
systems, whether they contain livestock or not (Thornton et al., 2009b).
• Further work is needed to assess the likely system level impacts of climate change, to see
where trade-offs are possible, where new opportunities present themselves, and where
drastic action is needed if adaptation is to be effective (Thornton et al., 2009a; Thornton
et al., 2009b).
• There is a necessity to assess the impacts at the household level, as many smallholder
systems in the region include a range of additional or different crop and livestock
enterprises (Thornton et al., 2009a).
• Much more information is needed concerning the nature and extent of the tradeoffs
possible between different crop and livestock enterprises, and between on- and off-farm
income sources, in different situations (Thornton et al., 2009b).
• There is a lack of approaches to understand the interactions among ecological,
climatological, and socio-economic factors (Asner et al., 2004).
• Assessments of the effect climate change may have on rural households take no account
of possibly large shifts in the prevalence and risk of human, livestock and plant diseases
as a result of changing climate, all of which may affect rural households (Thornton et al.,
2010).
• There is a need to overlay cropping areas with detailed poverty and vulnerability data, to
better identify those areas where impacts may be large and adaptive capacity low. While
vulnerability and impact assessment work can usefully be guided by macro-level
analyses, ultimately such work needs to be done at higher resolutions to allow effective
pro-poor targeting of adaptation options (Thornton et al., 2009a; Osbahr and Viner,
2006).
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• There is a spatial-temporal scale mismatch between dynamic climate models and crop
simulation models. This presents a substantial challenge to using crop simulation to
anticipate crop response to predicted climate variations (Hansen and Indeje, 2004).
• There are several sources of uncertainty involved in the analysis of future yield through
crop models, including the real distribution of cropping in the region (Luedeling, 2011),
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may adapt to a changing climate. These things make impact assessment of livestock
diseases in developing countries particularly challenging (Thornton et al., 2009b).
• Considering that most African farmers tend to graze their animals on communal lands
(due to issues about property rights), there is limited knowledge about these systems
will respond when faced with environmental pressures due to climate change.
• There is a need for research on value chain analysis and value addition to livestock
products (Agriculture Sector Coordination Unit, 2010).
1.26.2.

Economic Pillar / Financial services

Even at an international scale, understanding of the potential impacts of climate change on
financial services remains very limited and, although not currently acknowledged by the
sector, the research gaps remain enormous.
1.26.3.
Economic Pillar / Manufacturing / Wholesale, Retail and
International Trade
Awareness of climate-related impacts amongst the private sector is particularly low,
especially within a developing country context. There were no specific knowledge gaps
identified in the literature with specific reference to trade, tourism and industry. However,
this is likely to be a function of the lack of research taking place in this field more generally.
With specific respect to international trade, research on the effects of climate change on
world agricultural markets is still relatively limited and even less information is available at a
regional or country level. However, IFPRI have been active in this area, developing a specific
framework to analysis of the impacts of climate change on crop yields and the wider impacts
on the economy of Kenya. The International Model for Policy Analysis of Agricultural
Commodities and Trade (IMPACT) model is a representation of a competitive world
agricultural market for 30 crop and livestock commodities, with country and regional
agricultural sub-models linked through trade, which highlights the interdependence of
countries and commodities in global agricultural markets (Rosegrant et al., 2008).
1.26.4.

Economic Pillar / Tourism

There is no evidence that the potential economic consequences of a changing climate on
Kenya’s tourism sector have been assessed. Furthermore, the connections between possible
changes in the environment, for example wildlife abundance and migration patterns, and
tourism demand have not been fully explored.
1.26.5.

Social Pillar / Environment, Water and Sanitation

The majority of the literature reviewed provides only fragmented evidence of potential future
impacts for this sector. Research is largely local case study-based and predominantly focuses
on water and coastal zone issues. A research programme, the Coastal Oceans Research and
Development (CORDIO) has been very active in the marine field and provided interesting
research elements that were integrated in the discussion. In comparison to coastal resources,
impacts on terrestrial ecosystems, including forests, are seldom explored in the existing
literature. Little is known about the nexus between biodiversity and climate change in the
region.
Specific research needs identified in the literature include:
• The data and models needed to project the extent and nature of future ecosystem
changes and changes in the geographical distribution of species are still incomplete; the
implication is that these effects can only be partially quantified (Thornton et al., 2009b).
• A considerable amount of new research is needed to understand the role of different
components of biodiversity in the provision of ecosystem goods and services.
(Ecosystem goods, i.e., items with monetary value, include food, materials used for
80	
  
	
  

	
  

construction, etc. Ecosystem services, which are rarely traded, include climate
regulation, maintenance of hydrological cycles, the cleansing of water and air, etc.)
(Thornton et al., 2009b).
• It is important to assess in detail current and future climate change threats and risks to
wildlife. This will be achieved by analysing climate change variability in marginal rainfall
areas, identifying rainfall homogenous areas, identification and analysis of climate risk
factors and collecting and analysing historical data on climate induced impacts of
rangelands (NCCRS, 2010).
• An assessment of socio-economic impacts of climate change on the livelihoods of
communities living around wildlife protected areas also needs to be included, assessing
current human wildlife conflicts, carrying out sensitivity analysis and projecting how
these indicators will affect rangeland resources including wildlife in the future (NCCRS,
2010).
• There is a need for vulnerability assessments of aquatic, coastal and marine ecosystems
to determine resilient regions and species to be accorded conservation priority,
evaluating land-ocean interactions and impact of their changes on fisheries resources,
assessing socio-economic impacts of climate change on the livelihoods of fishing and
other coastal communities (NCCRS, 2010).
• With respect to marine diseases affecting marine biodiversity and the occurrence of
HABs, the direct causation is not yet known, though meso-scale climate changes are
likely to be important factors, and the contribution of climate change to changes at this
level are currently unknown (Obera, 2002).
• There are potentially many impact pathways that impact coral bleaching events, many
are complex, unpredictable or poorly understood. For example, time lags between coral
mortality from a bleaching event, structural complexity collapse, and demographic
changes further up the food web mean that the impacts on fisheries production take over
a decade to be realised (Cinner et al., 2012).
• Variation of coral recruitment within a habitat may be mainly influenced by substrate
characteristics. Further studies are recommended on temporal variation of benthic
substrate characteristics to determine how the seasonal dynamics in benthic cover affect
seasonal variability in recruit densities (Karisa et al., 2008).
• There is a need for further collection of empirical evidence and improvement in
ecological theory to infer the level of stress to the reef in general, and help inform
management decisions (Obura, 2001).
1.26.6.

Social Pillar / Health

With the exception of possibly malaria, the relationship between climate change and a range
of health-related risks has not been fully explored. Climate-related impacts on the prevalence
of cholera, diarrheal and other water-borne diseases need further analysis. Furthermore,
there is a need for greater research on issues such as malnutrition, heat stroke and
HIV/AIDS. Specific research needs identified in the literature include:
• It is important to anticipate future disease trends in terms of what adaptive measures
can be put in place. Equally, it is necessary to establish the population’s adaptive
capacity in terms of the ability to prevent and treat climate related illnesses (Kinyangi,
2009).
• There is a need to consider future projections of land-use change to accurately assess
future climate-change impacts on health (Patz et al., 2005).

• With respect to-17Palrl,-17 -3 (l) -1 rspe-57 (r)-17-57 (r) 11 (o)8 (s)e 8 rc 11 (h) 8 (-17) 1 (l)s-17-57 (r) 1
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ecosystem based interventions. There is a need for more studies on eco-stratification of
disease, based on its major drivers, so that interventions are tailored for specific
ecosystems (Githeko et al., 2012).
• A regional modelling approach should be adopted to assess the extent and severity of the
malaria problem and help improve disease surveillance and the quality of health care
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seeking to quantify future trends. Furthermore, understanding of the potential vulnerability
of other elements of critical infrastructure to the impacts of climate change, including ports,
roads, railways and telecommunication networks, is very limited. Specific research needs
identified in the literature include:
• There needs to be an assessment of the potential impacts of climate change for water,
waste water and storm water infrastructure (NCCRS, 2010).
• There is a need to understand risk exposure of key infrastructural nodes to weather
extremes and the impact of rising sea level on coastal water infrastructures (NCCRS,
2010).
• The major challenges to flood risk management in the country include the lack of a
comprehensive policy and lack of financial, human, and technical resources required for
effectively implementing an early warning system. A lack of data and low community
involvement are also key challenges (Otiende, 2009).
1.26.11.
Foundations for national transformation / Human Resource
Development, Labour and Employment
Knowledge of climate change impacts on human resource development, labour and
employment are largely highlighted as knock-on consequences from the human health
aspects of climate change, and as a result, knowledge on these aspects is limited.
1.26.12.

Foundations for national transformation / Land Reforms

The interconnections between climate change and land reforms have not been fully
identified, either internationally or for Kenya.
1.26.13.
Foundations for national
Technology and Innovation

transformation

/

Science,

Even at an international scale, the potential climate change-related opportunities for science,
technology and innovation, particularly in a developing country context, are underexplored.
1.26.14.
Foundations for national transformation / Security, Peace
Building and Conflict Resolution; and Political Pillar / Governance
and the Rule of Law
There is a growing body of international work that is exploring possible connections between
climate and human conflict, yet only a handful of the publications reviewed as part of this
risk assessment made the connection in a regional context, and furthermore, none assessed
the risk in any detail. Specific research needs identified in the literature include:
• There is a need to identify the critical resources that build adaptive capacity (e.g. riverine
forests) and where the likely key “conflict hotspots” might be, if not correctly managed
(Ministry of Northern Kenya and other Arid Lands, 2011).
• Undertake county-wide resources, livelihoods and institutions inventories and mapping,
including the use of count,6(u) 24 . (f)4 .ces r
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climate change to the Kenyan economy as these studies fails to recognise the following
elements:
• Climate change will occur under different future socioeconomic conditions (including
population, growth and income) from those experienced in the historic weather events
above. These will, in turn, influence the degree to which impacts can be expected and the
values attributed to them;
• Most of the economic costs presented in this chapter are non-inclusive of incremental
changes in the climate (e.g. economic costs from coastal erosion to the tourism industry)
as they focus on damages caused by extreme events such as past 1997-1998 El Niño- and
1999-2000 La Nina- induced flood and drought;
• Analogue estimates fail to consider the wider spectrum of impacts both at the sectoral
level and across sectors. They provide a very sporadic and diffuse picture across sectors.
As highlighted in Table 7, limited evidence is available on biodiversity and ecosystems as
well as, tourism, trade and industry whereas there is a significant body of literature
accumulated on the costs of climate change impacts on agriculture, coastal zones, health
and the water sector. But even within these latter sectors, the scope and coverage was
largely uneven because either indirect impacts are often unaccounted for (e.g. damages
to health infrastructure) or a limited sub- set of potential climate risks is analysed (e.g.
malaria occurrence in the health sector).
In the economic literature, sectoral estimates are often complemented with higher order
assessments as they fail to consider cross-sectoral linkages and wider macro-economic
implications that can be significant due to potential volume and price adjustments both at
the sectoral scale and economy-wide. For example, countries such as Kenya may benefit
from increasing global crop prices due to external climatic shocks, through increased foreign
earnings. Sophisticated integrated and general equilibrium models would allow us to cover
these aspects. This level of analysis is, however, beyond the scope of this paper.
One of the key finding from SEI (2009) is that existing climate variability has already
significant costs in Kenya and future climate change effects will likely exacerbate them. SEI
(2009) is the most comprehensive study available at the national level and is of particular
interest because it moves away from a simple analogue approach by providing future
projections and distinguishing existing from future vulnerability. However, even though
monetary estimates provide a good indication of the potential future economic burden from
climate change on the national economy, they should be handled with caution as the
economics of adaptation is a still evolving field and any model outputs remain highly
uncertain.
Table 7: Coverage of sectoral costs estimates of climate variability and climate change: High
coverage = ***; Medium coverage = **; and Low coverage = *.

Sector

Coverage

Cost
estimates

Agriculture

Comprehensive – covers livestock and
major crops

***

Water

Comprehensive – covers Tana River
basin including sectoral modelling

**

Coastal zones

Comprehensive – covers mostly sea
level rise and Mombasa

**

Infrastructure

Cross- cutting issue – covered partly in
water resources and coastal zones

**
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Health

Comprehensive – covers mostly
malaria but some treatment estimates
for other water-borne disease

**

Energy

Limited – mainly increasing demand
for cooling in cities such as Mombasa

*

Forestry

Limited – economic value of forests at
risk from fire

*

Biodiversity and
ecosystems

Very limited – But indirectly in the
water sector through resource
degradation

*

Tourism, trade
and industry

Very limited – Indirectly covered by
other sectors. Although most estimates
are not looking at costs borne by the
private sector

*
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