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Foreword

Changes in climate, coupled with other stressors, are exacerbating the vulnerability of African
agricultural and water systems. This is also increasing the risks of food insecurity, loss of livelihoods,
reduced water availability and supply, and decline in the productivity of farming and pastoral
systems. These climate change impacts are already costing and will continue to cost African
economies if adaptation measures are not deployed urgently and at scale. Kenya – like other
African counties – is not immune to climate change risks and impacts which pose a threat to the
country’s development and economic growth, threatening the achievements of the country’s
development priorities especially on food security and increasing risks for individuals, businesses,
infrastructure and assets.
This report examines and maps climate risks and adaptation options along five value chains that
the Kenya Markets Trust (KMT) is currently working on, namely; water service delivery, agricultural
Inputs (seed, fertiliser and lime) and livestock. It also highlights adaptation options in each of the
value chains and suggests ways in which stakeholders can engage to promote deployment
and adoption of the adaptation options.
Under the water sector service delivery, the findings highlight the threats of climate change to
the quality and quantity of water through a reduction in both ground water levels and water
recharge, the transmission and distribution though inter alia the destruction of infrastructure
especially during floods and consumption through drought-induced water scarcity. In the
livestock value chain, climate change leads to scarce and poor feeds which in turn affects the
quality of livestock and livestock products that are offloaded through the value chain. Climate
change further exacerbates the (re)emergence of new pests and diseases that cause heavy
livestock mortality and increases cost of veterinary services due to extreme climate events such as
droughts and floods. Additionally, the agricultural inputs value chain is affected by the changes
in climate with high temperatures impacting on seed storage, transportation and packaging
conditions that subsequently interfere with the quality of the seeds and other inputs. Further,
irregular and unpredictable rainfall, potentially leads to destruction and massive germination
failures for farmers, hence increased costs of replanting.
A number of intervention measures that stakeholders can undertake across these value chains
have been recommended in this report. These include the promotion and development of
water conservation and watershed protection programs, smart technologies such as metering
and solar hybrid water pumping. Given the high degradation of arid and semi-Arid lands in
Kenya, there is need to adopt measures such as silvopastoral systems and integrate feed for
livestock from annual crops with perennial feed, particularly from deep-rooting legumes which
promote soil health and provide additional quality forage during dry periods; promoting feedlot
fattening programs and invest in feedlot salvage of livestock for breeding just before and after
droughts; and developing permanent water points such as drilling more boreholes and sinking
of dams to increase access to water during periods of droughts. Soil erosion has been singled
out as the key driver of soil degradation and poor soil fertility in African countries including Kenya
and therefore need for initiatives that conserve soil nutrients and use of soil fertility management
measures. Efforts by seed companies to have better quality seed resilient to climate stresses on
the market are already on going in Kenya and these are endowed with characteristics such as
early maturation and drought tolerance, which reduce the plant’s cycle of development and
the potential losses at harvests as a result of climate risks (dry spells and droughts).

Charles Warria
Head of M&E, Policy, Research and Climate Change
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Executive Summary
Climate change is impacting almost all sectors
of Kenya’s economy either directly or indirectly.
For example, the direct long-term loss due to
floods and drought in Kenya are estimated at
2.4% of national GDP. Climate change also
limits the viability of livelihood resources such as
land, compromises infrastructure development,
and lowers productivity, all in the face of
rapid population increase. For example, due
to the 2017–2018 droughts, 3.4 million Kenyans
were left food insecure, a 5.3% rise in livestock
sales occurred, to avoid death of the animals
through hunger and thirst, and over 500,000
Kenyans were left without access to water. The
Government of Kenya has developed action
plans to guide the mainstreaming of climate
change into sector functions, through the
National Climate Change Action Plan (NCCAP
2018–2022). It requires the national and county
governments, private sector, civil society, faithbased organisations, other non-state actors,
individual citizens, and development partners,
such as KMT, to contribute in its implementation.

The Kenya Markets Trust (KMT) aims to promote
and support innovative adaptation options
that address climatic risks along the livestock,
agricultural inputs and water service delivery
value chains. This is with the aim of, contributing
to sustainable market development, improved
agricultural productivity, and food and nutrition
security in Kenya. These options cut across
from practical activities like the adoption of
solar water pumping for utilities, to research for
policy influence, such as providing evidence
on contribution of climate change to sectors
to inform county and national strategies on the
same, especially activities to be prioritised for
resilience creation.
With our long-term goal being able to deliver
large scale, systemic change in selected markets
that benefits all players including small businesses,
larger firms, investors, producers, consumers,
and the country at large, we recognise that
climate change is a key constraint and all the
sectors are vulnerable, so are the beneficiaries.
The identified markets with high growth potential
are saddled with systemic constraints, climatic
risks being part of these.
This report analyses climate risks and potential
adaptation options for actors along the water
1

service delivery, agricultural inputs and livestock
value chains that KMT is currently focusing on.
Water service delivery value chain: Climate
change reduces availability of and accessibility
to water through its impacts on water resources,
water delivery infrastructure and water quality,
and by increasing the cost of treatment and
service delivery. This leads to water crises which
has a ripple effect on economic growth, creates
conflict and health complications especially to
the most vulnerable people. The report highlights
adaptation options that can be adopted in
the water sector to cope with climate change.
First is watershed management, an adaptation
option that requires cooperation among
various stakeholders including riparian farmers,
residents, water service providers, environmental
conservation agencies, national and county
governments. While this adaptation option is
capital intensive, the required resources can be
raised through cooperation of stakeholders and
establishing a water fund. The second option is
reviewing water storage policies, engineering
practices and design manuals to permit water
utilities to abstract enough water to address the
current inadequate water storage capacity
among water utilities1. Third, at the consumer
level, an effective and low-cost option to
promote efficient water use is implementing
water conservation programs that can cut
down on waste and inefficiencies. A final option
is to augment natural recharge of aquifers
during floods by either injecting floodwaters
into the aquifer or holding the floodwaters into
areas for long periods to allow extended natural
recharge to occur.
Livestock value chain: Persistent droughts
and temperature fluctuations affect livestock
businesses through low availability of livestock
in the market; poor quality; and low income
for the traders and other beneficiaries. It also
leads to higher livestock death in pastoral
systems, while those that survive remain weak
due to poor growth and live weight losses
(emaciated livestock). This results in decline in
milk and meat production. Several options can
be implemented to minimise these impacts. The
first option is to establish partnership with county
governments and local communities to establish
and expand irrigated pasture production areas.
The second option is to identify high yielding

Water utilities in this report is sometimes used interchangeably with water service providers, to mean the same thing.
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pasture varieties and seeds for use in ASALs. This
could be coupled with pasture rehabilitation
campaigns
in
partnership
with
county
governments to promote reseeding high yield
grass and rehabilitation of degraded rangelands
to increase pasture availability for dry season
grazing. A third option is building partnerships
with community-structured education and
sensitisations to sensitise more pastoralists to
shift to managing livestock as a business in the
group ranches. This will enable pastoralists to
negotiate with meat processors on consistent
market for their beef. Here, the government has
an opportunity to support and establish systems
for commercialised livestock feed production
and animal traceability.
A fourth option is managing migration into and
out of the arid and semi-arid lands. ASAL areas
that are more prone to frequent and prolonged
droughts experience more internal migration
within and between counties as compared
to out of the country, as a climate change
coping strategy. There is need for more strategic
management of migration into the ASALs to
minimise negative impacts and exploit beneficial
opportunities of such migrations. A final option
is to support research to identify and compare
comparative advantage of counties in pasture
production to facilitate proper management of
pasture lands /controlled grazing /fodder banks.
Here, semi-arid and high potential counties
present a better environment for fodder
production while the arid counties present
as users of the fodder and livestock markets.
Initiatives such as strengthening local institutions,
building capacity of rural communities and
integrating mobility into land management
systems could contribute to better management
of migration in ASALs.
Other interventions to climate change
adaptations and private sector investments
opportunities include: promoting livelihood
diversification through conservancy/ tourism
where the income is used for rangeland
conservation and rehabilitation; restoring
degraded grazing lands, for example through
adoption of silvopastoral systems2; enhancing
selection, breeding and management of
animals to adapt to climate change; increasing
awareness on climate change impacts on
the livestock sector; strengthening land use
management systems including rangeland

management, fodder banks and strategic
reserves; and conducting capacity building
on indigenous knowledge, livestock insurance
schemes, early warning systems, early action,
livestock management and breeding.
Agricultural inputs value chain: Threats posed
by climate risks such as droughts, dry spells and
floods have serious impacts on food production
and security. For instance, extreme temperatures
can impact on the infrastructure thereby making
seed storage, transportation and packaging
conditions poor thus interfering with the potency
of the seeds. Rising temperatures leads to higher
soil moisture evaporation causing less available
moisture for seed germination, which in turn,
lead to poor production and yields. For dry
planting farmers, there is usually high failure rate
of seed germination due to burning of seeds
by fertiliser. Delayed start and earlier cessation
of the rainy season also shorten the typical
growing season, leading to poor yields and food
insecurity. Floods, on the other hand, increases
soil erosion and reduces soil organic content,
leading to acidic soils with low yields.
Food security depends on seed security, among
other factors and the seed industry must be able
to continue to deliver the quantities of quality
seed required for this purpose. For the seed value
chain, temperature and relative humidity of the
storage environment are two critical factors that
require careful attention for favourable seed
storage. The lower the temperature and relative
humidity, the longer the seeds can be safely
stored. The moisture content of the seeds and
the particular crop are also important factors
in seed storage. Therefore, sufficiently dried
seeds should be purchased, and seeds should
not be stored for extended periods in tropical
conditions so as to avoid problems with seed
deterioration resulting from high temperatures
and relative humidity.
Soil quality is a critical component of successful
crop growing. Crop health greatly depends on
the balance of pH levels within the soil. When
soil becomes too acidic – or has a lower pH
level – it creates a toxic environment for crops.
Given the low adoption rates of lime in Kenya,
there is need to create awareness on the use of
agricultural lime.

Silvopastoral systems are a prototype of agroforestry with a livestock component, which may be characterized as cleaner production
as they provide a variety of goods and services to society; one of their functions is to help adapt to and mitigate climate change.
(Nahed-Toral et.al., 2013: https://doi.org/10.1016/j.jclepro.2013.06.020). Properly-managed silvopasture can increase overall productivity
and long-term income due to the simultaneous production of tree crops, forage, and livestock, and can provide environmental benefits
such as carbon sequestration.
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management and
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projects is one of the
priorities for sustainable
value chains’’
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Chapter
One
Introduction

This paper reports a rapid assessment and
mapping of key climatic risks and innovative
adaptation options along the main value chains
that the Kenya Markets Trust (KMT) works in. The
value chains are: (a) water service delivery, (b)
livestock and meat, and (c) agricultural inputs
(seed, fertiliser and lime). Changes in climate,
together with other stressors, are already
exacerbating vulnerability of African agricultural
and water systems (IPCC, 2014). This, in turn,
increases the risks of food insecurity, loss of rural
livelihoods, reduced water availability and
decline in productivity of farming and pastoral
systems (IPCC, 2014). Climate change impacts
are already costing and will continue costing
African economies if adaptation measures
are not deployed at scale. IPCC predicts that,
by 2050, crop yields in Sub-Saharan Africa will
have declined by 14% (rice), 22% (wheat) and
5% (maize), pushing the vast number of already
poor people, who depend on agriculture
for their livelihoods, deeper into poverty and
vulnerability.

In Kenya, floods and droughts are projected to
cost 2.4% of national GDP annually by 2050, and
another 0.5% resulting from degraded water
resources (Mogaka et al., 2006). The costs of
floods are estimated to be about 5.5% of GDP
every seven years, while droughts account for
8% of GDP every five years (GoK, 2018). Climate
change therefore poses threats to development
and economic growth in Kenya, threatening
the achievements of the Big Four Agenda,
especially food security, increasing risks for
individuals, businesses, infrastructure and assets,
and leading to impacts across all sectors of the
economy. Understanding the vulnerability of
the sectors and value chains that KMT work on
will ensure that market systems along the value
chains work, and will advise the organisation on
adaptation options to implement to enhance
resilience of the value chains.
The agricultural sector in Kenya – which
accounts for about 25% of national GDP, 60%
of foreign exchange earnings and 70% of total
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employment – is especially vulnerable to climate
change as it is mainly dependent on rainfall
and other weather variables. Yield for both
maize and beans (Kenya’s staple crops) are
projected to be 25% lower under a 2°C scenario,
compared to 1.5°C warming. Climate change
is expected to affect the Big Four Agenda
especially food security in several respects:
increased vulnerability due to dependence on
rain-fed agriculture; high levels of poverty; and
low levels of human and physical capital as well
as generally poor infrastructure.
The government of Kenya responded to climate
risks by developing the National Adaptation
Plan (NAP) 2015–2030 that aims “to consolidate
the country’s vision on adaptation supported
by macro-level adaptation actions that relate
with the economic sectors and county level
vulnerabilities in order to enhance long-term
resilience and adaptive capacity”. The NAP is
the principal guiding planning document for
adaptation actions and mainstreams climate
change adaptation in Vision 2030 – the country’s
long-term development blueprint. At the level
of thematic priorities, Kenya’s National Climate

Change Action Plan (NCCAP 2018–2022) aims
to further Kenya’s sustainable development by
providing mechanisms and measures to achieve
low-carbon, climate-resilient development in a
manner that prioritises adaptation (GoK, 2018).
It identifies strategic areas where climate action
is linked to the Government of Kenya’s Big Four
Agenda, recognising that climate change is
likely to limit the achievement of this agenda.
Integration of climate information in risk
management and adaptation planning for
projects is one of the priorities for sustainable
agricultural value chains (especially livestock
and agricultural inputs.)3. Climate risk assessment
is a key step in any climate change adaptation
process. For value chain actors, climate risk
assessment involves understanding the past,
current and future climate risks (droughts, delay
in rainy season and frequent flooding), analysing
the implications for value chain activities and
assessing different options for minimising the
negative impacts as well as promoting or
employing solutions that enhance positive
impacts.

International Fund for Agricultural Development (IFAD) (2015). How to do climate change risk assessments in value chain projects. IFAD Policy
and Technical Advisory Division.

3

3

Chapter
Two

Methodology
This was a rapid assessment and mapping of
key climatic risks and adaptation options along
the main value chains that KMT works in namely:
water service delivery, livestock and agricultural
inputs. The analysis is based on a desk review
of published and grey literature on climatic
risks and adaptation options. The desk review

was supplemented with interviews with key KMT
sector managers and staff and a review of the
existing sector strategies. Identification of risks for
each value chain and measures to address this
was done following the methodology proposed
by IFAD (2015).

5

Chapter
Three

The Water Value Chain

3.1. CLIMATIC RISKS AND IMPACTS
The United Nations classifies Kenya as a
chronically water scarce country based
on having one of the lowest natural water
replenishment rates, at 647 metres cubed per
capita per annum which is far below the UN
standards of 1,000 metres cubed per capita
per annum4. The water crisis in the country is
being exacerbated by the climate change, a
phenomenon which impacts water production
and distribution infrastructure and operations by
water utilities. These impacts could already be
detectable or anticipated by the utilities and
water users.
4
5

Climate change has been cited as a major
cause of irregular and unpredictable rainfall,
extreme and harsh weather, with some regions
of Kenya experiencing frequent droughts during
the long dry seasons while others experiencing
severe floods during the short rains5. Kenya’s
water security is vulnerable to floods and
droughts because of very limited natural
endowment of water, the high dependence
of its economy on water resources, the low
natural water replenishment rates, past
underdevelopment of its water resources, and
inadequate preparedness for regularly recurring

https://www.unicef.org/kenya/wes.html
https://www.trocaire.org/sites/default/files/resources/policy/kenya-climate-change-case-study.pdf
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Figure 1: An illustration of the water service delivery value chain | Source: KMT

climate shocks to the economy (Mogaka et al.,
2006). These affect the availability of freshwater
and destroy the existing network infrastructure,
thereby impacting on the continuous supply
of water by utilities to their customers. Storage
capacity for water reservoirs are gradually
being reduced by siltation and destructive
natural calamities, such as the heavy floods, as
well as inadequate application of conservation
measures in the watersheds. Thus, heavy rains
cause erosion from the cleared forests and
poorly maintained agricultural lands, leading
to turbidity, accelerated siltation and loss of
storage capacity in the utilities’ water storage
dams and pans. All these impact on the water
treatment costs by the service providers.
Moreover, the impacts of the climate change
also manifest at the water abstraction level. For
instance, the delay in rainy seasons and droughts
result in a reduction of water levels at the
abstraction points, reduced ground water levels
and reduced ground water recharge, potential
demand driven socio-political conflicts, higher
concentrations of pollutants, reduced quality of
surface water sources available for agriculture,
livestock, irrigation, etc., and evapotranspiration
as a result of higher air temperatures. On the
other hand, occasional floods lead to siltation in
reservoirs, restricted access to the facility due to
debris, flood waters and damage to roadways,
high water turbidity: concentration of suspended
particles in raw water among others.
The impacts of climate change are also
apparent at the water treatment and storage
levels. For instance, the impacts of droughts
on water storage and treatment include high
mineral content of ground water minerals
hence high costs of water treatments, little
water available for treatment and storage, high
concentration of chemical pollutants due to
high temperature and evaporation especially
from agricultural chemicals. Impacts of floods
on water treatment and storage include high
cost of treatment especially high electricity bills

due to high turbidity, poor water quality due
to siltation, decrease in treated water due to
turbidity and storm water overflows due to debris
blockage at an intake.
Effects of climate change also manifest at
the transmission and distribution level of water
service delivery value chain. These include
drought induced destruction of infrastructure
such as plastic pipes due to exposure to high
temperatures, reduction in water volumes
supplied hence reduction in revenues, water
scarcity reducing the self-cleaning capacity
of sewers, among others. Pipe bursts due to
washouts, which could result in sewage spills or
low water pressure, water and sewer overflows,
incidences of clean water mixing with industrial
effluents and other pollutants due to breakages
and logging in raw water pipeline resulting to
high maintenance cost and increase in human
capacity requirement are some of the impacts
attributed to floods at the transmission and
distribution level.
Climatic changes impact water consumption
level in a number of ways. For instance delay
in rainy seasons and droughts result in water
scarcity which causes scrambles and conflicts
over the limited resources, extended time
spent outsourcing alternative sources of water
especially for women thereby putting a strain on
other activities, increased costs for outsourcing
alternative sources of water, increased
water prices due to scarcity of the resource,
waterborne outbreaks and water-related
diseases, among others. On the other hand, the
impacts of floods on consumption include inter
alia involuntary migration of consumers due to
flood impacts, health-related impacts due to
poor water quality, for example waterborne
diseases reducing the productivity of people,
high cost of water supply (cartels and water
tanks as alternative sources of water), increased
consumer complaints, use of polluted water
from ponds, rivers and canals especially in rural
areas.
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3.2. ADAPTATION OPTIONS
Watershed management has been considered
a critical factor in addressing water security.
It includes a range of policy and technical
measures which focus on preserving or restoring
vegetated land cover in a watershed and
managing storm water runoff. Watershed
management is a concerted effort of many
players including the riparian farmers, water
utility
companies,
national
government
agencies(e.g. Water Resource Authority - WRA,
National Environment Management Authority
and Kenya Water Towers Agency among others)
, national and county governments. In summary,
watershed management is a holistic approach
aimed at optimising the use of land, water
and vegetation in a hydrologically defined
geographical area and therefore could help in
alleviating drought, moderate floods, prevent
soil erosion, improve water availability and
increase agricultural produce in a sustainable
basis (Goudar, 2015).

is an opportunity for stakeholders, including KMT
to play an advisory role for the water fund for
water utilities. Water fund interventions include
riverbank stabilisation through tree-planting in
catchment areas, partnering with communities
and especially farmers in the river riparian to
reduce soil erosion to manage siltation, water
conservation structures such as terracing,
control contamination of water by agricultural
chemicals and nutrients through farmer training,
and supporting new economic practices such
as bee keeping. These activities, especially
those leading to conservation or protection can
attract payment for ecosystem services (PES)6.

The adoption of watershed management is in
line with NCCAP’s focus on restoration of water
catchment areas, which has a direct impact
on physical, chemical and biological integrity
of water quality. Despite the realisation of this
role of watershed management in mitigating
the impacts of climate change and sustaining
water supply, there has been limited intervention
at national and county levels to address
environmental degradation in water catchment
areas. There is need for the implementation of
watershed protection programs to: mitigate
against natural disaster due to climate change
in water catchment areas; reduce high
treatment costs (due to farm chemical and
turbidity caused by soil erosion), and comply
with regulatory requirement (Water Resources
Authority (WRA)).

Water safety plans (WSP) are an improved risk
management tool designed to ensure the
safety of drinking water using a comprehensive
risk assessment and risk management approach
that encompasses all steps in water supply from
catchment to consumer. Adoption of climate
resilient water safety plans from source to tap is
the most effective way of ensuring safety and
acceptability of drinking water supply (Bartam
et al., 2009). Water safety plans are important
for managing existing and future risks in
understanding vulnerabilities, identifying critical
and vulnerable points and taking the steps
to integrate resiliency into planning process.
Adoption of water safety plans in water utilities
would assist them in assessment of water supply
chain from catchment to consumer to monitor
critical control point especially on non-revenue
water. Water utilities have not developed a
framework to adopt water safety plans despite
their critical importance. There is an opportunity
to assist in developing water safety plans to be
adopted by water utilities.

However, watershed protection programs are
capital intensive and require cooperation by
stakeholders to support through a water fund,
for example the Nairobi Water Fund by Nature
Conservancy supported by Nairobi city water
and sewerage company, KenGen among other
stakeholders for the Upper Tana Watershed. There

The stakeholders could collaborate with other
water sector stakeholders such as WASREB,
Ministry of water and county governments to
conduct risk assessment for water utility assets
with a view of developing policies and strategies
to develop climate resilient water infrastructure.

Diversifying water sources helps to reduce
the risk that water supply will fall below water

UNDP: Payments for ecosystem services (PES) occur when a beneficiary or user of an ecosystem service makes a direct or indirect payment to the provider of that service. The idea is that whoever preserves or maintains an ecosystem service should be paid for doing so.
WWF and Imarisha Naivasha implemented a REDD+ program where farmers in the catchment received payments (PES) for conservation activities upstream. Resources were raised from flower farms and hotels downstream.
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demand. Examples of diversified water source
portfolios include using a varying mix of surface
water and groundwater, recycling water and
rainwater harvesting.

as the green nudging experiments, provision of
rebates or installation of smart water meters to
incentivise consumers to practice water saving
measures.

Water utilities use reservoirs to hold water for
future use. However, the reservoirs are insufficient
for supply requirement in most utilities and supply
is affected in prolonged dry spell. During floods,
the levels of water qualities fall due to high
turbidity which is attributed in part to agricultural
chemicals and effluent carried in soil erosion.
However, many water companies may not have
holding tanks to allow settling of suspended
solids (sedimentation tanks). This affects the
treatment plant, amount of chemical used and
sometimes reduction of supply or even closure
of the treatment plant.

Additionally, outreach communications (such
as the best time of day to undertake waterintensive activities and information on and
access to water-efficient household appliances
such as low-flow toilets, showerheads and
front-loading washers) is necessary for efficient
water use. There is an opportunity for KMT to
collaborate with water utilities or responsible
government agencies in designing public
campaigns and outreach messages on efficient
water use among households and institutions.

The country water storage policies and
engineering manual has limitation in household
storage for water and rainwater harvesting.
The practice is one and a half days storage
and no provision for rainwater harvesting.
With intermittent water supply from the water
utilities, the practice is not sustainable. There is
an opportunity for stakeholders including KMT to
work with the regulator and county governments
on reviewing the current water storage plans
and to revise the design manuals for water
utilities.
At the consumer level of the water service
delivery , an effective and low-cost method of
promoting efficient water use is to implement
water conservation programs that will cut
down on waste and inefficiencies. For instance,
adoption of ‘green nudging’ experiments (a
concept by behavioural economists to get
people to act in a more pro-social way) proved
an effective way to conserve water in Cape
Town in 20187. The ‘green nudging’ experiment
involved sending a series of simple, positively
worded messages to households in their monthly
utility bills such as tips to save water, how their
household’s water use compared with the
average for the neighbourhood and a promise
to recognise a person’s water-saving efforts
by publishing their name on the city’s website.
Opportunities exist to collaborate with relevant
stakeholders to promote effective water
conservation programs in the community such
7

Groundwater recharge is a critical factor that
may be severely impacted by climate change
and should be monitored by water utilities to
enhance availability of quality drinking water.
Water managers around the world depend on
groundwater to mitigate the impacts of drought
on water supply (Leblanc et al., 2009; Famiglietti
et al., 2011; Famiglietti and Rodell, 2013; Taylor
et al., 2013). Periods of excess rainfall bring longterm benefits by recharging aquifers and filling
storages. This natural recharge of aquifers can
be augmented during floods by either injecting
floodwaters into the aquifer or holding the
floodwaters into areas for long periods to allow
extended natural recharge to occur. These
techniques, called Aquifer Storage and Recovery
(ASR), are being tested and implemented
around the world. However, despite its wet-dry
cycles, Kenya does not have any trials of ASR
techniques under way. Yet, this intervention is
in line with NCCAP focus on management of
ground waters and water harvesting. There is
an opportunity for KMT to offer advisory services
on ASR and champion policy change such as
housing policy on water harvesting and storage
to be able to capture this or similar interventions
relating to ground-water.
There is need for adoption of water recycling
practices by heavy water users like abattoirs,
hotel industry and manufacturing companies.
Water utilities could also recycle water from
the sanitation system for use in farming. Water
recycling quality and use depends on the quality
of effluent. To ensure the quality of effluent there

https://efdinitiative.org/news/archive/water-map-helps-cape-town-through-last-days-drought-emergency

The ‘polluter pays’ principle is the commonly accepted practice that those who produce pollution should bear the costs of managing
it to prevent damage to human health or the environment.
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is need for adoption of polluter pay principle8
especially for industries and manufacturing
companies. This industry players could mobilise
resources to incentivise farmers upstream
to adopt better soil and water conservation
practices as part of the polluter pay principle.
Actors in partnership with utilities and regulators
can influence and promote the development of
polluter pay principle for the water sector and
setting standards for the recycled water and
effluent disposed from companies.
Following other best practices in encouraging
utilities to reduce non-revenue water (NRW)
and better water governance, the regulator
can introduce water awards. The awards could
also be used to promote efficient water use by
big consumers such as the drink manufacturers
(for example, Coca Cola Company and East
African Breweries Limited). For example, in the
United States of America, the Environmental
Protection Agency’s (EPA) National Clean Water
Act (CWA) Recognition Awards program began
with the National Operations and Maintenance
(O&M) Excellence Awards in 1985, to recognise
communities that have achieved outstanding
O&M programs at publicly owned wastewater
treatment facilities9.
To reduce the high NRW, adoption of smart
metering systems which can detect theft and
leak with greater billing accuracy are a good
option. Smart water metering refers to a system
that measures water consumption or abstraction
and communicates that information in an
automated fashion for monitoring and billing
purposes (Hope et al., 2011). Smart meters differ
from conventional meters in that they measure
consumption in greater detail and transmit that
information back to the service provider without
the need for manual readings. Smart water
revenue collection systems10 are important
for reasons beyond revenue collection. These
systems can track payment patterns, build
user payment profiles, reduce incidences of
corruption, reduce commercial losses and
provide a basis of accessing commercial
finance (through demonstrated cash flows).
Specifically, smart metering for the distribution
network through district meter areas (DMA)
9

and the individual households’ smart meters
that detect theft and leakages in the water
distribution network.
There are two main types of smart water revenue
collection systems: (i) Automated meter reading,
and (ii) Advanced metering infrastructure (Hope
et al., 2011). The first is a system that automates
the collection of meter readings typically
through radio frequency (RF) without the need
for physical inspection. This includes a walk-by or
drive-by reading where the reading is enabled
by a sensor, handheld computer or a probe that
communicates with the meter when within close
range. The second is a system that involves twoway communication between the meter and
a central command point. Information can be
transmitted through Global System for Mobile
Communication (GSM), General Packet Radio
Service (GPRS), Short Range Radio Frequency
(for example ZigBee, WiMAX and Bluetooth) or
Low Power Wide Area Network (LPWAN).
Another innovative way of reducing NRW in the
informal settlements in urban areas is through
prepaid smart meters which facilitate water sale
through automated mobile taps and cutting
on credit default. The system allows customers
to purchase water credits from the vendor
or via mobile money, which is then stored on
water cards. These prepaid meters will reduce
non-payment of bills that accounts for 40% of
revenue losses, largely blamed on revenue
collection inefficiencies.
There is need to analyse the existing water
distribution network especially in the urban
areas, such as Nairobi, Mombasa, Kisumu and
Nakuru, to investigate the water lost from the
distribution system due to dilapidation of the
water network. The solution will include the
introduction of hydraulic analysis of water
system, use of GIS application for network
management, investment in replacing the
dilapidated network with appropriate and
quality infrastructure such as high-density
polyethylene (HDPE) pipes which are resilient to
severe climatic conditions. KMT and other actors
can play a role in capacity building for utilities
through training in the technology for detection

https://www.pncwa.org/awards-program

Outpost WASP Smart Water Meter is a revolutionary low-cost water monitoring solution. With no power supply or data cables required
you can connect the device to any compatible water meter. Meter readings and water consumption information are automatically
transmitted to your website for consumption and efficiency reporting. Meter Readings can alternatively be directed to your billing
system. http://www.outpostcentral.com/english/GSM-GPRS-Smart-Water-Meter.aspx
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of system leakages, detecting and mapping
buried water pipes and valves, and general
response when there is breakdown of the water
infrastructure through partnerships with the
Kenya Water Institute (KEWI). Actors could also
play a role in promoting awareness and on the
smart meters to increase adoption.
Another solution to NRW is to improve the
governance of water in supporting the water
sector in developing policies to support the
governance changes after water devolution
since no structures were formed to enable
water utilities to remain autonomous as it was
established in the Water Act 2002 and alignment
of water institutions to ensure efficiency in
service delivery. Changes in management
and institutional structure after devolution have
not been clearly set out which have affected
coordination and financing of some utilities. The
solution to governance supporting institutional,
legal and policy framework that promotes
public-private partnerships (PPPs) for water
sector to increase financing, increase adoption
of green innovative technology in the sector
for conservation and efficiency (for example

solar water pumping through partnership with
technology manufacturers with a clear business
case for the private sector), promotes adoption
of technology for last mile connectivity especially
in the rural areas through Water Users Associations
(WUAs). There is an opportunity for partnership
with the regulator (WASREB) in designing the
PPPs framework for the water sector and explore
ways that the utilities can partner with financiers
for the major infrastructure investments.
The disintegrated interaction between key
players in the water sector (national government
in-charge of water sources such as construction
of dams, county governments with the mandate
of distribution infrastructure and water utilities
overall service providers) and regulators in the
sector (WASREB and WRA) has been a critical
challenge in overall efficiency of the sector.
The sector is in the process of developing and
implementing an inter-governmental water
sector coordination framework for management
of the water sector. Actors have an opportunity
to support the framework through the secretariat
and the capacity building services.
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Chapter
Four

The Livestock Value Chain

4.1 CLIMATIC RISKS AND IMPACTS
This section examines climate change risks and
impacts to the livestock value chain, especially
meat, skins and hides.
Severe droughts have become more frequent
in the livestock rearing regions in Kenya leading
to higher livestock death in pastoral systems,
and acute food and water shortages in pastoral
and agro-pastoral areas. The livestock sector
experienced the worst impacts during the 2011
drought, losing approximately KSh 699 billion,
with KSh 56 billion in damages due to costs from
veterinary care, water, feeds and production
decline, and KSh 643 billion in losses due to
animal deaths (GoK, 2013).

Low quality and availability of pasture has
acutely affected the pastoral communities in
Kenya. During droughts, lack of feeds and water
leads to weak livestock resulting to decline in
milk yield and meat production. In addition, the
end market experiences supply scarcity and the
available meat of very low quality is sold at high
prices.
Impacts of climate change are worsened by
overstocking of group ranches due to high
population resulting in soil deterioration and
environmental degradation. This makes the
range lands to be vulnerable to even a normal dry
spell which is characteristic of dry lands. Animal
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health could be affected both by extreme
events (for example high or low temperatures)
and by the emergence and re-emergence of
Inputs & services
Pasture
Fodder
Water
Veterinary Services
Breeds

infectious diseases, some of them transmitted by
vectors that are highly dependent on climatic
conditions.

Local trading
(Livestock trading)
Middlemen (Brokers)
Transport & Livestock traders
Livestock Market

Consumer
market
Supermarkets
Butchery
Schools & Hospitals
Hotels

Local processing
Slaughter House
Butchery
Processor
Wholesale meat market

Production
Pastoralism

Figure 2: An illustration of the livestock value chain | Source: KMT

4.2. ADAPTATIONS OPTIONS
Innovative sustainable livestock management
through integration and natural intensification
of production is climate smart and has been
piloted in various parts of the world. For instance,
in Colombia, the World Bank has engaged with
local partners to pilot innovative approaches
to sustainable cattle ranching production. The
Colombia mainstreaming sustainable cattle
ranching project, has allowed nearly 32,000
hectares of degraded land to be converted
to silvopastoral systems (SPS)11 allowing for the
capture of 1.05 million tons of CO2 equivalent
and the conservation of biodiversity, including
50 native species, since it started as a pilot
project in 201112.
Given the high degradation of Semi-Arid Lands
(SALs) in Kenya, there is need to adopt SPS and
integrate feed for livestock from annual crops
with perennial feed, particularly from deeprooting legumes which promotes soil health
and provides additional quality forage during
dry periods. It also improves the quality of the
diet of ruminants, reducing methane emissions
from enteric fermentation. Integrating trees,
crops and livestock into a more droughtresilient, productive and sustainable agricultural

system helps the livestock sector to mitigate
climate change. The root systems of grasslands
can sequester carbon and redistribute it to
deeper soil layers. The carbon stored in a
deeper soil profile is likely to be less susceptible
to decomposition. The presence of N-fixing
legumes and other tree species improves
production and nutrient cycling and eliminates
the need for chemicals and fertilisers. Deeprooted trees also contribute to recover nutrients
and water from deeper soil layers and increase
carbon sequestration both below and above
ground for the livestock producers, thereby
reducing the effects of delay in rainy seasons
on pasture availability. Tree cover also provides
better environmental conditions and welfare for
cattle and delivers more biomass, nutrients and
shade to the animals, thereby reducing stress
and improving production and body condition
(Broom et al., 2013). Kenya Markets Trust and
other actors can champion for this SPS through
lobbying for policy change on how the SALs are
managed by communities. It could also work
with private ranches to develop SPS and finishing
and fattening programs that are commercially
viable.

Silvopastoral systems (SPS) are a type of agroforestry that purposefully combine fodder plants, such as grasses and leguminous herbs,
with shrubs and trees and allows the intensification of cattle production based on natural processes that are recognised as an integrated approach to sustainable land use (Chará et al., 2018; Murgueitio et al., 2011; Nair et al.,2009).
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http://www.worldbank.org/en/topic/agriculture/brief/moving-towards-sustainability-the-livestock-sector-and-the-world-bank

13
Water is a key input in the livestock production
systems. Increasing availability of water (in terms
of quantity and quality) for livestock in pastoral
arid areas is essential, but must be carefully
planned so as not to disrupt traditional herding
and land use management practices that
cushion communities against land degradation
and poor pasture management. Absence of
water in some areas often works to preserve
pasture in such areas until such periods, when
they are really needed. A useful approach for
making water sources non-disruptive in such
areas is to design them in ways that they are
not completely available until sanctioned by
relevant community institutions. A good example
of such a system is in Marsabit, where boreholes
have been drilled in dry season grazing areas,
but pumps are removed and only put in after
community authorisation when dry seasons
peak (Ndiritu and Said, 2018).
Pasture availability is considered a major
constraint to increasing beef production in
ASALs. Although the feed industry for beef
fattening is privatised, there is a place for both
public and private research into alternative
feeds that are affordable to the pastoralists
(Ndiritu and Said, 2018). For hay production,
private sector investments are encouraging
sustainable hay and fodder storage in the sector
and this is increasing potential adaptation
during dry spells. The public sector can reduce
the devastating loss of animals during droughts
in the ASALs by working with the private
sector to develop supplementary feeding,
especially survival feeding during drought
and dry spells to preserve the breeding stock.
Pasture rehabilitation campaigns in partnership
with county governments on reseeding high
yield grass that is adaptable to dry lands and
rehabilitating the degraded rangelands can
increase availability of pasture for dry season
grazing.
Through research, counties can
be supported to identify their comparative
advantage in pasture production in line with
NCCAP priority on adaptation through proper
management of pasture lands.
Another strategic focus for KMT that is a key
adaptation option is improving livestock health
through animal health products, services and
the right feed. There is need to create training
bodies for extension service agents of the official
veterinary services, focusing on the need to
share information and experiences between the

counties for the implementation of preventive
measures especially during droughts.
Feedlot fattening programs is an adaptation
strategy especially during dry seasons. Basically,
the feedlot entrepreneurs buy a calf of 18
months and above for finishing and fattening
then selling it to the final market to meat
processors. However, beef lot feeding is an
intensive production method that requires heavy
investment at the beginning given the high cost
of animals and feeds combined with continuous
breed improvement to hasten speed to the
market. A study by Ndiritu and Said (2018) found
that for feedlot to be profitable, one needs a
minimum of 100 animals in half an acre piece of
land. This has the advantage of economies of
scale within a short production cycle. There is thus
need for partnership with government and other
relevant agencies to support livestock fattening
programs. For instance, actors such as KMT,
could sensitise financial institutions to provide
low interest rate financing to the pastoralists, and
sensitise investors in feedlot salvage of livestock
for breeding after the drought, and champion
introducing of favourable policies for farmers
who grow fodder and hay for beef lot feeding
purposes.
Sustainable livestock management systems also
need a working marketing system. Where such
systems do not exist, pastoralists are likely to risk
facing a drought instead of losing livestock to a
poor market system (Ndiritu and Said, 2018). In
addition to a good market system (with good
returns) pastoralists often prefer not to sell if
there are no clear profitable ventures, in their
vicinity, to utilise the proceeds from livestock
sales. Where investment opportunities are not
available, pastoralists may prefer risking droughts
than selling and losing the animals.
In addition to KMT livestock strategy, there
is need to encourage processors to adopt
and invest in more productive, and safety-,
quality and market-driven business models,
with strengthened skills, facilities and buying
relationships with herders and other livestock
producers. To this end, programs could be
rolled out to promote consumer awareness to
enhance and appreciate differentiation and
value addition of higher cost meat products.
Another strategy would be to mobilise the meat
industry association to implement meat safety
standards, skills and traceability, and increase
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investment in modernisation. Traceability gives
consumers confidence on the product and
they will be willing to pay more for the safety
assurance, thereby increasing the income of
the pastoralists and beef entrepreneurs.
Livestock identification and traceability systems
(LITS) are increasingly being used to support
animal production, trade and public health
interventions throughout the world (Mutua et al.,
2018). In Africa, LITS have been used successfully
in a few countries (Botswana, South Africa and
Namibia) which export chilled and frozen beef
to the European Union under an Economic
Partnership Agreement (Mutua et al., 2018).
Botswana probably has a more advanced
individual animal identification system in the
region. The contribution of animal identification
to disease surveillance and food safety can only
be realised if identification initiatives are linked
to traceability (Mutua et al., 2018). Traceability
systems can allow animals or their products to
be followed through market channels back
to farms of origin. Interventions can then be
targeted to areas that are identified to be the
source of health risks, be they pathogens or
chemical hazards such as drug residues. This
intervention is especially needed as consumers
are increasingly becoming aware of the
importance of knowing the sources of the meat
products they buy.
The main ingredients used in commercially
prepared feed are the feed grains, which
include maize, soybeans, sorghum, oats and
barley. But these grains are the main cereals
for human feeds leading to competition of
animal feeds with human feeds, especially
during drought periods. Given the competition
of animal feed inputs with human feeds, there is
need to explore innovative production of animal
feeds as a by-product of a more valuable and
profitable product. For example, encouraging
ASAL counties to produce oil seeds that are
used to manufacture oil, while the by-product
(oil seed cakes) is used for feed production.
In addition, feed manufacturers can explore
pelleting of bulky feeds such as hay to reduce
on transport and storage costs.
Another adaptation strategy for communities
is to diversify to tourism through conservancy.
The communities can then use the conservancy
income to rehabilitate the degraded land
and earn carbon credits from the carbon

sequestered through the proper range land
management.
Another way of rehabilitating rangelands is
through the creation of a revolving fund by the
public sector. Such funds are considered as
innovative financing mechanisms that could
reduce investment requirements and enhance
investment impacts by recovering and reinvesting
some of the savings generated by early
investments in the rangeland’s rehabilitation.
Revolving funds are funds that are often used
by public sector organisations and in the not-forprofit sector to cover the ongoing maintenance
costs (Banhalmi-Zakar et al., 2016). For example,
revolving funds have been established by the
Federal government of Australia to purchase
land for conservation and placing a covenant on
it to ensure future maintenance of conservation
values. The Massachusetts Clean Water State
Revolving Fund loan program is an example
of a state level revolving fund used in the US
for adaptation (Banhalmi-Zakar et al., 2016).
An intervention approach would be to lobby
county and national governments to develop
such revolving funds for the livestock sector.
Some counties (Makueni, Tharaka-Nithi and
Wajir) have already set aside climate funds and
this provides entry points for championing the
establishment of revolving funds for the livestock
sector.
Modernising the beef value chain is key in
reducing carbon emissions, thereby a mitigation
option to climate change, as well as an
adaptation option through technologies used.
This can be done through adoption of renewable
energy (like solar energy) in the cold chain.
Energy cost, specifically electricity, has been
identified as the main cost of running a cold
chain. Therefore, a solar-powered cold chain
would be cost effective and offer competitive
meat prices. In addition, proper post-harvest
handling of livestock products would reduce
the losses which is a great gain on reduction on
pressure in ASALs to produce more beef with
scarce pasture.
Annex II details the potential impacts of
droughts, delay in rainy seasons and floods along
the livestock and beef value chains and the
potential adaptation measures. In addition, the
table suggests potential measurement indicators
for monitoring progress in implementing the
adaptation options.
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Chapter
Five

The Agricultural Inputs
Value Chain

The government of Kenya has developed
the Kenya Climate Smart Agriculture Strategy
(KCSAS) 2017 – 2026, whose main objective is to
adapt to climate change, and build resilience
of agricultural systems while minimising emissions
for enhanced food and nutritional security and
improved livelihoods. This strategy is aligned with
KMT’s agricultural inputs sector strategy that
aims to facilitate transformational changes in
the agricultural input sector through:
• Mass adoption of lime by smallholders
• Mass adoption of crop-specific fertilisers by
smallholders
• Industry players reach millions of farmers
with information, driving adoption of inputs
and good agricultural practices

• Mass adoption of certified seed potato
• Major reduction in late planting by farmers,
due to better seed availability
• Major improvements in certified seed
germination, through better seed quality
control and/or storage.
In
considering
these
transformational
interventions, the following section considers
the climate risk and impacts along agricultural
inputs value chain. In addition, the section also
identifies innovative climate change adaptation
options along the key focus value chains, namely
seeds, fertiliser and lime.
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5.1 SEEDS VALUE CHAIN

Figure 1 below outlines the typical actors and
activities that take place before the processed
seed reaches the farmer or end user.

Breeders

Foundation
seed bulkers

Seed
producers &
processors

Distributors
and
agro-dealers

Farmers

Figure 3: An illustration of the seeds value chain outlining typical actors | Source: KMT

5.1.1 CLIMATIC RISKS AND IMPACTS
Threats posed by climate change call for a
focus on resilient strategies and technologies
from both the public and private sectors in order
to use available resources more efficiently. Such
strategies and options must traverse both the
formal and informal seed sectors and enable
climate risk management by the various actors
along the seed value chain (Kuteesa and
Katunze, 2016).

Flooding makes roads impassable in farming
areas, increasing transportation costs and
making it hard to run farmer demonstration
events organised by traders (agro-dealers)
where they pass knowledge and display
innovations. In addition, during heavy rains,
farmers with poor soil and water management
will experience heavy soil erosion, which will
lead to reduced soil organic content.

Extreme temperatures can impact on the
infrastructure making the seed storage,
transportation and packaging conditions poor,
thus interfering with the potency of the seeds.
Temperature and relative humidity of the
storage environment are two critical factors that
require careful attention for favourable seed
storage (FAO, 2010; Suma et al., 2013). Extreme
temperatures also affect seed production and
yields. For instance, rising temperatures cause
an increase in loss of soil moisture through
evaporation hence affecting seed germination.

During a long dry spell, seeds stay longer in
trading stores as farmers are waiting to buy after
sufficient rains. This causes agro-dealers’ losses
on the time-cost value of their stock. In such
cases, sometimes there is increased sales of
seeds as farmers resort to replant due to failed
germination driven by droughts. Irregular rainfall
patterns, an impact of climate change, can
lead to destruction and massive germination
failures for farmers hence increased costs of
replanting.

5.1.2. ADAPTATION OPTIONS
Efforts by seed companies to have better
quality seed that is resilient to climate stresses
on the market are already ongoing in the
country. Research institutes (such as KALRO) are
already breeding new seeds, which are then
multiplied by the private seed companies and
farmers. These improved seeds are endowed
with characteristics such as early maturing and
drought tolerance, which reduce the plant’s
cycle of development and potential losses at
harvests as a result of the climate risks (dry spells
and droughts). Early maturing and drought-

resistant varieties enable farmers to achieve
good harvest even during reduced rains
According to various actors along the chain,
several investment decisions to manage climate
risks can be enhanced by actions that lead to
the timely supply of new seeds and weather
information to reduce the impacts and help in
the rapid recovery from climate risks (Kuteesa
and Katunze, 2016). Working to further sensitise
farmers on new improved crop and livestock
varieties and lobbying financial institutions to
provide affordable financing will enable farmers
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have stable supplies of improved seed.
Raising awareness of actors about quality seed
and the associated benefits will promote more
demand and more investments into the supply
of seeds by companies. Greater benefits may
be accrued where seed companies invest in
wider networks with agro-dealers located closer
to rural communities to increase access and
timely supply of climate resilient seeds (Kuteesa
and Katunze, 2016). These linkages can also
help promote the awareness of climate-resilient
seed, facilitate needs assessments of clients, act
as channels of climate information and help
companies adjust their products and services
to climate risks. Engagement in radio programs
can offer alternative means of communication

through which information on climatic risks, best
climate change adaptation and mitigation
practices as well as seed technologies can
be communicated. Other methods include
establishing demonstration plots to promote
learning and working with seed breeders to
enhance the scaling up of improved seeds in
the country.
Annex III provides an analysis of the potential
impacts of droughts, delay in rainy seasons
and floods along the seeds value chain and
the potential adaptation measures. In addition,
the table suggests potential transformational
change indicators for effective adaptation
impacts.

5.2 FERTILISER VALUE CHAIN
The importance of fertiliser to yield growth and
agricultural transformation is widely recognised
especially for the Asia’s Green Revolution. Policy
makers in Kenya – and indeed, throughout
East Africa – have been most concerned with
increasing fertiliser use on maize, the main stable
crop in the region (Ariga and Jayne, 2011). In
the maize breadbasket areas specifically, over

Manufacturers/
Importers

Trading
(Wholesalers,
retailers –
Agro-dealers)

90% of smallholder farmers use fertiliser on maize
with application rates comparable to areas of
Asia’s Green Revolution (Ariga and Jayne, 2009).
However, while nitrogen fertiliser use on maize
has increased significantly in Kenya, maize yield
levels have not risen proportionately (Sheahan
et al., 2016).

Consumer/
User market
(Farmers)

Output market
(Linkages)
–Produce buyers

Extension
delivery
(Knowledge &
information)

Figure 4: An illustration of the fertiliser value chain

5.2.1 CLIMATIC RISKS AND IMPACTS
Different actors along the fertiliser value chain are
affected differently by climate change. During
the dry season, for example, farmers experience
a high failure rate of seed germination due to
burning of seeds by fertiliser.
Delayed start and earlier cessation of the
rainy season could shorten the typical growing
season leading to low yields and potential food

insecurity. However, reduced yield can lead to
less removal of nutrients from a field leading to
drought nutrient credit from the stricken crop that
can be used to reduce fertiliser need in the year
following drought. Emissions of ammonia and
nitrous oxide during flooding, as well as nitrate
leaching and phosphate runoff into surface and
groundwater leads to high turbidity of raw water
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in the water utilities reservoirs pushing up the cost
of water treatment.
Soil degradation is a critical concern in Kenyan
farms. In agricultural ecosystems soils are
depleted of organic carbon and becoming
increasingly difficult to produce higher yields.
Each year, soil erosion destroys million hectares
of cropland leading to low soil organic
matters. In soils that have already experienced
significant losses of soil organic matter,
increased fertilisation does not usually generate

5.2.2 ADAPTATION OPTIONS

Among the important climate-smart agricultural
practices in the fertiliser value chain is to improve
outreach to farmers on correct and balanced
fertiliser application. Given the highly degraded
soils in Kenya, it’s extremely important for
farmers to adopt a combination of organic and
inorganic fertiliser to improve soil quality and
fertility. Organic fertiliser may not only improve
soil quality but may also contribute to climate
protection by increasing carbon sequestration
in agricultural ecosystems (Zhang et al., 2016).
Organic fertiliser is usually made from plant or
animal waste – manure or compost13. Because
of the organic matter present in organic fertiliser,
soil structure is improved and as a result, the
soil’s ability to hold onto water and nutrients
increases. However, there are not enough
organic fertilisers available to meet agricultural
demand worldwide. Therefore, in regions where
organic matter and residues are not available
because of little livestock and small farm
volumes, supplementing with mineral fertilisers
is imperative to avoid nutrient mining and soil
degradation. Fertilisers facilitate sustainable
agricultural intensification. An astonishing 89% of
agriculture’s future greenhouse gas mitigation
potential is based on soil carbon sequestration
(IPCC, 2007). Farmers therefore play a very
important role – with help from fertilisers – to
mitigate climate change by increasing biomass
production and thus increasing soil carbon when
the biomass is allowed to form compost.
Soil erosion has been identified as one of the key
drivers of soil degradation and poor soil fertility.
Therefore, farmers need to introduce measures

a net sink for carbon, because the production,
transport and application of fertiliser releases
higher amounts of carbon dioxide (Corsi et
al., 2012). Additionally, soils with lower levels of
organic carbon retain less water at low moisture
potentials. Furthermore, crops grown in nutrientpoor soils, especially that lacking potassium,
recover less quickly from drought stress once
water is again available (Lipiec et al., 2013).
To help their crops use water more efficiently,
farmers must pay attention to improving and
maintaining soil fertility.
to counter soil erosion (for example terracing,
contour bunds, drainage, agroforestry and
perennial crops); increase soil carbon and
improve the management of soil organic matter;
and rehabilitate degraded lands. In addition,
integrating nitrogen-fixing perennial woody
species and trees with annual crops increases
soil fertility, produces biomass and reduces soil
erosion. This practice also sequesters carbon and
redistributes the carbon to deeper soil layers.
To minimise the environmental impact of fertiliser,
the fertiliser industry is actively taking steps to
reduce emissions of ammonia and nitrous oxide,
as well as nitrate leaching and phosphate
runoff into surface and groundwater. Some of
these steps involve innovation and research
that have resulted in new technologies such
as: foliar application; coated soluble granules
to allow controlled release of nutrients in the
root zone; urea deep placement: using supergranules of urea in rice production to improve
nitrogen recovery; adding inhibitors to slow the
conversion of urea fertiliser to ammonia and
thereby minimise potential ammonia loss to the
atmosphere; and fertigation: adding soluble
fertiliser to irrigation water to deliver nutrients
to the root zone in a more precise and timely
manner14. All the actors in the fertiliser value
chain can and should work together to develop
site-specific outreach and training programs in
order to ensure that the farmers can continue
with the most important task they have of
feeding the world, and do so with reduced
environmental effects, while becoming more
resilient to climate change.

13

https://www.holganix.com/blog/8-advantages-and-disadvantages-of-using-organic-fertiliser

14

http://www.fondation-farm.org/zoe.php?s=blogfarm&w=wt&idt=1681

19
Annex IV provides an analysis of the potential
impacts of droughts, delay in rainy seasons and
floods along the fertiliser value chain and the
potential adaptation measures. In addition,
the table suggests potential measurement
indicators for effective adaptation impacts.

5.3 AGRICULTURAL LIME VALUE CHAIN
Despite the widespread soil acidity problem
which affects productivity, there is low demand
of agricultural lime, which can be used to
correct the acidity especially for stable foodcrops. This is due to limited access to information
on soil acidity and availability of solutions,
lack of awareness on how to apply lime and
farmers getting discouraged by the slow acting
and bulkiness aspects of lime. Ammoniumbased fertilisers are major contributors to soil
acidification. They have an acid reaction and
their use acidifies the soil even when nitrogen
is fully utilised by plants. Different crops have
various degrees of tolerance to acidity. For
example, chillies, sweet potatoes and Irish
potatoes are tolerant to acidity and can do well
in soils with pH values below 5.5 (Kanyanjua et
al., 2002). Most of the horticultural crops (onions,
spinach, carrots, cabbages and cauliflower)
do not tolerate acidity and can only grow
well in soils with pH values above 6.0. Other
crops like maize lie in the medium tolerance
range and would do well in 5.5–6.0 pH values.

5.3.1 CLIMATIC RISKS AND IMPACTS
In addition to excessive use of inorganic fertiliser,
acidic soils develop because of excessive
leaching of basic cations, mainly calcium (Ca),
magnesium (Mg) and potassium (K) in climatic
conditions characterised by excessive rainfall
relative to evapotranspiration (Kanyanjua et
al., 2002). Specifically, soils in areas with large
amounts of rainfall tend to be acidic because
the water leaches basic cations (calcium,
magnesium, sodium and potassium) out of the
soil profile, and these cations are then replaced
by acidic cations (hydrogen and aluminium).
Floods increase soil erosion and reduce soil
organic content. Soil organic matter slows
down acidification and buffers the soil’s pH
because it holds the acid hydrogen tightly.

It has been established form literature and other
sources that, soil acidity can be effectively
neutralised by either liming or application
of farmyard manure. The best practice is to
apply lime about two months before planting,
to give it time to react in the soil and reduce
the pH15. The risk with applying at planting
is that lime will react with phosphorous in the
planting fertiliser and precipitate as calcium
phosphate making some of the phosphorus
applied unavailable for plant uptake.

5.3.2 ADAPTATION OPTIONS
By restoring soil to a more neutral pH level,
the efficiency of fertiliser can improve, which
further improves the yields for crops that are
sensitive to acidity and farmers’ income. Given
that the main staple food in Kenya (maize) does
not do well in acidic soils which dominates the
maize growing areas, there is need to continue
creating awareness on the use of agricultural
lime and increase demand for lime application
on acidic soils, to make farmers’ access to
lime and other crop specific fertilisers easy.
Given the low adoption of lime, there is need
for collaboration with relevant government
departments in the ministry of agriculture
to support policies (for example national
agricultural sector extension policy) and
strategies supporting farmers to adopt soil testing
to determine pH (and other parameters) and
lime use. This can also be enhanced through
partnerships with agro-dealers on information
dissemination models such as farmer to farmer
extension, demonstration farms owned by
influential farmers in the villages, solidarity
groups, etc. Treatment with agricultural lime
helps crops to better tolerate drought and wet
conditions by increasing both root penetration
and water percolation through the soil. In
addition, lime reduces acidity and strengthens
root system: as roots take up a greater volume
of nutrients, they begin to thrive and strengthen
throughout the whole root system. Having a
strong root system in your crops is essential for
the crop’s ability to withstand environmental
challenges such as rain, wind or drought.
Farmers also need to introduce measures to
counter soil erosion (for example terracing,

https://mobile.nation.co.ke/business/seeds-of-gold/The-best-time-to-lime-soil-for-better-growth-of-your-crops/3112330-3943316-item-1mhkgf5z/index.html
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contour bunds, drainage, agroforestry and
perennial crops) and composting using
organic matter to make aluminium less toxic
and slow down acidification because it holds
acid hydrogen tightly. Organic farming:
less use of fertilisers and agro-chemicals
coupled with availability of sufficient biomass,
vermicomposting, green manuring, growing of
leguminous hedge row species, farm fences and
terrace/risers, recycling the pruned biomass into
the field improves soil health and productivity
and reduces dependence on external inputs.
There is need to increase the adoption of
Integrated Soil Fertility Management (ISFM)
technologies. These include applying manure,
composting, crop rotation and conservation
farming using nitrogen-fixing trees (for
example leguminous plants such as alfalfa
and clover (perennials), and beans, peanuts
and soybeans (annuals) are superior fixers;
Black Locust, Mimosa, Alder, Redbud, Autumn
Olive, Kentucky Coffee Tree, Golden Chain
Tree, Acacia, Mesquite trees) are examples
of trees that support nitrogen in soil with
the help of bacteria in agroforestry systems
(Reza, 2015). The ISFM is the integrated use
of inorganic fertilisers and soil amendments
(levels and quality of organic matter, sources of
phosphorus and/or lime). These amendments
improve the soil organic matter status, increase
the accessibility of phosphorus, buffer acidic
soils, and improve the capacity of soil to retain
plant nutrients and moisture against leaching.

Conservation agriculture such as the absence
of tillage and weeding, and the maintenance
of good soil cover, mean that rainfall is
captured better. Soil structure improves and
organic matter increases, as well as populations
of beneficial termites and earthworms.
Intercropping with legumes improves soil
health and reduces pests and diseases; it can
also produce an extra crop, offering farming
families a more nutritious diet or extra income.
There are significant benefits from savings in
labour too, allowing farmers time to expand
production, or diversify into other ventures.
To increase mass adoption for lime and other
yield enhancing inputs, corporate partnerships
are an opportunity, for example with
Safaricom’s
Digifarm platform16. Interviews
with Fredrick Kiio, M-Agri Business lead at
Safaricom argues that Digifarm was developed
with the aim of empowering smallholder
farmers to increase productivity and profits.
To achieve this, they are taking a partnership
approach to address the key concerns namely
– knowledge and services gap, input quality
and affordability, financial services, access to
market and post-harvest loss management.
Annex V provides a detailed analysis of
the potential impacts of droughts, delay
in rainy seasons and floods along the lime
value chain and the potential adaptation
measures. In addition, the table suggests
potential
transformational
change
indicators for effective adaptation impacts.

Digifarm is an agribusiness solution tailored for small-holder farmers, providing them with financing,
information on different crops and animals in addition to quality, discounted inputs. Farmers can
enroll to and access Digifarm by dialing *283#.
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Chapter
Six

Conclusion and
Way Forward
This report has critically analysed the impacts
of climate risks (droughts, delay in rainy seasons
and floods) along the water service delivery,
livestock and agricultural inputs (seeds, fertiliser
and lime) value chains and the potential
adaptation measures. It is very clear from the
analysis, that the interventions beneficiaries
(farmers or consumers) are a key stakeholder
in achieving a climate-resilient agricultural and
water system. For example, farmers are key
stakeholders in the adoption of Integrated Soil
Fertility Management (ISFM) technologies, such
as applying manure, composting, crop rotation
and conservation farming using nitrogen-fixing
trees and shrubs in agroforestry systems, soil
and water conservation technologies, such
as terracing. When these ISFM technologies
are adopted by farmers in the watersheds
(catchment for water utilities dams), there is

more recharge of the ground water aquifers,
less runoff of nutrients into rivers and this reduces
turbidity and associated water treatment costs.
In addition, partnership of water utilities with
riparian farmers on farming techniques will be
an effective way to adapt to climate change
and ensure water security in Kenya.
Water, pasture/fodder and veterinary services
are key inputs in the livestock production systems.
To increase availability, in terms of quantity
and quality, of water for livestock in pastoral
arid areas is essential, but must be carefully
planned not to disrupt traditional herding and
land use management practices that cushion
communities against land degradation and poor
pasture management. Priority adaptation of
proper management of pasture lands /controlled
grazing /fodder banks should be encouraged in
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the ASALs. For example, hay production, private
sector investments are encouraging sustainable
hay and fodder storage in the sector and this is
increasing potential adaptation during dry spells.
In addition, promoting the uptake of finishing
and fattening is an innovative way to fight

the uncertainty of beef supply due to climate
change, but it also presents very fundamental
issues on feed availability and commercial
viability of the venture.

POLICIES AND PARTNERSHIPS
To address the high non-revenue water, there
is need to improve the governance of the
water sector in developing policies to support
the changes arising after devolution, such as
supporting the operationalisation of the intergovernmental water sector coordination
framework.
An effective and low-cost method of promoting
efficient water use at the consumer level is to
implement water conservation programs that will
cut down on waste and inefficiencies. There are
opportunities to assist water utilities in designing
public campaigns and outreach messages on
efficient water use.
Public-private partnerships (PPPs) have been
existing in Kenya and mostly adopted by the
energy sector. While the water sector is highly
underfinanced, large water utilities have not
adopted PPPs as a source of investment finance
as opposed to community water projects. There
is need to establish the gaps that does not make
water PPPs attractive to the private sector. This
can be done by assessing the capacity of
utilities to adopt PPPs and develop the criteria
for viability of PPPs for the water sector.
Initiatives such as strengthening local institutions,
building capacity of rural communities and

integrating mobility into land management
systems are options that could contribute to
better management of migration in ASALs
(Abuya et al., 2019). PRISE research further
recommends that options such as integrated
land management can help take into account
both pastoralists’ needs, as well as emerging
forms of more intensified livestock investments by
establishing land use zones that allow both free
movements of large herds as well as livestock
intensification under private land tenure. Land
zoning can be facilitated through appropriate
enabling policies and spatial planning processes.
The current policy on rangeland management
is in support of promoting traditional range use
and grazing management. Thus, where land
is severely degraded, current policies in fact
hinder meaningful production. In addition, the
absence of a policy specific to fodder value
chain in ASAL counties hampers investment
to spur commercial fodder production and
conservation.
Given the low adoption of lime in Kenya, there
is need to review the national agricultural sector
extension policy which does not address the
possible interventions to increase adoption of
lime.
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ANNEXES
Annex I: Climate change impacts and adaptation options within the water service delivery
value chain
Value chain
Inputs

Climatic risks and related
impacts
Impacts of delay in rainy seasons
and droughts risk
1. Decreased water flow and
quantities.
2. Raw water temperature rise.

Potential adaptation measure

Measurement indicators

Adaptation options for drought

1. Number/ proportion of
households with yearround access to water.

1. Source protection, for example
coverage of storage facilities such as
tanks and reservoirs.
2. Seeking for supplementary sources
such as boreholes.
3. Partnership with riparian farmers on
farming techniques.
Adaptation options for floods

Abstraction

Impact of floods risk
Destruction/washing away of
pipes.

1. River bank stabilisation through
watershed management, for example
tree-planting in catchment areas.
2. Partnering with communities and
especially farmers in the river riparian.
3. Sensitisation on effluent disposal and
treatment especially in utilities that are
close to large waste disposal industries.
4. Flood mapping, this includes rainfall
variability, seasonality predictability
mapping.

Impacts of delay in rainy seasons
and droughts risk
1. Reduced water levels at
abstraction point adversely
affect abstraction rate.
2. In the long term we have
reduced ground water levels and
reduced groundwater recharge.
3. Potential socio-political
conflicts associated with
demand for water from local
communities.
4. Higher concentrations of
pollutants.
5. Reduced quality of surface
water sources available for
agriculture, livestock, irrigation,
etc.
6. Creating unhealthy
competition – increased
cultivation in the riparian areas:
a) river banks resulting to
destruction of the watershed;
and b) change in river course
due to cultivation.
7. Water quality worsened by
upstream effluent.
8. Evapotranspiration as a result
of higher air temperatures

Adaptation options for drought
1. Use of trigger-inducing alert smart
technologies by the utilities to alert on
when the quantities are expected to be
low thus prompting adaptive measures
such as storage.
2. Develop water fund to maintain
catchment areas of the water sources.
Adaptation options for floods
1. Siltation management through
promotion of resilient infrastructure and
use of silt collection bags.
2. Investment in storm water collection
and management. A lot of the flood
water is lost through flow creating
scarcity of water to consumers as much
as precipitation is high. Little has been
done in storm water collection in Kenya
and this can be explored especially in
areas where the natural systems and
topography allow for basic
infrastructural modification to collect
the water, for uses such as irrigation,
animal and even industry. This will
decrease the demand for using quality
water for such uses and only use it for
drinking.

2. Increased
annual per capita water
availability.
3.Number of partnerships
with riparian farmers with
increased watershed
management practices.
4. Well-funded water
funds.
5. Framework and public
policies and institutions
that promote environment
conservation in water
sources.
6. Existing partnership
between farmers in
watersheds and utilities.
7. Stable and financially
sustainable water utility.
8. Increased water for
communities.
1. Existence of climate
model projections such as
spatial planning
framework, strategic
environmental assessment
and environmental impact
assessment and regulatory
and economic standards
(such as building codes).
2) Alternative access plan
in case normal access fails.
3. Monitoring data for
aquifer water levels for
increased ground water
recharge levels.
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Treatment
and storage

Impacts of floods risks
1. Destruction of abstraction
infrastructure.
2. Siltation in reservoirs.
3. In the short run, there is
increased human resources
capacity/ consultant to: a) inlet
destruction, b) removing huge
logs, and c) lifting of heavy
machineries/logs
4. High water turbidity:
concentration of suspended
particles in raw water.
5. Restricted access to the facility
due to debris, flood waters and
damage to roadways.
6. Increase in operation and
maintenance due to: a)
infrastructure destruction, and b)
removing large suspended
particles.
Impacts of delay in rainy seasons
and droughts risk
1. High cost of water treatment.
2. High mineral content of
ground water minerals, for
example saline.
3. Little water available for
treatment and storage.
4. Stream flows do not sufficiently
dilute sewage and wastewater
loads, causing an increase in
pathogen numbers and
untreated chemicals.
5. High concentration of
chemical pollutants due to high
temperature and evaporation
especially from agricultural
chemicals.
6. Influent deterioration
especially due to high
temperatures causes product
quality reduction.
7. Limit the ability of natural
ecosystems to assimilate waste.
8. Losses due to non-used
treatment.
Impacts of floods risks
1. High cost of treatment
especially high electricity bills
due to high turbidity.
2. Decrease in treated water due
to high turbidity.
3. Siltation negatively impacts the
quality of water.
3. Destruction of reservoir inlet
leads to little water available for

Adaptation options for droughts
1. Diversification: At the utilities level,
increase capacities to manage
reduced supply and manage supply
from other sources (boreholes).
a) Non-revenue water mapping and
innovative technology like distribution
system sensors to show reduction in
pressure.
b) Modernising distribution infrastructure
to reduce non-revenue water.
2. Use green infrastructure to mitigate
self-cleaning.
3. Reuse of waste water and storm
water for non-drinking uses.
4. Polluter pay principle in the industries
to promote internal reuse of water.
5. Data-backed knowledge of their
rates of NRW.
6. Investment in bulk metering – Digital
flow meters at source and record
management systems to reduce
reliance on estimates for NWR.
Leak detectors are proposed for the
larger utilities to help with NRW
management.
7. To raise awareness on climate
change concerns for water safety plans
management.
Adaptation options for floods
1. Climate proofed infrastructure that
can withstand floods.
2. Understand the concept of risk:
Develop a risk measurement for the
water sector.
3. Install monitoring equipment

1. Framework of risk
screening to identify
infrastructure that may be
vulnerable to climate
change.
2.
Blended finance to
improve the risk-return
profile of investments to
improve the enabling
environment for private
investment.
3. Reliability of service
provision.
4. Increase asset life and
protect asset returns.
5. Reduced repair and
maintenance costs.
6. Bulk metering of the
distribution network using
smart meters for all utilities.
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Transmission
and
distribution

treatment.
4. Debris blockage at an intake
leads to storm water overflows.
5. In the long run there is
increased nutrients and other
potential contaminants.
Impacts of delay in rainy seasons
and droughts risk
1. High temperature affect
infrastructure depending on
material, for example iron and
plastics.
2. Reduced and unreliable water
supply. Due to reduced pressure
in the pipes, the water cannot
flow by gravity.
3. Reputational risks associated
with under-performance.
Consumers can no longer trust
the service providers to provide
efficient services.
4. Reduced revenues from water
distribution, (Water id charged as
per consumption, reduction of
volume supplied leads to
reduction in revenue).
5. Strain on water for
consumption and water for other
uses, including industrial
processing and production.
(Water for domestic use is given
priority, in Nairobi, carwash
businesses are closed during
drought season).
6. Utility outsources alternative
supplies increasing O&M costs.
7. Water scarcity will reduce the
self-cleaning capacity of sewers.
8. Carbon footprint of water
supply and sanitation due to
pumping.
9. Pressure reductions increase
infiltration risk.
10. Increase in cost of borehole
drilling.
11. Increased irrigation water
usage decrease in pollutants
being diluted resulting from
increasing water temperatures.
Impacts of floods risks
1. Damage to both raw water
and clean water network
infrastructures
2. Infrastructure destruction
leading to:
poor water quality
increase in operation and

upstream of intakes to provide an early
warning of raw water conditions (for
example turbidity, flow).
4. Have an alternative access plan in
case normal access to intake structure
and/or pump house is blocked.
Adaptation options for droughts
1. Consumption analysis to incentivise
clean water consumption during
drought through a pricing model.
2. Develop an inter-sector risk
management framework and
mitigation for different situations.
3. At the utilities and industry levels,
increase storage capacities to manage
reduced supply.
4. Promotion of renewable technologies
to support in the drawing and storage
of water to assure availability during the
delayed rains periods. Solar pumps are
especially effective as they reduce the
O&M cost due to the reduced
electricity usage, as well as maximising
the use of solar energy which is
abundantly available.
Adaptation options for floods
1. Actively engage the counties and
WSTF to invest in climate proofed water
infrastructure that can withstand floods.
2. Promote use of technologies such as
mobile based, to reduce O&M costs
and detect floods before getting to
reservoir (river monitoring).
3. Use of hydro-meteorological data to
map/zone critical areas affected by
floods.
4. Siltation management through
promotion of resilient infrastructure and
use of silt collection bags.

1. Increase asset life and
protect asset returns.
2. Reduced repair and
maintenance costs.
3. Spatial maps from use of
hydro-meteorological
data and zone critical
areas affected by
floods/droughts.

River monitoring
technologies adopted.
Counties and WSTF with
climate proofed
infrastructure
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Consumption

maintenance cost.
3. For the clean water we have:
a) pipe breaks due to washouts,
which could result in sewage
spills or low water pressure; b)
water and sewer overflows; c)
incidence of clean water mixing
with industrial effluents and other
pollutants due to breakages; and
d) high non-revenue water.
4. Logging in raw water pipeline
resulting to high maintenance
cost and increase in human
capacity requirement.
Impacts of delay in rainy seasons
and droughts risks
1. Scarce resource causing
scrambles for it (conflicts).
2. More time spent outsourcing
alternative sources of water,
especially for women putting a
strain on other activities.
3. More money spent sourcing for
alternative sources of water.
4. Little or no supply to consumer
leading to high water prices.
5. Decreased consumer and
other stakeholders interest
impacting on SDM.
6. Waterborne outbreaks and
water-related diseases.
7. Political and economic
instability due to spiralling costs of
water and other related services
(especially in the urban informal
settlements, illegal vending of
water and creating further
artificial supply fails).
8. Household and industrial
economic pressures due to
increased expenditures on water
(household budget of water
increases without increase in
income).
9. Involuntary migration of
consumers and seeking
alternative sources.
10. Increased risk of chemical
and biological contamination of
water.
11. Conflicts exist between
energy and water potential
conflict between industrial water
users.
Impacts of floods risks
1. Involuntary migration of
consumers due to flood impacts.

Adaptation options for drought
1. Volumetric billing (price of water is
graduated according to consumption)
using smart meters, mobile apps for
consumer information and
broadcasting, management at the
demand side through awareness
creation (and early warning) on water
efficiency, promotion and use of water
storage facilities at household and
community level.
2. Increased storage capacities both at
the utilities levels and even at
community or household levels. In
communities that share common water
points (for example community water
kiosks), storage capacities can be
increased to accommodate lower
supplies during the extreme
temperature periods. This will also lower
the exposure levels of water collectors
to the climatic risk and reduce time
spent to fetch water from distant
sources.
3. Public outreach is an essential
component of any water conservation
program. Outreach communications
typically includes basic information on
household water usage, the best time
of day to undertake water-intensive
activities and information on and
access to water-efficient household
appliances such as low-flow toilets,
showerheads and front-loading
washers.
Adaptation options for floods
1.Build capacity and awareness of
stakeholders for responding accordingly
during ﬂoods.
2. Map flood vulnerable areas, intensity
and expected mitigation.
3. Rain-water harvesting as an
alternative. Promoting rainwater

1. Installed upstream
equipment/sensors to
provide early warning.
2. Developed water safety
plan for internal (utility use
and external (inter-county,
inter-utility and intersectoral).
3. Water saving by
households.
4. All households
connected to smart
meters.
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2. Health-related impacts due to
poor quality water, for example
waterborne diseases reducing
the productivity of people.
3. High cost of water supply
(cartels and water tanks as
alternative sources of water).
4. Increased consumer
complains.
5. Users experiencing lack of
service (for water utilities);
increase in water rationing.
6. Increase in cost of water: a)
tariff calculation include the
excess cost of dealing with flood
disaster; and b) high cost: buying
of storage tanks.
7. Using polluted water from
ponds, rivers and canals
especially in rural areas.

harvesting especially in areas (for
example Kakamega) that have
adequate rains during the favourable
periods can be used together with
increased storage capacity. These
areas are prone to having low
agricultural productivity during dry
spells, and thus having alternative
sources will help boost household food
sufficiency through irrigation.
4. Equipping utilities and consumers
with early warning information on
likelihood of risk occurrence to prompt
adaptation options such as:
a) Migration/planned displacement
b) Opening up of dykes or alternative
water outlets/channels to prevent
flooding/redirecting.

Source: KMT staff, Authors compilation

Annex II: Climate change impacts and adaptation options within the livestock and beef value
chain
Value
chain

Climatic risks and related
impacts

Potential adaptation
measures

Measurement indicators

Inputs and
services

Shifting of planting and
harvesting seasons for
feed input crops

Research and development of alternative
feed sources.

At least one variety of
feed developed to
testing within 2 years.

Variable feed input
Supplies

Sensitisation of returns on investment in
commercial feeds, for example hay.
Engagement of private-public partnership
agreement with KALRO on multiplication of
grass seeds adapted to ASALs.

High returns on beef
sales from hay
production system.

Storage/purchase of hay and holistic
management of the pasture land in the group
ranches.

1. Mass adoption of
holistic management.

Change in water management through
improved efficiency
in the use of water:
1. Training in water storage/ harvesting,
development of permanent water
points such as drilling more boreholes
and sinking of dams.
2. Water use efficiency
Promote increased access to water by
developing alternative water reservoirs such
as water pans and rainwater abstraction.
3. Community water assets where
individuals donate land for
investment of water pans by public
authorities.
4. Investment in machines by private
sector available for hire on
competitive pricing for access by
families for construction of dams
holding 100,000+ litres.
Government, through agencies such as The
Genetic Resources Research Institute (GeRRI),
can introduce improved breeds to livestock
that is adaptive to drought and high
temperatures.

Increased water
availability in all seasons
especially during
droughts.

Improvement in quality and quantity of feeds
through:
1. Introduction and use of hydroponics fodder

1. Increased uptake of
hydroponics fodder per
season.

Pasture
Fodder
Water
Veterinary
services
Breeds

Increased competition for
feed inputs

Water scarcity

Low quality breeds

Low quality and quantity
of pasture

Availability of droughtresistant grass seeds in
agro-dealer shops.

2. High quality beef
produced using hay.

High quality breeds in the
stock.

Low quality breeds

Low quality and quantity
of pasture

Low utilisation of livestock
waste
Floods leads to:
1. Water-logged pasture
2. Soil nutrient loss.

Production

Higher incidence of
disease

sector available for hire on
competitive pricing for access by
families for construction of dams
holding 100,000+ litres.
Government, through agencies such as The
Genetic Resources Research Institute (GeRRI),
can introduce improved breeds to livestock
that is adaptive to drought and high
temperatures.

High quality breeds in the
stock.

Improvement in quality and quantity of feeds
1. Increased uptake of
through:
hydroponics fodder per
1. Introduction and use of hydroponics fodder season.
crops as an alternative/supplement feed
2. Massive adoption of
source during drought periods.
2. Fodder diversification (utilisation of crop
irrigated pasture.
residues, herbs and shrubs for feed).
3. Improved pasture yield: revival of traditional 3. Massive adoption of
silvopastoral systems that
pasture only for the length of one season,
restoration of degraded pasture, increased
capture high CO2
vegetation cover, rehabilitation of pasture
water supply, development of irrigated
equivalent.
pasture, modifying the schedule of grazing,
4. Healthy and well
promote range-specific fodder, hay and
finished and fattened
compressed feed production.
animals that fetch high
3. Adjustment in feeding system
management: livestock stocking rate
returns in the market.
adjustment, planting perennial forage crops
5. Restored degraded
and feed supplementation.
landscapes in arid and
4. Altering rangeland management: manure
use for pasture regeneration, constant
semi-arid lands, and
conservative stocking rate, pasture-climate
rangelands.
scenario simulations to advice on rangelands
viability.
5. Strategic reserve for feed production and
conservation: introduce/increase storage
facilities for feeds and fodder.
6. Agroforestry systems that intercrop shrubs
and cacti with barley, oats, feed legumes
and native vegetation significantly reduced
the cost of feeding livestock and reduced
farmers’ dependence on rangelands.
7. Better livestock feeding and manure
management have potential to reduce
greenhouse gas emissions and increase
farmers’ incomes.
8. Holistic management of grasslands results in
the regeneration of soils, increased
productivity and biological diversity, as well as
economic and social well-being.
9. Promote the adoption of environmentfriendly silvopastoral production systems (SPS)
for cattle ranching in group ranches, to
improve natural resource management,
enhance the provision of environmental
services (biodiversity, land, carbon and
water), and raise the productivity in
participating pastoralists.
Adoption of environmentally sustainable
Amount of reduced CO2
energy technologies such as bio-digesters.
emissions.

1. Employ rangeland management for water
draining through trenches leading to
reservoirs, for example water pans and sand
dams to store water for drought periods.
2. Supporting soil management to avoid
nutrient loss, for example planting of areaspecific trees.
3. Promote fodder crops suitable for wet
conditions in areas where soils are waterlogged for long periods.
Sensitisation on climate issues, better
veterinary services and options to maintain
and increase productivity.
Improving livestock health (animal health
products, services and feed).

Increased availability of
water and fodder during
the dry periods.

Improved livestock
production support
services will increase
livestock survival and
health.
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Local
trading
(Livestock
trading)

Overstocking of group
ranches resulting in soil
deterioration and
environmental
degradation

1. Destocking of excess herd and also enable
the communities to better manage common
natural pastures areas.
2. Knowledge dissemination to producers on
stocking densities.
3. Promote livelihood diversification and
partnerships, through other available
resources in the respective areas, for
example:
- Eco-tourism
- Private ranching.

Well-stocked ranches
with maximum stocking
rates.

1. Weak livestock due to
poor growth and live
weight losses (emaciated
livestock).
2. Decline in milk yield and
meat production.
3. Higher livestock death
in pastoral system.

1. Create market for emaciated livestock
through feedlot fattening programs.
2. Manage mobility by promoting
ranching/rangeland zoning models3. Support
policies that would enable duty-free/cost
effective importation/production of feed or
feed ingredients.
4. Support early warning systems targeting all
stakeholders with climate information services.
5. Producer awareness on feed quality for
maximum production.
6. Alleviation of heat stress: provision of natural
shading material from trees by promoting tree
planting.
7. Increased mobility/migration in search of
pasture and water.
Prioritisation of national infrastructure projects
in ASAL areas, standard guidelines for climateproofed design infrastructure, county
capacity to plan, contract and implement
infrastructure.

Improved aggregation,
finishing and trade
services, increase
efficiency and maintain
quality to meet market
requirements. Reduced
mobility by pastoralists
during droughts.

1. Support aggregation models/entities. This
will reduce cost incurred by individual
producers.

All markets to have
weighing machines
within 3 years.

2. Establishment and support of holding
grounds to ensure the livestock regain a good
health status before processing.

Markets for feedlot beef
established.

Roads and trade routes
become impassable

1. High supply of lowquality animals to the
market.
2. Animals fetch low
prices.
3. The few high-quality
animals fetch high prices.

3. Enhance proper weight measures to ensure
fair-trading. Most animals are sold by the 'look
of the eye' rather than weighing them,
making producers lose on the profits. But there
is need to create awareness on use of the
weighing machine since even in markets with
machines the use is very low.
Local
processing

Local processing of beef
supply hit by
unpredictable
rain patterns and extreme
weather events such as
droughts.

Feedlots fattening programs to increase beef
quality and smooth supply in the market.

Increased income from
eco-tourism and
livestock sales.

Effective early warning
system.

Improved market access
by traders.

Acquired land for
holding grounds.

The processing of
livestock products will be
more productive, quality, safety- and marketdriven. Processors will
adopt and invest in more
productive and safety-,

quality- and marketdriven business models,
with strengthened skills,
facilities and buying
relationships.
1. Low quality animals and
meat leading to low
profits.
2. Little investment done
to improve processing
facilities due to low
returns.

1. Promoting establishment of cold storage
facilities.
2. Promote establishment of environmentallyfriendly processing facilities that manage
waste properly.
3. Segmentation of processed products
through labelling.
4. Supporting policies that promote
achievement of quality standards for
processors.
5. Establishment and support of value addition

Increased domestic
preference for cold
meat.
Each abattoir to have an
energy policy
developed and amount
of biogas produced for
the market established.

quality- and marketdriven business models,
with strengthened skills,
facilities and buying
relationships.
1. Low quality animals and
meat leading to low
profits.
2. Little investment done
to improve processing
facilities due to low
returns.

1. Promoting establishment of cold storage
facilities.
2. Promote establishment of environmentallyfriendly processing facilities that manage
waste properly.
3. Segmentation of processed products
through labelling.

Increased domestic
preference for cold
meat.
Each abattoir to have an
energy policy
developed and amount
of biogas produced for
the market established.

4. Supporting policies that promote
achievement of quality standards for
processors.
5. Establishment and support of value addition
of meat to reduce on post-harvest losses.
Consumer
market

Supply scarcity and
available meat of very
low quality and high
prices.

1.

2.

3.

Promotion and support of beef
marketing groups and livestock
tracing to track quality standards
from production.
Consumer awareness on cold storage
and creation of stakeholder interest in
the market.
Promote consumer awareness to
appreciate differentiation and value
addition of higher cost meat
products.

Consumer and retail
preferences and
practices will change as
a result of increased
awareness hence
stimulating the market to
offer quality, safety and
product differentiation.
All the prime meat
supplied in high-end
hotels, institutions and
butcheries is labelled,
showing the source.
Information campaign
on cold meat evaluated
on its effectives

Source: KMT staff inputs; Ndiritu and Said (2018)
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Annex III: Climate change impacts and adaptation options within the seeds value chain
Value chain

Climatic risks and
related impacts

Potential adaptation
measures

Measurement indicators

Manufacture /
Import –
Breeders

Impacts of delay in rainy
seasons and droughts
risks
1. Delay in supply of
seeds to the market due
to low demand, thereby
impacting on the supply
chain, production, sales
and profits.
2. Reduced quantity and
quality of seeds
produced.
3. Reduced seed
productions for the next
planting season.
4. Failure of farmers to
pay seed loans to seed
companies.

Adaptation options for droughts
1. Maintain diversity through seed banks.
2. Invest in research and breeding of droughtresistant seeds, as well as geographically
selected seeds.
3. Breeders investment in diversified seed
production.
4. Investments into conservation practices will
help ensure consistent multiplication and
quality of seed.
5. The setting of demonstration plots to
promote learning and working with the
scaling up of drought-resistant seeds in the
country.
6. Government to build a strategic seed
reserve for all drought-resistant crops.
7. Seed companies also engage in the storing
of buffer stocks.
8 Use hermetically sealed storage.

1. Percentage increase in
access and adoption of
drought-resistant seed
varieties.
2. High quality seeds in the
market in terms of 99%
germination rates.
3. Strategic seeds reserve
for specific droughtresistant crops set up in
each county.
4. Massive adoption of
hermetically sealed
storage.

Infrastructure
(Storage,
transport,
packaging) –
Bulkers and
processors

Impacts of floods risks
Takes a long time for
seeds to dry during
floods.
Impacts of delay in rainy
seasons and droughts
risks
1. Extreme temperatures
can impact on the
infrastructure making the
seed storage,
transportation and
packaging conditions
poor thus interfering with
the potency of the
seeds.
2. Extreme temperatures
reduce the quality of
seeds during storage.
3. No seeds available for
transport leading to
wasted transport
infrastructure.
4. At high relative
humidity and
temperature, seed
reaches very high
equilibrium moisture
content. This high seed
moisture content results
in high rates of
deterioration and loss of
seed vigour and
germination, particularly
if it is stored before
distribution.

Adaptation options for floods
Use drying machine during wet seasons.
Adaptation options for droughts
1. Invest in climate-friendly seed
management infrastructure (storage,
transportation and packaging) to withstand
harsh conditions and maintain the quality of
seeds.
2. Seeds should not be stored for extended
periods in tropical conditions in order to avoid
problems with seed deterioration resulting
from high temperatures and relative humidity.
3. Hermetically sealed storage: Here, the
seeds are dried to low moisture content (8%)
and sealed in moisture-proof packets or tins
that safeguard them from migration of
moisture and air.
Adaptation options for floods
1. Substitute low-cost high-efficiency systems
wherever possible (for example rainwater
harvesting plus surface water irrigation).
2. Introduce protective features to the siting
and storage of seeds, tools and other
infrastructure.
3. Provide access to early warning systems.

1. Storage of seeds in a
short period of time,
maximum 6 months to
increase germination rate.
2. Level of adoption of
hermetically sealed
storage.
4. Increase access to early
warning information.
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Trading
(Wholesalers,
retailers – Agrodealers)

Consumer/User
market
(Farmers)

Impacts of floods risks
1. Possible damage of
tools and equipment (for
example water tanks,
irrigation canals, pumps,
generators, vehicles and
seed storage) from
flooding impacting on
the supply of seeds to
farmers.
2. Destruction of roads
network increasing
transportation cost and
delayed deliveries.
Impacts of delay in rainy
seasons and droughts
risks
1. Seeds stay longer in
trading stores as farmers
are waiting to buy after
sufficient rains.
2. Traders lose on the
time-cost value.
3. Increased sales of
seeds since farmers are
forced to replant where
there is massive
germination failure.
Impacts of floods risks
1. Farmers divert use of
money to take care of
other household priority
needs such as buying
food and attending to
water needs.
2. Reduced income from
sales of less seeds.
3. Traders divert their
business priorities with
less interest in seed
supply.
4. Default of financial
loans by farmers and
agro-dealers leading to
negative impact on
access to loans on the
future seasons.
5. Inadequately
certified seed or
counterfeit seed are
compounded
upon by the impacts of
drought.
Impacts of delay in rainy
seasons and droughts
risks

Adaptation options for droughts
1. Greater benefits may be accrued where
seed companies invest in wider networks with
agro-dealers located closer to rural
communities to increase the access and
timely supply of climate-resilient seeds.
2. Diversification of income sources and
activities to counter any business risks that
could arise from impacts of climatic change.
3. Awareness-raising campaigns and
capacity building initiatives to customers on
climate risk management including the
development of tools to support decisionmaking could raise sales and income of both
the trader and the farmer.

1. Increased access and
timely supply of droughtresistant seeds.
2. Percentage increase of
income of agro-dealers
through diversification.
3. Number of weekly
awareness campaigns on
radio for climate risk
management.

Adaptation options for floods
Credit or other support to traders could
enable them to source more widely for better
varieties and better quality seed, hold larger
stocks and improve seed storage.

Adaptation options for Drought
1. Provide access to specific climate-adapted
varieties and encouraging the planting of

1. Proportion of farmers
adopting certified seeds in
a named area, for
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1. Harder for farmers to
plan and manage
production.
2. Delayed start and
earlier cessation of the
rainy season could
shorten the typical
growing season.
3. Loss/damage to
crops: extended dry
period, reduces the
production.
4. Total destruction and
massive germination
failure for farmers who
plant early before the
rains arrive so increased
cost of replanting.
Impacts of floods risks
1. Shifts in growing
seasons: increased
temperatures could
impact soil moisture
availability and soil
temperature at planting.
2. Reduced crop
productivity: all crops
are sensitive to extreme
temperatures to some
degree, particularly
around the reproductive
stage.
3. Greater crop
evapotranspiration; loss
of soil water; changes in
amount and timing of
rainfall; reduced
groundwater recharge;
salinity intrusions into soil.
4. Reduced water
available for planting.
Rising temperatures,
greater soil moisture
evaporation causing less
available moisture for
seed germination
leading to poor
production and yield.
5. Extreme temperatures
cause heat waves, less
availability of food, etc.
making farmers less
productive.
Impacts of floods risks
1. Delay in planting due
to seeds arriving late

new varieties that have attributes of climateresistant or climate-resilience (for example
heat-tolerant, early maturing).
2. Adopt water conservation and efficiency
measures such as water harvesting and
efficient irrigation infrastructure.
3. Investigate potential for sustainable
intensification and diversified cropping
systems through crop rotations. Monoculture
crops are more prone to catastrophic losses
from climate extremes than diversified
systems.
4. Introduction of cover crops, to counter
excessive loss of water through
evapotranspiration.
5. Drip irrigation, especially for smallholder
subsistence farmers to ensure food security at
household level.
6. Livelihood diversification for smallholder
farmers who solely depend on agriculture (to
other SME activities/cottage industries).
7. Seed companies provide quality seeds that
farmers are willing to adopt.
8. Practicing conservation agriculture, for
example terracing, carbon farming and
increasing crop diversification through greater
intercropping.
9. Facilitating increased linkages between
farmers and service providers and offering
some flexibility in seed production loan
reimbursement whenever droughts occur.
Adaptation options for floods
1. Diversification of livelihoods and income
activities.
2. Introduce measures to counter soil erosion
(for example
terracing, contour bunds, drainage,
agroforestry and
perennial crops); increase soil carbon and
improve the management of soil organic
matter; rehabilitate degraded lands.
3. Promote integrated pest management (for
example push-pull methods), for example
using desmodium, napier grass.
4. Include physical risk management
structures at farm level (for example
windbreaks and flood control dykes); create
buffer zones (such as greenbelts and flood
recession schemes).

example certified potato
for high potential areas for
potatoes and hybrid maize
in the high potential
geographical area for
maize.
2. Percentage of farmers
adopting suitable
combination of inputs
(such as improved seeds or
crop specific fertiliser).
3. Percentage change in
yields per hectare
(minimum of 50% increase).
4. Percentage of farmers
who adopt efficient
irrigation systems.
5. Diversified cropping
systems that enhance
farmers’ food security and
incomes.
6. Massive adoption of
conservation agriculture.
7. Percentage increase of
farmers income.
8. Tons of CO2 emissions
avoided.
10. Proportion of farmers
adopting soil conservation
strategies.
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Extension
delivery
(Knowledge
and
information)

largely due to very poor
road networks.
2. Loss/damage to
crops: intense rainfall
poses a risk by reducing
production especially in
areas with no proper soil
management in place.
3. Floods increase soil
erosion and reduce soil
organic content.
Impacts of delay in rainy
seasons and droughts
risks
Crop failure
Impacts of floods risks
Flooding makes roads
impassable in farming
areas, making it hard to
run farmer
demonstration events
organised by traders
(agro-dealers) where
they pass knowledge
and display innovations.

Adaptation options for droughts
1. Weather advisories to farmers; agroadvisories.
2. Enable provision of seasonal and near-term
forecasts in formats usable and accessible by
farmers.
3. Seed companies help promote the
awareness of climate-resilient seed, facilitate
needs assessments of clients, act as channels
of climate information and help agro-dealers
adjust their products and services to droughts.
4. Government recognises the importance of
affordable quality seeds and should support
the uptake of climate-resilient seeds within its
policies and more funding of relevant
ministries.
5. Review of national seed policy in light of
frequent droughts.
6. Enhance agricultural extension policy
which provides an important avenue for
mainstreaming climate risk management in
extension services (including seed production,
processing and marketing). Extension services
should inform better decision-making to
support climate risk management including in
relation to climate-resilient seeds.
7. Creation of farmers’ organisations which
can play an important role by: a) organising
seed producer groups within the organisation,
who deliver to members; b) collective
procurement of quality seeds; c) being an
outlet for seeds of certain seed companies;
and d) having an input shop with seed retail
to members, and others.
Adaptation options for floods
1. Local knowledge and capacity is central to
managing production under extreme climatic
conditions. Invest in local capacity for
planning, monitoring, decision-making and
financial management; provide training on
climate issues and support to farmer-based
research and knowledge systems; include
smallholders in policy dialogue and scenariobuilding exercises.
2. Introduce mobile-based information
dissemination on forecasts, seeds and

1. Number of monthly early
warning messages sent to
farmers.
2. Number of information
campaigns and capacity
building of farmers during
planting season.
3. Review of national seed
policy.
4. Creation of farmers’
organisations in each
village.
5. Revival of extension
services.
6. Number of seed fairs
organised after harvesting
season.

6.

Increased access to
adaptation knowledge
through policy
documents translated
to different languages.
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Output market
(Linkages) –
Produce buyers

Impacts of delay in rainy
seasons and droughts
risks
1. Higher food prices.
2. Poor quality and
quantity produce in the
market, leading to:
- Increased demand for
the best quality produce
- Outsourcing from other
areas, for example
importation thereby
disrupting the local
market
- Less stakeholder interest
in the value chain
- Increase in food
insecurity.
Impacts of floods.
Limited access of
produce to the market,
increasing the cost of
produce available.

Source: KMT staff, Authors compilation

innovative approaches for farmers to adopt.
3. Development of shorter documents and
the translation of the policies into different
local languages will make them more
accessible and help in the sharing of flood
risks and adaptation solutions.
4. Seed fairs bringing preferred local varieties
which farmers can access with vouchers.
5. Seed fairs provide an ad hoc marketplace
to facilitate access to seeds and varieties
from other farmers, traders and the formal
sector. They are usually used in conjunction
with vouchers to provide poorer farmers with
purchasing power.
Adaptation options for droughts
1. Investigate financial channels to reduce
risks (for example microfinance, small grants
programmes and index-based weather
insurance).
2. Development by financial institutions of
financial instruments (for example preferential
rates for farmers’ clients) who present a
proposal with a climate smart initiative.
3. Finance and investments for market-based
approaches to climate adaptation and
mitigation as well as the funding of climate
smart agriculture projects by carbon-offset
schemes.
Adaptation options for floods
Supporting policies and strategies supporting
price support at the market.

1. Increase uptake of
insurance.
2. Farmers access credit at
low interest rates.
3. Increased food security.
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Annex IV: Climate change impacts and adaptation options within the fertiliser value
chain
Value chain

Climatic risks and related
impacts

Potential adaptation
measures

Measurement
indicators

Manufacturers
/Importers

Impacts of delay in rainy
seasons and droughts
risks
1. Delay in supply of
fertiliser to the
market due to the
demand being low
thereby impacting
on the sales and
profits.

Adaptation options for droughts
Educate farmers on the 4R nutrient stewardship
framework. This framework conveys to farmers
the principles of using the right fertiliser sources at
the right rate, right time and right place so as to
reduce nitrogen losses, and achieve economic,
social and environmental goals.

1. All farmers
educated on
4R nutrient
stewardship
framework.
2. Total
adoption of
improved
transportation
tracts.

Trading
(Wholesalers,
retailers –
Agro-dealers)

Consumer/
User market
(Farmers)

Impacts of floods risks
Fertiliser destroyed if not
well protected during
transportation.
1. Fertiliser stay longer in
trading stores as farmers
are waiting to buy after
sufficient rains.
2. Traders lose on the
time-cost value.
Impacts of floods risks
Drastic reduction in
demand for fertiliser.
Impacts of delay in rainy
seasons and droughts
risks
1. For dry planting
farmers, there is high
failure rate of seed
germination due to
burning of seeds by
fertiliser.
2. Delayed start and
earlier cessation of the
rainy season could
shorten the typical
growing season.
3. Loss/damage to crops:
extended dry period,
reduces the production.
4. Reduced yield can
lead to less removal of
nutrients from a field
leading to drought
nutrient credit from the
stricken crop that can be
used to reduce fertiliser
need in the year
following drought.
5. Drought may result in a
large and sustained
reduction of nitrous oxide

Adaptation options for floods
Improved fertiliser transportation tracts that are
protected from moisture and the bags that are
not exposed to moisture.

Adaptation options for floods
Climate-proofed infrastructure, such as good
drainage and murram roads in rural areas.

Adaptation options for droughts
1. Increasing the complexity of the crop rotations
and integrating legume crops supports carbon
sequestration.
2. Using quality seeds, crop-specific fertiliser and
other planting materials, including rootstock and
scion combinations, of well adapted droughtresistant varieties is good agricultural practice
and is climate-smart.
3. Choosing crop species and varieties adapted
to the prevalent or expected impacts of climate
change for the given region and farming system
is the most economical and environmentally
friendly means of safeguarding crops against
abiotic and/or biotic stresses, such as drought
and upsurges in pests and diseases.
4. Promoting intra- and inter-specific diversity
over space (for example intercropping, using
crop variety mixtures) and/or time (for example
crop rotations) increases the stability of crop
yields.
5. Crop associations and rotations designed for
specific adaptation goals use cover crops to
partially or entirely replace mineral fertiliser
inputs, and/or mechanical soil tillage.
6. Increasing efficiency in fertiliser use through
site-specific nutrient management practices that
optimise the use of existing soil nutrients while
filling deficits with mineral fertilisers.
7. Growing a single crop, using a mixture of

All rural areas
are accessible
in all seasons of
the year.

1. Increased
nitrogen fixation
by legumes.
2. Mass
adoption of
crop-specific
fertiliser
combined with
improved seeds
by smallholders.
3. Increased
yields per
hectare.
4. Mass
adoption of
organic
fertiliser.
5. Increased
CO2
sequestered in
soils.
6. Increased soil
fertility.
7. Massive
reduction of soil
erosion.
8. Percentage
of increase in
farming
income.
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emissions.
Impacts of floods risks
Emissions of ammonia
and nitrous oxide, as well
as nitrate leaching and
phosphate runoff into
surface and ground
water.

appropriately chosen genotypes of a given
species, such as a mixture of high-yielding hybrid
varieties and traditional varieties, increases the
producer’s resilience in the face of climate
unpredictability.
8. Implementing soil and water conservation
techniques (for example soil mulching, shading,
rainwater harvesting, using fences or windbreaks
to reduce evaporation) enhances crop
productivity.
9. Adoption of agro-ecological practices (for
example organic fertiliser) which sustainably
increases productivity, resilience (adaptation),
reduces/removes greenhouse gases (GHGs)
(mitigation), while enhancing the achievement
of national food security and development
goals.
Adaptation options for floods
1. Introduce measures to counter soil erosion (for
example terracing, contour bunds, drainage,
agroforestry and perennial crops); increase soil
carbon and improve the management of soil
organic matter; rehabilitate degraded lands.
2. Integrating nitrogen-fixing perennial woody
species and trees with annual crops increases
soil fertility, produces biomass and reduces soil
erosion. This practice also sequesters carbon and
redistributes the carbon to deeper soil layers.
3. The use of recycled materials (such as
composted residues and organic wastes)
together with crop-specific fertiliser increases soil
fertility and enhances yields.
4. Manure application improves the soil structure
and soil moisture content, provides plants with
essential elements, increases growth, and finally
leads to increased yield when combined with
the right fertiliser.
5. Outreach to farmers on correct and balanced
fertiliser application.
6. Improved management practices such as
application rate, timing, and method, plus cover
crops and reduced tillage can reduce nutrient
losses by up to an average of 30%.
7. New technologies to reduce nitrate leaching
and phosphate runoff into surface and ground
water such as:
- foliar application
- coated soluble granules to allow controlled
release of nutrients in the root zone
- urea deep placement: using super-granules of
urea in rice production to improve nitrogen
recovery
- adding inhibitors to slow the conversion of urea
fertiliser to ammonia and thereby minimise
potential ammonia loss to the atmosphere
- fertigation: adding soluble fertiliser to irrigation
water to deliver nutrients to the root zone in a

6.

Increased
diversified
livelihood
of the
farmers
with high
food
security
and
incomes.

7.

Percentage
increase in
yields after
introductio
n of
nitrogen
fixers.
Increased
soil fertility.

8.

9.

Reduced
nitrate
leaching.
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Output market
(Linkages) –
Produce
buyers

Extension
delivery
(Knowledge
and
information)

Impacts of delay in rainy
seasons and droughts
risks
1. Low quantities
produced and supplied
in the market, leading to:
- Increased food
insecurity
- Importation of cereals
and other foodstuff
thereby disrupting the
local market
- Less stakeholder interest
in the value chain.
Impacts of floods risks
Limited access of
produce to the market,
increasing the cost of
produce available.
1. In soils that have
already experienced
significant losses of soil
organic matter,
increased fertilisation
does not usually
generate a net sink for
carbon, because the
production, transport
and application of
fertiliser releases higher
amounts of carbon
dioxide.
2. Fertilisers contribute
about 2.5% of total
global emissions
(estimated at 1,240
million metric tons of CO2
equivalent in 2007).
Impacts of floods risks
Nitrogen fertilisers
contribute to global
greenhouse gas
emissions (GHG), as they
are one of the major
anthropogenic sources
of nitrous oxide). But on
the other hand, we need
to promote fertiliser use
that maximises yields,
saves farmers money,
and decreases emissions.

more precise and timely manner.
Adaptation options for droughts
Weather-index and related types of insurance
can directly tackle risks of weather uncertainty.
Those insured would pay a regular premium. In a
bad year, the insurance companies would
compensate for weather- related losses in line
with the index, saving individual farm level loss
verification.
Adaptation options for floods
1. Empowering smallholder farmers to rise above
subsistence and become dynamic commercial
farmers through farmers’ organisations outreach
effort.
2. Increasing yields through intensification from
fertiliser use increases biomass production that
removes CO2 from the atmosphere and
sequesters carbon in soil as soil organic matter.
Adaptation options for droughts
Newly introduced crops and/or their varieties
and crop-specific fertiliser must be relevant to
farmers, and farmers must know how best to
grow them.
Adaptation options for floods
1. Making the right decisions about the
production and management of organic matter
from crop and livestock residues contributes to
soil organic carbon sequestration, improves the
structure of the soil and increases soil water
storage.
2. Crop–livestock systems promote recycling of
organic materials by using manure for
composting or directly as fertiliser, and crop
residues and by-products as livestock feed.
Nutrient cycling accounts for 51% of the
economic value of all non-provisioning
ecosystem services, and integrating livestock
plays a large role in this.

Source: KMT staff, Authors compilation

1. Increased
uptake of
insurance.
2. Increase in
farming
income.
3. Increased
yields per
hectare.
4. High levels of
sequestered
carbon in soil.
5. Increased
access to
markets.

1. Information
campaign per
week via radio,
SMS and
farmers groups.
2. Adoption of
crop–livestock
systems.
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Annex V: Climate change impacts and adaptation options within the lime value chain
Value chain

Climatic risks and related impacts

Potential adaptation
measures

Measurement
indicators

Manufacturers
/Importers

Impacts of delay in rainy seasons
and droughts risks
More opportunity to supply lime
during the dry spell when farmers
need it but the low adoption
discourages manufacturers from
venturing in agricultural lime value
chain.

Adaptation options for droughts
Given the high opportunity in lime value
chain, manufacturers can take up this
venture by manufacturing soil-specific lime
and increase information campaign and
awareness to farmers for increasing
adoption.

Increased
manufacturing of
agricultural lime by
manufacturers in
Kenya.

Impacts of floods risks
Increased demand for lime due to
increased soil acidity.
Trading
(Wholesalers,
Retailers – Agrodealers)

Consumer/User
market
(Farmers)

Impacts of delay in rainy seasons
and droughts risks
1. Traders don’t see the need to
stock lime given its low uptake by
farmers.
2. Agro-dealers who conduct soil
tests should know that droughts
affect soil test: persistent, dry
weather resulting in prolonged
periods of low soil moisture can
affect potassium and pH, resulting in
somewhat misleading soil test results.
Impacts of floods risks
Poor road networks will hinder
transportation of the bulky lime to
farms reducing uptake.
Impacts of delay in rainy seasons
and droughts risks
1. The best practice is to apply lime
about two months before planting,
to give it time to react in the soil and
reduce the pH. The risk with applying
at planting is that lime will react with
phosphorous in the planting fertiliser
and precipitate as calcium
phosphate making some of the
phosphorus applied unavailable for
plant uptake.
Impacts of floods risks
1. Soils in areas with large amounts
of rainfall tend to be acidic because
the water leaches basic cations
(calcium, magnesium, sodium and
potassium) out of the soil profile, and
these cations are then replaced by
acidic cations (hydrogen and
aluminium).

Adaptation options for floods
Invest in agricultural lime manufacturing
with the soil-specific lime for the different
soils needs, for example dolomitic lime for
soils with low magnesium.
Adaptation options for droughts
Information campaign on soil testing by
farmers will increase uptake of the lime and
increase revenue from lime sales.
Adaptation options for floods
Improved road networks will increase
uptake of lime during the wet seasons.

Adaptation options for drought
1. To increase adoption of lime, there
is need to form partnerships with
organisations that set up
demonstration farms and increase
access to information to farmers,
for example Safaricom Digifarm.
2. Working with opinion shapers and
movers in the villages to pass
adoption messages.
3. Improved extension services that
are effective and trusted by
farmers through farmer to farmer
extension especially model farmers
that KMT can advise through
specific agrovets.
4. Build soil organic matter.
5. Form solidarity groups through
agrovets in rural areas that can be
used to disseminate information on
lime and other good agricultural
practices such as conservation
agriculture.

1. Information
campaign via
radio on soil
testing.
2. Increased
access to rural
areas.

1. Massive
adoption of lime.
2. Massive
adoption of ISFM.
3. Reduced soil
erosion.
4. Percentage
increase of yields
per hectare.
5. Percentage
increase of
farmers’ income.
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2. Floods increase soil erosion and
reduce soil organic content. Soil
organic matter slows down
acidification and buffers the soil’s pH
because it holds the acid hydrogen
tightly.
3. Soil
acidity can cause limited availability
of some macronutrients and
micronutrients such as phosphorus
which binds to iron and aluminium
oxides in acidic soils.

Output market
(Linkages) –
Produce buyers

Impacts of delay in rainy seasons
and droughts risks
Low productivity since the lime
applied is not effective during dry
spells.
Impacts of floods risks
Low productivity given the acidic
soils.

Extension
delivery
(Knowledge
and
information)

Low adoption of lime: Farmers low
interest in applying lime.
Impacts of floods risks
Ammonium based fertilisers are
major contributors to soil
acidification. They have an acid
reaction and their use acidifies the
soil even when nitrogen is fully
utilised by plants.

Adaptation options for floods
1. Lime treatment helps crops to better
tolerate wet conditions by increasing both
root penetration and water percolation
through the soil.
2. Introduce measures to counter soil
erosion (for example terracing, contour
bunds, drainage, agroforestry and
perennial crops); increase soil carbon and
improve the management of soil organic
matter; rehabilitate degraded lands.
3. Include physical risk management
structures at farm level (for example
windbreaks and flood control dykes); and
create buffer zones (for example
greenbelts and flood recession schemes).
4. Composting using organic matter makes
aluminium less toxic and slows down
acidification because it holds acid
hydrogen tightly.
5. Use of wood ash from completely burnt
wood 2 or 3 months before planting.
6. Plant plants that prefer acidic soils, for
example strawberry.
Adaptation options for droughts
1. Investigate financial channels to reduce
risks (for example microfinance, small grants
programmes and index-based weather
insurance).
2. In Ethiopia, a weather-based insurance
scheme has taken a broader approach to
risk and strengthening farmers’ food and
income security. Their four-part approach
helps the community to reduce risk through
better natural resource management;
enables prudent risk taking by providing
microcredit; helps transfer risk by offering
insurance; and supports farmers to build up
risk reserves in the form of savings.
Adaptation options for floods
1. Supporting policies and strategies
supporting farmers to adopt soil tests and
lime
2. Liming material that contains significant
amounts of magnesium carbonate
(MgCO3) is called dolomitic lime. If a soil is
low in magnesium, dolomitic lime should be
used.
Adaptation options for drought
1. To break the vicious cycle of low input,
low output poverty, farmers need
knowledge, tools, techniques and
institutions that lower their risk of investing.
2. Research shows that poor access to
innovation, knowledge, inputs and markets
for produce are the most important
constraints on investment in agriculture.
3. Soils in humid regions tend to be acidic;
those in semi-arid and arid regions tend to
be neutral or alkaline.
Adaptation options for floods
1. Most commercial nitrogen fertilisers are
acid forming, but many manures are not.
2. Create awareness on the use of
agricultural lime and increase demand for
lime application on acidic soils, to make
farmers' access to lime and other fertilisers
easy.

Source: KMT staff, Authors compilation

1. Increased
uptake of
insurance.
2. Developed
supporting policies
and strategies
supporting farmers
to adopt soil tests
and lime within
one year.

1. Revive extension
services.
2. Information
campaigns every
week through
popular
communication
networks in the
villages.
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