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Climate change
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Climate Development Knowledge Network

GHG
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Government of Kenya

HH

Household
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Intergovernmental Panel on Climate Change
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Kenyan Climate Change Action Plan

LTS

LTS Africa

MRV
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NAMA

Nationally Appropriate Mitigation Action
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Photovoltaic
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1. Executive Summary
This report aims to develop tools to measure and report synergies relating to
adaptation and mitigation activities proposed in Kenya’s Climate Change Action Plan
(KCCAP). The tools are fully compatible with the MRV system being developed for
Kenya, as set out separately in the MRV+ System Report.
The term “synergies” is used when actions are capable of achieving positive impacts
in adaptation, mitigation and/or development. For example, an intervention that is
proposed to support adaptation that is also capable of producing mitigation benefits,
such as conservation tillage.
The term “trade-off” is used when actions are capable of resulting in negative impacts
in adaptation, mitigation and/or development, for example, where an intervention to
mitigate climate change causes maladaptation and/or negative development impacts.
There are few frameworks and methodologies currently available for the screening of
potential synergies and trade-offs across multiple sectors. However, a CDKN
Innovation Fund project - ‘Achieving triple wins: identifying climate smart
investment strategies for the coastal zone’ – has developed a relevant research
methodology, which is currently being field tested in Kenya. The screening process
comprises the use of criteria for mitigation, adaptation and development. Each
proposed climate action is scored against these criteria for positive and negative
impacts. This provides a view of potential synergies and trade-offs for each action.
A comprehensive screening process was conducted to categorise the potential
synergies and trade-offs for the KCCAP. The screening was complicated by the fact
that the adaptation outcomes and mitigation actions proposed by SC3 and SC4 did
not provide clear details on how these actions would be undertaken. Therefore, the
context and scale of impact can only be considered in general terms.
Synergies identified as having the greatest potential are:
• Increased fuel security from reduced reliance on external imports
• Increased productivity and quality of life from climate resilient electricity
generation.
• Improved water storage potential of soils from reduced occurrence of
grassfires
• Improved human health from improvements in vehicle efficiencies and
reduced air pollution
• Improved human health from replacement of kerosene lamps with renewable
lamps in the home
• Reduced vulnerability to floods and storm surges from increased climate
change resilience of sanitation
• Improved water storage potential in soils, reduced run off and floods from
forestry investments
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•

Increased carbon sequestration
conservation tillage.

from

reforestation,

agroforestry

and

Trade-offs identified as having the greatest potential adverse impact are:
• Food shortages and price rises for cereals caused by increased growth of
biofuels
• Water shortages for local communities caused by unsustainable geothermal
energy expansion
• Higher priced goods due to heavy duty vehicle fuel efficiency
• Improvements in passenger vehicle emissions resulting in lower mobility for
the poor if cost passed onto consumer
To develop a set of synergy indicators that are “mainstreamed” in existing M&E
systems, the SC6 team reviewed the existing documented systems and indicators
already in use (or proposed for use) by numerous MDAs. From 46 (out of 94)
Strategy papers we collected information on 6,929 indicators currently used by the
Kenyan Government. The Excel database created as part of the analysis carried out
under Stage 1 provides an ideal platform to develop a tool to report synergies.
A set indicators to capture the synergies and trade-offs were drawn from this
database where possible. The indicators focus on synergies where the causal
relationship between action and impact is clear and where there is a strong
consensus in the literature. A summary of the indicators is provided in the table
below:

Synergy or Trade-off
identified

Indicator List

Synergy
or tradeoff
Synergy

Expected
trend
Decrease

1

Increased fuel security from
reduced reliance on external
imports

% imported fuel for each
MW of energy produced
from renewable sources

2

Increased productivity and
quality of life from climate
resilient energy grid

No. of power cuts in areas
targeted for climate
resilient investment in the
electricity grid

Synergy

Decrease

3

Reduction of grassfires sees an
improvement in water storage
potential of soils

Water storage in areas
targeted for enforcement
of the Grassfires Act.

Synergy

Increase

4

Improvements in vehicle
efficiencies reduces air
pollution and reduces health
issues associated

Air pollution in urban
areas following measures
to improve vehicle
emissions

Synergy

Decrease

2

Synergy or Trade-off
identified
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Indicator List

Synergy
or tradeoff
Synergy

Expected
trend
Decrease

Replacement of renewable
lamps for kerosene lamps sees
reduction in health issues
associated with household
pollution

Incidences of respiratory
disease in households
using kerosene lamps
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Building climate change
resilience in sanitation reduces
instances of water borne
diseases and reduces
vulnerability to floods and
storm surges

Cases of water-borne
diseases following flood
events or storm surges.

Synergy

Decrease

7

Forestry investments improves
water storage potential in soils,
reduces run off and reduces
floods

No. of water trucks
delivering water to
downstream areas during
periods of drought
following investment in
forests.

Synergy

Decrease

8

Conservation tillage, leaves
crop residues on the field
leading to improved soil
fertility and carbon
sequestration along with the
attendant benefits.

Tonnes of soil carbon per
hectare in agricultural
land targeted for
conservation tillage
practice.

Synergy

Increase

9

Increased growth of biofuels
linked to food shortages and
price rises for cereals

Cereal crops index

Trade-off

Decrease

10

Unsustainable geothermal
energy expansion sees water
shortages for local communities

Additional unrecycled
water demand from
geothermal power
generation

Trade-off

Increase

11

Improved heavy duty vehicle
fuel efficiency results in higher
price goods is cost passed onto
customers

Cost of road freight per
km

Trade-off

Increase

12

Improvements in passenger
vehicle emissions results in
lower mobility for poor if cost
passed onto passengers.

Average cost of public
transport per journey

Trade-off

Increase

Incidences of respiratory
disease in households
using renewable lamps.

Hectares of biofuel grown
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Recommendations
A process for monitoring synergies alongside adaptation and mitigation indicators needs to
be included into the NPBMF. SC6 has designed the process, which is described in detail in
the MRV+ System Report. It is envisaged that M&E of the synergies will be incorporated in
the MRV+ system.
It will be possible for the GoK to use the tools outlined in this report to measure, report and
verify synergies (and trade-offs), but there are a number of steps to this process. There are,
however, a number of steps to be taken, as shown in the diagram below.

Step	
  1	
  
•Priori,se	
  adapta,on	
  and	
  mi,ga,on	
  ac,ons	
  
using	
  an	
  integrated	
  process	
  	
  

Step	
  2	
  
•Review	
  possible	
  synergies	
  and	
  trade-‐oﬀs	
  using	
  
screening	
  process	
  

Step	
  3	
  
•Undertake	
  full	
  cost	
  beneﬁt	
  analysis	
  of	
  the	
  climate	
  
adapta,on,	
  mi,ga,on	
  and	
  development	
  synergy	
  
(and	
  trade-‐oﬀ)	
  poten,al	
  

Step	
  4	
  
•Review	
  data	
  availability	
  for	
  measuring	
  synergies	
  
and	
  trade-‐oﬀs	
  iden,ﬁed	
  with	
  the	
  greatest	
  
poten,al	
  for	
  impact	
  

The first step is to prioritise which of the 30 mitigation actions and 22 adaptation outcomes
are to be taken forward. Following this, further investigation of the potential synergies and
trade-offs can be carried out, particularly once the mechanisms of delivery are more clearly
understood. Thereafter, a more detailed cost-benefit analysis should be produced to better
understand the expected synergies and trade-offs. These results can be used to set a baseline
for some of the indicators proposed. Finally, once actions and mechanisms of delivery are
clarified, the institutional arrangements should be reviewed to ensure that there is a clear
process for collection and collation of data needed for measurement, and for validation and
reporting of indicators. This process is set out in the MRV+ System Report.
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2. Introduction
The Kenyan Government contracted the LTS consortium to develop a National Performance
and Benefit Framework (NPBMF), which aims to ‘develop national climate change
monitoring, reporting and verification guidelines and performance indicators’1. The NPBMF
is unique in that it requires the development of a framework for measuring adaptation,
mitigation and the synergies between these two objectives.
The most recent IPCC Assessment Report2 broaches the subject of synergies between
adaptation and mitigation actions, confirming that it is a new and emerging topic. It says
that this theme merits greater attention given the significance of such synergies, and
bemoans the fact that they have been largely neglected to date due to the different
perspectives and origins of adaptation and mitigation communities. The concern is that the
synergies will not be maximised unless they are recognised and managed.

The IPCC suggests that at the national level, mitigation and adaptation are often seen as
competing priorities by policy makers. Yet where national responses to climate change rely,
for example, on developing renewable energy options and/ or land-use innovations involving
trees and soil management, there are imps BT 45 0 0 45 1 ( ) -30 (m-4(s) 5 (g)-2 (e)-3 (r)) 1 (i-30 (a)-10 (e) -
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Box 1: Examples of synergies considered by the IPCC

One example of synergies considered in the IPCC is the opportunities for synergy in the
energy sector:
“the opportunity to develop perennial biomass, such as switch grass, would meet rural
energy needs and also provide adaptation benefits because of its relatively low water supply
requirements (Samson et al., 2000).”
A further opportunity for synergy is considered in the industry sector:
“Synergies and conflicts between mitigation and adaptation in the industry sector are highly
site-specific …. It is assumed that large firms would not be as vulnerable to flood risks or
weather extremes since they have access to more financial and technical resources. There
appears to be no literature indicating explicitly how industry could design its manufacturing
and operating processes in such a way that, by adapting to possible climate change events, it
can also help to reduce GHG emissions associated with their operations. It is obvious,
however, that reducing energy demand would be a good adaptive and mitigative strategy if
power supply (from hydro power, for example) were at risk from climate change (Subak et
al., 2000). Reducing dependence on cooling water may also be a good adaptive strategy in
some locations, but the impact on emissions is not clear.”
The IPCC notes that the natural resource sectors, in particular forestry and agriculture have
been the focus of much of the synergies literature:
“Most of the literature relating to mitigation-adaptation linkages concerns the agriculture
and forestry sectors. In particular, there is a growing awareness of the unique contribution
that such synergies could provide for the rural poor, particularly in the least developed
countries: many measures focusing on sustainable natural resource management policies
could provide both significant adaptation and mitigation benefits, mostly in the form of
sequestration activities.”
There are many other terms that are used to indicate the existence of synergies, as outlined
in Box 2. These include climate mainstreaming, triple wins, climate smart actions.
There are also instances whereby there can be negative impacts as a result of a planned
intervention. For example, where an intervention planned to mitigate climate change can
cause maladaptation and/or negative impacts on development. For the purposes of this
work, such negative impacts are termed ‘trade-offs’. In the IPCC, trade-offs refer to instances
whereby to obtain a gain in one field, it may require a loss in another field. For example, an
action that greatly benefits climate mitigation may result in maladaptation or adversely
impact development objectives.

6

Box 2: Alternative Terminology in use for Synergies

Triple wins: In general this is a situation whereby benefits can be accrued in adaptation,
mitigation of GHG and development. See also win-win strategies.
Climate mainstreaming: This refers to ensuring climate change policy and goals are
integrated into areas not classically seen as being concerned with climate change. The EU’s
approach to climate mainstreaming policy ‘means that actors whose main tasks are not
directly concerned with mitigation of, or adaptation to, climate change also work to attain
these goals’ .
Win-win strategies. This refers to strategies that have two positive outcomes, for example
those that can reduce GHG while improving economic productivity. Other possible wins
include positive development benefits and/or adaptation outcomes.
Climate smart actions: The FAO defines climate smart agriculture as ‘agriculture
that sustainably increases productivity, resilience (adaptation), reduces/removes greenhouse
gases (mitigation) while enhancing the achievement of national food security and
development goals’ (FAO 2012). In essence therefore climate smart and triple wins are
identical in objective.
Climate compatible development: Coined by Mitchell and Maxwell4, this term is
dominant in the CDKN agenda (funded by DFID). The definition given by Mitchell and
Maxwell is ‘development that minimises the harm caused by climate impacts, while
maximising the many human development opportunities presented by a low emissions, more
resilient, future’.

2.2. Approaches to mitigation, adaptation and development
Understanding synergies and trade-offs helps investors to design projects that generate
multiple co-benefits (synergies) and that reduce any potential trade-offs. It may not always
be necessary to avoid those investments that will result in trade-offs. Prioritisation of
investments may mean the positives outweigh the negatives. What is useful, however, is
having a method that allows investors to identify what the possible synergies and trade-offs
of a planned investment could be.
Climate change funding and development funding often means investments and
interventions are planned with one major objective5. For example, adaptation funding
supports projects whose primary objective is adaptation. However, it is quite possible to fund
adaptation projects that also provide a benefit for development and/or mitigation, although
note that the outcome can be complex with multiple synergies and trade-offs possible for one
action6. Capturing these co-benefits is rarely an objective, either in planning or evaluation
phases of a project.

Mitchell, T. & Maxwell, S. (2010). Defining climate compatible development. CDKN Policy Brief
November 2010.
5
IPCC Fourth Assessment Report, op. cit.
6 Tompkins, E. L., Mensah, A., King, L., Kim Long, T., Hutton, C., Hoang, V. A., Gordon, C., Fish, M.,
Dyer, J., Bood, N. (2012). Climate change ‘triplewins’: mapping the linkages between climate change
adaptation, mitigation and development. DRAFT Working Paper.
4
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Because climate change projects tend to focus on either adaptation or mitigation as an
objective, investments is often packaged by sector. This means that it can be difficult to
capture the impacts (positive and negative/ synergies or trade-offs) that occur in other
sectors. For example, an agricultural project could have synergies or trade-offs with other
sectors such as tourism, water and forestry. Capturing these synergies and trade-offs is
important if we are to generate a clear picture at the national level of progress towards
climate change mitigation and adaptation.

2.3. Existing frameworks for mapping synergies and trade-offs
Several papers investigate the conceptual links between adaptation and mitigation and the
potential for achieving synergies78910. This conceptual link has been discussed largely at the
sectoral level, and from a review of the literature, agriculture, particularly subsistence
agriculture has had the most attention with regards to understanding synergies. Almost half
of the 50 documents reviewed had a focus on agriculture. This is not surprising given that
agriculture is the main form of livelihood for 75% of poor in developing countries11. In
agriculture, there are many potential synergies. ‘We find that, in general, management
practices that increase agricultural production and reduce production risk also tend to be
support climate change adaptation as they increase agricultural resilience and reduce yield
variability under climate variability and extreme events, which might intensify with
climate change.’12
Aside from the conceptual understanding of the potential for synergies, there has been some
work on developing frameworks to understand synergies. Most of the frameworks and
methodologies for assessing synergies have been developed on a sectoral basis. A recent
study funded by CDKN13 carried out an analysis of various frameworks and methodologies,
and reviewed their potential to support climate compatible development. The study

described multiple tools combining adaptation and development as well as those
combining mitigation and development. However, there were few tools that combine
adaptation, mitigation AND development. Table 1 provides an overview of some of
the tools and frameworks identified and their suitability for Kenya’s NPBMF.

Ayers, J. M. & Huq, S. (2009). The value of linking mitigation and adaptaiotn: a case study of
Bangladesh. Environmental Managmenet 43:753-764.
8 Neely, C., Bunning, S3 (i)m /TT2.00 0 0.24 73 (i) Tj 6 ( ) - Tj 6 iniui Cannunss R (u) 9 ( ) 1 (i) 6 S3 9 ( ) w- Tjns iS3 6
7
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Table 1: Tools that address adaptation, mitigation and development

Tool

Tool Type

Comments

Climate
Wizard14

Adaptation data and
information provision tool

Does not support the identification of
synergies between adaptation and mitigation

PRECIS15

Adaptation data and
information provision tool

Does not support the identification of
synergies between adaptation and mitigation

World Bank
Portal16

Adaptation knowledge
sharing tool

Does not support the identification of
synergies between adaptation and mitigation

Climate
TechWiki17

Low carbon
development/technology
platform

Does not support the identification of
synergies between adaptation and mitigation

Care CVCA18

Adaptation assessment and
process guidance tool

Useful for understanding adaptation synergy
potential but not mitigation

CEDRA19

Adaptation assessment and
process guidance tool

Participatory tool that has potential for use
once interventions have been clearly
identified

ALM20

Adaptation knowledge
sharing tool

Does not support the identification of
synergies between adaptation and mitigation

WeAdapt21

Adaptation knowledge
sharing tool

Does not support the identification of
synergies between adaptation and mitigation

LEDS
Framework22

Low emission development
strategy

Useful for understanding mitigation
potential but not adaptation

ESMAP23

Low emission development
strategy

Not appropriate for Kenya’s needs since
special training required
Methodology spread over different modules
that users need to connect themselves

TNA24

Technology needs
assessment

Does not support the identification of
synergies between adaptation and mitigation

http://www.climatewizard.org/ Last accessed 18th September 2012.
http://www.metoffice.gov.uk/precis/ Last accessed 18th September 2012
16 http://sdwebx.worldbank.org/climateportal/index.cfm Last accessed 18th September 2012
17 http://climatetechwiki.org/ Last accessed 18th September 2012
18 http://www.careclimatechange.org/index.php?option=com_content&view=article&id=25&
Itemid=30 Last accessed 18th September 2012.
19 http://tilz.tearfund.org/Topics/Environmental+Sustainability/CEDRA.htm Last accessed 18th
September 2012.
20 http://www.adaptationlearning.net/ Last accessed 18th September 2012.
21 http://weadapt.org/ Last accessed 18th September 2012
22 http://en.openei.org/wiki/Gateway:Low_Emission_Development_Strategies Last accessed 18th
September 2012
23 http://www.esmap.org/esmap/ Last accessed 18th September 2012
24 http://unfccc.int/ttclear/pdf/TNA%20HANDBOOK%20EN%2020101115.pdf Last accessed 18th
September 2012.
14
15

9

In the published literature, there are a few methods being used to understand synergies,
though these again are largely sectoral in approach. For example, IFPRI has developed a
method for assessing synergies in the agriculture sector focusing on three indexes of
profitability, adaptation and mitigation. Figure 1 provides an overview of the eventual
scoring of 3 actions tested in Kenya25. The Figure covers 3 different strategies, each with 3
potential wins. Taking the example of soil nutrient management (the red line), the three wins
are: the additional carbon storage of soils with an enhanced organic content (mitigation); the
increased water retention of more fertile soils with a high organic content and hence
resilience to rainfall variability (adaptation); and the enhanced growth of crops in improved
soils (profitability/ productivity).
Figure 1: Scoring system used by IFPRI to investigate win-win strategies in agriculture
in Kenya.

There are many published methodologies, including one developed by CIFOR, that consider
the development benefits of forest carbon projects 262728. Outside of agriculture and forestry
however, there are limited existing frameworks or methodologies that can be adapted for
Kenya’s needs.

2.4. Location and context for synergies and trade-offs
The literature indicates that synergies and trade-offs for the same action may differ
depending on the location. For example, work carried out by CGIAR on synergies in
agriculture suggests that benefits and trade-offs are location specific.

Bryan et al (2011b) op cit.
Jagger, P., Sills, E. O., Lawlor, K. & Sunderlin, W. D. (2010). A guide to learning about livelihood
impacts of REDD+ projects. Occasional paper 56. CIFOR, Bogor, Indonesia.
27 http://www.climate-standards.org/ Last accessed 18th September 2012.
28 http://www.planvivo.org/ Last accessed 18th September 2012.
25

26
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The mitigation criteria are somewhat simpler than for adaptation and development. That is
because mitigation is usually measured in GHG emission reductions. Therefore, there is
either a reduction or there is not. However, the source of the emission reductions was also
seen as important, for example whether it is through decarbonisation of the energy sources
or whether it was through promotion of carbon sequestration. The following criteria were
used:
-

Reducing GHG emissions
Promoting carbon capture and sequestration through sinks
Decarbonising energy production.

The development criteria were based on Kenya’s Vision 2030. This sets out the development
agenda for Kenya for until 2030, with explicit outcome indicators for each priority sector.
The following criteria, based on Vision 2030, were used:
-

Maintaining macro-economic stability and accelerating growth
Building infrastructure, facilities and services
Increasing manufacturing
Promoting information and communications services
Increasing jobs, labour force participation and industrial peace
Increasing international visitor arrivals, bed nights and tourism earnings
Enhancing agriculture
Improving access and equity in education
Improving health care
Improving access to water and sanitation
Improving quality of life and opportunities
Supporting population, urbanization and housing.

13

Figure 2: Qualitative criteria used for the adaptation, mitigation and development
index

3.2. Scoring
Interventions identified by the NAMA team (SC4) and adaptation outcomes, as identified in
the ATAR (SC3), were run through the screening process to generate an index score for
adaptation, mitigation and development.
Actions that provide a positive change were scored as +1, actions that provide a negative
change were scored as -1, and actions that do not affect a criterion were scored as 0.
For example, the mitigation action proposed to introduce improved cook stoves to 100% of
Kenyans under would reduce GHG emissions (score 1) and would support the reduction of
carbon needs for energy production (score 1). It would not support sequestration of carbon
in sinks (score 0).
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A positive score suggests, overall, the impact will be positive and there is some synergy
expected. A negative score suggests that overall, the impact will be negative and there is
some trade-off expected.

3.3. Weighting
For the adaptation there were 7 criteria, for mitigation there were 3 criteria and for
development there were 12 criteria. To allow side-by-side comparison of these categories
(adaptation, mitigation and development) scores were normalised, so that, for each category
there was a score of 10 available. This was achied using the following factors:
•
•
•

Adaptation = Sum of criteria scores x (10/7)
Mitigation = Sum of criteria scores x (10/3)
Development = Sum of criteria scores x (10/12)

At this stage, the scoring process has been undertaken regardless of size of impact. Clearly
there is some differentiation between the scale of impact of some actions outlined by SC3
and SC4. Some will have a highly localised impact; others will have a more national impact.
Some will affect only higher and middle income households; others will affect primarily the
poor. Therefore, a weighting was applied to the adaptation, mitigation and development
scores. The weighting use is as follows:
•
•
•

1 = Local impact only OR Impact for High and Middle Income Households (HH) only
2 = Regional impact only OR Impact for Low income HH only
3 = National impact OR Impact for all of population (high, middle and low income
HH).

This means that the total score available for each of adaptation, mitigation and development
categories is 30.
Table 2 provides an example of two SC4 actions (geothermal and wind power generation)
and their resultant scores.

15

3

0

1

1.4

2

0

3

1

3

Mitigation score
20.0

Comments
Reduces GHG
emissions and
ecarbonises energy
supply through
production of
geothermal energy

Dev.
Criteria
1
1
2

Develpt.
score

1

Miti.
Criteria
1
1

Weight

2

Comments
Improves ability to
deliver electricity
through reliable
energy sources.
However, unlikely to
benefit the vulnerable
poor since few have
access to electricity.

Weight

Adapt.
Criteria
1
0

Adaptation score

Action
Geothermal
power
generation

Weight

Table 2: Example of scoring of adaptation, mitigation and development co-benefits and trade-offs (see Figure 2 for criteria)

1

0.0

1

Comments
This action scores for
macro-economic
stability (secure
electricity supports
productivity),
infrastructure and
jobs. Negative scores
are due to threat of
potential water
shortage for human
consumption,
agriculture, and
wildlife.

16

4. Results of the screening process
Annex 1 provides a detailed review of every intervention proposed by the SC4 team (from
which 30 mitigation outcomes identified) and the SC3 team (from which 22 adaptation
outcomes identified). A score for adaptation, mitigation and development is provided for
each intervention. A short commentary is provided on the resulting synergies and trade-offs.
The main challenge in the application of the screening methodology is the generic nature of
the interventions and outcomes identified by SC3 and SC4. There are few details of how
these actions will be implemented, which makes identification of synergies and trade-offs
difficult. For example, fuel efficient stoves are seen as a means of reducing GHG, but the
impacts of the use of these stoves, and the extent of their uptake, is unclear. Will there be a
financial incentive to use fuel efficient stoves, will there be local enforcement, will stoves be
provided free of charge to poor households? Without details of the mechanisms of delivery of
these interventions, it is difficult to state categorically whether there is going to be a synergy
or trade-off.

4.1.

Mitigation actions

Synergies (and trade-offs) require us to consider 3 issues (adaptation, mitigation and
development). Therefore a graph with 3 axes allows us to show the expected impacts
graphically. The total adaptation, mitigation and development scores achieved for each
intervention can be plotted on each of the 3 axes and the points joined to form a triangle.
Figure 3 provides an overview of the expected synergies of all the actions identified by SC4.
The mitigation actions identified by SC4 were primarily focused on providing a mitigation
benefit for Kenya, so will inevitably score highly on the mitigation axis. However, many were
capable of providing benefits under adaptation and development.
Figure 3 combines the results for all mitigation actions, and it is difficult to pick out results
for individual actions. However, the intention is to show the range of scores for a large
number of mitigation actions.
Figures 4 to 10 provide a breakdown of the results in Figure 3. In Figures 4 to 10, a sector by
sector view of the expected synergies (and trade-offs) is presented. Individual actions are
grouped into appropriate sectors.
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Figure 3: Graphic of the synergies and trade-offs for mitigation interventions proposed by SC4
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Figure 4: Graphic representation of synergies and trade-offs expected of interv
proposed for energy (generation)

Adapta.on	
  
30	
  

Geothermal	
  po

24	
  
18	
  

Wind	
  power	
  ge

12	
  

Hydroelectric	
  p

6	
  
0	
  

Development	
  

Mi.ga.on	
  

Sector: Energy (generation)

Synergies: For energy generation, there were few synergies identified
development or adaptation (Figure 4). Under adaptation, the common synergy
identified was the reduction of vulnerability due to energy sources coming
vulnerable sources. For example, Kenya is a net importer of fossil fuels which
energy sector in Kenya is very vulnerable to fluctuations in prices of these fuels. Sw
energy sources such as renewable energy (geothermal, wind, hydropower)
domestically produced and less likely to fluctuate will reduce Kenya’s vulnerability.

There were question marks regarding the potential development benefits that
accrued under manufacturing and jobs creation (could any of the materials requir
expansion of the energy supply be manufactured within Kenya?). The mech
distribution of items such as solar PV requires further investigation in order to u
the impact on poorer households.

Trade-offs: Trade-offs were identified for geothermal energy, depending on the t
used. Since most geothermal energy production is ear-marked for the Rift Valley
regularly experienced water shortages for communities living in and around the R
changes to water availability in the catchment as a result of geothermal energ
potential for substantial maladaptation if not addressed.

Figure 5: Graphic representation of synergies and trade-offs expected of interventions
proposed for energy (demand)

Sector: Energy (demand)
Synergies: For energy demand, there was potential for synergies with development and
adaptation (Figure 5). There were some actions that were unlikely to greatly impact both the
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Figure 6: Graphic representation of synergies and trade-offs expected of interventions
proposed for transport
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Sector: Transport
Synergies: For transport, there is limited scope for synergies under adaptation and
development (Figure 6). The developement synergies could potentially be significant, but
further analysis of some of the cost implications for these activities is required to
demonstrate that this will be the case. For example, would the proposed actions increase the
cost of produce (freight) or the cost of personal travel (commuting to work, commuting to
market etc.)? In addition, some activities will benefit only certain regions. For example, only
Nairobi will benefit from the light rail transit system and the bus rapid transport system.
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Figure 7: Graphic representation of synergies and trade-offs expected of interventions
proposed for manufacturing (industrial process emissions)
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Sector: Manufacturing (industrial process emissions)
Synergies: There was only one action identified for industrial process emissions which
makes identifying possible synergies straightforward (see Figure 7). There were synergies
with adaptation. This is due to reduced fuel requirements to produce energy (kg of coal per
MW of power would be lower), which could potentially reduce Kenya’s reliance on imports
and impact of fluxes in external markets.
Synergies for development were for manufacturing and poverty reduction (reduced fuel
poverty).
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Figure 8: Graphic representation of synergies and trade-offs expected of interventions
proposed for waste
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Sector: Waste
Synergies: Only 1 intervention was identified for waste, which was methane avoidance
from landfill gas (Figure 8). There were perceived synergies with adaptation (reduced
reliance on imports for fuel will reduce Kenya’s vulnerability to energy price fluctuations,
since waste is an abundant energy source in Kenya) and development (benefits for slum
housing, healthcare and jobs).
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Figure 9: Graphic representation of synergies and trade-offs expected of interventions
proposed for agriculture.

Adapta.on	
  
30	
  
Agroforestry	
  

24	
  
18	
  
12	
  

Reforesta.on	
  of	
  
marginal	
  agricultural	
  
land	
  

6	
  
0	
  

Conserva.on	
  .llage	
  
Development	
  

Mi.ga.on	
  

Limi.ng	
  use	
  of	
  ﬁre	
  in	
  
range	
  and	
  cropland	
  
management.	
  	
  

Sector: Agriculture
Synergies: There was greater potential for synergies under agriculture between mitigation
and adaptation than development (Figure 9). This is largely due to the lack of overlap with
other development sectors (i.e. there was benefit in the agriculture sector and poverty
alleviation for most). The synergies identified for adaptation include improved yield and
hence reduced vulnerability, more resilience to drought and reduction of future impacts.
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Figure 10: Graphic representation of synergies and trade-offs expected of interventions
proposed for forestry
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Sector: Forestry
Synergies: Under all three forestry interventions, the potential synergies were identical
(Figure 10). There were synergies with adaptation (reducing vulnerability, reducing impacts
of future climate change and allowing accommodation of climate change) and development
(jobs, tourism, agriculture, water and poverty reduction).
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4.2.

Adaptation actions

Figure 11 provides a graphical overview of the expected synergies of all the outcomes
identified by SC3. The adaptation actions identified by SC3 were primarily focused on
providing an adaptation benefit for Kenya, so will inevitably score highly on the adaptation
axis. However, synergies were also identified with development and mitigation.
Unlike SC4, SC3’s actions did not fit easily into sector categories; therefore it was not
possible to group them the way as the mitigation interventions. However, it was possible to
provide a detailed overview of each adaptation outcome and the synergy potential. The
synergies and trade-offs for all individual actions are set out in Annex 1.
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Figure 11: Summary of synergies and trade-offs for the proposed adaptation actions

Adapta.on	
  
30	
  
24	
  
18	
  
12	
  
6	
  
0	
  

Development	
  
Transport	
  planning	
  
Metereological	
  services	
  
Informa.on,	
  communica.on	
  and	
  technology	
  
Land	
  reform	
  
Human	
  resource	
  development,	
  labour	
  and	
  employment	
  
Tourism	
  
Livestock	
  
Private	
  sector	
  /	
  Trade,	
  Manufacturing,	
  Business	
  Process	
  Outsourcing.	
  	
  
Educa.on	
  and	
  training	
  
Environment	
  
Popula.on,	
  urbanisa.on	
  and	
  housing.	
  	
  
Decentralisa.on	
  

Mi.ga.on	
  
Energy	
  planning	
  
Planning	
  and	
  builing	
  law	
  
Science	
  technology	
  and	
  innova.on	
  
Public	
  sector	
  reform	
  
Security,	
  peace	
  building	
  and	
  conﬂict	
  resolu.on	
  
Agriculture	
  
Fishing	
  
Financial	
  services	
  
Health	
  
Water	
  and	
  sanita.on	
  
Gender,	
  vulnerable	
  groups	
  and	
  youth.	
  	
  

28

4.3.

Key synergies

In the preceding section the proposed adaptation and mitigation actions were considered
separately in order to identify the potential synergies and trade-offs for each. In the bullet
points below, the synergies having the greatest potential for impact are explored further.
This review covers the whole range of activities proposed and is not split into adaptation
actions and mitigation actions. Annex 1 provides the detailed overview of each action, with
radial graph.
•

Increased fuel security from reduced reliance on external imports. This
was identified in multiple interventions proposed by the SC4 (mitigation). The
promotion of investments that utilise internal fuel sources or renewable fuel sources
(such as geothermal and wind power) will see a lower reliance on imports of
petroleum based fuels35. Kenya is a net-importer of energy36 which in 2008
comprised of 36% of Kenya’s total import bill. With a growing population,
particularly in urban areas, this demand for energy will continue to increase37.
Renewables provide a substantial benefit for emission reductions (SC4) but can also
provide benefits for development since cost of electricity production should fall.

•

Increased productivity and quality of life from climate resilient electricity
generation. Building climate resilience into the energy sector will provide
development benefits as well as adaptation benefits. In terms of development,
improving the reliability of electricity generation (i.e. fewer blackouts) should
improve productivity. ‘No country in the world has succeeded in shaking loose from
subsistence economy wi4 (e(h) (e Tf [ ( (i) 2 (t)-2 () -4(ecces (’) -2 ( (i) 2(h) (e(y) -2 ( (i) 2 (4 (en) -3 (cesen) ) 4 (e) -2 b) -2 ces(y) -2 (h) (e ) (e(y) -2 (o)-2 (h) (e (e)-2 en) ) 4 co) -2 (y) -2
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•

Improved water storage potential of soils from reduced occurrence of
grassfires. “Fire impacts on soil can be significant, affecting soil structure, physical,
chemical and microbial composition/properties as well as water infiltration into soil
and runoff leading thus to the occurrence of soil erosion”43. Enforcement of the
Grassfires Act under the mitigation actions should see a reduction in fire being used
to clear agricultural land. This should result in higher soil-moisture content and
greater potential for ‘green water’ storage44. This should also result in reduced soil
erosion and potentially reduced sedimentation (in rivers and lakes).

•

Improved human health from improvements in vehicle efficiencies and
reduced air pollution: Urban air pollution is linked to life shortening from health
issues dealing with respiratory diseases45. Some Kenyan cities suffer from high
temperatures that compound the impacts of air pollution46, an issue that will create
further health impacts as climate change occurs unless measures are taken to reduce
emissions. Improvements in engine efficiency should see a reduction of air
pollutants, particularly in urban areas47. For example, Nairobi residents are exposed
to high levels of fine particle air pollution48 in part from emissions from heavy duty
vehicles and in part from passenger vehicles. Changes in efficiency of engines and
layout of road infrastructure can act to reduce air pollution.

•
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•

Reduced vulnerability to floods and storm surges from increased climate
change resilience of sanitation: Poor sanitation, particularly in highly populated
areas such as slums, results in increased prevalence of communicable diseases52. This
leads to higher disease prevalence in poor households, illness and loss of
productivity. There are public health issues with poor sanitation in urban areas
including higher prevalence of vector borne diseases and bacterial infections,
drinking water contamination and reuse of contaminated waste products. Diseases
such as cholera, dysentery, diarrhoea and malaria occur as a result of poor sanitation.
An improvement in sanitation for urban areas should see a reduction in water-borne
diseases.’ In future, more instances of floods are expected as a result of increased
frequency and intensity of downpours53. The frequency of storm surges may also
increase as a result of climate change. Higher ground water levels and flooding add to
an already strained urban sanitation systems and are expected to exacerbate existing
conditions and lead to greater incidences of water-borne diseases.

•

Improved water storage potential in soils, reduced run off and floods
from forestry investements: Investments in reforestation, afforestation and
avoided deforestation and degradation can have positive impacts on soil water
storage potential. This is because forests have a regulating effect on water flow and
erosion54. Climate change is expected to alter the hydrology of Kenya due to changes
in rainfall (intensity, timing and location). Investments in forestry are expected to
reduce water shortages in downstream areas, such as densely populated areas such as
Nairobi and Mombasa. During severe water shortages, water is delivered by truck in
urban areas such as Nairobi. Outside of urban areas, permits for water abstraction (to
dig bore holes) increase during periods of water shortage. Of course, as population
increases, there will be increasing pressure on water resources, exacerbating local
water shortages55.

•

Increased carbon sequestration from reforestation, agroforestry and
conservation tillage: In Sub-Saharan African countries, such as Kenya, cereal
yields have remained stagnant for decades due to continuous depletion of soil organic
matter over time from unsustainable land management practices, which include the
use of fire56. Practices such as conservation tillage, cover cropping, water harvesting,
agroforestry, and enhanced water and nutrient management can improve soil carbon
sequestration, increase yields, and enhance resilience to climate change57. While
these practices provide multiple benefits in most cases, there are sometimes tradeoffs

Katukiza, A. Y., Roneltap, M., Niwagaba, C. B., Foppen, J. W. A., Kansiime, F. & Lens, P. N. L.
(2012). Sustainable sanitation technology options for urban slums. Biotechnology Advances 30:964978.
53 Lau, C. L., Smythe, L. D., Craig, S. B. & Weinstein, P. (2010). Climate change flooding, urbanisation
and leptospirosis: fuelling the fire? Transactions of Royal Society of Tropical Medicine and Hygiene
104:631-638.
54 Oliviera, T. (2009). Classification of Kenya’s Forest Regulating Services. UNEP.
55 Ministry of Water and Irrigation (2011). Feasibility study and master plan for developing new water
sources for Nairobi and satellite towns. Preliminary EIA for the selected Scenario: Nairobi Water
Sources, Phases 1 & 2.
56 Lal, R. 2004. Soil carbon sequestration impacts on global climate change and food security, Science,
304: 1623–1627.
57
Niggli, U. A. Fließbach, P. Hepperly, and N. Scialabba. 2009. Low greenhouse gas agriculture: Mitigation and
adaptation potential of sustainable farming systems. FAO, April 2009.
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involved with respect to productivity and food security in the short term before longterm benefits can be reaped. Conservation tillage leaves crop residues on the field
leading to improved soil fertility and carbon sequestration along with the attendant
benefits. Where residues are used as a supplement for livestock feeding there is a
tradeoff with animal production. Improved crop rotation and fallowing also involve
short-term decreases in production due to decreases in cropping intensity. Weeding
and waterlogging are the potential trade-offs of reduced tillage, and production gains
from this practice are minimal over the short term.

4.4.

Key trade-offs

The trade-offs identified as having the greatest potential for impact are explored further in
this section. The activities proposed are no longer split into adaptation and mitigation
categories. On the whole, there were fewer trade-offs identified than synergies. Annex 1
provides the detailed overview of each action, with radial graph.
•

Food shortages and price rises for cereals caused by increased growth of
biofuels: Switching from the production of crops to biofuel can aggravate the
problem of food security. In the period 2005-2008 many countries growing biofuels
saw an impact on food prices58. Biofuels can provide substantial return on investment
for large-scale agriculture which has led to an increase in biofuel production in East
Africa59. With limited agricultural land available for production, this has led to lower
production of cereal crops through so-called crop switching. Lower availabilities of
staple crops have led to higher food prices. Between 2000 and 2007, there was a 30%
increase in global cereal prices60. Climate change means there is expected to be more
intense and cause longer droughts, which will also negatively affect production of
cereal crops and biofuels. Demand for biofuels continues to expand with many
governments using it as a means of reaching their targets on emission reductions61.

•

Water shortages for local communities caused by unsustainable
geothermal energy expansion: Geothermal energy is proposed for the Rift
Valley, an area that regularly deals with water shortages. Geothermal electricity
generation in the Rift Valley primarily comes from geothermal steam62. If expansion

Kgathi, D. L., Mfundisi, K. B., Mmopelwa, G. & Mosepele, K. (2012). Potential impacts of biofuel
development on food security in Botswana: A contribution to energy policy. Energy Policy 43:70-79.
59 Tirado, M. C., Cohen, M. J., Aberman, N., Meerman, J. & Thompson, B. (2010). Addressing the
challenges of climate change and biofuel production for food and nutrition security. Food Research
International 43:1729-1744.
60 Rosegrant, M. W., Zhu, T., Msangi, S., & Sulser, T. (2008). Global Scenarios for biofuels: Impacts
and implications. Review of Agricultural Economics, 30(3), 495–505.
58

Escobar, J. C., Lora, E. S., Venturini, O. J., Yáñez, E. E., Castillo, E. F. & Almazan, O. (2009).
Biofuels: Environment, technology and food security. Renewable and Sustainable Energy Reviews
13:1275-1287.
62 Mariita, N. O. (2002). The impact of large scale renewable energy development on the poor:
environmental and socio-economic impact of a geothermal power plant on a poor rural community in
Kenya.
61
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of geothermal does not incorporate water recycling technologies, or does not take
into consideration other demands on water supply, this could cause maladaptation63.
•

Higher priced goods due to heavy duty vehicle fuel efficiency: The cost of
transport is directly linked to trade costs and market prices64. International transport
costs faced by African countries are almost twice as high as the world average (12.6%
compared to 6.1% for world average). Replacing ageing vehicles will require
significant investment by the private sector. If the cost of this investment is passed
onto consumers, the cost of freight is likely to increase reflected in the commodity
index. In addition, increasing the cost of access to market of goods is likely to impact
poor households. Conversely, improving the fuel efficiency of these vehicles should
reduce the cost of freight in the long-run since fuel costs per load will fall. Depending
on how the cost of these vehicle improvements is managed, there may be a shortterm trade-off for a long-term gain (synergy). Further investigation of the costbenefit scenarios of how this activity would be rolled out is necessary to fully
understand the potential for synergies and trade-offs.

•

Improvements in passenger vehicle emissions resulting in lower mobility
for the poor if cost passed onto consumer: Kenyan cities are heavily reliant on
privately owned mini-buses (matatus). If these vehicles are required to meet
efficiency standards, this will likely increase the cost of travel in the short term. In
larger cities such as Nairobi transport and poverty levels are intrinsically linked65.
The poor live in slums close to where they work to reduce travel costs, the middle
income households rely on matatus and the wealthy households have private
vehicles. Increasing the cost of public transport may reduce mobility of poorer
households. Alternatively, a fully functioning public transport bus system may serve
to greatly improve mobility of poorer households in Nairobi. Conversely, improving
the fuel efficiency of these vehicles may mean in the long-term, there is a cost saving
per journey due to lower fuel costs. Further investigation of the cost-benefit scenarios
of how this activity would be rolled out is necessary to fully understand the potential
for synergies and trade-offs.

Achieng Ogola, P. F., Davidsdottir, B. & Fridleifsson, I. B. (2012). Potential contribution of
geothermal energy to climate change adaptation: A case study of arid and semi-arid eastern Baringo
lowlands, Kenya. Renewable and Sustainable Energy Reviews 16:4222-4246.
64 Naudé, W. & Matthee, M. (2007). The Significance of Transport Costs in Africa. Policy Brief
Number 5. United Nations University.
65 Salon, D. & Aligula, E. M. (2012). Urban travel in Nairobi, Kenya: analysis, insights and
opportunities. Journal of Transport Geography 22: 65-76.
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5. Case studies
In this section, two case studies are described. These explain the effects of particular land
management practices on mitigation and adaptation outcomes. They highlight the
complexity of the issues concerned and the difficulties of ascribing synergies and trade-offs
to particular actions.

5.1.

Case study 1: Limiting use of fire in range and cropland management

Reduced fire use in cropping and agriculture, in association with conservation tillage and
residue management practices, has high mitigation potential and high food-security
prospects. From the analysis carried out, limiting the use of fire in range and cropland
management scores positively for existing vulnerability (loss of livelihood/home to fire) and
future impacts (improved topsoil retention and water retention). It also scores positively for
GHG emissions and carbon storage.
Fire has a major impact on atmospheric carbon through long-term reduction of stored
carbon and reduction of ecosystem carbon sequestration capabilities. During 2001–2009,
most fire carbon emissions were from fires in grasslands and savannas (44%) with smaller
contributions from tropical deforestation and degradation fires (20%), woodland fires
(mostly confined to the tropics, 16%), forest fires (mostly in the extra-tropics, 15%),
agricultural waste burning (3%), and tropical peat fires (3%)66. Although fuel loads were high
in forests, globally the role of forest fires (excluding deforestation fires and woodland
burning) is relatively modest; about 15% of total carbon emissions was due to the burning of
forests. So fires are a major contributor of GHGs.
The adverse impact of fires on the productive capacity of soils in Africa and their influence
on long-term desertification is accepted67. Large areas of forests and woodlands, including
their soils, continue to be impacted by fires annually in Kenya, reducing the long-term
capacity to sustain agricultural and forestry.
Additionally, and somewhat confusingly, fire is a familiar tool and viable, given the limited
options and the cost and inaccessibility of most alternatives. It also has a long history of use,
is well understood, skill and competency levels are often very high among local people and it
may be linked with traditions and beliefs. Fire has been used for centuries as a management
tool in most African agricultural and pastoral systems. People use fires for various reasons
including site preparation for crops, removing agricultural and other waste, clearing, hunting
and religious or traditional purposes among other things68.
Growing human populations and increased food production requirements are reducing the
length of fallow periods and inappropriate legislation and policy settings tend to increase the
G. R. van der Werf, J. T. Randerson, L. Giglio, G. J. Collatz, M. Mu, P. S. Kasibhatla, D. C. Morton,
R. S. DeFries, Y. Jin, and T. T. van Leeuwen (in review) Global fire emissions and the contribution of
deforestation, savanna, forest, agricultural, and peat fires (1997–2009). Atmos. Chem. Phys. Discuss.,
10, 16153–16230, 2010
67 Bento-Gonçalves, A., et al., Fire and soils: Key concepts and recent advances, Geoderma (2012),
doi:10.1016/j.geoderma.2012.01.004
68 Moore, P.F. 2012 Community-Based Fire Management: A review. FAO FORESTRY PAPER 166.
FAO Rome
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frequency of late (dry season) fires that are larger with significant negative impacts69. In this
situation, the potential benefits of fire as a tool can be outweighed by the negative impacts on
soil fertility, particularly where soils are very fragile and the use of fire to access new areas,
slash-and-burn agriculture, is not always sustainable.
Priorities of fire use, and of fire exclusion, by people in some landscapes, combined with
natural fire regimes and wildfires that are inconsistent with historical or natural norms,
results in the ‘fire cycle’ (or fire regime), being unbalanced. In some places, there is too much
fire for the ecology, the people and for the atmosphere, while there is not enough fire to
maintain ecological function and reduce hazards
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The use of fire leads, at times, to escapes and fires burn into other lands, in many cases
government managed, where the fires lead to emissions, degradation, habitat and
biodiversity decline. Formal tenures in Tanzania constitute more than 70% of the burned
area in that country73, a situation that may well be the same in Kenya. These fires will all be
human caused and be a mix of unattended fires, escaped agricultural fires and prescribed
burning by agencies for management objectives. Reducing the amount of fire in croplands
will reduce the number of unintended fires that impact on the landscape as well as the
benefits that are generated by reducing/removing fires through conservation agriculture.

With an increasing amount of attention being focused on human caused fire and its linkages
to climate change, Community Based Fire Management (CBFiM) should be considered as a
viable approach to both effective fire management and climate change mitigation. Fires
occur at the local lev (l ) -(t) 3 ica ian(a) 1 (l)5 ( ) -137 (l) 5 c crths a ctht thte i -(t)5 ( )- 1 ( (l (t) 3) 5 0 0 4 3
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1. 80 percent of this amount, or approximately 64,000 hectares per year, could be
attained through regeneration,
2. 20 percent would be attained via reforestation meaning that 240,000 hectares would
need to be reforested over a period of fifteen years – 16,000 hectares per year.
3. This would be done in parallel with efforts to afforest marginal agricultural lands and
promote agroforestry.
The KFS has instituted a tree planting target of 6,000 hectares per year, but these planting
programmes have been constrained by lack of resources. The process of tree planting can
involve either planting holes that are dug or ‘open-root’ planting. For native species in Kenya
it seems that planting a ‘potted’ seedling is the preferred approach, which requires preparing
a hole and then planting and firming in the seedling. This is a two pass procedure as against
open rooted seedlings where the slit for planting is opened, seedling placed and firmed in
one pass.
Planting requires significant resources. At a conventional commercial spacing of ~1500
seedlings per hectare the requirement is for 24,000,000 plants. Nurseries are labour
intensive and to produce the plants required would be an undertaking requiring significant
land, water and supporting infrastructure. This may be arranged through small local
nurseries that would require more support and increase the number of sites where seedlings
were being produced, large scale commercial nurseries or a combination of both, which
would provide flexibility and enable engagement at the local level. Mobilising and organising
the labour to plant 24 million trees per year is a significant challenge, as would be
supervising the quality of site preparation and planting to ensure survival.
Assisted natural regeneration of 64,000 hectares per year will require the development of
techniques that allow regeneration that will include fencing, removing or restricting livestock
access, seeding and protection from fire and disease. There will be significant costs, technical
skills, staff (mainly in extension roles), planning and enabling long term access to the land
base required.
A major source of uncertainty in the estimates of emissions and removals in the land use
sector is to do with the measurement. While there are significant hurdles and thresholds to
be negotiated, Kenya is in the process of finalising the design of a carbon accounting system
for the land sector. The Detailed Design Document for the national system is scheduled to be
approved before the end of 2012 with programme implementation to commence in 2013 for
an initial period of three years.
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6.

Monitoring synergies

A process for monitoring synergies alongside adaptation and mitigation indicators
needs to be included into the NPBMF. SC6 has designed the process, which is
described in detail in the MRV+ System Report. It is envisaged that M&E of the
synergies will be incorporated in the MRV+ system.
The focus of this section is, therefore, on the indicators that need to be measured.

6.1.

A resource for indicator development

During Stage 1, the SC6 team reviewed the existing documented systems and
indicators already in use (or proposed for use) by numerous MDAs. An extensive
Excel database of these indicators was developed. From the 46 (out of 94) strategy
papers reviewed, a total of 6,929 indicators currently used by the Kenyan
Government were identified and fed into the database. A substantial was made effort
to categorize these indicators in a way that maximizes their search-ability.
The Excel database provides the raw material for the identification of indicators
relating to adaptation, mitigation and synergies. As part of a separate project, further
work is planned for the conversion of the Excel database into a fully functional and
user-friendly MS Access database for the CCS, as shown in Figures 12 and 13.
Figure 12: Proposed front end view
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Figure 13: Layout for recording indicator information

The search function will allow the Government of Kenya to search for indicators by:
• Government Sector
• Institution
• Type of indicator
o Adaptation
o Development
o Mitigation
o Synergy
• Indicator category
o output,
o outcome,
o input,
o activity)
• Source (Strategy Paper)
In addition the MS Access database allows the user to search indicators as a “key
word” search.
In order to minimize replication of indicators used in Kenya, the indicators stored in
the database should be reviewed prior to any indicator selection exercise. This will
give the user an understanding of the types of indicators in use (input, activity,
output, and outcome) and the types of data being collected in different sectors.

6.2.

Selection of indicators for synergies

Section 3 identified actions that have potential for synergies and trade-offs. Actions
of most interest are those actions which resulted in the higher scores. A series of
indicators intended to capture the synergies and trade-offs were developed focusing
on those synergies where the causal relationship is clear and where there is a strong
consensus in the literature. The indicators are presented in Table 3.
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Table 3: Synergies and trade-offs for which indicators have been proposed.
Root Intervention/
Outcome
1

Biodiesel
Bioethanol
Geothermal
Wind Power

2

Energy
Population,
urbanisation and
housing
Macroeconomic
Productivity

3

Climate resilient
environmental
management
Integration of climate
effects into on-going
efforts to pursue land
reform

Synergy or Trade-off identified

Indicator List

Synergy
or tradeoff
Synergy

Expected
trend

Energy security is a critical issue in Kenya. As a net
importer of fuel, this is a heavy economic cost on Kenya
that leads to higher cost of trade and exports. In the
MDGs, energy security is a key issue for poverty
reduction, communications, education and health care.
Investment in renewable energy should see a reduction
of reliance on external energy sources.

% imported fuel for each
MW of energy produced
from renewable sources

In terms of development, improving the reliability of
electricity generation (i.e. fewer blackouts) should
improve productivity. Increasing the proportion of
renewable electricity generation in Kenya could also
provide adaptation benefits since it will be less
vulnerable to external shocks on the petroleum industry
(e.g. price inflation due to conflicts).

No. of power cuts in areas Synergy
targeted for climate
resilient investment in the
electricity grid

Decrease

Enforcement of the Grassfires Act under these outcomes
should see a reduction in fire being used to clear
agricultural land. This should result in higher soilmoisture content and greater potential for ‘green water’
storage. This should also result in reduced soil erosion
and potentially reduced sedimentation (in rivers and
lakes).

Water storage in areas
targeted for enforcement
of the Grassfires Act.

Increase

Synergy

Decrease

Agriculture
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Table 3: Synergies and trade-offs for which indicators have been proposed.

4

Root Intervention/
Outcome

Synergy or Trade-off identified

Indicator List

Improved heavy-duty
vehicle stock efficiency

Improvements in engine efficiency should see fewer
pollutants in the air, particularly in urban areas. For
example, Nairobi residents are exposed to high levels of
fine particle air pollution in part from emissions from
heavy duty vehicles and in part from passenger vehicles.
Changes in efficiency of engines and layout of road
infrastructure can act to reduce air pollution.

Air pollution in urban
areas following measures
to improve vehicle
emissions

There are significant health risks associated with
kerosene usage in households. Kerosene is mutagenic
and carcinogenic. It is also associated with higher
occurrences of respiratory infections including
pneumonia and bronchiolitis.

Incidences of respiratory
disease in households
using kerosene lamps

Diseases include cholera, dysentery, diarrhea and
malaria occurs as a result of poor sanitation. Climate
change is expected to result in more instances of flooding
and storm surges. Building climate resilience into
sanitation should see fewer cases of water borne diseases
following extreme weather events.

Cases of water-borne
diseases following flood
events or storm surges.

Improved passenger
vehicle stock efficiency

5

6

Renewable lamps
replacing kerosene
lamps

Water and sanitation
Population,
urbanisation and
housing.

Synergy
or tradeoff
Synergy

Expected
trend
Decrease

Synergy

Decrease

Synergy

Decrease

Incidences of respiratory
disease in households
using renewable lamps.
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Table 3: Synergies and trade-offs for which indicators have been proposed.
Root Intervention/
Outcome

Synergy or Trade-off identified

Indicator List

Synergy
or tradeoff
Synergy

Expected
trend
Decrease

7

Forestry (Agroforestry,
Afforestation,
Reforestation, Avoided
Degradation)

Investments in forestry are expected to reduce water
shortages in downstream areas, such as densely
populated areas such as Nairobi and Mombasa.

No. of water trucks
delivering water to
downstream areas during
periods of drought
following investment in
forests.

8

Agriculture –
conservation tillage

Conservation tillage, leaves crop residues on the field
leading to improved soil fertility and carbon
sequestration along with the attendant benefits.

Tonnes of soil carbon per
hectare in agricultural
land targeted for
conservation tillage
practice.

Synergy

Increase

Switching from the production of crops to biofuel can
aggravate the problem of food security. In the period
2005-2008 many countries growing biofuels saw an
impact on food prices.

Cereal crops index

Trade-off

Decrease

Geothermal energy is proposed for the Rift Valley, an
area that regularly deals with water shortages. If
expansion of geothermal does not take into
consideration water shortages this could cause
maladaptation.

Additional unrecycled
water demand from
geothermal power
generation

Trade-off

Increase

Forestry –
Reforestation,
Afforestation and
REDD
9

Biodiesel
Bioethanol

10

Geothermal Energy
generation

Hectares of biofuel grown
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Table 3: Synergies and trade-offs for which indicators have been proposed.
Root Intervention/
Outcome

Synergy or Trade-off identified

Indicator List

11

Improved heavy-duty
vehicle stock efficiency

Cost of transport is directly linked to trade costs and
market prices. Upgrading vehicles will require significant
investment by the private sector, if the cost of this is
passed to the consumer, there may be higher priced
goods and reduced access to market for the poor.

Cost of road freight per
km

12

Improved passenger
vehicle stock efficiency

Improved vehicles for passenger transport could result in
higher cost of public transport if the costs of this are
passed onto passengers.

Average cost of public
transport per journey

Synergy
or tradeoff
Trade-off

Expected
trend
Increase

Trade-off

Increase
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7.

Conclusions and recommendations

The synergies and trade-offs identified in this report are based on a broad
understanding, informed by an extensive literature review, of the potential for
positive and negative impacts of adaptation and mitigation actions.
However, there is still a great deal of uncertainty over which of the adaptation and
mitigation actions will be prioritised and taken forward. Furthermore, there is a great
deal of uncertainty surrounding the implementation of actions. Without this detail it
is not possible to document synergies and trade-offs with real certainty.
The indicators proposed for measuring synergies (and trade-offs) are therefore
provisional. They are dependent on their underpinning actions being taken forward
and funded. If these actions are not taken forward, these indicators will not need to
be incorporated into the NPBMF. In addition, they may need to be revised as the
actions they seek to measure are more precisely defined.
Where possible, the indicators proposed are indicators that have already been
proposed by GoK. They are, therefore, supported by existing datasets. Where there
were no existing indicators of relevance, we have taken care to propose indicators for
which data are available.
However, the nature of synergies and trade-offs means that often data will be
required from 2 or more sources, often from 2 or more government departments.
Cross-departmental sharing of data will be necessary to make this happen. Data flow
from line ministries and departments and agencies ‘up-the-chain’ (an issue that is
covered in the MRV+ System Report) is an essential for successful measurement. As
noted in the Capacity Building Plan, there is still a significant gap between the
current situation and a working MRV+ system for adaptation, mitigation and
synergies.
Where should the GoK go from here? It will be possible for the GoK to use the tools
outlined in this report to measure, report and verify synergies (and trade-offs), but
there are a number of steps to this process. The steps set out below can be used to
guide further work on synergies.
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Step	
  1	
  
•Priori,se	
  adapta,on	
  and	
  mi,ga,on	
  ac,ons	
  
using	
  an	
  integrated	
  process	
  	
  

Step 1: Prioritise adaptation and mitigation actions using an integrated
process
In the development of the CCAP, adaptation and mitigation have been considered
separately, with the synergies component expected to capture the potential synergies
between proposed actions. GoK has, at this juncture, an ideal opportunity for
prioritising and funding actions in an integrated way – that is to consider adaptation
and mitigation together. There are frameworks and methodologies that can support
this process, such as those highlighted in Section 1. Even if an integrated approach to
climate planning is not feasible, with 30 mitigation actions proposed by SC4 and 20
adaptation outcomes (with multiple actions proposed for each outcome)
recommended by SC3, prioritisation is a vital next step.
Step 2: Review possible synergies and trade-offs using screening process.
Once interventions their mechanisms of delivery have been identified, the scores for
synergies and trade-offs produced using the tool described in Section 2 should be
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reapplied and the results reassessed. This will allow GoK to identify synergies and
trade-offs with more certainty. In particular, issues of location, context and timescale
need to be further clarified to understand the potential for synergies and trade-offs.
For example, the intervention proposed to improve the efficiency of public transport
to reduce emissions may have substantial synergy potential or substantial trade-off
potential depending on the mechanism of delivery. If the cost of improving efficiency
is directly passed onto passengers, one would expect an increase in fares, at least in
the short term, which could greatly reduce mobility and increasing vulnerability. If
the cost of improving efficiency is borne out by an alternative route (for example
taxation), fares could fall, particularly as fuel burden declines, and there could be a
substantial increase in mobility for the poor, benefiting Kenya as a whole. Therefore,
depending on the mechanism used to roll out these measures, there could be
substantial trade-offs or synergies achieved.
Step 3: Undertake full cost benefit analysis of the climate adaptation,
mitigation and development synergy (and trade-off) potential
The synergies screening tool provides an overview of the potential impacts (positive
and negative) of proposed actions on adaptation, mitigation and development. It does
not provide a clear picture of scale of impact, and context of impact. To plan
effectively to maximise synergies, or at least to minimise trade-offs, it will be
necessary to undertake a more comprehensive cost-benefit analysis of the proposed
actions. Ideally this review should also consider how the proposed actions might
interact with one another. Screening of impact for actions is a requirement legally,
and also of most donors, for example, environmental impact assessments. This costbenefit analysis is merely an extension of an impact assessment, taking into
consideration the interactions on adaptation, mitigation and development.
The results of this cost-benefit analysis could be extended to help understand the
baseline situation with regards to synergies and trade-offs.
Step 4: Review data availability for measuring synergies and trade-offs
identified with the greatest potential for impact
Once actions have been prioritised and the potential for synergies and trade-offs has
been established it will be necessary to re-visit the indicators proposed to monitor
synergies and trade-offs. To facilitate monitoring of synergies and trade-offs, existing
data sets should be properly maintained. It may be necessary to select proxy
indicators that use these existing datasets, rather than developing new indicators. If
no existing data are available, it will be necessary to establish new data sets. In
addition, there needs to be a clear process for data collection for each indicator.
It may be necessary to establish M&E for pilot areas until capacity is sufficient to roll
out across Government (county and national) to capture synergies.
Step 5: Review institutional arrangements for collating monitoring data
(county vs. national government)
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In addition to identifying datasets, an institutional home for the measurement,
validation and reporting of these indicators is required. Indicators for synergies and
trade-offs largely consist of 2 or more data sources, often from 2 or more Ministries.
Cross-Ministry data sharing is rare at present in Kenya therefore it may be necessary
to nominate a third MDA to take responsibility for these indicators such as the
Kenya. These issues are addressed in both the MRV+ System Report and the
Adaptation Indicators Report.
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Annex 1

Synergies Mapping

Using the criteria set out in
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National Adaptation Plan Adaptation Outcomes

Infrastructure/Transport
Outcome: Integration of climate change resilience building into transport
planning. Climate change risks appraised within all new investment
decisions. Improved access to markets, social services, reduced transport
costs, and overall greater mobility increasing capacity to adapt.
Adaptation
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Mitigation
0
Development
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Figure 14: Radial graph of infrastructure/transport synergies and trade-offs
Adaptation: Scores for all sectors except integration across partners since
the actions described is a sectoral approach. Secondly, no score is given for
reducing future exposure to climate impacts since the actions described won't
reduce exposure to CC impacts but will accommodate impacts.
Mitigation: No scores are given for mitigation although it is possible if
energy use is addressed through these plans. Not explicit though.
Development: Scores for macro-economic activity (less vulnerable to
shocks), infrastructure, jobs (employment to undertake actions as well as
stronger access to markets) and poverty reduction (better access to markets).
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Infrastructure/Energy
Outcome: Integration of climate change resilience building into energy
system development plans. Climate change risks appraised within all new
investment decisions. Diversity of energy sources improves reliability and
affordability of energy supply.
Adaptation
Mitigation
Development

29.82
19.98
10

Figure 15: Radial graph of infrastructure/energy synergies and trade-offs
Adaptation: Scores for all sectors. Diversification of energy sources should
reduce impacts of CC as well as accommodation planned for other energy
sources.
Mitigation: Scores for both GHG emissions and decarbonised energy
production
Development: Scores for macro-
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Infrastructure/ Metereological Services
Outcome: KMD recognised internationally as providing world class
meteorological services. Information on baseline and future weather
parameters and scenarios made available to meet the needs of public and
private stakeholders, from the individual farmer to national government.
Adaptation
Mitigation
Development
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Figure 16: Radial graph of infrastructure/meteorological services synergies
and trade-offs
Adaptation: cores for increasing awareness of CC (action 6), integration of
action across partners and sectors (action 9) and developing knowledge and
planning strategically (action 7 & 10)
Mitigation: No scores for mitigation.
Development: Scores for macro-economic activity (agriculture productivity
supported), agriculture (better planning enabled), water (better planning) and
poverty reduction (agricultural production maintained?)
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Buildings and other public works
Outcome: Critical assets identified and climate change action plans
underway. Integration of climate change resilience into planning and building
law, regulation and policy. Climate change risks appraised within all new
investment decisions.
Adaptation
Mitigation

25.56
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Information communication and technology
Outcome: ICT is actively used to disseminate information and gather
knowledge on climate change impacts and adaptation. Critical ICT assets
identified and action plans underway. Climate change risks appraised within
all new investment decisions.
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Development
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Figure 18: Radial graph of information communication and technology
synergies and trade-offs
Adaptation: Scores for institutional capacity (action 3, 5, 8 & 9) vulnerability
(5) future impacts (3 &9) accommodation (1) awareness (5 &9) cross sectoral
(6 and 8) and knowledge (4).
Mitigation: No scores for mitigation.
Development: Scores for macro-economic stability (reduced loss of working
days) infrastructure (construction of reliant buildings) manufacturing
(construction classed as manufacturing?) quality of life and housing.
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Science, Technology and Innovation
Outcome: Climate change impacts, vulnerability and resilience are integrated
into the national research agenda to provide innovative solutions to all sectors
of economy and population. Climate change knowledge is being
communicated to the stakeholders.
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Figure 19: Radial graph of science, technology and innovation synergies and
trade-offs
Adaptation: Scores for institutional capacity (action 2), awareness (all
actions especially 5) and develop knowledge (all actions especially 6)
Mitigation: No scores for mitigation.
Development: Scores for information (relies on good communication of
research) and jobs (action 6 increase Post Grad staff).
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Land Reforms
Outcome: Integration of climate effects into ongoing efforts to pursue land
reform. Curtail negative impacts of climate change on the land reform process.
Socio-economic impacts of climate change on land tenure and reform assessed
and integrated into land policies.
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Figure 20: Radial graph of land reforms synergies and trade-offs
Adaptation: Scores for institutional capacity (Action 2, 3 &4) reducing
vulnerability (action 1), developing knowledge (action 3&4)
Mitigation: Mitigation potential from Grassfires Act enforcement
Development: Scores for macroeconomic activity (less vulnerable to
shocks), jobs (agriculture sector) agriculture (land reform) water (green
water) quality of life (poverty reduction for rural HH).
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Public Sector Reforms
Outcome: Heightened awareness and public promotion of good governance
and technical capacity that encourages climate compatible development in
Kenya. Public sector employees have access to training material on how
climate change affects their role and recognise their responsibilities.
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Development
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Figure 22: Radial graph of public sector reforms synergies and trade-offs
Adaptation: Score for institutional capacity (Action 2) and increasing
awareness (action 1).
Mitigation: No scores for mitigation.
Development: Zero scoring although likely to have indirect impacts on most
areas.
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Human Resource Development, Labour and Employment
Outcome: Creation of new/ recognition of existing jobs for Kenyans that
simultaneously foster economic development and competitiveness while
building increased resilience to climate change.
Adaptation
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Development
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Figure 23: Radial graph of human resource development, labour and
employment synergies and trade-offs
Adaptation: Scores for everything expect future impacts of CC (no clear
action highlighted of 'how') and accommodation of cc (again 'how' not clear).
Mitigation: No scores for mitigation.
Development: Scores for jobs. Scores have not been provided for the other
categorise although there are likely to be indirect impacts from this action.
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Security, Peace Building and Conflict Resolution
Outcome: Local and national recognition of climate change role in security
and conflict. Creation of tools and mechanisms for identifying, assessing and
mitigating political and security climate risks within and outside of Kenya.
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Figure 24: Radial graph of security, peace building and conflict resolution
synergies and trade-offs
Adaptation: Scores for all except reduce exposure to future impacts. This is
more about coping with impacts rather than reducing impact.
Mitigation: No scores for mitigation.
Development: Scores for macro-economic stability (planning for
migration), jobs (plans for migration built in) and quality of life (poverty
reduction in displaced people).
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Tourism
Outcome: Tourism partnerships established. Private sector operators,
national and county governments working together on delivering shared
objectives for ecosystem services, vulnerable tourist hot-spots, natural
resources policies and regulation.
Adaptation
29.82
Mitigation
19.98
Development
15

Figure 25: Radial graph of tourism synergies and trade-offs
Adaptation: Scores for all sectors.
Mitigation: Mitigation potential Action 3. Most likely over taken by tourism
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Agriculture, livestock and fishing/Agriculture
Outcome: Integrated programme of funded interventions, scaling up and
replicating successful projects. Applied research, and training providing direct
guidance to farmers. Effective communication between farmers and from
farmers to government established.
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Figure 26: Radial graph of agriculture synergies and trade-offs
Adaptation: Scores for all. Multiple actions meet each category.
Mitigation: Scores for GHG emission reductions and promotion of carbon
capture and sequestration.
Development: Scores for economic stability (climate resilient crops productivity maintained or improved) jobs, agriculture and poverty reduction
- climate resilient agriculture can often improve productivity.
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Agriculture, livestock and fishing/ Livestock
Outcome: Integrated programme of funded interventions, scaling up and
replicating successful projects. Applied research, and training providing direct
guidance to livestock farmers and pastoralists on coping actions, particularly
in arid areas. Effective lines of communication established.
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29.82
0
10
Adapta,on	
  	
  
30	
  
24	
  
18	
  
12	
  
6	
  
0	
  

Development	
  

Mi,ga,on	
  

Figure 27: Radial graph of livestock synergies and trade-offs
Adaptation: Scores for all. Multiple actions meet each category.
Mitigation: No scores for mitigation.
Development: Economic stability for rural areas and food price stability,
jobs benefits (agricultural), agriculture benefits and poverty reduction in rural
areas.
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Agriculture, livestock & fishing/ Fishing
Outcome: Integrated programme of funded interventions, scaling up and
replicating successful projects. Applied research, and training providing direct
guidance to fishers. Effective communication between fishers and to
government established. Climate change resilience is mainstreamed in
fisheries development plans.
Adaptation
Mitigation
Development
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Figure 28: Radial graph of fishing synergies and trade-offs
Adaptation: Scores for all. Multiple actions meet each category. Impacts
may differ between fresh water and marine fisher communities.
Mitigation: No scores for mitigation.
Development: Score for economic stability (in fisher communities
especially), agriculture, poverty reduction (especially through post-harvest
investment)
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Private Sector/ Trade, Manufacturing, Business Process
Outsourcing
Outcome: A variety of financial instruments are available to encourage the
private sector to build climate resilience and to provide goods and services to
help others adapt. The role of the private sector in building resilience
becomes a core element of adaptation planning.
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Figure 29: Radial graph of private sector/trade, manufacturing, business
process outsourcing synergies and trade-offs
Adaptation: Scores for all. Multiple actions meet each category.
Mitigation: No scores for mitigation.
Development: Scores for economic stability, infrastructure (action 11),
manufacturing (action 4), jobs (security of exports), poverty reduction.
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Financial Services
Outcome: Increased distribution and maturation of financial services that (a)
reduce vulnerability in at risk areas and social groups, and (b) reduce the
investment risk profile for Kenya and catalyse and facilitate investment in
building a climate resilient Kenyan economy.
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Figure 30: Radial graph of financial services synergies and trade-offs
Adaptation: Scores for vulnerability (reimbursement of impacts),
accommodation (financial security section 2), integrating action (action 1, 2
&4).
Mitigation: No scores for mitigation.
Development: Scores for communications services (action 5) jobs (financial
respite from shocks action 2 & 4), tourism (action 2), agriculture (action 2)
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Education and Training
Outcome: Early childhood, primary, secondary, tertiary and vocational
education institutions providing the information needed by the current and
next generations to manage the effects of a changing climate.
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Figure 31: Radial graph of education and training synergies and trade-offs
Adaptation: Scores for institutional capacity (action 6, 8, 9 & 10) awareness
(all actions) and developing knowledge (action 10).
Mitigation: No scores for mitigation.
Development: Score for information and communications services (action 7
& 8) and education (all actions).
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Health
Outcome: Targeted assimilation of climate change effects into critical existing
public health infrastructure and human resources. Targeted knowledge
dissemination and preparation for future health effects of climate change.
Adaptation
Mitigation
Development
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Figure 32: Radial graph of health synergies and trade-offs
Adaptation: Scores for all. Multiple actions meet each category.
Mitigation: No scores for mitigation.
Development: Scores for ICT (Action 18, 11) health care (all actions), access
to water/sanitation (action 6, 9) poverty reduction.
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Environment
Outcome: Integrated programme of funded interventions, scaling up and
replicating successful projects. Applied research, and training, enabling local
communities to monitor, recognise and report changes. Adaptation
integrated into policy. Strengthened capacity at local and national level to
recognise and prioritise climate risks to environmental systems.
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Figure 33: Radial graph of environment synergies and trade-offs
Adaptation: Scores for all. Multiple actions meet each category. Some Q
regarding land use conflicts i.e. action 12 reclaim illegally acquired ecosystem
serves.
Mitigation: Scores for GHG emission reductions and promotion of carbon
capture and sequestration.
Development: Scores for jobs, tourism (action 12, 10) agriculture (most)
water (Action 1, 2, 3, 5, 6, 12) and poverty reduction (action 11).
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Water and Sanitation
Outcome: Impacts on water and sanitation assessed. Integration of climate
change resilience building into water and sanitation planning. Climate change
risks appraised within all new investment decisions. Action focused on most
vulnerable areas/sectors.
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Figure 34: Radial graph of water and sanitation synergies and trade-offs
Adaptation: Scores for all. Multiple actions meet each category. Some Q
regarding land use conflicts i.e. action 12 reclaim illegally acquired ecosystem
serves.
Mitigation: Scores for GHG emission reductions and promotion of carbon
capture and sequestration.
Development: Scores for jobs, tourism (action 12, 10) agriculture (most)
water (Action 1, 2, 3, 5, 6, 12) and poverty reduction (action 11).
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Population, Urbanisation and Housing
Outcome: Improved climate resilient housing and effective emergency
measures in place for high risk areas. Climate resilience requirements are
mainstreamed into housing and urbanisation development plans at national
and county levels.
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Figure 35: Radial graph of population, urbanisation and housing synergies
and trade-offs
Adaptation: Scores for all. Multiple actions meet each category.
Mitigation: No scores for mitigation. Potential scores for environmental
green screens on houses and creation of green urban spaces but probably
offset by cement use in flood control measures e.g. dykes.
Development: Scores for economic stability, infrastructure (flood control,
housing investments), jobs (construction), health (sanitation) water
(sanitation and flood control) poverty reduction (housing improvements =
better health = more days worked) and housing.
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Gender, Vulnerable Groups and Youth
Outcome: Identification of targeted interventions to address vulnerability of
groups at high risk of climate impacts. Increase knowledge, empowerment,
adaptive capacity & development potential of marginalised groups.
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Figure 36: Radial graph of gender, vulnerable groups and youth synergies
and trade-offs
Adaptation: Scores for all. Multiple actions meet each category.
Mitigation: No scores for mitigation.
Development: Scores for jobs (action 12 livelihood diversification), access
in education (action 16) and quality of life (empowerment and income
generation activities action 16 and 15).
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Decentralisation
Outcome: County plans integrate climate change resilience and provide
foundation for long-term climate-resilient development.
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Figure 37: Radial graph of decentralisation synergies and trade-offs
Adaptation: Scores for institutional capacity (action 6, 8, 9 & 10) awareness
(all actions) and developing knowledge (action 10).
Mitigation: No scores for mitigation.
Development: Scores for information and communication services.
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Mitigation – Low Carbon Development options

Geothermal Power Generation
Low Carbon Scenario: Geothermal generation grows from a business-as-usual
projection (2,700MW in 2030) and exploits the full capacity forecast in the
LCPDP (5,500 MW in 2030).
Adaptation
1.43
Mitigation
19.98
Development
0

Figure 38: Radial graph of geothermal power generation synergies and
trade-offs
Adaptation: Improving electricity grids ability to deliver electricity through
more reliant energy sources. Unlikely to benefit the vulnerable poor since few
have access to electricity
Mitigation: Emission reductions in
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Wind Power Generation
Low Carbon Scenario: Wind generation grows from a business-as-usual
projection (1,200MW in 2030) and exploits slightly more than the capacity
forecast in the LCPDP (2,000 MW in 2030).
Adaptation
Mitigation
Development

0
19.98
2.5
Adapta,on	
  	
  
30	
  
24	
  
18	
  
12	
  
6	
  
0	
  

Development	
  

Mi,ga,on	
  

Figure 39: Radial graph of wind power generation synergies and trade-offs
Adaptation: Reduced vulnerability due to switching from fossil fuels but no
other real adaptation benefits identified. Unlikely to benefit the vulnerable
poor since few have access to electricity
Mitigation: Emission reductions in addition to decarbonisation of energy
production through renewable energy
Development: Question mark over manufacturing (where will turbines be
manufactured) and agriculture (conflict over land use?). Otherwise there were
positive benefits.
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Hydroelectric Power Generation
Low Carbon Scenario: Similar to the business-as-usual scenario, in which
the LCPDP plans for hydro are fulfilled (950 MW in 2030). Increase of
100MW in 2030.
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Figure 40: Radial graph of hydroelectric power generation synergies and
trade-offs
Adaptation: Reduced vulnerability due to switching from fossil fuels but no
other real adaptation benefits identified. Could be negative impacts for
vulnerable poor near hydropower dam construction and downstream.
Mitigation: Emission reductions in addition to decarbonisation of energy
production through renewable energy
Development: Question mark over access to water and sanitation.
Hydropower well planned may support urban populations but rural
downstream pops may be impacted.
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Solar PV Distributed
Low Carbon Scenario: Moderate uptake of distributed solar PV in the
medium term (200MW by 2030) and 1,000 MW by 2030.
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Figure 41: Radial graph of solar PV synergies and trade-offs
Adaptation: Score for accommodating impacts of climate change since this
is not likely to be impacted by climate variability unlike hydroelectricity.
Should note this is unlikely to affect the vulnerable poor unless the
mechanism of dispersal specifically targets them.
Mitigation: Emission reductions in addition to decarbonisation of energy
production through renewable energy
Development: Question mark over manufacturing and jobs since
mechanism of dispersal is not clear.
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Electricity Generation from Landfill Gas
Low Carbon Scenario: When solid municipal waste (MSW) is dumped to
landfill, the organic component can degrade in the absence of oxygen, so
called anaerobic digestion.
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Figure 42: Radial graph of electricity generation from landfill synergies and
trade-offs
Adaptation: Score only for reducing vulnerability due to abundance of
energy source.
Mitigation: Emission reductions in addition to decarbonisation of energy
production through renewable energy
Development: Positive impacts for slum housing, jobs and health care since
waste management should reduce water contamination and health issues.
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Clean Coal
Low Carbon Scenario: State of the art pulverised coal (PCC) generation
(approximately 40% thermal efficiency) is instead installed as ultrasupercritical generation (USC) with approx. 45% thermal efficiency.
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Improved Cook stoves
Low Carbon Scenario: The low-carbon scenario assumes that by 2030 a
100% penetration of improved cook stoves with a 50% efficiency improvement
over today’s equipment will be achieved.
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Figure 44: Radial graph of improved cook stoves synergies and trade-offs
Adaptation: Score for reducing existing vulnerability since should reduce
reliance on declining fuel stocks. Also provided a score therefore for future
impacts of CC since wood fuel availability will also be impacted by CC.
Mitigation: Scores for GHG emission reductions and promoting reduction
of carbon energy production.
Development: Scores for health benefits (reduced smoke inhalation),
agriculture benefits since reduced deforestation will lead to less soil erosion,
and benefits for quality of life.
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Renewable Lamps Replacing Kerosene Lamps
Low Carbon Scenario: Distributed lanterns can provide a cost-efficient
and practical alternative to kerosene-fires lamps in non-electrified, off-grid
areas. The low-carbon scenario assumed that by 2030 all kerosene lamps have
been replaced by distributed renewable lanterns.
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Figure 45: Radial graph of renewable lamps replacing kerosene lamps
synergies and trade-offs
Adaptation: Scores for current vulnerability (access to electricity), future
impacts (access to consistent electricity) and accommodate impacts of CC
since this will actually benefit from more sunshine hours (fewer rain showers).
Mitigation: Scores for GHG emission reductions and promoting reduction
of carbon energy production.
Development: Benefits for macro-economic stability (longer working
hours), manufacturing (if manufactured in Kenya), jobs (if manufactured in
Kenya but also longer working hours), education (longer study hours), health
(less inhalation of fumes).
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Solar Thermal Water heating
Low Carbon Scenario: Solar thermal water heating systems can be used to
provide hot water for domestic or industrial uses. The penetration of solar
thermal water heating systems is assumed to increase by 5% a year,
reaching20% in 2030.
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Figure 46: Radial graph of solar thermal water heating synergies and tradeoffs
Adaptation: Only score is for accommodating CC since this technology may
even be enhanced by CC i.e. fewer rain days.
Mitigation: Score for both GHG reductions and decarbonisation of energy
production.
Development: Scores for manufacturing (if manufactured in Kenya),
Tourism (likely to be large area of uptake) and housing.
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Energy Efficient Light Bulbs
Low Carbon Scenario: Compact fluorescent lamp (CFL) light bulbs provide
an energy efficient alternative to traditional Tungsten filament light bulbs. It
is assumed that by phasing out incandescent bulbs, an adoption rate of 100%
will be achieved in 2030.
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Figure 47: Radial graph of energy efficient light bulbs synergies and tradeoffs
Adaptation: Zero score for adaptation. Potentially a score for lower
vulnerability since it may reduce energy use but this is only likely to benefit
higher income HH.
Mitigation: Only scores for GHG emission reductions.
Development: Zero scoring for development. Possible poverty reduction
angle since it should reduce energy bills but this is only likely to affect higher
income HH.
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Energy Efficient Applicances
Low Carbon Scenario: The low carbon scenario assumes that by 2030,
electricity consumption from appliances could be reduced by 30% through a
combination of standards, labelling programmes and support for the phasing
out of very inefficient appliances, especially inefficient refrigerators.
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Figure 48: Radial graph of energy efficient light bulbs synergies and tradeoffs
Adaptation: Zero score for adaptation. Potentially a score for lower
vulnerability since it may reduce energy use but this is only likely to benefit
higher income HH.
Mitigation: Only scores for GHG emission reductions.
Development: Zero scoring for development. Possible poverty reduction
angle since it should reduce energy bills but this is only likely to affect higher
income HH.
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Energy Efficiency Improvements Across Industries
Low Carbon Scenario: For each sub-sector of industry, low-carbon options
exist such as motors with variable speed drives, more efficient boilers and
general improvements in energy demand management. A conservative
assumption of 15% energy efficiency improvements by 2030 was made by SC4
for this option.
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Figure 49: Radial graph of energy efficient improvements across industries
synergies and trade-offs
Adaptation: Score for reduced vulnerability since it should improve energy
security for industry. This may relate to lower cost goods for HH.
Mitigation: Only scores for GHG emission reductions.
Development: Scores for boosts to manufacturing, contribution to jobs
since more finance available and macro-economic activity.
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Emission Reductions (Energy Emissions) in the Cement Industry
Low Carbon Scenario: The cement industry is the largest single emitting
industry in Kenya. This option looks at a reduction of energy-related
emissions by introducing, high efficiency motors and drives, variable speed
drives (VSD), high efficiency classifiers and efficient grinding technologies and
a limited amount of emission improvements by fuel switching.
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Figure 50: Radial graph of emission reductions (energy emissions) in the
cement industries synergies and trade-offs
Adaptation: Zero score for adaptation. Potentially a score for lower
vulnerability since it may reduce cost of cement but not likely to affect lower
income HH.
Mitigation: Only scores for GHG emission reductions.
Development: Scores for macro-economic activity, manufacturing (is
cement classed as manufacturing?) and jobs since lower energy costs should
mean higher output.
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Co-Generation in Agriculture
Low Carbon Scenario: Cogeneration, also known as ‘combined heat and
power’ (CHP) is the simultaneous production of heat (usually in the form of
hot water and/or steam) and power, utilising one primary fuel. Cogeneration
is already deployed in agro-industries in Kenya, especially in the sugar
industry. However, the full potential of the technology is not used.
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Figure 51: Radial graph of co-generation in agriculture synergies and tradeoffs
Adaptation: Scores for reduced vulnerability since it should be capable of
producing energy in rural areas that have limited electrification. Also scores
for accommodation since energy production is unlikely to be affected by CC
(biomass for energy production though will be).
Mitigation: Score for both GHG reductions and decarbonisation of energy
production
Development: Scores for agriculture and quality of life (poverty reduction in
rural areas).
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Improved Heavy-Duty Vehicle Stock Efficiency
Low Carbon Scenario: The current LDV/HDV fleet in Kenya has a
relatively high proportion of older, less efficient vehicles as well as a
significant import of second-hand vehicles. Fuel efficiency improvement of up
to 10% in 2030 through improved rolling resistance of tyres, tyre pressure
monitoring and on-road testing of emissions regulations for all heavy duty
vehicles.
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Improved Passenger Vehicle Stock Efficiency
Low Carbon Scenario: The mitigation option focuses on improving
efficiency of vehicles by restricting and/or removing low efficiency vehicles in
the market, or subsidising and/or regulating higher efficiency vehicles.
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Figure 52: Radial graph of improved passenger vehicle stock efficiency
synergies and trade-offs
Adaptation: Zero score for adaptation.
Mitigation: Score only for GHG emission reductions. Weighting of 1 since it
will only affect higher income HH
Development: Negative score for poverty reduction since it may result in
higher cost of transport for poor (matatus are classed as private transport and
are one of the few low cost transport options in rural areas).
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Biodiesel
Low Carbon Scenario: Biodiesel is a liquid substitute for petroleum-based
diesel fuel made using vegetable oil derived from a wide variety of oil-bearing
plants such as castor, coconut, cotton, jatropha, rapeseed and sunflower.
Unlike ethanol which has several markets aside from energy, biodiesel’s only
use is as an alternative source of fuel for transport and stationary power.
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Figure 54: Radial graph of biodiesel synergies and trade-offs
Adaptation: Negative score for reducing future impacts to CC since biodiesel
production is seen as a landuse conflict issue.
Mitigation: Scores for all categories.
Development: Positive score for macro-economic stability due to fewer
imports of fuel, negative score for agriculture though due to landuse conflicts.
Positive score for manufacturing since energy costs should be lower.
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Bioethanol
Low Carbon Scenario: Ethanol is a liquid fuel that can be produced from a
variety of sugars and starch containing corps. Examples include cassava, sweet
sorghum, maize, sugar beet, sugarcane and wheat.
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Figure 55: Radial graph of bioethanol synergies and trade-offs
Adaptation: Negative score for reducing future impacts to CC since
bioethanol production is likely to be affected by CC.
Mitigation: Scores for all categories.
Development: Positive score for macro-economic stability due to fewer
imports of fuel, negative score for agriculture though due to landuse conflicts.
Positive score for manufacturing since energy costs should be lower.
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Bus Rapid Transit System – Nairobi
Low Carbon Scenario: An important planned project is a Mass Rapid
Transit System (MRTS) for Nairobi, which would consist of a Bus Rapid
Transit System and a Light Rail System. It is needed to provide services for a
rapidly expanding Nairobi Metropolitan area, the growth of which is
characterised to some extent by growth in satellite towns and areas outside
the city proper (peri-urban).
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Figure 56: Radial graph of bus rapid transit system in Nairobi synergies and
trade-offs
Adaptation: No scores for adaptation
Mitigation: Only scores for GHG emission reductions.
Development: Positive score for macro-economic stability, infrastructure,
jobs (reduced congestion = increased productivity), health (reduced air
pollution), quality of life - questionable. Will this transport system be cheap
enough for the poor? Will the poor keep to matatus?
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Light Rail System – Nairobi
Low Carbon Scenario: An important planned project is a Mass Rapid
Transit System (MRTS) for Nairobi which would include a Light Rail transit
system (LRT). This will provide services for a rapidly expanding Nairobi
Metropolitan area, the growth of which is characterised to some extent by
growth in satellite towns and areas outside the city proper (peri-urban).
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Figure 57: Radial graph of light rail system Nairobi’s synergies and trade-offs
Adaptation: Question regarding accommodating future impacts of CC - will
the transport system build climate variance into its construction i.e. 0.
Mitigation: Only scores for GHG emission reductions.
Development: As above. Weighting lower due to localisation of benefits.
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Shift of Freight from Road to Rail
Low Carbon Scenario: Large majority of freight is carried by road
transport due to various issues with the available rail freight service.
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Figure 58: Radial graph of shifting freight from road to rail’s synergies and
trade-offs
Adaptation: Negative score for future impacts unless rail system is built to
accommodate future changes. Negative score for accommodation as well
unless built to cope with sea-level rise, higher temps etc.
Mitigation: Regional benefits due to limited coverage of rail network.
Development: Positive scores for macro-economic, infrastructure,
manufacturing and jobs due to expansion of railways. Question on negative
impact on jobs due to less long-distance HGV use. Positive for overall quality
of life although question on impact for HH.
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Improved Charcoal Production
Low Carbon Scenario: The mitigation option considers a shift from the use
of traditional earth mound kilns, which generally have an efficiency between
10%-22% (calculated using oven-dry wood with 0% water content) to
increased use of improved charcoal production systems (ICPS), using retorn
kilns with an efficiency of approximately 30-42%.
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Figure 59: Radial graph of improved charcoal production synergies and
trade-offs
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Methane Avoidance from Landfill Gas
Low Carbon Scenario: When solid municipal waste (MSW) is dumped to
landfill, the organic compound can degrade in the absence of oxygen, so called
anaerobic digestion. This process releases methane that typically escapes to
the atmosphere and contribute to climate change. Instead the methane can be
captured. Note that here only the mitigation potential of avoided methane is
calculated.
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Figure 60: Radial graph of methane avoidance from landfill gas synergies
and trade-offs
Adaptation: Score only for reducing vulnerability due to abundance of
energy source.
Mitigation: Emission reductions in addition to decarbonisation of energy
production through renewable energy
Development: Positive impacts for slum housing, jobs and health care since
waste management should reduce water contamination and health issues.
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Agroforestry
Low Carbon Scenario: Agroforestry typically refers to land use practices in
which trees and other woody perennials are spatially or temporally integrated
with crops and livestock on a given unit of land. It is a combination of
agriculture and forestry techniques that aims to build more robust,
productive, resilient and diverse agro-ecological systems.
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Figure 61: Radial graph of agroforestry synergies and trade-offs
Adaptation: Positive scores for reducing vulnerability (although
questionable in short term) and reducing future impacts (droughts, floods)
and positive score for accommodation (sea level rise if mangroves planted).
Mitigation: Positive scores for GHG emissions and CCS promotion. No
score for decarbonisation since energy production is not an objective.
Development: Positive scores for agriculture (less erosion, irrigation needs),
healthcare (increased nutrition), water (green water) and poverty reduction.
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Reforestation of Marginal Agricultural Land
Low Carbon Scenario: Reforestation is the process of foresting land that
has not been a forest in at least 50 years. This initiative would involve
converting environmentally sensitive or unproductive agricultural lands to
forests.
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Figure 62: Radial graph of reforestation of marginal agricultural land
synergies and trade-offs
Adaptation: Positive scores for reducing vulnerability (although
questionable in short term due to landuse conflicts) and reducing future
impacts (droughts, floods) and positive score for accommodation (sea level
rise if mangroves planted).
Mitigation: Positive scores for GHG emissions and CCS promotion. No
score for decarbonisation since energy production is not an objective.
Development: Positive scores for agriculture (less erosion, irrigation needs)
and access to water (green water).
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Conservation Tillage
Low Carbon Scenario: Conservation tillage agricultural practices, often call
low or zero-tillage, involve farmers preparing their land using minimum or
zero tillage, disturbing the soil as little as possible., and leaving crop residue
on the soil surface, which reduces water movement and reduces soil erosion.
Conservation tillage practices can vary in the amount of tillage that they
employ, with zero tillage practices being the extreme. Reduction of soil
disturbance and improved residue management has a significant impact on
soil carbon sequestration.
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Figure 63: Radial graph of conservation tillage synergies and trade-offs
Adaptation: Positive score for future impacts since this form of agriculture
can reduce water stress for crops.
Mitigation: Positive scores for GHG emissions and CCS promotion. No
score for decarbonisation since energy production is not an objective.
Development: Positive scores for agriculture (soil fertility and water
retention) and water (green water).
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Limiting Use of Fire in Range and Cropland Management
Low Carbon Scenario: Fire is widely used on grass and rangelands in
Kenya to clear vegetation, stimulate growth, and control pests, and on
cropland to attempt to regenerate soils or to facilitate harvesting. Burning
lands in this way is a significant source of GHG emissions in Kenya due to
emissions of methane and nitrous oxides. This mitigation option would
prevent 75% of the rangeland and cropland burning that occurs each year.
Adaptation
Mitigation
Development

5.68
19.98
5
Adapta,on	
  	
  
30	
  
24	
  
18	
  
12	
  
6	
  
0	
  

Development	
  

Mi,ga,on	
  

Figure 64: Radial graph of limiting use of fire in range and cropland
management synergies and trade-offs
Adaptation: Positive score for existing vulnerability (loss of livelihood/home
to fire) and future impacts (improved topsoil retention and water retention).
Mitigation: Positive scores for GHG emissions and CCS promotion. No
score for decarbonisation since energy production is not an objective.
Development: Positive scores for agriculture (soil fertility and water
retention) and water (green water) and poverty reduction (loss of livelihood).
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Reforestation of degraded forests
Low Carbon Scenario: Reforestation involved foresting lands that were once
forests, but which have been depleted or converted to non-forest land since at
least 31 December 1989. Increasing Kenya’s forest cover from 6% to 10%
would involve reforesting or restoring 2.4million ha of land.
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Figure 65: Radial graph of reforestation of degraded forests synergies and
trade-offs
Adaptation: Positive scores for reducing vulnerability (although
questionable in short term due to landuse conflicts) and reducing future
impacts (droughts, floods) and positive score for accommodation (sea level
rise if mangroves planted).
Mitigation: Positive scores for GHG emissions and CCS promotion. No
score for decarbonisation since energy production is not an objective.
Development: Positive for jobs (tree planting), tourism (biodiversity
enhancement), agriculture (soil fertility), water (green water) and poverty
reduction (jobs and income).
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Restoration of Forests on Degraded Lands
Low Carbon Scenario: In some areas, forests can regenerate naturally on
degraded land with sustainable management interventions that allow for
regeneration from ground stored or wind-blown seeds, as well as growth of
trees which have been stunted because of grazing.
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Figure 66: Radial graph of reforestation of forests on degraded lands
synergies and trade-offs
Adaptation: Positive scores for reducing vulnerability (although
questionable in short term due to landuse conflicts) and reducing future
impacts (droughts, floods) and positive score for accommodation (sea level
rise if mangroves planted).
Mitigation: Positive scores for GHG emissions and CCS promotion. No
score for decarbonisation since energy production is not an objective.
Development: Positive for jobs (tree planting), tourism (biodiversity
enhancement), agriculture (soil fertility), water (green water) and poverty
reduction (jobs and income).
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