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Introduction 
 
Effective water resources management is a pillar of sustainable development and 
coping with climatic risks.   Systemic reliance across key market and non-market 
sectors underscores the economic importance of safe and reliable water 
supplies.  Highly uncertain regional manifestations of human-induced climate 
change require robust measures to achieve climate resilient development goals.  
The following study explores three methods for assessing climate change 
adaptation costs in the Kenyan water sector.  Methods include an partial 
investment flows and financial flows (IF&FF, UNDP) analysis, adaptation 
signatures (SEI) and an illustrative basin-level case study for costing integrated 
adaptation strategies (WEAP, SEI).   Results of the methods were compared, 
along with highly aggregated macroeconomic estimates.  Together these 
comprise multiple evidence lines for assessing indicative costs of climate 
ÁÄÁÐÔÁÔÉÏÎ ÉÎ +ÅÎÙÁȭÓ ×ÁÔÅÒ ÓÅÃÔÏÒȢ   
 

Conceptual framing and attribution issues 
 
The attribution  of anthropogenic climate forcing to present and future impacts at 
the national or sub-national level is a highly uncertain science.  Apart from 
impacts related to sea level rise and temperature changes (e.g. average, diurnal), 
probabilistic predictions of altered precipitation and seasonal regimes are 
beyond the capacity of current global climate models (GCMs).  While model 
projections based on reference emissions scenarios remain the primary source of 
information about future climates, their outputs can be misleading in current 
contexts dominated by natural climate variability and management regimes.   
 
Extreme uncertainty associated with model-based impact approaches to 
adaptation planning calls for an alternative conceptual framework.   One such 
framework is focused around actual and intended development pathways, and 
exposure, sensitivity and adaptive capacity to current climate risks.  Hence, the 
starting point for this framework is current development and adaptation needs, 
rather than vulnerability assessments based on projected impacts.  Identified 
ÁÄÁÐÔÁÔÉÏÎ ÓÔÒÁÔÅÇÉÅÓ ÉÄÅÁÌÌÙ ÐÅÒÆÏÒÍ ÔÏ ȰÇÏÏÄ ÅÎÏÕÇÈȱ ÓÔÁÎÄÁÒÄÓ ÁÃÒÏÓÓ Á ÒÁÎÇÅ 
of scenario futures, resulting in few or no-regrets that do not limit future 
management options and offer development co-benefits.   
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However, the challenge of attribution remains prominent among methodologies 
used to cost robust strategies.  Figure 1  ÉÌÌÕÓÔÒÁÔÅÓ ÔÈÅ ÓÕÂÓÔÁÎÔÉÁÌ ȰÇÒÅÙ ÁÒÅÁȱ ÉÎ 
which present and projected future development and adaptation financing needs 
overlap.  The complexity of these overlaps demonstrates a need for process-
based rather than optimization approaches to adaptation, with emphasis on 
adaptive management systems, learning by doing and knowledge sharing.  In this 
regard, the significance of institutional capacity and possibly transformation is 
evident as climate change impacts manifest over time and development 
investments become sources of adaptation benefits or liabilities.  At present, the 
latter distinctions are extremely tenuous and unreliable for shaping current 
planning horizons.  Therefore, increasing adaptive capacity within present 
development and climate adaptation contexts appears to be the most robust 
conceptual framework for strategic adaptation investment decisions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Schematic of present and future development and climate adaptation 
ÉÎÖÅÓÔÍÅÎÔ ÎÅÅÄÓȟ ÁÎÄ ÒÅÓÕÌÔÉÎÇ ȰÇÒÅÙ ÁÒÅÁȱ ÏÆ ÏÖÅÒÌÁÐÓ ÁÃÒÏÓÓ ÉÎÔÅÒÖÅÎÔÉÏÎÓȢ   
 

Deep uncertainty for water sector planning 
 
At the global level, uncertain socio-economic development pathways and climate 
system responses to related forcing makes attribution and planning for future 
climate change extremely difficult.  In the Kenyan context, this is compounded by 
other deeply uncertain biophysical and socioeconomic parameters (Table 1).    
 

Table 1: Uncertain parameters  
Biophysical:  

¶ Climate variability and change 
¶ Natural water resource fluctuations  
¶ Current resource endowment  
¶ Ecosystem demand 

Socioeconomic:  
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¶ Population growth and geographic 
distribution  

¶ Sectoral demand and end use 
efficiency  

¶ Global market forces 
¶ Future supply development 
¶ Waste collection, disposal, and 

treatment development  

 
For example, the substantial uncertainty in projected precipitation anomalies 
against present averages for the period of 2045-2065 is illustrated in Figure 2  
ÆÏÒ ÉÎÄÉÃÁÔÉÖÅ ÓÔÁÔÉÏÎÓ ÉÎ +ÅÎÙÁȭÓ ÆÉÖÅ ÍÁÉÎ ÃÁÔÃÈÍÅÎÔ ÂÁÓÉÎÓȢ 

 
Figure 2 .  Projected changes in monthly precipitation anomalies across 9 GCM 
models for the period of 2045-2065, statistically downscaled to Nairobi, Meru, 
Wajir, Lodwar and +ÉÓÕÍÕ ÓÔÁÔÉÏÎÓ ×ÉÔÈÉÎ +ÅÎÙÁȭÓ ÆÉÖÅ ÃÁÔÃÈÍÅÎÔ ÂÁÓÉÎÓȢ  
Climate Change Explorer (CCE) tool, Climate Systems Analysis Group and SEI, 
2009.   
 
Furthermore, a history of poor resource management in the Kenyan water sector 
has led to deficits in present knowledge and capacity that exacerbate future 
uncertainty.  A lack of comprehensive resource accounting, monitoring, and 
regulation has resulted in excessive demand, frequent supply shortages and 
unaccounted for supply losses that are 50% or greater in many urban and rural 
piped water distribution systems (NWDR, 2006).   
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Deep uncertainty surrounding the present and future values and interaction of 
these and other variables creates a challenge for water resource managers.  This 
presents a need to bolster adaptive management systems and decision-making 
that is robust against an envelope of uncertain scenario futures.  For instance, a 
scenario of negative precipitation anomalies, high population growth and low 
end use efficiency among sectors may continue to exhaust urban and rural water 
supplies in arid and semi-arid lands.  While it is beyond the scope of this study to 
conduct such integrated scenario analysis at the country-level, this approach is 
illustrated in a case study of adaptation interventions in the Tana River Basin.   

 

Adaptation economics methods 
 
Three primary methods were used to explore the costs of adaptation to climatic 
risks for the Kenyan water sector.  These include Investment and Financial Flows 
(I&FF) and Adaptation Signatures analyses at the national scale, and scenario-
based modeling of adaptation costs in the Tana River Basin (Table 2). 
 
Table 2:  Adaptation economics assessment methods used 
 
Costing method  Description  Scale Developer  

Investment and 
financial flows 

(I&FF)  

Nationally aggregated 
assessment of changing 

investments needs from climate 
adaptation or mitigation 

National-aggregated UNDP 

Adaptation 
signatures  

Disaggregated national 
assessment of project and 
program-level adaptation  

National- 
disaggregated by 

Kenyan Water 
Services Board (WSBs) 

SEI 

Water Evaluation 
And Planning 

(WEAP) Scenario-
based model 

Stylized scenario-based costing 
of Integrated Water Resource 

Management (IWRM) 
adaptation 

Tana River Basin SEI 

 
 
In line with the overall conceptual framework, present development and 
adaptation needs were the basis of analysis.  Results are very preliminary and 
only indicative of actual costs of adapting to future climate change.  In addition, it 
is worth emphasizing that the methods are not mutually exclusive and can be 
combined to suit specific analyses.  For example, use of scenario-based modeling 
techniques such as WEAP are recommended in I&FF guidelines.  Each of the 
methods is described below.   
 

Investment and Financial Flows (I&FF) 
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Developed by the United Nations Development Programme (UNDP), this 
methodology was designed to assist developing countries in examining their 
Investment and Financial Flows (IF&FF) for addressing climate change.  The 
overall aim of the exercise is to build capacity among country planners to assess 
changes in investments in physical assets (IF) and programmatic measures (FF) 
needed for climate adaptation or mitigation.   Operation and Maintenance Costs 
(O&M) are also accounted for.   
 
The conceptual framework of the method is oriented around two future 
ÓÃÅÎÁÒÉÏÓȟ ρɊ Á ÂÁÓÅÌÉÎÅ ȰÂÕÓÉÎÅÓÓ ÁÓ ÕÓÕÁÌȱ ÂÁÓÅÄ ÏÎ ÃÕÒÒÅÎÔ ÐÏÌÉÃÉÅÓ ÁÎÄ ÐÌÁÎÓ 
and 2) a climate change scenario in which either (but not both) mitigation or 
adaptation measures are taken.  Investment costs of the baseline and climate 
change scenario are compared to determine future changes in investment that 
are needed.  Investment entities identified to take on present and projected 
future costs include households and foreign and domestic corporations and 
governments.  Figure 3  illustrates the nine steps recommended to carry out a 
full I&FF for priority sectors.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Steps in sectoral assessments of I&FF to address climate change (UNDP, 
2009). 
 
For a comprehensive description of these procedures, the UNDP methodological 
guidelines are available at www.undpcc.org.  While a comprehensive sectoral 
I&FF analysis was not possible under the time and resource constraints of the 

http://www.undpcc.org/

