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1. Introduction & Background 
The most significant observed trends in the global environment describe the evident 
changes in the chemical composition of the atmosphere, and the changes in global land 
cover. The change in atmospheric chemistry is caused by anthropogenic emissions of 
greenhouse gases and in particular of carbon dioxide which is a byproduct of fossil fuel 
combustion. These greenhouse gases represent the main forcing of the observed and 
predicted changes in global and regional climates. The main concern resulting from this 
global problem stems from the prediction that future climates which will shape future 
levels of rainfall, river flow, and surface temperature are likely to be significantly 
different from our current climate. This concern is particularly relevant to the planning 
and management of water resources projects such as hydropower plants and irrigation 
schemes. Traditionally such projects are planned and managed assuming that observed 
climate records of the past provide a sufficient characterization of the likely climate 
conditions in the future. The recent predictions of global and regional climate change 
question this assumption in a fundamental way. 
 
In order for ENTRO to address the important issue of climate change in a systematic 
manner, an “Approach Paper” was developed in 2009 describing a comprehensive 
strategy on how to respond to the issue of climate change. The strategy consists of five 
pillars which constitute a systematic approach to climate change by ENTRO. This 
approach encompass all issues related to climate change over the Nile basin including 
prediction, adaptation, mitigation, and opportunities. 
 
The goal of this study is integrate the process of climate risk assessment into the planning 
and management stages of investments in water resources over the Eastern Nile basin. 
 
 
2.0 Objective 
The overall objective of the study is to develop and operationalize an analytical 
framework for integrating climate risks into the process of investment planning and 
management of the EN water resources. Such analytical framework for Climate Risk 
Assessment (CRA) could be used to guide water related investment in the EN and form 
the basis for climate screening for investment project and provide guidance to the 
development of climate smart strategies. 
The specific objectives of the consultancy are:       
     
(i) Customize the proposed Climate Risk Assessment (CRA) Methodology for the EN, 
with a set of Adaptation and Mitigation measures integrated as part of the show case to 
illustrate the effectiveness of the proposed methodology in promoting climate smart 
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planning and climate resilient growth.       
  
 (ii) Address challenges facing the operationalization of the proposed framework, identify 
and prioritize future strategic directions for designing climate smart measures in the EN.   
    
(iii) Strengthen the capacities of the EN national & regional institutions and their abilities 
to use the proposed analytical framework for climate risk assessment, as means for 
integrating adaptation and mitigation measures as part of the planning process. 
 
(iv) Develop climate smart development strategies incorporating, interventions, impacts 
on indicators and prioritized options. This will be undertaken through assessment of 
current situation (information, institutions, infrastructure), identification of system 
sensitivity to historic conditions, establishing planning framework and carrying out 
capacity building and regional consultations at key stages of the study. 
 
3.0 Scope of Work (taken from TOR) 
Task 1: System 
Assessment of 
the Current 
Situation 

1.1 Information Assessment. The Consultant will work with ENTRO to:  
• Define system considered  (e.g. EN sub-basins)   
• Outline system performance indicators (e.g. hydrologic, environmental, 

social, economic) – supported by brainstorming at a consultation workshop 
to be facilitated by the Consultant and ENTRO. 

• Examine the status of the existing knowledge base and identify obvious 
knowledge gaps and strategies to address them; in particular, examine 
historical and future climate projection data (including emerging AR5 
datasets) 

• Examine existing systems models at ENTRO developed to analyze the 
system - such as water simulation models & rainfall runoff models (e.g. 
SWAT, HecRes-Sim, Nile-DSS & Mike Basin, etc.)  

• Examine the climate information and tools available in the ENTRO portal 
and suggest improvements. 
       

1.2Institutional Assessment. The Consultant will work with ENTRO to: 
      
• Identify key stakeholders for climate-related analyses 
• Assess current institutional framework and capacity  for “bottom-up” 

Climate Risk assessment in water resources planning and management  
• Determine obvious capacity gaps and capacity-building strategies to 

address them 
• Determine Regional/Inter-sectoral Institutional Coordination needs  and 

approaches to improve these aspects.   
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1.3 Infrastructure Assessment. This shall include assessing current (and future) 
water demands, collating the existing (and proposed) water- related 
infrastructure, and their characteristics/operating principles.  

Task 2: Look 
Back - Identify 
System 
sensitivity to 
historic climate 
variability and 
examine historic 
coping 
strategies 

2.1 Review sensitivity to historical climate and hydrologic variability as well as 
recent trends;   
 
2.2 Analysis of historical time series of hydro-meteorological records:  
     
• Estimate the probability of rainfall/runoff anomalies, extreme conditions 

such as droughts (length and magnitude) and floods,    
    

• Work with ENTRO staff and interns/young professionals in order to run the 
system models for various historical scenarios in order to estimate the  
vulnerability and risk of the System (as measured by the system 
performance indicators) to historic climate variability;  Develop 
“acceptable” thresholds for the system performance indicators with inputs 
from consultation and explore how often these are violated using historical 
data and with scenarios of development (proposed water infrastructure); 
 

2.3 Review and analyze the evolution of relevant sectoral institutions in the EN 
and examine historical coping strategies;  
      
2.4 Analyze Trends in infrastructure development & management.  
    

Task 3: Look 
Ahead: 
Establish a 
planning 
framework 
which include 

3.1 Establish and implement a Planning framework which includes the 
following:       
• Portfolio of development and Climate Scenarios to be analyzed. This shall 

include future climate scenarios with continuing variability and climate 
change scenarios and modifying the system models for their inclusion, 
  



 6 

development 
and Climate 
scenarios;  
acceptable 
indicators 
thresholds; 
implication of 
both historic & 
obvious climate 
scenarios on 
indicators 
  
  

• Explore implications for how often the “acceptable” system performance 
indicator thresholds are violated based on future climate change and 
development scenarios. 

• Study implications of scenarios on indicators and determine the values of 
climate and hydrologic variables that cause unacceptable vulnerability 
       

3.2 Undertake training and capacity-building activities to promote this 
methodology 
  
3.3 Perform Infrastructure Assessment to determine the followings:  
    
• Sector needs and development deficit    
• Development scenarios 
• Carbon finance potential 
• Existing System Development Plans      

    
Task 4: Plan 
Ahead : 
Develop 
Climate Smart 
Development 
Strategies 
  
   

4.1 Identify and describe a set of Climate Smart Interventions that could be 
internalized as part of the development process.  These climate smart 
interventions could be identified as Adaptation and/or mitigation measures and 
could be prioritized as win-win, no-regret, and up-scalable interventions. 
Provide detailed costing and implementing plan for such climate smart 
options.  
  
4.2 Analyze impact of climate-smart (adaptation & mitigation)options on 
indicators to determine trade-offs/acceptability. The costs of such interventions 
shall be traded off against the risk reduction achieved in order to determine the 
appropriate set of interventions  to be implemented. 
     
4.3 Profile and prioritize the set of Climate smart options, including: 
     
• Knowledge/analytical/ monitoring systems upgradation  
• Policy & institutional framework strengthening strategy (include system 

coordination plans)•Capacity-building and training strategy  
• Climate-smart sectoral/ regional system investment strategies 

(mainstreaming climate risk adaptation & mitigation)   
      

Task 5: 
Capacity 
Building 

5.1 Conduct an inception regional consultation sessions for selecting
 Performance indicators and thresholds for acceptable indicators. 
      
5.2 Conduct  National and  regional Capacity building workshops   onthe 
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Climate Risk Assessment Methodology and application and on mainstreaming 
climate smart measures as part of the planning process for investment 
projects.        
 

 
 
 
 
 
 
4. Methodology 
The proposed methodology for this study consists of the following five steps: 
4.1 Current Situation Assessment: 
The current situation assessment will include assessment of available information, 
institutions and infrastructure in the EN countries. 
 
In assessing information, we will first define the system to be considered. Our initial 
considerations of the current state of the Eastern Nile system suggests a focus on the Blue 
Nile sub-basin defined by the total area draining through Khartoum. The investment of 
Renaissance dam and hydropower project is deemed to be a reasonable candidate for 
analysis compared to any other option. This is the most significant development project 
in the Nile basin since construction of the High Aswan Dam in the 1960s. Hence for this 
study to remain relevant to current developments in the basin, this project is an obvious 
choice. The system performance indicators will include: rainfed agriculture in Ethiopia, 
hydropower generation in Renaissance, irrigation agriculture in Sudan, hydropower 
generation in Rosaries, and contribution of the flow in Khartoum to the water supplied to 
Egypt as measured in Aswan. All five indicators will be considered within the system 
defined above. As part of this assessment exercise we will focus on historical climate 
variability as characterized by (rainfall, river flow and temperature), as well as future 
conditions of the same variables predicted by the current generation of climate models. 
       
The selections of the system/investment/performance indicators define a specific case 
study that can be used to illustrate and operationalize the CRA methodology. This 
illustration and operationalization are important aspects called for by the  objectives of 
the study. Following this step, extensions of the application of the methodology to other 
sub-basins, to other investments, and to other performance indicators should be feasible, 
using in-house resources available to ENTRO and regional institutional capacity. The 
stated selections were presented and discussed in the regional workshop organized in 
Ethiopia in February 2014. 
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Initial work on this study regarding assessment of knowledge was carried in November 
2013 through direct interactions between the consultant and ENTRO staff. The sets of 
models, climate information and tools, available at ENTRO were presented and 
discussed.  
 
The assessment of the current state of the institutional capacity in the Eastern Nile 
countries is carried based on the consultation and questionnaire distributed in February 
2014 workshop, and of close examination of the draft documents produced by the Joint 
Multipurpose Project (SSEA, WP1, WP2). The objective of this institutional assessment 
is to define: (1) Key stakeholders in each country who are commissioned or expected to 
carry CRA in the context of water resources planning and management, (2) The capacity 
of these stakeholders (human, and technology) to carry or interpret CRA analysis in this 
context, (3) Gaps in capacity between needed and available resources, (4) Existing level 
of coordination between stakeholders at different sectors within the same country, and at 
the regional level, (4) Strategies to enhance institutional capacity for CRA in the context 
of water resources planning and management. 
 
The last aspect of the current situation assessment relates to infrastructure. The objective 
here is to define the current and future water-related demands in the Eastern Nile 
countries as it relates to the system defined above, and each of the 5 performance 
indicators that have been outlined. 
 
4.2 Look Back: System Vulnerability to Historic Climate Variability, and Historic 
Coping Strategy 
The analysis in this task will have the following steps (i) start by analyzing data to 
describe the long-term historical variability in the key variables defined above including 
rainfall, river flow, and temperature. Sources for such data sets will include the database 
assembled at ENTRO, in addition to archived data sets such as TRMM, CRU, and 
Willmott-Matsuura data sets. (ii) Then the statistics of this data will be analyzed to 
characterize the observed historical variability in these variables at monthly, annual, 
decadal and century time scales. (iii) The appropriate modeling tool, selected from within 
those tools available at ENTRO will be used to simulate how the water infrastructure 
system responds to historical variability, with particular focus on the selected 
performance indicators. 
 
In consultation with the participants of the February 2014 workshop, we will develop 
thresholds for the system performance indicators describing limits between 3 states 
(High, Normal, Low; or in other words hydrologic conditions of Flood, Normal, and 
Drought, or describing economic conditions of Plenty, Sufficient, and Deficient). As a 
start these thresholds will roughly correspond to conditions that are experienced 
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historically 1/3, 1/3, and 1/3 of the time. The relevant question to be addressed later is 
how these three probabilities will change as a result of climate change?; for example a 
drought that used to be experienced 1/3 rd of the time how often will it be experienced in 
the future as a result of climate change?; and even more interesting is how these 
probabilities can be preserved through adaptation measures?. 
 
Another key issue is what strategies, if any, are used by the stakeholders responsible for 
CRA within the water sector to cope with significant historical events of climate 
variability (major droughts e.g 1983-84; major floods such as 1998, and 2008)?. Are 
these strategies evolving with time to adapt to the likelihood of climate change?  
 
Are there any trends in infrastructure development & management in the system defined 
above? What are the most significant investments in the last 10 years?  And in the 
coming  10 years?  
 
4.3 Look Ahead: Planning Framework for Development under different Climate 
Scenarios: 
This planning framework will consist of the following components: (1) Several scenarios 
for future climate conditions in the Eastern Nile basin will be constructed by combining 
observed past climate variability with predictions from a select set of global climate 
models that are credible for use in the Eastern Nile, (2) The performance of different 
configurations of the selected investment (Renaissance) will be analyzed in terms of the 
selected indicators assuming the scenarios of future climate conditions constructed in the 
previous step; (3) In particular, shifts in the state of these indicators across the pre-
specified thresholds will be estimated to determine the increase (decrease) in the 
frequency of occurrence of conditions of (plenty, acceptable, deficiency) as a result of 
climate change. (4) The relative performance of the different indicators corresponding to 
different configurations of the selected investment under different operating rules and 
different climate change scenarios will be compared; (5) The potential for taping into 
different carbon finance opportunities will be discussed. 
 
4.4 Plan Ahead: Climate Smart Development Strategy 
Based on the risks identified in the previous planning exercise, a specific set of 
adaptation measures will be proposed as potential elements of a climate smart adaptation 
strategy. Potential adaptation measures will include (1) modifications in the 
configurations of the investment (2) operating rules and management strategies that 
impacts performance of the indicators (3) proactive coping institutional strategies that 
reduce the impact of climate change on the performance indicators (4) monitoring 
systems upgrades (5) Institutional strengthening, training and capacity building strategies. 
(6) inter-sectoral and regional coordination to mainstream CRA. 
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These climate smart interventions will be identified as win-win, no-regret, and up-
scalable interventions. Detailed costing and implementation plans for such climate smart 
options will be discussed.  
  
The impact of climate-smart options on indicators will be estimated. The costs of such 
interventions will be compared to the risk reduction achieved in order to determine the 
trade-offs hence appropriate set of interventions to be implemented. These interventions 
will be prioritized. 
     
4.5 Capacity Building 
Two activities will be organized: (1) Regional consultation sessions in February 2014 for 
current situation assessment, selection of performance indicators and thresholds for these 
indicators. (2) Regional Capacity building workshop on the Climate Risk Assessment 
Methodology and its application and on mainstreaming climate smart measures as part of 
the planning process for investment projects.        
   
5. Approach 
The approach of this study includes five main sets of activities: 

(1) Meetings, consultation, engagement with ENTRO staff to solicit their inputs 
about this study. The Consultant to ENTRO has accomplished this task during a 
visit in November 2013. A regional consultation workshop in February 2014 will 
be utilized to brainstorm and collect input from stakeholders. 

(2) Review of all relevant ENTRO supplied documents and presentations that are 
relevant to this study.  Some material has been collected from ENTRO during the 
November visit. 

(3) Literature review of published books and articles that are relevant to the subject of 
this study.  

(4) Application of the methodology outlined in section 4 above. 
(5) Research carried through remote interactions with ENTRO staff involving 

application of the modeling tools available at ENTRO in the tasks of the study. 
(6) Organization of a regional capacity-building workshop in August of 2014 to 

present the findings of this study to the climate change and water resources 
experts and to the policy makers from the Eastern Nile countries as well as 
representatives of funding and development agencies. We will solicit feedback 
from participants for incorporation into the final report. 
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6. Timeline 
November 2013 Visit to ENTRO, meetings with staff 
February 2014  Inception workshop, regional consultation, submission of 

Inception Report 
March 2014   Current Situation Assessment Report  
May 2014   Sensitivity to Historic Variability Report 
June 2014   Planning Framework including CRA Report 
August 2014   Climate Smart Development including adaptation measures 
August 2014   Capacity Building Workshop 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


