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EXECUTIVE SUMMARY 

1. The Asian Development Bank (ADB) is supporting the Government of Nepal, through 
the Ministry of Energy, Water Resources and Irrigation (MEWRI), in preparing and 
implementing the Priority River Basins Flood Risk Management Project in the Terai region in 
Southern Nepal. The sub-project basins included in the project are shown in Figure 1 and 
include: 

(i) Mohana Khutiya basin; 
(ii) Mawa Ratuwa basin; 
(iii) West Rapti basin; 
(iv) Lakhandei basin; 
(v) East Rapti basin; 
(vi) Bakraha basin. 

 
2. The project will invest in: (i) hydraulic structures that contain severe floods largely 
within river channels and provide ‘river training’; (ii) a flood forecasting and early warning 
system (FFEWS) capable of alerting people in the basin to a pending flood; and (iii) training 
of people and local government officials in community-based disaster risk management 
(CBDRM) so that people can prepare for floods in advance and minimize flood-related 
losses. 

3. The overall climate risk, based on the preliminary AWARE tool climate risk 
screening, for the project is classed as HIGH (refer to Appendix II for the AWARE climate 
risk screening reports for this project). This ‘high risk’ rating from AWARE for this project is 
mainly because of high risks associated with: 

(i) Precipitation increase: may lead to increased seasonal runoff and therefore 
erosion and siltation of watercourses, reservoirs, and flooding and 
precipitation induced landslide events. 

(ii) Flood: climate change is projected to increase the frequency and intensity of 
flood events and existing engineering designs may not take into consideration 
the risks associated with this. 

(iii) Snow loading: the impact of increasing precipitation at higher latitudes could 
represent an increased risk of snow loading which could impact on the 
structural integrity of buildings and other infrastructure. Existing design 
standards may not take into consideration the impact of climate change on 
snow loading risk. However, it should be noted that investigations conducted 
after the initial AWARE climate risk screening suggest it is doubtful that snow 
loading is a significant risk for the six sub-project basins included in the 
project. 

(iv) Landslide: the project is located in a region which has experienced frequent 
precipitation (and earthquake) induced landslide events. The slope, lithology, 
geology, soil, vegetation and land use in this region suggest that landslides 
will continue to be a problem in the future. Existing design standards may not 
take into consideration the impact of climate change on landslide risk. 
However, it should be noted that investigations conducted after the initial 
AWARE climate risk screening suggest it is doubtful that landslides are a 
significant risk for the six sub-project basins included in the project. 
 

4. The project is a Type 2 (climate or adaptation programming) project because the 
main purpose of the investment is to better manage flood risk. Type 2 projects require a 
more detailed Climate Risk Assessment (CRA), formerly known as a Climate Risk and 
Vulnerability Assessment (CRVA), and a focus on assessing the costs and benefits of the 
adaptation actions introduced by the project under current and future climate conditions. 
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5. Components of the project that are important to its success but also potentially 
impacted by current and future climate variability and change are: 

(i) the existing (and proposed) hydraulic structures that are intended to contain 
severe floods within river channels and to provide ‘river training’; 

(ii) the flood forecasting and early warning system (FFEWS). 
 

6. The impacts of climate variability and change on the third component of project (i.e. 
the training of people and local government officials in community-based disaster risk 
management (CBDRM)) are likely to be minimal. This makes CBDRM a low regret (or win-
win), and therefore high priority, component of the project investment. 

7. Climate change impacts were found to significantly increase flood affected area and 
people affected by floods for all six project study basins. 

8. The hydraulic structures proposed for construction in the project were found to 
significantly reduce flood affected area and people affected by floods under both existing (no 
climate change impacts) and future (with climate change impacts) conditions. 

9. As shown in Table E1, the EIRR is greater than 9% for the total project. The Bakraha 
and West Rapti subprojects have the highest EIRR. he EIRRs for the East Rapti, Lakhandei, 
and Mawa Ratuwa subprojects were assessed to be below the 9% minimum threshold. 
However their inclusion is justified to avoid civil unrest and benefit highly disadvantaged and 
some of the poorest communities in Nepal.1 

Table E1: Summary of project economic analysis  

Basin 
Total Benefits (NRs 

million) 
Total Costs (NRs 

million) EIRR (%) 

Mohana Khutiya 1,963.00 1,796.00 9.05 

West Rapti 1,529.00 1,528.00 18.89 

Bakraha 634.00 634.00 16.34 

Total Project 6,594.00 6,418.00 9.60 

 
10. It is recommended that the proposed: (i) hydraulic structures; (ii) flood forecasting 
and early warning system (FFEWS); and (iii) community-based disaster risk management 
(CBDRM) be implemented for all six project study basins. 

 
1 Economic and Financial Analysis Report (accessible from the list of linked documents in Appendix 2 of the 

report and recommendation of the President). 



 

I. INTRODUCTION 

I-A. Brief project description  

1. Flooding poses a significant risk to large sections of the population in Nepal. Flooding 
has a particular impact in the Terai region in Southern Nepal (Figure 1). The Terai region 
occupies approximately 17% of Nepal’s area and the agriculture in the Terai region is the 
basis of Nepal’s economy. The Terai region has a long history of floods that significantly 
affect livelihoods, agriculture, infrastructure, transport, communication and power supply. 

2. The Asian Development Bank (ADB) is supporting the Government of Nepal, through 
the Ministry of Energy, Water Resources and Irrigation (MEWRI), in preparing and 
implementing the Priority River Basins Flood Risk Management Project in the Terai region in 
Southern Nepal. The sub-project basins included in the project are shown in Figure 1 and 
include: 

(i) Mohana Khutiya basin; 
(ii) Mawa Ratuwa basin; 
(iii) West Rapti basin; 
(iv) Lakhandei basin; 
(v) East Rapti basin; 
(vi) Bakraha basin. 

 
Figure 1: Study area and location of the six sub-project basins included in project. 

 

3. The project will invest in: (i) hydraulic structures that contain severe floods largely 
within river channels and provide ‘river training’; (ii) a flood forecasting and early warning 
system (FFEWS) capable of alerting people in the basin to a pending flood; and (iii) training 
of people and local government officials in community-based disaster risk management 
(CBDRM) so that people can prepare for floods in advance and minimize flood-related 
losses. 
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I-B. ADB’s climate risk management framework 

4. ADB has a climate risk management framework which is a mandatory part of project 
development. This climate risk management framework, summarized in Figure 2, undertakes 
a context-sensitive preliminary climate risk screening during the project’s concept 
development phase to identify whether the climate risks are low, medium or high. 
Opportunities for including greenhouse gas (GHG) emission reduction (mitigation) are also 
considered during the project concept development phase. 

Figure 2: ADB’s Climate Risk Management framework. 

 

5. For those projects that are assessed to have ‘medium to high’ climate risks, a more 
detailed and more rigorous CRA, formerly known as a CRVA, is conducted. This is 
necessary to better understand and quantify the climate and disaster risks and also to 
identify and assess possible adaptation options to reduce the identified climate risks and 
increase the climate resilience of the project. Outputs from the CRA, especially the potential 
adaptation options and the costs and benefits associated with them, are then used to inform 
design and implementation of the project. 
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I-C. ADB’s guidance for undertaking CRAs 

6. Existing ADB guidance for undertaking CRAs, includes specific guidance for the 
agriculture sector2 and support for economic appraisal of adaptation3. Figure 3 summarizes 
this guidance. Steps 1–6 are associated with initial climate risk screening conducted at 
project concept phase. Steps 7–16 focus on the CRA (or CRVA as it was known), and Steps 
17-20 set out the subsequent implementation, monitoring, and evaluation activities.  

Figure 3: Steps involved in undertaking a CRA for ADB. 

 
7. In 2017 ADB reviewed its CRA process to identify opportunities to improve 
procedures and to strengthen the overall quality of project level climate risk management.4 
This review evaluated ADB’s climate risk management framework, the CRA process, and 
the resulting technical guidance on climate risk management and climate-resilient 
investment. It also reviewed project implementation with a detailed review of a sample of 
CRAs. The recommendations from the review were to strengthen climate risk management 
guidance especially in areas relating to: (i) consideration, quantification and management of 

 
2 ADB 2012. Guidelines for climate proofing investment in agriculture, rural development, and food security. 
3 ADB 2015. Economic Analysis of Climate Proofing Investment Projects. 
4 Wilby, R (2017). Strengthening ADB business processes, project level guidance and operational frameworks 

for climate resilient investments. Report to ADB. 
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uncertainty; (ii) identification of adaptation options; (iii) use and sources of climate change 
information; and (iv) economic analysis of the costs and benefits of adaptation. 

8. ADB has responded to these recommendations and is in the process of revising the 
CRA guidance, with a focus on pragmatic methods that are fit for purpose. These updates 
are being developed iteratively, using ADB project case studies and discussion with project 
staff. An initial set of principles for enhancing CRAs have been developed and are as 
follows, with Principles 4 to 7 (the key ones for CRAs) further detailed in Figure 4. 

Principle 1. There is a need to move the climate risk management process upstream, into the country 
partnership strategy (CPS), Country Operations Business Plans (COBPs), and project concept stage, 
to enhance the opportunity to change project design.  
 
Principle 2. Not all projects require the same level of CRA analysis: it is important to differentiate 
projects and develop CRA guidance that relates to the materiality (proportionality) of climate change 
risks and adaptation needs. Three levels are identified: 
a) Climate proofing (Type 1a projects) where climate is a relatively minor risk to the project 

performance and the objective is to make the project more resilient with some marginal changes. 
In such case, a lighter touch CRA approach should be possible. 

b) Climate proofing projects with high adaptation needs (Type 1b projects) when climate change is 
important in terms of project risk and economic performance and a greater level of adaptation is 
warranted. These would require a more detailed CRA.  

c) Adaptation (or climate) programming (Type 2 projects) where a dedicated adaptation investment 
(40-100% adaptation finance tracking) is developed. As the primary objective of these projects is 
to reduce climate risks, they require more detailed CRAs. 

 
Principle 3. Some climate proofing projects require more detailed CRA analysis because they have 
higher climate risks and/or higher adaptation needs. It would be useful to screen projects before the 
CRA is commissioned, to identify needs and resources required. A key aim would be to differentiate 
between Type 1a and Type 1b projects. A number of criteria are suggested for identifying the level of 
adaptation needs for CRAs. These include the lifetime, the lock-in involved and the level of precaution 
warranted (the 3Ls) plus the economic risk (EIRR risk). Further work is also needed to map the ADB 
portfolio to identify generic project types with higher adaptation needs. 
 
For Type1a projects (i.e. those where a lighter-touch CRA would be warranted) the following 
principles apply:  
Principle 4. Start by understanding the risks to the project objectives, output and outcomes: the 
climate projections come later. This reflects the fact that too many CRAs currently undertake a 
detailed analysis of climate model projections as the starting point. 
 
Principle 5. Identify and focus on what matters. This follows on from the previous step, and identifies 
the priority risks for consideration, based on how material they are for the project performance and 
key indicators (including the economic and financial performance). 
 
Principle 6. Use decision led climate scenarios to inform rapid risk assessment. Once the risks and 
pathways have been identified, the analysis of climate information and climate model projections can 
be considered. This focuses on the analysis of relevant risk metrics, and can be taken forward with 
sensitivity testing, rather than detailed modelling analysis.  
 
Principle 7. Identify low-regret adaptation options taking account of timing and uncertainty. This 
involves matching the type and timing of adaptation to the problem and putting more emphases on 
the economic rationale for adaptation (the costs and benefits) to identify lower-regret options.  
 
Principle 8. Strengthen downstream implementation, as well as monitoring and evaluation. To ensure 
the benefits from the updated CRA process above are delivered, there is a need to enhance the 
programming of adaptation as projects move into implementation. There is also a need to move from 
Monitoring and Evaluation (M&E) towards Monitoring, Evaluation and Learning frameworks (MEL).  
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9. This study applies ADB’s existing guidance for CRAs (Figure 3) but also incorporates 
the new CRA principles (Figure 4). 

Figure 4: Key steps, aims and activities of ADB’s new CRA principles. 

 

I-D. Objectives and scope of this report 

10. A climate adaptation strategy that includes a combination of engineering (i.e. 
structural) and ecosystem-based (i.e. non-structural) adaptation activities is needed if the 
project is to be successful in the long term. The design standards for the project need to 
account for existing and future climate-related hazards, risks and vulnerabilities.   

11. This report assesses the current and future climate-related hazards, risks and 
vulnerabilities for the project. This report also assesses possible adaptation options that 
could be implemented to mitigate the identified climate-related risks and vulnerabilities. Even 
though the design for the project has already begun, this report can still be used to test the 
strengths and weaknesses of the proposed design and, where required, adjust the design or 
implement necessary adaptation options accordingly.  

I-E. Documents used as input for this CRA 

12. Numerous documents were utilized in the preparation of this report (see Appendix I 
for the complete list) but the key documents used were: 

(i) Package 3: Flood Hazard Mapping and Preliminary Preparation of Flood Risk 
Management Projects – Final Report (by Lahmeyer International, May 2016); 

(ii) Package 7: River Hydrology Assessments for: (a) Mohana Khutiya basin; (b) 
Mawa Ratuwa basin; (c) West Rapti basin; (d) Lakhandei basin; (e) East 
Rapti basin; (f) Bakraha basin Mott MacDonald (by Mott MacDonald, January 
2019); and 

(iii) Feasibility Reports for: (a) Mohana Khutiya basin; (b) Mawa Ratuwa basin; (c) 
West Rapti basin; (d) Lakhandei basin; (e) East Rapti basin; (f) Bakraha basin 
(by Mott MacDonald, February 2019). 
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II. PROJECT CONCEPT PHASE CLIMATE AND DISASTER RISK SCREENING 

II-A. Location and description of the study area and sub-project basins 

13. Refer to Section I-A. 

II-B. Summary of climate conditions in the study area 

14. Precipitation: Most precipitation in the Terai region in Southern Nepal occurs due to 
the southeast (summer) monsoon which lasts from June to August/September. The humid 
monsoon air stream blowing from the Bay of Bengal is forced to rise as it meets the 
Himalayan slopes. As a result, heavy precipitation occurs on some sections of the southern 
Himalayan slopes. The Terai region receives more than 1,500 mm precipitation each year 
and more than 75% of this precipitation occurs during the monsoon months of June to 
September. The months of October to May are dry with only sporadic precipitation.  

15. Temperature: The climate of the Terai region varies from cold temperate in higher 
mountains and warm temperate at mid-elevation levels to subtropical in the southern 
lowlands (< 1,000 m mean sea level [msl]) with a mean annual temperature of 20–30°C. In 
the warm temperate climatic zone (1,000–2,000 m above msl), the mean annual 
temperature range is 1520°C and in the cold temperate climatic zone (2,000–2,900 m above 
msl), the mean annual temperature range varies from 10-15°C.  

16. Humidity: The mean relative humidity in the Terai region varies from 70% to 86%.  

17. Streamflow: River flow is low during the spring (March-May) and peaks during the 
summer (June-August) with maximum streamflow values, including flooding, typically 
experienced during summer (i.e. when the more than 75% of precipitation occurs in the Terai 
region). 

II-C. Initial climate and disaster risk screening 

18. As part of the initial climate and disaster risk screening for the project, ADB used the 
‘AWARE for Projects’ rapid screening tool,5 referred to just as AWARE hereafter, to identify 
potential climate and disaster risks. AWARE evaluates risks for sixteen different hydroclimatic 
hazards and provides an overall risk for a project. For the project, AWARE rated the overall 
climate-related risk as HIGH (refer to Appendix II for the AWARE climate risk screening 
reports for this project). This ‘high risk’ rating from AWARE for this project is mainly because 
of high risks associated with: 

(i) Precipitation increase: may lead to increased seasonal runoff and therefore 
erosion and siltation of watercourses, reservoirs, and flooding and 
precipitation induced landslide events. 

(ii) Flood: climate change is projected to increase the frequency and intensity of 
flood events and existing engineering designs may not take into consideration 
the risks associated with this. 

(iii) Snow loading: the impact of increasing precipitation at higher latitudes could 
represent an increased risk of snow loading which could impact on the 
structural integrity of buildings and other infrastructure. Existing design 
standards may not take into consideration the impact of climate change on 
snow loading risk. However, it should be noted that investigations conducted 
after the initial AWARE climate risk screening suggest it is doubtful that snow 

 
5 ‘AWARE for Projects’ is a web-based, rapid climate risk screening tool developed for ADB by Acclimatise (a 

consulting firm based in the United Kingdom). Further details about ‘AWARE for Projects’ are available at 
http://www.acclimatise.uk.com/index.php?id=4&tool=1. 

http://www.acclimatise.uk.com/index.php?id=4&tool=1


7 
 

loading is a significant risk for the six sub-project basins included in the 
project. 

(iv) Landslide: the project is located in a region which has experienced frequent 
precipitation (and earthquake) induced landslide events. The slope, lithology, 
geology, soil, vegetation and land use in this region suggest that landslides 
will continue to be a problem in the future. Existing design standards may not 
take into consideration the impact of climate change on landslide risk. 
However, it should be noted that investigations conducted after the initial 
AWARE climate risk screening suggest it is doubtful that landslides are a 
significant risk for the six sub-project basins included in the project. 
 

19. It should be noted that while AWARE is a useful tool for gaining rapid insights into the 
potential climate-related risks associated with a given project, it also has several limitations 
including: (i) the preliminary and generic nature of the climate risk assessments and 
recommendations; (ii) lack of insight into the role of natural climate variability; and (iii) lack of 
insight into possible adaptation strategies, their costs/benefits and how they should be 
implemented. AWARE, and other similar methods of conducting preliminary climate and 
disaster risk screening, is not intended to replace or remove the need for more 
comprehensive climate risk assessments. Rather, tools such as AWARE are intended to 
quickly identify potential climate and disaster risks (and knowledge/information gaps) that 
need to be better understood and quantified via further, more detailed work such as that 
conducted in this CRA. 

20. When a project receives a final AWARE rating of ‘medium to high risk’ ADB’s current 
procedures6 require a more detailed and more rigorous CRA, formerly known as a CRVA, is 
required. This is necessary to better understand and quantify the climate and disaster risks 
and also to identify and assess possible adaptation or mitigation options that reduce the 
identified climate-related risks (see Figure 2 in Section I-B for further details).  

21. Outputs of the CRA, especially the potential adaptation options and the costs and 
benefits associated with them, will be used to inform design and implementation of 
adaptation options in the project. 

II-D. Application of ADB’s new CRA principles 

22. In addition to a preliminary climate and disaster risk screening, ADB’s new CRA 
principles (see Section I-C) recommend a filter should be considered during the project 
concept phase to identify projects as one of two types. These are: 

(i) Climate proofing projects (Type 1) [increasing the resilience of investments]. 
This centers on climate risk screening and building resilience in the current 
ADB portfolio. CRAs for Type 1 projects focus on the adaptation response – 
and the costs and benefits of adaptation – to make existing projects more 
climate resilient. This increases the resilience of investments.  

(ii) Climate or adaptation programming (Type 2) [resilience through investment]. 
Type 2 projects focus on investments where adaptation is the primary 
objective (or one of the primary objectives). This would typically involve 
climate finance tracking allocations of 40%–100%. Type 2 projects are 
targeted adaptation projects not projects that just involve marginal climate 
proofing. As the primary objective of Type 2 projects is to reduce climate 
risks, they require more detailed CRA and higher resources for appraisal. 
Type 2 projects are likely to become a larger part of the ADB investment 
portfolio in the future.  

 
6 ADB 2014. Memorandum dated 3rd March 2014 by Regional and Sustainable Development Department, 

Environment and Safeguards Division on Climate Risk Screening and Assessment of Projects.  
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23. The key filter for differentiating between Type 1 and Type 2 projects is the project 
objective (i.e. whether climate adaptation is one of the principle objectives) and the Climate 
Finance level (whether climate finance is over 40% of the project value).  

24. The project is a Type 2 (climate or adaptation programming) project because the 
main purpose of the investment is to better manage flood risk. Type 2 projects require a 
more detailed CRA and a focus on assessing the costs and benefits of the adaptation 
actions introduced by the project under current and future climate conditions. 
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III. CLIMATE AND DISASTER RISK ASSESSMENT 

25. Under ADB’s existing guidance for undertaking CRAs (Figure 3) the key steps 
involved in the climate and disaster risk assessment part of the CRA are: 

(i) Step 6. Identify climatic vulnerability of project components; 
(ii) Step 7. Identify biophysical drivers of vulnerability; 
(iii) Step 8. Identify socioeconomic drivers of vulnerability; 
(iv) Step 9. Develop appropriate climate change scenarios; 
(v) Step 10. Estimate future biophysical impacts; and 
(vi) Step 11. Assess impacts on investment project. 

 
26. From ADB’s proposed set of principles for enhancing CRAs, the key principles for the 
climate and disaster risk assessment part of the CRA are: 

(i) Principle 4. Start by understanding the risks to the project objectives, outputs 
and outcomes: the climate projections come later; 

(ii) Principle 5. Identify and focus on what matters; and 
(iii) Principle 6. Use decision led climate scenarios to inform rapid risk 

assessment. 

III-A. Understanding the risks to the project objectives, outputs and outcomes 
(Principle 4) 

27. The project aims to help people better prepare for floods in advance and to minimize 
flood-related losses. To achieve this outcome the project will invest in: (i) hydraulic structures 
that contain severe floods largely within river channels and provide ‘river training’; (ii) a flood 
forecasting and early warning system (FFEWS) capable of alerting people in the basin to a 
pending flood; and (iii) training of people and local government officials in community-based 
disaster risk management (CBDRM). 

28. The project is a Type 2 (climate or adaptation programming) project (see Section 
II-D) so the CRA needs to focus on (i) quantifying current and future climate risks that the 
project needs to address and (ii) the costs and benefits of the adaptation actions introduced 
by the project over the expected life of the project. 

III-B. Identify and focus on what matters (Principle 5)  

29. Components of the project that are important to its success but also potentially 
impacted by current and future climate variability and change are: 

(i) the existing (and proposed) hydraulic structures that are intended to contain 
severe floods within river channels and to provide ‘river training’; and 

(ii) the flood forecasting and early warning system (FFEWS). 
 

30. The impacts of climate variability and change on the third component of project (i.e. 
the training of people and local government officials in community-based disaster risk 
management (CBDRM)) are likely to be minimal. This makes CBDRM a low regret (or win-
win), and therefore high priority, component of the project investment. 

III-C. Assessment of current climate and disaster risks for the project 

31. Historical data shows that the main climate risk to the project is extreme precipitation 
and associated flooding (see Section II-C). A summary of the historical/current climate and 
disaster risks for each of the six project study basins is included in the Sections III-C-1 to III-
C-6. 
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III-C-1. Mohana Khutiya basin 
32. Mohana Khutiya rivers are non-perennial rivers and the flooding is characterized as 
being flashy in nature. There have been 31 flood events in the Mohana Khutiya basin (30 in 
Mohana and 1 in Khutiya) between 1991 and 2015 that have resulted in infrastructure 
damage and loss of life (Table 1). 

Table 1: Summary of impacts associated with historic flood events occurring between 
1991 and 2015 in the Mohana Khutiya basin.7 

 

No Description (threshold) Mohana 
(# of 

occasions) 

Khutiya 
(# of 

occasions) 

1 Reported damage value (> NRs 1 million) 3 0 

2 Reported dead (> 1) 2 0 

3 Reported mission (> 2) 0 0 

4 Reported injuries (> 2) 0 0 

5 Reported affected people (> 500) 3 0 

6 Reported affected households (> 10) 0 0 

7 Reported evacuated households (> 15 people) 0 0 

8 Reported relocated persons (> 50) 0 0 

9 Reported housing destruction (> 10) 4 0 

10 Reported damage housing (> 25) 1 0 

11 Reported livestock loss (> 50) 0 0 

12 Reported land affected (> 20 ha) 0 0 

13 Reported other impacts (> 1) 0 0 

 
III-C-2. Mawa Ratuwa basin 

33. Mawa Ratuwa rivers are non-perennial rivers and the flooding is characterized as 
being flashy in nature. There have been 58 flood events in the Mawa Ratuwa basin between 
1991 and 2015 that have resulted in infrastructure damage and loss of life (Table 2). 

 
7  Mott MacDonald (Feb 2019). Feasibility Reports for: (i) Mohana Khutiya basin; (ii) Mawa Ratuwa basin; (iii) 

West Rapti basin; (iv) Lakhandei basin; (v) East Rapti basin; (vi) Bakraha basin. 
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Table 2: Summary of impacts associated with historic flood events occurring between 
1991 and 2015 in the Mawa Ratuwa basin.7 

 

No Description (threshold) Mawa Ratuwa 

(# of occasions) 

1 Reported damage value (> NRs 1 million) 5 

2 Reported dead (> 1) 1 

3 Reported mission (> 2) 1 

4 Reported injuries (> 2) 1 

5 Reported affected people (> 500) 6 

6 Reported affected households (> 10) 0 

7 Reported evacuated households (> 15 people) 3 

8 Reported relocated persons (> 50) 0 

9 Reported housing destruction (> 10) 5 

10 Reported damage housing (> 25) 2 

11 Reported livestock loss (> 50) 0 

12 Reported land affected (> 20 ha) 5 

13 Reported other impacts (> 1) 0 

 
III-C-3. West Rapti basin 

34. West Rapti River is a perennial river and the flooding is characterized as being flashy 
in the narrow valley and prolonged in the wider plain areas in the downstream reaches. 
There have been over 60 flood events in the West Rapti basin between 1991 and 2015 that 
have resulted in infrastructure damage and loss of life (Table 3). 
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Table 3: Summary of impacts associated with historic flood events occurring between 
1991 and 2015 in the West Rapti basin.7 

No Description (threshold) West Rapti 

(# of occasions) 

1 Reported damage value (> NRs 1 million) 0 

2 Reported dead (> 1) 1 

3 Reported mission (> 2) 2 

4 Reported injuries (> 2) 1 

5 Reported affected people (> 500) 3 

6 Reported affected households (> 10) 0 

7 Reported evacuated households (> 15 people) 0 

8 Reported relocated persons (> 50) 1 

9 Reported housing destruction (> 10) 7 

10 Reported damage housing (> 25) 0 

11 Reported livestock loss (> 50) 0 

12 Reported land affected (> 20 ha) 4 

13 Report other impacts (> 1) 2 

 
III-C-4. Lakhandei basin 

35. Lakhandei River is a non-perennial river and the flooding is characterized as being 
flashy in nature. There have been 69 flood events in the Lakhandei basin between 1991 and 
2015 that have resulted in infrastructure damage and loss of life (Table 4). 
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Table 4: Summary of impacts associated with historic flood events occurring between 
1991 and 2015 in the Lakhandei basin.7 

 

No Description (threshold) Lakhandei 
(# of occasions) 

1 Reported damage value (> NRs 1 million) 12 

2 Reported dead (> 1) 11 

3 Reported mission (> 2) 0 

4 Reported injuries (> 2) 0 

5 Reported affected people (> 500) 25 

6 Reported affected households (> 10) 0 

7 Reported evacuated households (> 15 people) 0 

8 Reported relocated persons (> 50) 0 

9 Reported housing destruction (> 10) 26 

10 Reported damage housing (> 25) 20 

11 Reported livestock loss (> 50) 7 

12 Reported land affected (> 20 ha) 28 

13 Reported other impacts (> 1) 3 

 
III-C-5. East Rapti basin 

36. East Rapti River is a perennial river with a number of tributaries. The flooding 
characteristics are dependent on-site location, with some sites in the upper parts of the 
catchment prone to flash flooding while lower parts of the catchment experience more 
delayed but sustained flooding. There have been 143 flood events in the East Rapti basin 
between 1991 and 2015 that have resulted in infrastructure damage and loss of life (Table 
5). In recent years, the East Rapti River has experienced high sediment loads due to 
increased frequency/severity of landslides in the upper catchment. 
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Table 5: Summary of impacts associated with historic flood events occurring between 
1991 and 2015 in the East Rapti basin.7 

 

No Description (threshold) East Rapti 
(# of occasions) 

1 Reported damage value (> NRs 1 million) 10 

2 Reported dead (> 1) 22 

3 Reported mission (> 2) 3 

4 Reported injuries (> 2) 7 

5 Reported affected people (> 500) 32 

6 Reported affected households (> 10) 2 

7 Reported evacuated households (> 15 people) 5 

8 Reported relocated persons (> 50) 2 

9 Reported housing destruction (> 10) 35 

10 Reported damage housing (> 25) 7 

11 Reported livestock loss (> 50) 19 

12 Reported land affected (> 20 ha) 47 

13 Report other impacts (> 1) 10 

 
III-C-6. Bakraha basin 

37. Bakraha River is a non-perennial river and the flooding is characterized as being 
flashy in nature. There have been 29 flood events in the Bakraha basin between 1991 and 
2015 that have resulted in infrastructure damage and loss of life (Table 6). 
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Table 6: Summary of impacts associated with historic flood events occurring between 
1991 and 2015 in the Bakraha basin.7 

 

No Description (threshold) Bakraha 
(# of occasions) 

1 Reported damage value (> NRs 1 million) 5 

2 Reported dead (> 1) 0 

3 Reported mission (> 2) 0 

4 Reported injuries (> 2) 0 

5 Reported affected people (> 500) 3 

6 Reported affected households (> 10) 0 

7 Reported evacuated households (> 15 people) 0 

8 Reported relocated persons (> 50) 3 

9 Reported housing destruction (> 10) 2 

10 Reported damage housing (> 25) 3 

11 Reported livestock loss (> 50) 0 

12 Reported land affected (> 20 ha) 5 

13 Reported other impacts (> 1) 2 

III-D. Assessment of future climate and disaster risks for the project 

38. Seneviratne et al. (2012)8 provide some generic information about projected regional 
changes in temperature and precipitation (including dryness) extremes in the West Asia 
region (i.e. the broader region that encompasses Nepal). For the end of the 21st century 
there is: (i) high confidence that the number of warm (cold) days will increase (decrease); 
(ii) high confidence that there will be longer, more frequent and more intense heat waves; 
(iii) low confidence (i.e. high uncertainty) about if/how the characteristics (i.e. frequency, 
magnitude, duration, location, timing) of heavy precipitation events will change; and (iv) low 
confidence (i.e. high uncertainty) about if it will be drier or wetter and if/how drought/flood 
risk will change. 

39. Seneviratne et al. (2012)8 suggest some consensus that daily precipitation 
maximums within the monsoon season will increase in Nepal and the Terai region where the 
project is located. This is especially the case under Representative Concentration Pathway 
8.5 (RCP8.5) (see Table 7 and Figure 5 for further details about RCPs). The projected 
increase in daily precipitation maximums during the monsoon season exceeds 200% in 
some cases (i.e. more than three times the existing daily precipitation maximum). Potential 
for such drastic increases to already problematic extreme precipitation is obviously a 
concern, however, Seneviratne et al. (2012)8 also shows numerous cases where daily 
precipitation maximums during the monsoon season are projected to decrease (sometimes 
by more than half what they are currently). There is also minimal spatial coherence in the 

 
8 Seneviratne et al. (2012). Changes in climate extremes and their impacts on the natural physical environment. 

In: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation [Field, C.B., 
V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, 
M. Tignor, and P.M. Midgley (eds.)]. A Special Report of Working Groups I and II of the Intergovernmental 
Panel on Climate Change (IPCC). Cambridge University Press, Cambridge, UK, and New York, NY, USA, pp. 
109-230.the information available at http://en.climate-data.org/location/386274/. 

http://en.climate-data.org/location/386274/
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projected changes to daily precipitation maximums emerging from the different climate 
models. This is symptomatic of the low confidence (and high uncertainty) associated with if, 
how, when and where anthropogenic climate change will impact precipitation extremes 
(particularly at the daily or sub-daily time step) and flooding. 

Table 7: The four Representative Concentration Pathways (RCPs).9 

Name Radiative forcing Concentration (p.p.m) Pathway Source of RCP* 

RCP8.5 >8.5Wm-2 in 2100 >1,370 CO2-equiv. in 2100 Rising MESSAGE 

RCP6.0 
~6Wm-2 at stabilization 

after 2100 
~850 CO2-equiv. (at 

stabilization after 2100) 
Stabilisation 

without overshoot 
AIM 

RCP4.5 
~4.5Wm-2 at stabilization 

after 2100 
~650 CO2-equiv. (at 

stabilization after 2100) 
Stabilisation 

without overshoot 
GCAM 

RCP2.6 
Peak at ,3Wm-2 before 
2100 and then declines 

Peak at ~490 CO2-equiv. 
before 2100 and then 

declines 
Peak and decline IMAGE 

* MESSAGE, Model for Energy Supply Strategy Alternatives and their General Environmental Impact, 
International Institute for Applied Systems Analysis, Austria; AIM, Asia-Pacific Integrated Model, National 
Institute for Environmental Studies, Japan; GCAM, Global Change Assessment Model, Pacific Northwest 
National Laboratory, USA (previously referred to as MiniCAM); IMAGE, Integrated Model to Assess the Global 
Environment, Netherlands Environmental Assessment Agency, The Netherlands. 

 
Figure 5: From Moss et al. (2010)9. Median temperature anomaly over pre-industrial 
levels and SRES versus RCP comparisons based on nearest temperature anomaly. 

 
 

 
9 Moss, R.H., Edmonds, J.A., Hibbard, K.A., Manning, M.R., Rose, S.K., van Vuuren, D.P., Carter, T.R., Emori, 

S., Kainuma, M., Kram, T., Meehl, G.A., Mitchell, J.F.B., Nakicenovic, N., Riahi, K., Smith, S.J., Stouffer, R.J., 
Thomson, A.M., Weyant, J.P. and Wilbanks, T.J. (2010). The next generation of scenarios for climate change 
research and assessment. Nature, 463, 747-756, doi:10.1038/nature08823.  
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40. The National Adaptation Plan for Nepal10 also looked at climate change projections 
for Nepal for several different climate models and RCPs and found that: 

(i) Annual mean temperatures are projected to increase by 0.9-1.1°C in the 
medium-term (2016-2045) and 1.3-1.8°C in the long-term (2036-2065).  

(ii) Average annual precipitation is projected to increase by 2-6% in the medium-
term (2016-2045) and by 8%-12% in the long-term (2036-2065).  

(iii) Temperature is projected to increase for all seasons. The highest rates of 
mean temperature increase are expected for the post-monsoon season (1.3-
1.4°C in the medium-term and 1.8-2.4°C in the long-term) and the winter 
season (1.0-1.2°C in the medium-term and 1.5-2.0°C in the long-term).  

(iv) Seasonal precipitation is projected to increase (by 6%-19% in the medium-
term) in all seasons except the pre-monsoon season (which is projected to 
see a decrease of 4%-5% in the medium-term).  

(v) Intense precipitation events are projected to increase in frequency with 
extremely wet days (P99, days wetter than 99% of all other values) projected 
to increase at a higher rate than very wet days (P95, days wetter than 95% of 
all other values).  

(vi) The number of rainy days is projected to decrease in the future. This in 
combination with the projected increase in precipitation intensity is projected 
to create more water induced hazards in the future (e.g. floods, droughts).  

(vii) The projections have a large degree of uncertainty. The uncertainty in 
temperature is smaller than in precipitation (i.e. inter-model agreement is 
larger for temperature compared to precipitation). 
 

41. More detailed assessment of future climate and disaster risks for each of the six 
project study basins is included in Sections III-D-1 to III-D-6.  

42. Details on the approach used (and other approaches considered) to quantify the 
impacts of climate change on the six project study basins are included in the Package 3 
report.11 In summary, due to the number of different approaches that exist for quantifying 
climate change impacts and the large uncertainties involved, a pragmatic approach needs to 
be taken to incorporate (i) the perceived increases in rainfall intensities and flood frequency 
in recent years and (ii) the possibility, based on projections from some climate models under 
some RCPs, that rainfall frequency/intensity and associated flood frequency/magnitude 
might increase in the future. To study the impact of climate change on extreme rainfall 
and flow in the six project study basins, climate model output used in the Intergovernmental 
Panel for Climate Change (IPCC) F ifth Assessment Report (AR5), which is the latest 
one, was considered.  

43. Projected (i.e. modelled) daily rainfall data from 2006-2100 was downloaded for 
Nepal from the HADGEM2 climate model (Hadley Center model developed by the UK Met 
office). The grid size of HADGEM2 model is 1.875-degree longitude by 1.25-degree 
latitude (~190 km east-west x 140 km north-south). A total of 13 HADGEM2 grids intersect 
with Nepal region (Figure 6). The HADGEM2 climate model was selected because: 

(i) The HADGEM2 climate model is well known and widely used; 
(ii) Different versions of the HADGEM2 climate model have been used in Nepal 

in previous studies (as summarized in the Package 3 report)11;  
(iii) Nepal’s Department of Hydrology (DHM) has previously used regional climate 

model (RCM) which was based on another Hadley Center model (HADCM3) 

 
10  DHM. 2018. Climate change scenarios for Nepal for National Adaptation Plan (NAP) Formulation Process in 

Nepal. Department of Hydrology and Meteorology, Ministry of Population and Environment, Kathmandu. 
11 Lahmeyer International. 2016. Package 3 reports on Flood Hazard Mapping and Preliminary Preparation of 

Flood Risk Management Projects. Manila 
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for analysis of climate change impacts based on the old IPCC AR4 climate 
projections; and 

(iv) Projected (i.e. modelled) daily rainfall data from 2006-2100 from the 
HADGEM2 climate model is available for free and is easily accessible. 
 

Figure 6: HADGEM2 grids covering Nepal. 

 

44. RCP4.5 was used because it was decided (during discussions and workshops 
conducted as part of the Package 3 study11) that RCP8.5 is unduly pessimistic and RCP2.6 
is now unachievable (due to slow international action to reduce greenhouse gas emissions). 

45. Data from any climate model needs to be bias corrected to ensure it is consistent 
with the statistical properties of the observed data. The following simple bias correction 
approach was applied to HADGEM2 climate model outputs before the climate model output 
was analysed or used as hydrological model input to assess climate change impacts: 

(i) For each of the six project study basins, the mean of the observed annual 
extreme daily rainfall was calculated for the period 1980-2009 (e.g. for 
Mohana this is 168.3 mm); 

(ii) For the HADGEM2 climate model grid that best covers each of the six project 
study basins, the mean of the HADGEM2 RCP4.5 annual extreme daily 
rainfall was calculated for the period 2006-2036 (e.g. for the grid most 
overlapping with Mohana this is 70.5 mm); 

(iii) For each of the six project study basins, calculate the bias correction ratio 
required to scale the mean of the HADGEM2 RCP4.5 annual extreme daily 
rainfall to make it the same as the mean of the observed annual extreme daily 
rainfall (e.g. for Mohana this is 168.3/70.5 = 2.39); and 

(iv) Bias correct all HADGEM2 climate model outputs (i.e. all daily rainfall from 
2006-100) by multiplying every daily value by the bias correction ration (e.g. 
for Mohana multiple all daily rainfall from HADGEM2 RCP4.5 by 2.39). 
 

46. As mentioned in the Package 3 study,11 the Feasibility Reports, and the Package 7 
River Hydrology Assessments,12 the results of the climate change scenarios should be 

 
12  Mott MacDonald (Jan 2019). Package 7: River Hydrology Assessments for: (i) Mohana Khutiya basin; (ii) 

Mawa Ratuwa basin; (iii) West Rapti basin; (iv) Lakhandei basin; (v) East Rapti basin; (vi) Bakraha basin 
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treated with caution as there is currently no consensus on rainfall trends in Nepal and all 
studies seem to indicate widely varying estimates. In the context of this study, the estimates 
from the HADGEM2 climate model lie in the middle of the projections emerging from 
other climate models and are thus considered plausible but not the only future that is 
possible. 

47. As described in the Package 7 River Hydrology Assessments for each of the six 
project study basins the bias corrected rainfall data was then used as inputs to the 
hydrological and hydrodynamic models to calculate flood risks for each of the six project 
study basins under the following three situations:  

(i) Run 1 (reference alternative): this is the situation today including existing 
hydraulic structures and no climate change impacts. 

(ii) Run 2 (alternative future 1): this is the situation today including existing 
hydraulic structures and climate change impacts (i.e. Run 1 plus climate 
change impacts). 

(iii) Run 3 (alternative future 2): this is the situation with climate change impacts 
plus the three flood mitigation strategies associated with the project (i.e. new 
hydraulic structures, FFEWS and CBDRM as summarized in paragraph 3 and 
as detailed in the Package 3 study,11 the Feasibility Reports,7 and the 
Package 7 River Hydrology Assessments12). 
 

48. For each of the six project study basins, the hydrological model calculates the 
discharges based on basin parameters and rainfall values corresponding to Run 1, Run 2, 
and Run 3. These discharges are used as inputs for the hydrodynamic model input which 
produces flood maps and quantifies flood risks for different return periods (i.e. 1 in 2 years, 1 
in 5 years, 1 in 10 years, 1 in 25 years, 1 in 50 years and 1 in 100 years). 

49. Comparing the results from Run 2 with Run 1 gives an estimate of the costs 
associated with climate change impacts (see Sections III-D-1 to III-D-6). 

50. Comparing the results from Run 3 with Run 2 gives an estimate of the benefits of the 
structural adaptation options enabled by the project (see Section IV-C and Section IV-D). 

III-D-1. Mohana Khutiya basin 

51. For the Mohana Khutiya basin, the impacts of climate change on rainfall for the 
different return periods assessed are shown in Table 8.  

52. The 1-in50 year flood maps with existing hydraulic structures without (Run 1) and 
with (Run 2) climate change impacts are shown in Figure 7 and Figure 8. Flood maps for 
other return intervals and the more detailed modelling results are included in the Feasibility 
Report for the Mohana Khutiya basin.7 
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Table 8: Impact of climate change on rainfall in the Mohana Khutiya basin. 

 
*1

: Source of Historical Rainfall: DHM 
*2

: Source of Projected Rainfall: HADGEM2 climate model 

 

Return period 
[years] 

Historical 

rainfall
*1 

[mm] 

RCP4.5 projected 

rainfall
*2 

[mm] 

Increase compared to 
historical rainfall [%] 

Mohana (Dhangadhi station) 

2 160 165 3.1 

5 208 230 10.6 

10 238 270 13.4 

25 277 319 15.2 

50 305 355 16.4 

100 333 388 16.5 

Khutiya (Godavari station) 

2 157 162 3.2 

5 189 194 2.6 

10 208 219 5.3 

25 229 245 7.0 

50 242 261 7.9 

100 255 276 8.2 
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Figure 7: 1 in 50 years flood map for Run 1 (existing structures, without climate 
change) for the Mohana Khutiya basin. 
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Figure 8: 1 in 50 years flood map for Run 2 (existing structures, with climate change) 
for the Mohana Khutiya basin. 

 
 

III-D-2. Mawa Ratuwa basin 

53. For the Mawa Ratuwa basin, the impacts of climate change on rainfall for the 

different return periods assessed are shown in Table 9.  
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54. The 1 in 50 years flood maps with existing hydraulic structures without (Run 1) and 

with (Run 2) climate change impacts are shown in Figure 9 and Figure 10. Flood maps for 

other return intervals and the more detailed modelling results are included in the Feasibility 

Report for the Mawa Ratuwa basin.7 

Table 9: Impact of climate change on rainfall in the Mawa Ratuwa basin. 

 
*1

: Source of Historical Rainfall: DHM 
*2

: Source of Projected Rainfall: HADGEM2 climate model 

 

Return period 
[years] 

Historical 

rainfall
*1 

[mm] 

RCP4.5 projected 

rainfall
*2 

[mm] 

Increase compared to 
historical rainfall [%] 

2 167 180 7.8 

5 226 256 13.3 

10 265 298 12.5 

25 314 346 10.2 

50 350 381 8.9 

100 386 417 8.0 
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Figure 9: 1 in 50 years flood map for Run 1 (existing structures, without climate 
change) for the Mawa Ratuwa basin. 

 



25 
 

Figure 10: 1 in 50 years flood map for Run 2 (existing structures, with climate change) 
for the Mawa Ratuwa basin. 

 
 
III-D-3. West Rapti basin 

55. For the West Rapti basin, the impacts of climate change on rainfall for the different 
return periods assessed are shown in Table 10. 
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56. The 1 in 50 years flood maps with existing hydraulic structures without (Run 1) and 
with (Run 2) climate change impacts are shown in Figure 11 and Figure 12. Flood maps for 
other return intervals and the more detailed modelling results are included in the Feasibility 
Report for the West Rapti basin.7 

Table 10: Impact of climate change on rainfall in the West Rapti basin. 

 
*1

: Source of Historical Rainfall: DHM 
*2

: Source of Projected Rainfall: HADGEM2 climate model 

 

Return period 
[years] 

Historical 

rainfall
*1 

[mm] 

RCP4.5 projected 

rainfall
*2 

[mm] 

Increase compared to 
historical rainfall [%] 

2 140 154 10.0 

5 167 178 6.6 

10 182 190 4.4 

25 200 205 2.5 

50 212 220 3.8 

100 224 233 4.0 
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Figure 11: 1 in 50 years flood map for Run 1 (existing structures, without climate 
change) for the West Rapti basin. 
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Figure 12: 1 in 50 years flood map for Run 2 (existing structures, with climate change) 
for the West Rapti basin. 
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III-D-4. Lakhandei basin 

57. For the Lakhandei basin, the impacts of climate change on rainfall for the different 
return periods assessed are shown in Table 11. 

58. The 1 in 50 years flood maps with existing hydraulic structures without (Run 1) and 
with (Run 2) climate change impacts are shown in Figure 13 and Figure 14. Flood maps for 
other return intervals and the more detailed modelling results are included in the Feasibility 
Report for the Lakhandei basin.7 

Table 11: Impact of climate change on rainfall in the Lakhandei basin. 

 
*1

: Source of Historical Rainfall: DHM 
*2

: Source of Projected Rainfall: HADGEM2 climate model 

 

Return period 
[years] 

Historical 

rainfall
*1 

[mm] 

RCP4.5 projected 

rainfall
*2 

[mm] 

Increase compared to 
historical rainfall [%] 

2 135 164 21.5 

5 211 241 14.2 

10 261 270 3.4 

25 324 335 3.4 

50 371 392 5.7 

100 418 424 1.4 
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Figure 13: 1 in 50 years flood map for Run 1 (existing structures, without climate 
change) for the Lakhandei basin. 
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Figure 14: 1 in 50 years flood map for Run 2 (existing structures, with climate change) 
for the Lakhandei basin. 
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III-D-5. East Rapti basin 

59. For the East Rapti basin, the impacts of climate change on rainfall for the different 
return periods assessed are shown in Table 12. 

60. The 1 in 50 years flood maps with existing hydraulic structures without (Run 1) and 
with (Run 2) climate change impacts are shown in Figure 15 and Figure 16. Flood maps for 
other return intervals and the more detailed modelling results are included in the Feasibility 
Report for the East Rapti basin.7 

Table 12: Impact of climate change on rainfall in the East Rapti basin. 

 
*1

: Source of Historical Rainfall: DHM 
*2

: Source of Projected Rainfall: HADGEM2 climate model 

 

Return period 
[years] 

Historical 

rainfall
*1 

[mm] 

RCP4.5 projected 

rainfall
*2 

[mm] 

Increase compared to 
historical rainfall [%] 

2 133 143 7.5 

5 208 220 5.8 

10 252 264 4.8 

25 301 314 4.3 

50 334 340 1.8 

100 365 377 3.3 
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Figure 15: 1 in 50 years flood map for Run 1 (existing structures, without climate 
change) for the East Rapti basin. 
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Figure 16: 1 in 50 years flood map for Run 2 (existing structures, with climate change) 
for the East Rapti basin. 
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III-D-6. Bakraha basin 

61. For the Bakraha basin, the impacts of climate change on rainfall for the different 
return periods assessed are shown in Table 13. 

62. The 1 in 50 years flood maps with existing hydraulic structures without (Run 1) and 
with (Run 2) climate change impacts are shown in Figure 17 and Figure 18. Flood maps for 
other return intervals and the more detailed modelling results are included in the Feasibility 
Report for the Bakraha basin.7 

Table 13: Impact of climate change on rainfall in the Bakraha basin. 

 
*1

: Source of Historical Rainfall: DHM 
*2

: Source of Projected Rainfall: HADGEM2 climate model 

 

Return period 
[years] 

Historical 

rainfall
*1 

[mm] 

RCP4.5 projected 

rainfall
*2 

[mm] 

Increase compared to 
historical rainfall [%] 

2 167 180 7.8 

5 226 256 13.3 

10 265 298 12.5 

25 314 346 10.2 

50 350 381 8.9 

100 386 417 8.0 

 



36 
 

Figure 17: 1 in 50 years flood map for Run 1 (existing structures, without climate 
change) for the Bakraha basin. 
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Figure 18: 1 in 50 years flood map for Run 2 (existing structures, with climate change) 
for the Bakraha basin. 
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III-D-7. Overview of the impacts of climate change on flood affected area and people 
for the six project study basins 

63. Table 14 gives on overview of the impacts of climate change on flood affected area, 
households, and people for the six project study basins by comparing the Run 2 (with 
climate change impacts) estimates with the Run 1 (without climate change impacts). Recall 
that both Run 1 and Run 2 are done with existing hydraulic structures so this gives an 
indication of the costs associated with climate change if the project did not proceed and 
serves as a baseline with which to assess the costs and benefits of the structural adaptation 
options enabled by the project (see Section IV-C and Section IV-D). 
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Table 14: Impacts of climate change (CC) on flood affected area and people for the six 
project study basins. 

 

 
Description 

Return period 
2 

years 
5 

years 
10 

years 
25 

years 
50 

years 
100 

years 
Mohana Khutiya Basin       

Affected area without CC [ha] 2,507 2,974 3,887 4,160 4,297 4,417 

Affected area with CC [ha] 2,587 3,197 4,115 4,346 4,523 4,640 

Impact of climate change [ha] 80 222 228 186 227 223 

Affected people without CC [#] 3,677 5,025 9,367 10,901 11,732 12,231 

Affected people with CC [#] 3,954 5,820 10,725 11,982 13,183 13,746 

Impact of climate change [#] 277 794 1,358 1,081 1,450 1,515 

Mawa Ratuwa Basin       

Affected area without CC [ha] 1,483 1,952 2,397 3,169 3,945 4,462 

Affected area with CC [ha] 1,540 2,305 2,903 3,774 4,417 4,740 

Impact of climate change [ha] 57 353 507 605 472 279 

Affected people without CC [#] 3,677 5,025 9,367 10,901 11,732 12,231 

Affected people with CC [#] 3,954 5,820 10,725 11,982 13,183 13,746 

Impact of climate change [#] 277 794 1,358 1,081 1,450 1,515 

West Rapti Basin       

Affected area without CC [ha] 7,838 9,866 11,247 12,927 14,092 15,319 

Affected area with CC [ha] 8,695 10,591 11,549 13,137 14,423 15,824 

Impact of climate change [ha] 857 725 302 210 331 505 

Affected people without CC [#] 11,490 16,657 21,520 26,583 30,081 34,584 

Affected people with CC [#] 13,661 19,198 22,279 27,199 31,304 36,433 

Impact of climate change [#] 2,171 2,541 759 616 1,223 1,849 

Lakhandei Basin       

Affected area without CC [ha] 657 1,090 1,323 1,556 1,678 1,883 

Affected area with CC [ha] 844 1,222 1,355 1,579 1,740 1,930 

Impact of climate change [ha] 187 132 32 23 62 47 

Affected people without CC [#] 164 529 635 847 982 1,136 

Affected people with CC [#] 395 597 645 857 1,059 1,165 

Impact of climate change [#] 231 67 10 10 77 29 

East Rapti Basin       

Affected area without CC [ha] 2,253 2,881 3,138 3,389 3,537 3,652 

Affected area with CC [ha] 2,390 2,950 3,227 3,527 4,399 4,661 

Impact of climate change [ha] 137 69 89 138 862 1,009 

Affected people without CC [#] 4,338 5,687 6,248 6,817 7,035 7,236 

Affected people with CC [#] 4,883 5,846 6,508 7,111 11,943 12,504 

Impact of climate change [#] 544 159 260 293 4,908 5,268 

Bakraha Basin       

Affected area without CC [ha] 1,378 1,534 1,610 1,711 1,808 1,980 

Affected area with CC [ha] 1,409 1,595 1,680 1,848 2,086 2,451 

Impact of climate change [ha] 31 61 70 137 278 471 

Affected people without CC [#] 2,440 2,929 3,265 3,813 4,295 4,806 

Affected people with CC [#] 2,535 3,221 3,696 4,514 5,062 6,603 

Impact of climate change [#] 95 292 431 701 767 1,797 
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IV. ADAPTATION ASSESSMENT 

64. This chapter focuses on the adaptation assessment part of the CRA necessary for 
the project.  

65. Under ADB’s existing guidance for undertaking CRAs (Figure 3) the key steps 
involved in the adaptation assessment part of the CRA are: 

(i) Step 12. Establish the adaptation objective; 
(ii) Step 13. Identify all potential adaptation options; 
(iii) Step 14. Conduct consultation; 
(iv) Step 15. Conduct economic analysis of adaptation options; and 
(v) Step 16. Prioritize and select adaptation option(s). 

 
66. From ADB’s proposed set of principles for enhancing CRAs, the key principle for the 
adaptation assessment part of the CRA is: 

(i) Principle 7. Identify low-regret adaptation options taking account of timing and 
uncertainty. This involves matching the type and timing of adaptation to the 
problem and putting more emphases on the economic rationale for adaptation 
(the costs and benefits) to identify lower-regret options. 

IV-A. Objective of adaptation 

67. The key objectives for adaptation are set by the overall project outcomes and by the 
need to ensure climate resilience (i.e. ensuring project outcomes and objectives are met 
even in the face of impacts associated with climate variability and change). From an 
economic perspective, the objective of adaptation is also to ensure the EIRR threshold is still 
met and that, in a cost benefit analysis, the net present value of adaptation is positive. 

IV-B. Project adaptation options 

68. Section III describes how current and future climate-related risks and vulnerabilities were 
assessed. ‘Vulnerability refers to the degree to which a system is susceptible to, and unable to 
cope with, adverse effects of climate change.2 Therefore, adaptation options need to be 
identified that could mitigate these existing or future vulnerabilities that have been identified 
identified. ADB (2012)2 states that “This includes the identification of strategies to minimize 
damages caused by the changing climate and to take advantage of the opportunities that a 
changing climate may present”.2 

69. Potential climate adaptation options can be classified into three groups (ADB, 2012)2:  
(i) Structural, engineering, (technical, design standards and specifications, etc.);  
(ii) Non-structural, non-engineering (non-technical, ecosystem-based or 

biophysical, management, operation, maintenance, etc.); and 
(iii) Maintaining the status quo (i.e. ‘do nothing’). 

 
IV-B-1. Structural adaptation options  

70. The structural adaptation options the project will invest in are hydraulic structures that 
contain severe floods largely within river channels and provide ‘river training’. Key hydraulic 
structures include: 

(i) Land embankments to better control streams and prevent flooding of land 
adjacent to a river; some of these will be bio-engineered (i.e. planted with 
flora that can prevent soil erosion along the embankment); 

(ii) Solid spurs, which are structures made to project flow from a riverbank into a 
stream or river with the aim of deflecting the flow away from the side of the 
river on which the spur is built. 
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71. For more details on the design of the hydraulic structures refer to Chapter 5 in the 
Feasibility Reports7 for each of the six project study basins. It should also be noted that 
embankments can be increased in height if worst case climate scenarios (e.g. those 
projected under RCP8.5) are realized. The choice of RCP4.5 was a pragmatic approach 
(see paragraph 44 for details) but modelling, risk assessment, and economic feasibility of 
adaptation options under RCP8.5 (or some other climate scenarios that are, or become 
plausible) may need to be considered in the future. 

IV-B-2. Non-structural adaptation options 

72. The non-structural adaptation options the project will invest in are FFEWS capable of 
alerting people in the basin to a pending flood and training CBDRM so that people can 
prepare for floods in advance and minimize flood-related losses. Refer to Chapter 6 in the 
Feasibility Reports7 for each of the six project study basins for further details on the FFEWS 
and CBDRM associated with the project (as well as the large, stand-alone FFEWS and 
CBDRM reports). 

IV-C. Benefits of the structural adaptation options enabled by the project 

73. As previously explained, comparing the results from Run 3 with Run 2 (as done in 
Figure 19 to Figure 24 below) gives an estimate of the benefits of the structural adaptation 
options enabled by the project.  

74. Table 15 summarizes the benefits of the structural adaptation options in mitigating 
the impacts of climate change for each of the six project study basins.  
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Figure 19: Benefits of structural adaptation options (Run 3 compared with Run 2) for 
the Mohana Khutiya basin. 

  

 
Description 

Return period 
2 

year
s 

5 
years 

10 
years 

25 
years 

50 
years 

100 
years 

Run 2: Run 1 including the impact of climate change 

Flooded Area (ha) 2,587 3,197 4,115 4,346 4,523 4,640 

Flood affected households (#) 791 1,164 2,145 2,396 2,637 2,749 

Flood affected people (#) 3,954 5,820 10,725 11,982 13,183 13,746 

Run 3: Run 2 including the proposed structures 
Flooded Area (ha) 2,271 2,741 3,308 3,526 3,695 3,877 

Flood affected households (#) 543 782 1,242 1,465 1,635 1,774 

Flood affected people (#) 2,716 3,908 6,208 7,326 8,176 8,868 
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Figure 20: Benefits of structural adaptation options (Run 3 compared with Run 2) for 
the Mawa Ratuwa basin. 

 

 
Description 

Return period 
2 

years 
5 

years 
10 

years 
25 

years 
50 

years 
100 

years 

Run 2: Run 1 including the impact of climate change 

Flooded Area (ha) 1,500 2,285 3,053 3,915 4,622 4,834 

Flood affected households (#) 345 631 983 1,680 2,268 2,466 

Flood affected people (#) 1,554 2,841 4,421 7,562 10,208 11,099 

Run 3: Run 2 including the proposed structures 
Flooded Area (ha) 1,431 2,110 2,699 3,320 3,745 4,090 

Flood affected households (#) 298 520 764 1,247 1,578 1,865 

Flood affected people (#) 1,339 2,341 3,440 5,611 7,100 8,394 

 



44 
 

Figure 21: Benefits of structural adaptation options (Run 3 compared with Run 2) for 
the West Rapti basin. 

 

 
Description 

Return period 
2 

years 
5 

years 
10 

years 
25 

years 
50 

years 
100 

years 

Run 2: Run 1 including the impact of climate change 

Flooded Area (ha) 8,650 10,869 11,904 13,539 14,821 15,824 

Flood affected households (#) 2,233 3,309 3,955 4,870 5,578 6,447 

Flood affected people (#) 13,396 19,852 23,729 29,218 33,465 38,679 

Run 3: Run 2 including the proposed structures 
Flooded Area (ha) 8,107 9,929 10,843 12,333 13,551 15,057 

Flood affected households (#) 1,705 2,602 3,076 3,857 4,532 5,502 

Flood affected people (#) 10,229 15,614 18,458 23,141 27,189 33,010 
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Figure 22: Benefits of structural adaptation options (Run 3 compared with Run 2) for 
the Lakhandei basin. 

 

 
Description 

Return period 
2 

years 
5 

years 
10 

years 
25 

years 
50 

years 
100 

years 

Run 2: Run 1 including the impact of climate change 

Flooded Area (ha) 844 1,222 1,355 1,579 1,740 1,930 

Flood affected households (#) 66 99 107 143 176 194 

Flood affected people (#) 395 597 645 857 1,059 1,165 

Run 3: Run 2 including the proposed structures 
Flooded Area (ha) 844 1,222 1,355 1,574 1,733 1,923 

Flood affected households (#) 66 99 107 143 176 194 

Flood affected people (#) 395 597 645 857 1,059 1,165 
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Figure 23: Benefits of structural adaptation options (Run 3 compared with Run 2) for 
the East Rapti basin.  

 

 
Description 

Return period 
2 

years 
5 

years 
10 

years 
25 

years 
50 

years 
100 

years 

Run 2: Run 1 including the impact of climate change 

Flooded Area (ha) 2,390 2,950 3,227 3,527 4,399 4,661 

Flood affected households (#) 977 1,169 1,302 1,422 2,389 2,501 

Flood affected people (#) 4,883 5,846 6,508 7,111 11,943 12,504 

Run 3: Run 2 including the proposed structures 
Flooded Area (ha) 

There is no Run 3 for East Rapti as no structural 
measures are proposed in the East Rapti project 

Flood affected households (#) 

Flood affected people (#) 
 

There is no Run 3 for East Rapti 
as no structural measures are 
proposed in the East Rapti project 
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Figure 24: Benefits of structural adaptation options (Run 3 compared with Run 2) for 
the Bakraha basin. 

 

 
Description 

Return period 

2 
years 

5 
years 

10 
years 

25 
years 

50 
years 

100 
years 

Run 2: Run 1 including the impact of climate change 

Flooded Area [ha] 1,412 1,606 1,711 1,858 2,105 2,463 

Flood affected households (#) 576 719 844 998 1,141 1,470 

Flood affected people (#) 2,622 3,272 3,842 4,543 5,193 6,691 

Run 3: Run 2 including the proposed structures 

Flooded Area [ha] 1,288 1,426 1,499 1,591 1,749 2,173 

Flood affected households (#) 328 394 470 560 639 987 

Flood affected people (#) 1,804 2,169 2,586 3,082 3,513 5,427 
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Table 15: Summary of benefits of structural adaptation options for the project. 

 
Description 

Return period 
2 

years 
5 

years 
10 

years 
25 

years 
50 

years 
100 

years 
Mohana Khutiya Basin       

Flooded area – Run 2 [ha] 2,587 3,197 4,115 4,346 4,523 4,640 

Flooded area – Run 3 [ha] 2,271 2,741 3,308 3,526 3,695 3,877 

Reduction in flooded area (ha) 316 456 807 820 828 763 

Affected people – Run 2 [#] 3,954 5,820 10,725 11,982 13,183 13,746 

Affected people – Run 3 [#] 2,716 3,908 6,208 7,326 8,176 8,868 

Reduction in affected people [#] 1,238 1,912 4,517 4,656 5,007 4,878 

Mawa Ratuwa Basin       

Flooded area – Run 2 [ha] 1,500 2,285 3,053 3,915 4,622 4,834 

Flooded area – Run 3 [ha] 1,431 2,110 2,699 3,320 3,745 4,090 

Reduction in flooded area (ha) 69 175 354 595 877 744 

Affected people – Run 2 [#] 1,554 2,841 4,421 7,562 10,208 11,099 

Affected people – Run 3 [#] 1,339 2,341 3,440 5,611 7,100 8,394 

Reduction in affected people [#] 215 500 981 1,951 3,108 2,705 

West Rapti Basin       

Flooded area – Run 2 [ha] 8,650 10,869 11,904 13,539 14,821 15,824 

Flooded area – Run 3 [ha] 8,107 9,929 10,843 12,333 13,551 15,057 

Reduction in flooded area (ha) 543 940 1,061 1,206 1,270 767 

Affected people – Run 2 [#] 13,396 19,852 23,729 29,218 33,465 38,679 

Affected people – Run 3 [#] 10,229 15,614 18,458 23,141 27,189 33,010 

Reduction in affected people [#] 3,167 4,238 5,271 6,077 6,276 5,669 

Lakhandei Basin       

Flooded area – Run 2 [ha] 844 1,222 1,355 1,579 1,740 1,930 

Flooded area – Run 3 [ha] 844 1,222 1,355 1,574 1,733 1,923 

Reduction in flooded area (ha) 0 0 0 5 7 7 

Affected people – Run 2 [#] 395 597 645 857 1,059 1,165 

Affected people – Run 3 [#] 395 597 645 857 1,059 1,165 

Reduction in affected people [#] 0 0 0 0 0 0 

East Rapti Basin       

Flooded area – Run 2 [ha] 2,390 2,950 3,227 3,527 4,399 4,661 

Flooded area – Run 3 [ha] No Run 3 for East Rapti. No structural measures proposed. 

Reduction in flooded area (ha) - - - - - - 

Affected people – Run 2 [#] 4,883 5,846 6,508 7,111 11,943 12,504 

Affected people – Run 3 [#] No Run 3 for East Rapti. No structural measures proposed. 

Reduction in affected people [#] - - - - - - 

Bakraha Basin       

Flooded area – Run 2 [ha] 1,412 1,606 1,711 1,858 2,105 2,463 

Flooded area – Run 3 [ha] 1,288 1,426 1,499 1,591 1,749 2,173 

Reduction in flooded area (ha) 124 180 212 267 356 290 

Affected people – Run 2 [#] 2,622 3,272 3,842 4,543 5,193 6,691 

Affected people – Run 3 [#] 1,804 2,169 2,586 3,082 3,513 5,427 

Reduction in affected people [#] 818 1,103 1,256 1,461 1,680 1,264 
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IV-D. Cost Benefit Analysis (CBA) of the project 

75. The Feasibility Reports7 contain the details of the CBA for each of the six project study 
basins. The main output of the CBA is the calculation of standard financial and economic 
project indicators (e.g. Net Present Value (NPV), EIRR and Benefit:Cost Ratio (BCR)). 
NPV represents the present value of the total net income from the project. All other things 
being equal (project risk, mutually exclusive projects, availability of funding etc.) the project 
with the largest economic NPV should be chosen for implementation. Other important 
considerations are that the EIRR should be greater than ADB’s threshold of 9% and that the 
Benefits should be greater than the Costs (BCR > 1). 

76. The CBA takes into account benefits (direct and indirect) and costs associated with 
the hydraulic structures and also the non-structural FFEWS and CBDRM adaptation options. 

77. Benefits come from the avoided losses accruing with implementation of the flood 
protection measures. Direct benefits quantified for the CBA are avoided damage and 
destruction of buildings and public infrastructure, avoided damage to monsoon season 
crops, prevented human injury and mortality, avoided livestock deaths and the avoided costs 
of repairing buildings, bunds and other field infrastructure and addressing the effects of 
sedimentation. Indirect benefits include the value of increases in private and public 
infrastructure and increases in agricultural productivity and production inside the flood 
protected area that are induced by the increased security from flood damage. Incremental 
benefits are the differences between avoided losses in the without (Run 2) and with project 
situation (Run 3), plus indirect benefits obtained as a result of the proposed project. Avoided 
losses are weighted by the probability of their future occurrence and benefits independent of 
flood events are scheduled with reference to the project flood management time frame.  

78. The costs are those associated with designing/building/maintaining the hydraulic 
infrastructure and the FFEWS and CBDRM. No costs relating to capacity building activities 
or to project management are included. 

 
11. As shown in Table 16, the EIRR is greater than 9% for the total project. The Bakraha 
and West Rapti subprojects have the highest EIRR. he EIRRs for the East Rapti, Lakhandei, 
and Mawa Ratuwa subprojects were assessed to be below the 9% minimum threshold. 
However their inclusion is justified to avoid civil unrest and benefit highly disadvantaged and 
some of the poorest communities in Nepal (footnote 1). 

12. Table 16: Summary of the CBA done for each of the six project study basins   

Basin 
Total Benefits (NRs 

million) Total Costs (NRs million) EIRR (%) 

Mohana Khutiya 1,963.00 1,796.00 9.05 

West Rapti 1,529.00 1,528.00 18.89 

Bakraha 634.00 634.00 16.34 

Total Project 6,594.00 6,418.00 9.60 
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V. UNCERTAINTIES AND LIMITATIONS 

79. As mentioned throughout this report, and in the wider climate risk assessment 
literature, there are many uncertainties associated with climate science, especially when it 
comes to assessing the current and future risks associated with a significant project with a 
long life expectancy, as is the case with the project. Anything to do with the climate is 
inherently uncertain and climate change impact assessments are associated with 
uncertainties emanating from areas such as observational data uncertainty, uncertainties 
associated with estimating baseline climate risk, greenhouse gas (GHG) emission scenario 
(or Representative Concentration Pathway (RCP)) uncertainty, climate model uncertainty, 
uncertainty associated with downscaling, and hydrological/flood model uncertainty.  

80. Some important uncertainties and knowledge gaps that emerged from this CRA 
include: 

(i) Climate model performance assessment and selection. It is well known that 
some climate models perform better than others for certain variables, 
seasons and regions. Work is required to determine how the various climate 
models perform for Nepal and the specific sub-project basins included in the 
project. Numerous studies and debates exist on whether or not all climate 
models should be used or whether the poor performing climate models for a 
specific region should be ignored. Irrespective of that debate a fundamental 
knowledge gap is that limited information exists as to which climate models 
perform poorly (or well) for the Nepal region. Methods do exist to overcome 
this knowledge gap and work should be conducted to understand how the 
different climate models perform for Nepal and the variables/hazards relevant 
to this project. 

(ii) Climate change versus climate variability. It has been identified 
internationally, that at least out to 2050, the impacts associated with climatic 
variability are at least as important as the impacts associated with 
anthropogenic climate change. Therefore, it is crucial to conduct a rigorous 
assessment of the drivers and impacts of existing (i.e. natural) climate 
variability and to put projected anthropogenic climate change impacts into 
context when compared to the risks associated with existing climatic 
variability. This is urgently required as it has been identified that natural 
processes (e.g. monsoons) cause significant problems for Nepal and nearby 
countries. Yet minimal analysis has been done to quantify the baseline risk 
associated with these climate phenomena for Nepal and the sub-project 
basins included in the project – and nothing has been done to see how this 
climate variability (and its associated impacts) may change in the future. 

(iii) Engineering and design specifications sometimes relied on expert opinion 
and ‘rules of thumb’ rather than actual data and modelling. This is a limitation 
because the subjectivity of the information and analysis used to determine the 
design specifications could result in flood protection infrastructure that is sub-
optimal in terms of both hydroclimatic risk and socioeconomic and 
environmental costs/benefits. 

(iv) The approach for bias correction and application of climate change impacts to 
extreme rainfall was intentionally simple as the more complex approaches 
require significant amounts of time and data (and therefore cost a lot more). 
The approach employed for bias correction and application of climate change 
impacts to extreme rainfall does result in plausible scenarios for how the 
magnitude of extreme rainfall might change in the future. However, potential 
changes to the frequency, location, or sequencing of extremes is not 
considered. Also, the ‘scaling factor’ is calculated based on comparing the 
mean annual extreme rainfall from the climate model with the mean annual 
extreme rainfall from the historical data and then that ‘scaling factor’ is applied 
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to all daily values. This assumes that climate change impacts all parts of the 
rainfall distribution in the same way the climate model employed suggests it 
impacts the mean annual extreme rainfall. This could be a valid assumption 
but presently there is no literature to support this (for Nepal or elsewhere) and 
as such the sensitivities and implications of this assumption should be tested 
(e.g. by employing a different downscaling or bias correction technique that 
uses different ‘scaling factors’ for different parts of the rainfall distribution). 

(v) The assessment of climate change impacts on rainfall, and the subsequent 
hydrological and hydrodynamic modelling and the economic analysis, is 
based on the outputs from just one climate model (HADGEM2). This does not 
properly consider the uncertainties inherent in climate models or the large 
range of equally plausible scenarios that exist. All climate models are different 
and some perform better for some physical processes, variables and 
locations than others. The assumptions and uncertainties associated with 
constructing and applying climate models are numerous, and can be grouped 
into initial condition, boundary condition, parameter and structural 
uncertainties (i.e. uncertainties associated with the equations used to 
approximate air-ocean-earth interactions and the physical-biological-chemical 
process that influence the climate). While uncertainties from initial conditions, 
boundary conditions and parameters can be assessed using a single climate 
model and running it numerous times (i.e. with different initial conditions, 
boundary conditions and parameters), climate model structural uncertainties 
can only be captured if the outputs from different climate models are 
compared. These differences in climate models outputs, and the associated 
uncertainties, therefore, necessitate the consideration of outputs from multiple 
individual models. To obtain input data for climate change impact assessment 
studies, such as that conducted in the Feasibility Reports7 associated with the 
project, outputs from multiple individual climate models, that are better 
performing for the location and variables of interest, should be utilized to 
ensure a wide range of plausible conditions is considered when assessing the 
costs and benefits associated with different adaptation options. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 

VI-A. Conclusions 

81. The overall climate risk, based on the preliminary AWARE tool climate risk 
screening, for the project is classed as HIGH (refer to Appendix II for the AWARE climate 
risk screening reports for this project). This ‘high risk’ rating from AWARE for this project is 
mainly because of high risks associated with: 

(i) Precipitation increase: may lead to increased seasonal runoff and therefore 
erosion and siltation of watercourses, reservoirs, and flooding and 
precipitation induced landslide events. 

(ii) Flood: climate change is projected to increase the frequency and intensity of 
flood events and existing engineering designs may not take into consideration 
the risks associated with this. 

(iii) Snow loading: the impact of increasing precipitation at higher latitudes could 
represent an increased risk of snow loading which could impact on the 
structural integrity of buildings and other infrastructure. Existing design 
standards may not take into consideration the impact of climate change on 
snow loading risk. However, it should be noted that investigations conducted 
after the initial AWARE climate risk screening suggest it is doubtful that snow 
loading is a significant risk for the six sub-project basins included in the 
project. 

(iv) Landslide: the project is located in a region which has experienced frequent 
precipitation (and earthquake) induced landslide events. The slope, lithology, 
geology, soil, vegetation and land use in this region suggest that landslides 
will continue to be a problem in the future. Existing design standards may not 
take into consideration the impact of climate change on landslide risk. 
However, it should be noted that investigations conducted after the initial 
AWARE climate risk screening suggest it is doubtful that landslides are a 
significant risk for the six sub-project basins included in the project. 
 

82. The project is a Type 2 (climate or adaptation programming) project because the 
main purpose of the investment is to better manage flood risk. Type 2 projects require a 
more detailed CRA and a focus on assessing the costs and benefits of the adaptation 
actions introduced by the project under current and future climate conditions. 

83. Components of the project that are important to its success but also potentially 
impacted by current and future climate variability and change are: 

(i) the existing (and proposed) hydraulic structures that are intended to contain 
severe floods within river channels and to provide ‘river training’; 

(ii) the flood forecasting and early warning system (FFEWS). 
 

84. The impacts of climate variability and change on the third component of project (i.e. 
the training of people and local government officials in community-based disaster risk 
management (CBDRM)) are likely to be minimal. This makes CBDRM a low regret (or win-
win), and therefore high priority, component of the project investment. 

85. Climate change impacts were found to significantly increase flood affected area and 
people affected by floods for all six project study basins. 

86. The hydraulic structures proposed for construction in the project were found to 
significantly reduce flood affected area and people affected by floods under both existing (no 
climate change impacts) and future (with climate change impacts) conditions. 

87. The Cost Benefit Analysis (CBA) of the project found that the Benefit:Cost ratio is 
greater than 1.0 and the EIRR is greater than 9% for all six project study basins. The Mohana 
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Khutiya and Mawa Ratuwa sub-projects have the highest NPV while the Lakhandei and 
Bakraha sub-projects have the lowest NPV. 

VI-B. Recommendations 

88. It is recommended that the proposed: (i) hydraulic structures; (ii) flood forecasting 
and early warning system (FFEWS); and (iii) community-based disaster risk management 
(CBDRM) be implemented for all six project study basins. 

89. Further, given the substantial uncertainty associated with the single-climate-model-
based climate impact assessments the following recommendations relating to climate 
change impacts and climate risk assessment could also be considered in the future (i.e. not 
as part of the current project) to improve the quantification of, and resilience to, current and 
future climate-related risks for the project: 

(i) Investigate climate change risks more rigorously. The climate model used 
in this CRA was selected subjectively. It is known that a lot of uncertainty 
exists across the different climate model outputs (especially relating to 
projected changes in the timing and magnitude of precipitation). It is 
recommended that a more comprehensive evaluation of all available climate 
model outputs be conducted to objectively determine which climate models 
most realistically represent hydroclimatic conditions for Nepal and the six 
project study basins, and also the climate influences that are important (e.g. 
the southwest monsoon, El Niño/Southern Oscillation etc.) – similar to the 
work done by Sperber et al. (2013)13 for the southeast Asian region. Then 
once the more realistic climate models are identified only future scenarios 
from these climate models should be considered. This recommendation 
should not be seen as just ‘doing more climate modelling’ since if only outputs 
from the climate models that perform well (i.e. the ones that can most 
realistically simulate observed historical conditions) for the project area are 
used then: (a) the uncertainty associated with the future projections should 
reduce; and (b) it may be possible to more reliably quantify the likelihood of 
certain climatic changes occurring (or not) as opposed to the current 
requirement of considering all changes projected by the different climate 
models to be equally plausible. A critical first step in this climate model 
performance evaluation and selection is the collection and analysis of 
observed historical data with which to quantify the baseline hydroclimatic 
influences and impacts the climate models will be tested against. Most of this 
observed historical data already exists for Nepal but work is needed to 
access, collate and analyze this data in order to quantify baseline 
hydroclimatic influences and impacts. It is likely that capacity building 
activities will be required to enable Nepal government organizations to 
perform this type of work. 

(ii) Use outputs from more than one climate model. As discussed in Section 
V, to obtain input data for climate change impact assessment studies, such as 
that conducted in the Feasibility Reports7 associated with the project, outputs 
from multiple individual climate models, that are better performing for the 
location and variables of interest, should be utilized to ensure a wide range of 
plausible conditions is considered when assessing the costs and benefits 
associated with different adaptation options.  

(iii) Quantify robustness and cost/benefits of adaptation options given 
uncertainties associated with the climate change projections. Undertake 

 
13 Sperber, K.R., Annamalai, H., Kang, I.-S., Kitoh, A., Moise, A., Turner, A., Wang, B. and Zhou, T. (2013): The 

Asian summer monsoon: an intercomparison of CMIP5 vs. CMIP3 simulations of the late 20th century. Climate 
Dynamics, 41(9-10), 2711-2744, doi:10.1007/s00382-012-1607-6. 
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more adaptation planning and cost/benefit assessments of the proposed (and 
potential) adaptation options (including scheduling, costing and 
implementation of the adaption options). This should especially be the case 
for scenarios that seem unlikely now since proactively planning now for even 
the scenarios which seem unlikely could mean the costs of adapting to 
adverse impacts of climate change might be significantly reduced later. 

(iv) Monitor performance of adaptation options. Perform follow-up 
investigations to assess whether the proposed adaptation options actually do 
reduce risk and vulnerability (e.g. by re-assessing risk and vulnerability post-
implementation of climate adaptation under an increased number of plausible 
scenarios of both climate variability and climate change). 

(v) Monitor economic viability of adaptation options. Develop monitoring 
options to identify thresholds or ‘triggers’ (i.e. where and when) to proceed 
with the adaptation options that are not recommended immediately but might 
become feasible (and recommended) sometime in the future. For example, if 
locations within the project begin to more regularly be impacted by flooding 
this could be a trigger for the implementation of some of the more costly 
adaptation options that are not considered now but may become viable and 
necessary in the future. 
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APPENDIX I – LIST OF DOCUMENTS AND PROJECT REPORTS USED IN THIS 
CRA 

A. Project documents 

Source Date Title 

Lahmeyer 
International 

May 2016 
Package 3: Flood Hazard Mapping and Preliminary Preparation of Flood 
Risk Management Projects – Final Report 

Mott 
MacDonald 

Jan 2019 
Package 7: River Hydrology Assessments for: (i) Mohana Khutiya basin; 
(ii) Mawa Ratuwa basin; (iii) West Rapti basin; (iv) Lakhandei basin; (v) 
East Rapti basin; (vi) Bakraha basin 

Mott 
MacDonald 

Feb 2019 
Feasibility Reports for: (i) Mohana Khutiya basin; (ii) Mawa Ratuwa 
basin; (iii) West Rapti basin; (iv) Lakhandei basin; (v) East Rapti basin; 
(vi) Bakraha basin 

 

B. ADB reports relevant to this CRA 

Source Date Title 

ADB 2009 
Safeguard Policy Statement. Available at: 
www.adb.org/documents/safeguard-policy-statement 

ADB Aug 2011 
Guidelines for Climate Proofing Investment in the Transport Sector – 
Road Infrastructure Projects 

ADB Nov 2012 
Guidelines for Climate Proofing Investment in Agriculture, Rural 
Development, and Food Security 

ADB 2013 Cost-benefit analysis for development: A practical guide 

ADB Mar 2014 
Memorandum by Regional and Sustainable Development Department, 
Environment and Safeguards Division on Climate Risk Screening and 
Assessment of Projects. (internal document) 

ADB Nov 2014 
Climate Risk Management in ADB Projects - Publication Stock No. 
ARM146926-2 

ADB 2015 Economic Analysis of Climate Proofing Investment Projects 

ADB 2018 Country Operation Business Plan: Nepal, 2019–2021. Manila 

Wilby (for 
ADB) 

2017 
Wilby, R (2017). Strengthening ADB business processes, project level 
guidance and operational frameworks for climate resilient investments. 
Report to ADB. 

 

C. Other publications relevant to this CRA 

Source Date Title 

IPCC 
2007 & 
2014 

Climate Change 2007 & 2014: Impacts, Adaptation and Vulnerability 

IFC Oct 2010 
Climate Risk and Financial Institutions - Challenges and Opportunities. 
Report by the International Finance Corporation (IFC), World Bank 
Group, October 2010, 136 pages. 

Moss et al. 2010 

Moss, R.H., Edmonds, J.A., Hibbard, K.A., Manning, M.R., Rose, S.K., 
van Vuuren, D.P., Carter, T.R., Emori, S., Kainuma, M., Kram, T., 
Meehl, G.A., Mitchell, J.F.B., Nakicenovic, N., Riahi, K., Smith, S.J., 
Stouffer, R.J., Thomson, A.M., Weyant, J.P. and Wilbanks, T.J. (2010): 
The next generation of scenarios for climate change research and 
assessment. Nature, 463, 747-756, doi:10.1038/nature08823. 

Wilby and 
Dessai 

2010 
Wilby, R.L. and Dessai, S. (2010): Robust adaptation to climate change. 
Weather, 65, 180-185, doi: 10.1002/wea.543. 

UNDP/UNEP Sep 2011 
Climate risk screening tools and their application: A guide to the 
guidance 

UNFCCC 2011 
Assessing Climate Change Impacts and Vulnerability: Making Informed 
Adaptation Decisions 

IPCC 2012 IPCC (2012): Managing the Risks of Extreme Events and Disasters to 

http://www.adb.org/documents/safeguard-policy-statement
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Advance Climate Change Adaptation (SREX) - Special Report of the 
Intergovernmental Panel on Climate Change. 

Seneviratne et 
al. 

2012 

Seneviratne et al. (2012): Changes in climate extremes and their 
impacts on the natural physical environment. In: Managing the Risks of 
Extreme Events and Disasters to Advance Climate Change Adaptation 
[Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. 
Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. 
Midgley (eds.)]. A Special Report of Working Groups I and II of the 
Intergovernmental Panel on Climate Change (IPCC). Cambridge 
University Press, Cambridge, UK, and New York, NY, USA, pp. 109-
230.the information available at http://en.climate-
data.org/location/386274/. 

Girvetz et al. Mar 2013 

Girvetz, E.H., Maurer, E.P., Duffy, P.B., Ruesch, A., Thrasher, B. and 
Zganjar, C. (2013): Making climate data relevant to decision making: the 
important details of spatial and temporal downscaling. The World Bank, 
43 pages, 27 March 2013. 

IPCC 2013 

IPCC (2013): Climate Change 2013: The Physical Science Basis. 
Contribution of Working Group I to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Eds: Stocker, T.F., D. Qin, 
G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. 
Bex and P.M. Midgley]. Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA, 1535 pages,  

Sperber et al. 2013 

Sperber, K.R., Annamalai, H., Kang, I.-S., Kitoh, A., Moise, A., Turner, 
A., Wang, B. and Zhou, T. (2013): The Asian summer monsoon: an 
intercomparison of CMIP5 vs. CMIP3 simulations of the late 20th 
century. Climate Dynamics, 41(9-10), 2711-2744, doi:10.1007/s00382-
012-1607-6. 

WMO 2013 
The Global Climate 2001-2010: A decade of climate extremes. 
Summary Report, WMO-No. 1119 

Watkiss et al. 2014 

Watkiss, P., Hunt, A., Blyth, W. and Dyszynski, J (2014). The use of new 
economic decision support tools for adaptation assessment: A review of 
methods and applications, towards guidance on applicability. Climatic 
Change. 132: 401. https://doi.org/10.1007/s10584-014-1250-9 

DHM 2018 

Climate change scenarios for Nepal for National Adaptation Plan (NAP) 
Formulation Process in Nepal. Department of Hydrology and 
Meteorology (DHM), Ministry of Population and Environment, 
Kathmandu. 

 

http://en.climate-data.org/location/386274/
http://en.climate-data.org/location/386274/
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APPENDIX II – ACCLIMATISE AWARE FOR PROJECTS RAPID CLIMATE RISK 
SCREENING FOR THE PREPARATION OF PRIORITY RIVER BASINS FLOOD 

RISK MANAGEMENT PROJECT, NEPAL 

 


