
Priority River Basins Flood Risk Management Project (RRP NEP 52195) 

ECONOMIC AND FINANCIAL ANALYSIS 
 

A. Introduction 
 
1. The Priority River Basins Flood Risk Management Project will reduce flood risk to 
riparian communities in selected river basins of Nepal. The project will implement flood 
embankments, river training and river bank erosion protection infrastructure, and early warning 
systems to protect land, public infrastructure, houses, livelihoods, and lives of the population in 
the affected areas in six selected river basins in Nepal’s Terai region, a lowland region in the 
country’s south: Bakraha, East Rapti, Lakhandei, Mawa Ratuwa, Mohana Khutiya, and West 
Rapti.1 
 
2. Nepal is prone to natural disasters, and flooding poses a recurrent risk to large sections 
of the population, especially for communities bordering India. The Terai region covers 17% of 
the national area and is home to about 50% of the country’s population. The Terai is Nepal’s 
most important agricultural region and dominates the production of major crops such as rice, 
wheat, pulses, sugarcane, jute, and maize. The Terai has a long history of floods affecting 
farmland, crops, livestock, livelihoods, and property, with particularly strong impacts on poor 
communities. Critical infrastructure such as flood embankments, roads, power supply, and 
communications, as well as the overall development of the region, are also significantly affected 
by floods. The region has been subject to continuous civil unrest since 2006 and the Terai is 
one of poorest areas of Nepal, with nearly 50% of the poor of the whole country residing there.2 
 
3. The project’s interventions fit the definition of public goods and should be implemented 
by the public sector. Alternative interventions could include relocating communities away from 
flood-prone areas, but this would be untenable as productive agricultural land is in high demand, 
the scale of resettlement would be too large, and it would be impossible to sustain. 
 
4. This analysis was undertaken in accordance with the guidelines for economic and 
financial analysis of the Asian Development Bank (ADB). 3 The objectives of the analysis are to 
(i) estimate the economic costs and benefits of carrying out flood risk management interventions 
in each of the six priority river basins (subproject area), (ii) assess the economic viability of the 
proposed interventions, (iii) estimate annual operation and maintenance costs, and  
(iv) determine whether the project will be economically viable and financially sustainable in the 
future. 
 
B. Cost–Benefit Analysis 
 

1. Methodology 
 
5. Individual economic analyses were carried out for each basin and then aggregated for 
the overall project. Without- and with-project beneficiary areas were identified for annual 
exceedance probabilities (AEPs) ranging from 50% (1-in-2-year event) to 2% (a 1-in-50-year 

 
1 The priority river basins were selected from 25 river basins from Asian Development Bank (ADB). 2016. Water 

Resources Project Preparatory Facility – Flood Hazard Mapping and Preliminary Preparation of Flood Risk 
Management Projects: Final Report. Manila. 

2 ADB. 2013. Country Partnership Strategy: Nepal, 2013–2017. Manila. Country Poverty Analysis (Detailed) 
(accessible from the list of linked documents in Appendix 2). Manila.  

3 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila; ADB. 2005. Financial Management and 
Analysis of Projects. Manila. 

http://www.adb.org/Documents/RRPs/?id=52195-001-3
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event) using computer flood models calibrated with historic data, and accounting for the 
projected future impacts` of climate change. Results are presented spatially and used to 
estimate the impact to infrastructure, farms, and local communities (Table 5). The annual 
probability of loss was then calculated as an integral of the function of avoided losses and 
AEPs; which was then discounted over the project evaluation period of 25 years (para. 8). 
 
6. Quantified benefits come from the avoided losses (i.e., the damage no longer incurred 
by flooding) that accrue from implementation of the flood protection measures. These benefits 
include avoided losses from (i) damage and destruction of buildings and public infrastructure, (ii) 
damage to household contents, (iii) damage to crops, (iv) loss of livestock, and (v) funeral costs 
and medical care costs of injured people. Quantified benefits also account for continued 
population growth and increased investment within the beneficiary area and avoidance of 
temporary commodity price increases during and immediately following flood events, which are 
commonly caused by reduced production and increased demand. 
 
7. While funeral and medical care costs are included in the analysis, the project is expected 
to generate significant social benefits in terms of reduced human mortality associated with flood 
events, which have not been quantified in the analysis. Other unquantified benefits include 
avoided repair costs associated with damaged buildings, farmland, farm infrastructure, roads, 
and other public infrastructure. For larger floods, these costs are potentially significant for the 
Government of Nepal and local communities. 
 

2. Assumptions and Data 
 
8. The project evaluation period is 25 years, which includes a 7-year implementation period 
during which no project benefits occur. The discount rate used was 9%, following ADB 
guidelines. Investment costs were based on the cost estimates prepared in the third quarter of 
2019. Prices were reported based on the domestic numeraire and expressed in local currency. 
To derive economic prices, the foreign component of the price of traded goods was adjusted by 
the shadow exchange rate factor, scarce labor was adjusted by the shadow wage rate factor of 
0.8, and taxes (a value-added tax of 13% and any import duties) were removed from prices. The 
standard conversion factor of 0.92 (based on a shadow exchange rate factor of 1.09) was 
estimated using import and export data from the last five fiscal years.4 Constant purchasing 
parity exchange rates were used in the analysis. The economic opportunity cost of capital was 
assumed as 9%. Further assumptions used to quantify the project benefits include the following:  

(i) The numbers of affected houses were estimated from satellite imagery and the 
2011 population and housing census data. Census data was used to estimate 
the portion of poor households within the beneficiary areas. 

(ii) The census data provided information on the quality of house foundations and 
walls within the beneficiary areas. These were stratified into four classes, for 
which depreciated values for each class were estimated based on surveys and 
average unit costs for house construction within the Terai. 

(iii) Flood damage to housing was estimated using a linear correlation, based on 
empirical evidence from historical flood events, between the flood hazard ratings 
(FHRs) derived in the flood model and class of housing.5 The regression was 

 
4 The fiscal year (FY) of the Government of Nepal and its agencies ends on 15 July. “FY” before the calendar year 

denotes the year in which the fiscal year ends, e.g., FY2020 ends on 15 July 2020.” 
5 The FHR is the product of flood depth, velocity, and debris content. Empirical studies show a linear correlation 

between the FHR and damage to housing, damage to infrastructure, damage to crops, and injury. 
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quantified as a percentage of the houses’ depreciated values plus either 
temporary household displacement costs or permanent resettlement costs, 
depending on the level of damage. 

(iv) Flood damage to content was estimated based on Day's curve, assuming that a 
maximum 3-hour warning (on average) was feasible in the watersheds.6 

(v) The extent of flood damage to public infrastructure (roads, bridges, electricity 
lines, and telephones) was quantified on a per affected household basis, derived 
from survey data. The value of the flood damage to this infrastructure is 
equivalent to the cost of repairing or replacing it after a flood event. 

(vi) The historical population growth rate within the Terai is about 2% per year. Nepal 
has South Asia’s highest urban growth rate at 6.4% per year between 1991 and 
2001.7 One of the highest concentrations of population growth is found in 
medium-sized cities in the Terai, most notably in the towns along the border with 
India. The project has assumed a conservative total increase of 25% during the 
evaluation period, and a conservative increase in housing and public 
infrastructure growth of 3.25% during the project economic life. 

(vii) Damage to agricultural production was estimated as a linear correlation between 
the FHR and current agricultural production based on normal cropping patterns, 
typical yields, and current prices. It was also assumed, with a higher level of flood 
security, that the with-project scenario will facilitate increased production 
because of investments in farming technology and crop intensification. 

(viii) Avoided mortality and morbidity costs are not included. However, the avoided 
funeral and medical costs are included, which were estimated from a correlation 
between FHRs and data collected from 505 historic flood events during 1991–
2015 in the Terai. 

(ix) Loss of livestock was estimated from empirical data of livestock lost in past flood 
events, estimating an average number and type of livestock per household within 
the beneficiary area based on survey information, and valuing livestock based on 
current prices. 

 
3. Project Interventions 

 
9. Five subprojects, excluding East Rapti, will implement the following infrastructure: (i) 
36.2 kilometers of embankments protected with revetments, (ii) 5.5 kilometers of additional 
revetments along existing embankments, (iii) 430 river training spurs, and (iv) 35 outlet 
structures to prevent flood ingress behind embanked areas. Five subprojects, excluding West 
Rapti, will include flood forecasting and early warning systems (FFEWSs) to provide warning of 
impending floods to communities along the rivers. The West Rapti subproject will include only 
hydrometeorological systems to support the existing FFEWS. All six subprojects will include (i) 
community-based disaster risk management programs to improve communities’ awareness of 
flood risk management and raise their preparedness capacities; and (ii) flood shelters, 
particularly for populations outside the areas protected by embankments. 
 
10. The project will protect land and communities from damage and destruction caused by 
flooding based on modeling for (i) a without-project scenario that includes projected climate 

 
6 K. Carsell, N. Pingel, and D. Ford. 2004. Quantifying the Benefit of a Flood Warning System. Natural Hazards 

Review. 5 (3). pp. 131–140. Day’s curve predicts the damage reduction in terms of percentage of maximum 
potential inundation damage as a function of the mitigation time provided by the flood warning system. 

7 United Nations Human Settlements Programme (UN-HABITAT). 2010. Nepal Urban Housing Sector Profile. 
https://www.alnap.org/system/files/content/resource/files/main/nepal-urban-housing-sector-profile.pdf 
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change impacts to the baseline scenarios and population growth, and (ii) a with-project scenario 
that includes the project’s expected flood prevention benefit and population growth to the 
without-project scenario. Table 1 presents the modeling results on affected areas and 
populations for various AEPs. 
 

Table 1: Affected Areas and Population 
 Flood Return Period 

 
 
Scenario 

50% AEP 
(1-in-2-

year 
event) 

20% AEP (1-
in-5-year 

event) 

10% AEP (1-
in-10-year 

event) 

4% AEP (1-
in-25-year 

event) 

2% AEP (1-
in-50-year 

event) 

Without project       
 Affected area (ha) 17,382 22,129 25,365 28,764 31,484 
 Population 26,803 38,228 49,871 61,273 70,428 
With project      
 Affected area (ha) 16,597 21,030 23,883 26,885 29,167 
 Population 21,919 31,182 39,796 49,152 56,322 
Project effect      
 Protected area (ha) 785 1,099 1,482 1,880 2,317 
 Protected population 4,885 7,046 10,075 12,121 14,106 

ha = hectare. 
Source: Asian Development Bank estimates. 

 
4. Project Costs 

 
11. The project cost is estimated at $63.0 million, including financial charges during 
construction of $1.8 million. Economic prices for the project (not discounted) are estimated at 
NRs7,568 million and are shown in Table 2 by expenditure category. 
 

Table 2: Project Costs 
(NRs million) 

Investment Costs Totala 

Civil works (embankments, spurs, culverts) 4,956 
Equipment (vehicles, CBDRM equipment, communications) 72 
Supplies, materials, and operations 203 
Training and workshops 42 
Implementation consultants 311 
Other consulting services (CBDRM, monitoring and evaluation) 92 
Government staff 509 
Safeguards implementation  241 
FFEWS package (measuring equipment, topographic surveys, flood modeling) 1,139 

Project Costs 7,568 
CBDRM = community-based disaster risk management, FFEWS = flood forecasting early warning system. 
Note: Financing during implementation not included. Numbers may not sum precisely because of rounding. 
a Economic prices. 
Source: Asian Development Bank estimates. 

 
5. Project Benefits and Results 

 
12. Discounted costs and benefits for the subprojects and the whole project and the results 
of the economic analysis are given in Table 3 and Table 5. The project’s economic internal rate 
of return (EIRR) is estimated at 9.05%. The subproject EIRRs are 9.01% for Mohana Khutiya, 
15.24 % for Bakraha, and 17.96% for West Rapti, with the avoidance of losses to infrastructure 
being the most significant benefits. The 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 



5 

communities in Nepal. Implementing these subprojects will contribute to a sense of inclusion in 
national life as well as harmonious development of the economy in the Terai. 
 

Table 3: Summary of Discounted Project Costs and Benefits 
(NRs million) 

Source of Benefits Mohana Khutiya West Rapti Bakraha Total Project 

Infrastructure 1,650.00 2,040.00 752.00 5,589.00 
Avoided household contents damage 177.00 0.00 81.00 601.00 
Agriculture 72.00 10.00 33.00 150.00 
Livestock (from physical interventions) 22.00 2.00 10.00 64.00 
Livestock (from FFEWS)a 40.00 105.00 11.00 185.00 
Avoided funeral and injury expenses (from 
physical interventions) 

0.30 0.10 0.30 0.80 

Avoided funeral and injury expenses (from 
FFEWS)a 

0.50 3.10 0.30 4.60 

Subproject NPV benefits 1,963.00 2,159.00 887.00 6,594.00 

Subproject capital costs 1,519.00 1,261.00 547.00 5,428.00 
Subproject O&M costs 277.00 267.00 87.00 990.00 
Subproject NPV costsb 1,796.00 1,529.00 634.00 6,418.00 

Economic internal rate of return (%) 9.05 18.89 16.34 9.60 
FFEWS = flood forecasting early warning system, NPV = net present value, O&M = operation and maintenance. 
a  Avoided losses in flood-affected areas that are outside embankment protected areas due to implementation of an FFEWS, which 

allows livestock or people to be moved to safe, higher ground before the flood arrives. 
b  Total of subproject costs includes costs for East Rapti and Lakhandei, which together account for 8.5% of total project costs. 
Source: Asian Development Bank estimates. 

 
6. Risk and Sensitivity Analysis 

 
13. The robustness of the EIRR was tested against three adverse scenarios: (i) a 5% 
increase in capital expenditures, (ii) a 10% increase in operational expenditures, and (iii) a 5% 
decrease in benefits (Table 4). The subprojects were found overall robust to each scenario 
tested, particularly for West Rapti and Bakraha, with Mohana Khutiya slightly falling below the 
9% threshold. 
 

Table 4: Sensitivity Analysis 
(%) 

 
Subproject 

 
EIRR 

CAPEX 
+5% 

OPEX 
+10% 

Benefits 
–5% 

Mohana Khutiya 9.05 8.26 8.75 8.07 
West Rapti 18.89 16.61 18.28 16.22 
Bakraha 16.34 14.74 15.99 14.5 

Total project 9.60 8.69 9.26 8.48 
CAPEX = capital expenditure, EIRR = economic internal rate of return, OPEX = operational expenditure. 
Source: Asian Development Bank estimates. 

 
7. Distribution and Poverty Analysis 

 
14. A distribution analysis was undertaken for the project but not for the individual 
subprojects. Beneficiaries are mostly rural households, labor derived mainly from rural 
households, and the regional economy. A poverty impact ratio of 6.3% is estimated for the 
project. 
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Table 5: Economic Analysis of the Project 
(NRs million) 

 Economic Costs  Economic Benefits 

Year 

Capital 
Investment 

 
Maintenance 

Total Costs  Infrastructure FFEWS Agriculture Livestock 
Funeral and 

Medical 
Total 

Benefits 

1 373.16   0.00    373.16   0.00    0.00 0.00   0.00   0.00    0.00    

2  1,015.09   5.50   1,020.59    580.52   62.41   13.71   27.93   0.60   685.18  

3  1,474.71   24.46   1,499.17    588.10   63.22   14.22   28.04   0.61   694.18  

4  1,890.39   53.31   1,943.69    594.06   63.86   14.70   28.04   0.61   701.27  
5  1,729.60   93.77   1,823.36    600.02   64.50   15.18   28.04   0.61   708.35  
6  962.10   129.00   1,091.09    605.98   65.14   15.66   28.04   0.61   715.43  
7  102.09   148.12   250.21    611.94   65.78   16.13   28.04   0.61   722.51  
8 0.00     148.12   148.12    617.91   66.42   16.61   28.04   0.61   729.59  
9  0.00     148.12   148.12    623.87   67.07   17.09   28.04   0.61   736.68  
10  0.00     148.12   148.12    629.83   67.71   17.57   28.04   0.61   743.76  
11  0.00     148.12   148.12    635.79   68.35   18.05   28.04   0.61   750.84  
12  0.00     148.12   148.12    641.75   68.99   18.53   28.04   0.61   757.92  
13  0.00     148.12   148.12    647.72   69.63   18.63   28.04   0.61   764.63  
14  0.00     148.12   148.12    653.68   70.27   18.74   28.04   0.61   771.34  
15  0.00     148.12   148.12    659.64   70.91   18.84   28.04   0.61   778.04  
16  0.00     148.12   148.12    665.60   71.55   18.95   28.04   0.61   784.75  
17 0.00  148.12   148.12    671.56   72.19   19.05   28.04   0.61   791.46  
18  0.00     148.12   148.12    677.53   72.83   19.15   28.04   0.61   798.17  
19  0.00     148.12   148.12    683.49   73.47   19.26   28.04   0.61   804.87  

20  0.00     148.12   148.12    689.45   74.12   19.36   28.04   0.61   811.58  

21  0.00     148.12   148.12    695.41   74.76   19.47   28.04   0.61   818.29  
22  0.00     148.12   148.12    701.37   75.40   19.57   28.04   0.61   824.99  
23  0.00     148.12   148.12    707.34   76.04   19.68   28.04   0.61   831.70  
24  0.00     148.12   148.12    713.30   76.68   19.78   28.04   0.61   838.41  
25  0.00     148.12   148.12    727.39   78.19   19.97   28.04   0.61   854.21  

Total 7,547.12 3,120.33 10,667.45   15,623.25   1,679.50   427.90   672.97   14.53  18,418.15  

EIRR (%) 9.60          
NPV 5,428.30 989.61 6,417.92             6,594.11 

EIRR = economic internal rate of return, FFEWS = flood forecasting early warning system, NPV = net present value, O&M = operation and maintenance. 
Notes: (i) Costs include capital costs and O&M throughout the life of the project. (ii) Costs and benefits are in constant first quarter 2020 prices. (iii) Numbers may 
not sum precisely because of rounding 
Source: Asian Development Bank estimates   
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F. Financial Analysis 
 
14. The financial analysis was undertaken following ADB guidelines.8 As this is a non-
revenue-generating project, the financial analysis focused on assessing the capacity of the 
government to absorb the incremental maintenance cost of the assets created under the 
project. The key assets that will be created by the project are (i) flood control infrastructure such 
as embankments and revetments,9 (ii) an FFEWS in the form of rain and hydrometric gauges, 
and (iii) disaster risk management infrastructure in the form of flood shelters. The Department of 
Water Resources and Irrigation (DWRI), together with farmers, will be responsible for 
maintaining the flood control and disaster risk management infrastructure while the Department 
of Hydrology and Meteorology (DHM) will be responsible for maintaining the FFEWS.10 
 
15. The required maintenance activities will include repairs and routine maintenance of the 
infrastructure, repair and replacement of equipment, and system updates. These activities are 
estimated as 2%–4% (or $1.6 million) of the annual investment cost. For the DWRI, the project’s 
incremental maintenance needs are not expected be a burden. However, the estimated project 
annual maintenance cost for the FFEWS is 7% (or $100,000 annually), and the DHM currently 
has limited annual maintenance resources. Hence the DHM’s budget allocation for maintenance 
must be increased accordingly.11 
 
16. Examining past budget performance for operation and maintenance expenditures, the 
amount of funds received by DWRI and DHM from the government for maintenance has been 
increasing (with some variances from year to year, Table 6 and Table 7). Furthermore, based 
on estimates, the DHM and DWRI receive on average 70%–75% of their annual maintenance 
needs and utilize on average about 85% of the received maintenance budget (Table 6), leaving 
scope for some improvement in asset management and budget planning practices. 
 
17. Based on the analysis in para. 16, the DHM and DWRI may not fully secure sufficient 
annual budget allocation required for maintenance of the project assets, and there is a risk that 
the assets may not last for their expected economic life. The following measures have been 
integrated into the project design to mitigate this risk: (i) maintenance costs for the first 4 years 
will include the contract for establishing the FFEWS; (ii) training will be provided to the farmer 
communities on how to maintain embankments and revetments; and (iii) the attached technical 
assistance will strengthen the institutional capacities of the DHM and DWRI with regard to asset 
management in the form of (a) development and dissemination of maintenance manuals; (b) 
training in estimating required maintenance needs and preparing sufficient budget requests; and 
(c) maintaining an up-to-date fixed asset register including information on the asset location, 
condition, annual maintenance needs, and past maintenance history.12 
 
18. Additional assurances will be sought from the Government of Nepal as part of the draft 
loan and grant agreements that adequate funds for maintenance will be provided to the DHM 
and DWRI throughout the estimated economic life of the improved assets. 
  

 
8 ADB. 2019. Financial Analysis and Evaluation: Technical Guidance Note. Manila. 
9 Design and Monitoring Framework (Appendix 1 of the report and recommendation of the President). 
10 The DWRI will work together with farmers to maintain the embankments and revetments. 
11 During 2015–2019, the average annual maintenance budget received by the DHM was $807,000. 
12 Attached Technical Assistance Report (accessible from the list of linked documents in Appendix 2 of the report and 

recommendation of the President). 
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Table 6: Department of Hydrology and Meteorology Operation and Maintenance Funds 
Item FY2013a FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 Average 

O&M funds allocated (NRe 
million) 36.04 62.53 308.14 94.85 90.32 98.31 87.63 111.12 
O&M funds actually spent 
(NRe million) 34.61 52.98 98.86 66.08 76.33 75.19 75.92 68.57 
Utilization rate (%) 96 85 32 70 85 76 87 62 

O&M = operation and maintenance. 
Source: Asian Development Bank estimates. 
 

Table 7: Department of Water Resources and Irrigation Operation and Maintenance 
Funds a 

Item 
FY 

2013 
FY 

2014 
FY 

2015 
FY 

2016 
FY 

2017 
FY 

2018 
FY 

2019 
Averag

e 

O&M funds allocated (NRe million) 263.49 357.64 411.21 688.59 808.33 1,225.0 697.4 635.9 

O&M funds actually spent (NRe 
million)b 210.67 298.18 331.12 596.55 784.02 1,133.4 

 
612.3 566.61 

Utilization rate (%) 80.0 83.4 80.5 86.6 97.0 92.5 87.8 86.8 

O&M = operation and maintenance. 
a.The Department of Water Induced Disaster Management was the responsible agency during 2012–2013 to 2017–
2018; in 2018–2019 it merged with the Department of Water Resources and Irrigation. 
b Based on O&M allocations and expenditure being 10% of the department budget. 
Source: Asian Development Bank estimates. 


