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Executive Summary 

A collaborative study on flood risk assessment in the Lower West Rapti Basin (LWRB), 

Nepal was carried out jointly by International Centre for Water Hazard and Risk 

Management (ICHARM), Public Work Research Institute (PWRI), Japan and Nepal 

Development Research Institute (NDRI), Kathmandu, Nepal. 

The study area was the villages located in the Lower West River Basin near the Nepal-India 

border which face recurrent flood disasters where significant loss of property, lives and 

livelihood of the local population occurs. Recent extreme flood events in West Rapti were 

reported in 1984, 1989, 1998 and 2007. The main problems in the study area are due to 

annual flood inundations, bank erosion, high sediment load and river course shifting. Flood 

inundation is both due to the mainstream West Rapti River and local heavy rainfall 

contributing to high flows in the tributaries (ephemeral rivers originating from the Siwalik 

Range). It is reported that the inundation problem has been worsened by the construction of 

Laxmanpur Barrage and Kalkaluwa Afflux Bund in India (due to obstruction of natural drains 

and flows from West Rapti River and tributaries flowing into India). The study area covered 

six Village Development Committees (VDCs) namely Kamdi, Bankatti, Phattepur, Betahani, 

Holiya and Gangapur in the LWRB. 

Flood risk assessment is carried out by combining flood hazard information with exposure 

and vulnerability data. A household level socio-economic survey, focus group discussions 

(FGDs) and key-informant interviews (KII) were conducted in the six villages to assess the 

socio-economic status/vulnerability of the local communities and to assess the damage/loss 

faced by the communities in the past flood events. These data were then analysed to prepare 

the flood-damage (loss) functions across the study area.  

A composite socio-economic index (CSI) comprising of different socio-economic parameters, 

namely, income sufficiency, access to primary school, employment opportunities, access to 

agriculture market, availability of agriculture labor, availability of health facility, access to 

water, sufficiency of cultivated land, fertilizer sufficiency and food security was calculated 

based on the survey. It was observed that the average CSI is 0.54 (in a scale of 0 to 1) and 

varies from the lowest value of 0.49 in the most flood affected to 0.59 in the moderately 

affected and to a highest of 0.60 in less affected areas. Primarily, employment opportunity 

and income sufficiency have shown very low indices. 

The flood damage (loss) function for the following categories of damage were estimated  

1. Direct Damage – household and property (from Household (HH) Survey ) 

2. Direct Damage – agriculture (land and production) (from land cover data) 

3. Direct Damage – infrastructure (from secondary sources)  

4. Indirect – small scale business loss (from HH survey)  

The agricultural damage from flooding in the area is due to damage to paddy that is cultivated 

in the area during the flood season.  The percentage of damage to paddy grown in the study 

area was estimated through Focus Group Discussions (FGDs) and Key Informant Interviews 
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(KIIs) and verified with local experts. It is estimated that paddy is completely damaged if the 

flood depth of more than 20 cm occurs for more than 3 days. Similarly, about 15% damage 

occurs when the flood depth is about 20 cm for 2-3 days, 50% for 30 cm flood depth for 1-2 

days and 75 % for 30 cm depth for 2-3 days. The land-cover data of the area was used to 

define the agricultural area. Direct damage for infrastructure is estimated based on data 

available from the District Offices and that for indirect damage through loss of small scale 

business from the household survey data. 

The above damage (loss) functions and their spatial variation in the study area were then 

combined with the flood hazard scenarios simulated using the IFAS rainfall-runoff and the 

inundation model - Rainfall Runoff Inundation (RRI) by ICHARM. The General Circulation 

Model (GCM) created by Meteorological Research Institute, Japan was used to predict 

climate change scenarios. It is based on the IPCC SRES A1B emission scenario and the 

resolution is 20 km. Calculation periods used were the 1980-2004 (Present), 2015-1030 (Near 

Future) and 2075-2099 (Future). The flood hazard maps (raster data of flood depths and 

durations) were finally combined with damage (loss) functions across the study area to 

prepare the flood risk analysis (maps). 

Analysis of the flood-inundation analysis for different climatic scenario shows that damages- 

direct, agricultural and business - increase in future in different climate scenario. The 

damages in future scenarios will be more than the flood in 2007. The analysis shows that 

direct damage with 'rain and discharge' condition in SFAC 3 is 15% more than that of 2007 

flood. In addition, direct damage in SPAC 3 is only 2.81% more. Similarly, the damage in 

SF0AC case is only 1.53% that of 2007 Flood scenario. If the flood in 2007 is considered as 

baseline , then, in case of agricultural damage, the damage in SFAC 3 scenario with 2007 rain 

condition is more than 100%, followed by SPAC 3 scenario with damage about 35% more 

than 2007 Flood condition. Likewise, for business damages, the damages are greater for 

future scenarios. This distinctly shows that the study area is very likely to be under more risk 

in changing climatic conditions if there is no suitable adaptation and protection measures. 
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1 INTRODUCTION 

1.1 GENERAL 

1. The villages located in the Lower West River Basin near the Nepal-India border faces 

recurrent flood disasters where significant loss of property, lives and livelihood of the local 

population occurs. This report describes the activities carried out by Nepal Development 

Research Institute (NDRI) under a collaborative research carried out with International 

Centre for Water Hazard and Risk Management (ICHARM), Public Works Research 

Institute, Japan. 

2. The study was conducted in the Lower West Rapti River Basin in Nepal covering six 

Village Development Committees (VDCs) namely Kamdi, Bankatti, Phattepur, Betahani, 

Holiya and Gangapur (Map 1-1).  

   

 

Map 1-1 : Study Area 

3.  Recent extreme flood events in West Rapti were reported in 1984, 1989, 1998 and 2007. 

The main problems in the study area due to annual flood inundations, bank erosion, high 

sediment load and river course shifting. Flood inundation is both due to the mainstream West 

Rapti River and the tributaries (Ephemeral rivers originating from the Siwalik Range). It is 

reported that the inundation problem has been worsened by the construction of Laxmanpur 

Barrage and Kalkaluwa Afflux Bund in India (due to obstruction of natural drains and flows 

from West Rapti River)  (UNDP 2009). 
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1.2 OBJECTIVES AND SCOPE 

4. The main objectives of this collaborative research study were: 

 To carry out socio-economic survey to assess the socio-economic vulnerability 

and exposure to flood hazards and to derive the flood damage/loss functions for 

different flood conditions 

 To carry out hydrological; simulations and inundation analysis under climate 

change condition 

 To assess the climate change impact on flood characteristics and inundation in 

Lower West Rapti River Basin 

5. The activities carried out by NDRI were to undertake both primary and secondary data 

collection, assessment of the socio-economic vulnerability and flood damage assessment in 

the study area. A series of consultative community level meetings and focus group 

discussions were organized. Joint field visits by ICHARM and NDRI researchers were 

undertaken in May and December 2012. The flood hazards for different climate change 

scenarios were simulated by ICHARM using the IFAS and the Rainfall-Runoff Inundation 

(RRI) models. The damage assessments for different flood conditions were carried out by 

NDRI. Finally, the flood damage assessment in the study area was carried out combining the 

flood hazard maps with the potential flood damage (loss) functions. 

1.3 MAJOR ACTIVITIES  

1.3.1 FIELD VISITS 

6. The inception field visit to the study area was carried out by ICHARM and NDRI 

researchers in May 2012. Site visits were made in the flood affected areas. Consultations 

were held with local communities and government agencies dealing with flood disaster 

management. 

7. Following the inception field visit, NDRI carried out an extensive field work to carry 

focus group discussions and also to undertake a house hold level socio-economic survey to 

assess the current socio-economic status of the affected communities as well as to assess the 

exposure of household assets, properties and agricultural crops to floods and potential loss 

(damage) due to different depths and durations of floods. Secondary data on agricultural 

production were also collected and analyzed. A rapid field survey using GPS was also carried 

out to investigate the historical flood events and flood inundation depths in different areas of 

the study area. 

8. A follow-up field visit to validate the initial results of the IFAS and RRI simulations were 

also made by ICHARM and NDRI team in December 2012.  

1.3.2 DATA COLLECTION  

9. Updated hydro-meteorological data available for the whole of West Rapti Basin was 

collected from the Department of Hydrology and Meteorology (DHM) which included daily 

rainfall and daily gauge height, daily discharge, instantaneous maximum flow records, rating 

curves of the major hydrological stations. These data were used for the IFAS Rainfall-Runoff 

(RR) modeling. 
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10. Topographical data from the Survey Department (20 m contours and DEM), GIS layers of 

administrative, land cover and other relevant attributes were also collected. The joint 

topographical survey maps of the Lower West Rapti Basin prepared by the joint India-Nepal 

team were also collected, digitized and provided to the ICHARM team. 

11. In addition secondary data on past flood events and damages were collected from 

different governmental and non-governmental organizations working in the areas. These 

included:  

 Red Cross (Banke),  

 Banke District Development Committee Office, 

 Banke  District Administrative Office,  

 District Education Office and other local NGOs.  

 Central Bureau of Statistics (CBS), 

 Ministry of Agriculture and Cooperatives (MOAC) 

 Nepal Agricultural Research Center (NARC) and  

 Ministry of Local Development (MOLD) 

1.3.3 CONSULTATIVE MEETINGS AND WORKSHOPS 

12. Focus groups discussions (FGDs) and Key Informant Interviews (KII) were extensively 

carried out during the May and December field visits. A summary of the consultations are 

presented in Annex A. 

13. Similarly, a stakeholder consultation workshop was help on 31 January 2012 in 

Nepalgunj to present the findings of the study. More than 30 participants representing local 

communities and the governmental and non-governmental organizations participated in the 

workshop. The participants were happy that the flood damage assessment was carried out by 

the research which they felt would help the central authorities and decision makers realize the 

recurrent damages and losses faced by the communities in the six village development 

committees. A summary of the workshop is presented in Annex B.1. 

14. A national workshop was finally held in Kathmandu, Nepal where ICHARM and NDRI 

presented the research findings to the national stakeholders. A summary of the national 

workshop is presented in Annex B.2 

1.3.4 SOCIO-ECONOMIC VULNERABILITY AND FLOOD DAMAGE ASSESSMENT 

15. A house-hold survey in the six villages were carried out to assess the socio-economic 

status/vulnerability of the local communities and to assess the damage/loss faced by the 

communities in the past flood events. These data were then analysed to prepare the flood-

damage curves.  

16. Chapter II presents the socio-economic status and vulnerability of the six VDCs studied 

and Chapter III presents the derivation of flood damage/loss functions for different flood 

conditions. Chapter IV then presents the flood damage (risk) assessment combining the flood 

hazards under different climate scenarios and the flood damage (loss) functions. 



Nepal Development Research Institute (NDRI) 

4 

 

2 SOCIO-DEMOGRAPHIC CONDITIONS  

2.1 STUDY AREA AND SAMPLING 

17. To envisage the entire impacts of the floods on local people's livelihoods, the study area 

was selected on the basis of degree of flood impacts on local people. Categorically, high 

impact, moderate impact, and less impact areas were indentified through discussion with 

local resource persons, which also included locally hired enumerators. A total of 120 

households were surveyed accordingly by designing semi-structured questionnaire. 

18. Map 1-1 includes the villages selected for household survey. It also shows the VDC 

boundary and location of West-Rapti River. The villages are categorized as most affected, 

moderately affected and less affected villages based on local resource persons' perception. 

The map clearly shows that the villages located in lower part are quite vulnerable in terms of 

flood. Likewise, the villages located in upper part are moderately vulnerable whereas the 

villages located in middle part are less vulnerable in comparison to lower and middle part of 

the study VDCs.  Table 2-1 shows the study area and the number of households selected to 

conduct the household survey; 

Table 2-1 : Study Villages and Sampling 

S. N. Village VDC Ward no. Total no. HH survey 

conducted 

Most affected villages 

1 Piprahawa Holiya 7 10 

2 Gangapur Gangapur 9 20 

3 Choupheri Holiya 2 10 

 Total 40 (33.3%) 

Moderate affected villages 

4 Goriyanpurwa Phattepur 9 5 

5 Guleri Phattepur 9 5 

6 Joraiya Phattepur 8 10 

7 Kamdi Kamdi 8 10 

8 Sidhaniya Kamdi 1 10 

 Total 40 (33.3%) 

Less affected villages 

9 Betahani Betahani 5 10 

10 Bisampur Phattepur 6 5 

11 Sarre Phattepur 7 5 



Nepal Development Research Institute (NDRI) 

5 

 

S. N. Village VDC Ward no. Total no. HH survey 

conducted 

12 Mahimanpur Phattepur 8/9 5 

13 Paneriya Phattepur 8/9 5 

14 Katohiya Bankatti  10 

 Total 40 (33.3%) 

Grand Total 120  

 

19. The household survey conducted in July 2011 explicitly depicts the susceptibility of local 

socio-economic conditions. The following tables are the representative of local socio-

economic condition in the context of flood impacts. The surveyed data are categorized in 

terms of degree of impact of flood on local livelihoods as most affected area, moderate 

affected area and less affected area. 

2.2 POPULATION AND FAMILY SIZE 

20. The total population of the surveyed households is 851 amongst, 459 (53.9%) are males 

and 392 (46.1%) are females. The average family size of the most affected areas is 7.5, which 

is followed by 7.4 in moderate affected areas, and 7.3 in less affected areas. Since the poor 

families are living in the most affected area, they also have bigger family size.  

Table 2-2 : Total Population and Family Size of Sample Households by Farm Household 

Category 

Farm Household Category Total Male Female  Family Size 

Most Affected Areas (n=40) 266 158 143 7.5 

Moderate Affected Areas (n=40) 294 162 132 7.4 

Less Affected Areas (n=40) 291 156 135 7.3 

Total (N=120) 851 459 392 7.4 

2.3 EDUCATION STATUS 

21. The education of the people of the study area does not show the satisfactory status. As 

shown in Table 2-3, most households in all impact categories are illiterate, which comprise 

36.31 per cent followed by 27.97 per cent of people have the education level up to Class 5, 

which categorize as primary education in Nepal. Only 22.8 per cent has education level above 

Class 5. 
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Table 2-3 : Level of Education of Sample Households by Farm Category 

Farm Household Category 

Education Level 

Illiterate Up to Class 5 Above Class 5 

Male Female Male Female Male Female 

Most Affected Areas (n=40) 52 77 32 14 29 21 

Moderate Affected Areas (n=40) 34 52 54 37 46 24 

Less Affected Areas (n=40) 33 61 56 45 47 27 

Total (N=120) 119 190 142 96 122 72 

Total 309 238 194 

Percentage 36.31 27.97 22.8 

2.4 ECONOMIC STATUS 

22. House category is normally used to categorize the level of economy of the household. In 

order to disaggregate the poverty level of the households, data on the types of roofs and wall 

of the respondents' houses have been used (Table 2-4) 

Table 2-4 : Type of Roof of Sample Households by Farm Household Category 

Farm Household 

Category 

Type of Roof 

Cement 

 

Tile / Fabric 

 

Asbestos Sheets 

 Thatch / Straw 

f % f % F % f % 

Most Affected Areas 

(n=40) 

7 17.5 3 7.5 4 10.0 26 65.0 

Moderate Affected 

Areas (n=40) 

8 20.0 15 37.5 5 12.5 12 30.0 

Less Affected Areas 

(n=40) 

5 12.5 19 47.5 6 15.0 10 25.0 

Total (N=120) 20 16.7 37 30.8 15 12.5 48 40.0 

F=frequency 

23. Table 2-4 shows that 65 per cent households of most affected area have constructed their 

roof with thatch/straw, which considered insecure during flood. In contrary, most household 

of moderate and less affected areas have constructed their roof with tile/fabric.  
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Table 2-5 : Type of House Wall of Sample Households by Farm Household Category 

Farm Household 

Category 

Type of House Wall 

Cement 

 

Stone / Mud 

 

Asbestos 

Sheets 

 

Wood / Bamboo 

 

f % F % f % f % 

Most Affected Areas 

(n=40) 

5 12.5 9 22.5 1 2.5 25 62.5 

Moderate Affected 

Areas (n=40) 

8 20.0 14 35.0 1 2.5 17 42.5 

Less Affected Areas 

(n=40) 

4 10.0 30 75.0 0 0.0 6 15.0 

Total (N=120) 17 14.2 53 44.2 2 1.7 48 40.0 

24. As indicated by the Table 2-5, most walls of the respondents' house have constructed 

either with stone/mud or wood/bamboo, which comprise 84.2 per cent of the total. 

Respondents' houses with cemented wall contain 14.2 per cent and wall with asbestos sheets 

comprise 1.7 per cent of the total. Wall constructed with mud, wood and bamboo do not 

considered as secured as cemented and stone wall. 

2.4.1 MAIN INCOME SOURCE OF HH 

25. Our research team has observed that households were engaging in the agriculture farm 

during the visit. As enumerators mentioned, they requested to give few minutes for the survey 

because they were busy in their agriculture farms. This denotes that most households of the 

study area have agriculture as the main source of income to sustain their families' livelihoods. 

Table 2-6 justify our observed findings quantitatively. 

Table 2-6 : Main Income Sources of Sample Households by Farm Household Category 

Farm Household 

Category 

Sources 

Agriculture Business 

Salaried 

employment 

Daily 

wages 

Foreign 

employment 

f % f % f % f % f % 

Most Affected Areas 

(n=40) 

29 72.5 2 5.0 0 0.0 9 22.5 0   

Moderate Affected 

Areas (n=40) 

24 60.0 3 7.5 4 10.0 8 20.0 1 2.5 

Less Affected Areas 

(n=40) 

30 75.0 0 0.0 2 5.0 8 20.0 0   

Total (N=120) 83 69.2 5 4.2 6 5.0 25 20.8 1 0.8 

26. Table 2-6 reveals income sources of the respondents. It shows agriculture as the main 

source for making a living of the household of all the impact categories, which is followed by 

daily wages, salaried employment, business and foreign employment are other sources of 

income for the surveyed households. Agriculture and the daily wages are the best options to 
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sustain livelihoods for most of the household in the study area. However, most household 

lack the income they needed to run the household every month (Table 2-7).  

2.4.2 TOTAL MONEY NEEDED BY THE HH IN A MONTH 

27. Table 2-7 shows that more than 89 per cent of household can sustain their regular 

livelihood within monthly income of 20,000 Nepali Rupees. Amongst, 25 per cent can sustain 

in 1000 to 5000, 34.2 per cent can sustain in 5001 to 10000 monthly income, and 30.0 per 

cent in 10001 to 20000 Rupees of monthly income. Furthermore, more than 10 per cent 

households need more than 20000 rupees every month for their regular livelihoods. It also 

indicates that the demand for money increases with the higher income status of the sample 

households. 

 

Table 2-7 : Total money needed by the respondent to run their household in a month 

Amount in 

Rupees 

1000 to 

5000 

5001 to 

10000 

10001 to 

20000 

20001 to 

30000 > 30000 Total 

Most affected area 13 16 6 1 4 40 

Moderate affected 

area 11 14 11 2 2 40 

Less affected area 6 11 19 4 0 40 

Total 30 41 36 7 6 120 

Percentage 25.0 34.2 30.0 5.8 5.0 100.0 

2.4.3 TOTAL INCOME OF HH 

28. Table 2-8 shows sufficiency of households’ own income to sustain their families’ 

livelihoods. Most household of all impacts categories explicitly said that their monthly 

income does not meet their regular needs. It may be because of regular floods in those areas. 

22.5 per cent household said that their own monthly income moderately meet their 

requirements. Only 11.7 per cent households of all impacts category explicitly said that their 

monthly income is sufficient to sustain and maintain their regular livelihoods. A large 

majority (65.8) percent of the sample households indicated that the monthly income is not 

enough at all to meet their household requirements.  

Table 2-8 : Respondents' current monthly income sufficiency 

Impact Category yes, it's enough moderate no, it's not enough Total 

Most Affected Areas 4 7 29 40 

Moderate Affected Areas 5 12 23 40 

Less Affected Areas 5 8 27 40 

Total 14 27 79 120 

Percentage 11.7 22.5 65.8 100 

29. Since most household lack sufficient monthly income to meet their livelihood needs, then 

we hypothetically asked the respondents that if someone give them 5000 Nepali Rupees 
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where they most likely to spend the money. As assumed, food, education, health and business 

are major requirements where most respondent wanted to spend the additional money.  Table 

2-9 - Table 2-12 shows the result of the survey on additional money for additional expenses. 

2.4.4 RESPONDENTS' WISH TO SPEND ADDITIONAL MONEY 

30. Food - Table 2-9 depicts the frequencies of the household who ranked food as their 

needy items for additional income. It reveals that most household of moderately affected 

areas wanted to spend the additional money on food.  

Table 2-9 : Respondents' desire to spend addition money on food 

Impact Category 
Priority Rank Order 

Total 1 2 3 4 5 

Most Affected Areas 9 11 13 6 0 39 

Moderate Affected Areas 26 7 2 3 1 39 

Less Affected Areas 12 14 6 5 0 37 

Total  47 32 21 14 1 115 

31. Education - Table 2-10 shows the frequencies of the household who ranked education as 

their needy item for additional income. It reveals that most household of less affected areas 

wanted to spend the additional money on education.  

Table 2-10 : Respondents' desire to spend addition money on education 

Impact Category 
Rank Priority Rank Order 

Total 1 2 3 4 5 

Most Affected Areas 13 11 9 5 0 38 

Moderate Affected Areas 5 16 7 2 3 33 

Less Affected Areas 20 11 6 2 0 39 

Total  38 38 22 9 3 110 

32. Health - Table 2-11 reveals the frequencies of the household who ranked health as their 

needy item for additional income.  

Table 2-11 : Respondents' desire to spend addition money on health 

Impact Category 
Priority Rank Order 

Total 1 2 3 4 5 

Most Affected Areas 2 7 12 9 4 34 

Moderate Affected Areas 3 10 23 4 0 40 

Less Affected Areas 0 9 22 8 0 39 

Total 5 26 57 21 4 113 

33. Business - Table 2-12 depicts the frequencies of the household who ranked business as 

their needy area to invest additional money. It reveals that households of most affected areas 
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wanted to spend the additional money on business. Since the households of the most affected 

area are quite vulnerable because of frequent floods, therefore, to avoid the risk, they want to 

use additional money on some kind of business, instead of spending money on agriculture, 

which is not secure because of flood. 

Table 2-12 : Respondents' desire to spend addition money on business 

Impact Category 
Priority Rank Order 

Total 1 2 3 4 

Most Affected Areas 10 8 5 9 32 

Moderate Affected Areas 5 4 2 12 23 

Less Affected Areas 7 6 5 11 29 

Total 22 18 12 32 84 

2.5 LAND OWNERSHIP, AGRICULTURE PRODUCTION AND SUFFICIENCY 

34. Table 2-13 reveals that only 79.16 per cent of households of the study areas own 

agriculture land, whereas the rest do not have their own land for the cultivation. These 

households cultivate land on share cropping. Since, most landless households are in most and 

moderately flood affected areas; these households are most vulnerable people of the study 

areas. 

Table 2-13 : Land ownership by HH 

Impact Category Yes No Total 

Most Affected Areas 30 10 40 

Moderate Affected Areas 29 11 40 

Less Affected Areas 36 4 40 

Total 95 25 120 

% 79 21 100 

2.6 DISTANCE OF AGRICULTURE LAND FROM THE WEST RAPTI RIVER  

35. To rationalize the vulnerability of the households of the study areas and to figure out the 

impacts of West Rapti River on the local people, we tried to collect the information regarding 

respondents’ perceived distance from irrigated land (khet) to the Rapti River. It determines, 

we think, that how much vulnerable these people are.  
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Table 2-14 : Distance of Khet (Agricultural Field) from Rapti River in Meter 

Impact 

Category 

< 1 to 

200 

201 to 

500 

501 to 

1000 

1001 to 

1500 

1501 to 

2000 

>200

0 

Tota

l 

Most affected 23 5 2 0 0 1 31 

Moderate 

affected 16 0 3 2 0 0 21 

Less affected 24 3 3 0 1 1 32 

 Total 63 8 8 2 1 2 84 

36. Table 2-14 shows that most households’ irrigated cultivable land are the distance of less 

than 200 meter from the Rapti River. The agriculture land of these people is most vulnerable 

within the study area. As the distance from the Rapti River increase the number of vulnerable 

households also decreases. 

2.7 SOCIO ECONOMIC INDEX CALCULATION 

37. The livelihoods of a household comprise diverse aspects of socio-economic situation. 

Aforementioned findings of the tables were clearly indicated that the regular livelihoods of 

the households of surveyed villages on West Rapti River are not easy. In addition, frequent 

floods of West Rapti River trigger local peoples' to become more vulnerable. To encompass 

entire socio-economic situation of the households of the study villages, we selected ten most 

socio-economic factors that may hinder the local livelihoods. Table 2-15 shows the 

composite socio-economic indices (CSI) (similar to what has been proposed by Darden and 

Kamel, 2002) of the households which are calculated on the basis of field survey information. 

The indices are also categorized in terms of degree of flood impacts.   

Table 2-15 : Composite Socio-economic Index (CSI) 

Socio-economic Parameters Index Value by Farm Household Category 

Most Affected 

Area 

Moderately 

Affected Area 

Least Affected 

Area 

Total 

Income Sufficiency  0.16 0.26 0.31 0.25 

Access to Primary School 0.89 1.00 1.00 0.96 

Employment Opportunities 0.16 0.16 0.16 0.16 

Access to Agriculture Market 0.51 0.61 0.64 0.59 

Availability of Agriculture Labor 0.51 0.80 0.74 0.48 

Availability of Health Facility 0.46 0.54 0.54 0.51 

Access to Water 0.66 0.65 0.64 0.65 

Sufficiency of Cultivated Land 0.55 0.65 0.69 0.63 

Fertilizer Sufficiency 0.56 0.58 0.61 0.58 

Food Security 0.48 0.61 0.65 0.56 

Total Index 0.49 0.59 0.60 0.54 

38. Table 2-15 explicitly shows that the CSI of the household of the most affected areas are 

very poor, which comprises 0.49. Accordingly, the household of moderate affected area has 
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0.59, which may consider just good socio-economic condition in general. Lastly, the 

households of less affected areas have 0.60 CSI. The socio-economic condition of the 

household of less affected areas is good in comparison to the households of most affected and 

moderate affected areas. 

39. If the indices are analyzed according to individual parameters, the socio-economic picture 

will be different. Employment opportunity and income sufficiency have extremely poor CSI 

i.e. 0.16 and 0.25 respectively, whereas CSI of access to primary education is near to 

saturation, i.e. 0.96. Likewise, CSI of access to water and sufficiency of cultivated land have 

very well, i.e. 0.65 and 0.63. Similarly, the indices of access of agriculture market, fertilizer 

sufficiency, food security, and availability of health facility can be categorized as good. In 

contrary, the index of availability of agriculture labor at local level is also not good.  The 

analysis of the index values indicates that there should be a long term plan to generate 

employment opportunities at local level. 

40. The details of each socio-economic parameters have been listed in ANNEX C. 

2.8 SOCIO ECONOMIC PROJECTION FOR 2030 

41. The socio-economic projections of the study area is made in line with the concept paper 

entitled “Nepal Development Vision 2030: Building a Prosperous, Peaceful, and Just Nepal” 

developed by National Planning Commission, Government of Nepal and published in 

September 2011.  Considering the opportunity of utilizing enormous natural and human 

resources and adopting new technologies the paper has envisioned that Nepal can graduate 

from the least developed country (LDC) status to a middle income country (MIC) by 2017. 

This paper has also projected that the per capita income will be increased nearly by three 

folds to US$ 1844 by 2020 from the current level of US$ 642. Furthermore, it is estimated 

that the per capita income will be further   increased to US$ 7512 in 2030. According to this 

vision paper, the country will then enter into upper middle income group.  In addition, the 

population below poverty line is projected to be 5 percent as against to 25 percent by now in 

2011.  This target has been considered to be met by producing at least 17,000 MW of 

hydroelectricity in the next 20 years and along with high household income generated 

through agriculture and allied activities.  On the basis of the Nepal Development Vision 

2030, CSIs for 2030 are projected and presented in Table 2-16.  It is projected that there will 

be 28 percent increase in overall socio-economic situation in 2030 with full access to 

education, health, drinking water, and food security. The availability of agricultural labour 

will remain more or less same since other employment opportunities at local level will be 

available more and more in one hand and agricultural mechanization will be increased on the 

other. 
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Table 2-16 : Projected Composite Socio-economic Index (CSI) for 2030 

Socio-economic Parameters CSI in 2011 CSI in 2030 

Income Sufficiency  0.25 0.75 

Access to Primary School 0.96 1.00 

Employment Opportunities 0.16 0.50 

Access to Agriculture Market 0.59 1.00 

Availability of Agriculture Labor 0.48 0.48 

Availability of Health Facility 0.51 1.00 

Access to Water 0.65 1.00 

Sufficiency of Cultivated Land 0.63 0.75 

Fertilizer Sufficiency 0.58 0.70 

Food Security 0.56 1.00 

Total Index 0.54 0.82 
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3 FLOOD DAMAGE FUNCTION ASSESSMENT 

3.1 INTRODUCTION 

42. The flood damage function assessment for the Lower West Rapti River Basin covering 

six villages, namely Kamdi, Banakatti, Betahini, Phatepur, Holiya and Gangapur (see Map 

1-1) was made using the primary data collection through a household survey of 120 

households and secondary data collected from District level governmental and non-

governmental agencies. 

43. The most-, moderately- and less affected- villages were categorized on the basis of 

indicators given in the 2008 ICHARM-NDRI Study (see Table 3-1Table 3-1) (ICHARM and 

NDRI, 2008). The sample villages were selected with consultation with the local 

communities. 

Table 3-1 : Degree of Flood Affectedness and their Indicators 

 

 

 

 

 

 

 

 

 

 

Source: ICHARM and NDRI (2008) 

44. The following categories of damage are included to estimate the total damage per 

household or km
2
. 

 Direct Damage – house and property (from Household (HH) Survey ) 

 Direct Damage – agriculture (land and production) (from land cover data) 

 Direct Damage – infrastructure (from secondary sources)  

 Indirect – business loss (from HH survey)  

45. The spatial overlay of the damage for different flood conditions (depth and duration) 

presented here and the hazard (from the RRI simulation results) was used to develop flood 

damage (risks) maps (Chapter 4). 

3.2 DIRECT DAMAGE-HOUSE AND PROPERTY (FROM HH SURVEY, 2011) 

46. The direct damage of houses and property varies according to the socio-economic group 

(SEG) of community. In order to define the different socio-economic groups of the 

community, the HH survey used the four house-types (HT) (cement, tiled roof, GI sheet roof 
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and thatched houses) as the indicator. The variation of the four socio-economic groups is 

presented in Table 3-2. 

Table 3-2: House Type (Socio-economic Group-SEG) 

House Type Frequency Percent 

Cement 20 16.7 

Tile/cloth/fabric 37 30.8 

GI Sheets 15 12.5 

Thatch/Straw 48 40.0 

Total 120 100.0 

Source- Household Survey, 2011 

47.  Flood damage estimates (average Damage per Household (HH)) for 4 socio-economic 

group (SEG) based on HT and damages for different flood conditions (flood depths in feet - 

FD) - <1’, 1’, 2’, 3’ and >3’ is presented in Table 3-3 and Figure 3-1. 

Table 3-3: Direct Damage for different flood conditions per Household (NRs) (2011) 

House Type Frequency less than one 

feet 

one feet two feet three feet more than three 

feet 

Cement 17%         27,500  38,500 43,250           45,000          238,700  

Tile/cloth/fabric 31%         18,405  20,730 25,865           70,459            87,378  

GI/Asbestor 

sheets 

13%         23,667  26,667 55,667           57,333            75,333 

Thatch/Straw 40%              375  625 14,104           52,667            94,438  

  Average/HH         13,370  16,398 27,789           57,450          113,967  

Source: Household Survey, 2011 (Question No.16 of the survey questionnaire) 

 

48. Direct Damage per sq. km is based on, basically, two data sets:  

a. Average Direct Damage per HH (NRs/HH) (Refer Table 3-3 and Figure 3-1) 

b. Household Density data (HH/sq. km)  

49. The Household density map for 2011 is shown in Map 3-1. The household density map is 

based on projected population of 2011 from the 2001 census using the annual growth rate of 

Banke District, 2.45% , from 2001 to 2011 and the average household size of 5.12 in 2011 

(CBS, 2011).   
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Figure 3-1 : Direct Damage per Household 

 

 

Map 3-1 : Ward Level HH density map for 2011 in the study area 

50. The value of the direct damage (Average damage in NRs per household) was recalculated 

for different flood ranges from Table 3-3 and is presented in Table 3-4. 
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Table 3-4: Recalculation of the direct damage function 

Flood depth Average damage 

in NRs per 

household 

Remarks 

1. Less than one feet (< 0.305m) 
13,370  

2. Between one feet and two feet 

(0.305m – 0.61m) 
22,094 Average of Damage Value for One 

feet and Two feet condition 

3. Between two feet and three feet 

(0.61m – 0.91m) 
42,620 Average of Damage Value for 

Two feet and Three feet condition 

4. More than three feet (> 0.91m) 
113,967  

 

51. The ward level Direct Damage (Damage density NRs. / sq.km) is calculated for different 

flood depths based on Average Direct Damage per HH and Household Density data. Map 3-2 

presents the damage density (2011) for flood depth more than 3 feet (approx. 1 m) as a 

sample. 

 

Map 3-2 : Damage Density (2011) for flood depth more than 3 ft in the study area 
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3.3 DIRECT DAMAGE- FROM AGRICULTURAL LAND 

52. The agricultural damage from flooding in the area is due to damage to paddy that is 

cultivated in the area during the flood season.  Table 3-5 shows the production area, 

production and yield of the rice (paddy) and the corn (maize) in the Banke District of Nepal. 

Table 3-5 : Production area, production and yield of the rice (paddy) and the corn 

(maize) in the Banke District of Nepal 

AREA, PRODUCTION AND YIELD OF CEREAL CROPS 

[Area in Ha., Prod. In Mt. And Yield in Mt/Ha.] 

Year 

     PADDY   MAIZE 

DISTRICT  Area   Prod   Yield    Area   Prod   Yield   

1993/94 Banke 32200  72450  2.25 13500  16200  1.20 

1994/95 Banke 30540  47693  1.56 13259  15525  1.17 

1995/96 Banke 32250  79980  2.48 12899  20509  1.59 

1996/97 Banke 33500  87100  2.60 12500  20930  1.67 

1997/98 Banke 33500  65325  1.95 6450  8514  1.32 

1998/99 Banke 35000  97300  2.78 11850  24885  2.10 

1999/2000 Banke 31840  101888  3.20 11975  28980  2.42 

2001/02 Banke 32000  93760  2.93 11660  21109  1.81 

2002/03 Banke 28359  45854  1.62 11200  20400  1.82 

2003/04 Banke 33160  90546  2.73 10298  21192  2.06 

2007/08 Banke 33500  95100  2.84 6599  11000  1.67 

2008/09 Banke 36500  110550  3.03 6600  10920  1.65 

2009/10 Banke 34500  102225  2.96 6600  7920  1.20 

For 2003/04 Source: Jilla Bastugat Bibaran Banke 2062/63, CBS (2003) 

For 2006/09 - Source: District and VDC profile of nepal-2010, Intensive Study and Research Center ISRC 

For 2009/10 - Source: MOAC, 2011 :http://www.moac.gov.np/yearbook/6.APYofCerealCropsindistricts.xls 

 Other Sources: DWIDP 2010, CBS 2001 

We observe an increasing trend of increase of yield in the Banke district as illustrated in the 

Figure 3-2. 
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Figure 3-2 : Increase in the paddy yield over time 1993/94 – 2009/10 

53. In Nepal, in 2009/10, the highest yield of paddy was in Bara District with the value of 3.5 

Mt/ha (MOAC, 2011). As an estimate this value can be used as the yield value in near future 

scenario. 

54. From the field visit 2011, the following data shown in Table 3-6 and Figure 3-3  is 

obtained. 

Table 3-6 : Damage in Paddy yield for different flood depths and durations 

Crop = Paddy 

Crop variety = Local 

Height of the crop in the flooding season = 1 ft (30 cm approximately)  

  % damage in paddy yield 

Duration / 

Depth 10cm 20 cm 30 cm 

0-1 days 0 0 0 

1-2 days 0 0 50 

2-3 days 0 15 75 

> 3 days 0 100 100 

(Source: Field Study, 2011) 
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Figure 3-3 : Percentage damage in the paddy productivity under different flooding 

conditions 

55. The present paddy yield in the area (as of Banke District 2009/10) is 2.96 Mt/ha (MOAC, 

2011). Hence, for different flood conditions the loss in the productivity is calculated in Table 

3-7. Then the present value of damage in paddy production is as presented in Table 3-8 

considering the present price of the paddy = NRs. 15000 per Mt (Field Survey, 2011). 

Table 3-7: Loss in paddy yield (Mt/ha) in various flooding conditions 

  Loss in paddy yield (Mt/ha) in various flooding conditions 

Duration / Depth  10cm 20 cm 30 cm 

0-1 days 0.00 0.00 0.00 

1-2 days 0.00 0.00 1.48 

2-3 days 0.00 0.44 2.22 

> 3 days 0.00 2.96 2.96 

 

Table 3-8 : Total Damage in Monetary Terms (NRs. /ha) for various flooding conditions 

  

Total Damage in Monetary Terms (NRs./ha) due to various flooding 

conditions 

Duration / Depth 10cm 20 cm 30 cm 

0-1 days 0 0 0.00 

1-2 days 0 0 222,000 

2-3 days 0 6,660 333,000 

> 3 days 0 444,000 444,000 

56. The area of paddy loss for different total damage for different flood conditions will be 

calculated by overlaying flood hazard (floods of different depths) and the cultivated area (see 
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Map 3-3). The land cover map was derived using the 1996 survey maps and the latest Google 

Earth Imagery analysis. 

 

Map 3-3 : Land Cover 

3.4 DIRECT DAMAGE OF INFRASTRUCTURE 

57. Data from the District Development Committee, Banke was used to prepare an inventory 

of village level infrastructure (Table 3-9). The mapping of the infrastructure (including 

elevation) was beyond the scope of the present study. Hence, a preliminary estimate of the 

infrastructure asset is only presented for reference only. An accurate mapping including the 

elevation level of the infrastructure would be required for damage assessment which is not 

covered in this study. 
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Table 3-9: Village Level Infrastructure in the Six Villages 

Village Sub 

Health 

Post 

Health 

Post 

Primary 

School 

Secondary 

School 

Road near the River 

Black topped 

Road (Km) 

Gravel Road ( 

Km) 

Cost (NRs) 100,000 250,000 200,000 1,000.000 500.000 100,000 

BANAKATTI 4   2 1   2.5 

BETAHANI 4   3 1   2 

GANGAPUR 4   3 1 2   

HOLIYA 5   4 1   3 

KAMDI 4   3 1 1 2 

PHATTEPUR 3 1 3 2   6 

Source: District Development Committee, Banke  

58. The total cost of the infrastructure (Table 3-9) is estimated to be about NRs 16 million 

assuming the following cost of the structures given above.  

3.5 IN-DIRECT DAMAGE TO SMALL COMMUNITY LEVEL BUSINESS  

59. Table 3-10  and Figure 3-4  present the indirect damage to small community level 

business (e.g. small scale business, grocery shops that community members are running) for 

different flood conditions based on the household survey. 

Table 3-10 : Indirect Damage to Business per HH (NRs/ha) 

less than one feet one feet two feet three feet more than three feet 

33 192 1,333 3,992 4,596 

Source: HH survey (Question 18.1) 

 

Figure 3-4 : Indirect Damage to Business 
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4 FLOOD DAMAGE ASSESSMENT FOR DIFFERENT FLOOD 

CONDITIONS  

4.1 METHODOLOGY 

60. The flood damage/loss for different flood conditions was assessed by combining the flood 

hazards with the spatially varied damage/loss functions derived for direct household damage, 

agriculture damage and indirect small scale business losses. The rainfall-runoff inundation 

(RRI) simulations were carried out by ICHARM for the following present and future climate 

change scenarios. The General Circulation Model (GCM) created by Meteorological 

Research Institute, Japan was used to predict climate change scenarios. It is based on the 

IPCC SRES A1B emission scenario and the resolution is 20 km. Calculation periods used 

were the 1980-2004 (Present), 2015-1030 (Near Future) and 2075-2099 (Future). Different 

cases for the following scenarios were modeled.  

 2007 flood condition (2007 scenario) 

 Present climate scenario- 1980 – 2004 (SPAC and SPOAC) 

 Near future climate scenario- 2015 - 2030 (SNAC and SNOAC) 

 Future climate scenario- 2075 - 2099 (SFAC and SFOAC) 

61. These simulation results provided by ICHARM present the “hazards” or flood inundation 

conditions such as depth and duration of flood inundations. The following sub-sections 

describe the methodology used to combine these flood conditions with the flood damage 

(loss) functions derived in Section 3. 

4.1.1 DIRECT DAMAGE 

62. Direct Damage for different flood conditions was calculated based on the flood depths of 

different durations obtained from the simulation results. For the explanation of the 

methodology involved in direct damage, the scenario ‘SPAC-III with no-rain’ is used in the 

report. The direct damage (loss) function for different flood depths was derived from the field 

survey 2011, details of which were described in the previous Section 3, Table 3-3 and Table 

3-4. 

63. In order to access the damage, maximum depth of inundation for the given area (grid size 

of 90m x 90m) was selected from the different depths in different duration (in days) of 

simulation. As such, maximum flood depth raster was created. The maximum flood depth 

raster for the scenario ‘SPAC-3’ under ‘no-rain’ (obtained from the flood depths for 14 days) 

is illustrated in Figure 4-1. 

64. For direct damage assessment, from the landuse map (see Map 3-3), settlement areas 

were selected. Then the settlement areas were converted into the raster of 30m x 30m. The 

raster size of 90m x 90m was not used because it would not clearly delineate the settlement 

area. So, smaller cell size (30m x 30m) was created for the settlement. For the analysis, to 

make cell size uniform, the maximum flood depth raster was resampled by using ‘nearest 

neighbor’ technique from 90m x 90m to 30m x 30m. Once, the raster was created, for the 

cells where there are settlements, the re-sampled maximum depth raster was reclassified into 

damage value (NRs per HH) using the damage function given in Table 3-4 . 
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65.  Figure 4-2 shows the settlement areas with different damage values (NRs per HH). In 

the figure, most of the settlement has zero damage value because these settlements are not 

inundated. For the cells where there are no settlements, there will be no ‘direct damage’. If 

the depth of the inundation is zero, then the value of the damage for that cell was assigned as 

zero. 

 

Figure 4-1: Maximum flood depth of inundation for ‘SPAC-III with no-rain’ condition 

 

Figure 4-2: Direct Damage per HH in the study area 
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Figure 4-3: a. Household density (Households per unit cell area) in the settlements of the 

study area b. Direct Damage (NRs per unit cell area) in the settlements in the study 

area 

66. Finally, the damage value raster (NRs per HH) is multiplied with Household density 

raster (HH per 30m x 30m area) (Figure Figure 4-3 a) to yield the direct damage value (NRs 

per cell). Figure 4-3 b illustrates the direct damage in the settlements in the study area. 

4.1.2 AGRICULTURAL DAMAGE 

67. Agricultural Damage for different flood condition was calculated based on the different 

flood depths for different duration obtained from the simulation results. For the explanation 

of the methodology, the agricultural damage calculation for the scenario ‘2007 Flood’ with 

‘rain and discharge’ is used in the report. The core of the agricultural damage calculation 

lies in the agricultural damage function for ‘paddy’ from the field survey 2011 (Refer to 

Section 3.3 for the detail information). 

68. Figure 4-4 shows the depth duration curve at the cell with row number as 208 and 

column number as 43 (only three decimal places have been accounted for this illustration). 

Considering the threshold depth of 30 cm (0.3m), it was observed that there were 2 peaks 

over thresholds. Here, the threshold depths are defined by the damage curve from the field 

study. From the field study, the thresholds depth delineating the damage values are 30cm, 

20cm and 10cm. The first peak had duration of inundation for 3 days and second peak had 

duration of inundation for 7 days. Similarly, accounting the threshold of 20 cm (0.2m), it was 

observed that there was only one peak over threshold of duration of inundation for 11 days. 

Likewise, there was one peak with inundation duration of 12 days for threshold depth of 10 

cm (0.1m). 
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Figure 4-4: Depth duration curve for cell (208, 43) under ‘with rain and discharge’ 

condition for 2007 flood scenario 

69. Between the two peaks over threshold depth of 30cm, duration of 7 days had the high 

potential of damage to the crops. So, between these two peaks, the peak with inundation 

duration of 7 days was chosen for the analysis of the damage. The central theme was that 

among the different peaks over the threshold depth under consideration, one that had the 

highest number of days of inundation was taken for the analysis because it had the highest 

potential to damage the crops. Then, the damage value was assigned to it using the damage 

curve obtained from the field study. For example: according to the damage function of crops 

obtained from field survey, for the depth above threshold of 20 cm, the damage for more than 

3 days of inundation would lead to 100% damage of crops while the damage percent would 

be 75% for the inundation duration between 2 and 3 days. Likewise, the damage percent 

would be 50% for the inundation duration of 2 days. For the different threshold conditions of 

depths of inundation, there were different damage values (percentage). Then, the value of the 

damage (percentage) was multiplied the monetary value of the crop for the corresponding 

location (cell) to yield the damage amount. Among those values, the maximum value for the 

given location was taken as the damage value for the analysis. The steps are listed in brief as 

follows: 

a) For a location (cell), read the depths of inundation for total number of flood 

simulation days 

b) Set the first threshold depth, for e.g. 30cm 

c) Identify the number of peak over threshold depth with the corresponding number of 

subsequent days of inundation 

d) Choose the peak over threshold with the maximum duration of inundation 

e) Assign the damage value for the selected condition according to damage curve 

f) Store this damage value 

g) Repeat the steps form (b) to (f) for different threshold depths 

h) Choose the maximum damage value from the sets of damage value for different 

threshold depths 
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i) Multiply the damage value with the monetary crop value of the location (cell) under 

consideration. This yields the agricultural damage value for given cell. 

j) Carry out all the above steps for all cells in the entire study area 

Note: Visual Basic Codes for the analysis of agricultural damage for 2007 Flood scenario 

with ‘rain and discharge’ condition are attached in the Annex D.  

Obtaining the monetary value raster: From the land use raster only the cultivated area is 

selected for agricultural damage calculation. Agricultural damage for other land use type is 

zero. The agricultural productivity of the area is 2.96 Mt/ha. For each grid (90 m x 90 m), the 

production value is 2.4 Mt. The monetary value of 1Mt of paddy is NRs 15,000. Therefore, 

each grid represents the value of NRs 36,000. So, from the landuse map, agriculture land is 

selected and then agriculture land area raster is converted in monetary value raster as 

illustrated in Figure 4-5. 

 

Figure 4-5: Land use map of study area, agricultural land and the agricultural value of 

the agricultural land 

70. Finally, multiplying the ‘damage percent raster’ by ‘Monetary Value Raster’, the 

agricultural damage raster is obtained. The agricultural damage raster for ‘2007 Flood’ 

Scenario with ‘rain and discharge condition’ is illustrated as Figure 4-6. 
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Figure 4-6: Agricultural Damage Raster for ‘SPAC Case III No Rain’ Scenario 

71. The agricultural damage raster is Figure 4-6 shows the spatial distribution of the 

agricultural damage for ‘2007 Flood’ Scenario with ‘rain and discharge conditon’. It was 

observed that the damage is more in the downstream in Holiya and Gangapur area. Besides, 

in upstream and middle region, the damage extends up-to 4 km from the West Rapti River on 

the both sides.  

4.1.3 BUSINESS DAMAGE 

72. The computation for business damage is very similar to the computation of the direct. For 

this illustration business damage for scenario SPAC III ‘No rain’ condition is used. Only 

difference is that the business damage function is used instead of the direct damage function. 

The business damage function is derived from the field survey of 2011, which is presented in 

Figure 3-4 and Table 3-10 in Section 3.5.  

73. The value used for the computational purpose is shown in Table 4-1. 

Table 4-1: Business damage function used for computation (derived from Table 4) 

Flood depth  Average damage 

in NRs per 

household 

Remarks 

1. Less than one feet (< 0.305m) 
33  

2. Between one feet and two feet 

(0.305m – 0.61m) 
763 Average of Damage Value for 

One feet and Two feet condition 
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3. Between two feet and three feet 

(0.61m – 0.91m) 
2,663 Average of Damage Value for 

two feet and three condition 

4. More than three feet (> 0.91m) 
4,596  

74. The maximum flood depth raster (Figure 4-1), as used for direct damage computation, 

was also used for computation of the business damage. For business damage assessment, 

from the landuse map, settlement areas were selected. Then the settlement areas were 

converted into the raster of 30m x 30m. The raster size of 90m x 90m was not used because it 

would not clearly delineate the settlement area. So, lesser cell size (30m x 30m) was created 

for the settlement. For the analysis, to make cell size uniform, the maximum flood depth 

raster was re-sampled by using ‘nearest neighbor’ technique from 90m x 90m to 30m x 30m. 

Once, the raster was created, for the cells where there are settlements, the re-sampled 

maximum depth raster was reclassified into business damage value (NRs per HH) using the 

damage function from Table 4-1. Figure 4-7 a illustrates settlement areas with different 

business damage values (NRs per HH). In the figure, most of the settlement has zero damage 

value because there are no flood inundations. For the cells where there are no settlements, 

there will be no ‘business damage’. If the depth of the inundation is zero, then the value of 

the damage for that cell was assigned as zero. Like the case of the direct damage, household 

density for the settlement area per grid size (30m x 30m) (HH per cell area) is defined.  

 

Figure 4-7 a. Business Damage per household (NRs/ HH) b. Business damage per unit 

area of cell (30m x 30m) 

75. Ultimately, the business damage value raster (NRs per HH) is multiplied with the 

household density raster (HH per 30m x 30m area) to yield the business damage value (NRs 

per cell). Figure 4-7 b illustrates the business damage in the settlements in the study area. 
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4.2 DAMAGE ASSESSMENT, ANALYSIS AND COMPARISON FOR DIFFERENT 

SCENARIOS AND CONDITIONS 

76. This section presents damage assessment results for different scenarios: 2007 Flood, 

SPAC III, SF0AC and SFAC III under different conditions of rainfall. Besides, analysis and 

comparison of these damages are also carried out. Firstly, analysis of damages in 2007 Flood 

scenario is carried out. Conditions of rainfall are ‘No rain’, ‘with rain’ (rain only) and ‘with 

rain and discharge (combined effected of both river channel flooding and rainfall in the study 

area)’. This is followed by analysis and comparison of damages for remaining scenarios 

under heading of Direct Damage, Agricultural Damage and Business Damage. The 

conditions of rainfall for these scenarios are ‘No rain’, ‘GCM rain’, ‘weighted rain’ and 

‘2007 Rain’. 

4.2.1 2007 FLOOD SCENARIO 

77. 2007 Flood scenario is the replication of the flood event in 26/07/2007 in which the 

discharge as observed in the gauging station, Kusum, is 1930 cumecs. The major objective of 

this assessment is to observe the effects of the local rainfall in the area. Conditions of rainfall 

used in 2007 Flood damage analysis are ‘No rain’, ‘with rain’ (rain only) and ‘with rain and 

discharge (combined effected of both river channel flooding and rainfall in the study area)’. 

This section is further divided into three portions according to nature of the damage i.e., 

Direct Damage, Agricultural Damage and Business Damage. 

4.2.1.1 DIRECT DAMAGE 

78. Figure 4-8 shows the spatial extent and intensity of the direct damage in the study area. 

In ‘no rain’ condition, we can observe that most of the area faces no damage. With ‘rain’ 

condition and ‘rain and discharge’ conditions, damages of various intensities are wide spread 

in the region, from NRs 0 to NRs. 259719 per area of 900 sq.m. (Area of cell in a grid). High 

intensities of damage have been observed in the Holiya, Betahani, Kamdi and Gangapur 

VDCs. Table 4-2 illustrates the total damage in different VDCs in the study area. 
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Figure 4-8: Spatial Extent and damage density distribution of Direct Damage in the 

study area (NRs per 30m x 30m) in 2007 Flood scenario 

79. Table 4-2 presents the value of the direct damage in different VDCs. Under ‘rain and 

discharge’ condition, the highest value of the damage is found in Phattepur VDC followed by 

Kamdi, Batahani, Gangapur, Banakatti and Holiya VDC. It has been observed that more than 

90% of the damage is caused by inundation due to rainfall. In Banakatti, Betahani and Kamdi 

VDCs, the rain effect has caused all the damage.  
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Table 4-2: Direct Damage (NRs per 30m x 30m) under 2007 flood scenario 

VDC 2007 Flood Scenario: Direct Damage (NRs) 

Conditions direct damage 

under 'no rain' 

condition / direct 

damage under 'with 

rain and discharge' 

condition 

direct damage 

under 'rain' 

condition / 

damaged area 

under 'with rain 

and discharge' 

condition 

No rain With rain With rain 

and 

discharge 

% of 

total 

BANAKATTI 0 17,879,200 17,879,200 11 0.0 100.0 

BETAHANI 0 26,672,700 26,672,700 16 0.0 100.0 

GANGAPUR 2,196,720 18,363,700 19,906,000 12 11.0 92.3 

HOLIYA 241,232 15,993,700 15,993,700 10 1.5 100.0 

KAMDI 0 29,851,900 29,851,900 18 0.0 100.0 

PHATTEPUR 1,321,440 52,638,200 52,869,900 32 2.5 99.6 

Total 3,759,392 161,399,400 163,173,400 100 2.3 98.9 

4.2.1.2 AGRICULTURAL DAMAGE  

80. Rainfall was observed to add-up significant amount of the agricultural damage to the 

damage by the 2007 flood. Figure 4-9 shows three conditions of 2007 flood simulation. First 

one represents the main-river flooding (discharge) with ‘no rain’ scenario whereas second 

one shows the inundation effect caused by rainfall. Finally the third one shows the combined 

effect of inundation due to rain and main-river flooding. It is observed that the rainfall caused 

the wide spread spatial distribution of inundation effect on agriculture. 

 

Figure 4-9 : Agricultural Damage under different conditions for 2007 Flood scenario 

81.  Figure 4-9 can be better explained with Table 4-3. It shows the influence of main-river 

flooding and rainfall on the damage incurred in agriculture of the study area. The table shows 

that both ‘main-river’ floods and inundation due to rainfall shares nearly equal amount of the 

damage. In the table, it is observed that the agricultural area under damage from main-river 

flooding is about 11 sq.km, whereas, the land damaged from inundation due to rainfall is 

about 12 sq.km. Though, in the table, it seems that the sum of these values is greater than the 

agricultural area under damage from ‘rain’ and ‘discharge (main-river flood)’ (i.e about 19.6 
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sq.km) acting together. This is because there are overlapping areas of damage from main-

river flood and inundation due to rainfall. 

Table 4-3 : Agricultural area (in sq.km) under damage for 2007 Flood scenario 

VDC 

2007 Flood Scenario:  Damaged agricultural area (sq.km)  

Conditions % of damaged area 

under 'no rain' with 

respect to damaged 

area under 'with rain 

and discharge'  

% of damaged area 

under 'rain' with 

respect to damaged 

area under 'with rain 

and discharge'  No rain With rain 

With rain 

and 

discharge 

BANAKAT

TI 1.04 1.44 2.38 43.9 60.5 

BETAHANI 1.41 1.94 3.36 41.9 57.8 

GANGAPU

R 3.39 2.11 3.55 95.7 59.6 

HOLIYA 2.18 1.49 3.22 67.8 46.3 

KAMDI 0.01 0.93 0.94 0.9 99.1 

PHATTEPU

R 2.93 4.11 6.15 47.7 66.9 

Total 10.97 12.04 19.59 56.0 61.4 

82. The magnitude of damage of crops in monetary value in different VDCs of the study area 

is given in Table 4-4 .Under ‘with rain and discharge’ condition, the highest value of 

damage, of amount NRs  21.8 million, is observed in the Phattepur VDC which is about 30% 

of the total damage. It is followed by Gangapur, Holiya, Betahani, Banakatti and Kamdi VDC 

respectively. From the result, it is observed that Kamdi VDC is least affected. The result also 

shows that the contribution of the rainfall in causing inundation and damaging the crops is 

equally important as the flooding effect caused by main-river. 

Table 4-4 : Damage to crops (in NRs) under damage for 2007 Flood scenario 

VDC 2007 Flood Condition: Damage to crops (NRs) 

Conditions damaged crop 

value under 'no 

rain' condition 

/ damaged area 

under 'with 

rain and 

discharge' 

condition 

damaged crop 

value under 'rain' 

condition / 

damaged area 

under 'with rain 

and discharge' 

condition 

No rain With rain With rain 

and 

discharge 

% of 

total 

BANAKATTI 4,455,000 4,530,600 8,866,800 12 50.2 51.1 

BETAHANI 5,787,000 6,336,000 12,295,800 17 47.1 51.5 

GANGAPUR 13,829,400 8,377,200 15,307,200 21 90.3 54.7 

HOLIYA 8,443,800 5,437,800 12,916,800 18 65.4 42.1 

KAMDI 36,000 1,261,800 1,267,200 2 2.8 99.6 

PHATTEPUR 12,195,000 12,810,600 21,868,200 30 55.8 58.6 

Total 44,746,200 38,754,000 72,522,000 100 61.7 53.4 

 

4.2.1.3 BUSINESS DAMAGE 

83. Likewise the direct damage, the business damage also shows the similar nature of spatial 

variation as these two are directly related to household density (of the settlement zones: HH 

per 30m x 30m area). Major difference is the intensity value because of difference in damage 

function for direct damage and business damage. Figure 4-10 shows the spatial extent and 

intensity of business damage in the study area in different conditions of 2007 flood scenario. 
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Figure 4-10 : Extent and intensity of business damage (NRs per 30m x 30m area) in 

2007 Flood Scenario 

84. The value of the business damage in the different VDCs of the study area is presented in 

Table 4-5. From the result, we can observe that, the highest value of damage under ‘with rain 

and discharge’ condition was of amount NRs 158,173 million observed in Phattepur VDC 

which is about 24% of the total damage, followed by Gangapur, Holiya, Kamdi, Batahani and 

Banakatti VDC respectively. Rainfall in the study area has high damaging effect than without 
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rain. Only in the Ganagapur VDC, the effect of river flooding is higher than inundation under 

rainfall effect.  

Table 4-5: Business damage (in NRs) under damage for 2007 Flood scenario 

VDC 2007 Flood Scenario: Business Damage (NRs) 

Conditions % of business 

damage under 

'no rain' 

condition with 

respect to 

business 

damage under 

'with rain and 

discharge' 

condition 

% of business 

damage under 

'rain' condition 

with respect to 

damaged area 

under 'with rain 

and discharge' 

condition 

No rain With rain With rain 

and 

discharge 

% of 

total 

BANAKATTI 0 49,500 49,500 8 0.0 100.0 

BETAHANI 0 67,933 67,933 10 0.0 100.0 

GANGAPUR 100,590 51,098 152,959 23 65.8 33.4 

HOLIYA 595 129,893 129,893 20 0.5 100.0 

KAMDI 0 93,791 93,791 14 0.0 100.0 

PHATTEPUR 22,632 138,231 158,173 24 14.3 87.4 

Total 123,817 530,447 652,250 100 19.0 81.3 

4.2.2 DIRECT DAMAGE 

85. Direct Damage analysis and comparison are interpreted based on the two different 

aspects: a. Analysis and comparison of damage in different climate change scenarios (2007 

Flood, SPAC 3, SF0AC and SFAC 3) under constant conditions b. Analysis and comparison 

of direct damage in different conditions (No rain, GCM rain, Weighted Rain and 2007 Rain) 

under constant climate change scenario.  

86. Direct Damages are calculated based on the direct damage function obtained from the 

field survey 2011, the household densities in the settlement area and the inundation depth 

obtained from the simulation results. 

4.2.2.1 ANALYSIS AND COMPARISON OF THE DIRECT DAMAGE BASED ON DIFFERENT 

CLIMATE CHANGE SCENARIOS 

87. Direct damage in different climate change scenarios (2007 Flood, SPAC 3, SF0AC and 

SFAC 3) are analysed based on the conditions (No rain, GCM rain, Weighted Rain and 2007 

Rain). Procedures for analysis of the direct damage are listed in Section 4.1.1. 

i. Direct damage analysis and comparison under different climate scenarios 

under  ‘No rain’ Condition 

88. The spatial extent of direct damage in settlements of the study area in different climate 

change scenarios are presented in Figure 4-11. It is observed that the damage density varies 

from NRs 0 to NRs 364,818 (per 30m x 30m area (grid cell size)). The highest density of the 

damage is observed to be in SFAC 3 scenario. Besides, the spatial extent (Figure 4-11) and 

the magnitude (Figure 4-12) of the direct damage in ‘No rain’ condition are found to be the 

highest in SFAC 3 scenario. Figure 4-12 illustrated that damage value in 2007 Flood 

Scenario is found to be NRs 3.76 million which is the least damage value. Damage value in 

SPAC 3 Scenario is found to be NRs 62.17 million which is the highest value followed by 
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SPAC 3 and SF0AC scenario. Magnitude of damages in SPAC 3, SF0AC and SFAC 

scenarios are about 5.2, 3.5 and 16.5 times greater than that of 2007 Flood scenario 

respectively. 

 

 

Figure 4-11: Direct Damage in the study area under different climate scenarios under 

‘No Rain’ condition 
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89. Figure 4-12 also presents the magnitude of damage in the different VDCs of the study 

area. In SFAC 3 scenario, Phattepur, Gangapur and Hoilya VDCs are highly affected by 

floods as damages in these VDCs are between 20% and 35% of the total damage. Betahani 

and Banakatti are less affected and their damage percentages are 10% and 5% respectively. 

Kamdi VDC is not affected. In SPAC 3 scenario, Ganagapur VDC is the worst affected with 

40% of the damage is in this VDC. It is very closely followed by Phattepur VDC with 37% 

damage. 17% of damage is in Holiya VDC. Banakatti VDC and Betahani VDC are less 

affected while there is no damage in Kamdi VDC. In SF0AC scenario, Phattepur, Gangapur 

and Hoilya VDCs are highly affected while other VDCs are very less affected. In 2007 Flood 

scenario, more than 55% of the damage is in Gangapur VDC followed by 35% damage in 

Phattepur VDC. Hoilya VDC is less affected. Other VDCs are under no effect of flood 

inundation. 

 

Figure 4-12 : Total Direct Damage in the different VDCs of study area under different 

climate scenarios under ‘No Rain’ condition 

ii. Direct damage analysis and comparison under different climate scenarios 

under  ‘GCM Rain’ Condition 

90.  Figure 4-13 shows the extent and intensity of the direct damage in the study area. The 

damage densities range from NRs 0 to NRs. 259,719 per 900 sq.m area (area of cell in the 

grid) in SPAC 3; from NRs 0 to NRs. 176,316 per 900 sq.m area in SF0AC; and from NRs 0 

to NRs. 364,818 per 900 sq.m area in SFAC 3 scenario. Damage intensities distributions are 

observed to be highest in Gangapur VDC.  

 

BANAKATTI BETAHANI GANGAPUR HOLIYA KAMDI PHATTEPUR Total 

2007 Flood  0.00 0.00 2.20 0.24 0.00 1.32 3.76 

SPAC 3  0.67 0.54 7.78 3.26 0.00 7.12 19.38 

SF0AC 0.05 0.00 6.35 1.59 0.00 5.01 12.99 

SFAC 2.87 6.41 17.47 14.31 0.00 21.12 62.17 
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Figure 4-13: Direct Damage in the study area under different climate scenarios under 

‘GCM Rain’ condition 

91. Direct Damage in the different VDCs under ‘GCM Rain’ Condition is listed in Table 4-6. 

The highest direct damage in observed under SFAC 3 scenario, about 195 million. It is then 
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followed by SPAC 3 scenario and SF0AC scenario respectively. In SFAC 3, scenario, the 

highest damage i.e. 34% is in Phattepur VDC and the lowest damage, 9%, is observed in 

Banakatti VDC.  

Table 4-6: Direct Damage (NRs in million) in the different VDCs of study area under 

different climate scenarios under ‘GCM Rain’ condition 

   Direct Damage (NRs in millions) : 'GCM rain' Condition 

  Scenarios 

VDC SPAC 3 SF0AC SFAC 3 

% of total 

(SFAC 3) 

BANAKATTI 17.85 2.73 17.85 9 

BETAHANI 26.72 2.57 27.28 14 

GANGAPUR 22.51 7.02 31.01 16 

HOLIYA 16.68 1.59 23.28 12 

KAMDI 29.39 6.01 29.39 15 

PHATTEPUR 55.28 7.51 66.52 34 

Total 168.43 27.42 195.32 100 

iii. Direct damage analysis and comparison under different climate scenarios 

under  ‘Weighted Rain’ Condition 

92. The spatial extent of direct damage in settlements of the study area in different climate 

change scenarios under weighted rain condition are presented in Figure 4-14. It is observed 

that the damage density varies from NRs 0 to NRs 176316 (per 30m x 30m area (grid cell 

size)) in SPAC 3 and SF0AC scenarios; and to NRs 364,818 in SFAC 3 scenario. The highest 

density of the damage is observed to be in SFAC 3 scenario. Besides, the spatial extent 

(Figure 4-14) and the magnitude (Table 4-7) of the direct damage in ‘Weighted rain’ 

condition are found to be the highest in SFAC 3 scenario.  
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Figure 4-14 : Direct Damage in the study area under different climate scenarios under 

‘Weighted Rain’ condition 

93. Table 4-7 illustrates the damage in the different VDCs of the study area along with the 

total damage in different climate scenarios. In SF0AC scenario, the total damage is found to 

be the least among all the scenarios. Direct damage in this case is about NRs 13 million. 
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Highest direct damage is observed in the SFAC 3 case, which is about NRs 130.70 million. 

This is about 9.9 times greater than SF0AC case. Likewise the damage value in the SPAC 3 

is about NRs 89.23 million. Table 4-7 also presents the damage distribution in the VDCs. 

The highest damage is observed in the Phattepur VDC in SPAC 3 and SFAC 3 scenarios. It is 

followed by Betahani and Holiya VDCs. The least damage is observed in Kamdi VDC. 

Table 4-7 : Direct Damage (NRs in million) in the different VDCs of study area under 

different climate scenarios under ‘Weighted Rain’ condition 

  Direct Damage (NRs in millions) : 'Weighted Rain' Condition 

  Scenarios 

VDC SPAC 3  SF0AC SFAC 3 

% of total 

(only SFAC 3) 

BANAKATTI 11.46 0.05 15.27 12 

BETAHANI 20.99 0.00 25.60 20 

GANGAPUR 16.23 6.41 24.60 19 

HOLIYA 13.35 1.59 21.06 16 

KAMDI 5.94 0.00 7.26 6 

PHATTEPUR 21.32 5.21 36.91 28 

Total 89.28 13.25 130.70 100 

iv. Direct damage analysis and comparison under different climate scenarios 

under  ‘2007 Rain’ Condition 

94. This sections analyses and compares the direct damages under different climate scenarios 

under ‘2007 Rain’ Condition. This section gives information on the spatial extent of damage 

and the magnitude of damage in the study area. 

95. Figure 4-15 shows the variation of the damage densities (NRs per 30m x 30m area) 

across the settlement areas in the study area. Unlike above three cases, distribution of the 

damage under different scenarios is uniform; however, the distribution in case of SFAC 3 is 

slightly higher than other three scenarios. For 2007 Flood, SPAC 3 and SF0AC scenarios, the 

highest damage density is NRs 2597198 per 30m x 30m area. Likewise, the highest damage 

density for SFAC 3 is NRs 364818 per 30m x 30m area.  
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Figure 4-15 : Direct Damage in the study area under different climate scenarios under 

‘2007 Rain’ condition 

96. Data in Figure 4-16 gives the magnitude of damage in different VDCs under different 

scenarios under 2007 Rain conditions. Range of the damage in different VDCs in different 

scenarios is narrow, i.e, the values of damages in each VDCs are more or less equal. 

However, the SFAC 3 is found to have more damage in the study area. In Phattepur, the 
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damage is observed to be just below 35%, which is highest among other VDCs. Low 

damages are observed in Banakatti and Holiya VDCs. 

 

 

Figure 4-16 : Total Direct Damage in the different VDCs of study area under different 

climate scenarios under ‘2007 Rain’ condition 

4.2.2.2 ANALYSIS AND COMPARISON OF THE DIRECT DAMAGE BASED ON DIFFERENT 

CONDITIONS OF RAINFALL 

97. This section analyses inundation effect (direct damage) in terms of different conditions of 

rainfall (No Rain, GCM Rain, Weighted Rain and 2007 rain), i.e, and this section tries to 

answer the inundation impact caused under different rainfall conditions in different scenarios. 

For a climate scenario, at first the direct damage in the study area caused by flood inundation 

without any rainfall in the study area is analysed. Then, the section describes direct damage 

in flood scenarios with ‘GCM Rain’, ‘Weighted Rain’ and ‘2007 Rain’ conditions for the 

climate scenario respectively. The process is carried out for SPAC 3, SF0AC, SFAC 3 and 

2007 Flood scenario respectively. 

i. Analysis and comparison of the direct damage based on different conditions 

of rainfall under SPAC 3 scenario 

98. This section describes various magnitudes of impacts in terms of direct damage on 

different conditions of rainfall under SPAC 3 scenario. Figure shows the direct damage on 

different conditions of rainfall under SPAC 3 scenario.  
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Figure 4-17 : Direct Damage in the study area in different rainfall conditions under 

SPAC 3 scenario 

99. The magnitude of the damage caused by flood inundation with different rainfall 

conditions under SPAC 3 scenario are listed in Table 4-8 and Figure 4-18. It is observed that 

flood inundation under GCM rain causes high direct damage in the study area. Likewise, 

damage in flood inundation under 2007 rain also is nearly equal to GCM rainfall conditions. 

Only discharge in the river is observed to have very less effect in comparison to GCM and 

2007 rainfall conditions. These latter two conditions are observed to have about 

approximately 8.7 times greater impact the flood with only discharge. Similarly, direct 
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damage under weighted rain is observed to have an impact about 4.6 greater than the flood 

with only discharge.  

Table 4-8 : Direct Damage (NRs in million) in different VDCs of the study area under 

flood inundation with different rainfall conditions in SPAC 3 scenario 

  Direct Damage (NRs in millions) : 'SPAC 3' Scenario 

  Conditions 

VDC No rain GCM Rain Weighted Rain 2007 Rain 

BANAKATTI 0.67 17.85 11.46 17.85 

BETAHANI 0.54 26.72 20.99 26.67 

GANGAPUR 7.78 22.51 16.23 22.25 

HOLIYA 3.26 16.68 13.35 16.50 

KAMDI 0.00 29.39 5.94 29.39 

PHATTEPUR 7.12 55.28 21.32 55.10 

Total 19.38 168.43 89.28 167.76 

100. Likewise, the variation of the direct damages in different VDCs show that Phattepur 

VDC is highly impacted by floods under GCM rain and 2007 rain condition with direct 

damage of value NRs 55.28 million, followed by Kamdi, Betahani, Gangapur, Banakatti and 

Holiya VDCs. In case of weighted rain condition, Phattepur VDC and Betahani VDC are 

highly affected with direct damage value more than NRs 20 million. Kamdi VDC is least 

affected with damage worth just below NRs 6 million. In case of only flood discharge in the 

river with ‘No rain’ scenario, Gangapur VDC and Phattepur VDC are highly affected with 

value more than NRs 7 million. There is no damage in Kamdi VDC. 

 

Figure 4-18 : Direct Damage Variation in the study area under flood inundation with 

different rainfall conditions in SPAC 3 scenario 

ii. Analysis and comparison of the direct damage based on different conditions 

of rainfall under SF0AC 3 scenario 
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101. This section describes how different conditions of rainfall affect the damage under 

SF0AC scenario. Figure 4-19 presented the distribution of damage value in the settlements of 

the study area.  

 

Figure 4-19 : Distribution of direct damage in the study area under different flood 

inundation with different rainfall conditions in SF0AC scenario 

102. Direct Damage in the different VDCs in the study area under different flood 

inundation with different rainfall conditions in SF0AC scenario in listed in Table 4-9. It is 

observed that flood inundation under 2007 rain causes very high direct damage in the study 
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area than any other conditions in SF0AC scenario with value worth of NRs 165.68 million. 

This value of direct damage is nearly 13 times more than damage with only river discharge 

condition and about 6 times more than damage under GCM rain condition. Damage under 

only river discharge condition is nearly equal to damage under weighted rain condition, 

which is approximately about NRs 13 million.  

Table 4-9: Direct Damage (NRs in million) in different VDCs of the study area under 

flood inundation with different rainfall conditions in SF0AC scenario 

  Direct Damage (NRs in millions) : 'SF0AC ' Scenario 

  Conditions 

VDC No rain GCM Rain Weighted Rain 2007 Rain 

BANAKATTI 0.05 2.73 0.05 17.85 

BETAHANI 0.00 2.57 0.00 26.67 

GANGAPUR 6.35 7.02 6.41 21.89 

HOLIYA 1.59 1.59 1.59 16.15 

KAMDI 0.00 6.01 0.00 29.37 

PHATTEPUR 5.01 7.51 5.21 53.75 

Total 12.99 27.42 13.25 165.68 

103. Figure 4-20 graphically shows the distribution of direct damage in different VDCs in 

the study area. Phattepur VDC is observed to have higher amount of direct damage in 2007 

Rain condition with damage value worth about NRs 53.75 million. This is then followed by 

Kamdi, Betahani, Gangapur, Bamakatti VDCs. Least affected VDC is observed to be Holiya 

with damage worth NRs 16.15 million. In GCM rain condition, Phattepur and Gangapur 

VDC are among the highly affected VDCs, with value worth just above NRs 7 million. The 

least affected VDC is Holiya VDC. However, in ‘No rain’ and ‘Weighted rain’ condition, 

Kamdi, Betahani and Banakatti VDCs are observed to be very negligibly affected by the 

flood inundation in terms of direct damage. Gangapur and Phattepur VDCs are among highly 

VDCs in these conditions.   

 

Figure 4-20 : Direct Damage Variation in the study area under flood inundation with 

different rainfall conditions in SF0AC scenario 
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iii. Analysis and comparison of the direct damage based on different conditions 

of rainfall under SFAC 3 scenario 

104. This section describes how different conditions of rainfall affect the damage under 

SFAC 3 scenario. Figure 4-21 presents the distribution of damage value in the settlements of 

the study area. 

 

Figure 4-21 : Distribution of direct damage in the study area under different flood 

inundation with different rainfall conditions in SFAC 3 scenario 
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105. Direct Damage in the different VDCs in the study area under different flood 

inundation with different rainfall conditions in SFAC 3 scenario in listed in Table 4-10. It is 

observed that flood inundation under GCM rain causes very high direct damage in the study 

area than any other conditions in SF0AC scenario with value worth of NRs 195.32 million. It 

is closely followed by 2007 rain condition of flood inundation with direct damage value 

about NRs 187.7 million. Direct Damage in weighted rain condition is about NRs 130 

million. These three values are approximately 3.1, 2.1 and 3 times greater than that of flood 

with only river discharge condition (no rain).  

Table 4-10 : Direct Damage (NRs in million) in different VDCs of the study area under 

flood inundation with different rainfall conditions in SFAC scenario 

  Direct Damage (NRs) : 'SFAC 3' Scenario 

  Conditions 

VDC No rain GCM Rain Weighted Rain 2007 Rain 

BANAKATTI 2.87 17.85 15.27 17.85 

BETAHANI 6.41 27.28 25.60 26.96 

GANGAPUR 17.47 31.01 24.60 28.36 

HOLIYA 14.31 23.28 21.06 21.06 

KAMDI 0.00 29.39 7.26 29.39 

PHATTEPUR 21.12 66.52 36.91 64.09 

Total 62.17 195.32 130.70 187.70 

106. Figure 4-22 graphically shows the distribution of direct damage in different VDCs in 

the study area. Phattepur VDC is observed to have higher amount of direct damage in all 

conditions. In GCM rain condition, the value of direct damage in Phattepur VDC is about 

NRs 66.52 million. This is about 34% of the total damage. In terms of damage, the VDC is 

followed by Gangapur VDC and Kamdi VDC with damage of about 15% each. Least damage 

is observed to be in Banakatti VDC. 2007 rain condition also bears the similar situation of 

damage except that values of damage in Gangapur VDC, Banakatti and Kamdi VDC are 

more or less equal (about 15%). In weighted rain condition, In GCM rain condition, 

Phattepur and Gangapur VDC are among the highly affected VDCs, with value worth just 

above NRs 7 million. The least affected VDC is Holiya VDC. However, in ‘No rain’ and 

‘Weighted rain’ condition, Kamdi, Betahani and Banakatti VDCs are observed to be very 

negligibly affected by the flood inundation in terms of direct damage. Gangapur and 

Phattepur VDCs are among highly VDCs in these conditions.   
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Figure 4-22 : Direct Damage Variation in the study area under flood inundation with 

different rainfall conditions in SFAC 3 scenario 

4.2.2.3 SUMMARY OF COMPARISON OF DIRECT DAMAGES: 

a. Analysis and comparison of the direct damage based on different climate change 

scenarios 

107. The damage analysis based on different climate change scenarios is briefly presented 

in Table 4-11. Here, SFAC 3 scenario is observed to the most damaging of all the scenarios. 

When accompanied with GCM rain condition and 2007 Rain condition, the damage is very 

high. If estimated flood damage is considered as basis of comparison in 2007 rain and 

discharge condition, then we observe that damage in SFAC 3 is 15% more than that of the 

former case. In addition, direct damage in SPAC 3 is only 2.81% more. Similarly, the damage 

in SF0AC case is only 1.53% that of 2007 Flood scenario. In no rain condition, percentages 

of difference in the damage values are very high. As such, we can say that the damages in 

future climate scenarios will be high significantly in comparison to present day conditions. 

Table 4-11 : Summary of direct damages in different climate scenarios 

   Direct Damage (NRs in millions)  

  
2007 

Flood (A) 

SPAC 3 

(B) 

% (B-

A)/A 

SF0AC 

(C) 

% (C-

A)/A 

SFAC 

3(D) 

%(D-

A)/A 

No rain 3.76 19.38 415.46 12.99 245.42 62.17 1553.82 

GCM Rain   168.43 xx 27.42 xx 195.32 xx 

Weighted 

Rain   89.28 xx 13.25 xx 130.70 xx 

2007 rain and 

discharge 163.17 167.76 2.81 165.68 1.53 187.70 15.03 
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b. Analysis and comparison of the direct damage based on different conditions of 

rainfall 

108. This section analyses the contribution in the different nature of rainfall condition on 

the direct damage in different climate scenarios. The flooding situation without any 

consideration of rainfall is taken as basis of analysis. It is observed from the Table 4-12 that 

the rainfall has very tremendous contribution in case of direct damage. In SPAC 3 scenario, 

GCM rain condition and 2007 rain conditions causes high amount of damage (more than 

760%).  In SFAC 3 scenario, the damages due to rainfall conditions (GCM and 2007 rain) are 

more than 200%. As such, rainfall in the study area causes more damage than flood due to 

river-discharge only. 

Table 4-12 : Summary of direct damage based on different conditions of rainfall 

  
No rain 

(A) 

GCM Rain 

(B) 

% (B-

A)/A 

Weighted 

Rain (C ) 

% (C-

A)/A 

2007 rain and 

discharge (D) 

%(D-

A)/A 

2007 

Flood  3.76         163.17 4240.42 

SPAC 3  19.38 168.43 769.17 89.28 360.71 167.76 765.7002 

SF0AC 12.99 27.42 111.17 13.25 2.07 165.68 1175.829 

SFAC 3 62.17 195.32 214.15 130.70 110.21 187.70 201.8904 

4.2.2.4 CONCLUSION AND DISCUSSIONS ON DIRECT DAMAGE ASSESSMENT 

109. Change in the hydrograph, specially, the occurrence of high value of discharge in 

future climate scenario is going to damage more in the study area; as it is clearly shown by 

the analysis results. The direct damage percent in climate scenarios is significantly higher 

than in present context. In addition, it is also pertinent to look into the rainfall situation in 

future as it also has very detrimental effect.  

110. The validity and reliability of the damage estimate and its distribution proportion is 

also essential. As such, physical damages (to household infrastructures and property) in flood 

event of 27/08/2006 is used to compare the direct damage estimated in 2007 Flood scenario. 

The direct damage is closely related to physical damage of household and property. The 

discharge in former event is 1360 cumecs where as it is 1930 cumecs in the latter with ratio 

equal to 0.7. In this comparison, the main purpose is to check the proportion of damages in 

the different VDCs of the study area in the simulation result and actual damage. Comparison 

is presented in Table 4-13. 

Table 4-13 : Comparison of direct damage in 2006 and 2007 flood events 

    Flood event 27/08/2006 Flood event 26/07/2007 

S.No. VDC Name Physical Damage   Direct Damage   

    Amount (NRs) % of total Amount (NRs) % of total 

1 Banakatti 1,407,300 4 17,879,200 11 

2 Betahani 4,106,500 11 26,672,700 16 

3 Gangapur 2,820,600 7 19,906,000 12 

4 Holiya 24,670,800 65 15,993,700 10 

5 Kamdi 1,594,000 4 29,851,900 18 

6 Phattepur 3,185,251 8 52,869,900 32 

  Total 37,784,451 100 163,173,400 100 

(Source: DDC Banke 2006- Badhi Pidit Chyati Bibaran Sambandhi Pratibedan 2063) 
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111. Here, the estimated value of direct damage in 2007 scenarios is as four times as much 

as damage in 2006 flood. The estimated damage is high, even higher the ratio of discharge 

value in two floods. In addition, there is difference between the damage distributions of the 

floods. In 2006 flood, the damage is concentrated in the Holiya VDC (65%), whereas in 2007 

Flood simulation the damage is evenly distributed with highest damage percentage in 

Phattepur VDC (32%). This means that the distribution of damage is skewed in the 

downstream area. Besides, the high estimated damage value can be due to high valuation of 

the property at the time of the survey. Unlike the agricultural damage estimate, in which the 

cost of crop is determined by market price directly, the direct damage values are based on 

perception of people in the survey. 

4.2.3 AGRICULTURAL DAMAGE 

112. This section describes the agricultural damage in the study area in the different 

conditions of rainfall under different climate scenarios. The steps of computation of 

agricultural damage in described in Section 4.1.2. In brief, the agricultural damage in 

assessed in terms of agricultural damage function, recent land use map and monetary value of 

the crop. Like in the direct damage sections, the analysis of the agricultural damages are 

presented in two different ways: a. Analysis of the damage in different climate scenarios in 

the given condition of rainfall and b. Analysis of the damage under different rainfall 

conditions in given climate scenario. 

4.2.3.1 ANALYSIS OF THE AGRICULTURAL DAMAGES IN DIFFERENT CLIMATE SCENARIOS 

IN GIVEN RAINFALL CONDITIONS 

113. In this section, analysis and comparison of agricultural damages are made in different 

climate scenarios (SPAC 3, SF0AC, SFAC 3 and 2007 Flood simulation) in the given rainfall 

conditions (ie No rain, GCM rain, Weighted rain and 2007 rain conditions). The objective of 

analysis in this model is to compare the extent and magnitude of agricultural damage in 

different climate scenario. At first, the analysis and comparison of damages under different 

climate scenarios in ‘No rain’ condition is carried out. This is, then followed by GCM rain, 

Weighted Rain and 2007 Rainfall conditions. 

i. Analysis and comparison of agricultural damage under different climate 

conditions in  ‘No rain’ Condition 

114. Spatial extent of the agricultural damage in different climate change scenarios (2007 

Flood, SPAC 3, SF0AC and SFAC 3) is illustrated in Figure 4-23. It is observed that extent 

of damage in highly spread in SFAC 3 condition and least spread in 2007 Flood Scenario. 



Nepal Development Research Institute (NDRI) 

53 

 

 

 

Figure 4-23: Extent and distribution of agricultural damage densities in the study area 

in different climate scenarios under ‘No rain’ Condition 
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115.  Table 4-14 shows the area under inundation in different VDCs in different climatic 

conditions under ‘No rain’ scenario. In general, in SFAC 3 scenario area under inundation is 

highest and in 2007 Flood scenario the area under inundation is the lowest. In SFAC 3 

scenario, the area under inundation is just below 34 sq.km., with about 35% of the inundated 

land lying in Phattepur VDC and 23% of the land in Holiya VDC. Nearly 6.3 sq.km. of land 

is inundated in Gangapur VDC. There is very less land under inundation in Kamdi VDC. The 

highest area under inundation after SFAC 3 scenario is in SFAC scenario. However, the area 

under inundation in SPAC 3 case is 1.7 times lesser than that of SFAC 3.  About 35% of 

inundated area, that is, 19.62 sq.km, is in Phattepur VDC. Nearly 22% and 24% of the land 

under inundation lies in Holiya and Ganagapur VDC. Betahani and Banakatti have 

approximately 12.6% and 6.7% land inundated in SPAC 3 scenario. However, Kamdi VDC is 

seen to be least affected bythe flood with only 0.2% of VDC area under inundation. Likewise 

SPAC 3 scenario, SF0AC scenario also follows the similar and close pattern of inundation. 

The total area under inundation in this case is 17.31 sq.km. Among all the scenarios, there is 

less damage is 2007 Flood Scenario. About 11 sq.km of land is under inundation. Out of all 

the VDCs in the study area, Gangapur VDC have the highest area of inundation (3.39 sq.km) 

followed by Phattepur VDC (2.93 sq.km).  Holiya is among the moderately affected VDC 

with 2.18 sq.km of agricultural land under inundation. Like in other cases, the least affected 

VDC is Kamdi VDC. 

Table 4-14: Agricultural area under inundation in different climate change scenarios 

under ‘No rain’ condition 

  Agricultural area under inundation (sq.km) : 'No rain' Condition 

  Scenarios 

VDC 2007 Flood  SPAC 3  SF0AC SFAC 3 
% of total ( only 
SFAC 3) 

BANAKATTI 1.04 1.32 1.18 2.43 7 

BETAHANI 1.41 2.49 1.96 5.02 15 

GANGAPUR 3.39 4.48 4.22 6.33 19 

HOLIYA 2.18 4.34 3.83 7.79 23 

KAMDI 0.01 0.03 0.02 0.15 0 

PHATTEPUR 2.93 6.96 6.09 11.92 35 

Total 10.97 19.62 17.31 33.64 100 

116. Magnitudes of agricultural damages in the different VDCs of the study area are listed 

in Figure 4-24. Total damages in the study area caused by 2007 Flood, SPAC 3, SF0AC and 

SFAC 3 scenarios are NRs 44.75, NRs 80.42, NRs 71.59 and NRs 140.35 (all in millions) 

respectively. The damage in SFAC 3 is roughly about 3.1 times greater than that of 2007 

Flood scenario. Damage in SF0AC scenario is nearly about 1.6 times than 2007 Flood. 

Likewise, damage in SPAC 3 scenario is nearly about 1.9 times than 2007 Flood scenario. 

117. Figure 4-24 also presents the variation of the agricultural damage in different VDCs 

in the study area. In SFAC 3 scenario, the highest damage is in Phateepur VDC which is 

approximately NRs 49.95 million. This is about 36% of the total damage in the study area. It 

is then followed by Holiya VDC in which there is 24% of damage. Kamdi VDC is least 

affected VDC. Damages in the other remaining VDCs are in between 14% to 25% of the total 

damage in SFAC scenario. Likes in scenario SFAC 3, the highest damage in scenarios SPAC 

3 and SF0AC is in the Phattepur VDC and least in Kamdi VDC. In latter scenarios, the 

damage values follow the similar trend as that of SFAC 3. In 2007 Flood condition, the 
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highest damage, worth of NRs 13.8 million, is observed in Gangapur VDC with least in 

Kamdi VDCs; the damages in other VDCs lying in between.  

   

 

Figure 4-24: Agricultural Damage Value (NRs in millions) in different climate scenarios 

in VDCs in the study area 

118. Hence it is observed that the highest area of inundation and highest damage occurs in 

the SFAC 3 scenario. In contrast, the 2007 Flood scenario has the least damage and spatial 

extent of inundation. Among 6 VDCs in the study area it is observed that Phattepur VDC is 

the most highly affected VDC whereas Kamdi VDC is the least affected. 

ii. Analysis and comparison of agricultural damage under different climate 

conditions in  ‘GCM Rain’ Condition 

119. Extent of the agricultural damage under different condition in ‘GCM Rain’ condition 

(SPAC 3, SFOAC, and SFAC) is illustrated by Figure 4-25. It is observed that the extent of 

damage is highly spread in SFAC 3 and SPAC 3 conditions and less spread in SFOAC 

condition. Table 4-15 shows agricultural area under inundation (sq. km) under ‘GCM rain’ 

condition. The table shows that in SFAC 3 scenario, agricultural area under inundation is 

highest and in SFOAC scenario, the agricultural area under inundation is the lowest. In SPAC 

3 scenario, area under inundation is in-between these two scenarios.  

120. In SFAC 3 scenario, the area under inundation is approximately 35 sq.km, with about 

35% of the inundated land (12.13 sq.km) lying in Phattepur VDC and 23% of the land in 

Holiya VDC (8 sq.km). Nearly 6.5 sq.km. of land is inundated in Gangapur VDC. Betahani 

and Banakatti VDCs are also affected with 5.18 sq.km and 2.67 sq.km of agricultural land 
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under inundation. There is very less land under inundation in Kamdi VDC, which is about 

0.21 sq.km. The highest damage after SFAC 3 is in SPAC 3 scenario. The total area 

inundated is SPAC 3 scenario is 23 sq.km out of which about 36%  of the inundated area lies 

in Phattepur area. Less than 5 sq.km of land in Holiya and Gangapur VDCs are inundated. 

Betahani and Banakatti VDCs are also affected with 3.33 sq.km and 1.65 sq.km of 

agricultural land under inundation. Kamdi VDC is less affected with just only 0.11 sq,km of 

land under inundation.  The cases are similar in SF0AC case in which 17.40 sq.km of land is 

under inundation.  

Table 4-15:  Agricultural area under inundation (sq. km) under ‘GCM rain’ Condition 

  

Agricultural area under inundation (sq.km) : 'GCM rain' 

Condition 

  Scenarios 

VDC SPAC 3  SF0AC SFAC 3 

% of total ( only 

SFAC 3) 

BANAKATTI 1.65 1.22 2.67 8 

BETAHANI 3.33 1.98 5.18 15 

GANGAPUR 4.75 4.22 6.50 19 

HOLIYA 4.93 3.84 7.99 23 

KAMDI 0.11 0.02 0.21 1 

PHATTEPUR 8.23 6.12 12.13 35 

Total 23.00 17.40 34.68 100 
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Figure 4-25: Extent and distribution of agricultural damage densities in the study area 

in different climate conditions in ‘GCM Rain’ Condition.  

121. Figure 4-25 and Table 4-16 presents the magnitudes of agricultural damages in the 

different VDCs of the study area. Total damages in the study area caused by  SPAC 3, 

SF0AC and SFAC  3 scenarios are NRs 91.31, NRs 71.98 NRs and NRs 145.03 (all in 
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millions) respectively. The damage in SFAC is roughly 2 times greater than that of SFOAC 

scenario and about 1.6 times than that of SPAC 3 scenario. 

122. In all scenarios, in Phattepur VDC, which has the highest area of inundation, the 

magnitude of damage is the greatest, with damage worth of NRs 50.96 million, 30.90 million 

and 24.58 million in SFAC 3, SPAC 3 and SF0AC scenarios respectively. In SFAC 3 

scenario, damages in Holiya VDC and Gangapur VDC are 23% and 19% of the total damage. 

The damage values in Betahani, Banakatti and Kamdi VDCs are NRs 21.01 million, 10.60 

million and 0.86 million respectively, with the least damage in Kamdi VDC. Similarly, in 

SFOAC scenario, largest area of inundation after Phattepur is Gangapur VDC followed by 

Holiya, Betahani, Banakatti and Kamdi VDCs respectively. In SPAC 3 scenario, the least 

damage is observed to be in Kamdi VDC. It follows the similar pattern of damage as in case 

of SF0AC case. Damage values in this scenario and other scenarios are presented in Table 

4-16. 

 

Table 4-16 : Agricultural Damage Value in the study area under different climate 

scenarios in GCM rain condition 

   Agricultural Damage (NRs in millions) : 'GCM rain' Condition 

  Scenarios 

VDC SPAC 3  SF0AC SFAC 3 

% of total ( only 

SFAC 3) 

BANAKATTI 6.82 5.13 10.60 7 

BETAHANI 13.26 8.07 21.01 14 

GANGAPUR 20.02 18.04 27.81 19 

HOLIYA 19.93 16.07 33.79 23 

KAMDI 0.38 0.09 0.86 1 

PHATTEPUR 30.90 24.58 50.96 35 

Total 91.31 71.98 145.03 100 

 

iii. Analysis and comparison of agricultural damage under different climate 

conditions in  ‘Weighted Rain’ Condition 

123. Information in Table 4-17 and Figure 4-26 shows the spatial extent of the 

agricultural damage in different climate change scenarios in ‘Weighted Rain’ (SPAC 3, 

SF0AC and SFAC 3 respectively). It is observed that extent of damage in highly spread in 

SFAC 3 condition and least spread in SFOAC Scenario. Moreover, Table 4-17  also shows 

the area under inundation in different VDCs in different climatic conditions under ‘Weighted 

rain’ scenario. In general, large portion of land is inundated in SFAC 3 scenario area and less 

in SFOAC scenario.  
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Figure 4-26: Extent and distribution of agricultural damage densities under different 

climate conditions in ‘Weighted Rain’ Condition 

124. In SFAC 3 scenario, the area under inundation is approximately 34 sq.km, with about 

35% of the inundated land lying in Phattepur VDC and 23% of the land in Holiya VDC. 

Nearly 6.3 sq.km. (19%) of land is inundated in Gangapur VDC followed by Betahani, 

Banakatti and Kamdi VDCs respectively. In SPAC 3 scenario, the total area of iundatiion is 

about 20 sq.km. The most affected VDC is Phattepur while the least affected in Kamdi VDC. 

Gangapur VDc and Holiya VDCs are moderately affected with about 4.4 sq.km of inundated 

area. Inundated areas in other VDCs are listed in Table 4-17.  In SF0AC scenario, 17.38 

sq.km of land is inundated. Phattepur VDC, like in other scenarios, has the highest proportion 

of land under inundation followed by Gangapur VDC, Holiya, Betahani, Banakatti and 

Kamdi VDCs respectively.  
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Table 4-17: Agricultural area under inundation (sq. km.) under ‘Weighted rain’ condition 

  Agricultural area under inundation (sq.km) : 'Weighted rain' Condition 

  Scenarios 

VDC SPAC 3  SF0AC SFAC 

% of total ( only 

SFAC 3) 

BANAKATTI 1.39 1.20 2.51 7 

BETAHANI 2.72 1.97 5.10 15 

GANGAPUR 4.41 4.23 6.33 19 

HOLIYA 4.41 3.86 7.88 23 

KAMDI 0.04 0.02 0.15 0 

PHATTEPUR 7.11 6.11 11.95 35 

Total 20.07 17.38 33.93 100 

125. Table 4-18 shows the magnitude of agricultural damage in different climate scenarios 

in ‘Weighted Rain’ condition in different VDCs in the study area. The magnitude of damages 

in Phattepur VDC which has the highest area under inundation in all scenarios also is the 

highest. In SFAC 3 scenario, the agricultural damage in Phattepur VDC is about NRs 50.26 

million. Damaged in Holiya VDC, Gangapur VDC, Betahani VDC, Banakatti VDC and 

Kamdi VDC are NRs. 33.26 million, 27.11 million, 20.58 million, 9.85 million and 0.59 

million respectively. It is observed that the least affected village is Kamdi VDC. In SPAC 3 

scenario, the total agricultural damage worth NRs 81.35 million, with the highest in Phattepur 

(NRs 27.79 million) which is about 34% of the total damage. Gangapur and Holiya VDC are 

also highly affected with damage worth about NRs 19 million and NRs 17.86 million 

respectively. The total damages in Betahani, Banakatti and Kamdi VDCs contribute about 

13%, 7% and approximately 0% to the total damage. The least damage in agriculture is 

observes in SF0AC scenario, with NRs 71.95 million worth damage. The general pattern of 

damage in thi scenario is like that of SPAC 3 and SFAC 3 scenarios. Table 4-18 presents the 

value of damages in SF0AC scenarios with the damage Value in other scenarios.  

Table 4-18 : Agricultural Damage Value in the study area under different climate 

scenarios in weighted rain condition 

  

 Agricultural Damage (NRs in millions) : 'Weighted 

Rain' Condition 

  Scenarios 

VDC SPAC 3  SF0AC SFAC 3 

% of total ( only 

SFAC 3) 

BANAKATTI 5.63 5.10 9.85 7 

BETAHANI 10.96 8.07 20.58 15 

GANGAPUR 19 18.05 27.11 19 

HOLIYA 17.86 16.13 33.26 23 

KAMDI 0.11 0.09 0.59 0 

PHATTEPUR 27.79 24.51 50.26 35 

Total 81.35 71.95 141.65 100 

iv. Analysis and comparison of agricultural damage under different climate 

conditions in  ‘2007 Rain’ Condition 
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126. Figure 4-27 and Table 4-19 illustrate the spatial extent of flood-inundation in 

different climatic conditions in ‘2007 Rain’ condition. It is clear from the figure and table that 

the SFAC 3 scenario has resulted in the worst case of inundation. It has the highest area under 

inundation. The value of damage in 2007 Flood scenario is least among all the scenarios. 

 

 

Figure 4-27: Extent and density of agricultural damage in the study area in different 

climate scenarios in ‘2007’ Flood condition 
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127. Table 4-19 also shows the total area under inundation in the different VDCs of the 

study area. Area under inundation is highest in Phattepur VDC and least in Kamdi VDC in all 

scenarios. In SFAC 3, which has the maximum inundated area of 36.47 sq.km, Phattepur 

VDC also constitutes 35% of this land. This is followed by Holiya VDC, Gangapur VDC, 

Betahani VDC, Banakatti VDC and Kamdi VDC with 22%, 17%, 15%, 8% and 3% of the 

total inundated area respectively. After SFAC 3 scenario, the highest area under inundation is 

in SPAC 3 scenario with total of 26.33 sq.km of inundated agricultural land. The VDC wise 

descending order of total area under inundation is as: Phattepur VDC (9.13 sq.km)., Holiya 

VDC (5.31 sq.km.), Gangapur VDC (4.80 sq.km.), Betahani VDC (4.07 sq.km), Banakatti 

VDC (2.15 sq.km) and Kamdi VDC (0.87 sq.km). After SPAC 3 scenario, the highest 

inundated area is in SF0AC scenario. The total inundated area in this scenario is 23.09 sq.km. 

The pattern of damage in this case in similar to that of SPAC 3 scenario. Finally, among all 

the scenarios the least damage is observed in the ‘2007 Flood’ scenario. The total area 

inundated in this case is 19.59 sq.km. In this scenario, the Phatteper has the highest inundated 

area. The inundated area in Holiya, Betahani and Ganagaour VDCs are nearly equal, the 

value remaining around 3.5 sq.km. Banakatti VDC has 2.38 sq.km inundated in 2007 Flood. 

The least affected area in Kamdi VDC which has only 0.94 sq.km of inundated agricultural 

field. 

Table 4-19: Area under inundation in the study area in different scenarios in ‘2007 

Rain’ condition 

  Agricultural area under inundation (sq.km) : '2007 Rain' Condition 

  Scenarios 

VDC 

2007 

Flood  

SPAC 

3  SF0AC SFAC 3 

% of total ( only SFAC 

3) 

BANAKATTI 2.38 2.15 1.98 3.06 8 

BETAHANI 3.36 4.07 3.77 5.40 15 

GANGAPUR 3.55 4.80 4.31 6.35 17 

HOLIYA 3.22 5.31 4.46 7.96 22 

KAMDI 0.94 0.87 0.86 0.99 3 

PHATTEPUR 6.15 9.13 7.73 12.71 35 

Total 19.59 26.33 23.09 36.47 100 

 

128. The values of agricultural damages follow coherence of area under inundation. SFAC 

3 has more agricultural land under inundation. So, the damage is also high. The damage is 

about NRs 148.62milion in this scenario. Damage in Phattepur VDC is the highest which 

worth NRs 52.69 million. It is then followed by Holiya, Gangapur, Betahani, Banakatti and 

Kamdi VDCs respectively. Kamdi VDC which is least affected has the damage value of NRs 

1.47 million in SFAC 3 scenario. Damages in SPAC 3 scenario and SF0AC scenario are 

similar in their order of VDCs, except that the values are different as shown in Table 4-20. 

The total agricultural damage in SPAC 3 and SF0AC scenario are NRs. 34.46 million and 

NRs 28.50 million. Among the entire scenario, 2007 Flood scenario is the one with low 

damage value. It is NRs 72.52 million.  In 2007 Flood scenario, agricultural damage is 

highest in Phattepur VDC followed by Gangapur, Holiya, Betahani, Banakatti and Kamdi 

VDCs respectively. 
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Table 4-20: Agricultural Damage Value in the study area in different climate scenarios 

in ‘2007’ Flood condition 

   Agricultural Damage (NRs in millions) : '2007 rain' Condition 

  Scenarios 

VDC 2007 Flood  SPAC 3  SF0AC SFAC 

% of total ( 

only SFAC 3) 

BANAKATTI 8.87 7.70 7.06 10.94 7 

BETAHANI 12.30 15.01 13.66 22.58 15 

GANGAPUR 15.31 19.57 18.33 27.19 18 

HOLIYA 12.92 20.71 18.35 33.76 23 

KAMDI 1.27 0.93 0.92 1.47 1 

PHATTEPUR 21.87 34.46 28.50 52.69 35 

Total 72.52 98.38 86.83 148.62 100 

 

4.2.3.2 ANALYSIS OF THE AGRICULTURAL DAMAGE UNDER DIFFERENT RAINFALL 

CONDITIONS IN GIVEN CLIMATE SCENARIO 

129. This section analyses the significance of the rainfalls in the study area (with respect to 

different rainfall conditions: GCM rain, Weighted Rain and 2007 Rain) in causing the 

agricultural damage in given climatic conditions (SPAC 3, SF0AC and SFAC 3 scenarios). 

130. The percentage difference in the damage value under different rainfall conditions with 

respect to ‘No rain’ Conditions for SPAC 3, SF0AC and SFAC 3 scenarios are presented in 

Table 4-21.  

Table 4-21 : Agricultural Damage (in millions) in the study area under different rainfall 

conditions in different scenarios along with comparison of damages in different 

rainfall conditions with respect to ‘No rain’ condition 

  Agricultural Damage (NRs in millions) : 'SPAC 3' Scenario 

  Conditions 

VDC 

No rain 

(A) 

GCM Rain 

(B) 

% (B-

A)/A Weighted Rain (C ) 

%(C-

A)/A 

2007 Rain 

(D) 

%(D-

A)/A 

BANAKATTI 5.41 6.82 26.24 5.63 4.23 7.70 29.77 

BETAHANI 10.12 13.26 30.99 10.96 8.34 15.01 32.58 

GANGAPUR 19.22 20.02 4.13 18.99 -1.22 19.57 1.76 

HOLIYA 17.86 19.93 11.63 17.86 0.00 20.71 13.77 

KAMDI 0.10 0.38 263.79 0.11 5.17 0.93 88.82 

PHATTEPUR 27.71 30.90 11.50 27.79 0.29 34.46 19.59 

Total 80.42 91.31 13.54 81.35 1.15 98.38 18.25 

  Agricultural Damage (NRs in millions) : 'SF0AC' Scenario 

  Conditions 

VDC 

No rain 

(A) 

GCM Rain 

(B) 

% (B-

A)/A Weighted Rain (C ) 

%(C-

A)/A 

2007 Rain 

(D) 

%(D-

A)/A 

BANAKATTI 5.02 5.13 2.26 5.10 1.69 7.06 40.72 

BETAHANI 8.03 8.07 0.52 8.07 0.45 13.66 70.14 

GANGAPUR 18.04 18.04 0.00 18.05 0.10 18.33 1.65 

HOLIYA 16.02 16.07 0.34 16.13 0.67 18.35 14.54 
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KAMDI 0.09 0.09 0.00 0.09 0.00 0.92 922.00 

PHATTEPUR 24.40 24.58 0.74 24.51 0.48 28.50 16.83 

Total 71.59 71.98 0.54 71.95 0.51 86.83 21.28 

  Agricultural Damage (NRs in millions) : 'SFAC 3' Scenario 

  Conditions 

VDC 

No rain 

(A) 

GCM Rain 

(B) 

% (B-

A)/A  Weighted Rain (C ) 

%(C-

A)/A 

2007 Rain 

(D) 

%(D-

A)/A 

BANAKATTI 9.49 10.60 11.76 9.85 3.80 10.94 15.37 

BETAHANI 20.25 21.01 3.74 20.58 1.64 22.58 11.46 

GANGAPUR 27.04 27.81 2.86 27.11 0.27 27.19 0.55 

HOLIYA 33.03 33.79 2.29 33.26 0.70 33.76 2.20 

KAMDI 0.59 0.86 45.45 0.59 0.00 1.47 148.18 

PHATTEPUR 49.95 50.96 2.02 50.26 0.61 52.69 5.48 

Total 140.35 145.03 3.34 141.65 0.93 148.62 5.89 

 

131. Table 4-21 can be briefly explained by the following graph (Figure 4-28). It presents 

the difference between the total agricultural damages in the study area (sum of all damages in 

each VDC) in different rainfall conditions (GCM rain (B), Weighted Rain (C) and 2007 Rain 

(D) with ‘No rain’ condition (A) for different climate scenarios. In SPAC 3 scenario, the 

2007 Rain causes the highest damage than other conditions (18.25% difference with respect 

to ‘No rain’ condition). GCM rain also causes higher damage (13.54% difference with 

respect to ‘No rain’ condition). The damage caused by Weighted Rain condition is more or 

less equal to damage by ‘No rain’ condition (only 1.15% difference). 

132. In case of SF0AC scenario, 2007 Rain causes the highest damage than other 

conditions (21.28% difference with respect to ‘No rain’ condition). This is even higher than 

that in SPAC 3 condition. However, the damages in other rainfall condition due to GCM rain 

and Weighted Rain is very less (only 0.54% and 0.51% difference respectively). Contribution 

of rainfalls ‘GCM’ and ‘Weighted’ is even less in comparison to that of SPAC 3 scenario. 

133. In SFAC 3 scenario, the contributions of rainfalls are of moderate significance. The 

damage contribution by 2007 rainfall in this scenario is the highest (5.89%). However, this 

value is less in comparison to that of SPAC 3 and SF0AC. GCM rainfall condition also 

moderately contributes to the damage (3.34%). This value is less than that of SPAC 3 but 

greater than that of SF0AC scenario. In SFAC 3 scenario, the ‘weighted rainfall’ contribute 

very less to the damage (0.93%). This value is also less than that of SPAC 3 scenario and 

greater than that of SF0AC scenario. 
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Figure 4-28 : Difference (%) in agricultural damage under different rainfall conditions 

in SPAC 3, SF0AC and SFAC 3 scenarios  

134. In brief, 2007 Rainfall has higher impact in causing the damages than ‘GCM rain’ and 

‘Weighted Rain’ scenarios. GCM Rain contributes moderately to the agricultural damage 

while ‘Weighted Rain’ contributes very less in causing the agricultural damage. 

4.2.3.3 CONCLUSION AND DISCUSSIONS ON AGRICULTURAL DAMAGE ASSESSMENT   

135. All climatic scenarios SPAC 3, SF0AC and SFAC 3 cause damages in agriculture of 

the study area, with different extent and magnitude. Among all the scenarios, in SFAC 3 

scenario agricultural damage is high, both in terms of magnitude and extent. In SF0AC 

scenario, the damage is observed to be the least while damages in SPAC 3 scenario is less 

than that in SFAC 3 but more than in SF0AC scenario. If the 2007 Flood along with rain is 

considered as basis of comparison, then, the damage in SFAC 3 scenario with 2007 rain 

condition is more than 100%, followed by SPAC 3 scenario with damage about 35% more 

than 2007 Flood condition. Considering only river discharge, the damage in SFAC 3 scenario 

is 200% more than that of 2007 Flood river discharge.  

136. In addition, from the analysis, it is observed that rainfall plays a moderate role in 

reinforcing the damages by the river flood. The maximum percentage that the rainfall 

contributes in agricultural damage is just below 22% in SPAC 3, SF0AC and SFAC 3 

scenarios. This means that high river discharge is chiefly responsible for majority of the 

damage inflicted in agriculture of the study area. Among the different rainfall conditions, the 

rainfall condition of 2007 is the most devastating, even than rainfall condition of GCM. 

137. As such, it becomes clear that damage in the future climate change scenario will 

increase by significant amount, both in magnitude and extent. This means, in terms of flood 

hazards, climate change will have negative effect in the crop production in the study area. 

138. However, it is necessary that the estimate of the damage value should be compared in 

terms of the real damage that has occurred in the study area in the past. This is essential to 

ensure the reliability of the estimate. Hence, the agricultural damage in the flood event of 
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27/08/2006 is used as the basis of comparison. The observed discharge in the day in gauging 

station at Kusum is 1360 cumecs. The damage in this event is compared with the agricultural 

damage in 2007 Flood scenario simulation under rain condition. The discharge in 2007 Flood 

(26/07/2007) as observed in Kusum is 1930 cumecs. The ratio between these discharges is 

0.7. The damage comparisons in both the cases are presented in Table 4-22. 

Table 4-22: Comparison of agricultural damages between flood event of 27/08/2006 and 

2007 Flood with ‘rain and discharge’ 

 Flood  2006/08/27-28 2007 Flood 

VDC 

Name Cash Crops Staple crops       

  Quintal 

Amount 

(NRs) Quintal 

Amount 

(NRs) Total 

% of 

total 

Amount 

(NRs) 

% of 

total 

Banakatti 325 2,626,345 16 516,600 3,142,945 3.9 8,866,800 12.2 

Betahani 6,868 9,997,800 1,326 2,243,045 12,240,845 15.3 12,295,800 17.0 

Gangapur 4,544 8,774,650 1,935 5,699,255 14,473,905 18.0 15,307,200 21.1 

Holiya 11,221 17,239,821 8,599 20,093,535 37,333,356 46.5 12,916,800 17.8 

Kamdi 1,577 2,185,237 534 1,298,925 3,484,162 4.3 1,267,200 1.7 

Phattepur 5,057 7,087,390 96,774 2,462,790 9,550,180 11.9 21,868,200 30.2 

Total   47,911,243   32,314,150 80,225,393 100.0 72,522,000 100.0 

(Source: DDC Banke, 2006: Badhi Pidit Chyati Bibaran Sambandhi Pratibedan 2063) 

139. We observe that ratio of total damages in Flood event of 27/08/2006 and 2007 Flood 

with ‘rain and discharge’ condition is 1.1. This is in contrast to the ratio of discharges; the 

damage in 2006 flood event is more than estimated damage of 2007 flood even though 

discharge is less. However, the difference is less (about 10%). So this can be considered 

within the permissible limit under the premises of uncertainty in climate scenarios. Moreover, 

the distribution of damages in VDCs varies significantly in Holiya VDC and Phattepur 

VDCs. The damage percent in Holiya VDC in 2006 flood event is about 47% whereas in 

2007 Flood event it is only about 18%. Besides, damage percent in Phattepur VDC in 2006 

flood event is about 12% whereas in 2007 Flood event it is only about 30%. In other VDCs, 

such differences are less. This is, possibly, because of the river alignment difference that is 

used for the simulation purpose than that of 2006 river alignment. In addition, aerial 

validation of the extent of flood inundation is not possible because of unavailability of 

photographs or imageries of the flood event. 

4.2.4 BUSINESS DAMAGE 

140. This section describes business damage in the study area in the different conditions of 

rainfall under different climate scenarios. The steps of computation of business damage in 

described in Section 4.1.3. In brief, the business damage in assessed in terms of business 

damage function obtained from the field survey (2011), and recent land use map consisting of 

the settlements with household density. Like in agricultural damage sections, the analysis of 

the business damages are presented in two different ways: a. Analysis of the business damage 

in different climate scenarios in the given condition of rainfall and b. Analysis of the business 

damage under different rainfall conditions in given climate scenario. 

4.2.4.1 ANALYSIS OF THE BUSINESS DAMAGES IN DIFFERENT CLIMATE SCENARIOS IN 

GIVEN RAINFALL CONDITIONS 
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141. In this section, analysis and comparison of business damages are made in different 

climate scenarios (SPAC 3, SF0AC, SFAC 3 and 2007 Flood simulation) in the given rainfall 

conditions (ie No rain, GCM rain, Weighted rain and 2007 rain conditions). The objective of 

analysis in this model is to compare magnitude of magnitude of damage in different climate 

scenario. At first, the analysis and comparison of damages under different climate scenarios 

in ‘No rain’ condition is carried out. This is, then followed by GCM rain, Weighted Rain and 

2007 Rainfall conditions. 

i. Business damage analysis and comparison under different climate scenarios 

under  ‘No rain’ Condition 

142. Distribution of the business damages and their magnitudes in the settlements of the 

study area in different climate change scenarios are presented in Figure 4-29 and Table 4-23. 

It is observed that the damage density varies from NRs 0 to NRs 14712.2 (per 30m x 30m 

area (grid cell size)). The highest damage density is observed to be in SFAC 3 scenario as 

shown in Figure 4-23. The business damage in ‘No rain’ condition is found to be the highest 

in SFAC 3 scenario. The highest business damage value is found for SFAC scenario which is 

followed damage value in SPAC 3 scenario and then SFOAC.  The least damage occurs in 

2007 Flood scenario. Magnitude of damages in SPAC 3, SF0AC and SFAC scenarios are 

about 3.8, 2.5 and 15.9 times greater than that of 2007 Flood scenario respectively. 
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Figure 4-29: Business Damage in the study area under different climate scenario under 

‘No rain’ condition 

143. Table 4-23 shows that the magnitude of business damage value in the different VDCs 

of the study area. In general, highest value of business damage is in Phattepur VDC and 

lowest in Kamdi VDC. The highest business damage is observed to be in SFAC 3 Scenario 

which is about NRs. 1,972,446 and the least damage value is found to be NRs. 123,817 in 

2007 Flood scenario. In SFAC 3 scenario, business damage value is found to be highest for 

Phattepur VDC with NRs 778,047 followed Gangapur with NRs. 672,414. No damage is 
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observed in Kamdi VDC. In other VDCs, the damage value ranges from NRs 7,000 to NRs 

40,000.  In SPAC 3 scenario, the total damage is about NRs 470,109. Significant damages are 

observed in Gangapur VDC (47%) and Phattepur VDC (41%). Holiya VDC is under 

moderate damage (10%). Damage pattern in SF0AC scenario is similar to that of SPAC 3 

scenario. In 2007 Flood scenarios, majority of the damages are in Gangapur VDC (81%) and 

Phattpur VDC (18%). Flood effects in causing business damages in other VDCs are 

negligible.  

Table 4-23: Business Damage (NRs in thousands) in different VDCs of the study area 

under flood inundation with ‘No Rain’ condition 

  Business Damage (NRs in thousands) : 'No rain' Condition 

  Scenarios 

VDC 2007 Flood  SPAC 3  SF0AC SFAC 3 

% of total ( 

only SFAC 

3) 

BANAKATTI 0.00 1.65 0.12 7.09 0 

BETAHANI 0.00 1.34 0.00 38.79 2 

GANGAPUR 100.59 222.40 185.17 672.41 34 

HOLIYA 0.60 50.27 16.43 476.11 24 

KAMDI 0.00 0.00 0.00 0.00 0 

PHATTEPUR 22.63 194.45 107.95 778.05 39 

Total 123.82 470.11 309.67 1,972.45 100 

144. Therefore, SFAC 3 scenarios has tendency to cause more damage in ‘No rain’ 

condition followed by SPAC 3, SF0AC and 2007 scenarios. 

ii. Business damage analysis and comparison under different climate scenarios 

under  ‘GCM rain’ Condition 

145. Figure 4-30 shows the spatial extent and intensity of the business damage in the study 

area. In GCM rain condition, in general, the intensity of the damage in the settlements is high 

in SFAC 3 scenario followed by SPAC 3 scenario and SF0AC scenario respectively. In 

SFAC 3 scenario, the intensity of the business damage ranges from from NRs 0 to NRs. 

22,133.3 per 900 sq.m of area. In SPAC 3 scenario, the intensity varies from NRs 0 to NRs. 

8,524.48 per 900 sq.m area and in SF0AC scenario, it varies from NRs 0 to NRs. 7,110.38 

per 900 sq.m area.  
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Figure 4-30 : Business Damage in the study area under different climate scenarios 

under ‘GCM rain’ condition 

146. Direct Damage in the different VDCs under ‘GCM Rain’ Condition is listed in Table 

4-24 . In general, the business damage in the study area is the highest in SFAC 3 scenario 

(NRs. 2826.98 thousand). Likewise, damages in SPAC 3 and SF0AC scenarios are NRs 

999.42 thousand and NRs 350.11 thousand. In SFAC 3 scenario, the highest business damage 

is observed in Phattepur VDC which is slightly higher than in Gangapur VDC. It is followed 

by Holiya, Betahani and Kamdi VDCs. Banakatti VDC is least affected. In SPAC 3 scenario, 

pattern of the business damages is similar. In contrast, Gangapur VDC is observed to be 
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highly affected in SF0AC scenario followed by Phattepur VDC. In Holiya and Kamdi VDCs 

the business damage are between NRs 14 and 17 thousand. Damages in Betahani and 

Banakatti VDCs are around NRs 6 thousand. 

Table 4-24 : Business Damage (NRs in million) in different VDCs of the study area 

under flood inundation with ‘GCM rain’’ condition 

   Business Damage (NRs in thousands) : 'GCM rain' Condition 

  Scenarios 

VDC 

SPAC 

3  SF0AC SFAC 3 

% of total 

( only 

SFAC 3) 

BANAKATTI 49.42 6.74 49.42 2 

BETAHANI 72.25 6.34 118.81 4 

GANGAPUR 271.52 191.64 903.11 32 

HOLIYA 189.54 16.43 693.52 25 

KAMDI 92.65 14.83 92.65 3 

PHATTEPUR 324.04 114.14 969.48 34 

Total 999.42 350.11 2,826.98 100 

147. In short, damage is more in SFAC 3 scenario than other scenarios and in all scenarios 

Phattepur VDC is the most affected and Banakatti and Betahani are among the least affected 

VDCs.  

iii. Business damage analysis and comparison under different climate scenarios 

under  ‘Weighted rain’ condition 

148. The extent of business damage in settlements of the study area in different climate 

change scenarios under weighted rain condition are presented in Figure 4-31. It is observed 

that the business damage density varies from NRs 0 to NRs 8524.38 (per 30m x 30m area 

(grid cell size)) in SPAC 3, NRs 0 to NRs 7110.38 in SFOAC and NRs 0 to 14712.2 in SFAC 

3 scenario. The highest density of the damage is observed to be in SFAC 3 scenario. Besides, 

magnitudes of business damage in ‘Weighted rain’ condition are shown in Table 4-25.   
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Figure 4-31 : Business Damage in the study area under different climate scenarios 

under ‘Weighted Rain’ condition 

149. Table 4-25 illustrates the damage in the different VDCs of the study area along with 

the total damage in different climate scenarios. In SF0AC scenario the total business damage 

is found to be the least among all the scenarios where as it is highest in SFAC 3 scenario. 

Business damage in SF0AC is about NRs 315,142. Gangapur VDC is highly affected by 

inundation. Likewise, after Gangapur VDC, Phattepur VDC is the most affected VDC 

followed by Holiya VDC. Damages in other VDCs are negligible. Highest business damage 
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is observed in the SFAC 3 case, which is about NRs 2,217,902. This is about 7 times greater 

than SF0AC case. In SFAC 3 scenario, damages in Gangapur VDC and Phattepur VDC are 

nearly equal (34% and 37% respectively). 22% of the damage is in Holiya VDC. Damages in 

other VDCs are less than 5%. Likewise the damage value in the SPAC 3 is about NRs 

685,871.19. Table 4-25 also presents the damage distribution in the VDCs in SPAC 3 

scenario. The highest damage is observed in the Phattepur VDC in SPAC 3. It is followed by 

Gangapur and Holiya VDCs. The least damage is observed in Kamdi VDC.  

Table 4-25 : Business Damage (NRs in million) in different VDCs of the study area 

under flood inundation with ‘Weighted Rain’ condition 

  Business Damage (NRs in thousands) : 'Weighted Rain' Condition 

  Scenarios 

VDC SPAC 3  SF0AC SFAC 3 % of total ( only SFAC 3) 

BANAKATTI 33.25 0.12 37.69 2 

BETAHANI 60.93 0.00 88.25 4 

GANGAPUR 248.05 190.13 753.05 34 

HOLIYA 88.82 16.43 497.81 22 

KAMDI 17.23 0.00 17.93 1 

PHATTEPUR 237.60 108.47 823.17 37 

Total 685.87 315.14 2,217.90 100 

 

150. In brief, like other cases, SFAC 3 is more damaging than other scenarios. Similarly, 

Gangapur VDC and Phattepur VDCs are highly affected VDCs by flood-inundation. Holiya 

VDC is moderately affected where as other VDCs are less affected. 

 

iv. Business damage analysis and comparison under different climate scenarios 

under  ‘2007 rain’ condition 

151. This sections analyses and compares the direct damages under different climate 

scenarios under ‘2007 Rain’ Condition. This section gives information on the spatial extent of 

damage and the magnitude of damage in the study area. Figure 4-32 shows the variation of 

the damage densities (NRs per 30m x 30m area) across the settlement areas in the study area. 

In 2007 Rain condition, it is observed that the damage density varies from NRs 0 to NRs 

8524.48 (per 30m x 30m area (grid cell size)) in SPAC 3, NRs 0 to NRs 7110.38 in SFOAC, 

NRs 0 to 14712.2 in SFAC 3 scenario and NRs 0 to NRs 6341.61 for 2007 Flood scenario 

with ‘rain and discharge’. 
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Figure 4-32 : Business Damage in the study area under different climate scenarios 

under ‘2007 rain’ condition 

152. Table 4-26 illustrates the damage in the different VDCs of the study area along with 

the total damage in different climate scenarios. In 2007 Flood scenario, the total damage is 

found to be the least among all the scenarios. Business damage in this case is about NRs 

652,250. Highest business damage is observed in the SFAC 3 case, which is about NRs 
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2,351697. This is about 3.6 times greater than 2007 Flood scenario. Likewise, the damage 

value in the SPAC 3 is about NRs 955,081 and SF0AC is nearly NRs 809,349. 

153. In SFAC 3 scenario, business damage values in the Phattepur VDC and Gangapur 

VDCs are between 30% and 40%. Holiya VDC is moderately affected with damage 

percentage of 21% of the total business damage. Other VDCs are less affected with damage 

percent below 5. In SPAC 3 scenario, business damage values in the Phattepur VDC and 

Gangapur VDCs are among the highest and they range between 27% and 33%. Holiya VDC 

and Kamdi VDCs are moderately affected. They have damage percentage of 18% and 10% 

respectively. In Banakatti and Betahani VDCs, damages are less (5% to 7%). In SF0AC 

scenario, damages in both the VDCs, Phattpur and Gangapur, are nearly 28% of the total 

business damage. Holiya VDC and Kamdi VDCs are moderately affected. They have damage 

percentage of 18% and 11% respectively. In Banakatti and Betahani VDCs, damages are less 

(6% to 8%). Finally, in 2007 flood scenario, Phattepur, Gangapur and Holiya VDC are highly 

affected (20% to 25%); and Betahani and Kamdi VDCs are moderately affected (10% - 

14%). Bankatti VDC is least affected (8%). 

 

Table 4-26 : Business Damage (NRs in million) in different VDCs of the study area 

under flood inundation with ‘2007 rain’ condition 

  Business Damage (NRs in thousands) : '2007 rain' Condition 

  Scenarios 

VDC 2007 Flood  SPAC 3  SF0AC SFAC 3 

% of total ( only 

SFAC 3) 

BANAKATTI 49.50 49.42 49.42 49.42 2 

BETAHANI 67.93 67.93 67.93 91.61 4 

GANGAPUR 152.96 258.11 228.34 735.35 31 

HOLIYA 129.89 173.36 142.79 497.81 21 

KAMDI 93.79 92.65 92.60 92.65 4 

PHATTEPUR 158.17 313.60 228.26 884.85 38 

Total 652.25 955.08 809.35 2,351.70 100 

 

154. In summary, the SFAC 3 is more damaging than other scenarios. The pattern of 

damage in SPAC 3 and SF0AC are similar to that of SFAC 3 scenario. However, the flood 

inundation in 2007 flood scenario is different in terms of damage distribution among VDCs. 

4.2.4.2 ANALYSIS OF THE BUSINESS DAMAGE UNDER DIFFERENT RAINFALL CONDITIONS 

IN GIVEN CLIMATE SCENARIO 

155. This section analyses the significance of the rainfalls in the study area (with respect to 

different rainfall conditions: GCM rain, Weighted Rain and 2007 Rain) in causing the 

business damage in given climatic conditions (SPAC 3, SF0AC and SFAC 3 scenarios). 

156. The percentage difference in the business damage value under different rainfall 

conditions with respect to ‘No rain’ Conditions for SPAC 3, SF0AC and SFAC 3 scenarios 

are presented in Table 4-27.  
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Table 4-27 : Business Damage (in thousands) in the study area under different rainfall 

conditions in different scenarios along with comparison of damages in different 

rainfall conditions with respect to ‘No rain’ condition 

  Business  Damage (NRs in thousands)  

  Conditions 

Scenarios 

No rain 

(A) 

GCM 

Rain(B) %(B-A)/B 

Weighted 

Rain (C ) % (C-A)/A 

2007 Rain 

(D) %(D-A)/A 

SPAC 3 470.11 999.42 112.59 685.87 45.90 955.08 103.16 

SF0AC  309.67 350.11 13.06 315.14 1.77 809.35 161.36 

SFAC 3 1972.45 2826.98 43.32 2217.90 12.44 2351.70 19.23 

 

157. Table 4-27 can be briefly explained by the following graph (Figure 4-33). It presents 

the difference between the total business damages in the study area (sum of all damages in 

each VDC) in different rainfall conditions (GCM rain (B), Weighted Rain (C) and 2007 Rain 

(D) with ‘No rain’ condition (A) for different climate scenarios. 

158. In SPAC 3 scenario, the GCM Rain causes the highest damage than other conditions 

(112.6% difference with respect to ‘No rain’ condition). 2007 rain also causes higher damage 

(103.2% difference with respect to ‘No rain’ condition). The damage caused by Weighted 

Rain condition is very less in comparison to that of former two scenarios (only 45.9% 

difference). 

159. In case of SF0AC scenario, 2007 Rain causes the highest damage than other 

conditions (161.4% difference with respect to ‘No rain’ condition). This is even higher than 

that in SPAC 3 condition. However, the damages in other rainfall condition due to GCM rain 

and Weighted Rain are less (only 13.1% and 1.8% difference respectively). Contribution of 

rainfalls ‘GCM’ and ‘Weighted’ in this scenario is even less in comparison to that of SPAC 3 

scenario. 

160. In SFAC 3 scenario, the contributions of rainfalls are of moderate significance. The 

damage contribution by GCM rainfall in this scenario is the highest (43.3%). However, this 

value is less in comparison to that of SPAC 3 and higher than that of SF0AC. 2007 rainfall 

condition also moderately contributes to the damage (19.2%), however, this value is very less 

than that of both SPAC 3 scenario and SF0AC scenario. In SFAC 3 scenario, the ‘weighted 

rainfall’ also contribute moderately to the damage (12.4%) (In comparison to that of GCM 

rain and 2007 rain conditions). This value is less than that of SPAC 3 scenario and greater 

than that of SF0AC scenario. 
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Figure 4-33 : Difference (%) in business damage with respect to ‘No rain’ condition 

under different rainfall conditions in SPAC 3, SF0AC and SFAC 3 scenarios  

161. In brief, both GCM and 2007 Rainfall has higher impact in causing business damages 

while Weighted Rain contributes less in causing the agricultural damage. 

4.2.4.3 CONCLUSION AND DISCUSSIONS ON BUSINESS DAMAGE ASSESSMENT 

162. Like in the direct damage and agricultural damage, the business damages are also high 

in case of flood inundation in future climate scenario than in present context. This means that 

future climate will impact on the business activities of the study area and thus have indirect or 

direct impact on the livelihood of the people. The impacts of damages are different in 

different climate scenarios.  

163. The cases of the business damage are hardly possible to check with reference to the 

damages in 2006 condition. This is because there are no aspects of reported damage in terms 

of business or associated sector in order to make up link. However, as the distribution pattern 

of business damage is similar to that of direct damage, it is consider in line with direct 

damage. 

4.2.5 OVERALL CONCLUSION ON THE ANALYSIS OF DAMAGES IN THE STUDY AREA IN 

THE FUTURE CLIMATE SCENARIOS AND BROADER DISCUSSION 

Conclusion: 

164. The lower West-Rapti Basin is very to flood disasters. The study area is often 

inundated by the floods annually in different magnitudes. Changes in hydrological behaviour 

of the river in changing climate conditions have higher degree of impact on the livelihood of 

people in context of flood disaster. Analysis of flood simulation results for different future 

climate scenarios shows that both magnitude and extent of damage will increase in future, 
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causing more damages in household property, agriculture and business of the local people. 

This will certain inflict negative consequences on the livelihoods of the local people and their 

ability to live with the floods. 

Discussion: 

165. The estimate of damages needs verification. Hence, the estimate is best possibly 

verified with the damage report for the flood event of 27/08/2006. For the comparison, the 

simulation result for 2007 Flood with rain and discharge is used. This scenario is used 

because this condition is much closer to Flood event in 2006 than any other scenarios. The 

damages estimates for the direct damages is on the higher side than the real estimate and, in 

case of agricultural damage, the damage is nearly equal in contrasting condition of flood 

discharge ratio. In the former situation, the real damage is concentrated on the particular 

location whereas simulation result shows the regular distribution of damages within the study 

area. In case of the agricultural damage, the extent of damage are well-shaped in proportion 

to the real damages expect for two VDCs, where the damage in the downstream VDC should 

have been more. The spatial extent of the flood could not be verified in absence of the aerial 

photographs or satellite imageries. 

166. One of the limitations of the study is to predict the possible channel course of the river 

because the flooding. This requires a rigorous study in itself which is out of the scope of this 

study. However, this limitation has somehow constrained the variation in damage extent as it 

would possibly happen in future scenario. 

167. Another important aspect that has great influence in the damage estimate is the people 

perception of damage that has been measured in the field survey. There is always uncertainty 

associated with the perception as it tends to be influenced by various factors as time and 

season of survey, cognitive power of surveyor and respondents, etc. 

168. Finally, the precision of the damage estimate would have increased if the spatial 

resolution of the digital elevation model was finer. It was difficult to place the settlements 

within the spatial resolution of approximately 90m.  

169. Hence, all above mentioned points, if followed, the damage estimate in future 

scenarios will certainly be improved in a better direction. 
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ANNEX A: Summary of Focus Group Discussions and Key Informant 

Interviews 

Focus Group Discussion (FGD) 

Place & Date:  Kamdi VDC, Ward no. 7, Milanchowk: 23 July 2011, Elevation: 130 

Participants: more than 15 

Age group: less than 25 to 76 years old 

West Rapti River Flood and its Impacts 

 There was a huge flood in 2042 BS (1985 AD). 30 households of Sidhaniya (Kamdi-

1) were completely washed away and moved to Milanchwok (present FGD place). 

Past Sidhaniya was across the present Rapti River Bridge. There were no human 

casualties; however huge amount of property was lost. Even the fish were found 

inside the house during that flood. 

 There was also a flood in the Rapti River in 2045 BS (1988 AD), however the 

participants did not remember its damage exactly (it sounded less affected flood). 

This flood was triggered by Landari and Jhanjhari River – tributaries of Rapti River. 

It caused side cutting and lateral erosion in Khajura and Sidhaniya villages of Kamdi 

VDC. 

 During the year BS 2051/52 (1994 AD) there was a flood in the Rapti River. 

However, the participants did not remember the exact date of flood occurrence; they 

said that it happened during the period of Plane Crash of Manmohan Adhikari, then 

prime minister of Nepal. This flood had no significant damage. 

 There was a noticeable flood occurred in Rapti River in 2057/58 BS (2000 AD), 

which also remarkably washed away agricultural land, livestock, and other household 

property of local people.  

 The flood occurred in 2062/2063 (2007 AD) was the one which significantly damaged 

and washed away household properties of local people. Local people vividly 

remember its impacts on them. (secondary information/data available) 

 Laxmanpur barrage is the main problem for the residents of Holiya VDCs. 

Particularly, people of Piprahawa and Tepri villages of the VDC are the main 

sufferers of the barrage at present. The barrage also causes the water-locked problem, 

rising of river bed (about 2 meters) and high siltation in the river, which triggered 

lateral expansion of the river. 

Indigenous Technique 

 The participants of the FGD explicitly mentioned that they have never used any 

indigenous techniques ever to mitigate the impacts of floods. 

 Since the river directly flow from the hill with high speed, participants said, it is 

beyond the ability of the villagers to measure its impacts through indigenous 

techniques. 
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Saddhik Khan (76) 

Saddhik Khan of 76 was the village headman, vernacularly known as Pradhanpanch, during 

the period 2017 to 2046 BS. He seems highly knowledgeable person of the village; however 

he did not remember all the past events exactly because of his old age. It tried to note down 

as much information possible during interviewing with him. 

 In 2007 BS (1954 AD), the West Rapti River was near to Tepri village (ward no. 9 of 

Phattepur VDC) and the depth of the river was about 9 foot (He said about 5/6 hand
1
 

of depth). He guessed that the river located about 2.5 km far (south-east) from the 

present location. 

 There was a devastating flood in 2042 BS (1985 AD). Present Milanchowk village 

(FGD place) was newly settled by the households who were displaced from the old 

Sidhaniya village in 2042 BS (1985 AD). 

 Laxmanpur barrage was constructed about 13/14 years ago.  It creates problems in 

local people. Mainly, the barrage causes inundation problems in many villages, high 

rate of sedimentation in the river bed decreasing river height, and decreases river 

speed causing lateral expansion of the river. These changes in the river cause less 

lateral erosion (thik katne) in the region. 

Agriculture Calendar 

Month Activities Remark 

Baishakh 

(Apr/May) 

Showing maize, pumpkin, yard long, 

cucumber, onion, cabbage, and ladies 

finger.  

Started since 2-4 years 

ago. It used to leave 

the land barren. 

Jestha 

(May/June) 

do  

Ashadh 

(June/July) 

Sowing paddy, maize and lentils  

Shrawan 

(July/Aug) 

Paddy plantation and maize sowing  

Bhadra 

(Aug/Sep) 

Weeding and cleaning. At the end of 

the month maize harvesting 

 

Ashoj 

(Sep/Oct) 

Sowing oilseed, lentil, gram, potato 

and cabbage 

 

Kartik 

(Oct/Nov) 

Starting rice harvesting and Ploughing  

Manshir 

(Nov/Dec) 

Paddy harvesting and wheat sowing  

Poush 

(Dec/Jan) 

do  

Magh 

(Jan/Feb) 

  

Falgun 

(Feb/Mat) 

Sowing wheat, gram, and lentil  

                                                 
1
 Local people measure the depth and distance in hand. One hand is equivalent about 18 inches (1.5 feet).  
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Chaitra 

(Mar/Apr) 

Harvesting  

(2) Focus Group Discussion (FGD) 

Place & Date: Holiya VDC, ward no. 7 Piprahawa: 24 July 2011, Elevation: 115 

Participants: 11 male and 1 female, Age group: less than 35 to 75 years old 

Background 

The Piprahawa village is resided by Muslim and Hindu communities. The village is quite 

near from Laxmanpur Barrage (500-700m). Presently, about 200 households are living in the 

village. Only few households (3/4) have toilets facilities, which were donated by Plan Nepal. 

About 50% households have agricultural production for all round the year whereas the rest do 

not have agricultural production for the whole year for their household use. As most of the 

participants mentioned that of the total agricultural production, only 40% can be harvested 

and the rest is impacted/damaged by the flood every year. Villagers explicitly said that they 

have few land for paddy cultivation at present. Paddy, maize, and different types of lentils are 

mostly cultivated by the villagers. The villagers can be harvested 25-27 quintal of paddy in 1 

bigha of land (khet). Since, the impact of Rapti River Flood is severe in the village, huge 

amount of agriculture production damage by the flood every year. 

Rapti River, Flood and Participants' Perception 

When we were in Piprahawa village, the Rapti River was very near from the village (about 

700m) and the most surrounded areas of village were gently inundated. There were, as 

participants said, about 2-3 foot inundation just 2-3 days prior to our visit. Actually, the 

Piprahawa village is in-between of Rapti River and Laxampur Barrage. I found it most 

vulnerable at present scenario. The villagers sounded worry and annoy because of flood and 

inundation during the talking. 

 In 1990s, the River was about 4/5 km far from the village and it was located nearby 

Basantpur and Bhabhaniya villages of Phattepur VDC. By walking, it used to take 

about 1.5 hours to reach the river during those days. Till the date, the river has already 

eroded/damaged about 90 Bighas of land of the villagers. Even until 2055 BS, the 

river was in its old course. 

 In the year 1973, there was a huge flood in Rapti River, which locally known as 

Shailab. This flood washed-away about 100 houses of the nearby villages. 

 There was another devastating flood in 2062/63 BS. This flood caused about 5 foot of 

inundation in the villages. The flood entered in all the houses. Economically, 

participants assumed, the damage extended from 15000 to 150000 NRs of each 

household because of flood. The inundation remained 3 days in the village. 

 In addition to the flood of Rapti River, the villagers are also suffering from 

Laxmanpur Barrage. It blocks the river outlet and returns back the water in the 

village. Villagers said that the barrage causes longer days/hours of inundation in the 

village than before. Villagers seem very worry about it. 
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 The alert sirens have been installed in Khadaicha, Tepri, Piprahawa and Choupheri 

villages. 

Indigenous Technique 

 Villagers don't have any indigenous techniques to protect from flood impacts. 

Participants' Recommendation 

 The concept of porcupine, as participants said, to protect the flood is totally wrong. 

The concern organizations are misusing the money by investing on it. Instead of doing 

so, the concrete plan should be designed to protect the villagers from the flood. The 

plan should also include the management of Laxmanpur Barrage problems. 

 To protect the villages and villagers from the flood, the flood should be blocked in 

Sidhanuwa village. It is because when flood reach in Piprahawa and Tepri, it is almost 

impossible to manage. The plans should be designed to manage flood before reaching 

it in the villages. 
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ANNEX B.1 – Local level stakeholder Workshop in Nepalgunj, Banke 

A stakeholder consultation workshop was organized in Nepalgunj on 31 Jan, 2012. There 

were 30 participants representing local communities and from government and non-

governmental organizations working in the study area. The participants appreciated the 

usefulness of the research work and also suggested that damage assessment should be 

comprehensive. They recommended that the permanent measures to mitigate the flood 

impacts should be assessed and proposed.  

The communities pointed out that the river bank cutting and river shifting have damaged vast 

agricultural land so permanent measures to address river bank cutting should be proposed. 

The participants also recommended that early flood warning systems should be proposed.  

The participants recommended that the final report should be disseminated to all concerned 

agencies and stakeholders including the central ministerial and department level to DDC, 

VDC level and to concerned technical departments including community level “Sangarsa 

Samitee”. The damage/loss data should be provided to the National Planning Commission 

and DWIDP head office so that it can a basis to propose interventions in the area.  

The assessment should also include issues like - How many houses have been displaced by 

past events? What is the river encroached area, bank cutting and risk area? How many HHs 

and population were affected? What is the area where sand is deposited due to flood? How 

much land is unproductive and damaged by Rapti River? What is the flood extent area during 

the flood event of different return periods and what is the area, damage and population size?  

The participants were also interested to know if the outcome of the research would be useful 

to design flood relief measures such the location of shelters.  

The stake-holders pointed out that the major problem is because of the backwater effect and 

blockage of drainage due to the afflux bund along the border from Indian government.  

The lists of participants are as follows: 
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List of Participants – Nepalgunj Workshop 

S.

N 

Name  Affiliation  Designation  Contact  No. Email 

1 Sangita Chaudhari (BASE) Banke WACC Presedent 9848070894 sanukjt@yahoo.com 

2 Ashok Raj Pokhrel Action Aid Nepal Project Co ordinator 9841445524 ashokraj.pokhrel@actionaid.org 

3 Gaurilal Budhathoki NRCS, Banke Project Co ordinator 9848024551/081

-520104 

gaurize@gmail.com 

4 Ram Raj Kathyat BEE- Group, Banke Project Co ordinator 9748011381 kathayatramraj@gmail.com  

5 Ripasat Alisesh 05- Phattepur       

6 Bhakti Ram Pandey 08- Phattepur LRD 9728170851   

7 Raj Kumar Sukla Holiya 08- Banke secretary  9816504939   

8 Pateshwori Prasad 

Barma 

Betahani -04, Banke Betahani- 

Banke,Presedent 

9814525818   

9 Dinesh Thakur Sagarmatha Telivision Banke 9728154418 dthakar.nps@gmail.com  

10 Siddhi Shrestha UNISEF Nepalgunj  WASTT Officer 9752009148 sishrestha@unicef.org 

11 Janaki Kiran  Save The Childern Project Co ordinator 9848024654 janakee_shrestha@savethechildern.o

rg 

12 Jadish Bahadur Singh Laxmanpur, Banke Presedent 984804302   

13 Ain Bahadur Malla Ward Police Station Inspector 9858024799 ain.malla@yahoo.com 

14 Tribhuwon Yadav Gangapur-08   9815526992 tp.yadav28@gmail.com  

15 Surya Lal Yadav Kamdi - 08, Banke   9748004972 suryanpj@gmail.com 

16 Ram Pratap Misra Kamdi - 01, Banke     9748001138   

17 Dev Datta Bhatta Pratcial Action Nepal Project Officer 9851115757   

18 Subbir Khan Bankatti - 01   9816592372   

19 Nirar Gurung CPN UMR   9858020546   

mailto:sanukjt@yahoo.com
mailto:ashokraj.pokhrel@actionaid.org
mailto:gaurize@gmail.com
mailto:kathayatramraj@gmail.com
mailto:dthakar.nps@gmail.com
mailto:sishrestha@unicef.org
mailto:janakee_shrestha@savethechildern.org
mailto:janakee_shrestha@savethechildern.org
mailto:ain.malla@yahoo.com
mailto:tp.yadav28@gmail.com
mailto:suryanpj@gmail.com
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S.

N 

Name  Affiliation  Designation  Contact  No. Email 

20 Kapil Yadav J. U . P .N. K. N - 6 Engineer  9847224712   

21 Ram Niwas Yadav BEE- Group, Banke S.M. 9848080338 ramniwas.beegroupnpj@gmail.com  

22 Ramesh Kumar Shah DDC Social Development 

Officer 

081-520196 infoddcbanke@gov.np 

23 Khushyali Subba UN Coordination 

Office 

Humaintration Analyst 9858020587 khusiyal.subba@one.un.org  

24 Pancha Ram Yadav Gangapur-09       

25 Jeevan Lal Yadav Gangapur  Kharidar 9816555656   

26 Basanta Kumar 

Kanauriya 

District 

Administrative 

Office, Banke 

Administrative Officer 9848023581   

27 Sujit Kumar Tiwari Matehiya - 02, Banke S.M. Enpros 9816886587   

28 Om Prakash Shrma Holiya VDC S.M. Holiya 9804582365   

29 Jaya Bahadur Bhandari Holiya VDC S.M. Holiya     

30 Krishna Bahadur Bista Ward Administrative 

Office  

  9848274143   

31 Dr Divas B Basnyat NDRI Executive Director   

32 Dr Punya P Regmi NDRI Program Coordinator   

33 Surendra Gautam NDRI Program Officer   
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Annex B.2 National Workshop in Kathmandu 

A national workshop on “Assessment of Flood Inundation under the effect of Climate 

Change in Lower West Rapti River Basin in Nepal” was jointly organized in Kathmandu by 

International Centre for Water Hazard and Risk Management (ICHARM) under the auspices 

of UNESCO Public Works Research Institute (PWRI), Tsukub, Japan and Nepal 

Development Research Institute (NDRI), Lalitpur, Nepal. The event was organized in Hotel 

Himalaya, Lalitpur, Nepal. The workshop focused on three themes: 

a. Projection of change of flood hazard in West Rapti River, Nepal (precipitation-runoff 

analysis and frequency analysis on peak flood discharge) in context of Climate  Change 

scenario, 

b. Flood and inundation simulations for Lower West Rapti Basin using Rainfall Runoff 

Inundation (RRI) model 

c. Socio-economic Vulnerability in Lower West Rapti Basin and Damage Assessment 

At the outset, Dr. Divas B. Basnyat, Executive Director of NDRI, welcomed the participants 

and highlighted the project aim and key objectives of the study. This was followed by the 

brief presentation on purpose of the study and outline by Dr. Kazuhiko Fukami from 

ICHARM. On the occasion, invited speaker, Dr. Guna Nidhi Paudyal, focused on the 

importance of the study in the context of ‘Flood Risk Management: Regional Experience and 

Lessons for Nepal’. 

The technical session focused on the above mentioned three themes. Dr. Kazuhiko Fukami 

focused on Climate Change, Global Circulation Model (GCM) and its downscaling in the 

context of West Rapti Basin, and Rainfall-Runoff Model using the Integrated Flood Analysis 

System (IFAS). Dr. Duminda Parera from ICHARM presented the flood inundation 

simulation for present and future scenarios under projected scenarios of climate change. 

Additionally, the flood inundation impacts combined with socio-economic condition and 

vulnerability of people of Lower West Rapti Basin were then discussed by Dr. Divas B 

Basnyat of NDRI. 

The discussion session was chaired by Dr. Guna Nidhi Paudyal. The queries regarding study 

area, vulnerable community and their economic status, locally adapted adaptation strategy 

and flood impacts were intensively discussed during this session. The session highlighted the 

different issues to explain about the threshold values to cope with flood inundation problem, 

possible future scenarios and measures to be applied to overcome the situation of the flood.   

The constraints and challenges on damage calculation and methodology applied for damage 

modeling was also intensively discussed and valuable suggestions were collected from 

different experts.    

The workshop was successful to disseminate the research findings from the project to more 

than 50 water professionals from different institutions from the country. Their valuable 

suggestions and comments were highly fruitful in order to improve the final report. The lists 

of participants are as follows: 
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List of Participants – Kathmandu Workshop 

   SN Name  Position Organization Contact No. 

1 Bir Bahadur Bohara Student , M.Sc. water Resources IOE, Pulchwok 9849188253 

2 Rajendra P. Adhikari Superintendent Eng. MOI 9841694739 

3 Vidhya Deo Joshi Superintendent Eng. AEPC 9749510127 

4 Basenti Thapa R/Admin NDRI 9841509519 

5 R. Bhandari AFO NDRI 5554975 

6 Gyanendra Karki Project Coordinator KIRDARC 9881087445 

7 Laxmi Devkota Program Coordinator NDRI 9851010687 

8 Rohini Devkota Ph.D, Student SQU 984333016 

9 Taranidhi Bhattrai Program Coordinator NDRI  

10 Rupesh Udash  Project Officer NDRI-Consulting  

11 Guna N Poudyal  DHI 9846042790 

12 Kailash B. Shrestha Tec. Director Nepalconsult 5520153 

13 Ugan Manandhar Programme Manager  WWF Nepal 9841380805 
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   SN Name  Position Organization Contact No. 

14 Dr. Sunil Babu Shrestha Member  NDRI  

15 Ragunath Jha TU  IOE 9851041966 

16 Akiko HIROE Researcher  ICHARM  

17 Duminda Perera Researcher ICHARM  

18 Toshiya Uenoyama Researcher ICHARM  

19 Kazuhito FUKAMI Researcher ICHARM  

20 Saroj Karki Student , M.Sc. water Resources IOE, Pulchwok  

21 Santosh Bhattrai Student , M.Sc. water Resources IOE, Pulchwok  

22 Raj Kumar Shrestha Student , M.Sc. water Resources IOE, Pulchwok  

23 Nawa Raj Khatiwada Associate Professor KU  

24 Manjeshwori Singh Member  NDRI/CNAS  

25 Jagat  K. Bhusal Chairperson  SOHAM-Nepal  

26 Janak Nayare Freelancer, Agri  SOHAM- Nepal  

27 Dibesh Shrestha Researcher  NDRI  
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   SN Name  Position Organization Contact No. 

28 Sona Shakya Researcher NDRI  

29 Sabarnee Tuladhar Researcher NDRI  

30 Manju Kawan Engineer DOI  

31 G.S. Bassi DDG DWIDP 9841241379 

32 Iswar S. Thapa Jt. Secretary MoST 9841572172 

33 Satya Ram Jyakhwa Student IOE, Pulchwok 9841271945 

34 Khem Raj Sharma Professor NEC 9841471144 

35 Bishnu Singh Thakuri REDD Officer Friends of Nature 9847843455 

36 Shusmita Malla CIM, Coordinator CIM-GIZ 9851120610 

37 Rabindra M. Shrestha Executive Director NepalConsult 5011670 

38 Bakhat Niroula Climate Change Specialist  WFP 9841617259 

39 Sanjay Dhungel Senior Divisional Engineer WECS 4211424 

40 Basistha Adhikari SDE DWIDP  

41 Hari K. Shrestha Principle NEC 9851006010 
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   SN Name  Position Organization Contact No. 

42 Nabin Pradhan WESC Plan Nepal 9841226807 

43 Surendra Gautam Program Officer NDRI  

44 Bal B. Parajuli Member  NDRI  

45 Deepak Poudel General Secretary  SOHAM 9841647398 

46 Dr. Meen B. Chettri Chairman DPNet-Nepal 9851073456 

47 Narendra Man Singh Professor IOE 9851027725 

48 Dr. Divas B. Basnyat ED NDRI 5554975 

49 Bishal Basnet  NDRI 9849150522 

50 Santa K. Maharjan   9841398485 

51 Sunita Simkhada Researcher NDRI 9849144102 
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Annex C: Composite Socio-economic Index (CSI) Parameters 

Table 1: Household Food Security by Farm Household Category 

Farm Household 

Category 

Households by Food Security 

Highly Insecure Insecure Secured Index  Value 

Most Affected 

Areas (n=40) 

20 12 8 0.48 

Moderate Affected 

Areas (n=40) 

12 13 15 0.61 

Less Affected 

Areas (n=40) 

8 16 16 0.65 

Total (N=120) 30 41 39 0.56 

 

Table 2:  Fertilizers Sufficiency by Farm Household Category 

Farm Household 

Category 

Access to Fertilizers 

Sufficient Insufficient Not 

Access 

Index  

Value 

Most Affected Areas 

(n=40) 

15 13 12 

0.56 

Moderate Affected Areas 

(n=40) 

12 16 12 

0.58 

Less Affected Areas 

(n=40) 

5 24 11 

0.61 

Total (N=120) 32 53 35 0.58 
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Table 3:  Cultivated Land Sufficiency by Farm Household Category 

Farm Household 

Category 

Cultivated Land 

Sufficient Insufficient Land 

Less 

Index  

Value 

Most Affected Areas 

(n=40) 

10 18 12 

0.55 

Moderate Affected Areas 

(n=40) 

17 13 10 

0.65 

Less Affected Areas 

(n=40) 

17 20 3 

0.69 

Total (N=120) 44 51 25 0.63 

 

Table 4:  Access to Water for Domestic and Agricultural Uses by Farm Household Category 

Farm Household Category Access to Water 

Sufficient Insufficient Land Less Index  

Value 

Most Affected Areas 

(n=40) 

20 13 7 

0.66 

Moderate Affected Areas 

(n=40) 

20 12 8 

0.65 

Less Affected Areas 

(n=40) 

17 17 6 

0.64 

Total (N=120) 57 42 21 0.65 
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Table 5:  Availability of Health Facility by Farm Household Category 

Farm Household Category Availability of Health Facility 

Sufficient Insufficient Land Less Index  

Value 

Most Affected Areas 

(n=40) 

8 21 11 

0.46 

Moderate Affected Areas 

(n=40) 

6 31 3 

0.54 

Less Affected Areas 

(n=40) 

6 31 3 

0.54 

Total (N=120) 20 83 17 0.51 

 

Table 6:  Availability of Agricultural Labor by Farm Household Category 

Farm Household Category Agricultural labor 

Sufficient Insufficient Not at all Index  

Value 

Most Affected Areas 

(n=40) 

10 21 9 

0.51 

Moderate Affected Areas 

(n=40) 

29 6 5 

0.80 

Less Affected Areas 

(n=40) 

20 19 1 

0.74 

Total (N=120) 59 46 15 0.68 
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Table 7:  Access to Agricultural Market by Farm Household Category 

Farm Household Category Market Access 

Very High Moderate Very  Less Index  

Value 

Most Affected Areas 

(n=40) 

16 9 15 

0.51 

Moderate Affected Areas 

(n=40) 

18 13 9 

0.61 

Less Affected Areas (n=40) 21 9 10 0.64 

Total (N=120) 55 31 34 0.59 

 

Table 8:  Access to Employment Opportunities at Local Level by Farm Household Category 

Farm Household Category Employment Opportunities 

Sufficient Moderate Not 

Available 

Index  

Value 

Most Affected Areas 

(n=40) 
2 9 29 

0.16 

Moderate Affected Areas 

(n=40) 
2 9 29 

0.16 

Less Affected Areas (n=40) 
3 7 30 0.16 

Total (N=120) 7 25 88 0.16 
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Table 9:  Access to Primary School by Farm Household Category 

Farm Household Category Access to Primary School 

Very Close 

(less than 1 

hour) 

Moderately 

Close (1 to 

2 hours) 

Very far 

(more than 

2 hours) 

Index  

Value 

Most Affected Areas 

(n=40) 
31 9 0 

0.89 

Moderate Affected Areas 

(n=40) 
40 0 0 

1.00 

Less Affected Areas 

(n=40) 
40 0 0 

1.00 

Total (N=120) 111 9 0 0.96 

 

Table 10:  Income Sufficiency in Meeting Household Expenditures by Farm Household 

Category 

Farm Household Category Income Sufficiency 

Sufficient Moderately 

Sufficient 

Not 

sufficient 

at all 

Index  Value 

Most Affected Areas 

(n=40) 
3 7 30 

0.16 

Moderate Affected Areas 

(n=40) 
5 11 24 

0.26 

Less Affected Areas 

(n=40) 
5 15 20 

0.31 

Total (N=120) 13 33 74 0.25 
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Annex D: Visual Basic Application (Excel) Code for Agricultural 

Damage percent estimation (Illustration: 2007 Flood scenario with 

rain and discharge) 

Public depthdata(1 To 30, 1 To 300, 1 To 300) As Single 

Public noofsimulationdays As Integer 

Sub readdata() 

'   Read data depths from the simulation output files 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000008_1_Day.out" For Input As #1 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000016_2_Days.out" For Input As #2 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000024_3_Days.out" For Input As #3 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000032_4_Days.out" For Input As #4 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000040_5_Days.out" For Input As #5 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000048_6_Days.out" For Input As #6 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000056_7_Days.out" For Input As #7 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000064_8_Days.out" For Input As #8 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000072_9_Days.out" For Input As #9 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000080_10_Days.out" For Input As #10 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000088_11_Days.out" For Input As #11 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000096_12_Days.out" For Input As #12 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000104_13_Days.out" For Input As #13 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000112_14_Days.out" For Input As #14 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000120_15_Days.out" For Input As #15 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000128_16_Days.out" For Input As #16 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000136_17_Days.out" For Input As #17 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000144_18_Days.out" For Input As #18 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000152_19_Days.out" For Input As #19 

    Open "E:\exceltext\2007Flood\withrainandQ\hs_000160_20_Days.out" For Input As #20 

    Const noofsimulationdays = 20 

    For k = 1 To noofsimulationdays 

        For i = 1 To 297 

            For j = 1 To 160 

                Input #k, depthdata(k, i, j) 



Nepal Development Research Institute (NDRI) 

99 

 

            Next j 

        Next i 

    EOF k 

    Close #k 

    Next k 

End Sub 

‘ Determining the value of direct damage percent for the cells 

Sub damagepercent() 

    Dim maxdurationdays(1 To 5, 1 To 300, 1 To 300) As Single 

    Dim thrsdep(1 To 5) As Single 

    Dim maxduration As Integer 

    Dim thrscnt As Integer 

    Dim f2 As Integer 

    Dim rowvalue As Integer 

    Dim columnvalue As Integer, d As Integer 

    Const noofsimulationdays = 20 

    Dim peakcount As Integer, potdays(30) As Integer, count As Integer 

    thrsdep(1) = 0.3 

    thrsdep(2) = 0.2 

    thrsdep(3) = 0.1 

    Dim Damage(1 To 5, 1 To 300, 1 To 300) As Integer 

    Dim Maxdamage As Integer 

    Dim finalMaxDamage(1 To 300, 1 To 300) As Integer 

For f2 = 1 To 3 

        thrscnt = f2 

        For rowvalue = 1 To 297 

            For columnvalue = 1 To 160 

                count = 0 

                peakcount = 1 

                For d = 1 To noofsimulationdays 

                If depthdata(d, rowvalue, columnvalue) >= thrsdep(thrscnt) Then 

                    count = count + 1 
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                    nextday = d + 1 

                    If nextday <= noofsimulationdays Then 

                            If depthdata(nextday, rowvalue, columnvalue) < thrsdep(thrscnt) Then 

                            potdays(peakcount) = count 

                            peakcount = peakcount + 1 

                            count = 0 

                            End If 

                    Else 

                        potdays(peakcount) = count 

                    End If 

                End If 

                Next d 

                For d1 = 1 To noofsimulationdays 

                Max = 0 

                If depthdata(noofsimulationdays, rowvalue, columnvalue) >= thrsdep(thrscnt) Then 

                    finalpeakcnt = peakcount 

                    Else 

                    finalpeakcnt = peakcount - 1 

                End If 

                For k = 1 To finalpeakcnt 

                    If potdays(k) >= Max Then Max = potdays(k) 

                Next k 

                Next d1 

                maxduration = Max 

                maxdurationdays(f2, rowvalue, columnvalue) = maxduration 

            Next columnvalue 

        Next rowvalue 

        Sheets.Add Type:=xlWorksheet, count:=1 

        ActiveSheet.Name = thrsdep(f2) 

        For i1 = 1 To 297 

            For j1 = 1 To 160 

                 ActiveSheet.Cells(i1, j1).Value = maxdurationdays(f2, i1, j1) 
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            Next j1 

        Next i1 

Next f2 

' for assigning the damage value for different flood depth and duration conditions 

For R1 = 1 To 297 

    For c1 = 1 To 160 

        For f3 = 1 To 3 

            If f3 = 1 Then 

                Select Case maxdurationdays(f3, R1, c1) 

                Case 0 

                Damage(f3, R1, c1) = 0 

                Case 1 

                Damage(f3, R1, c1) = 0 

                Case Is >= 2 

                Damage(f3, R1, c1) = 100 

                Case Else 

                Damage(f3, R1, c1) = 0 

                End Select 

            Else 

                If f3 = 2 Then 

                    Select Case maxdurationdays(f3, R1, c1) 

                    Case 0 

                    Damage(f3, R1, c1) = 0 

                    Case 1 

                    Damage(f3, R1, c1) = 0 

                    Case 2 

                    Damage(f3, R1, c1) = 50 

                    Case 3 

                    Damage(f3, R1, c1) = 75 

                    Case Is > 3 

                    Damage(f3, R1, c1) = 100 

                    Case Else 
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                    Damage(f3, R1, c1) = 0 

                    End Select 

                Else 

                    If f3 = 3 Then 

                    Select Case maxdurationdays(f3, R1, c1) 

                    Case 0 

                    Damage(f3, R1, c1) = 0 

                    Case 1 

                    Damage(f3, R1, c1) = 0 

                    Case 2 

                    Damage(f3, R1, c1) = 0 

                    Case 3 

                    Damage(f3, R1, c1) = 15 

                    Case Is > 3 

                    Damage(f3, R1, c1) = 100 

                    Case Else 

                    Damage(f3, R1, c1) = 0 

                    End Select 

                    End If 

            End If 

        End If 

        Next f3 

    Next c1 

Next R1 

‘Choosing the final maximum value of the damage from different flood depth and 

inundation duration 

For r2 = 1 To 297 

    For c2 = 1 To 160 

    Maxdamage = 0 

    For f4 = 1 To 3 

        If Damage(f4, r2, c2) >= Maxdamage Then Maxdamage = Damage(f4, r2, c2) 

    Next f4 
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    finalMaxDamage(r2, c2) = Maxdamage 

    Next c2 

Next r2 

' printing the value of maximum damage in the excel cells 

Sheets.Add Type:=xlWorksheet, count:=1 

ActiveSheet.Name = "finaldamagepercent" 

For r3 = 1 To 297 

    For c3 = 1 To 160 

        ActiveSheet.Cells(r3, c3).Value = finalMaxDamage(r3, c3) 

    Next c3 

Next r3 

End Sub 

Sub depthvariationchart() 

Dim rownumberx As Integer, columnnumberx As Integer 

rownumberx = 10 

columnnumberx = 10 

    Sheets.Add Type:=xlWorksheet, count:=1 

noofsiumlationdays = 20 

For n3 = 1 To noofsiumlationdays 

    ActiveSheet.Cells(1 + n3, 1).Value = n3 

    ActiveSheet.Cells(1 + n3, 2).Value = depthdata(n3, rownumberx, columnnumberx) 

Next n3 

End Sub 

 

 

 


	1 Introduction
	1.1 General
	1.2 Objectives and Scope
	1.3 Major Activities
	1.3.1 Field Visits
	1.3.2 Data Collection
	1.3.3 Consultative Meetings and Workshops
	1.3.4 Socio-economic Vulnerability and Flood Damage Assessment


	2  Socio-demographic Conditions
	2.1 Study Area and Sampling
	2.2 Population and Family Size
	2.3 Education Status
	2.4 Economic Status
	2.4.1 Main income source of HH
	2.4.2 Total money needed by the HH in a month
	2.4.3 Total income of HH
	2.4.4 Respondents' wish to spend additional money

	2.5 Land ownership, Agriculture production and Sufficiency
	2.6 Distance of agriculture land from the West Rapti River
	2.7 Socio Economic Index Calculation
	2.8 Socio Economic Projection for 2030

	3  Flood Damage Function Assessment
	3.1 Introduction
	3.2 Direct Damage-house and property (from HH survey, 2011)
	3.3 Direct Damage- from agricultural land
	3.4 Direct Damage of Infrastructure
	3.5 In-Direct Damage to small community level business

	4 Flood Damage Assessment for Different Flood Conditions
	4.1 Methodology
	4.1.1 Direct Damage
	4.1.2 Agricultural Damage
	4.1.3 Business Damage

	4.2 Damage Assessment, Analysis and Comparison for Different Scenarios and Conditions
	4.2.1 2007 Flood Scenario
	4.2.1.1 Direct Damage
	4.2.1.2 Agricultural Damage
	4.2.1.3 Business Damage

	4.2.2 Direct Damage
	4.2.2.1 Analysis and comparison of the direct damage based on different climate change scenarios
	4.2.2.2 Analysis and comparison of the direct damage based on different conditions of rainfall
	4.2.2.3 Summary of comparison of direct damages:
	4.2.2.4 Conclusion and discussions on Direct Damage Assessment

	4.2.3 Agricultural Damage
	4.2.3.1 Analysis of the agricultural damages in different climate scenarios in given rainfall conditions
	4.2.3.2 Analysis of the agricultural damage under different rainfall conditions in given climate scenario
	4.2.3.3 Conclusion and Discussions on Agricultural Damage Assessment

	4.2.4 Business Damage
	4.2.4.1 Analysis of the business damages in different climate scenarios in given rainfall conditions
	4.2.4.2 Analysis of the business damage under different rainfall conditions in given climate scenario
	4.2.4.3 Conclusion and discussions on Business Damage Assessment

	4.2.5 Overall conclusion on the analysis of damages in the study area in the future climate scenarios and broader discussion


	Reference

