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Chapter 1 

 

Current Institutional Capacity for Co-operative Flood Disaster 
Management in Nepal 

 

1.1 Background 
 

South Asia extends from east, Bangladesh to West, Pakistan covering major portion of Himalayas. 
Himalayas are among the largest storehouse of freshwater in the lower latitudes in the world, and 
together with the Tibetan Plateau it is the source of the mighty rivers of south Asia: Ganges and 
Brahmaputra. These rivers not only provide water for drinking and food production, they also contain 
the potential for generating the hydropower that could be used to accelerate the pace of economic 
development throughout the region. Equally, these same rivers, untamed and uncontrolled, yearly 
cause such extensive floods as to threaten the lives of millions of people downstream and cause 
untold damage to property. 
 
Of all the countries in the Ganges-Brhmaputra-Meghna (GBM) region, Bangladesh suffers the 
greatest impact of the flooding: fourth-fifth of the country, containing approximately 52% of the 
population, lies in the flood prone area.  
 
The rugged topography, fragile environment, young geology and monsoon climate all combine to 
produce high rates of runoff, erosion and sedimentation in Nepal. The natural forces that are unleashed 
(earthquakes, recurrent floods, landslides, debris flows, slope failure, and GLOF) cause great loss to life, 
property, infrastructure and forestry. Also, increasing population pressures, habitation and farming on 
steep slopes and marginal lands expose the population to numerous types of natural hazards, particularly 
water-induced disasters. Statistics show that 7186 people have lost their lives to floods and landslides 
from 1983 to 2006.  
 
Table 1.1: Casualties and Losses due to Water-induced disasters in Nepal from 1983 – 2006 

Death Injured

1983 293 NA 248 NA NA NA NA 240

1984 363 NA 3114 7566 NA 1242 869 37

1985 420 NA 3058 4620 NA 1355 173 58

1986 315 NA 1886 3035 NA 1315 436 16

1987 391 162 1434 33721 96151 18858 421 2000

1988 342 197 873 2481 4197 NA NA 1087

1989 700 4 297 6203 NA NA NA 29

1990 307 26 314 3060 5165 1132 NA 44

1991 93 12 36 817 1621 283 25 21

1992 71 17 179 88 545 135 44 11

1993 1336 163 25425 17113 85254 5684 NA 4904

1994 49 34 284 569 3697 392 NA 59

1995 246 58 1535 5162 128540 41867.28 NA 1419

1996 262 73 1548 14037 36824 6093.4 NA 1186

1997 87 69 317 1017 5833 6093.4 NA 104

1998 273 80 982 13990 33549 326.89 NA 969

1999 209 92 309 2538 9768 182.4 NA 355

2000 173 100 822 5417 15617 888.9 NA 982

2001 196 88 377 3934 7901 NA NA 251.1

2002 441 265 2024 18181 39809 10077.5 NA 418.91

2003 232 76 885 3017 7167 NA NA 234.78

2004 131 24 496 3684 14238 321.82 NA 218.28

2005 141 31 380 1102 2088 NA NA 130.56

2006 114 39 9980 3334 18385 3396.84 NA 288.63

Total 7185 1610 56803 154686 516349 99644.43 1968 15063.26

Remarks
Affected 

Families (Nos.)
Land Affected 

(Ha.)
Public Infrstructure 

Loss (Nos.)
Estimated Loss 

(Million Rs.)

People

Year
Livestock Loss 

(Nos.)
Houses Destroyed 

(Nos.)
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Source: Disaster Review 2006, DWIDP 
 
Recent disasters in Nepal include 1981 flood and debris flow in Lele, Lalitpur, the 1993 flood of 
Bagmati and Narayani Riaver, the 1998 Aandhi Khola flood  (Chalise and Khanal 2002) and the 2002 
flood in the Kathmandu Valley. In the Lele flood, nearly all the agriculture land was damaged. 
Twenty-seven died, more than 48 houses and seven water turbines were swept away. The 1993 flood 
disaster affected nearly 28,000 families in the middle mountains and 42,000 families in the lowlands. 
About 1,000 people were killed during this event. The 1996 Larcha debris flow washed away roads, 
bridges, transmission lines, and 18 houses. Floods at a similar scale with less disastrous, but still 
considerable, impact occur annually in a number of locations (Merz, 2003). 
 
The flood disaster management in Nepal falls under the jurisdiction of water induced disaster 
prevention sub-sector. Department of Water Induced Disaster Prevention is the main implementing 
agency for the mitigation of water induced disasters in Nepal. 
 

1.2 National Policy 

The National Action Plan in 1996 is a consolidated and comprehensive plan which addresses all the 
phases of disasters. Sectoral policies and plans which address disasters relating to flood. The Water 
Resources Strategy (WRS) 2002, National Water Plan (NWP) 2005, and Water Induced Disaster 
Management Policy 2006 are the sectoral plans and policies that take care of natural disasters relating 
to flood at national level.  

Following the enactment of the Natural Disaster Relief Act in 1982 a general awareness was created 
that, although disaster cannot be prevented we can prepare for them and mitigation measures are 
possible. The Act provided for the formation of a 25-member Central Disaster Relief Committee 
under the chairmanship of the Minister for Home Affairs. Further the Government of Nepal has 
started processing the development of National Policy on Disaster Management on Nepal and the 
revision of the National Disaster Management Act. 

In addition, government has taken steps in the development of a National Strategy for Disaster Risk 
Management. The strategy is based on the Hyogo Framework of Action and will contribute to the 
commitments made by Nepal to the International Community in the UN World Conference in 
Yokohama in 1994, and UN World Conference on Disaster Risk Reduction in Kobe in 2005. The 
strategy is at the final stage of approval by the Government of Nepal. 

1.3 Strategic outputs of the water induced disaster prevention sub-sector plan of 
Nepal 

The national water sector goal has been defined by WRS as “Living conditions of Nepali people are improved in 
a sustainable manner”.  WRS approved by the then Government in 2002 output is expected to contribute 
the attainment of this goal through the achievement of short-, medium- and long-term purposes. WRS 
has defined ten strategic outputs for attaining these purposes, which are categorized under security, uses 
and mechanisms aspects. Water induced disaster has been defined under Security, which is “Effective 
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measures to manage and mitigate water induced are made functional”. The action programmes, which is spread 
between 2002-2027,  have been drawn by NWP as approved by the GoN in 2005.  

The broad direction of water induced disaster prevention sub-sector is to develop plans for the 
management of, be it natural or manmade, water-induced disaster in Nepal. The scope and objective of 
the water induced disaster management sub-sector revolves around disaster management (including 
disaster preparedness). This involves prevention and mitigation measures, preparedness plans and related 
warning systems, emergency response measures and post-disaster reconstruction and rehabilitation. 
 
The broad sub-sector objective is to prepare a comprehensive plan and program which will enhance the 
institutional capability, effective measures for better management of nature and man made water-induced 
disasters in order to contain the adverse effects on the population and the surrounding environment. 
Disaster management (including disaster preparedness) involves prevention and mitigation measures, 
preparedness plans and related warning and related warning systems, emergency measures, response 
measures and post-disaster reconstruction and rehabilitation. Due to the water-induced disasters over the 
previous decade, disaster management is recognized as a necessary and legitimate component of overall 
water management.  
 

1.4 Scope and Objective of water induced disaster management sub-sector of 
Nepal 

The water- induced disaster management involves water- induced disaster prevention and mitigation 
measures, preparedness plans and related warning systems, emergency response measures and post-
disaster reconstruction and rehabilitation. 

 

1.5 Water-induced disasters in Periodic Plans of Nepal 

1.5.1 Previous Periodic Plan and their Achievements 
Water- induced disaster management has been one of the major focus in previous periodic plans of 
Nepal. Research for cost effective structures have been studied during the JICA supported Water-
induced Disaster Prevention Technical Center under Ministry of Water Resources. Capacity building 
of government technical staffs on water- induced disaster mitigation, organizational arrangements 
were made during the period. New department, the Department of Water Induced Disaster Prevention 
was established during the period. 

 

1.5.2 Three Year Interim Plan (2007/08 – 2009/10) 
Three year Interim Plan of the Government of Nepal (2007/08 – 2009/10) emphasizes on the need of 
co-ordination of agencies involved in the management of water-induced disaster prevention, with the 
delineation of their work jurisdiction. The plan takes the problems and challenges as the large gap 
between the required and available resources in water- induced disaster management sector. The plan 
takes the long term vision to reduce social and economic damages caused by water induced disasters 
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to the level of developed countries. Major programs under the Three year interim plan (2007/08 – 
2008/09) are: 

• Disaster Minimization Support Program 

• Disaster Prevention Program 

• River Training Program 

• Infrastructure Protection Program 

The estimated budget for executing water- induced disaster management programs in this plan period 
is Rs. 3256 million.  

1.6 Governmental Organizations in Flood Disaster Management in Nepal 
Various governmental organizations have been involved in flood disaster management in Nepal. 
Some of them are focused on the rescue, relief and post-disaster management, while others are 
involved in mitigation, awareness and flood warning. Basically following governmental 
organizations are involved directly or indirectly in flood disaster management in Nepal.  
 
1.6.1 Ministry of Home Affairs (MOHA) 
Ministry of Home Affairs is the nodal agency for natural disaster management in Nepal. It formulates 
disaster management policies and carries out immediate rescue and relief works in the event of 
natural disasters through its district offices in all the 75 districts of Nepal. It has expertise in the field 
of immediate relief and rescue operations. Formulation of national policies and their implementation, 
immediate rescue and relief works including data collection and dissemination, collection and 
distribution of funds and resources are the vital functions of the Ministry. It has its network 
throughout the country to cope with the natural disasters.  
 
The organization of the Ministry of Home Affairs in relation to the disaster management appears as 
follows: 
 
Table 1.2: Organization of Ministry of Home Affairs 

Minister For Home Affairs  
State Minister For Home Affairs (If applicable) 
Secretary 
Joint Secretary  
Management Division  

• Citizenship & Arms Section  
• Internal Management Section  
• Financial Administration Section  
• Parlour & Ceremony Management 

Section  

Joint Secretary  
Personnel Administration Division  

• Personnel Administration 
Section  

• Police Administration Section  
• Acts & Rules Consultation 

Section  
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Joint Secretary  
Law & Order Division 

• Law & Order Maintenance Section 
• Border and Immigration Section  
• Local Administration Section  

 
 

Joint Secretary 
Planning and Special Service 
Division 

• Disaster Management Section 
• Narcotics Drug Control 

Section  
• Planning and Monitoring 

Section  

  

 
The Natural Disaster Relief Act (NDRA), 1982 has the following provision of the organizational 

structure: Central Disaster Relief 
Committee under the chairmanship of the 
Home Minister, for providing necessary 
funds,, resources and relief materials to the 
District Disaster Relief Committee, which 
is chaired by the Chief District Officer 
(CDO), in close co-operation with other 
disaster management  related agencies. The 
organizational structure of different levels 
of disaster relief committees is shown in 
Fig. 1.1. 
 
 
 
 

 
 
1.6.2 Department of Water Induced Disaster Prevention (DWIDP) 
 
The Department of Water Induced Disaster Prevention (DWIDP) is the main agency in the field of 
water induced disaster management in Nepal. It has coordinating role with all related departments 
who works in this field. It has been carrying out river training works for the prevention of floods in 
Terai as well as in river valleys in Doon valley and Hills.  

The DWIDP, which was formed in February 2000, has the following mandate in the area of water 
induced disasters: 

• Disaster prevention countermeasures technology development; 
• Transfer of technology through training to government agencies and communities; 

Central Natural 
Disaster Relief 

Committee 

Relief and 
Treatment Sub-

committee 

Supply, Shelter 
and 

Rehabilitation 

Regional 
Natural Disaster 

Relief 

District 
Natural Relief 

Local Natural 
Disaster Relief 

Committee 

Fig 1.1: Organizational Structure of the Relief Committees. 
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• Coordination with national and international institutions involved in disaster management; 
• Development of management information system in the area of water- induced disasters. 
• Use of GIS and Remote sensing technology for the assessment/mapping of hazards/vulnerable 

locations in the country; 
• Awareness creation through training among affected communities for disaster preparedness; 
• Provide information to communities and to provide technological support for physical 

infrastructure for rescue operation; 
• Mitigate disaster at communities’ level, adopt countermeasures such as hazard zoning and 

evacuation system; 
• Improve environment, promote bio-engineering counter measures  
• Mitigate and control Glaciers Lake Outburst Floods (GLOFs) for the development of water 

resources, Transport and tourism infrastructure. 
 

Fig 1.2: Organizational Structure of Department of Water Induced Disaster Prevention 
 
 

 
 

Further, DWIDP is carrying monitoring with respect to the rainfall as well as the discharge in the 
Model Areas constructed in the different locations. Some of the examples are:   

 
• Monitoring of the rainfall at Landslide and Debris Flow Model sites at 

- Charali – Ilam Model  

Ministry of Water Resources

Department of Water Induced Disaster Prevention

Director General
G-I (Tech.)

Dy. Director General
G-I (Tech.)

Dy. Director General
G-I (Tech.)

Research, Training & 
Monitoring Division

Study & 
Implementation Division

Joint Coordination 
Committee

Admin, Account and Legal

Section Officer - 1
Account Officer - 1
Legal Officer - 1
Admin Assistant NG1 - 4
Computer Operator - 2
Accountant - 2
Accountant Assistant - 1
Admin Assistant - NG2 - 1

Division/Sub-Divisions

* Division Office (with Mechanical 
Workshop Unit) - 7
* Sub-Division Office - 5 

River Training Implementation Section

Sr. Divisional Engineer  (Irrigation) - 1
Engineer (Irrigation) - 2
Overseer (irrigation) - 4

River Study Section

Sr. Divisional Engineer  (Irrigation) - 1
Engineer (Irrigation) - 2
Overseer (Irrigation) - 2
(* River Training Project: Sanctioned 
posts of present development projects)

Mechanical Workshop Management Sec.

Mechanical Engineer or Equivalent - 1
Mechanical Overseer or Equivalent - 1

Technology Development Section

Sr. Divisional Engineer  (Irrigation) - 1
Sr. Divisional Engineer  (Agri.) - 1
Sr. Divisional Engineer  (Hyd. Geo.) - 1
Engineer (Agri.) - 1
Engineer (Irrigation) - 1
Engineering Geologist - 1
Sociologist -1
Hydrologist - 1
Assistant Hydrologist -1
Overseer (irrigation) - 1
Lab Boy - 1

Training & Information Section

Sr. Divisional Engineer  (Agri.) - 1
Sr. Divisional Engineer  (Hyd.Geo.) - 1
Engineer (Agri.) - 2
Engineer (Irrigation) - 1
Engineer (Hydropower) - 1
Engineering (Highway) - 1
Soil Conservation Officer - 1
Engineering Geologist - 1
Sociologist - 1
Overseer (Irrigation) - 2

Disaster Mitigation 
Support Project (JICA)
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- Giruwari Model  
 

• Monitoring of discharge at Flood Protection Model sites  
- Mahakali River Model 
- Giruwari Model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.3: Coverage of DWIDP, its Division and Sub-division Offices 
 
 
1.6.3 Department of Hydrology and Meteorology (DHM) 
 
The Department of Hydrology and Meteorology (DHM) is the lead agency for flood forecasting and 
warning systems in Nepal. The department is required to provide flood forecasting and warning but has 
limited resources to perform this function satisfactorily. 

Government of Nepal started hydrological and meteorological activities in an organized way in 1962. 
The activities were initiated by a section under the Department of Electricity. The section was 
subsequently transferred to the Department of Irrigation and was ultimately upgraded to Department  
status in 1988. The Department of Hydrology and Meteorology (DHM) is an organization under the 
Ministry of Environment, Science and Technology, Government of Nepal. The department with 
headquarters in Kathmandu has three basin offices: Karnali Basin Office in Surkhet, Narayani Basin 
Office in Pokhara and Kosi Basin Office in Dharan.  

The Director General heads DHM. The present Organisational Chart has four divisions headed by 
Deputy Director Generals: Hydrology Division, Climatology Division, Meteorological Forecasting 
Division and Co-ordination Division. Hydrology Division has four major sections: River Hydrology 



 
 
 
  

 14 

Section, Flood Forecasting Section, Snow and Glacier Hydrology Section and Sediment and Water 
Quality Section. Similarly, the sections under the Climatology Division include: Climatology 
Section, Agrometeorology Section, and Wind and Solar Energy Section & Data Section. The 
Meteorological Forecasting Division has three main units: the Communication Unit, Aviation Unit, 
and General Weather Forecast Unit.  

Except 15 synoptic stations of DHM, all the hydrological and meteorological stations are operated by 
part-time employees. There are more than 700  part time employees under DHM receiving daily 
wage ranging from Rs 20 to Rs 45 each. Synoptic stations and one hydrological field station are run 
by two to three permanent technicians each. 

DHM employees 237 permanent staff including those at headquarters, basin offices, and field offices. 
Among the fifty-eight professional staff, there are 35 meteorologists, 18 hydrologists, 3 electronic 
engineer, and two chemists. Among the professional staff, five hold a PhD and most of others hold a 
graduate degree or graduate diploma. The well-documented institutional memory and the experience 
of staff provides foundations for upgrading basin-scale hydrological activities within the department. 

 
DHM established the Karnali basin office in Surkhet, which is responsible for all hydrological and 
meteorological activities within the Karnali basin. The office is also responsible for the Mahakali and 
the Rapti rivers which ultimately draon on the Karnal river in India. Similarly, the Narayani basin 
Office established in Pokhara is responsible for the Narayani River Basin and the Kosi Basin Office 
established in Dharan is responsible for the Kosi River basin. The Kosi River basin is also 
responsible for other eastern rivers such as the Kankai. All the activities of the Bagmati Basin Office 
established in Kathmandu were ultimately taken over by the central office by the mid 1990s. 

 

1.6.4 Department of Soil Conservation and Watershed Management (DSCWM) 
 
The Department of Soil Conservation and Watershed Management contributes to flood mitigation 
through soil conservation and watershed management which are critical in promoting flood 
mitigation. It is the main implementing agency for the "Watershed Development Policy".  

 
Soil erosion is an inherent characteristic of 
Nepal's physio-climatic and socio-economic 
conditions. Sharp physiographic and 
climatic contrasts in combination with other 
natural phenomena contribute to the 
fragility of Nepalese mountains. The 
combined effect of geologically unstable, 
steep and rugged mountain topography and 
intense monsoon rainfall make the country 
prone to high soil erosion rates. Cultivation 
of marginal hill slopes to meet the demands 
of increasing population further aggravates 
the naturally high soil erosion rate. 

Fig. 1.4 District Soil Conservation Offices in Nepal 
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Deforestation, overgrazing and poorly maintained marginal lands contribute to the degradation of our 
watersheds. In addition, other human activities such as improper land use, unscientific cultivation 
practices and construction of development infrastructures without integrating conservation measures 
have also exacerbated the problems of soil erosion, landslide, flooding and environmental 
degradation.  
 
In recognition of critical situation of soil erosion and watershed degradation in the country, 
Government of Nepal established the Department of Soil and Water Conservation in August, 1974 
under the then Ministry of Forests. In 1980, it was renamed as Department of Soil Conservation and 
Watershed Management (DSCWM) to better represent its roles and responsibilities of watershed 
management. Since its establishment, various efforts have been continuing to meet the challenges of 
soil erosion and watershed degradation faced by the country. Reorganization of the Departmental 
structure was carried out in 1993 and 1997. At present DSCWM is providing SCWM service to 55 
out of the 75 districts of Nepal through District Soil Conservation Offices (DSCO). 
   
 DSCWM has been planning, implementing and monitoring soil conservation and watershed 
management programs/activities based on the principles of integrated watershed management. To 
reflect the multi dimensional needs of SCWM measures, DSCWM is staffed with multi disciplinary 
personnel such as forester, agriculturist, civil engineer, chemist and geologist. 
 
 

 
 
Fig 1.5: Organizational Structure of DSCWM 
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1.7 Non-governmental Organizations in Flood Disaster Management in Nepal 
 
Several non-governmental organizations, both national and international, operate for flood disaster 
management in Nepal. They are mostly focused on community awareness and research on flood 
disaster mitigation and operate as an individual or in network as in the case of DPNet (Disaster 
Prevention Network). Prominent organizations involved in flood disaster. 
 
 
1.7.1 Nepal Red Cross Society (NRCS) 

Nepal Red Cross Society (NRCS) came into being in 1963. It was recognized by ICRC in 1964 and 
affiliated to the International Federation of Red Cross and Red Crescent Societies in the same year. 
The Fundamental Principles of the International Red Cross and Red Crescent Movement. NRCS has, 
over the years, grown to be the largest humanitarian organization in Nepal, with its network of 
District Chapters (DCs) extended in each of the 75 districts of the country. District Chapters receive 
organizational support from more than 800 Sub-Chapters and Co-operation Committees under them. 
A significant portion of its activities are also borne by students and youth volunteers of Nepal Junior 
and Youth Red Cross Circles organized at schools, campuses and communities.  

(1) Vision 
Nepal Red Cross Society shall remain an efficient, self-sustainable, and independent humanitarian 
organization committed to provide immediate relief to human suffering and reduce vulnerability, 
under the Fundamental Principles of the Red Cross, through its network of Red Cross workers 
throughout the country working closely with communities and governmental and non-governmental 
organizations in a democratic, transparent and participatory way. 

The mission of the Nepal Red Cross is to relieve human suffering and to reduce vulnerability through 
community participation and mobilization of an increased number of volunteers, by expanding and 
strengthening the organizational structure of the society and by building links with governmental and 
non-governmental organizations. 

With the primary objective of alleviating or reducing human suffering without discrimination on 
grounds of religion, race, sex, class, caste, tribe, nationality or political belief, the Society shall have 
the following functions: 

• To serve war-victims, both civilians and army personnel, in times of armed conflict, and to 
work in the fields identified by the Geneva Conventions, including Tracing, in times of peace. 

• To contribute to promoting and improving health condition, preventing of diseases and 
reducing suffering. 

• To arrange for emergency relief services for disaster victims. 
• To work for reducing disaster, and disaster preparedness as well as raise public awareness. 
• To organize Junior and Youth Red Cross as an integral part of Nepal Red Cross Society and 

to conduct activities promoting their participation. 
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• To promote the Fundamental Principles of the Red Cross Movement and International 
Humanitarian Law with the objective of developing humanitarian ideals. 

• To ensure respect for the International Humanitarian Law and protection of the Red Cross 
Emblem. 

• To perform other functions of community development and public welfare. 

NRCS Department and Activities 
 
Nepal Red Cross Society has been conducting multitude of activities all of which are either 
channelised through or coordinated by the following DEPARTMENTS: 

• Disaster Management Department  
• Organizational and Manpower Development Department  
• Health Services Department  
• Community Development Department  
• Junior/Youth Red Cross Department  
• Finance and Resource Mobilization Department  

 
Disaster Management 
 
Nepal is one of the disaster prone countries in the world. Various types of disasters occur in Nepal 
every year. Disaster management is one of the major programmes of Nepal Red Cross Society. NRCS 
has a special role in rescue and relief operation in flood disasters in Nepal.  
 
The major areas of work of this department consist of:  

• Rescue and Relief Programme 
• Disaster Preparedness and Community Based Disaster Preparedness 
• Prevention and Mitigation 
• Rehabilitation and Reconstruction 
• Refugee Assistance Program Rescue and Relief Services 

Because of its location in the disaster prone zone, natural calamities like earthquakes and floods 
result in disasters of various scales throughout the country every year. Besides this, fire is one of the 
common disasters that occurs more in the Terai (plain) region.  

This year, heavy monsoon rain causing landslide, flash floods and drainage flood affected 13,108 
families. Altogether 6,318 houses were completely destroyed. More than 72,826 people were 
affected, 240 persons killed and 2,541 persons injured. In mid and far western region of Nepal, 
widespread epidemic of encephalitis killed more than 76 persons. Nepal Red Cross Society district 
chapters provided medicines and relief materials to the victims. 

Whereas distribution of relief items like clothing materials, blankets, cooking utensils, roofing sheets 
and medicaments takes place as per the guidelines of National Headquarters, immediate responses 
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like evacuation and temporary provisions are managed by local units of the Society. In the year 2000-
2001 NRCS provided relief material to about 65,538 disaster victims.  

Disaster Preparedness:  

The major aspects of disaster preparedness of the NRCS are: 

• Relief Supply Management (Warehouse Management) 
• Princep Disaster Relief Fund 
• Human Resource Development 
• Community Based Disaster Preparedness(CBDP) programme  

 

Relief Supply Management (Warehouse Management)  

NRCS mobilizes necessary resources internally and, at times, externally to manage relief supplies. 
NRCS NHQs encourages all district chapters to manage relief supplies at district level.  

One Central Level, 4 regional level & 4 zonal level warehouses of NRCS are located at different 
regions of the country. In addition, local level depots have been established at various strategic 
districts for providing immediate service to the neighboring areas and districts. There are altogether 
27 warehouses/depots throughout the country.  

NRCS Princep Disaster Relief Fund  

NRCS Princep Disaster Relief Fund is instituted at regional and zonal levels. So far, a sum of NRs. 
17.37 million has been collected under this fund. The interest accruing from this capital amount is 
utilized for replenishment and transportation of relief materials in the respective warehouses. But last 
year, the interest of this amount has been collected as per the decision taken by Central Disaster 
Management Committee.  

Human Resource Development:  

To prepare the trained manpower, Disaster Management Department has organized different trainings 
viz. Disaster Management Orientation Training for Women, Disaster Management Trainers Training, 
District Level Disaster Management Training this year. Altogether 70 persons have been trained in 
the various level trainings.  

Community Based Disaster Preparedness (CBDP) Programme :  

With the objective of getting communities involved in disaster preparedness, CBDP has been 
implemented in 11 districts of the country as a pilot programme with the bilateral support from 
Lutheran World Federation (LWF), British Red Cross and DFID. But this programme has been 
phased out from two districts viz. Baglung and Parbat. The remaining programme implementing 
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districts are Banke, Bardia, Morang, Sunsari, Sankhuwasabha, Bhojpur, Khotang, Syangja and 
Nawalparasi. The main objective of this programme is to prepare the communities for facing 
probable disasters and also to empower community people in planning, managing and eventually 
coping with small scale disasters locally on their own.  

During this period, a pictorial manual "How to Save from Floods and Landslides" has been 
published. The programme brochure has been revised and published. Likewise, the Community 
Trainers have been appointed in new districts. During this period, CBDP TOT and Community Level 
Disaster Management Trainings have been conducted. Altogether 529 persons benefited from these 
training programmes. 

Since May 2006 NRCS started implementation of a CBDP program in Kathmandu Valley and the 
districts of Morang, Kapilbastu and Bardiya. The pilot programme is funded by the European 
Commission’ Humanitarian Aid department http://ec.europa.eu/echo/index_en.htm and Belgian Red 
Cross Flanders and Danish Red Cross. 15 communities in the Terai districts have been identified and 
ToT is progressing. The programme will focus on capacity building of the local community and gives 
support for various equipment and small scale mitigation works like gabion boxes and plantations to 
reduce the risk of flooding.  

In Kathmandu Valley 10 wards have been selected and the programme will end up with conduction 
of mock drill exercises and increased public awareness about risk reduction in case of earthquake. 
This pilot programme is scheduled to run up to June 2007.  

Nepal Red Cross Society has since May 2006 started implementation of a CBDP program in 
Kathmandu Valley and the districts of Morang, Kapilbastu and Bardiya. The pilot programme is 
funded by the European Commission’ Humanitarian Aid department 
http://ec.europa.eu/echo/index_en.htm and Belgian Red Cross Flanders and Danish Red Cross. 15 
communities in the Terai districts have been identified and ToT is progressing. The programme will 
focus on capacity building of the local community and gives support for various equipment and small 
scale mitigation works like gabion boxes and plantations to reduce the risk of flooding. In 
Kathmandu Valley 10 wards have been selected and the programme will end up with conduction of 
mock drill exercises and increased public awareness about risk reduction in case of earthquake. This 
pilot programme is scheduled to run up to June 2007.  

Rehabilitation/Reconstruction:  

Nepal Red Cross Society implemented Chisapani Community Development and Disaster 
Management Programme from March 1998 to August 2000 at Chisapani of Agra VDC, Makawanpur 
district with the support of Japan International Co-operation Agency (JICA), Nepal. This area was 
severely damaged by devastating floods, landslides and debris flow.  

The main objective of this programme was to set up Chisapani as a model village based on disaster 
management through capacity building of the community on disaster mitigation, natural resource 
management and improvement of socio- economic condition. Formation of community level 
organisational structures, construction of multi purpose evacuation shelters, prevention of landslides 
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by bio-engineering and landslide retention structures were the major components of the programme. 
It was integrated, innovative, pioneering and challenging model programme. The achievements of the 
implemented programme result are very much promising. 
 
1.7.2 Disaster Prevention Network (DPNet) 
 
Established in 1996, the Disaster Preparedness Network (DP-Net) is envisioned as a loose association 
of individual organizations within the development sector in Nepal, which are concerned with 
disaster management.  
 
The network aims to assist individuals and organizations to prepare for, and respond to and manage 
disaster should it strike. DP-Net works closely with Government of Nepal through its agencies, which 
are concerned with disaster preparedness and management. DP-Net complements the effort of these 
agencies to inform and prepare organizations and communities to deal effectively with disasters. DP-
Net is concerned with natural disasters such as earthquake, floods, droughts and landslide. It will also 
cover disasters such as epidemic, flood and fire that occur often in towns and villages.  
 
DP-Net aims to assist and work closely with the Government institutions but as facilitator to Disaster 
Preparedness activities in Nepal. Thus, DP-Net allows and encourages promoting effective 
coordination and communication as well developing knowledge management with its all stakeholders 
in Nepal.  
 
The Goal of DP-Net is to enhance the capacity and improve the performance of its members/ partners 
to share, design, implement and sustain disaster preparedness activities in Nepal. In addition, DP-Net 
aims to promote and spread sustainable disaster preparedness and management activities with a view 
to link disaster to development throughout Nepal. 
 
DP-Net is a member-based organization, which exists to serve its members. DP-Net shall only do 
what will complement, not duplicate its members efforts in sustainable disaster management through 
linking disaster to development initiatives.  
 
Following are the specific objectives of DP-Net:  

• To organize and symposia, conferences, workshops and meetings to promote and advocate 
principles and share experience of sustainable disaster management.  

• To prepare and regularly update a resource directory of institutions and individuals, who can 
be available as resources for people and institutions needing assistance and support in 
sustainable disaster management and linking disaster to development and to assist in making 
appropriate linkages as when possible.  

• To organize training programs for furthering development of skills and knowledge of trainers 
and practitioners as and when needed, especially when such trainings are not already being 
offered or can not be offered by any one member institution or individual and when such 
trainings and workshops will strengthen and bring synergy among members.  
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• To undertake methodological research, directly or through individual and institutional 
members, with the view of making advances in understanding and in practice of sustainable 
disaster management and linking disaster to development.  

• To regularly publish and disseminate news, views and experience for the Network members.  

• To provide a common platform for those concerned about linking disaster to development and 
sustainable disaster management.  

• To provide advice and necessary support in developing understanding and skills and in 
linking disaster to development and sustainable disaster management.  

• To develop linkages with similar institutions and networks in the country and internationally 
to effectively achieve the aims and objectives of DP-Net.  

• To establish a specialized excellent multi-media and document resource center covering the 
whole subject of sustainable disaster management.  

National and International NGOs’ associated with the DPNet involving in flood disaster management 
are as follows:  

List of Institution members  associated with DPNet 
Name of agency Address 
 UNDP  UN House Pulchowk 

 Nepal Red Cross Society  Red Cross Marga, Tahachal P. O. Box No: 
217. Kalimati, Kathmandu Nepal 

 CARE Nepal  P. O. Box No: 1661 Lalitpur Nepal 
 Nepal Centre for Disaster Management  P. O. Box No: 4058, Kathmandu Nepal 

 Oxfam GB Nepal  Gabhal Tole, Ward No 20, Jawlakhel, 
Lalitpur 

 United Mission To Nepal  P.O.Box No: 126, Kathmandu, Nepal 
 Nepal Police Disaster Control Section   
 Kathmandu Metropolitan Corporation 
Disaster Management Section Social 
Welfare Department 

 P. O. Box No: 13512. Kalimati, Kathmandu 
Nepal 

 Terre Des homes - Nepal  P. O. Box No: 2430, Chakupath, Lalitpur 
Nepal 

 Community Development Program, 
Sindhuli  CDP, Kamalamai-6, Sindhuli 

 Luthern World Federation  Tripureshwor, Kumari Marga, Nepal 
 Action Aid Nepal  P.O. Box 6257, Lazimpat, Kathmandu 
 Natural Disaster Management Forum  P.O. Box 1879, Maitidevi, Kathmandu 
 CARITAS NEPAL  Dhobighat, Lalitpur 
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 Terre des hommes-Nepal  Jhamsikhel,Lalitpur,Nepal 
 Mercy Corps  Sanepa,Patan 
 Bagmati Lakhandehi Affected Society 
Nepal 

 VDC-Kabilasi-7,Sarlahi 

 ADRA Nepal  P.O. Box 4481,Kathmandu,Nepal 

 Centre for Disaster Management Studies  GPO Box: 15142 KPC 256, Maharajgung, 
Kathmandu , Nepal 

 
1.7.3 International Centre for Integrated Mountain Development (ICIMOD) 

The International Centre for Integrated Mountain Development (ICIMOD) is an independent regional 
knowledge, learning and enabling centre serving the eight regional member countries of the Hindu 
Kush-Himalayas (HKH) – Afghanistan, Bangladesh, Bhutan, China, India, Myanmar, Nepal, and 
Pakistan – and the global mountain community. Founded in 1983, ICIMOD is based in Kathmandu, 
Nepal, and brings together a partnership of regional member countries, partner institutions, and 
donors with a commitment for development action to secure a better future for the people and 
environment of the Hindu Kush-Himalayas.  

ICIMOD’s activities are supported by its core programme donors – the Governments of Austria, 
Denmark, Germany, Netherlands, Norway, Switzerland, and its regional member countries – along 
with programme co-financing donors. The primary objective of the Centre is to promote the 
development of an economically and environmentally sound mountain ecosystem and to improve the 
living standards of mountain populations.  

ICIMOD believes in a future where the region’s mountain people can experience enhanced 
livelihoods and increased social and environmental security; where they can adapt to environmental 
and climate change; and where future generations can enjoy the benefits and opportunities afforded 
the region by nature. ICIMOD foresees a future in which the role of the HKH as the ‘third pole’, a 
significant ecological buffer zone, is globally recognised while its role as a unique ecological region 
of exchange and enrichment for the HKH peoples and visitors from the rest of the world is recognised 
and enhanced.  

Vision: The mountain population of the greater Himalayas enjoys improved well-being in a 
sustainable global environment.  

Mission: To enable and facilitate the equitable and sustainable well-being of the people of the Hindu 
Kush-Himalayas by supporting sustainable mountain development through active regional 
cooperation.  

Living with Risks – Sharing Knowledge on Disaster Preparedness in the Himalayan Region: 
There is a growing concern within the international community to improve disaster management and 
preparedness. As a response, ICIMOD has initiated work on collating important information about 
disaster preparedness in the region through a project titled ‘Living with Risks – Sharing Knowledge 
on Disaster Preparedness in the Himalayan Region’. The specific objective of the project is to 
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support key practitioners with current knowledge in the field of disaster preparedness; mainly; floods, 
landslides and earthquakes; and build capacity in multi hazard risk assessment, as well as providing a 
platform for interaction and exchange of experiences. The prime target countries for the project are 
Bangladesh, India, Nepal and Pakistan. 

The project builds on ICIMOD’s several years of dedicated deliberations and knowledge building 
towards reducing the vulnerabilities of mountain communities. The project proposal is taking off 
from the “‘Hyogo Framework for Action 2005-2015” – a comprehensive document promoting a 
strategic and systematic approach to reduce vulnerabilities and risks to hazards, which was developed 
at the ‘World Conference on disaster reduction’ in Kobe, Japan in January 2005. This document 
identifies that “there is a need to enhance international and regional cooperation and assistance in the 
field of disaster risk reduction’ through ‘use of knowledge, innovation and education to build a 
culture of safety and resilience at all levels”. 

Within this project ICIMOD intends to: 

1. compile a synthesis of the current knowledge in the field of disaster management and 
preparedness, including indigenous knowledge;  

2. promote exchange of experiences, best practices and cross- learning between practitioners 
through the arrangement of two regional workshops and the establishment of a website as the 
basis for knowledge networking; and  

3. strengthen the capacity to perform multi-hazard risk assessment and hazard mapping by 
providing two training courses on “earthquake vulnerability and multi-hazard risk 
assessment”.  

The project is supported by the European Commission Humanitarian Aid Department (DG ECHO) 
and will be implemented between 1 April 2006 and 30 June 2007. 

1.7.4 Practical Action Nepal 

Practical Action was founded in 1966, as ITDG (the Intermediate Technology Development Group), 
by the radical economist Dr EF Schumacher to prove that his philosophy of ‘Small is Beautiful’ 
could bring real and sustainable improvements to people’s lives. With the commitment to poverty 
reduction, environmental conservation and technology choice we think Practical Action is unique ly 
placed to contribute to a world free of poverty. Practical Action has a unique approach to 
development – it does not start with technology, but with people. Practical Action Nepal has been 
actively involving in flood disaster management through community mobilization in Nepal and aims 
at reducing vulnerability. 

Reducing vulnerability 

Practical Action works to strengthen the ability of poor people to use technology to cope with threats from 
natural disasters, environmental degradation and civil conflict, by: 
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• Strengthening the ways that people, who live in fragile environment, cope with the environmental 
degradation that threatens their livelihood  

• Improving vulnerable communities' ability to prepare for, survive and rebuild homes and livelihoods 
after natural disaster  

• Preventing and managing conflicts over scarce natural resources and competition for common 
property resources;  

• Rebuilding the livelihoods of people affected by civil war or conflict.  

Nepal is highly vulnerable to natural disaster. There is a high risk of floods in the plain and landslide in the 
hills. The frequency of such disaster is increasing year by year. Low awareness level in terms of disaster 
preparedness and management, lack of efficient mechanism and capacities to deal with these natural disasters 
has had severe impacts on the lives of the people, property and economy at large. 

As guided by its country strategy, Practical Action Nepal works to strengthen the capabilities of poor women 
and men living in disaster prone areas and thus help to prepare them for survive and rebuild their homes and 
livelihoods in the face of recurrent disasters. 

Practical Action is expanding its working sector in conflict management by rebuilding the livelihoods of poor 
communities affected by civil conflict through long-term community-based development initiatives. 

Practical Action's program aims: reducing vulnerability 

Early Warning System 

In 2001 Practical Action initiated its first EWS (Early Warning System) programme for flood affected 
communities in Chitwan with support from the European Community, through its first DIPECHO program for 
South Asia. This combined traditional EWS practices with technologies new to the region and integrated these 
within a broader community based approach to disaster mitigation. 

This partnership between Practical Action and ECHO is continued through 2006/7, with an expansion of this 
pilot program to three further sites each in Chitwan and Nawalparasi. Working with its local partners, 
SAHAMATI and CSC, Practical Action has initiated a community based risk reduction program based around 
improved EWS, community managed river bank protection measures and provision of improved flood risk 
reduction infrastructure in the form of shelters, bridges and boats. This is being combined with a general 
campaign to increase public awareness. 
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Chapter 2 
 

Equipment and Communication System 
 
2.1 Present Status of Tools and Equipments 
 

Most of the sections under MOHA, DWIDP, DHM and DSCWM are equipped with personal 
computer systems connected through a network. The computers at DHM are not only used for 
database management but also for hydrological and meteorological modeling and analyses. 
Hydrological and meteorological studies are produced as reports every year. Recent publications  
of DHM include the reports on low flow analyses, flood risk assessment and integrated database 
developments. DHM is equipped with several data collection facilities based on different 
technologies, such as, wireless communication, meteor burst, radiosonde, Satellite Distribution 
Information System (SADIS), Weather Fax, and satellite picture receiving system.  Similarly, 
DWIDP publishes Disaster Review and the DWIDP Bulletin comprising of the water- induced 
disaster data and water-induced disaster related research and management articles. These data are 
stored in Excel program. Recently,  DWIDP has started storing the disaster data in ArcView GIS. 

Observational data and other information about the catchments can be stored in a database 
system. There are many database programs and Decision Support Systems (DSS) for flood 
forecasting. Previously, the DHM was using WINHYDRO program written in Visual Basic for the 
purpose of storing, analyzing, and publishing hydrological data. WINHYDRO is essentially a 
hydrological database system and has very limited data analysis facilities. Recently the DHM has 
developed another program called Hydrological Information System (HIS), to store, analyse and 
publish both hydrological and meteorological data. The HIS program is an application for data 
management, time series analysis, spatial analysis and production of hydrological and 
meteorological atlases. It uses ESRI's (Environmental System Research Institute) geo-database 
concept, together with the ORACLE program as the Relational Database Management System 
(RDBMS), which can store both the time series and spatial data. ESRI's Spatial Database Engine 
(SDE) plays the role of the middleware between the data repository and the front-end application 
that has been developed in Visual Basic. ESRI's desktop products, ArcView 8.1 and ArcInfo 8.1 
have been customized with Arc Objects programming to develop the interface for tge spatial data. 
Other ArcGIS extensions such as 3D Analyst, Spatial Analyst, and Geostatistical Analyst have 
also been used. STATISTICA, another software package, has been used for a variety of statistical 
analyses. (Pokharel et al) 

The HIS consists of four major modules: the System Administration, Master Data Definition, 
Time Series and Spatial Modules. The System Administration Module is used to define different 
levels of access rights to users and thus assures data integrity and security. The Master Data 
Definition module allows the user to define master data and their management. The Time Series 
module consists of variety of tools for time series data processing and analysis. It has a menu-
driven system for data entry, validation, data processing, analysis, and data browsing. The Spatial 
Module is used to capture, analyses, and visualize hydrological and meteorological phenomena 
with simulated geography. It provides the tools for basin analysis as well as drainage analysis. 
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Tools are also available for to delineate watershed boundaries, to calculate slope, aspect, basin 
lag, and peak flow using various methods. Similarly isohyets, isotherms, and isobars can also be 
generated and the average basin precipitation can be calculated. Recently, DHM has adopted a 
conceptual rainfall- runoff model, ADM (A Distributed Model), for flood forecasting and the 
simulation of rainfall-runoff processes. ADM is effectively a combination of the ARNO model 
(Todini 1996) and the XINANJIANG model. (Pokharel et al) 

One laboratory has been established under DWIDP to study on River behavior, Landslide and 
Debris Flow facilitated with concrete and soil analysis section in Godavari under the assistance of 
JICA about 12 km. from Kathmandu. Further, an understanding has been reached between 
DWIDP and Nepal Engineering College to collaborate in such studies. 

2.2 Present Status of Communication System 

Communication system for flood disaster mitigation can be classified in two, one for data 
transferring from recording stations to forecasting centers, and the other from forecasting centers 
to the flood hazard prone community or data dissemination. The conventional methods of data 
transferring from recording stations to forecasting centers were wireless sets, telephone, fax, mail 
and face-to-face meeting. With the development of the Internet and the World Wide Web (www), 
data and information can be exchanged through electronic networks. Internet tools include e-mail, 
mailing lists, newsgroups, and chat rooms; www-based information sharing tools include file 
servers etc. The DHM communication system includes wireless system connection of Kathmandu 
to 54 stations spread over Nepal for climatic and hydrological data whereas the Global 
Telecommunication System (GTS) links DHM to the global meteorological community. 

DHM is installing further 10 telemetric stations in Narayani (Gandaki) Basin within Nepal so as 
to receive the real time data. The data would be availed from web site: www.hydrology.gov.np  
while updating the data every hour. So far DHM has successfully tested two telemetric installed 
stations and receiving the data too. DHM would be establishing more telemetric stations in West 
Rapti and Babai in collaboration with WECS under recently conceived Irrigation Water 
Resources Management Project (IWRMP). 

Further, Joint Committee between Nepal and Bangladesh has been formed to look after Water 
Resources Cooperation and Flood Mitigation. Understanding has been reached to share the data 
between two countries while facilitating data on flood from Nepal to Bangladesh. Similarly 
Bangladesh would supply the data on flood in Bramhaputra and Ganga to Nepal and the 
meteorological data available from Radar Station in Rajshahi. 

A Standing Committee on Flood Forecasting has been initiated between Nepal and India so as to 
share the data and strengthen the flood forecasting measures after second meeting on Joint 
Committee on Water Resources in 2004. 
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2.2.1 Information Dissemination 

The analyzed data and information are disseminated to the public and users in various forms 
such as: 

o Bulletin, Disaster Reviews and graphs: Daily weather forecasts are issued by 
television and radio transmission throughout the country by the DHM. DWIDP 
publishes Disaster Review and DWIDP Bulletin annually.  

o Reports: Maps and Reports: Published books such as Hydrological Records of 
Nepal, Precipitation Records of Nepal, Climatological Records of Nepal etc are 
available with DHM. Inundation Maps, Flood Hazard Maps, Hydrological Atlases, 
Meteorological Atlases are published and made available. DWIDP has prepared 
water-induced hazard maps of Rupandehi district, Tinau River Basin, Bagmati River 
Basin, Kamala River Basin, Kankai River Basin, Trijuga River Basin (under 
preparation), Aandhi Khola River Basin (under preparation), West Rapti River Basin 
and Rangoon Khola Basin of Mahakali River Basin. Beside these, the DWIDP has 
prepared the database of all terai rivers of Nepal and master plan for flood disaster 
mitigation of major rivers of Nepal.  

o Internet: Some data are made available in the website of the MOHA, DHM and 
DWIDP. The website of MOHA is www.moha.gov.np  the website of DWIDP is 
www.dwidp.gov.np, the website of DHM is www.dhm.gov.np,  

o Diskettes and CD-ROMS: Data are available now in electronic forms on diskettes, 
CD-ROMS for research purposes.  
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Chapter 3 

Hydro- meteorological Networks in Nepal 
 
 

3.1 Present Status of Hydro- meteorological Networks in Nepal 
 
Hydro-meteorological data is very essential for flood forecasting and flood disaster management. 
Department of Hydrology and Meteorology (DHM) maintain the networks of the hydrometric and 
climatological stations of Nepal. At present the DHM owns following hydrometric, climatic, agro-
meteorological and sediment measuring stations of Nepal: 
 

• 168 hydrometric stations, (153 under River Hydrology Section and 15 under Flood 
Forecasting Project) 

• 22 sediment stations (out of which 5 stations established under NISP also collect bed 
load samples),  

• 469 precipitation stations,  
• 68 climatic stations,  
• 22 agro-meteorological stations and 
• 15 synoptic stations. 

 
Above stations include a significant number of new stations established or rehabilitated under the 
hydrological component of Nepal Irrigation Sector Program (NISP) (1999-2002) in Western Nepal 
covering Narayani, Karnali, Mahakali, West Rapti and Babai basins and their adjacent Terai area. For 
instance, 54 new and/or rehabilitated hydrometric stations and 160 new precipitation stations (with 30 
automatic rain gauges) were established under the NISP in Western Nepal. Beside these there are 11 
hydrometric stations  under the Snow and Glacier Hydrology Project of DHM. In total, 49 stations are 
equipped with self- recording water level system and 114 stations are equipped with cable way for 
discharge measurement on rivers or rivers where wading is not possible. Recently, DHM has 
classified 100 stations as primary stations and the rest as secondary stations. Among the primary 
stations, 54 stations are considered first priority station, and 46 stations are second priority station.   

(Sharma, K, 2008) 
 
DHM periodically publishes yearbooks 
containing the following data: 
  
Hydrological: Mean monthly and yearly 
discharges 
Maximum monthly and yearly discharges 
Minimum monthly and yearly discharges 
Annual instantaneous maximum (gauge 
height, discharge and date) 
    

Fig. 3.1: Major River Basins of Nepal 
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Annual instantaneous minimum (gauge height, discharge and date) 
 
Meteorological: Daily rainfall data 
   Maximum 24 hour rainfall 
   Evaporation data 
   Sunshine data 
   Wind data 
   Relative humidity data 
 
Following table presents the current status of the hydrometric station network in Nepal. 
 

Table 3.1: Hydrometric Stations of Nepal 
 

Basin 
Catchment* 

(km2) 
Number of 

Stations 
Density 

(km2 per stn) Remarks 
Mahakali              5,410  12                  450  10 new (NISP)
Karnali             41,890  35               1,200  23 new (NISP)
Babai              3,400  2               1,700  - 
West Rapti              6,500  12                  542  8 new (NISP) 
Narayani             28,090  31                  906  9 new (NISP) 
Bagmati              3,700  6                  617    
Kamala               2,100  3                  700    
Koshi             31,940  30               1,065    
Kankai              1,330  5                  266    
Southern (Rest)             22,821  NA NA NA 
Total           147,181  136               1,082    

* Catchment area within Nepal only 
 
 

 
Fig 3.2 Hydrometric network in Nepal. 
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According to WMO norms, Nepal should have between 147 and 491 fully operational hydrometric 
stations. It can be seen that the present network density lies around the upper limit of the WMO 
recommendation. As mentioned earlier, the network density is fair in the middle mountain region but 
is poor in the high mountain and Terai regions. 
 
The current number of rainfall stations (i.e.469) gives a station density of 314 km2 per station. This 
does not meet the WMO norms for mountains and hills. For instance, the present coverage in 
Western Nepal after the addition of 160 new rainfall stations is as follows: 
 

Table 3.2 Rainfall Stations (Western Nepal) 
 

Before NISP  After NISP (present)  WMO Norm 
(km2/gauge) Station (km2/gauge)/ Station (km2/gauge)/ 

Terai  
(17,000 km2) 

600-900 33 515 68 250 

Hills and 
Mountains 
(83,000 km2) 

100 - 250 115 725 240 346 

 
Unlike the case of hydrometric station network, the rainfall station network in Western Nepal is 
better than the WMO norms for the Terai but is poor for the hills and mountains. 
 
 
3.2 Required Station Network  

 
The World Meteorological Organization (WMO) recommends the following station density for 
hydrometric and meteorological stations. 
 
Hydrological Station Density: 300 – 1,000 km2 per station 
Meteorological Station Density: 600 – 900 km2 per station (in plain/Terai areas) 
     100 – 250 km2 per station (Hills and mountains) 
The hydrological parameters have water-induced disastere spatial and temporal variations due to the 
topography and orographic nature of rainfall in Nepal. Hence, the hydrological and meteorological 
network needs to be expanded towards the higher side recommended by WMO. The present 
hydrometric network in Nepal can be said to be poor in headwater (High Mountain) regions, fair in 
mountainous/mid mountainous region and poor in the Terai (plain) region). 
 
The required number of stations was optimized on the basis of the World Meteorological 
Organization (WMO) Norms for both ideal and difficult conditions for all three physiographic 
regions of Nepal and presented below in Table: 3.3 Nepal’s Standard for practical consideration for 
river gauging stations is still lacking on the basis of WMO Norms. Because of human, financial and 
location constraints, DHM should at least target towards the minimum side. 
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Table 3.3: No. of Required Stream Gauge Stations 
 
Physiographic 
Region 

Current Status of Stations 
(Basin and Primary) 

Maximum Minimum 

Terai/ Plain None 22 9 
Mountain 100 299 90 
High Himalaya None 7 2 
Total  328 101 
 
(Source: Sharma,K, 2008) 
 
3.3 Suggestion for Extension of Hydro-met Stations  
 
The present resources (human and financial) available in DHM is not adequate to meet the 
hydrological meteorological data needs of the country as seen from the poor network of stations 
compared to the WMO norms and delay in processing/ publishing yearbooks and other data. The 
hydrometric station network in the high mountains and the Terai (specifically in the Southern rivers) 
need to be expanded to meet the moderate requirements specified by WMO. The meteorological 
station network is lacking in the hills and mountains as compared to the Terai as per the WMO norms 
so it should be extended to fulfil the WMO requirements. The network extension in Western Nepal 
under NISP has improved the area coverage per station and also prepared yearbooks up to 2000. 
Similar expansion of the network in Central and Eastern region is recommended as per the moderate 
requirements of WMO. Given the remoteness and other cond itions prevalent in the field, the data 
collection and transfer of data from the field to the main office should be improved to ensure the 
required quality of data. The operation and maintenance of the stations- cable cars, staff gauge, gauge 
wells, current meters, etc. should be given highest priority. Special focus should be made for the 
collection of automatic water level data, sediment data, automatic rain gauge data and snow pack 
data. To date no reliable data on sediment and snow have been published by DHM. The discharges of 
the ephemeral Southern (Terai) rivers originating in the Siwalik are important for irrigation and other 
purposes in the area. Special focus to establish stations by probably locating then under highway 
bridges should be made. In stations located in remote areas where access is a problem, telemetric 
stations should be installed where the data is transferred directly to the center. The continuous 
updating and entry of all hydrological and meteorological data in the recently implemented 
Hydrological Information System (HIS) under NISP should be completed. Efficient policies should 
be in place to make the data available to all hydrological data users within minimum cost and time. A 
review of hydrological and meteorological data libraries around the world (e.g. 
http://www.iri.columbia.edu) shows that there needs to be major improvements in the way the DHM 
datasets are made available to the “user groups”. Easy and free access of datasets to researchers and 
other users can not only enhance water resources development in Nepal but also help improve and 
add value to the datasets collected by DHM and other agencies. 
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As was undertaken in Western Nepal under NISP, the establishment and rehabilitation of the 
following hydrological and meteorological network on Central and Eastern Nepal would be 
beneficial (prepared from experience of work in Western Nepal). 
 

• Increase the present 47 hydrometric stations to 75 stations to cover the area of about 52,000 
km2 (to achieve a moderate density of 700 km2 per station) 

• Establish/rehabilitate 10 sediment sampling stations (with 5 also collecting bed load samples) 
• Out of the 75 stations, 15 should be installed with automatic water level recorders 
• Increase the present 129 rainfall stations to 229 stations (to achieve a moderate density of 230 

km2 per station) 
• Out of the 229 meteorological stations, 30 automatic data loggers, 7 synoptic/agromet. 

stations (3 in the hills and 4 in the Terai) and 4 lysimeters for the measurements of 
evaporation/evapotranspiration should be installed. 

• Establish 4 stations equipped with telemetry facility for data collection and transfer in 
important but remote locations in the country. 

 
 
3.4 Funding Requirement for Hydro-Meteorological Network Extension  

A cost estimate for the extension of the hydrological meteorological network in the Central and 
Eastern regions was prepared by National Water Plan Nepal, 2005, given below in Table . In addition 
to these costs, regular budget for the operation and maintenance of the stations and data collection 
should be allocated/revised. The additional annual budget required for DHM for additional workload 
should also be considered. 
 

Table 3.4: Cost Estimate for the Extension of Hydrological-Meteorological Network 
(in Bagmati, Kamala, Koshi and Kankai Basins) 

 
Description Qnty Rate (NRs) Amount (NRs) 
Hydrometric Station Establishment       

Rehabilitation of existing stations 47         400,000       18,800,000  
Establishment of new stations 28       1,000,000       28,000,000  
Establishment of crest gauges 225           20,000         4,500,000  

Meteorological Station Establishment       
Rehabilitation of existing stations 129           10,000         1,290,000  
Establishment of new rainfall stations 100           25,000         2,500,000  
Establishment of agro-met stations 7           30,000           210,000  
Establishment of automatic rain gauges 25           20,000           500,000  
Establishment of lysimeters 4           25,000           100,000  
Establishment of telemetric stations 4           75,000           300,000  

Reconnaissance and Site Selection 30           20,000            600,000  
Hydrological Equipment (Current 
meters, sounding reels, booms sets etc. 10         500,000          5,000,000  
Automatic Water Level Recorders  20         275,000          5,500,000  
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Meteorological Station Equipment       
Automatic Rain Gauges 25         100,000         2,500,000  
Lysimeter 4         500,000         2,000,000  
Agro-met equipment 7       1,000,000         7,000,000  
Ordinary Rain gauge 110           10,000         1,100,000  

Sediment Sampling Equipment       
Suspended Samplers 10         200,000         2,000,000  
Bed Load Samplers 5         200,000         1,000,000  
Lab. Facilities 4         600,000         2,400,000  
Survey Equipment 4       1,200,000         4,800,000  

Computers and software  4         200,000            800,000  
Administrative Expenses ls           1,000,000  
Contingencies 10%  9,190,000 
    Total (NRs) 101,090,000 

(Price level 2003/04) 
 
(Source: National Water Plan 2005, Working Paper 7, APPENDIX G: Cost Estimate for Implementation of 
Actions Plans) 
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Chapter 4 
 

Flood Disaster Mitigation Plan, Programs and Funding Require ments 
 
4.1 Present Status of Flood Disaster Mitigation Plan 
 
Flood Disaster Mitigation in Nepal falls under a sub- sector of water- induced disaster. The National 
Water Plan –Nepal, 2005 defines the targets for Water- induced disaster management as follows: 
 

• by 2007 potential disaster zones are identified by type and located on districts maps. 
• by 2007 emergency relief materials are available in all five regions. 
• by 2017 infrastructures for mitigating predictable disasters are put in place in twenty districts. 
• by 2017 warning systems are established and made functional encompassing the whole 

country. 
• by 2027 social and economic losses due to water- induced disaster are reduced to the levels 

experienced in other developed countries. 
 
4.2 Action Programs for Water Induced Disaster Management 
 
The focus of the water- induced disaster management during the first five years of the plan is to 
enhance institutional capabilities for managing water- induced disasters. In the following ten years, 
effective measures will be adopted to better manage water- induced disasters and mitigate their 
adverse effects. The long term goal of the plan is to make Nepal's water- induced disaster 
management system fully functional, effective and responsive to people's needs. The total program is 
expected to directly address the needs of the poor and marginalized people, thereby contributing to 
improved living conditions for the poorest sectors of Nepalese population.  
 
Seven programs have been identified for being carried out. The programs and their key elements are 
enumerated below: 
 
1. Water- induced disaster Management Policy and Program: The Key Elements are: 

a. Formulation of a water- induced disaster mitigation policy with reference to upstream, 
downstream linkages and the International Day for Natural Disaster Reduction (IDNDR) 
National Action Plans. 
b. Preparation of Water- induced Disaster-related Acts, Regulations and Management 
Guidelines; 
c. Enhancing the capacity of all water- induced disaster-related institutions such as MOHA 
(Ministry of Home Affairs), MOPE, now Ministry of Science and Technology, Department of 
Water Induced Disaster Prevention, Department of Hydrology and Meteorology, Department 
of Soil Conservation and Watershed Management. 
 

2. Risk/ Vulnerability Mapping and Zoning Program: The key program elements are: 
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a. Establishment and activation of disaster forecasting and early warning systems covering 
floods, extreme precipitation and drought; 
b. Strengthening of CBOs, NGOs, INGOs, local authorities, professional societies for disaster 
management networking; 
c. Promotion of regional and international cooperation in water- induced disaster management: 

1. Establishment and enhancement in cooperation with neighboring countries in data and  
information system; 
2. Encouragement of joint investigation into the Glacial Lake Outburst Flood (GLOF) 
with China; 
3. Promotion of international cooperation for flood forecasting and warning system. 

 
4. Community- level disaster preparedness program: The key program elements are: 

a. Establishment of emergency supply warehouses for high risk areas on central and regional 
basis; 
b. Development and review of evacuation plans at regular interval, conducting of rehearsal/ 
drills exercises with all key stakeholders at frequent intervals at different locations and 
providing training in rescue operations for identified groups; 
c. Formulation of standing committees to support search and rescue program with necessary 
facilities at district as well as local level (vulnerable localities), and 
d. Discouraging and restricting settlements in high risk areas. 

 
5. Relief and Rehabilitation Measures: This activity is normally carried out by the MOHA in close 

coordination with Nepal Red Cross Society, Royal Nepal Army and local NGOs. Department of 
Water Induced Disaster Prevention as the lead coordinating agency for water-induced disaster 
mitigation, will be involved in planning activities. The key elements are: 

a. Making preparations for emergency response, rescue and relief; 
b. Making arrangements and delivering disaster relief supplies; 
c. Identification and assignment of responsibilities to different organizations for handling 
relief and rehabilitation work; 
d. Planning for emergency shelter and feeding for victims; and 
e. Securing relief and rehabilitation funding. 

 
6. Activation of Inundation Committees (Between India and Nepal): 
 
The key elements are: 

a. Strengthening the existing bilateral inundation-related committees; 
b. Formulation of inundation policies; 
c. Enhancing exchange of data and information and promotion of formal as well as informal 
contacts at field level. 

 
7. Flood, Drought, Landslide/ Debris Flow, GLOF and Avalanche Mitigation Program: the key 
elements are: 

a. Identification, prioritization and management plans for high risk areas, 
b. Development of effective non-structural measures such as flood forecasting, warning, flood 
proofing and disaster preparedness; 
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d. Implementation of structural measures such as river dikes, spurs, check dams, trial 
improvement and embankment construction with the help of community groups; 
e. Disaster due to drought: 
i. Identification of potential drought prone areas; and 
ii. Preparation And implementation of national plan to cope with droughts. 
Table: Estimated Program Costs for Water- induced Disasters (in NRs. millions at 2003/04 
Price level) 

 
4.3 Water Induced Disaster Management Policy, Plan and Program 

4.3.1 Policy 
Water Induced Disaster Management Policy was formulated in 2005 with the objective of: 

• To minimize losses due to water-induced disasters like floods and landslides. 
• To make sustainable the infrastructures like natural resources, drinking water, water 

transport, irrigation, roads etc sustainable by conserving river, watershed and water 
environment. 

• To  reclaim the flood prone land and flood plains for economic and social activities 
including for the rehabilitation of landless people. 

• To institutionalize the management of water- induced disaster mitigation works and flood 
prone areas. 

 
4.3.2 Plan 
The National Water Plan 2005 introduces the following plan for water- induced disaster 
mitigation 

Short Term Plan 

Formulate disaster related laws/regulations/guidelines 
 

Medium Term Plan 
 
• Implement recommended plan of action 
• Implement the laws/regulations/guidelines 

 

Long Term Plan 
• Implement action Plan 
• Update laws/regulations/guidelines 

 
4.3.3 Program 
 
National Water Plan 2005 envisages following programs for water- induced disaster mitigation: 
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Risk vulnerability mapping & zoning program 
The program will contribute in mapping and zoning of risk areas. Flood risk evaluations should 
be centered on an assessment of potential damage and danger. Floods risk maps and an inventory 
identifying the locations at risk will be prepared within the medium-term plan. 

 

Similarly, based on field investigations, inventories of potentially dangerous landslides will be 
prepared based on hazard classification. 

In each category of disaster, the locations identified in the inventories will be ranked in order of 
importance. The basis for setting priorities will include: 

• Magnitude of the risk; 
• Consequences; 
• Expected level of mitigation or disaster reduction; 
• Feasibility of the alternative action; and  
• Cost of the actions. 

Various considerations that need to be given weight in the ranking including: 
• Potential for injury or loss of life; 
• Economic value of lost property or infrastructure;  
• Loss of cultural resources; 
• Potential environmental impacts; 
• Extent of disruption to transportation, communications or food supply; and 
• Potential for water-borne diseases. 

 
Disaster networking and information system improvement program 
 

The results of risk mapping and zoning will provide the basis for a comprehensive data information 
system. This information will be disseminated to relevant agencies, local authorities and communities 
so that they are aware of the risks and can be prepared for emergencies. In the most serious high-risk 
areas, decisions will be made regarding necessary actions (e.g., relocation of village, construction of 
protection measures, installation of forecasting and warning systems, preparation of disaster response 
plans) 
 

The program will have the following outputs in short and medium-terms. 

Short-Term 
• Strengthen disaster networking and information system.  
• Initiate warning systems on critical rivers/slopes. 

Medium-Term 
• Establish Warning systems in critical disaster areas and make them functional.  
 
Community level disaster preparedness program 
• The community level disaster preparedness program and emergency response measures include: 
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• Preparation of evacuation plan of public buildings and areas  
• Rehearsals/ drills exercise 
• Formation of a permanent search and rescue facilities at district and local level 
• Training for rescue personnel. 

 

DMSP under DWIDP is focusing on non-structural side of disaster awareness and information 
dissemination with greater local stakeholders’ and community involvement. DWIDP will continue to 
provide awareness about water- induced disaster; emergency protection and rehabilitation at district 
headquarter level with NGOs assisting.  
 
Relief and rehabilitation measures 
The scope of program will consist of:  
• Establishment of Disaster Relief and rehabilitation systems 
• Carrying out Community Awareness/Education on Disaster Management. 

DWIDP, in collaboration with MOHA, Nepal Red Cross Society, local government and non-
governmental organizations (NGOs), will prepare and implement a disaster relief plan for each 
priority area. These plans will include: 
• Preparations for emergency response, rescue and relief; 
• Review availability of disaster relief supplies, means of transport by region 
• Procurement and storage of relief supplies 
• Identify locations for storage of relief supplies and assign responsibility for delivery 
• Planning for emergency shelter and feeding of victims; and 
•  Provision for disaster response rehearsals and drills. 

 

The program will have the following outputs in short and medium-terms: 

Short-Term 
• Establish Disaster Relief and rehabilitation systems 
• Carry out Community Awareness/Education on Disaster Management 

Medium-Term 
• Extend rehabilitation at agency/community level 
• Continue to raise community awareness and education 
 
Activation of Inundation Committee 
The objective of the program is to mitigate the effect of inundation problem near Nepal-India Border 
due to intervention across the border by India.  The activitation program contains the following 
activities: 
 
• There should be follow up on decisions of SCIP and Joint Secretary Level Water Resource 

Committee and a permanent India desk established in the Ministry of Water Resources. 
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• Field level Contact offices should have logistics support to be in constant touch with offices of 
India to become aware of the actions /intervention of Indian Government on rivers and effects on 
the Terai plain. 

• Timely actions/ information sharing to be initiated for early diagnosis of inundation problems. 
• The present DWIDP organization has to be restructured and central level and field level offices 

activated. 
 
Flood, drought, landslides/debris flow, GLOF and snow avalanches management 

program 

This program will help in managing floodplain, landslides/debris flow/ GLOFs in harmony with 
nature. The key activities of this program are: 
 
• Identification and prioritization of high-risk areas and developing disaster management plans 
• In critical areas, some selected civil engineering and/or bioengineering actions will be identified 

and studied to implement economically viable schemes. 
 

In short term - efforts will focus on identifying risk areas and their mapping in some districts/basins. 
Disaster causes will be identified and in very high hazard areas, floodplain zoning will be initiated 
and flood plain management plans developed. 
 

In medium term - mapping and zoning of risk areas of twenty districts will be completed. Flood plain 
master plan of critical rivers will be developed. After master planning the feasibility study of critical 
rivers will be undertaken.  
 
 
4.9 Funding Requirement for Water Induced Disaster Mitigation Plan  

River basin approaches though newly introduced concept in the Water Resources sector in Nepal, 
institutional building, basin wise planning and information dissemination as well as the strengthening 
are definitely important aspects requiring addressing. Accordingly the allocation has been made as 
envisaged in the National Water Plan. 

Table 4.1: A summary of program costs in 2001 prices over the respective plan periods is as 
follows: 
Name of Program                      ST MT LT Total in 

million(NRs.) 
1. Water related disaster mgmt. 
Policy & program 

1.5 0 0  
1.5 

2. Risk/ Vulnerability Mapping & 
Zoning Program 

8.0 32.0 0  
40.0 

3. Disaster Networking & 
Information 

34.9 849.6 658.9  
1,543.4 

4. Disaster Preparedness plans 0 14.0 13.5 27.5 
5. Relief/Rehabilitation measures 125.0 500.0 500.0 1,125.0 
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6. Inundation Committee 
activation 

2.5 15.0 5.0 22.5 

7. Flood/Drought, landslides/ 
GLOF Management 

4,177.9 12,358.7 9,390.8 25,927.4 

8. Watershed Management of 
rivers 

352.8 1,099.9 728.3 2,180.9 
 

9. Operation & maintenance 100.0 500.0 500.0 1,100.0 
Total 4,802.6 15,369.2 11,796.5 31,968.3 
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Chapter 5 
 

River basin IWRM for Flood Disaster Mitigation 
 
5.1 Introduction 
 
The IWRM (Integrated Water Resource Management) is defined as a process which promotes the 
coordinated development and management of water, land and related resources in order to maximize 
the resultant economic and social welfare in an equitable  manner without compromising with the 
sustainability (Clausen, 2004) . A river basin is a basic planning and management unit for water 
resource management. The IWRM being targeted towards the maximization of socio-economic 
welfare, and flood disaster reduces the probability of maximizing socio-economic welfare, thus the 
concept of river basin IWRM is very important in the case of flood disaster management. A river 
basin is widely recognized as a natural unit (system boundary) for water resources planning and 
management. Water and land of a river basin are interrelated and form a unit. It serves to define a 
"water resources system," which provides a framework for integrated water resources planning and 
management (River Basin Planning, WECS, 2004). Hence, the river basin should also serve the 
boundary of flood disaster management. 
 
5.2 Overview of River Basins of Nepal 
 
Nepal covers an area of 147,181 km2. It extends from 8,848 m, the highest elevation on earth at 
Sagarmatha, in the north to less than 100 m in the South (Terai) within a short distance of 160 – 270 
km. It is endowed with some 6,000 rivers and rivulets that carry a substantial amount of flow. The 
rivers of Nepal can be classified into three categories (Figure 3.1): 
 

• The major rivers, like the Koshi, Narayani (Gandak), Karnali and Mahakali, originating 
from the Himalayas and the high mountains, 
• The medium rivers, like the Kankai, Kamala, Bagmati, West Rapti, and Babai, originating 
from the middle mountains, and 
• The small rivers originating from the Siwalik range or in the Terai. 
 

All of the above rivers in turn are tributaries of the main Ganges. The major rivers have their origin in 
the snow and glaciers in the Himalayas, gain substantial flow while passing through the valleys and  
emerge in the Terai to meet the Ganges River in India. These have the largest drainage areas and also 
have substantial flow even in the dry season. The medium rivers are all rain-fed originating from the 
Mahabharata range below the snow line. These are also perennial rivers with the groundwater and 
springs sustaining the flow even during the low flow period. The seasonal fluctuations in these rivers 
are higher compared to the major snow-fed rivers. The Southern rivers, like Tialwa, Sirsia, 
Manusmara, Sunsari, Banganga, Bering, Bakra, Patharaiya, Lal Bakaiya, Ratu, Bighi, etc., 
originating in the Siwalik (Churia) range and Terai are much smaller in size and most have 
insignificant or no flows in the dry period. 
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Fig.4.1: River Systems of Nepal (Dwivedi, S) 
 
The river basins of the above three types of the rivers can also be categorized as major, medium and 
southern river basins. The river basins of the small rivers are collectively referred to as the Southern 
River Basins. Figure 3.1 shows the location of the various river basins of the country. Some parts of 
the major river basins fall outside Nepal. About 65% of the Mahakali basin lies outside Nepal, most 
of which in Indian Territory bordering Nepal. The Mahakali River is a border river in the western 
border between Nepal and India. About 5% of the Karnali basin, 20% of the Narayani basin and 47% 
of the Koshi basin fall in Tibet (China). The catchment area within Tibet is generally drier as it falls 
in the rain-shadow created by the mighty Himalayas. Short descriptions of the river basins are given 
in the following sub-sections. 
 
Kankai Basin 
 
Kankai river basin has a drainage area of about 1,330 km2 at the Nepal-India border3; out of which 
1,156 km2 lies in Ilam district and the remaining area lies in the Jhapa district. The basin area extends 
over the mountainous, hilly and the plain areas of the Terai with elevation ranging from 75 m to 
3,679 m. Major high mountain peaks in the basin are Chhintapu Danda (3,679m), Santapu (3,352m) 
and Siddi Thumka (2,133m). There is a famous pond named Mai Pokhari in the upper part of the 
basin. The major sub-basins of Kankai are Deomai, Puwamai, Mai and Jogmai sub-basins. The most 
important alluvial valleys of the basin are those made by the main Kankai river. Most of the flatter 
terrace land is found in valley bottoms of the river. The tributaries of Kankai river system are tapped 
for irrigation purpose and for operating water mills for agro-processing works. 
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Koshi Basin 
 
Koshi river basin is the largest river basin of Nepal. It covers a total catchment area of about 60,400 
km2 at the Nepal-India border, out of which about 53% lies in Nepal and the remaining 47% lies in 
Tibet, China. The three main tributaries of the Koshi river are the Sun Koshi, Arun and Tamur. 
Balephi, Indrawati, Rosi, Tamakosi, Likhu, Mailung, Dudhkosi and Sapsu kholas are the major 
tributaries of Sunkoshi river. Barun, Apsua, Sankhuwa, Sabha and Pikhuwa kholas are the major 
tributaries of Arun river. Yanma, Simbuwa, Mewa, Kabeli, Hiwa, Nibu and Nawa kholas are the 
major tributaries of Tamur river. The river is called the Sapta Koshi after the three main tributaries 
meet near Tribeni, upstream of Barahachhetra in Sunsari District. Taking Arun river as the main 
stem, its total length is 534 km, out of which 187 km lies within Nepal and the remaining 347 km lies 
in China. Within Nepal, Sun Koshi river can be considered as the main stem of the Koshi river 
system. Trijuga and Gindreni originating in Mahabharat and Siwalik range, respectively, are two 
tributaries that join the Koshi river downstream of Barahachhetra. 
 
Kamala Basin 
 
Kamala basin has a drainage area of about 2,100 km2 at the Nepal-India border and a length of 117 
km. It originates from Sindhuligadi in Sindhuli district and flows to the south. Near Maithan, it 
makes a turn and flows towards southeast parallel to the Churia hill. The river is joined by Tawa 
Khola, which originates from Udaypur district and flows from east to west. It makes a U-bend near 
Mari and goes northwest to Chisapani in Dhanusa district. From there, it turns to the south. The 
Kamala river and Tawa khola both originate from upper reaches of the Mahabharat range. It joins 
Koshi river in India 
 
Bagmati Basin 
 
Bagmati Basin is a medium sized river basin with a catchment area of about 3,700 km2 at the Nepal- 
India Border. It originates from the Mahabharata and stretches to the plains of Terai. The catchment 
area lies in eight districts, namely, Kathmandu, Lalitpur, Bhaktapur, Sindhuli, Kavre, Makwanpur, 
Rautahat and Sarlahi. The first three districts (within the Kathmandu Valley) lie entirely in this basin. 
Similarly, 47% of Sindhuli, 14% of Kavre, 27% of Makwanpur, 30% of Sarlahi and 36% of Rautahat 
lie inside this basin. The major tributaries of Bagmati are Manahara, Bishnumati, Kulekhani, 
Kokhajor, Marine, Chandi, Jhanjh and Manusmara. 
 
Narayani Basin 
 
Gandak River Basin is a major river basin with a catchment area of about 34,960 km2 at the Nepal-
India border, out of which, 80% of the catchment lies in Nepal and the rest is in Tibet. It originates 
from the Himalayan range, crosses Mahabharat range and flows to the plains of Terai. The catchment 
area lies in nineteen districts, namely, Mustang, Myagdi, Baglung, Gulmi, Arghakhanchi, Palpa, 
Syangja, Kaski, Manang, Mustang, Tanahu, Lumjung, Gorkha, Dhading, Nawakot, Rasuwa, 
Makwanpur, Chitwan, and Nawalparasi. The major tributaries are the Trishuli, Budhi Ganga, 
Marsyangdi, Seti, Kali Gandaki and East Rapti. 24% and 27% of the catchment areas of Trishuli and 
Budhi Gandaki lie in Tibet. The catchment areas of the rest of the basins all lie within Nepal. 
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Binai Khola, Arun Khola, Girwari, Kiran Khola and other tributaries originating from the 
Mahabharat range of Palpa and Nawalpurparasi districts and drain directly into Narayani river 
upstream of Tribenighat. These rivers are seasonal in character and have ample flow during monsoon 
and comparatively low flow during lean season. 
 
West Rapti Basin 
 
West Rapti River has a total length of 257 km and the drainage area is about 6,500 km2 at the Nepal-
India border. There are two major tributaries of the West Rapti river in its upper basin area. The first 
one, which is called Jhimruk, originates from the Mahabharat range near Arkha in Pyuthan district. 
The second one, called Mari, also originates from the Mahabharat range near Garakot in Salyan 
district. Mari river flows due southeast till its confluence with Jhimruk. Whereas, Jhimruk flows due 
southwest up to Ramdi in Pyuthan, takes a turn there and flows parallel to Madi due southeast and 
joins the Mari khola making a U-bend at the confluence. After the confluence, the river is called West 
Rapti river. The West Rapti flows for a short distance towards southwest and makes a turn and flows 
due northwest parallel to the Churia range till Shamserganj in Banke district. Here it makes a turn and 
flows due southeast. It joins Ghagra (Karnali) river in India. 
 
Babai Basin 
 
Babai River Basin is a medium river basin with a catchment of about 3,400 km2 at the Nepal-India 
border. Babai originates from Siwalik range and its major tributary Sharada originates from 
Mahabharat range. Both rivers meet in Bardiya district. The catchment lies in three districts, namely, 
Salyan, Dang Deokhuri, Bardiya. 
 
Karnali Basin 
 
The Karnali river, one of the three major rivers of Nepal, originates from the south of Mansarovar 
and Rokas lakes located in China (Tibet) and enter Nepal as Humla Karnali near Khojarnath. It has a 
catchment area of about 44,000 km2 at the Nepal India border, 95% of which is in Nepal and the rest 
is in Tibet. It originates from the Himalayan range, crosses the Mahabharat range and flows to the 
plains of Terai. The catchment area lies in eighteen districts, namely, Humla, Dolpa, Jumla, Kalikot, 
Mugu, Bhajhang, Bajura, Dailekh, Jajarkot, Rukum, Salyan, Surkhet, Achham, Baitadi, Dadeldhura, 
Doti, Baglung, and Kailali. The major tributaries of Karnali are West Seti, Bheri, Humla Karnali, 
Mugu Karnali, Sinja Tila , Lohare and Thuli Gad. 
 
Mahakali Basin 
 
Mahakali River is a border river, which forms the western boundary of Nepal with India. Mahakali 
river, originating in Api Himal, is a 233 km long international river forming the western border of 
Nepal and India. The eastern part of the river basin lies in Nepal and the western part in India. The 
total catchment  area of Mahakali Basin is about 15,260 km2 at the Nepal-India border. The 
percentage of catchment area in Nepal is about 35% (5,410 km2) and the rest lies in India. The 
districts of Darchula, Baitadi and Dadeldhura fall in the catchment area of the Mahakali River. A part 
of the Kanchanpur district in the Terai also lies within the catchment area of the river. The major 
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tributaries of Mahakali River are Chameliya Khola, Suryanaya Gad and Rangoon Khola in hills and 
mountains and Choudhar and Syhali rivers in the Terai (Kanchanpur District). 
 
Southern River System 
 
The Southern or the Siwalik rivers originate from the Siwalik Hills (Churia Hills). They drain about 
16% of the Nepali area contributing to about 13% of the total annual runoff. These rivers are sha llow 
in depth and dry up during the dry season. They are not suitable for year round irrigation or 
hydropower generation. These are therefore normally used for monsoon irrigation only. There are 
numerous small-scale irrigation schemes built by the farmers as well as by the government to divert 
water for seasonal irrigation. 
 
The Siwalik rivers of Nepal flowing from the north to the south have divided the Terai plain into a 
number of blocks, which can be distinctly classified into a total of eight groups. 
 
Southern River Group No. 1 
 
The rivers belonging to this group are surrounded by the Mahakali river in the west and the Churia 
hills in the north, the Karnali river in the east and the Indian border in the south. These rivers all 
originate from the Churia hills in the districts of Kanchanpur and Kailali. They are as follows: 
Choudhar, Brahmni, Siyali, Donda, Mohana, Khutia, Kanari, Kaitaya, Kanera, Kaha and Patharaiya. 
 
Southern River Group No. 2 
 
This group of rivers is surrounded by the Karnali river in the west and the Churia hills in the north, 
the West Rapti river in the east and the Indian border in the south excluding the Babai catchment. 
There are very few rivers in this area. The major rivers are Man khola and Dundawa khola. 
 
Southern River Group No. 3 
 
The area drained by this group of rivers is surrounded by the West Rapti river in the west and 
northwest, the Narayani river in the northeast and the Indian border in the south. Under this group, 
there are more than 12 rivers originating from the Churia hills and running down to the south. The 
major rivers are Banganga, Kothi river, Kanchan river, Tinau river, Rohini river, Dano, Jamuar, 
Marthi, Mahau, Jharahi, Dhanuwa, and Satabudri. 
 
The largest one among them is the Tinau river, which originates from Madiphant in Palpa district. 
Initially, it flows towards the west in the Madi valley and takes a turn towards the southwest. It joins 
Dobhan khola at Dobhan and flows due south to the Terai plain. At Butwal, it bifurcates into two 
channels called Dano and Tinau. Its drainage area is about 544 km2 up to the Nepal-India border and 
the average annual flow is about 25 m3/s. 
 
Southern River Group No.4 
 
The rivers belonging to this group are surrounded by the Narayani river in the west and north, the 
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Bagmati river in the east and the Indian border in the south. There are more than 14 such rivers. The 
major ones are Tilawe river, Uria, Sikta, Bhaluyahi river, Sirsia, Bagari (Dudhora), Pashaha river, 
Thalahi, Tiar river, Jamuni, Arwa (Aruwa) river, Lal Bakeya river, Jhanj, and  Chandi. 
 
Southern River Group No. 5 
 
The area drained by this group of rivers is surrounded by the Bagmati river in the west and northwest, 
the Kamala river in the northeast and east and the Indian border in the south. There are more than 9 
rivers running down to the south. The major ones are Jhim river, Manusmara, Lakhendehi, Hardi, 
Hardinath river, Jamuni, Marha river, Rato, and Aurahi. 
 
Southern River Group No. 6 
 
The area drained by this group of rivers is surrounded by the Kamala river in the west and north-west, 
the Koshi river in the north east and east and the Indian border in the south. There are several short 
rivers originating from the Churia hills and flowing down to the south in this area. The major ones are  
Bhatibalan river, Khando river, Gurmi, Mainawati, Gagan, Kalayandehi, Bihul, Kharag, Ghoradah, 
Mahuli, Sundari, and Gangajali. 
 
Southern River Group No. 7 
 
The area drained by this group of rivers is surrounded by the Koshi river in the west and north, the 
Kankai river in the east and the Indian border in the south. The major rivers under this group are 
Lohandra river, Sunsari river, Singhiyahi river, Chisang river, Bakra river, Dansa river, Ratuwa river, 
Goriya river, Kisani river, and Budhi river. 
 
Southern River Group No. 8 
 
The drainage area of this group of rivers is surrounded by the Kankai river in the west and north and 
the Indian border in the east and the south. There are few short rivers under this group. The main 
rivers in this group are as follows, out of which the major one is the Mechi river. Others are Biring 
Khola, and Dewan Khola. 
 
5.3 Structural Measures 
 
The rivers of the greater Himalayan region provide both important services as well as life-threatening 
hazards. In order to achieve a sustainable development, the management of resources and risk must 
go hand in hand. An integrated flood management approach within the framework of Integrated 
Water Resources Management (IWRM) should be adopted, with a view to maximize the efficient use 
of flood plains and minimize the loss of livelihood. Regional river basins are the integrated systems 
the management of which requires regional solutions. 
 
While floods cannot be prevented, an integrated cross-sectoral approach to flood management is 
essential to prevent flood-related disasters while retaining the floods' positive effects. Structural 
measures like dikes and embankments play a significant role in flood mitigation and hazard 
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reduction. Land use planning and building codes are important non-structural measures. But the most 
effective way of reducing losses is to provide people with sufficient advance warning to be able to 
take other preparedness and response measures. Timely and accurate flood information based on real-
time hydro-meteorological observations across boundaries is essential to achieve this.  
 
At present, there is no region-water- induced disaster flood information system in place that covers 
entire trans-boundary river basins. Successful examples of the bilateral exchange of flood data and 
information demonstrate the technical feasibility and the high potential for disaster reduction based 
on basin-water- induced disaster cooperation in the region. (Regional Cooperation for Flood Disaster 
Mitigation in the Hindu Kush-Himalayan Region, ICIMOD, October 2006). 
 
5.4 Inter-basin Diversion 
 
The reliability of water supply for different utilizations can be increased by transferring water from 
one river basin to the other where available water is not sufficient to meet the needs. The inter-basin 
transfer of water would definitely result in substantial increase in the economic activities with the 
development of irrigation, hydropower and other economical uses. Flood control as well as the 
augmentation of water during the scarce duration could be well played while incorporating into the 
system by storing water and utilizing it optimally.  
 
The problem of optimizing design of the system which is to supply water for irrigation, hydropower 
generation, domestic supply and sanitation purpose as well as in moderating flood, etc is  to determine 
the best size of reservoir and the best procedure for operating that reservoir. Essential to the optimum 
design of a system is the prior establishment of an objective function so that the best alternative can 
be found. An approach to this type of problem is to consider a range of possible sizes of reservoir, 
and for each size to determine its optimal operating policy and the greatest return to be expected from 
it. With each possible reservoir size, the optimal operating policy will be the one which gives the 
optimal vale of the objective function over a period of operating horizon. 
 
In Nepal the following two inter-basin multipurpose has been identified: 
 

• Sunkoshi – Kamala Diversion Multipurpose Project 
• Bheri – Babai Diversion Multipurpose Project  

 
Sunkoshi – Kamala diversion project was formulated under the Koshi River Basin Water Resources 
Development Master Plan Study prepared by Japan International Cooperation Agency.  The main 
aims of the project are: 
 

• To develop 135,000 ha of net irrigated land in the middle eastern terai region; and 
• To generate 93 MW of hydropower utilizing discharge and head obtained by Sunkoshi – 

Kamala diversion and Kamala reservoir schemes. 
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5.5 Flow Regulation Benefits from Reservoir Projects in Nepal 
 
Flood control benefits can be achieved by a storage project either because it is operated keeping a 
portion of the live storage specifically dedicated to control purposes, or because of the natural routing 
effect of the reservoir on the incoming floods, which naturally reduces the flood peaks downstream 
even without adopting specific reservoir operation. The effect of flood moderation goes on 
decreasing downstream of the reservoir as more and more tributaries join it. The flow regulation 
benefits of reservoir projects are as follows: 
 
1 Increase in minimum flows leading to higher yield for water supply, irrigation, power generation, 

navigation, environmental benefits 
2 Attenuation of flood peaks by routing of the flood utilizing the flood storage space behind the 

reservoir 
3 Reservoir regulation also allows the power plant to meet the peak demand of the power system, 

which have more value 
 
As the flow regulation depends on the live storage available in the reservoir, it also leads to more land 
inundated and population displaced. Storage capacities of some of the planned reservoirs in Nepal are 
as follows. 
 
Table 5.1: Storage Capacities of Planned Reservoirs in Nepal 
 
Name  Dam Ht 

(m) 
Gross Storage 

(mcm) 
Live Storage 

(mcm) 
Submergence 

(km2) 
Koshi 269 13,450 9,340 195 

Kali Gan. 1 260 6,900 5,200 76 

Karnali 270 28,200 16,200 341 

Pancheswar 315 12,260 6,560 134 

Kankai 85 1,130 730 44 

Bagmati 117 3,000 2,100 11 

West Rapti 93 1,390 970 28 

West Seti 230 2,500 750 40 

 
 Reservoir simulation studies of many of these projects are to be performed. A flood moderation 
aspect of one of the important reservoir projects, Karnali Chisapani Multipurpose Project, is 
presented. 
 
The feasibility study of the project has indicated that it is more economic to locate flood storage 
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volume above  full supply level (FSL) rather than to have storage below FSL. Therefore, the dam 
crest level and spillway configuration are designed such that probable maximum flood (PMF) can be 
handled assuming the reservoir water level, at the start of the event, is equal to FSL. Flood storage at 
Chisapani is provided in the form of surcharge storage above FSL. 
 
Chisapani project has been designed with ungated spillway with a crest width of 60 m and with flood 
surcharge of 28 m above FSL to route and reduce incoming flood peaks. Flood routing through the 
reservoir with FSL at 415 m will reduce large flood peaks, from 5000 to 10,000 year period. The 
regulated peak flood outflow from Chisapani would be only 20 to 25 percent of the natural flood peak 
without the reservoir. 
 
In physical term, it is estimated that the flood control benefit to Nepal would be about US$ 4 million. 
The corresponding benefit to India is estimated to be US $ 15 million. Therefore, it is evident that 
India, the downstream riparian country of the river, would benefit more from the reservoir than 
Nepal. The flood benefit to Bangladesh is not assessed. 
 
The salient features of Karnali Chisapani project studied at the feasibility study level in 1990 are as 
follows: 
 

1 Installed Capacity- 10,800 MW and Annual Energy -20,800 GWh 
2 Reservoir Volume at FSL (415m) – 28.2 bcm 
3 Reservoir Volume at MOL (355m) – 12.0 bcm 
4 Live Storage – 16.2 bcm 
5 Equivalent to 37% of average annual runoff 
6 Pop Displaced- 60,000  in 1990 
7 Area inundated – 339 km2 
 
Irrigation in Nepal 
8 Gross Command Area  239.700 ha 
9 Net Command Area   191 000 ha 
 
Irrigation in India 
10 Increase in dry season flow 300% 
11 Total Gross Command Area 3,200,000 ha 
 
12 Power Installed Capacity  10,800 MW 
13 Flood Control 

v 1:100 year 20,600 m3/s 
v 1:1000 year 32.900 m3/s 
v PMF   63,000 m3/s 
v Flood discharge reduced to about 13,000 m3 /s (1:5 yr natural flood)  
v Except of PMF 63,000 m3/s which is reduced to about 19,218 m3/s 
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5.6. River Basins with Flood Hazard Maps 
 
Climate change and global warming have added the risk of flood hazards as there is the high 
probability of added snow melt contribution to river valleys. Glaciers Lake Outburst Floods (GLOFs) 
could be expected more in the consequence of global warming. In other hand, extreme events such as 
long dry spell or the rainfall exceeding 100 mm per day within the monsoon period are in increasing 
trend. More flash floods could be expected. ICIMOD studies Glacier Lake in Hindukush region in 
regional level. But periodic monitoring, development of warning systems, and preparation of flood 
hazard maps in the event of GLOF is very essential. In such a situation flood hazard maps could be 
the soft measure for community awareness against flood hazards. Flood hazard maps indicate the 
probable areas of flood disaster. Organizations involved in preparing flood hazard maps in Nepal are: 

• Department of Water Induced Prevention (DWIDP) 
• Department of Hydrology and Meteorology (DHM) 
• Water and Energy Commission Secretariat (WECS) 
• International Centre for Integrated Mountain Development (ICIMOD) 

 
Among these organizations DWIDP publishes river basin flood hazard maps annually on priority 
basis. The flood hazard maps prepared by DWIDP are in regional scale (1:25000), which would be 
rather useful for regional planning purpose only. However, it is expected that DWIDP, further scale 
down these maps for community use. More budget would be allocated to DWIDP for the purpose. 
List of water- induced hazard maps prepared by DWIDP in different Nepalese fiscal years are as 
follows: 
1. Hazard Map of Rupandehi District (F.Y. 2059/60) 
2. Hazard Map of Bagmati River Basin (F.Y.2061/62) 
3. Hazard Map of Kamala River Basin (F.Y. 2061/62) 
4. Hazard Map of Rapti River Basin (F.Y. 2062/63) 
5. Hazard Map of Rangun River Basin (F.Y. 2062/63) 
6. Hazard Map of Tinau River Basin  (F.Y. 2063/64) 
7.  Hazard Map of Kankai River Basin (F.Y. 2063/64) 
 
(Refer to Annex I: Fig. A1 –A7) 
 
Further, it is felt that hazard maps covering the major basin such as Koshi, Narayani and Karnali-
Mahakali are required to be prepared so as to disseminate the people and consequently create 
awareness the disaster that may be countered. 
 
5.7 Glacier Lake Outburst Flood  
 
The Himalayan range is the nature’s renewable reservoir of fresh water from which hundreds of 
millions of people downstream in this South Asian region benefit in the time of most needed like4 in 
dry hot season before monsoon. Glaciers in the Himalaya had so far played a key role in augmenting 
the fresh water. The study from the ICIMOD had indicated that there are around 3,252 numbers of 
glaciers in Nepal covering area of 5,324 sq. km. (Table I). The global warming, which is expected to 
increase between 1.4 to 5.8oC over the next hundred years according to the Intergovernmental Panel 
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on Climate Change (IPCC) 2001, the consequences of this warming has resulted in the change in the 
features of glaciers to glacial lakes. Further, the researchers had found 20 lakes that are potentially 
dangerous inclusive of 17 numbers, which had not experienced the Glacier Lake Outburst Flood 
(popularly as GLOF).  
 

Glacial lake outburst events in the 
Himalayan region affecting Nepal

 
 
 
Generally the glacier lakes in Nepalese Himalaya are formed on the glacier terminus dammed by a 
moraine. As the moraine dam is not consolidated enough, a slight disturbance could break the dam 
resulting an abrupt release of water and generating the flood downstream. Serious damage would be 
caused to the infrastructures, the inhabitants and also eco-system along the flood path downstream. 
This phenomenon known as GLOF had appeared in Nepal and could be expected for the repetitions 
of such phenomenon in future too. 
 
Some Examples of GLOF in Nepal 
 
A flood disaster caused by the GLOF in Nepal appeared explicitly three decades ago at the time when 
the development of Water Resources had been gradually expanding up to the deep Himalayan 
regions. The destructive impact of GLOF was first recognized by the concerned government officials, 
when the Dig Tsho Glacier was outburst in August 4, 1985. A newly completed Small Hydel Project 
costing aroung US $ 1.5 Milllion, 14 bridges, cultivated land, trails along with many lives were swept 
away. It is estimated that around 6-10 mil. M3 of water drained from Dig Tsho. (Fig B1) 
 
Based on the available maps, aerial photographs, satellite images, it was observed that Tsho Rolpa 
Lake developed from 0.23 km2  in 1959 to 1.55 km2 in 1999.   The outburst of 71 million m3 lakes 
would have invited catastrophic event downstream. Then the mitigation measure was executed with 
the technical and financial assistance of Netherland Government. (Annex II: Fig.B1-B4) 
 
The Imja Glacier Lake also has a history of rapid growth. The lake did not exist in the early 1960’s as 
the available Corona Image of 1962 show only some supraglacial ponds. The area in 2001 was larger 

Figure 5.1 : Rise in temperature vs years 
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than the area measured previously in 1991 by 0.23 km2. The volume of water stored in the lake is 
estimated around 36 million M3. (Annex II:Fig. B5-B6) 
 
The study on the Galciers was initiated in Water & Energy Commission Secretariat (WECS) after the 
Dig Thso event. Presently, ICIMOD is carrying study on the glacial lakes in Nepal and Bhutan. 
According to a report in Report, the country has encountered GLOF disasters at least 13 times since 
1960s as shown table below. In addition, DHM has installed monitoring GLOF warning systems in 
Tama Koshi in collaboration with World Wild Life Fund (WWF). As DWIDP is mandated to work 
for the mitigation works, the department would work in this field in future too.  
 
Table 5.1: List of GLOF in past in Nepal 

 
SN Year River Basin Name of Lake Cause of GLOF Remarks and Damage 
1 450 yrs. 

ago 
Seti Khola Machhapuchre Ice-cored moraine 

collapsed 
Pokhara covered by 50-60 m thick 
debris  

2 Aug. 
1935 

Sun Koshi 
(Targyaling gully) 

Taraco Moraine collapse due to 
seepage 

 

3 Sep. 
1964 

Arun Gelhaipo Moraine collapse due to 
glacier sliding into lake 

Dam breach 40 m deep and 23 
mil. m3 water drained out. 

4 1964 Sun Koshi 
 

Zhangzanbo Moraine collapse due to 
seepage 

 

5 1964 Trisuli Longda   
6 1968 Arun  

(Zonboxan river) 
Ayaco Lake bursting three 

times in 1968/69/70  
Road, concrete bridge etc. 

7 1969 Arun Ayaco   
8 1970 Arun Ayaco   
9 Sep. 

1977 
Dudh Koshi Nare Ice-cored moraine 

collapsed 
Minihydro plant, road, bridges, 
farm land 

10 1980 Tamur Punchan Ice-cored moraine 
collapsed 

One village destroyed; Villagers 
migrated after GLOF 

11 July 
1981 

Sun Koshi Zhangzanbo Moraine collapse due to 
glacier falling into the 
lake 

Dam breach 50 m deep and 40-60 
m in width; max discharge being 
16000 cumec; Arniko highway, 
friendship bridge, Sun Koshi 
hydropower, farmland etc.  

12 Aug. 
1982 

Arun Jinco Moraine collapse due to 
glacier falling into the 
lake 

1600 heads of livestock, 187000 
m2 of farm land, houses of 8 
villages 

13 Aug. 
1985 

Dudh Koshi Dig Tsho Moraine collapse due to 
glacier ice avalanche 

Namche Hydropower, 14 bridges, 
trails, cultivated land etc. 

14 July 
1991 

Tama Koshi 
Chubung 

Jinco Moraine dam collapse 
of Ripimo Shar glacier 

Houses, farm land etc 

15 May 
1995 

Kali Gandaki  Tsarang Chu upstream 
of Mustang 

Information of a trekker 

16 Sept 
1998 

Dudh Koshi Tam Pokhari Ice avalanche Human lives and property worth 
more than NRs. 156 mil. 

(Source: WECS) 
GLOF has been regarded as one of the most severe natural disasters raised in Nepal. Thus careful 
attention should be paid to control/manage its hazardous result in the development of water resources 
in the vicinity of glaciated areas in the Himalaya including trans-boundary area. 
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5.7. Funding Requirements 
 
Funding estimated in the National Water Plan 2005 mainly consists of Database development, 
Decision Support System (DSS), development of river basin plan and institutional setup. It does not 
include the hard (structural) measures of the flood protection measures.  
 
Table 5.2: Funding Requirements for Non-structural Measures of Flood Protection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Note: Plan periods of National Water Plan 2005 has been adjusted to Short Term (2003-2007), Medium Term (2008-2017) and Long 
Term (2018-2027) 
 
Table No. 5.3: Cost Estimate for Implementation of DSS at WECS 
 
S.N Description Qnty. Rate  

(Rs) 
Amount  

(Rs) 
1 Hardware     
 Computers 5 100,000 500,000 
 Digitizer 1 500,000 500,000 
 Plotter 1 500,000 500,000 
 Printers 2 100,000 200,000 
 Sub-total   1,700,000 
2 Software      
 GIS ls  2,000,000 
 Water Resources Simulation e.g. MIKE BASIN, WEAP  ls  800,000 
 Optimization Package (GAMS) ls  800,000 
 Others (Database software etc) ls  800,000 
 Sub-total   4,400,000 
3 Digital Maps from Dept of Survey 692 5,000 3,460,000 
4 Water and Land Data Collection ls  1,000,000 
5 Training Expenses ls  2,000,000 

 Action Plan  
ST 

 (2003-2007) 
MT 

 (2008-2017) 
LT 

 (2018-2027) Total 

1 Mainstreaming IWRM and River Basin 
Concept   na na na                        -   

2 Implementation of DSS 
                               -   

FC (NRs) 
                        

36,630,000  
                                       

-   
                                      

-    
                        

36,630,000    2.1  Hydrological -Meteorological Network 
Expansion in Central and Eastern Region 

LC (NRs) 
                 

64,460,000  
                                       

-   
                                      

-    
                        

64,460,000  

FC (NRs) 
                          

7,920,000  
                           

2,640,000  
                                      

-    
          

10,560,000    2.2  Implementation of DSS 

LC (NRs) 
                        

71,348,000  
                          

51,320,000  
                     

23,380,000  
         

146,048,000  

FC (NRs) 
     

-   
                                       

-   
                                      

-                           -   3 Development of River Basin Plans  

LC (NRs) 51,260,000 76,890,000 - 205,040,000 

4 Institutional Setup for River Basin Planning  
  na na na - 

 FC (NRs) 
                        

44,550,000  
                           

2,640,000  
                                      

-    
          

47,190,000  

 LC (NRs) 
                      

187,068,000  205,100,000  
                         

23,380,000  
         

415,548,000  

 

 TOTAL 

Total 
(NRs) 

                      
231,618,000  

                        
207,740,000  

                         
23,380,000  

         
462,738,000  
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6 Outsourcing Work (digitizing etc) ls  2,000,000 
7 Hiring of Consultants     
 Water Resources/River Basin Planner 12 150,000 1,800,000 
 Water Resources Modeler 12 150,000 1,800,000 
 Other Sectoral Experts 24 150,000 3,600,000 
 Computer Programmers 24 150,000 3,600,000 
 Technical Support Staff 60 50,000 3,600,000 
 Sub-total   14,400,000 
8 Miscellaneous Expenses ls  1,000,000 
9 Contingencies 10%  2,996,000  
 Total   32,956,000  
 Annual Maintenance (5% of total)   1,498,000 

Source: River Basin Plan, WECS 
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Chapter 6 

 
Regional Cooperation 

 
6.1 Background 
 
The geographical setting of Nepal is such that all the rivers of Nepal drain into the Ganges 
system. Four countries viz. China, Nepal, India and Bangladesh share the waters for Ganges 
Basin. China, Nepal and India are upper riparian countries, whereas India is also the  middle 
riparian and Bangladesh is the lower riparian country. Eventually, the Ganges Basin 
countries have to cooperate bilaterally and regionally to sustainably and optimally harness 
all the waters of this mighty river, Ganges. 

 
The rivers flowing from Nepal comprise 40% of the mean annual flow and 70% of the dry 
season flow of the Ganges. The annual flow volume of the Ganges is estimated at 400,000 
million cubic meters and its catchment area is 1,076,000 sq. km. This river basin, now home 
to nearly 600 million people is one of the poorest regions of the world. Population growth 
in the Ganges Basin will increase demands of every kind of uses on the river in the coming 
years. Trans-boundary problems of pollution, water sharing, flooding and river channel 
changes afflict all three countries viz. Nepal, India and Bangladesh.  
 
Table 6.1 : The average runoff from Nepalese rivers contributing in the Ganges basin  
                   

S. 
No. River 

Drainage Area 
(km2) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Annu
al % of 

    Total 
within 
Nepal                           Total 

1 Mahakali 15,260 5,410 240.9 210.7 209.0 240.3 342.2 718.1 1,573.3 1,903.8 1,450.8 740.2 409.5 290.4 698.0 9.8
2 Karnali 44,000 41,890 380.8 346.4 365.5 462.5 746.8 1,495.7 3,383.0 4,466.9 3,122.9 1,308.9 646.2 459.4 1,441.0 20.2
3 Babai 3,400 3,400 23.5 19.3 16.1 13.2 20.5 70.9 286.3 306.9 292.1 113.6 42.3 27.8 103.4 1.5
4 W. Rapti 6,500 6,500 64.7 54.1 46.8 42.5 62.6 165.2 542.9 686.4 586.9 233.0 108.3 73.4 223.6 3.1
5 Narayani 34,960 28,090 407.5 336.5 314.1 386.2 639.0 1,768.8 4,648.1 5,531.9 3,807.0 1,678.5 840.9 536.1 1,753.2 24.6
6 Bagmati 3,700 3,700 42.9 37.4 35.1 30.1 55.5 137.8 521.3 539.7 467.8 156.5 59.0 38.4 178.0 2.5
7 Kamala 2,100 2,100 24.2 21.0 19.7 16.9 31.1 77.5 292.2 303.3 262.9 88.4 33.5 21.8 100.0 1.4
8 Koshi 60,400 31,940 445.5 390.8 388.0 458.6 755.6 1,781.2 4,169.4 4,769.2 3,641.5 1,568.6 843.8 567.9 1,658.3 23.3
9 Kankai 1,330 1,330 14.7 11.5 10.6 12.9 24.6 73.0 201.7 201.8 141.7 63.6 30.1 19.8 67.7 0.9

10
Others up 

to border 22,821 22,821 227.8 192.0 172.1 155.0 260.3 702.7 2,471.6 2,731.1 2,347.0 877.8 366.2 243.0 901.4 12.7

 
Total (at 
border) 194,471 147,181 1,873 1,620 1,577 1,818 2,938 6,991 18,090 21,441 16,121 6,829 3,380 2,278 7,124.5 100

     Total in bil. m3 5.0 3.9 4.2 4.7 7.9 18.1 48.5 57.4 41.8 18.3 8.8 6.1 224.7  
  % of Total 2.2 1.7 1.9 2.1 3.5 8.1 21.6 25.6 18.6 8.1 3.9 2.7 100.0  
Note: The data used in the above table is mainly from DHM (1998), which covered flow data up to 1995 only. 
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The immense quantity of water available in Nepal and the head available in its steep rivers 
are conducive to the generation of clean hydropower energy.  There are many potential 
reservoir sites in the hills and mountain regions of Nepal to store the monsoon water. Nepal, 
being a relatively small and less inhabited country will not need all the stored water and the 
associated hydropower energy for its own use during the foreseeable future. On the other 
hand, lots of fertile low lands and forest resources will be lost to Nepal to store the 
monsoon water and many people will be affected. But hydropower energy and downstream 
benefits relating to the reservoir regulated flow in terms of irrigation, flood benefits and 
even for navigational use are of immense value for the basin people and therefore cannot be 
ignored for long. Despite of the obvious potential benefits, little progress will be achieved 
until the countries involved develop a better framework for cooperation.  
 
6.2 Nepal-India Cooperation 
 
So far, bilateral form of agreement in water resources has been the norm. Nepal has entered 
into five bilateral treaties/agreements with India, they are  

• Exchange of letters of 1920 relating to Sharada Barrage 
• Kosi agreement of 1954 and subsequent revised agreement of 1966;  
• Gandak agreement of 1959 and subsequently reviewed by an exchange of note in 

1964;  
• The Mahakali Treaty of 1996;  
• Joint commission agreement of 1987.  

 
Further, there are following Bi- lateral Committees to review the problems encountered due 
to the rivers in Nepal and India: 

• Joint Committee on Water Resources; 
• Standing Committee on Inundation Problem; 
• High Level Technical Committee; 
• Sub-Committee on Embankment Construction;  
• Joint Committee for Comprehensive Strategy for Flood Management and Control;  
• Joint Committee on Koshi and Gandak. 
• Standing Committee on Flood Forecasting  

 
Some constructive approach has been initiated to overcome the problems of erosion and 
inundation in Nepalese side such as in Bagmati, Lal Bakeya and Kamala river with 
cooperation from the Government of India whereas the detail design works  in case of 
Khando river has also been started.  Despite the fact that numerous areas within Nepalese 
territory such as some of the border areas within Siraha, Mahottari, Dhanusha, Rupandehi, 
Kapuilvastu, Danga and Banke districts are still not free form inundation.  
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6.3 Nepal-Bangladesh Coope ration 
 
Joint Committee between Nepal and Bangladesh is looking after Water Resources 
Cooperation and Flood Mitigation. Understanding has been reached between two countries 
in exchanging the data on Flood and Meteorology. Basically, the possible real time data in 
Nepalese rivers are provided to Bangladesh. Similarly, Bangladesh provides data on Flood 
of Brahmaputra to Nepal and the meteorological data available from Radar Station in 
Rajshahi.  
 
The experiences in the implementation of these bilateral agreements indicate the need for a 
more confident approach and better understanding in benefit sharing. It will be pertinent to 
note that during the 12th  'SAARC Summit' in Islamabad in Pakistan (January 2004) 
agreement on 'SAFTA' (South Asian Free Trade Agreement) has been achieved and this 
augurs well for the regional cooperation in relation to the power trade and water resources 
benefit sharing mechanisms in coming future. 
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Chapter 7 

 

Challenges, Recommendations and Conclusion 
 
7.1 Building Large Scale Awareness and Local Capacity Building 

One of the most effective ways of tackling the problem faced in this basin is spreading awareness and 
empowering the people in this region, which could enable them to take decisions on their own. Based on 
these decisions, actions beneficial to the people in this basin could be initiated. Further the experience 
tells us that solutions emerge whenever people are aware and involved in solving their problems, 
whenever there is a sense of participation, whenever the people and their governments work together.  
 
Of course, the region is not a stranger to water induced disaster education. Centuries f careful tending of 
the, can land on which communities have depended, is just an example of the region’s co-existence wit h 
nature. Each generation has passed on its profound understanding of how to manage the natural resources 
those who to follow. 
 
Education and Awareness 
The major challenge facing this region is that of rapid population growth. Education and awareness, better 
health facilities, accessibility to the birth control methods and promoting a woman’s right to exercise her 
decision are the solutions to this. 

 
Conservation of Bio-diversity 
Conservation is a task of magnitude that no government or group, however influential or knowledgeable, 
can take successfully without the cooperation of the people.  
 
Conservation of rich bio-diversity and using it sustainability for the economic benefit of the region is 
another major challenge. Local need to be educated about the natural wealth they possess so as to foster 
the economy in this basin. 

 
Development (Infrastructure building) 
Large infrastructures such as industries, urban development, road network, irrigation infrastructures as 
well as structural measures built in the rivers for the training purpose might have greater impact in the 
flood management in the country. Awareness generation as well as technically and environmentally 
feasible infrastructures in the country is vital important and due preference should be provided in such 
matter. 
 
Agriculture Practice 
 Farmers need to be educated about better and more sustainable agricultural practices. Promotion of 
aquaculture, agro-forestry combined with the preservation of the wetlands would probably result better 
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agriculture practice not only in fostering the agriculture products but also in better management of the 
basin. Further, the development of rain-water harvesting in the Bhabar Zone as well as in mid hills and 
hills would reduce in desertification and other disaster due to water. 

 
Women as a focal point 

 
Women play a critical role in determining some factors that affect sustainable development. For example 
women can play a crucial role in educating children as well as household sanitation and health. More than 
any hydrologist or urban planner, it is the women in the developing world –drawers, carriers, and 
household managers of water – who understand what water scarcity or vulnerability and its implication or 
disaster that could be invited to the community. 

 
This is also a fact that access to informal environment education for women in this country or region is 
low. What are needed are, therefore, the better opportunities for women to translate their knowledge and 
initiatives into concrete action and control over the disaster that could occur due to water. 

 
Regional Cooperation 
  
South Asian countries continue to face problems of regional cooperation. It is surprising that the nations 
which had a common border as well as culture cannot solve their problems through mutual consultations. 
The region is plagued by problems not only such as dispute on territory and migration but also in the 
utilization of water. Mutual suspicion between the governments of the region seems to be the rule rather 
than the exception. At present there is mechanism to arbitrate the dispute. 
Adjudicating mechanisms such as tribunals are the need of the hour. The countries of the region have to 
combat the disaster and the other problems that they are faced with. Unless a framework for cooperation 
is formulated and the countries give assurances to abide by it, no worthwhile cooperation would be 
possible.  

 
Interactive Approach 
 
Most countries in this region suffer from the lack of interaction between the government and the society. 
The civic structures, such as the municipal bodies and the undertakings, carry out their tasks according to 
the guidelines that have been issued to them. Suggestions, incorporations or improvements are regarded 
with suspicion, and being violative of their charter of duties. Even among the various public service 
utilities, clear demarcation of activities remains a grey area. More often than not, the tendency is to wash 
one’s hands off with the excuse that it is the other’s job. It is very important for the services to be in close 
synergy with communities. On other part, the communities should constantly interact for the constructive 
approach to improvement of the water management. 
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7.2 Promoting Regional Cooperation  

The Ganges- Bramhaputra basin is this South East area is not only endowed by the abundant water 
resources, it is also a house of skilled manpower as well as the large resources of economic and 
technological resources. Such a diverse resource can be pulled together for a broader regional 
cooperation in the Asia, which will in turn engender disaster free and security in the region. 
 
Regional Cooperation on Environment 
 
Several major initiatives have been taken to address environmental issues through regional 
cooperation. The first of these was taken in the third summit of the SAARC in 1987 at Kathmandu, 
Nepal. The summit decided to commission a study on “Causes and Consequences of Natural 
Disasters and the Protection and Preservation of the Environment”. The second such initiative was by 
the fourth SAARC summit, held at Islamabad in 1988. Such initiatives should be continued in view 
of the assertion in water induced disaster. 

Setting Regional Standard and Monitoring 
 
Basin management in developing is generally poorer than those maintained in the developed world. 
The absence of adequate technology combined with the right institution for addressing it is the major 
constrain. The region not only suffers disaster due to the scarcity of water during the dry season but 
also disaster to excessive or drainage congestion during the wet season. Integrated Water Resources 
Management would a right tool in managing the water in sub-basins so as to develop a strategy on 
Standard distribution of water and monitoring it in the basin as a whole.  
 
Regional Water Quality Management 
 
The countries, which share a single source of water, should coordinate activities environmental 
pollution control as well as the development of water resources. Focus also should be in developing 
the water quality monitoring strategy. Regional data collection and sharing is an important part of the 
national management of the resource. The countries in the region must have a basic water resource 
data that can be used for satisfactory agreements on allocation and for responses during shortages or 
floods. 
 
Development of large river basins requires consensus building and arriving at agreements through 
negotiations for sharing the resources within a country or among the countries of the region. This is 
also a fact that Nepalese rivers contribute around 70% of dry season discharge and overall 40% in the 
Ganges basin. The Joint River Commission established between or among the transboundary 
countries would be responsible in resolving all issues related to the sharing to waters of the common 
or transboudary Rivers. That is, a multilateral cooperation is needed for the development of this type 
of large basin. 
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Common Policy on Flood Disaster 
 
Trans-boundary sharing of water is emerging as a critical issue, which the countries in the region 
have not been able to address fully.  If the sharing of water between the trans-boundary countries 
could be materialized, the disaster due to water also would be managed to certain extent. The 
possibility of mitigation or prevention of disaster due to water could be more ascertained if the trans-
boundary countries will have the common policy on the flood disaster management. This could be 
further strengthened if the countries in this region could move from the bi- lateral approach to 
multilateral approach that is, making the common policy on flood disaster.  
 
7.3 Strengthening Technological Capacity 

 

The region is facing one of the fastest growths in population as well as loss of lives due to water 
induced disaster. In the near future, increasing pressure on the society to carve out sustainable 
paths of development is expected to lead public as well as private sector led research and 
development institutions to develop technology solutions that would aid better management of 
water in the basin. Today the concerned institutions as well as the persons are already on the move 
to facilitate the transfer of appropriate technology from the source in reducing the disaster in the 
basin. 

Barriers to Technology Transfer 
 

  The parameters that act as barriers to successful technology transfer are 
• Lack of information on benefits 
• Lack of proper communication on bi- lateral as well as multi- lateral basis 
• Lack of funds to facilitate technology transfer mandates and financing of these 

information systems 
• Lack of proper skills  in basin management and intellectual property rights 

Strategy to Overcome the Bottleneck 
 

Technological cooperation is likely to be most successful when it takes place within a commercial 
setting. In such a case, both provider and receiver have clear, self- interested motives to make the 
deal successful. Further, establishment of country based information access points is important. 
These access points have to be coordinated and networked with other facilities for technology 
transfer such as centers for training, demonstration and transfer of technology. 
 
Another possibility in the field of Technological cooperation is Universities in Water Resources 
or Disaster Management faculty would be a good medium. Further, International Centers or 
Agencies such as ICIMOD, Global Water Partnership etc would be the right choice in 
maintaining the data and accessing the available data. That is, such agencies would manage as a 
Meta Data center. 
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There is a greater need of coordination from grass root, that is, micro-basin level to a macro level. 
The problem faced in this area arises mainly due to deficient mission approach. The cooperation 
between the member countries in basin could potentially reduce the bottleneck while introducing 
joint research and networking among the research institutions for disaster management in each 
stage of a basin. The information exchange program and training for capacity building with 
international organizations would further enhance to overcome the bottleneck. 
 

7.4 Securing Economic Base 

This region is suffering the cash crunch and running on deficit. The poor financial health is as 
much a cause of as an effect of fast and unstable depletion of the natural resources base as well as 
lack of proper management of the available natural resources within the basin. Majority of the 
people in general seem to indicate a need for greater cooperation among the nations in the basin 
in order to thwart the impending financial crisis. 
 
The countries in the basin excepting Bhutan are yawning the energy gap. Nepal and Bhutan are 
not harnessing the full potential of their energy sector-partly because of demand side bottlenecks 
and largely because of a lack of strong economic base combined with the technological capacity. 
If a common grid is established, it would link the countries in the basin so as to exploit the 
reasonably economic energy. This would further contribute in power generation infrastructures 
buildings resulting more income generation in one hand and reducing the disaster in other.  

 

7.5 Conclusion 
 
The geographical setting of Nepal is such that all the rivers drain into Ganges system. Four countries 
specially, China, Nepal, India and Bangladesh share the water of Ganges basin. China is the most 
upper riparian followed by Nepal, India and Bangaldesh. Eventually these countries need to share or 
cooperate bilaterally or regionally to sustain and optimally harness the resources. The rivers flowing 
from Nepal comprise 40% of average annual flow and 70% of the dry season flow of the Ganges 
basin. The annual flow volume of the Ganges is estimated at 400,000 million cubic metres. The river 
basin, Ganges-Brahmaputra, now home to nearly 600 million people, is one of the poorest regions in 
the world Trans-boundary problems of water pollution, flooding, water sharing problem, and river 
channel changes afflict all three countries, Nepal, India and Bangladesh 
The first and foremost requirement to address these factors is definitely the River basin palnning and 
institutional strengthening in this respect. The cost estimate presented in general reflects for the non-
structural measures for reducing the flood disaster through river basin management. If the river basin 
management is considered in whole Ganges-Brahmaputra Basin, the required priorities to be 
addressed for a country are: 
 

• The limited agriculture land resources of the country will be protected against the erosion by 
the floods; 

• The loss of lives and damage to the properties due to floods and landslides will be reduced in 
order to minimize the people’s sufferings and social disruption and to provide security for 
appropriate economical activities in the damage prone areas; 
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• The fragile environment of the country will be preserved through the conservation of natural 
watershed and riverine resources for sustainable water resources development; 

• Poverty alleviation will be supported by creating a suitable environment through structural 
intervention and regulatory measures for increased economic activities in the country; 

• Regional cooperation should be sought for; 
• There is a need to resolve common flood and inundation problems among the riparian 

countries; 
• Compared to other benefits of reservoir projects, such as irrigation and hydropower, 

assessment of flood benefit has got little attention. The fact, that the moderation effect of the 
reservoir s, in most of the cases, is likely to fetch more benefit to India than to Nepal and that 
an accurate assessment of such benefit or loss should be addressed properly with country 
specific setting.  
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