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Editorial
Gender Equality and Social Inclusion (GESI) and Disaster
Risk Reduction (DRR)
All women, men, girls and boys do not face the same needs
and vulnerabilities in the face of natural disasters. There are
differences within each group and between individuals
regarding specific protection concerns and capacities – for
example, people with mental or physical disabilities, minorities
and indigenous populations, the elderly, chronically ill, child
headed household, female-headed households, widows, etc.
Women are typically more vulnerable than men to the effects
of natural disasters and climate change, not only because of
biological and physiological differences, but also because of
socioeconomic differences and inequitable power relations.
As a result, in most cases, mortality rates in disasters are higher
– sometimes much higher – for women than for men. Women
seem to have higher mortality rates in countries where their
enjoyment of economic and social rights is low. For instance,
overall figures for flooding indicate that four women die for
every male death, but that the gender differential is much less
in countries where women enjoy more rights. Similarly, some
studies looking at both women and children have found that
they are 14 times more likely than men to die in natural
disasters. In Bangladesh’s Cyclone in 1991 in which women
accounted for 90 percent of the 140,000 fatalities. Existing
social, economical, ethnical, cultural, physiological factors
highly influence the ways of impact from disaster. Furthermore,
these factors also impact on their coping strategies and their
participation in prevention, relief, recovery and reconstruction
processes. In this regard UNDP has set eight point agenda
for practical, positive outcomes for girls and women in crisis.
They are: I Strengthen women’s security in crisis: Stop violence
against women. II Advance gender justice: Provide justice and
security for women. III Expand women’s citizenship,
participation and leadership: advance women as decision-
makers. IV Build peace with and for women: Involve women
in all peace processes. V Promote gender equality in disaster
risk reduction: Support women and men to build back better.
VI Ensure gender-responsive recovery: Promote women as
leaders of recovery. VII. Transform government to deliver for
women: Include women’s issues on the national agenda. VIII.
Develop capacities for social change: Work together to
transform society.
Mainly there are policy level challenges to address GESI issues
in DRR. For example there is poor understanding of GESI in
DRR linkages at the policy as well as practitioner level. Similarly,
GESI is being taken as an ‘add on’ cross cutting aspect, rather
than an integral component, there is a lack of genuine political
accountability and financial resources, GESI events have not
been adequately linked with inter-governmental DRR processes.
Furthermore, there is lack of institutional and individual capacity
and tools to mainstream GESI and DRR
To address these challenges, governments, UN agencies,
regional organizations NGOS, CBOs, and other stakeholders
have to increase genuine political accountability and financial
resources for global advocacy and action on mainstreaming
gender in DRR; improve conceptual and practical understanding
of the linkages between gender and DRR, particularly at the
national level; and build institutional and individual capacity
and tools for mainstreaming gender into DRR.
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Mr. Madhav Prasad Regmi, has been
appointed as the Secretary of Ministry of
Irrigation from April 16, 2014.

Mr. Rama Nanda Prasad Yadav has been
appointed as the 12th Director General of
DWIDP from June 30, 2014.

Mr. Niranjan Dev Pandey has been
appointed as the Deputy Director General
of DWIDP from February 21, 2014.

Mr. Bidya Sagar Mallik has been appointed
as the Deputy Director General of DWIDP
from July 9, 2071.

New Appoitment

Retirement

Director General Mr. Kamal Prasad Regmi
has been retired due to age factor on June
20, 2014. The DWIDP honors his
contributions to the department and wish
him for his bright future and prosperous
life.

Deputy Director General Narendra
bahadur Lama has been retired due to age
factor on June 24, 2014. The department
honors his contributions to the department
and wishes him for his bright future and
prosperous life.

Deputy Director General Mr. Gauri Shanker
Bassi has been retired due to age factor
on June 15, 2014. The DWIDP honors his
contributions to the department and wish
him for his bright future and prosperous
life.

Engineer Mr. Yam Prasad Neupane has
been retired due to age factor on June 21,
2014. The DWIDP honors his contributions
to the department and wish him for his
bright future and prosperous life.
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Public Awareness Roving Seminars

Having with following expected outcomes DWIDP conducted Public Awareness Roving Seminar in Myagdi district in March 09-

10, 2014 and Lamjung district in June 09-10, 2014.

Expected outcomes

● Rapport build-up among service providers and receivers of water induced disaster management,

● Make familiar with the available services in the district on disaster mitigation activities,

● Enhanced Technical, behavioral and social knowledge on water induced disaster risk reduction

● Establishment of mutual goal and mutual efforts will be established among the line agencies and communities.

Each Seminar had 64 participants from the member of District Natural Disaster Relief Committee, Red Cross Society, school teacher,

social worker, civil society, social mobilizer, VDC secretaries, local NGOs/CBOs and local media persnnels. The general objective

of the program is to mitigate the disaster through non structural mitigation measure. The specific objectives of the seminar were;

● To bring together all the related organizations working in disaster fields to manage and mitigate water induced disasters.

● To increase awareness level among local people, district level line agencies towards causes and risks of water induced disaster.

● To bring common solutions in raised-issues

● To work in coordinated and collaborative way to reduce water induced disaster

● To provide technical knowledge on water induced disaster to the stakeholders, community leaders, social workers and teachers.

● To make familiar with the existing status and opportunities in the field of disaster management, mitigation and reduction that 

provided by the different agencies in the district.

● To review the needs and demands of the community on water induced disaster mitigation.

● To rank the problems on the priority basis.

24th General Course Training

DWIDP has conducted the General Course Training (GCT) on water induced disaster mitigation for sub-engineers of the department

and line agencies from Chaitra 03, 2070 to Baishakh 14, 2071. The total working days of the training course was 31 days having

with15 participants of DWIDP and line agencies. So far, 24 events of General Course Training have been conducted including

it. The general objective of the training is to enhance knowledge and skill of the technical personnel working in the field of water

induced disaster. The specific objectives of the program are as follows:

● to provide technical and theoretical knowledge about material testing, geology, hydrology, landslide, SABO works, river 

training works, watershed management, GIS, remote sensing and bio-engineering works with reference to water induced disaster

● to familiarize with disaster management in Nepal, process and procedures of procurement of works and services, environmental

impact assessment and report writing techniques regarding to water induced disaster management and mitigation

● to make field study of the different project site(s) of DWIDP, for case study to produce report on  WID mitigation measures.
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Nepal is covered with more than 80% of mountainous area and

facing the Water Induced Disasters like Landslide, slope failure,

debris flow, flood and inundation due to heavy rainfall each year.

From those disasters the country is facing the loss of life and

property, agricultural land and National infrastructures which

affecting the national economy. At least, if the country is able to

install early warning systems in those hazardous areas, the people

may feel a minimum relief from those disasters. Concentrating on

those theme, an International Seminar "2nd Regional Meeting

under the Asian Program for Regional Capacity Enhancement for

Landslide Impact Mitigation (RECLAIM)" was organized with

coordination of Norwegian Geotechnical Institute (NGI), Norway,

Asian Disaster Preparedness Centre (ADPC), Thailand and

Department of Water Induced Disaster Prevention (DWIDP), Nepal

on April 28-29, 2014 at Hyatt Hotel, Kathmandu, Nepal.  The

participants from seven countries Bangladesh, India, Myanmar,

Sri-Lanka, Thailand, Vietnam and Nepal participated the seminar.

The Seminar was inaugurated on April 28, 2014 by Honorable

Irrigation Minister Mr. N.P. Soud in Kathmandu, Nepal.  The

Honorable Irrigation Minister Mr. N.P. Soud, Secretary Ministry

of irrigation, Mr. Madhav Prasad Regmi, Director General of

DWIDP Mr. Kamal Prasad Regmi, the Representative from Embassy

of Norwegian, Kathmandu, Special Advisor of Norwegian

Geotechnical Institute Dr. Oddvar Kjekstad,   and Executive

Director of Asian Disaster Preparedness Center (ADPC) Mr. Shane

Wright deliberated their speech in relation to the Seminar. Finally

the Deputy Director General of DWIDP Gauri Shanker Bassi

deliberated Vote of Thanks.  In the Technical Session of the seminar,

different experts from seven countries and the experts from the

organizing countries shared their knowledge about the Landslide

Early Warning System.

– c~hnL clwsf/L
O{zfg]Zj/ –@, nDh'ª

hn pTkGg k|sf]k hgr]tgfd"ns 3'DtL uf]i7Lsf ;xefuL,
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2nd Regional Meeting under the Asian Program for Regional Capacity
Enhancement for Landslide Impact Mitigation (RECLAIM)"

DWIDP Bulletin July 2014 Series XV 5



The sub-basin can be sub-divided into three major physiographic
regions, namely Middle mountain, High Mountain and High
Himalayas (Fig. 2). The Middle Mountain, High Mountain and
High Himalaya respectively occupy an area of 45%, 25% and
30% of the sub-basin.

Fig. 2. Satellite image of the Tamor sub-basin and physiographic sub-divisions.

1. INTRODUCTION
The geo-physical set up of Nepal is primarily responsible for the
extensive mass wasting, landslide and soil erosion in the hills and
mountain areas and flood and sedimentation in the plain areas.
Because of unregulated land use practices and human intervention
in the upland, the watershed are further deteriorated thereby
causing floods and sediment deposition along the downstream of
the river valleys.
As a consequence of natural and man-made causes, disasters are
common and the loss of lives and property is taking place each
year in the Himalayan region. However, the impact is more
pronounced during the monsoon period (Pathak et al., 2010).
Number of livestock loss is found many times than the human loss
and the damage to infrastructure costs unbearably high in
comparison to the economic condition of the country.
Water induced hazards and resulting disasters are common
geologic hazard occurring in all parts of the Himalayas and hence
it is also common in the Tamor River sub-basin in the eastern Nepal.
This sub-basin is poorly studied with respect to water induced
disaster. Present study is aimed to assess the past water induced
disaster condition in the Tamor sub-basin within the Koshi Basin
in eastern Nepal and thereby carry out detailed analysis of the
pronounced hazard so that it could be utilized for future disaster
mitigation planning.

2. THE STUDY AREA
The Tamor River sub-basin lies in the eastern Nepal and falls within
the Koshi Basin (Fig. 1). Tamor River is a major river in eastern
Nepal, which begins around Kanchenjunga and join the Sun Koshi
at Tribenighat to form the giant Saptakoshi. The sub-basin occupies
an area of around 6,000 square kilometer. Among the seven
main sub-basins within the Koshi basin, the Tamor sub-basin is the
one that borders both with the Tibet in the north and India in the
east.

Water Induced Disaster in Tamor River
Sub-Basin, East Nepal

Dinesh Pathak
Department of Geology, Tri-Chandra Campus

Tribhuvan University, Kathmandu, Nepal
(Email: dpathaktu@gmail.com)

Fig. 1. Major basins of Nepal and Tamor Sub-Basin within the Koshi Basin.
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Chhintang VDC lies near the confluence of Tamor and Sunkoshi
River while Olangchung Gola VDC lies in the northern part of the
sub-basin, which is a major transit point to Tibet since historical
time. The northernmost part of the sub-basin is occupied by glacier
and snow covered area, which principally belong to the Higher
Himalayan region.

3.MATERIALS AND METHODS
In order to assess the water induced hazard condition in the Tamor
River Sub-basin, the following data have been utilized:
l Historical disaster record from DesInventar (UNISDR, 2011)
l Geological map of the area published by Department of 

Mines and Geology
l Digital topographic map of Department of Survey
l Satellite imageries of various resolutions covering the sub-

basin
l Data from field observation.

The attribute data related to water induced disaster (flood and
landslide) was extracted from the DesInventar (UNISDR, 2011)
and linked with the spatial locations of the disaster sites. The
database is available for the reported disaster between the period
of 1971 and 2011.

The use of satellite imageries and aerial photographs in water
induced hazard mapping is common nowadays (Pathak, 2013;
Pathak et al., 2005; Subramani, T. S. and Nanda Kumar, 2012.).
In the present work, the satellite image of the area has been used
in the extraction of relevant information like landslides, geological
structures etc...
The geological map of the area published by Department of Mines
and Geology (Amatya and Jnawali, 1994; Shrestha et al., 1984)
was digitized in GIS. This map consists of various geological
formations with rock types and geological structures. Various
thematic layers like slope, aspect, drainage density, land use,
landslide distribution, physiography etc. were prepared from the
digital topographic data as well as the information extracted from
the satellite images. The data were integrated in GIS and bivariate
statistical method was applied to prepare the landslide hazard
map of the sub-basin.
4. GEOLOGICAL SETTING
The entire Himalayan belt is subdivided into five laterally continuous
and approximately parallel tectonic zones (Amatya and Jnawali,
1994; Shrestha et al., 1984). These are, from south to north, Indo-
Gangetic Plain, Sub Himalaya, Lesser Himalaya, Higher Himalaya,
and Tethys Himalaya. The Tamor River sub-basin covers Lesser
Himalaya (Midland and Kathmandu Group) and Higher Himalaya
regions. The geological formations belonging to the Midland
Group are Ulleri Formation, Kushma Formation, Seti Formation,
Ghanpokhara Formation, Sangram Formation and Takure
Formation, whereas that belonging to Kathmandu Group are
Shiprin Khola and Sarung Khola Formation. (Fig. 3). The Higher
Himalayan crystallines are dominantly distributed within the Tamor
sub-basin. Granitic emplacements can be found both in the Lesser
Himalaya as well as Higher Himalayan zones.

Higher Himalayan rocks consisting of gneiss, quartzite, schist and
some granitic intrusion dominantly occupies the Tamor sub-basin.
Kyanite and sillimanite bearing gneiss with the high amount of
associated metasediments, augen gneiss, migmatite and granite-
gneiss are more important lithotype in the Higher Himalaya
(Stöcklin, 1980). Gneiss with subordinate phyllites, schist, quartzite
and marble constitute the Higher Himalayan Zone.
The Lesser Himalaya is bordered in the south by the Main Boundary
Thrust (MBT) and in the north by the Main Central Thrust (MCT),
however, the Main Boundary Thrust passes through further south
of the Tamor sub-basin. The Lesser Himalaya consists of the un-
fossiliferous sedimentary and metasedimentary rocks like slate,
phyllites, schist, quartzite, limestone and dolomite. The central
region of the sub-basin is represented by a unique geological
structural terrain, i.e. Taplejung Window, which is bounded by
the Main Central Thrust (MCT) and comprise of the Lesser
Himalayan meta-sedimentary rocks as well as granites. The main
rock types in the Lesser Himalaya are feldspathic schist and augen
gneiss with granitic intrusion (Ulleri Formation); greenish grey
phyllite and quartzites at various proportion with some basic
intrusion (Kushma and Seti Formation). Likewise, the Sarung Khola
Formation is represented by biotite schist, quartzite and bands of
marble, whereas Shiprin Khola Formations consists of garnetiferous
schist, gneiss and some metabasic rocks.
The above mentioned geological condition greatly controls the
geological hazard condition within the sub-basin. The extensively
thrusted and faulted rocks give rise to steeper, unstable hill slope.
5.WATER INDUCED DISATER IN THE TAMOR BASIN
Assessment of water induced disaster in the sub-basin was carried
out with reference to past disaster and analysis of the relevant
data. The disaster history of the sub-basin has been assessed
through the DesInventar database (UNISDR, 2011).

Fig. 3. Regional Geological Map of the Tamor River sub-basin
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The districts lying in the Tamor sub-basin are Dhankuta, Terhathum,
Panchthar and Taplejung. The settlement distribution shows that
the northern part of the sub-basin, occupied by the Taplejung
district is rarely inhibited due to unfavorable terrain condition and
presence of snow covered as well as glaciated area (Fig. 5).
However, the southern part of the Taplejung district and the
remaining three districts in the sub-basin is having relatively denser
settlement. This settlement pattern is differently impacted during
the disastrous event. For example, even if there is big landslide
event at the northern part, it is not going to be disastrous whereas
even medium event could have significant effects to lives and
properties in the central and southern part.

Fig. 5. Distribution of settlement in the Tamor sub-basin

It is observed that there has been total of 33 flood event and 149
landslide events between of 1971 and 2011 in the Tamor sub-
basin (Fig. 6). The higher number of landslide disaster event shows
the severity of problems related to landslide in the sub-basin. The
district-wise event shows that Panchthar district is having higher
number of landslide and flood event followed by Taplejung district.
However, the landslide event in Terhathum district is more than
that of Dhankuta district and the scenario is reverse in case of the
flood disaster.

The water induced disaster events (Flood and landslide) in time
series has been analyzed (Fig. 7). It is clearly observed that the
landslide event is the dominant water induced disaster in the sub-
basin.

The above figure clearly shows that there is not much variation in
the flood disaster while the number of landslide disaster has been
increasing since 1985 and it is more pronounced after 2000. The
effect to lives and properties due to water induced disaster have
been analyzed and it is observed that the loss of lives and damage
to houses by landslide is far more than that from the flood disaster
(Fig. 8).

Fig. 8. Loss of lives and property by water induced disaster in Tamor sub-basin
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The water induced disaster events (Flood and landslide) has been
extracted and plotted on the map (Fig. 4). Most of the disastrous
events occurred in the central and southern part of the sub-basin.

Fig. 4. Location of past disaster events in the Tamor sub-basin (DesInventar, 2011)

Fig. 6. Number of disastrous events in Tamor sub-basin between 1971 and 2011

Fig. 7. Temporal variation in water induced disaster events in Tamor sub-basin
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It is clearly observed that the Panchthar and Taplejung districts
are hard hit by landslide than the Terhathum and Dhankuta districts
within the sub-basin. More importantly, the death toll from landslide
is significantly high in the Taplejung district.
6.LANDSLIDE HAZARD MAP OF THE TAMOR SUB-BASIN
The factors responsible for the occurrence of landslide can be
categorized as the causative (geology, geomorphology, slope,
land use etc.) and triggering (hydro-meteorological event,
earthquake, anthropogenic etc.) factors. The landslide hazard
map is prepared principally to understand the landslide hazard
condition within an area of interest.
There are various models have been developed to prepare
landslide susceptibility and hazard map (Guzzetti et al., 1999;
Chung and Fabbri, 2003; Remondo et al 2003; Van Westen et
al., 2003; Dahal et al., 2008). The present study applies the
information value method for landslide hazard mapping (Van
Westen, 1997). This method considers the probability of landslide
occurrence within a certain area of each class of a landslide
causative factor in which the weights of a particular class in a
causative factor are determined as follow.

Where, Wi is the weight given to the all class of a particular
landslide causative factor layer, Dclas is the landslide density
within the landslide causative factor class, and Dmap is sum of the
landslide density within the entire landslide causative factor class
layer. Information Value method is one of the familiar statistical
methods of landslide hazard study in the Himalaya (Saha et al.,
2005). The contribution of each causative factor to landslide
hazard was evaluated through comparing the landslide distribution
in various thematic data layers. For this purpose, the above
equation can be written according to numbers of pixels as follows.

Where, Wi is the weight given to a certain parameter class (such
as, a rock type or slope class). Npixa is number of pixels which
contain landslides, in a certain parameter class. Npixb is total
number of pixels in a certain class in a causative factor. The natural
logarithm is used to take care of the large variation in the weights.
The weights of individual classes of each thematic layers calculated
and the resulting raster maps with weights were added to produce
Landslide Hazard map. The thematic layers used in the present
analysis are slope, aspect, land use, drainage density, geology
and rainfall. Thus prepared landslide hazard map was verified
by comparing with the different sets of landslide data. Maximum
number of landslide fall within the high and very high hazard
classes, which is indicative of the reasonably acceptable model.

Another causative factor for landslide hazard can be considered
as drainage density. It refers to the length of drainages per unit
area. The higher value of the drainage density refers to low
infiltration of water into the ground surface and more surface
runoff, which is responsible for extensive soil erosion leading
to landslide. The drainage density of the sub-basin shows that
the low, moderate, high and very high drainage density classes
occupy respectively 11%, 28%, 46% and 15% area of the sub-
basin (Fig. 10). The high drainage density class is distributed
throughout the area while the very high class is concentrated
in southwestern part and northern part. Likewise, the area with
low and moderate drainage density is distributed in the northern
part, which is due to the fact that this area is mostly occupied
by the glacier and snow covered areas.

Various thematic layers were prepared and used in the present
analysis leading to the preparation of landslide hazard map of
the Tamor sub-basin, which is briefly described below.
Landslide inventory was carried out by extracting the landslide
from the digital topographic map of the Department of Survey
followed by updating from the landslide extracted from high
resolution satellite imageries including that from Google image.
All together 177 landslides have been identified and landslide
database is prepared (Fig. 9). The smallest landslides is having
an area of 88 m2 while the largest one is of the size of 0.67 Km2.
It is observed that large landslides are distributed in the Taplejung
district (Hangdewa landslide being the notable one) lying in the
northern part of the sub-basin while the other districts are having
more number of smaller landslides.

Fig. 9. Landslide distribution within the Tamor sub-basin
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Land use is another important factor that significantly influence
the landslide hazard condition in an area. The land use map of
the Tamor sub-basin shows that maximum area is occupied by
the forest (31%) followed by cultivation (27%), barren land
(23%), bush (11%) and glacier (5%). The other classes occupies
only negligible area (Fig. 11).

Fig. 11. Land use map of the Tamor sub-basin

The above thematic layers were crosses with around 70%
landslides within the sub-basin to calculate weights of classes
within the thematic layer. Then, the raster maps with class weights
of the thematic layers were combined and classifaied to obtain
the landslide hazard map of the sub-basin (Fig. 12).

The high hazard zone with around 20% areal coverage of the
sub-basin, is distributed in the central part of the sub-basin and in
small area at the southern part. The northernmost part is dominantly
occupied by very low to low hazard classes. The high landslide
hazard class is distributed in the southern part of the Taplejung
district, Panchthar district and southern part of the Dhankuta
districts. This landslide hazard map is well representing the field
condition in the sense that the very high and high landslide hazard
classes are having more number of landslides. In addition, the
very high and high landslide hazard classes also resembles with
the locations of the past landslide disaster sites.
7. CONCLUSION
The Tamor sub-basin can be considered as a highly disaster prone
area where frequent natural disasters occur causing loss of lives
and property. The area is geologically complex, comprising of
rocks of the Lesser Himalaya and Higher Himalaya with granitic
and basic intrusive bodies as well as many thrusts and faults. The
past disaster event's data also suggests the severity of disaster,
especially landslide disaster in the sub-basin. The water induced
disaster significantly affect the lives and properties of the people
residing in the area.
There is gradual increase in the landslide disaster events since last
two decades, which is more pronounced since last decade. There
is not much change in the flood disaster events. Likewise, the loss
of lives and properties is also more from the landslide disaster
than that from the flood disaster. The following conclusions can
be drawn based on the present study:
l Geologically, the Lesser Himalayan zone consisting of low 

grade metamorphic rocks and traversed by geological 
structures like faults and thrusts is possessing high risk of 
landslides.
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Fig. 10. Drainage density in Tamor sub-basin

Fig. 12. Landslide hazard map of the Tamor sub-basin
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Introduction -
Porcupine screens/spurs/ dampeners are a cost effective Permeable
structures alternative to the impermeable bank protection works
for the rivers carrying considerable amount of silt. Siltation is
induced in the slack flow region and the channel is shifted away
from the protected reach. These structures can be compared to
those of submersible bunds, Spurs and revetment respectively.
The permeable structures can be used either independently or
with a support of other impermeable boulder structures or river
training and bank protection measures.
Depending up on the purpose to serve, the permeable structures
are constructed in transverse or parallel to the direction of flow.
Permeable structures serve one or more of the following functions
such as training the river along a desired course, Reducing the
intensity of flow at the point of river attack, Creating a slack flow
to induce siltation in the vicinity of the permeable structures and
in the downstream reach, Providing protection to the bank by
dampening the velocity of flow along the bank and    Dissipating
energy downstream of spurs through production of turbulence.

Structural elements
Locally available material like bamboos, ballies, brushwood,
bricks, stones etc is mainly used for the construction of permeable
structures.
  a. Porcupines - Porcupines are made up of bamboos /
ballies, have cubical shaped box at the central portion with their
legs extending in all directions. The overall size is 2 m to 3 m. The
central box is filled with stones for stability of individual unit during
floods (Fig 1& Fig.2).

PERMEABLE STRUCTURES FOR RIVER TRAINING WORK

Madan Mohan Jha
SDE, DWIDP

Fig.1  Elevation of porcupine

 b. Cribs - This is a pyramid type of structure made up of
bamboos / ballies with a box at the bottom for holding stones for
stability during floods. Size of the box is generally square in shape
of size 2 m to 2.5 m at the bottom. Total height of the structure
is 3 m to 4 m (Fig 3).

Fig.3  Cribs

Fig.2  Isometric view of porcupine

Fig.3  Cribs

Fig4  Bally frames
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c. Bally frames - Permeable bally structures are made up
of main skeleton of large bamboos or ballies. Cross ballies are
used for stability of the structure (Fig.4)

d. Tree branches/Bush - Branches of trees or trees of short
height are hanged from a wire rope, duly weighted with stones
and are aligned as a spur projecting into the river. The wire rope
is duly anchored on the bank and in the river bed (Fig.5& Fig.6).
e. RCC porcupines: The porcupines are made of RCC
members/elements. These members are casted in-situ at the site
or location near the site. Generally, six members are used to
construct one porcupine. The size of one member is kept as 3m
x 0.1m x 0.1m or 2m x 0.1m x 0.1m. These members are joined
with the help of Nails, GI wire, nylon rope. (Fig.7)

Fig.5  bush

Fig.6  Tree branches

DESIGN OF PERMEABLE STRUCTURES

The concept
Percentage of obstruction caused by permeable structures together
is the important considerations to be kept in view during the
designs. These considerations affect the other design aspects like
stability of the structures, the number of elements to be provided
in a structure, additional protection measures.
Dampening of velocities is achieved by partial obstruction to the
flow not exceeding 33 percent in the design. Higher obstruction
causes more diversion of flow resulting in undesired scour around
the structures, particularly at the nose portion. Additional protection
to the nose and flanks (sides) is required to avoid such scour.
Therefore, obstruction more than 33 percent is avoided.

Different aspects followed for river training and bank protection
works of the permeable structures are similar to impermeable
stone structures. For example, the criteria for location, orientation,
length and number as followed for impermeable stone spurs are
same for permeable spurs also. Some limitations are however
imposed due to inherent weakness of the structural material and
elements.
Selection of the type of the elements and structures for the protection
works also depends up on (i) the size and strength of the locally
available material and (ii) the type of material commercially
available.
In order to divert the flow and reduce pressure on the protection
works, wherever feasible, pilot channels should be provided in
addition to the river training works constructed with permeable
spurs / screens.(Fig.8)
In case of high velocity flows, implementation of only permeable
structures is not favored. However, use of permeable spurs in
between the reach of two solid stone spurs is more effective.
In case of bamboo or bally spurs, the void between the skeletons
is sometimes filled with brush wood and weighted with sand bags,
bricks or stones. In such cases, the permeability of the structures
is very less and obstruction to the flow is more. Consequently, the
diversion of the flow is more. Therefore, such structures are given
more protection in the form of aprons along the shanks and at the
nose. However, brushwood filling is generally not required. Instead,
more spurs with closer spacing can give the desired performance.

Design data - The important hydraulic data required for the design
are hydrology of the river, nature of floods, duration of floods,
design discharge (peak flood discharge of 25 years return period)
with corresponding HFL, bank level and maximum velocity of the
flow attacking the bank or the channel under consideration,
maximum discharge, corresponding average and maximum velocity
of flow and maximum depth of flow, Lowest discharge,
corresponding water level, depth of flow during lean period at
the site.

Fig.7  RCC Porcupine
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Soil properties of the bank, characteristics of the formation of the
bank, particularly the existence of stiff clay layer resistant to
erosion, its location and thickness with reference to the bed level,
bank level and low water level.
River configuration in the plan including the tortuisity and obliquity
of channel, percentage of discharge shared by the channel
compared to the total river discharge, etc.
Sediment load in the river and in the channel under consideration
at different stages of flood.
Cross sections of the river indicating the eroded bank, waterway,
HFL, LBL etc.,

Selection for alternative types -
Permeable structures commonly used are the screens, spurs and
dampeners. The structural elements commonly used are the
porcupines, cribs, bally frames, tree branches. A suitable
combination of the structure and the elements is made for the
design of protection works. Following points are kept in view while
selecting the alternative types and their combination.

Depth of flow -
In case of shallow water flows and up to a maximum depth of 3m
to 4m, porcupines are used for both spurs and screens. For
maximum depths of flow between 3 m and 5m to 6m, cribs are
preferred. For the depths beyond these limits, bally spurs are
preferred.
Spurs or dampeners made up of tree branches are found effective
up to a maximum depth of flow of 4m to 6m, for greater than 6m,
wooden pile or bamboo, spurs may be used.
Submergence up to 50 % above the structure is normally acceptable
for porcupines. A slightly lower value of 20% submergence above
the structure is acceptable for cribs. For tree and willow spurs it
is normally limited to 5 % to 10 % only.

Layout in plan -
Screens -
 The permeable screens are used for choking the secondary
channels. 4 to 6 rows of porcupines or 6 to 9 rows of cribs are
used in a permeable screen.
 One screen is normally provided at the entrance of the bypass
or secondary channel. The second screen is provided at a distance
of 1 to 1.5 times width of the screen (Fig.8).
 At least two screens are provided for the screen structure. A single
permeable screen is generally not found effective.
The screens are constructed covering a part or the whole width
of the secondary channel. If the screen covers the whole width,
the screens are extended on both the banks for a length one third
of the channel width.

Spurs -
The porcupine or crib elements are laid abutting to each other in
a row. Walking space can be provided between the rows for
inspection and repairs.
Each permeable spur is made up of 3 to 4 rows of porcupines or
4 to 6 rows of cribs. More rows are laid for higher velocity, deeper
flows and flood waves of longer duration, inaccessible reaches
difficult for maintenance (Fig.9).
On a straight reach, permeable spurs are spaced at 3 to 5 times
its length. On a curved channel, depending up on the obliquity of
flow, the spurs are spaced at 2 to 4 times the length.
 Projection of the spurs into the river channel is normally 15 to 20
percent of waterway. However, more projection can be allowed
depending up on the velocity and depth of flow.
In order to resist the tendency of outflanking, additional porcupines
or cribs are provided along the sloping bank upstream and
downstream of the spurs.
At least three spurs are provided for a specific reach to be
protected. A single permeable spur is generally not found effective.
The practice of providing one or two additional spurs upstream
and downstream of the eroding reach, alignment pointing towards
upstream with reference to the flow, etc has to be followed for the
permeable spurs also.
Layout, spacing, projection, angle of spurs & their effectiveness
should be determined from hydraulic model studies.

Dampeners -
For a maximum depth of flow up to 3m, two rows of porcupines
are laid along the bank on either side of the toe as dampeners.
For a depth of flow between 3 to 6m, rows of porcupines are
added across the bank up to the HFL at an interval of 2 to 5 times
the elements used. The lower spacing is used for higher velocities,
oblique flow and critical locations (Fig.10).
The porcupine or crib elements are laid abutting to each other in
a row. The rows are also placed abutting to each other. Walking
space can be provided along the row for inspection and repairs
at an interval of 6-7 elements.

Fig.9  Porcupine spur
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Fig.10  Dampener

Protection to the structures -
Due to inherent weakness of the elements, the counter weights
provided (i) in the central box of the porcupines or (ii) in the
bottom tray of the cribs or (iii) those tied to the tree ends or (iv)
at the bottom of  panels are most important. Due care is necessary
to tie the weights to the main body of the elements.
Apart from the counter weights, the elements are tied to each
other by wire ropes. The tie ropes are duly anchored to the bank
and at the nose with the help of suitable anchor or anchor blocks.
Depending up on the length of the screen, spur or dampeners,
intermediate anchors are provided at an interval of 15m to 20m
along the length of the structure on the upstream side.
In case of dampeners, anchoring is provided at both upstream
and downstream of the walking space on both sides across the
flow.
Three types of anchors are used. (i) Ballies either single or in a
group, well driven into the ground (ii) Anchor rod well embedded
in concrete cube and buried in the ground and (iii) Wire crates
filled with stones buried into the ground. The third type is generally
used in case of emergencies (Ref. Fig 4 to Fig 6). Depending upon
the length of the screen/spur/dampeners, intermediate anchors
may be provided at an interval of 15 m to 20 m along the length
of structure on u/s side. No bed protection is needed for the RCC
porcupine structures.
Generally, construction cost per km length of the bank using the
porcupine is less than the cost of bank revetment. But cost of
protection works may be increased later due to strengthening of
the works by provision of extra porcupines in coming one or two
years.

Conclusion
 In our country most of the rivers is silt laden during flood and
needed bank protection and training works. Permeable structures
in the form of porcupine screens/spurs/dampeners are a cost
effective alternative to the impermeable bank protection works
for the rivers carrying considerable amount of silt. Permeable
screens, spurs, dampeners are the main type of permeable
structures. The purpose, overall behavior and layout of the above
mentioned structures can be compared to those of submersible
bunds, spurs and revetment respectively. The permeable structures
can be used either independently or with a support of other
impermeable boulder structures or river training and bank protection
measures. it can be concluded that the works in the form  porcupines
which are cheap in cost, locally available material, easy to construct,
sustainable and without significant adverse effects in upstream or
downstream or on opposite bank are a proven tool for checking
erosion of river banks. These guidelines provide basic idea for
further study and research in field of permeable structures for river
training works in our context.
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1. Introduction
Natural Disasters causing damage to human life, property,
infrastructure and economy has emerged as a global challenge.
'Prevention is better than cure' and 'to know the disaster is no
disaster' can perfectly apply in the case of disaster. Once disaster
happens it is very difficult to handle and control it and its losses
tremendously high than it previously prevented and/or notified.
Hence proper planning shall always handle and mitigate the
various kinds of disasters effectively.

2. Non-structural Mitigation
Normally government allocates large amount of budget in structural
mitigation measure works and post disaster activities than the non-
structural mitigation measure. Non-structural mitigation measures
are also equally important because;

● Non-structural mitigation includes measures that seek or serve
to reduce the likelihood or consequence of risk through 
modifications in human action and human behavior

● Non-structural mitigation differs most significantly from that of
structural mitigation in that it reduces risk (likelihood and 
consequences) without requiring the use of engineered structures.
 Nonstructural mitigation techniques are often considered as 
"man adapts to nature."

● Nonstructural mitigation measures tend to be less costly than 
structural measures, and are fairly easy for communities with 
few financial or technological resources to implement.

Generally non-structural mitigation includes
1. Regulatory measures
2. Community awareness and education programs
This article mainly focuses on the second point.
Moreover, literature on natural risks typically examines either
biophysical characteristics or human pre- and post-disaster activities.
Risk assessment, vulnerability assessment, public awareness activities
can provide a vehicle to explore a contextual approach to the
reduction of losses due to natural hazards. Since precise
measurement of uncertainties and exact prediction of damages
is hardly feasible, a conceptual approach in vulnerability
assessment, different level and kinds of public awareness activities
etc can be effective and useful tools to reduce the disaster. The
article primarily focuses on public awareness roving seminars and
technical trainings that conducted by the department as a non-
structural activity on water induced disaster mitigation measures.
Department of Water Induced Disaster Prevention (DWIDP) being
a central level government agency for mitigation and prevention
of water-induced disasters, department is strategically undertaking

structural and nonstructural activities on water induced disaster
mitigation. To carry out its responsibility effectively, DWIDP has
been restructured recently (Refer to DWIDP Bulletin, January 2014
XIV, Editorial and pp4). In the departmental level, most of the
nonstructural activities as, public awareness roving seminar,
national and international level seminars, capacity building trainings,
General and Advance Course Training for engineering professionals
on water induced disaster risk reduction have been carried out
by the Disaster Mitigation Division.

3. DMSP and Non-structural Approaches
Disaster Mitigation Support Program (DMSP) of DWIDP has been
running annually two training programs to enhance knowledge
and skill on water induced disaster-mitigation for the staffs working
in DWIDP and line government organizations since past 21 years.
Basically it aims to provide knowledge and energize about river
training works, SABO works, watershed management, material
testing, geology, hydrology, landslide, GIS, remote sensing and
bio-engineering works with reference to water induced disaster.
Similarly, these types of training also include other related general
and cross cutting subject likely environmental impact assessment,
process and procedures of procurement works and services,
Gender and Social Inclusion (GESI) in reference to disaster, and
report Moreover, DMSP also conducts three to four roving seminars
annually on water induced disaster mitigation from last 21 years
in different district.

3.1 Roving Seminar
The general objective of the roving seminar is to enhance awareness
of local people and district level line agencies on water induced
disaster risk reduction.The general objectives of the program are;
● To bring together all the district level stakeholders like District

Natural Disaster Relief Committee (DNDRC), local NGOs, 
CBOs, and community representatives for the common goals 
and approaches to manage and mitigate water induced 
disasters.

● To create awareness on water induced disaster risk reduction
by educating community leaders, social workers, teachers, 
social influential groups, local clubs and members of District 
Natural Disaster Relief Committee

● To bring common solution of raised-issues regarding to water
induced disaster management and mitigation,

● To provide technical knowledge on water induced disaster to
the stakeholders, community leaders, social workers and 
teachers.

Manju Sharma
Sociologist, DWIDP

Komal B Dhakal
SDE, DWIDP
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Since DPTC period to end of current fiscal year 2070/71, sixty nine events of roving
seminars have already been conducted. The statistics of the seminar is as follows.

3.2 Trainings
Similarly, DWIDP conducts an Advance Course Training (ACT)
for engineeres and a General Course Training (GCT) for sub-
engineeres on waeter induced disaster mitigation annually.  The
general objective of the trainings is to enhance knowledge and
skill of the technical personnel working in the field of water induced
disaster risk reduction. The specific objectives of the programs are
as follows:
● to provide theoretical knowledge on the technical subjects like

geology, hydrology, landslide, SABO works, river training 
works, watershed management and bio-engineering works with
reference to water induced disaster

● to familiarize with disaster management in Nepal, process and
procedures of procurement of works and services, environmental
impact assessment and report writing techniques regarding to
water induced disaster management and mitigation

● to make able to conduct practical works on materials and 
hydrological testing,
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Picture - 1: Public Awareness Seminar on Water Induced Disaster

Participants of the seminar: Generally fifty to sixty participants are
expected in each event of the seminar representing the following
organizations
From Natural Disaster Rescue Committee - 15 persons
VDC Secretaries from highly hazardous VDCs - 6 persons
WID division/sub division's in-charge and an engineer - 2 persons
Representative members from local CBOs, community forest user
groups- 8 persons

School teachers - 6 persons
From District Red Cross Society - 6 persons
Social mobilizer - 6 persons
Social Workers - 6 persons
From local media - 5 persons

Surkhet

Surkhet
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Table - 3: Statistics of the General Course Training on Water Induced Disaster

Conclusion
For the effective water induced disaster mitigation both structural
and non-structural mitigation measures are equally important.
Rather than relying largely on the structural mitigation measures
it is suggested to internalize the importance of non-structural
mitigation measures for effective results. DWIDP has been
conducting Advanced Course Training and General Course Training
since last 21 years and have been getting very good feedback.
Similarly public awareness seminars on water induced disaster
mitigation conducted by the department have been established
as a pool of department and the district level stakeholders. As the
seminars provide forum for service provider and receiver, it has
been established as an effective means of rapport building toward
disaster risk reduction.
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By the learned lessons and received feed backs, these trainings
are helpful to increase personnel's efficiency and the quality of
the works.  Similarly, the trainings seem more effective and relevant
to solve the field level problems. Because, in the one hand, the
trainings give theoretical knowledge of the subject matters and
on the other hand provide practical skills on the subjects. By the
end of the 21st ACT, 281 personals have been trained from
following different line agencies.

Table - 2: Statistics of the Advance Course Training on Water Induced Disaster

Picture - 2: 24th General Course Training on Water Induced Disaster Mitigation

● to make field study of the different project site(s) of DWIDP, 
for case study to produce report on WID mitigation measures
The trainings cover the theoretical concept and practical areas
of water induced disaster mitigation. Subject matters included
in the course are water induced disaster, geology, sedimentation
process, hydrology, water induced hazards, lab testing on 
construction materials, river training works, bio engineering, 
environment impact assessment and report writing techniques
and so on.



DETERMINATION OF RECLAIMABLE LAND BY IMPLEMENTATION OF
LEVEE STRUCTURE IN A PART OF BAGAMATI BASIN

Nab Raj Subedi
Under Secretary, Ministry of Land Reform and Management

SUMMARY
Due to variation in topographic feature and geological structure
in Nepal, several environmental threats such as landslide, debris
flow, river undercutting, sedimentation etc are seen and experienced
in various regions. Amongst the above stated threats, this study
has focused in the study to perform the flood hazard analysis. The
study has been conducted in a cross section of Bagmati River from
Gokarna to Tilganga.

This study covers the technical aspect of hazard, vulnerability risk
analysis and additionally on the application of levee technique
to determine the reclaimable area. Dimensional hydraulic modeling
of HECR- RAS interfacing with HEC-GeoRAS method has been
applied to undertake the study. A total of 66 Sq KM of watershed
area which lies in central region of the country has been studied.
Flood frequency analyses and peak discharge calculations were
carried out through Gumbel Method. The peak discharge calculated
for 10, 25, 50 and 100 years are 87.4, 105.05, 118.12 and
131.09 cu sec respectively.

The study has uncovered different issues pertaining to flood risk
analysis and river shifting. Though, at the upper section of the
study site, flood risk was found to be low but gradually increased
greatly as the river passed towards lowland. Under calculations,
it was found that levels for low, medium and high-risk areas were
37 %, 42% and 21% of the land coverage respectively. Upon
calculation, the built-up area possessed higher vulnerability in
48.83 ha of area, followed by 13.4 ha of cultivated area and
12.15 ha of open area. Industrial area covers least of them, which
is 3.56 ha.

To analyze the possible reclaimable land, levee technique was
conducted in the study. Upon calculation, 85% of land was found
to be possibly reclaimed from flooded area. After implementation
of levee, the flood depth has been found to increase from just
above 3 meters initially to about 5.3 meters.

As a recommendation of this study, use of levee technique along
with its practical implication during flood hazard mapping has
been recommended to study, analyze and interpret the flood’s
nature and strength to construct flood control structures timely and
at appropriate place.

Objective of the Study
The objectives intended are:
● To assess the flood frequency for quantifying flood in the

study area
● To prepare flood risk and hazard map
● To estimate the reclaimable land by the application of levee 

structure

Study Area
Our study site is located in Kathmandu valley where the Bagmati
River starts from Gokarneswor (27°44'23"N, 85°23'22"E )
bounded by Manohara river in the east and Dhobikhola river in
the west. The catchment area (termed as the watershed map)
under study of the project is approximately 66 sq. km. The elevation
range of the catchment area lies between 1136m to 1448m. The
catchment area includes one meteorological station i.e. Sundarijal
Rainfall Gauge Station (Station No. 1074). Similarly, it includes
two hydrological stations, Sundarijal (Station No. 505) and
Gaurighat (Station No. 530).

Methodology
Study Framework
The study process was divided into the three different sections
namely Pre RAS Model formation and flood stimulation, Flood
Calculation with Levee structure and Calculation of Reclaimable
land by Iterative Flood Analysis.

For the pre RAS model first of all existing land use data were
collected. It was validated through various sources from
Topographic map and Arial photograph/Google. Arial photograph
and topographic image of the river was obtained from the
Department of Survey recording of different sheets.
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The geo referencing of the data obtained was conducted with the
help of GPS instrument as the different required field coordinates
needed for the referencing were obtained by survey and recorded.
With the help of the different forms of data collected, TIN or Digital
Elevation Model was prepared. The information thus generated,
in detail was with respect of elevation and different land attributes.

The Hydrological parameters which required for estimation of the
flood stimulation were also collected from the Department of
Hydrology and Metrology. Hydrological parameters such as
rainfall, discharge rate etc were used to assess the flood frequency
for quantifying flood problem in the study area. Available data
series of histories were collected to estimate large flood events
and estimate flood of 50 years.  Flood Frequency analysis was
conducted by Gumbel's Method.

Flood calculation and development of Levee structure included
the analysis of the data/map obtained with regards to hazard,
venerability and risk. The method that was employed is that
formulated by Gilard (1996). After the assessment of the flood
a levee structure was drawn in the satellite/Google image and
was transformed into our working datum for final analysis and
calculation.

Finally the calculation of reclamation land was carried out based
upon the analysis of the previous step. This method is called
Iterative Flood Analysis where the previous developed model was
re- conducted for getting a detail model after construction of the
levee structure. Thus by the difference between the previous and
proceeding developed model, the total land that could be possibly
reclaimed by constructing levee structure was calculated.

Applications used
Hec- GeoRAS
HEC-Geo RAs contains tools and utilities of ArcGIS which are
intended for spatial data processing conjointly with HEC-RAS.
With this tool, import files are created and the requirement of this
tool is proper formatted TIN. Imported files from this tool contains
numerous themes called RAS themes which are the Stream
Centerline, Flow Path Centerlines (optional), Main Channel Banks
(optional), and Cross Section Cut Lines. With the help of the
extension, RAS layers which includes the TIN and RAS themes for
the processing as an import file in HEC-RAS is exported. After
processing in HECRAS, it again imports the processed export file
created by HEC-Geo RAS. Thus the exported file could be used
by GIS analysis for diverse activities like floodplain mapping,
flood damage computations, ecosystem restoration, and flood
warning response and preparedness.

HEC-RAS
HEC -RAS can perform excellent computation during subcritical,
Supercritical and mixed flow regimes. Additionally HEC-RAS
provides an opportunity for correction of topologies in the data
frame in its geometric data window

The necessary inputs for HEC-RAS for this study are:
● Geometric data imported from GIS
● Manning's constant
● Extreme Discharge

Data Collection
Pre field Activities
Pre-Field activities were the base for the conduction of the whole
research. First of all, a project was set up in the ARCVIEW and
the needed sets of data which were cross sections, main channel
bank (both), flow path and stream central line were created and
the 3D of central line and cross section was conducted.

Then at the end of the first step before going to the HEC-RAS an
import file was created. Starting to work in the Hec-RAS, the
exported file was imported and the imported file was undertaken
to perform geometric data set up. After entering through the
geometric data editor the needed data analysis was performed
where boundary reach condition and discharge value calculated
above was entered. Manning roughness coefficients "n" and "k"
was then added into the table and the whole project was subjected
towards the steady flow analysis through mixed computation.
Finally the whole plan was exported as the GIS data taking 50
years as the profile to output.

Field Activities
Under field activities, generated maps were undertaken validation
process. Validation process both included verification and updates
of the preliminary maps prepared. During the update process,
threats posed by the maps were cross checked and several
important locations along with the historical evidence were collected.
The findings thus found, were incorporated into the next level of
post field activities. Additionally social surveys of the study area
based upon preliminary maps prepared were carried out.

Post Filed Activities
Post Field activities included the running of the Hec Ras and
HecGeo Ras tools and development of updated flood hazard,
vulnerability and risk map. After the development of the risk map,
calculations were done on the different type of land types and
their corresponding risk level was calculated. Before including the
levee into the final iterative flow analysis, it was transformed into
3D and similar processes of steady flow analysis as previously
conducted was re-carried out.
Flood Frequency Analysis Method Employed for the study
This method which is one of the statistical methods is also known
as the double exponential distributions of extreme values states
that the mean flood returns at the specific period of Tr = 2.33
years and comprises of a positive skew (Highway Design Manual,
2006). Hence, Gumbel was used for our flood frequency analysis
of 10, 25, 50 and 100 Years Return Period.

TIN of Study Area

The needed Triangulated Irregular Network (TIN) generation has
been prepared with the help of ARC View from the counter data
acquired from the department of survey and field surveys. During
field surveys, possible natural (debris, landslides etc) and
anthropogenic changes (land use, construction etc) were taken
account for obtaining optimum accuracy. Thus after the development
of TIN, it was used as Digital Elevation Model (DEM) and HEC-
RAS simulations were done based upon it. The elevation range
of the study area was found to be 1284.6 meters to 2740 meters.
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Preparation of Watershed Map
Based upon the water flow and flow accumulation the watershed
area has been calculated. The calculated watershed area has
been split into two shed namely lower and the upper shed. The
upper section gives the value of water accumulation at the Gokarna.
In this point, the collection of water is from the above the hills and
landscapes. Similarly, the lower point of the lower watershed has
been identified as Tilganga. At Tilganga, the probable water
collection covers the whole watershed and the value of water flow
has been found to be 193.09 m³/s.

Watershed Area

Since there is no meteorological station at Tilganga, the data used
for the calculation of flow accumulation was retrieved from the
nearby station Gaurighat. As there was no source of noticeable
water jumble in between Tilganga and Gaurighat, thus extrapolation
method was employed for the preparation of the flow watershed
map. The total area of the watershed map was found to be 66.46
km² comprising of 54.92 km² upper watershed.
Questionnaire Survey
A simplified socio economic survey was conducted at the strategic
locations of the flood prone zones. The major areas for socio
economic survey were Jorpati V.D.C ward no 1and 2, Gotathar
VDC ward No 1 and KMC Ward no 7 & 8. Historical data were
acquired by semi structured questionnaire and the key notes of
the responded were noted.

RESULTS AND DISCUSSION
Results
1.1.1 Flood Hazard Analysis
From the simulation, three different depth categories of flood were
prepared which is shown in the table below.

Flood Depth and Area

Flood Hazard Map (50 Yrs)

1.1.2 Flood Risk Analysis
Flood risk analysis is the merged analysis and result of the both
flood hazard and vulnerability map for the return period of 50
years. Depending upon the depth of flood (which has been stated
as low, medium and high) in the study area was classified into
three potential vulnerability areas. These vulnerable areas were
again reclassified into the risky areas of different land use forms
as shown in the table and figure below.

Flood Extent in Land Use Types

Risk Map with Classification (50 Yrs)
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Flood Extent in Different Land Use Types

Analysis of the risk map demonstrated those major portions of the
land use types are under medium risk area. The type of landform
which has the highest potential highest value of risk constituted by
the flood hazard is built up area in all three different zones as
shown in the table. Similarly from the analysis, it was found that
the total industrial area lies in the region of high risk. Open area
and Cultivable areas have medium values because such type of
land use type has been seen decreasing in the study area as
enormous increase in the built up area since a decade due to in
migration.

Controlled Flood with Levee Structure
Iterative Flood hazard analysis has been conducted to find the
degree of hazard created by the flood after the development of
the levee structure, simulated from the ARC view and HEC-RAS
for the return period of 50 years.

Controlled Flood with Levee (50 yrs)

In the figure above, we can see that after levee structures have
been made the flood has been limited to the blue portion leaving
the previous path. During this, the depth of the flood has increased
and the other portions besides the blue polygon constitute the
reclaimed land. Similarly the table shows the total reclaimed land
and percentage ratio.

Reclaimable Land after levee Structure Implementation

Table:  Land Reclamation Percentage

Flooded Land Types Comparison (50 Yrs)

The estimation of the total land reclaimable thus is about 85 %.
However due to the topography and soil condition, the situation
may not be ideal as simulated by the software. Hence, the value
may need some geometric correction.

Conclusion
This study has derived number of conclusions during the study
period which are stated as follows:
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● It has been seen that without proper planning and analysis 
infrastructures have been made for example the waste water 
treatment plant has been shown lying in high risk zone pertaining
to flood from our analysis

● Within the study area it was seen that, the upper reaches are
relatively less prone to the flood hazard where as low lying 
areas can be seen at higher risk

● This study has also stated that about 85% of the total land 
could be reclaimed by making appropriate levee structures in
the study area.

● During the flood hazard analysis mapping, shifting of the river
was clearly seen which can be understood that the river Bagmati
needs attention.

● Rapid and unplanned urbanization is been experienced in 
Kathmandu valley which has led to decrease of green patches
and agricultural land. During this study it was also seen that 
the cultivable and open areas are decreasing at an alarming
rate.

● Encroachment of river plain is seen high for construction of 
infrastructures and even for cultivations by the people living 
near the river side. These activities have induced high risk for
river embankment and bank cutting.

Scope and Limitations
Some limitations associated with this study which are :
● The cross-section data, which would be one of the major layer

for the model developed TIN may contain minute geometrical
error

● The TIN generated from Digital contour data acquired from 
the Department of Survey. Since the topography is irregular, 
the TIN prepared may only represent approximate value rather
than an absolute one

● The HEC-RAS model that would be developed may assume that
the river geometry has a fixed boundary during the runoff event

● The reclaimable land estimated from the levee projection may
only consist of plain area
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1. Background
The fragile and young Himalayas situated in five different
physiographic regions with torrential monsoon, earth tremors and
environmental degradation have together increased landslides
and floods in Nepal. Infrastructures such as road and Irrigation
canals built in the hills and terrain plain of Nepal are strongly
susceptible to landslides and floods. Landslides, Soil erosion and
flood generally damage a major portion of the canals / roads /
agriculture lands in a short period of time due to breaching or
overtopping. Landslides, debris flow and floods have always been
a major hazard to the safety of human beings and their properties.
These days the damages to settlements due to landslides, debris
flows and floods are also increasingly being reported during the
monsoon season, especially after heavy downpour of rain.
Continuous mass wasting in uphill slopes and flooding in the foot
hill have created many water induced disaster problems such as
rise of bed level, bank cuttings, damage of highly fertile lands and
existing physical infrastructures, and also threatened the
downstream settlements. If the water induced disasters, such as
landsides and floods of the site, are not addressed in time it may
generate a big threat to the human settlement and fertile land of
downstream. It requires identifying the main causes and
consequences of the existing landslides and floods within the
watershed to mitigate the potential risks in the areas.
The peoples of Nepal are suffering from various types of disaster
such as erosion, landslides, debris flow, flood, bank erosion etc.
due to its rugged topographically weak geological formations,
active seismic conditions, occasional lake outburst floods,
concentrated monsoon and erratic rain fall associated with
unscientific land utilizations. These phenomena induce severe
impacts on the vital infrastructures of the nation such as roads,
houses, hydropower, irrigation and drinking water facilities, causing
loss of agricultural lands, properties and human lives posing a
severe threat to the sustainable development of the country. In
order to mitigate these disasters in Nepal, the Water Induced
Disaster Prevention (DWIDP) was established under the Ministry
of Water Resources later under the Ministry of Irrigation.
The main objective of the DWIDP is To implement the programs
of river and river basins conservation and to develop related
appropriate technology, research, information systems, human
resource and institutional development activities and to raise
awareness of communities so as to mitigate water-induced disasters.

2. Flood Hazard
Flood hazard is the result of different constraints likehigh
precipitation extreme rate, flood frequency, river network density,
size and pattern of flood plain area and deforestation rate. Beside
these physical, economical, settlement and environmental situation
also contribute to the flood hazard. River is the main contributor
for the flood or flash flood that can erodethe bank, route change,
damage the whole or partial of village town including public life
and properties, inundation problem etc. River and its characteristic
with the geologically strong or weakness of the catchments of river
is also prone to have future risk.Flash floods are a major natural
hazard, causing significant damage toproperties, lives and
engineering projects in all mountainous areas inthe world.Disaster,
which occurs due to the floodsin rivers and rivers network, which
is also more beneficial for the human being from the beginning
of human civilization, also known as water based civilization. But,
sometimes, it is more prone to disaster with combination of natural
and manmade factors occurring frequently in specific river network
areas.

2.1 Disaster and Development
It is important to recognize the natural hazard event itself is not
a disaster,but disaster is a result ofdevelopment failure which
increases vulnerability to hazards. Unplanned development and
disaster insensitive development approach goes into making of a
disaster. Rise ofdisasters from the combination of hazard events
and human vulnerabilityagainst a socio-economic connection to
development. Positive and negative implication of disaster on
development is dependent on unique social and cultural of local
communities and the managerial capacity of their disaster and
development (Kapucu and Liou, 2014). Poor countries (developing
and under-developed countries) and people are disproportionately
vulnerable. 97% of deaths related to natural disasters between
1990 and 1998 occurred in developing countries (World Bank
2001), and 90% of all victims and 75% of all economic damages
accrue in developing countries (Thouretand D'Ercole 1996). More
than half of disaster deaths occur in lowhuman development
countries even though only 11% of people exposed to hazards
live there, and these countries suffer far greater economic losses
relative to their GDP than richer countries (DFID XXXX).

River and Flood Risk in Nepal

Vijay Chandra Khatiwoda,
SDE, DWIDP, Lalitpur
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Poverty and vulnerability are highly correlated, but do not
completely overlap. Poorer people are generally both more
exposed and more susceptible to hazards, suffer greater relative
loss of assets, and have a lower capacity to cope and recover.
Disaster risk reduction is an integral part of social and economic
development, and is essential if development is to be sustainable
for the future. Disaster types in the Hind Kush Himalaya (HKH)
region from 1900 to 2010 (Source: Em-DAT) shows thatmore
than 39 percent of hazard took place by flood, but in Nepal
35.20% of hazard took place by flood during 1983 to 2005

Loss of Lives by different disasters in Nepal (from 1983 to 2012)
shows different scenario as given table and above pie chart.

3. Flood Riskmanagement Cycle
Floodrisk management is the set of activities put in place to minimize
impact of flood disaster. It is a cyclic process which constitutes
four phases: preparedness, response, recovery and mitigation.
Although there is certain overlap between phases, mitigation and
preparation phases pre-disaster intervention while response and
recovery is post disaster intervention. Pre-disaster interventions
are related to the disaster risk reduction (DRR) while post disaster
interventions are emergency management and reconstruction.

3.1 Preparedness
3.1.1 Preparedness for emergency
Preparedness before event of emergency situation is most essential,
which includes material, equipment, manpower andbudgetwith
awareness program. All ministries, department, division, sub-
division or field offices are responsible during emergency period.
Social workers, NGO,s, INGO's also involve for the emergency
response and rescue work. Emergency response material should
be stock before monsoon period which includes empty sacks (bag),
gabion boxes, stone, bamboo etc. Standby of equipments like
dozer, loader, excavator, tractor, tripper and manpower(ERSC/
Response team/ concerning office) are must require during
emergency. Release of budget for emergency work with awareness
program for local people including people's participation/
contribution is most desired during emergency work. The key
concern during emergency are

- Hazard Map showing possible vulnerable area
- Resource stock (Manpower, Equipment, Material, tools, Budget

allocation)
- Emergency fund
- Early warning system, if available
- Information system from VDC, DDC, District Administrative 

office, local communities, political parties, police office, ministry
and Department

- Record of historic event
- Report of minutes of meeting and emergency work
- Police report

Inspection of stock like gabion box, jute or nylon bags and other
relief material, Appropriateness of information system, Preparedness
to Response to emergency work, Inspect appropriateness of
emergency fund, Rescue material, Readiness of tools, equipment
and technical staff, Field observation are the key areas and process
for emergency preparedness.

3.1.2 Assess and document risks and hazards
Historical Events, hazard Map, Recurrence monsoon flood and
Indigenous Local knowledge are main sources for assess of
emergency preparedness. Establishing preventive measure and
reorganization of disaster should be done prior to rescue work.
Rescue worker should access potential disaster area using possible
preventive measure to minimize damage.
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3.1.3 Recognition and Co-ordination
Recognizethe disaster type like land Slide, debris Flow,
flooding/Inundation, glassier Lake Outburst Flood (GLOF) or river
bank erosion.Make co-ordination to all agencies concerning to
rescue work according to disaster types, pattern, location and
characteristic.

3.2 Mitigation
Mitigation activities include peoples demand, investigation, study,
analysis, project formulation, implementation, monitoring evaluation
and lesson learnt from the completed project. Implementation
work is targeted to eliminate or reduce the probability of disaster
occurrence, or reduce the effects of unavoidable disasters. It also
includes building codes, vulnerability analyses updates, zoning
and land use management, building use regulations and safety
codes, and other structural measures.

3.3 Response
Response is a short term activities initiated immediately after
disaster event or directimpact of an event. It includes activities
such as rescue efforts, first aid, firefighting andevacuation that
goto minimizing further impact of disaster. It kicks off the moment
disasterevent occur and is generally shot lived. Cost of emergency
response is generally more costly than usual period due to its
sensitivity, rapidness and shortage of resources for a force task.

3.4 Recovery and relief
Recovery and relief work is the activities that help community
return to normal situation by restoring disasterimpacts. It includes
providing temporary housing, grants, and medical care, and may
last fordecades before recovery is completely ceased.
4 River in Nepal
More than 6000 numbers of river/stream are flown from Himalayas
toward south of Nepal originated from higher Himalaya to Terai
plain. Among them 450 number of river are listed below according
to their Basin/ Sub basin and secondary sub basin indicating them
with their origin place of physiographic region like Terai (T),
Siwalik mountain (S), Middle mountain (MM), Higher mountain
(HM) and Higher Himalaya/Glacier (HH). From the study it is
found that 50 number of stream are originated from Terai, 82
numbers of streams are originated from Siwalik range, 155
numbers of streams are originated from Middle Mountain, 78
numbers of streams are originated from higher mountain and 85
numbers of streams are originated from higher Himalaya among
450 numbers of streams. Name of these River/Stream with their
basin/Sub-basin and origin place of physiographic region are
written in series from west to east Southern Indo-Nepal boarder.

List of River in Nepal (number in series from west to
east)
1. Mahakali Nadi (HH) -Punturagad (S) , Rangun Nadi (MM)

, Sirsegad (MM), Surnayagad (MM), Dotigad (MM), 
Chameliya Gad (HH), Bhartolagad (MM), Tinkar Khola 
(HH)

2. Chaudhar Nadi (T)
3. Dodha Nadi (S) -Syalee (T), Machheli Nadi (S)
4. Mohana Nadi (S) -Godabari Khola (T), Khutiya Nadi (S), 

Shiva Ganga Nadi (S), Kala Nadi (S), Katani Nadi (T), 
Surma Nadi (T), Kandra Nadi (S), Kandri Nadi (S), Doda 
nadi (S), Karha Nadi (T), Sukti Karha Nadi (T), Pathariya 
Nadi (T),  Roda Nadi (T), Charaila Khola (T)

5. Karnali Nadi (G)-Thuligad (MM), Galagad (MM), Chaira 
Khola (MM), Sot Khola (MM), Lohore Khola (MM), Ram 
Gad (MM), Kulka Khola (MM), Ratna Gad (HM) , Khetyad
Khola (HM), Kuwadi Khola (HH)

5.1. Budhi Ganga (HM)- Kailash Khola (HM)
5.2. Seti Nadi (HH)- Tuda Gad (MM), Gaddigad (MM), Samuha

Gad (MM), Sakayal Khola (MM), Syalee Gad (MM), 
Kalanga Nadi (HM), Suni Gad (HH), Syangbong Khola 
(HH)

5.3. Bheri Nadi (G)- Gochhe Khola (MM), Sangrahi Khola (MM),
Simta Khola (MM), Chhera Khola (MM), Saru Khola (HM),
Chhera Khola (MM), Maipa Gad (HM), Chhera Khola 
(MM), Gad Khola (HM)

5.3.1. Sani Bheri Nadi (HH)- Puma Khola (HM), Thabang Khola
(HM), UttarGanga (HH), Ghustang Khola (HH), Sisne Khola
(HM)

5.3.2. Thuli Bheri Nadi (HH)- Ranga Gad (HM), Alle Khola (HM),
Jagdula Khola (HH), Phoksundo Khola (HH), Tarap Khola 
(HH), Tatu Khola (HH), Chharka Tulsi Khola (HH)

(HH) = Origin from Higher Himalaya
(S) = Origin from Siwalik mountain
(MM) = Origin from Middle Mountain
(T) = Origin from Terai
(HM) = Origin from Higher Mountain
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5.4. Tila Nadi (HH)-Ruru Bhangcha Khola (HM), Bheri Khola 
(HM), Gidi Khola (HM), Neuri Gad (HH), Hina Nadi(HM)

5.5. Mugu  Karnali Nadi (HH)- Mugu Khola (HH), Namlang 
Nadi (HH), Takla Khola (HH), Tartang Khola (HH), Polte 
Khola (HH), Sulung Khola (HH)

5.6. Humla Karnali Nadi  (HH) -Take Khola (HH), Luruppa Khola
(HH), Chuwa Khola (HH), Hepka Khola (HH), Sugi Khola 
(HH)

6. Man Khola (T)
7. Kiran Khola (T)
8. Babai Nadi (MM)- Bhada Khola (T), Kali Nala (S), Khote 

Khola (S), Sharda Khola (MM), Pachase Khola (MM), 
Gumta Khola (MM), Korabang Khola (MM), Luham Khola
(MM), Kalleri Khola (S), Baula Khola (S), Patu Khola (MM),
Dharapani Khola (MM), Gwar Khola (MM), Jangawa Khola
(MM), Katuwa Khola (MM)

9. Rapti Nadi (HM)-Dunduwa Khola (T), Muguwa Khola (S),
Arjun Khola (MM), Ghanahau Khola (MM), Sit Khola (MM),
Agrang Khola (MM), Jhimruk Nadi (HM), Lung Khola (HM),
Madi Khola (HM), Dhangsi Khola (HM), Chiura gad (HM)

10. Arra Khola (T)
11. Banganga Nadi (S)-Bel Khola (T), Dhungre Khola (S)
12. Kothi Nadi (T)
13. Danau Nadi (MM)-Dano Nadi (S),Kanchan Nadi (S), Tinau

Nadi (MM), Dobhan Khola (MM)
14. Rohini Nadi (T)
15. Bhaluhi Nadi (T)
16. Narayani Nadi (HH)-Binaya Khola (S), Arung Khola (MM),

East Rapti nadi (MM), Rewa Khola (S), Khageri Khola (S),
Budhi Rapti (MM), Kayar Khola (MM), Lothar Khola (MM),
Manahari Khola (MM), Karra Khola (S), Samari Khola 
(MM)

16.1.Kali Gandaki (HH)-Maldi Khola (MM), Nisdi Khola (MM),
Jyagdi Khola (MM), Ridi Khola (MM), Keduwa Khola (MM),
Kachi Khola (MM), Aandhi Khola (MM), Darau Khola 
(MM), Seti Khola (MM), Seti Khola (MM), Palung Khola 
(MM), Raudi Khola (MM), Modi Khola (HM), Bhurungdi 
Khola (HM), Rati Khola (MM), Kathe Khola (MM), Myagdi
Khola (HM), Mudi Khola (HM), Raughat Khola (HM), Bagare
Khola (HM), Mristi Khola (HH), Syang Khola (HH), Chilungpa
Khola (HH), Yamdi Khola (HH), Kyalungpa Khola (HH), 
Tange Khola (HH), Yak Khola (HH), Ghami Khola (HH), 
Dhuya Khola (HH), Dechyang Khola (HH), Charang Khola
(HH), Ghyung Khola (HH), Nhichung Khola (HH)

16.1.1. Budigad Khola (HM)-Hugdi Khola (MM), Panagad Khola
(MM), Daram Khola (HM), Bhim Khola (HM), Taman Khola
(HM), Nisdi Khola (HM), Bhuji Khola (HM)

16.2.Trishuli Nadi (HH)-Hugdi Khola (MM), Malekhu Khola (MM),
Thopal Khola (MM), Belkhu Khola (MM), Mahesh Khola 
(MM), Aagra Khola (MM), Kolpu Khola (MM), Khani Khola
(MM), Koshi Khola (MM), Halle Khola (MM), Samari Khola
(M  ), Phalakhu Khola (HM), Salakhu Khola (MM), Mailung
Khola (HM), Langtang Khola (HH), Chilime Khola (HH), 
Bhote Khoshi (HH), Lende Khola (HH)

16.2.1. Seti Nadi (HH)-Madi nadi (HM), Sage Khola (HM), 
Midim Khola (HM), Kyangdi Khola (MM), Harpan Khola 
(MM), Saraudi Khola (MM), Mardi Khola (HM), Phusre 
Khola (MM)

16.2.2. Marsyangdi Nadi (HH) -Daraudi Khola (HM), Chudi 
Khola (MM), Chepe Khola (HM), Paudi Khola (MM), Dordi

Khola (HM), Khurdi Khola (HM), Nadi Khola (HM), Dudh 
Khola (HH), Nar Khola (HH)
16.2.3. Budhi Gandaki (HH)-Jyadul Khola (MM), Aankhu Khola

(HH), Richet Khola (HM), Dobhan Khola (HM), Chilung 
Khola (HM), Syar Khola (HH)

16.2.4. Tadi Khola (HM)-Sindure Khola (MM), Likhu Khola 
(MM), Darme Khola (MM), Dorkhu Khola (MM), 
Chandramati Khola (MM)

17. Sikharbas Khola (S)
18. Uriya nadi (S)-Bakhariya Nadi (S), Lalbhitta Nadi (S)
19. Sikta Nadi (S)-Bhaluwahi Nadi (S), Bhaise Khola (S)
20. Tilabe Khola (S)-Jamuniya Nadi (S)
21. Sirsiya Nadi (T)
22. Dudhaura Nadi (S)
23. Pasaha Nadi (S) - Bhangeri Khola (T), Shakti Khola (S)
24. Lal Bakaiya Nadi (MM)-Dhansar Nadi (T), Lal Khola (S), 

Bakaiya Khola (MM), Simat Khola (MM)
25. Bagmati Khola (MM) - Jhanj Khola (T), Lohaniya Khola (T),

Chandi Khola (S), Kyan Khola (S), Dhad Khola (S), Chiruwa
Khola (S), Kokhajor Khola (MM), Bankhu Khola (MM), 
Chua Khola (MM), Kulekhani Khola (MM), Sankhamul 
Khola(MM), Balkhu Khola (MM), Nakhhu Khola (MM), 
Bisnumati Nadi (MM), Manahara Khola (MM), Hanumante
Khola (MM), Kodka Khola (MM)

26. Lakhandehi Khola (S)- Chapani Khola (S), Bahuni Khola (S)
27. Jhim Nadi (S)- Phuljor Khola (S), Kilinjor Khola (S)
28. Hardi Khola (T)- Banke Khola (T)
29. Maraha Nadi (S)-Bahulazor Khola (S)
30. Jangaha Nadi (T)- Bhabsi Nadi (T), Jangha Khola (T)
31. Ratu Nadi (S)
32. Bighahi Nadi (S)-Aurahi nadi (S)
33. Jamuni Nadi (T)- Kuranama Nadi (T), Jaladh Nadi (T)
34. Kamala Nadi (MM) -Ghurmi Khola (S), Bataha Khola (T), 

Charnath Khola (S), Selar Khola (S), Belsot Khola (S), Tawa
Khola (MM), Baidhyanath Khola (MM), Chapleti Khola 
(MM), Kakar Khola (MM), Thakur Khola (MM), Chadaha
Khola (MM), Bhalu Khola (MM), Jirga Khola (MM), Bukka
Khola (S)

35. Gagan Nadi (T)
36. Balan Nadi (S)- Khuti Nadi (S), Sarre Khola (S), Chahaka 

Khola (S)
37. Bihul Nadi (T) -Chapin dhar (T)
38. Kharak Nadi (S)-Juri dhar (T)
39. Ghordaha Nadi (S)
40. Khado Nadi (S)- Khada Khola (S), Dumarjor nadi (S)
41. Sapta Koshi (HH) - Mahuli Nadi (S), Paudi Khola (MM), 

Koshi Bhangala (S), Gideri Khola (S), Khar Khola (S), Trijuga
Nadi (MM), Duwar Khola (S), Baluwa Khola (S), Kokaha 
Nadi (S)

41.1.Sunkoshi Nadi (HH) - Ekhuwa Khola (MM), Sawa Khola 
(MM), Sapsup Khola (MM), Yari Khola (MM), Melung 
Khola (HM), Sepli Khola (HM), Rosi Khola (MM), 
Chandeswori Khola (MM), Chauri Khola (MM), Jhiku Khola
(MM), Balephi Nadi (HH), Kubhinde Khola (MM), Balephi
Khola (HH), Bhote Khoshi (HH), Chaku Khola (HH)
41.1.1. Dudh Koshi (HH)- Rawa Khola (HM), Solu Khola
(HM), Hongu Khola (HH), Bhotekoshi (HH), Imja Khola (HH)
41.1.2. Likhu Khola (HH)- Sikhu Khola (HM), Banauti 
Khola (HM), Nupche Khola (HH)
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41.1.3. Tama Koshi (HH) - Tilpung Khola (MM), Milti Khola 
(HM), Khimti Khola (HM), Ghyang Khola (HM), Charange
Khola (HM), Dolti Khola (HM), Singati Khola (HM), Khare
Khola (HM), Rolwaling Khola (HH), Lepche Khola (HH), 
Chyadu Khola (HH)

41.1.4. Indrabati Khola (HH)- Melamchi Khola (HH), Larke Khola
(HM), Dhad Khola (MM), Jhyadi Khola (MM)
41.2.Arun Nadi (HH) - Pikhuwa Khola (HM), Behere Khola (MM),

Akhuwa Khola (MM), Siktel Khola (MM), Mangmaya Khola
(MM), Leguwa Khola (MM), Piluwa Khola (MM), Kumalani
Khola (MM), Hewa Khola (HM), Pugma Khola (HM), Sabha
Khola (HM), Irkhuwa Khola (HM), Sankhuwa Khola (HM),
Apsuwa Khola (HH), Ikhuwa Khola (HM), Barun Nadi (HH)

41.3.Tamor Nadi (HH) - Nibuwa Khola (MM), Nawa Khola 
(MM), Sowa Khola (MM), Lambu Khola (MM), Khorunga
Khola (MM), Koya Khola (MM), Nibu Khola (MM), Hewa
Khola (MM), Kabeli Khola (HM), Iwa Khola (HM), Phawa
Khola (HM), Maiwa Khola (HM), Yangedeli Khola (HM), 
Mewa Khola (HM), Ghunsa Khola (HH), Yangma Khola 
(HH)

42. Sunsari Khola (S)- Kajar Dhar (T), Dattakicha Khola (S)
43. Budhi Nadi (T)
44. Budhi Khola (S)-Kadam Khola (S)
45. Kesaula Khola (T)
46. Bakraha Nadi (MM)- Das Khola (T), Murchugi Khola (S), 

Chisang Khola (MM)
47. Ratuwa Nadi (S)- Mawa Khola (T), Ratuwa Khola (S)
48. Kisni Khola (T)
49. Kamal Nadi (S)- Kerkha Khola (T), Kamal Khola (S)
50. Kankai Nadi(MM) - Mai Khola (MM), Jogmai Khola (MM),

Puwa Khola (MM), Thulo Puwa (MM), Puwa Mai (MM), 
Deumai Khola (MM)

51. Biring Khola (MM)- Surunga Khola(T), Goyang Khola (MM)
52. Aduwa Bairang Khola (T)- Bhuteni Khola (T), 

Badojhoda Khola (T)
53. Mechi Nadi (MM)- Deuniya Khola (T), Hadiya Khola (T), 

Ninda Khola (S), Timai Khola (S), Siddhi Khola (MM)

4. River Network Density (RND)
River network forms by more than 6000 numbers of river having
more than 50000 Kilometers of length flown from north to south,
higher Himalaya to Terai plain, maximum altitude 8848 m (Mt.
Everest) to minimum altitude 61 m (Kechana, Jhapa district, Indo-
Nepal boarder), Somewhere more density of river and somewhere
less density of river length per square kilometer of the land. This
is classified into six numbers of river density into 75 number of
district. Using ArcGIS software, RND is classified as 0.210 to
0.250, 0.253 to 0.285, 0.286 to 0.324, 0.325 to 0.368, 0.369
to 0.419 and 0.420 to 0.510 river length kilometers per square
kilometer of land. Total 11543 number of river having 48600
kilometer lengthin 75 districts is analyzed and found that minimum
river length in Bhaktapur district with 62 Km, maximum river length
in Dolpa district with 2387 Km, mean length of river in thedistrict
is 648 kilometer. River density map given below shows the river
networks and district with its classification of river network density
(RND).

Details of River in Nepal (having length above than 50 Km)
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Beside RND; Landslide inventory, Lithology, Geological structure,
Land use, Soil depth, Slope angle, Slope aspect and Relief are
also important factors to know the flood risk in the river network.
Risk is the combination of hazard, exposure and vulnerability,
where exposure gives elements at risk characteristic of flood
before flood. In equation we can write as Risk = Hazard x
Vulnerability Awareness/preparedness capacity to cope is
susceptibility of flood riskbefore or during flood.Similarly, coping
capacity or recovery capacity is resilience of flood risk during or
after the flood. In mathematical equation vulnerability is the
combination of exposure and susceptibility without resilience.
Exposure, vulnerability and hazard are the main interacting
component of flood risk reduction, which is acted parallel to
physical, social, economical and environmental background. To
reduce risk as depicted in Figure, vulnerability has to be reduced;
exposure has to be kept at best distance from hazard, or averting
hazard through mitigation options. Reduction of vulnerability is
achieved by increasing community resilience through enhancement
of coping and recovery capacity, and decreasing susceptibility
by enhancing intrinsic characteristics (socio-economic status).
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Physiographic division shows high Himalaya, high Mountain,
middle Mountain, Siwalik and Terai region cover 14%, 13%,
30%, 20% and 23 % of total area of country, whereas number
of river in river network are 12%, 19%, 34%, 17% and 18% as
shown in above graph.

High flood or flash flood emerges from the high Mountain and
middle Mountain gives more threatened to the people as it has
more number of river network as well as it has more gradient,
results fast routing to downward flash flood than high Himalaya,
Siwalik and Terai.

Conclusion
Higher the River Network Density (RND)gives higher the flood
risk, if other factor like Precipitation rate with instantaneous value,
flood frequency, size and pattern of flood plain area, deforestation
rate as well as other physical, Economical, Social and environmental
situation remains constant. Hence to understand the River network
is most important for the flood risk management.
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1. INTRODUCTION
Nepal, a mountainous country lying in the northern limit of tropics
has its one ofmajor source of water as monsoon rain for agriculture,
hydro power and other activities relating to livelihood of the
human beings. About 80 % of the total annual rain depends on
monsoon  (Nayava,1974).However, the monsoon rain is
significantly affected every year by different global atmospheric
phenomena soliciting either  heavy rain, floodsor  droughts with
deficit of rain at various parts  of  the country. One of the major
atmospheric  phenomenon that leads to  affectthe monsoon is
El Nino / Southern Oscillation.

2. SASCOF-5 declaration relating to monsoon 2014:

NOAA report indicates that an El Nino was expected to develop
during the summer of 2014 and lasts for rest of the year. It explains
that chances of El Nino is 70 % during Northern Hemisphere
summer monsoon and reaches 80 % during the fall and
winter(www.elnino.noaa.gov).South Asian Climate Outlook Forum
(SASCOF- 5) has also made announcement  for the outlook of
monsoon 2014 in South Asia.
The declaration was released during the fifth session of South
Asian Climate Outlook Forum (SASCOF-5) held in Pune, India
during 14-23 April, 2014. This consensus outlook for the 2014
southwest monsoon rainfall over South Asia has been developed
through an expert assessment of the prevailing global climate
conditions and forecasts from different climate models from around
the world. There is strong consensus among the experts about the
possibility of evolution of an El Nino event during the summer
monsoon season. However, it is recognized that there is uncertainty
in the intensity of the El Nino event. There is also consensus about
the potential for adverse impacts of El Niño on the monsoon
rainfall over the region. However, other regional and global
factors also can affect the monsoon rainfall patterns over the
region. ( www.mfd.gov.np)

------------------------------------------------------------------------------------------------
* Completed on 14 July, 2014.

El Nino episode and monsoon rain in Nepal *

Mani Ratna Shakya
Senior meteorologist

According to the outlook, below-normal to normal rainfall is most
likely during the 2014 summer monsoon season (June – September)
over South Asia as a whole. It  clarifies that below normal rainfall
is likely over broad areas of western, central and southwestern
parts of South Asia and some areas in the northeastern. Normal
rainfall is likely over broad areas of northwestern and eastern
parts and some island areas in the southernmost parts of the region
( fig. 1).

In Nepal, a high possibility of normal to below normal rainfall is
expected this year (www.mfd.gov.np).

3. Understanding the El Nino/ Southern oscillation
(ENSO) episode:
Inter-annual variations of ocean surface temperatures in the
equatorial central and eastern Pacific have been linked to persistent
regional and global atmospheric anomalies. A large scale abnormal
warming in the equatorial Pacific is called El Nino, a term which
also refers to the large scale atmospheric effects related to the
warming.

Fig 1. SASCOF forecast of monsoon 2014
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This phenomenon is closely related to a global atmospheric
oscillation known as the Southern Oscillation (SO). During El Nino
episodes lower than normal pressure is observed in the eastern
tropical Pacific and higher than normal pressure is found over
Indonesia and northern Australia. These conditions characterize
the warm phase of the SO, which is often referred to as an El
Nino/Southern Oscillation (ENSO) episode. During periods when
ocean surface temperatures are colder than normal (the cold
phase of the SO), lower than normal pressure is found over
Indonesia and higher than normal pressure is observed over the
eastern tropical Pacific (fig.2). The extremes of this climate pattern's
oscillations cause extreme weather such as floods and droughts
in many regions of the world.

Fig 2. El Nino and La Nina phenomena

Actually, in the late 1800s, South American fisherman first noticed
the appearance of unusually warm water off Ecuador. The fisherman
named the phenomenon El Nino, Spanish word for "the Christ
Child" because of its tendency to occur in December or January,
around Christmas time. El Nino caused  Ecuador and Peru
temporarily shutting down the valuable fishing industry due to
unusual warming of the ocean. Now,El Nino is known to be part
of a disruption in the oceanic-atmospheric system in the equatorial
Pacific that solicits unusual weather phenomena in the globe.
Climate models suggest that the strength and frequency of El Nino
events have recently increased due to global warming. In fact,
the El Nino events of 1982-1983 and 1997-1998 were the
strongest recorded in the last century and perhaps the last 400
years (www.gcrio.org)
Within the National Oceanic and Atmospheric Administration in
the United States, sea surface temperatures in the Niño 3.4 region,
which stretches from the 120th to 150th meridians west longitude
astride the equator five degrees of latitude on either side, is
monitored. This region is approximately 3,000 km (1,900 mi) to
the southeast of Hawaii. The most recent three-month average for
the area is computed, and if the region is more than 0.5 °C (0.9
°F) above or below normal for that period, then an El Nino or La
Nina is considered in progress.When this warming or cooling
occurs for only seven to nine months, it is classified as El Nino/La
Nina "conditions"; when it occurs for more than that period, it is
classified as El Nino/La Nina "episodes"(www.elnino.noaa.gov).
Fig. 3 shows a Pacific view of the Nino regions and fig.4 presents
the  Ocean ic  Nino  Index  for  d i f fe ren t  years  (
www.cpc.ncep.noaa.gov).

Fig 3 .  The various "Nino regions" where sea surface temperatures
are monitored to determine the current ENSO phase (warm or cold).

Fig 4. Oceanic Nino Index of various years ( www.gcrio.org).

4. El Nino/SO-monsoon basic relationship:

A quantitative relationship between ENSO and Indian summer
monsoon began to
emerge in the 1980's (e.g., Rasmussen and Carpenter 1983,
Shukla and Paolino 1983).However, this relationship seems to
have large decadal scale modulations and to haveweakened
considerably in recent decades. The Indian monsoon isgenerally
below normal preceding the peak of a warm SST eventEl Nino
and abovenormal preceding a cold event La Nina (Rasmusson,
E.M, T.H Carpenter 1983).

A preliminary study made for Nepal  relating to the monsoon rain
and El Nino with examples of strong El Nino episodes  that
occurred in 1982 and 1997 show  a relationship of monsoon rain
 inversely related with the El Nino phenomenon (Shakya.
M.R,2002). Percentage departure of monsoon rain at various
parts of the country during the strong El Nino episodes in 1982
and 1997 show that the monsoon rain in 1982 was below normal
in almost all parts of the country, whereas in 1997 some places
in the eastern and central regions of the country recorded slight
above normal rain and rest of the places observed below normal
 (Fig. 5).
Further, the onset of monsoon in Nepal in 1982 was observed to
be delayed by 13 days against the normal date. The monsoon
report shows that  onset of monsoon in 1982 took place on 23
June. Likewise, in 1997 onset was noted to be on 12 June  delayed
by 2 days.

DWIDP Bulletin July 2014 Series XV 31



In this context, the onset ofmonsoon 2014 in Nepal is recorded
to be delayed by 10 days against the normal. The onset of
monsoontook place on 20 June. The normal date is 10 June.Further,
it is observed that the rainfall in the month of June 2014 is below
normal in almost all parts of the country denoting the weak phase
of monsoon. Actually, the onset of monsoonthis year in South Asia
is delayed due to impacts of El Nino episode. Monsoon report
shows that the onset of monsoon took place in Kerala, southern
part India, the first place where monsoon begins first and foremost
in South Asia on 6 June delayed by 5 days against the normal.

Looking into over all scenario of monsoon rain in Nepal,fig.6
shows an inter-annual variation of all Nepal monsoon rainfall  for
the period from 1971 to 2008. And it  denotes ups and downs
of rainfall in Nepalduring El Nino and La Nina years(Shakya.M.R.
et. al ).

Fig. 5.  Percentage departure of monsoon rain from normal.

5. Conclusion:
Th study of strong El Nino episodes show a higher chances of
rainfall deficit during the El Nino years in Nepal. However, there
is no one to one co-relation between El Nino and monsoon
rain.And, as there are various atmospheric phenomenathat play
significant role in monsoon rainfall, the severity of impact of the
El Nino 2014 is uncertain.Further,it is clear that depending upon
the intensity of the ElNino that depends on degree of rising of sea
surface temperature of the Pacific ocean, the monsoon varies
significantly. In this context,till mid of July the possibility of
highestdegree of rising the sea surface temperature at various
parts of the Pacific ocean is not known. Hence, the intensity of the
El Ninoand its impact on monsoon 2014 is yet to be understood.
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Fig. 6  Interannual variation of all Nepal monsoon rainfall
(stippled bars are El Nino years, shaded bars are La Nina years).
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