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Abstract
The environmental situation of the Himalayas is a matter of global concern. 
Understanding on Himalayas environment is usually shaped by the changing views 
expressed by research institutions, donor organizations, and finally by politics and 
power relations. In line with changing paradigms in knowledge-producing institutions, 
different understandings of environmental challenges in the Himalayas have emerged. 
Based on the literature and  available data, we have tried to discern changes in forest 
policies, their implication on forest management and various understandings on 
deforestation in Nepal Himalayas that are silent in the scientific literature. The debate 
of deforestation/degradation on the state of Himalayan environment came on the 
global agenda in the 1950s. The initial focus was on population growth and pressure 
on natural resources. It was followed by attention to processes of development and 
physical interventions in a fragile environment. Most recently local participation and 
poverty alleviation have been high on the agenda. In this context, the present paper 
attempts to examine the debates in the light of recent events and circumstances related 
to environmental processes in general and forest management of Nepal in particular. 

Key words: Nepal Himalayas, forest management, deforestation, vicious circle, 
dynamic, fragile, poverty, governance
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Introduction
Himalaya is a part of the global ecosystem and a source of freshwater to 20 percent of 
the earth’s population (Molden et al., 2016; Scott et al., 2019).  Moreover, the region 
provides several eco-system services to the people of the mountains and the beyond.  It 
is thus reasonable to state that the health of the Himalayan environment is a matter of 
global concern. This was acknowledged as early as the 1950s when the international 
discourse on Himalayan environmental challenges took off in the wake of UN concerns 
over desertification (Gurung, 1981). Since then there has emerged a number of studies 
on deforestation and Himalayan environmental degradation.  Literature related to 
legal provisions, environment and development, and changing forest coverage and 
management aspects reveal that studies published in certain periods tend to revolve 
around some central conceptions of magnitude and causes of deforestation.  Nepal’s 
forest situation has passed through forest nationalization from 1957 to around 1990 
and community management after 1990.  These changes in forest management have 
various impacts on forest coverage about which different debates emerged and became 
prominent over a certain period of time  which are not adequately examined and analysed.  
This paper examines the various legal provisions related to forest and further examines 
the changing forest coverage in relation to the changing demography and migration 
pattern of the country. Finally, a critical review of the various debates on deforestation 
and degradation that persisted over a specific time and guided the development policy 
of the country, is presented.

Methods and materials
This article is based on extensive review of different types of literature, and data on 
forests and demography of Nepal  which is refered to Nepal Himalayas in this paper. 
The literature includes government policy documents; forest acts and regulations; and 
publications on forest degradation. We have first reviewed the forest sector related 
policy and different forest acts and regulations, including a review of existing forest 
management systems before the first forest act of 1957, to the successive acts and 
regulations. Subsequently, the changing forest management regimes are analysed in 
relation to actual forest coverage, starting before the first Forest Act was introduced in 
1957.

In addition to reviewing those documents, we have collected available forest coverage 
data from 1963-64 to the latest forest survey data of 2015.  We have also reviewed the 
methods of forest assessment adopted in various forest surveys. Furthermore, we have 
collected demographic data of Nepal on population size, growth rate, and migration 
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pattern from 1952-54 to the latest 2011 census. We have also collected and analyzed 
community forestry in terms of its area and number of forest user groups.

Finally, we try to see the changing forest situation from different points of view 
specifically with reference to the changes in forest policy since 1950s until today.  
There are various explanations on deforestation that each revolves around major shifts 
in policy and development approach that to a large degree have shaped the debate.  The 
explanations overlap and are not strictly delimited to the specific periods indicated.  
A rough timeline is constructed in order to capture the major shifts in approach and 
explanation of deforestation. Lastly, we illuminate shortcomings of the debate with 
regard to understanding the present situation. 

Forest management policies and acts
The government of Nepal has been trying to manage its forest area through various 
acts and policies since the beginning of the systematic effort of development planning 
that was initiated with the first Five-Year Development Plan (1956-61). Since then 
various forest acts and laws have been promulgated in the country. The Private Forest 
Nationalization Act 1957 is the first forest act of Nepal. It was promulgated after the 
establishment of the democratic system in 1951. Before 1951, the country was ruled by 
hereditary Rana rulers for 104 years.  During Rana period forest was an open access 
resource. Rana rulers had distributed a large forest area of Tarai region to their family 
members known as Birta system. Rana rulers also granted forest to high ranking 
government employees which is known as Jagir ownership and such land could be used 
for any purpose during their service period without paying any taxes to the government 
(Regmi, 1976). 

The forest act of 1957 nationalized all forests in the country. It imposed strict ban on 
forest encroachment and the cutting of trees.  Government became the sole owner of all 
private and communal forest in the country. In support to this act, the Birta Abolition 
Act came in 1959 that declared the forest land under Birta and Jagir ownership as 
national property. After one decade of the establishment of the democratic system, a 
partyless Panchayat System was declared in 1961. A new forest act - The Forest Act 
of 1961 - was promulgated.  The act had i) divided forests into different categories, ii) 
defined the duties and authority of the forest department, iii) listed offences, and iv) 
prescribed penalties. The act also made provisions for establishing protected areas. It 
provisioned penalties for damaging or removing forest products from national forests 
without official permission of the government. It also spelled out for scientific survey 
of forest resources of the country.  Following the Forest Act of 1961, Forest Protection 
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Act (Special Provision) 1967 was launched that provisioned strict penalties for illegally 
collecting timber and forest products from national forests. Importantly, illegal collection 
of forest and forest encroachment was considered a state crime. The forest officials 
were given more power to take and recommend action against illegal forest cutting 
and collecting forest resources. It provisioned for a new category of forests, Panchayat 
Protected Forest, which should be managed by local communities, religious institutions 
and individuals.  The Village Panchayat could manage up to 125 hectares of degraded 
forest and 500 hectares of existing forest as Panchayat protected forest. For its operation, 
the operating rules were implemented in 1978 that gave right to village panchayats, the 
lowest administrative unit, to manage barren or degraded lands for forest production.

During the early 1990s, the government had realized the importance of long term 
forestry planning. The  Master Plan for the Forestry Sector (MPFS) was prepared during 
1986-88 and approved by the government in 1989 (HMGN/ADB/FINIDA, 1988). The 
25 year long term plan aimed  to i) meet the people’s basic needs for forest products on a 
sustainable basis, ii) conserve ecosystems and genetic resources, iii) protect land against 
degradation and other effects of ecological imbalance, and iv) contribute to local and 
national economic growth.  The Master Plan provisioned for community and private 
forest and focused to establish community forest and forest user group (FUG) as a 
local management body of the community forest. Importantly, the Plan recommended 
to handover all accessible forests to local communities as per their willingness and 
capacity to manage it. It also made provision to have the operational plan of forest 
management by communities as a prerequisite to hand over forests to the community. 
In accordance with the aspiration of MPFS, the new forest act, Forest Act 1993 was 
promulgated.

The forest act 1993 divided the forest into five categories. These were community forest, 
leasehold forest, government-managed forest, religious forest, and protected forest. 
Among them, highest priority was given to community forestry. It defined community 
forest as the forest collectively managed by local villagers who organize themselves 
into a forest user group (FUG) and manage forest according to negotiated and approved 
management agreements with District Forest Office.  It also defined community forest 
user group (CFUG) as a self-governing autonomous body with the right to use and 
manage the designated forest independently in accordance with the agreed management 
plan. The process for creating user groups and their rights were provisioned in Forest 
Regularities 1995. The forest act of 1993 was amended in 1999 and made a mandatory 
provision to invest its 25 percent income for forest conservation and development 
activities. Following the 1993 act, the Forest Sector Policy 2000 was launched. Its 
major objectives were to meet people’s basic daily needs of forest products and to 
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contribute to food production through better interaction between forestry and farming 
sectors. It aimed to protect land from degradation by soil erosion, desertification and 
various ecological disturbances. It emphasized conservation of bio-diversity and genetic 
resource and finally aimed to contribute to the growth of local and national economies. 
The policy also clearly focused to conserve and handover the forest patches of Tarai and 
Inner Tarai forest to community for its sustainable management and ensure 25 percent 
income from CF to local development.

The 25 year long master plan for forest sector that was implemented in 1989 was over 
in 2011. So the Ministry of Forest and Soil Conservation has prepared a draft for forest 
sector strategy 2012-2022. The draft plan is based on eight guiding principles including 
sustainable management of ecosystem services, improved forest governance, private 
sector engagement, and climate change mitigation. The draft plan aims to bring 60 
percent of the total forest area under community forest. It aims to manage at least 50 
percent of the Tarai forest effectively (MFSC, 2014). 

Changing forest coverage of Nepal
The government of Nepal has conducted several forest surveys since 1963-64. Since 
then the forest coverage has been changing over the time (see Table 1). The first forest 
survey was done in the period from 1963 to 1967. Based on this survey, the total forest 
area of the country was 6.4 million ha in 1964. It was 45.5 percent of the total area of 
the country. The Water and Energy Commission Secretariat (WECS) also estimated the 
forest and shrub area for the same period (1964–65). The results showed 6.5 million 
hectare forest area. Out of it, 3.9 million ha in the Hill and mountain, 1.7 million ha in 
the Chure and 0.8 million ha in the Tarai (HMGN/ADB/FINIDA, 1988).

Table 1: Forest coverage of Nepal in different period (1963/64 - 2015)

Types
FRS1

(1963/64)

LRMP2

(1978/79)
NRSC3 
(1984)

MPFS 4

(1986)

NFI5 , 
DFRS 
(1999)

DFRS6 
(2015)

Forest 45.5 38.0 35.9 37.4 29.0 40.36
Shrub 4.7 - 4.8 10.6 4.38
Total 45.5 42.7 35.9 42.2 39.6 44.74

FRS: Forest Resources Survey, 2. LRMP: Land Resource Mapping Project, 3.NRSC:  
National Remote Sensing Center of Nepal, 4. MPFS: Master Plan for the Forestry 
Sector, 5. NFI:  National Forest Inventory, 6.Department of Forest Resource and Survey.

Source: DFRS, 1999; DFRS, 2015.
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Another forest survey at national scale was conducted by the Land Resource Mapping 
Project (LRMP, 1978/79). The survey was conducted during 1977 to 1984.  As per the 
survey the total forest area of the country was 6.3 million hectares that was 42.2 percent 
including the 4.7 percent shrub area.  Out of it, Mountain and Hill had 4 million ha forest 
followed by 1.7 million ha in the Chure and 0.6 million ha in the Tarai (LRMP, 1989).

The Master Plan for the Forestry Sector (MPFS) also did a forest survey in 1986. It 
was based on the LRMP information and forest inventory data from Forest Survey and 
Research Office. Its aim was to update the forest coverage change that occurred during 
the intervening period of LRMP – 1977 to 1984.  According to the survey the total 
forest area was 42.2 percent including 4.8 percent shrub land. The results showed a 
small increase in forest area in the Hill and Mountain and decrease in the Tarai (MPFS, 
1989a). National Forest Inventory (NFI) 1994 was another survey that started in the 
early 1990s and completed in 1998. Its base year was 1994. As per the survey, the 
total forest area of the country was 39.9 percent including 10.6 percent shrub land. The 
Department of Forest did another survey covering the period between LRMP (1978/79) 
and NFI (1994). The result showed that the total forest area was decreased by 24 percent 
over a period of 15 years. The annual rate of forest loss was 1.6 percent. Importantly, 
the shrub area was increased by 126 percent, which showed the high rate of forest 
degradation (DFRS, 1999). 

The government has also done a separate forest survey of 20 Tarai districts. The survey 
started in 2010 and completed in 2012. Out of the total land area of Tarai (2,016,998 ha), 
forest cover area was 411,580 ha (20.41%) and Other Wooded Land (OWL) covered 
area was 9,502 ha (0.47%). The survey also concluded that the Tarai forest had declined 
by 16,500 ha from 2001 to 2010.  The total forest coverage loss from 1991 to 2010 was 
32,000 ha. The annual forest decreasing rate was 0.44 percent for the period of 2001-
2010 and 0.40 percent for the periods of 1991-2010 (DFRS, 2014).

The most recent forest survey of Nepal stems from 2010-2014. As per the survey, the 
total forest area of the country is 5,962,038 ha (40.36%) and 647,892 ha (4.38%) is shrub 
land (DFRS, 2015). The spatial distribution of forest by ecological region is uneven. The 
highest percentage of forest is in Hill (60.8%) followed by Mountain (32.3%), and Tarai 
(6.9%). Out of 75 districts of Nepal, there are 12 districts with forest coverage above 60   
percent.  Importantly, there are 10 districts  located in eastern Tarai and north western 
Mountain regions (see Figure 1) where forest coverage is below 10 percent of the total 
area  of the district. Furthermore, the total forest area also includes the forest within the 
protected areas. At present, 23.39 percent land (34420.13 Sq. Km) has Protected Area 
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status (MoF, 2016). Out of the total forest area in 2015 (5,962,038 ha) about 17 percent 
is within the protected areas (Table 2).

Table 2: Forest cover by ecological region and protected areas of Nepal

Region Outside PAs
Protected areas (ha)

Total % of total
Core area Buffer zone

Mountain 1,345,309 459,240 118,360 1,922,909 32.3
Hill 3,269,467 263,419 94,664 3,627,550 60.8
Tarai 314,660 69,847 27,074 411,580 6.9
Total 4,929,436 792,506 240,098 5,962,039 100.0 

82.7 13.3 4.0 100.0

Source:  Calculated based on DFRS, 2015.

Figure 1: Forest coverage by district, 2015

The community forest (CF) program started after the forest act 1993. At present there 
are 18960 community forest user groups (CFUG) in Nepal. They comprise 1798,733 
hectares area and 2,392,755 households (DoF, 2015-16). In other words it covers about 
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30 percent of the total forest area and 44 percent of the households of the country. The 
community forest is in all districts except Mustang. Out of the total CF area, 15 percent 
is in Mountain, about 65 percent in Hill and 20 percent in Tarai. CF covers about 14 
percent of the total forest area of Mountain, 32 percent of Hills and 87 percent of Tarai. 
The per household CF area is 0.75 hectare at the national level. While at the regional 
level, the per household CF area is 0.92 ha in Mountain, 0.78 ha in Hill and 0.6 ha in 
Tarai (DoF, 2015-16).

Changing demographic characteristics 
Nepal’s population size has been increasing rapidly. The total population of the country 
was 8.2 million in 1954 that reached to 18.5 million in 1991 and 26.5 million in 2011. 
The growth rate also remains high until 2001 and thereafter it has gradually declined. 
In each census from 1952/54 to 2001 the annual population growth rate remains above 
two percent. The highest growth rate (2.62 percent) was in 1981.  The rate has started 
declining after 2001 and maintained 1.35 percent in 2011 (see Table 3). 

Table 3: Population size and growth rate of Nepal (1952-2011)

Census Year 1952/54 1961 1971 1981 1991 2001 2011
Population 
Size 8256. 625 9412996 11555983 15022839 18491097 23151423 26494504

Population 
Growth Rate 2.27 1.64 2.05 2.62 2.08 2.25 1.35

Source: CBS, 2003 & 2012.

Nepal has diverse topography which is divided into Mountain, Hill and Tarai regions. 
These ecological regions shares 35, 48, and 17 percent area of the country respectively. 
While in terms of population, there is an unequal distribution. In the latest population 
census of 2011, Mountain, Hill, and Tarai share 6.7, 43.0, and 50.3 percent of the total 
population (CBS, 2012) while the share of population in these regions was  9.9, 52.5, 
and 37.6 percent respectively in 1971(CBS, 2003).  The population growth rate of 
Tarai remains far higher compared to Mountain and Hill in each census after 1961. For 
instance, the population growth rate of Tarai was 2.39 in 1971, 4.11 in 1981, 2.62 in 
2001, and 1.72 in 2011. In the case of Hill region, the growth rate was 1.85 in 1971 that 
became 1.61 in 1981, 1.91 in 2001, and 0.99 in 2011. While in the Mountain the growth 
rate was 1.35 in 1981 that became 1.57 in 2001 and 0.54 in 2011 (CBS, 2003, 2012). In 
this way, both population size and growth rate remains higher in Tarai. 
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The high population growth in Tarai is attributed to migration from Mountain and Hill 
regions. In each census from 1971 to 2011, the net migration from Hill and Mountain 
has contributed about 10 percent to the total population of Tarai.  The percent of net 
migrants to Tarai was about four hundred thousand in 1971 that reached to nine hundred 
thousand in 1991 and crossed one million in 2001 and 2011 census (see Table 4).

Table 4: Net migration by ecological region, 1971-2011.

Year
Ecological region % of migrants to total 

population of TaraiMountain Hill Tarai
1971 -39,959 -359,966 399,925 9.2
1981 -261,467 -424,711 686,178 10.5
1991 -161,655 -753,923 915,578 10.6
2001 -255,103 -830,759 1,085,862 9.7
2011 -349,132 -722,456 1,071,588 8.0

Source: CBS, 2003; Suwal, 2014.

The changing explanations on deforestation 
Nepal’s forest policy has changed several times from 1957 to until today and these 
changes are reflected in the forest area of the country. A very strict policy of forest 
nationalization was adopted in 1957 followed by the provision of Panchayat forest 
in 1967 in which the Village Panchyant could manage a limited degraded area. The 
nationalization policy continued until 1993. The forest act of 1993 is a milestone in the 
history of forest management of Nepal as it provisioned for community participation in 
forest management. With these changes in policy, Nepal’s forest area has also changed 
from 45 percent during 1964 to 29 percent in 1994 and again increased to 40 percent 
in 2015.  Not only in Nepal but the paradigmatic shift in forest governance has also 
taken place in many developing countries during the nineties. The shift from top-down 
bureaucratic to participatory approach was in response to the high deforestation and 
inefficiency of state institutions in forest governance (Shahbaz et al., 2012). In addition 
to changes in forest policy several changes have taken place in the political system of 
Nepal from 1950 to present. The hereditary Rana rule was ended in 1950, the multiparty 
system was established in the country in 1951. The party-less Panchayat political 
system was started in1961 that continued to 1990. The multi-party system restored in 
1991. The Maoist conflict began in early 2000s and ended with peace accord in 2006. 
The country was declared democratic republic in 2007. The Constitution Assembly 
election held twice that finally prepared the present constitution in 2015. The changes in 
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political system are also reflected in the existing development policy. With reference to 
the changing forest policy, we have tried to capture the major debates on deforestation 
based on the literature primarily of the forest nationalization phase from 1950 to 1990 
and participatory forest management phase after 1990 in general. 

The major debate on deforestation during forest nationalization period 

Early publications on deforestation presented a dramatic picture of mountain degradation 
due to deforestation and mismanagement of land by upland farmers. Robbe was one of 
the first who presented a rapid land degradation in the Middle Hills of Nepal in 1954 
(Robbe, 1954). His analysis concluded with large-scale erosion of soils in the mountains. 
The soil ended up on the southern plains causing sand-casting and other problems there, 
and a shrinking of cultivable acreage and forested area in the mountains. Some argued 
wittingly that Nepal ought to put forth land claims in the Ganges-Brahmaputra estuary 
in the Bay of Bengal since it was Nepalese soils that formed new islands there. 

The UN conference on the Human Environment in Stockholm in 1972 took Robbe’s 
point further. Conference participants pointed to accelerating degradation and warned 
against the development of semi-desert type ecology in the hilly region of Nepal. The 
international debate soon entered into Nepalese politics. In a report from the National 
Planning Commission of Nepal (NPC,1974), the arguments of the Stockholm Conference 
were reflected. The most influential event came to be the 1974 Munich Conference 
on Mountain Environment where several papers managed to produce a sensation on 
a global scale. In particular, Eric Eckholm’s presentation found resonance in global 
academia, in development policy circles, and in the media. 

Eckholm’s findings first appeared in Science in 1975. His book titled Losing Ground came 
in 1976 and presented a dramatic scenario of Himalayan  deforestation and degradation 
by appointing population growth to be the major cause of upland deforestation and 
erosion.  He claimed that mountain farmers cleared forest to meet the increasing demand 
of agricultural land for food production and also for firewood. Firewood was claimed 
the main source of energy for which mountain farmers cut green trees. His book became 
the dominant publication of this phase.  Eckholm claimed that

…there is no better place to begin an examination of deteriorating 
mountain environments than Nepal. Population growth in the context 
of a traditional agrarian technology is forcing farmers onto ever steeper 
slopes, slopes unfit for sustained farming even with the astonishingly 
elaborate terracing practiced there. Meanwhile, villagers must roam 
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farther and farther from their homes to gather fodder and firewood, thus 
surrounding most villages with a widening circle of denuded hillsides. 
Topsoil washing down into India and Bangladesh is now Nepal’s most 
precious export, but one for which it receives no compensation.   …   silt 
load threatened the viability of an Indian diversion dam and irrigation 
project on the Koshi River…  . …. … the country would by now be in 
the throes of a total economic and ecological collapse (Eckholm, 1976:  
76-82).

However, almost two decades before Eckholm, Furer Haimendrof (1956) mentioned 
about the cultivation on marginal land and population pressure on the hills surrounding 
Kathmandu valley that pushed local people to involve in portering along the mountain 
paths (p.117). Hitchcock (1966) is perhaps the first who particularly stated the population 
pressure on the land a decade before Eckholm: 

With increasing pressure on the land due to the growth in population, 
the … the emergent money economy and intensification of trade have 
come new pattern... The disappearance of vacant, cultivated land, 
combined with increased population has pushed more and more farms 
below the level of marginal productivity (Hitchcock, 1966 cited in 
Fricke,1993:199-200).

The deforestation of Himalaya was initially presented as an outcome of population 
growth and concomitant pressure on natural resources. The increasing rate of population 
growth (Table 3) was taken as an evidence of the need for more agricultural land for 
subsistence purposes and for firewood that resulted in forest clearance, soil erosion, and 
landslides in the uplands. 

Decreasing soil fertility and crop productivity due to the loss of fertile topsoil urged 
farmers to clear more land in order to feed a stable number of people, and even more 
so with a growing population. Upland landslides and soil erosion resulted in flooding 
and sedimentation downstream. This process became known as the ‘Vicious Circle’ 
of population growth, deforestation, and degradation.  Influential institutions like the 
World Bank and the World Watch Institute claimed that the forest of Nepal would 
disappear by 2000 resulting in catastrophic conditions in terms of local livelihood 
(see Ives, 2006). This claim was sustained and became mainstream science. Several 
publications also identified poor management of rain-fed land (bari) as one of the major 
causes of degradation commonly observed throughout Nepal Himalayas (ADB, 1982; 
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Shrestha, 1994). In short, too many environmentally ignorant farmers looking for new 
land to cultivate were appointed to be the adversaries of a sound development.  

However, after the second half of the 1990s, a new explanation emerged on deforestation.  
Several publications (Thompson and Warburton, 1985; Mahat et al., 1986; Blaikie, 
1985; Blaikie and Brookfield, 1987; Ives and Messerli, 1989) challenged the view that 
population growth caused deforestation and land degradation. The most influential event 
of this criticism was the Mohonk conference in 1986, and Ives and Messerli’s book 
Himalayan Dilemma which came in 1989. These all accepted a massive deforestation 
in Nepal but it was not due to the ignorant hill farmers and population growth. These 
authors claimed that the historical processes of nation building of Nepal, government 
policy, the interests of the regime, and most importantly geo-phycially and climatically 
fragile environment of the Himalayas were the major causes of deforestation.

Nepal was divided into the number of principalities before the unification of the country 
that began in 1744 and ended after the taking of state power by the Rana rulers in 
1846. The unification campaign demanded huge resources to cover military expenditure 
that could hardly be managed without exploiting revenue generating resources. Those 
resources were the Tarai forest and agricultural land, wild animals, herbs, and the trade 
routes between India and China (Regmi, 1999a, 1999b). The government motivated 
individuals to convert forest land into agriculture so that state revenue could be increased 
through land tax collection and food production could also be increased (Wallace, 
1981; Mahat et al., 1986). This policy of converting forest to agricultural land was 
encouraged in the hereditary Rana dynasty. The Rana ruler appointed talukdars (village 
headmen) in Mountain and Hill regions and had given responsibility of regulating 
forest by converting into farms land and collection of land taxes (Mathema et al., 1999). 
Rana initiated jimidari system in Tarai in 1861, under which jimidars and patwaris 
(local government functionaries), were authorized as the local tax agents within their 
designated areas and gave exclusive power to clear the forest in order to collect taxes 
(Regmi, 1976). In addition, Rana rulers had granted Tarai forest land to Rana family 
members known as Birta land and to the high ranking government officials known 
as jagir in which the recipients had exclusive right to convert it to farmland and use 
it for their own benefit without paying taxes to the country (Hobley, 1985; Shrestha, 
1996; Guthman, 1997). The Tarai forest was little disturbed until late 1920. Later it was 
extensively cleared for farmland and timber was explored to India to meet its increasing 
demand for expansion of railway networks and other purposes. By 1950, one-third of 
the total forests was under Birta tenure in Tarai and 75 percent of that belonged to the 
Rana family (Regmi, 1999b; Joshi, 1993).

Prem Sagar Chapagain &  Tor H. Aase / Changing forest coverage ...Vol. 13: 1-28, 2020 



 13 

The Panchayat system (1961-1990) in its earlier phase initiated a policy to develop the 
Tarai as an important region of cereal grains and commercial crops (Bajracharya, 1993).  
The deforestation primarily took place in Tarai due to rapid migration from Hill and 
Mountain to Tarai (see table 4) that was initiated by the government after establishing 
Nepal Resettlement Company (NRC) in 1964. The eradication of malaria from the Tarai 
in 1959 also encouraged this policy. The resettlement program alone cleared 103,968 
ha of forest in the Chure and Tarai between 1950s to the mid 1980s (HMGN/ADB/
FINIDA, 1988). The aim of the resettlement program was to distribute land to landless, 
flood and landslide victims but the Panchayat supporters also got benefits and more area 
was encroached illegally (Pokhrel, 1997). 

During the forest nationalization period, access to forest resources remained with the 
state. Consequently, people felt no responsibility for its management. Nationalization 
in effect transformed the forests from a ‘common property resource’ to an ‘open access 
resource’ (Ostrom, 2008) and deforestation rocketed. Several forestation programs in all 
the country’s 75 Districts were launched, but despite repeated efforts, forest coverage 
did not increase in line with the government’s plan. On the contrary, forest coverage 
continued to decrease. The forest coverage was only 29 percent in 1994 and about 10 
percent was under shrub land which was actually degraded forest.  In addition to these 
processes and interest of the existing regime, Ives and Messerli (1989) systematically 
deconstructed the crisis scenario presented by Eckholm. They summed up the scenario 
in eight points and called it the ‘Theory of Himalayan Environmental Degradation’ 
(THED). Importantly, they reminded readers that Himalaya is the youngest mountain 
system on the earth. It is tectonically active with a dissected landscape, an extremely 
high relative relief, and steep slopes. The entire region has monsoon climate with a 
short and intense summer rainy season, and extreme weather events are common. 
They further systematically examined rural land management and firewood collection 
practices of Hill farmers and concluded that they were not the alleged culprits as claimed 
earlier; rather, their activities were founded on sound environmental principles. In this 
way, physical intervention into fragile Himalayan environments and government policy 
became the dominant causes of deforestation.

The major debate on deforestation after 1990 

The scenario of  explaining  Himalayas as ‘fragile environment’ has persisted as a 
label of Himalaya until this day, but a major  shift of focus took shape after 1990. 
Many important events related to environment and development at wider scale took 
place during late 1990s. The most remarkable among them were the publication of the 
Brundtland report on sustainable development (1987), the almost universal acceptance of 
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bottom-up approach in development efforts, the feminist movement, and the importance 
of biodiversity that was stated in Agenda 21 at the Rio Conference in 1992. Since then 
the international environmental discourse has not only shaped environmental policy in 
Nepal but indeed the overall development policy of the country. On the national level, 
the forest act 1993 was promulgated and it became the major turning point. The act 
provisioned of handing of forest to local community for its utilization and management. 
It again recognized the traditional forest management system that was broken by the 
forest nationalization act (Sherpa et al., 1986; Malla, 2001).  In addition,  a few very 
influential papers (Blaikie, 1995; Guthman, 1997; Forsyth, 1998; Balikie and Muldavi, 
2004; Gurung, 2005) critically reviewed the previous explanations and highlighted the 
social and cultural aspects of degradation on a wider scale than before. 

The forest coverage data show that the total forested land had not changed much until 
1999 as it was just the beginning phase of community forest program. The gloomy 
predictions of the ‘crisis’ scenarios as claimed by Eckholm was already refuted. Later, 
a case study from Dhankuta District of eastern Nepal showed an increase in forest 
coverage between 1978 and 1990 due to regeneration and plantation. The forested area, 
crown density, and mean height of trees had improved over the period according to the 
surveys (Virgo and Subba, 1994). Human population has continuously increased (Table 
3) but the forest has not decreased as it was claimed by Eckholm and others. Instead, it 
was argued that forest cover has gradually increased after 1999 as a result of community 
forestry. By 2015, the forest area of Nepal had become 40 percent. The degraded forest 
area was decreased to about 4 percent (Table 1). 

Harka Gurung published a working paper entitled Ecological Change in Nepal: A 
Native Interpretation in 1981 in which he appointed the prevalent poverty as a main 
cause of degradation. Ten years later his point was taken up by the National Planning 
Commission of Nepal. In the Five Year Plan for 1992-97 one of the major objectives 
was to reduce poverty. Many programs were formulated in the forestry sector for that 
end.  The Plan clearly stated that an increasing percentage of people living below the 
poverty level was a major cause of environmental degradation. The Ninth Five-year 
plan (1997-2002) gave first priority to poverty alleviation  and formulated programs for 
providing economic opportunities for poor people and encouraged their participation 
in development activities through different sectors, including forestry. This policy was 
continued in the Tenth Five-year plan (2002-2007). The successive five year plan also 
carried over the major objective of the Ninth plan and considered forest as a major 
sector for employment and income generation.  The forest sector policy 2010 focused 
on linking forestry, farming and livelihood for income and employment generation. 
The recent Fourteenth Plan (2016-2018) also sought to reduce poverty and focused on 
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participatory management of forest and buffer zones of the national parks, and declare 
2014-2024 as the ‘forest decade’ with the slogan ‘forest for prosperity’. A Poverty 
Alleviation Fund (PAF) was established with the support from various donor agencies 
and several income generating, employment producing, and empowerment programs 
have been implemented. PAF emphasized the substantial role of forest resources in 
poverty reduction as well as the other way around, that poverty influences forests. 

The community forest management practice  after 1990 has  been successful particularly 
in Hill region as it increased forest coverage, improved livelihoods opportunities for 
forest dependent people, developed local institutions, and improved ecological conditions 
of forest (Ojha and Kanel, 2005; Jackson et al., 1998; Gautam et al., 2002; Adhikari  
et al., 2007; Kanel, 2008; Tachibana and Adhikari, 2009; Pandit and Bevilacqua, 2011; 
Virgo and Subba, 1994; Collett et al., 1996; Jackson et al., 1998; Gautam et al., 2003). 
A few recent publications (Niraula et al., 2013; Sharma et al., 2014; Poudel et al., 2014; 
Jaquet et al., 2015; Poudel et al., 2015) from various parts of Nepal confirm that forest 
coverage has increased in this millennium. The result of this policy turned out to be 
positive as the forest coverage again increased after years of decrease (Table 1). The 
alleged forest growth justified the focus on local participation. Community forestry 
became the mantra of the period. 

But did the explicit focus on poverty alleviation really have any effects?  Data reveal 
a substantial decrease in poverty. The percent of people living below the poverty line 
was 41.8 in 1996, which decreased to 30.9 percent in 2004 and further to 24.8 percent 
in 2008. By 2015, about 19,000 community forest user groups have been formed 
throughout the country and 30 percent of the country’s total forest area is under the 
Community Forestry programe (DoF, 2015-16).  

Farmers were no longer accused of being the bad guys in the ‘Himalayan dilemma’ (Ives 
and Messerli, 1989). Quite the opposite, they were perceived as knowledgeable users 
of natural resources whose experience should be the foundation of forest management 
(also see Aase, 2017; Koirala, 2017).  Forests would be far better if top-down control 
mechanisms were substituted by bottom-up management approach. The degradation 
that did go on was largely ascribed to natural causes, and a legacy of historical process 
of utilization and management rather than deforestation resulted in a lack of livelihood 
opportunities and poverty.
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Shortcomings of the previous explanations  

Poverty is still considered to be the major cause of environmental degradation in Nepal 
and, concomitantly, environmental policies emphasize poverty alleviation programs. 
But in spite of this, and in spite of surveys that contend recent forest growth, the reality 
is probably that forest area decreased continuously during the latter half of the previous 
century. It decreased by 1.7 percent annually from 1978/79 to 1994 (DFRS, 1999). The 
annual rate of  forest coverage decrease in the case of 20 Tarai districts  always remains 
high as it was decreased by 15 percent  from 1978/79  to 1990/91 (DoF, 2005). The 
annual rate of decrease was 0.44 percent for the period of 2001-2010 and 0.40 percent 
for the periods of 1991-2010 (DFRS, 2014).

As Table 1 reveals, Department of Forest Resources and Surveys (DFRS) claimed a 
forest coverage of about 40 percent in 2015, but this number is highly questionable.  
DFRS applied a methodology that differed from those used in previous surveys in 
terms of data sources, scale of source data for mapping, geographical coverage of the 
survey, minimum area covered, and the methods of analysis. Small forest patches which 
were excluded in the previous surveys were included in the 2015 survey carried out by 
DFRS (Niraula, 2013; DFRS, 2015). This survey is based on high resolution satellite 
image (Rapid Eye MSS satellite imagery), secondary images (Google Earth images, 
ancillary maps (LRMP and topographical maps), and ground sampling and verification. 
Fragmented forest patches  the size of less than 2 ha were included. The previous 
surveys were primarily based on aerial photographs of 1:20000 to 1:50000 scale and 
Landsat images of 30*30’ meter resolution (HMG, 1973; LRMP, 1989; DFRS, 1999). 
The increased of forest coverage in 2015 is mainly due to inclusion of abandoned 
farmland as vast areas of formerly cultivated fields are left to regrowth by shrub and 
forest, mainly due to migration and lack of labor power in the villages and such lands 
can be reclaimed by farmers at any time and should not be counted as permanent forest 
(Poudel et al., 2014; Sharma et al., 2014; Jaquet et al., 2015). Thus, the surveys referred 
to in Table 1 are incommensurable. 

The continued decrease of forest cover questions the last twenty years’ focus on poverty 
alleviation. Poverty decreased substantially from 42 percent to 25 percent during 1996-
2008 but, instead of increasing the forest coverage as expected, the recent years have 
witnessed continuously decreasing forests. Why is it so? 

Water and Energy Commission Secretariat (2010) and FAO (2001, 2006) have published 
forest coverage data of Nepal (Table 5). The figures of Table 2 and Table 5 (below) 
coincide in 1994, but in Table 5, FAO has noted decreasing forest coverage data  for the 
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years 2000 and 2005. A probable explanation to the diverging data is that actual forests 
have decreased while shrub areas are steadily increasing. If this is the case, it warns of 
the possibility of substantial forest degradation in the future. 

Table 5: Changing forest coverage of Nepal according to FAO

Category Forest type and coverage (% of total landmass)
1994 2000 + 2005*

Forest 29.0 26.5 24.7
Shrub land 10.6 11.9 12.9
Total 39.6 38.4 37.6

Source: WECS, 2010.  + FAO, 2001; * FAO, 2006.

In the scientific literature, there is hardly any credible explanation of Himalayan 
degradation and deforestation for the period after 2000. But if we extend our context 
of analysis beyond Nepal, several new circumstances become salient.  FAO (2006) 
has published comparative forest cover figures from selected Asian countries, namely 
China, India, Nepal, Pakistan, Sri Lanka, Bangladesh, and Bhutan. The figures show 
that there is negative change in forest coverage in Nepal, Pakistan, and Sri Lanka during 
1990-2005. There are positive changes in Bhutan, China, and India while Bangladesh 
is more or less stable.

Sri Lanka and Pakistan have higher average incomes and less inhabitants below 
the poverty line than Nepal, but still they witness a similar rate of deforestation as 
Nepal does. This fact casts further doubt upon the recent conviction that poverty and 
deforestation are closely interlinked.  What, then, could be a credible explanation to 
the findings of FAO?  Like Nepal, Pakistan and Sri Lanka have been characterized by 
political instability and internal conflicts during the last 25 years. In contrast, the state 
and the governance system remain comparatively strong in India and Bhutan where 
forest coverage has improved. This fact directs our attention to the role of the state in 
environmental governance. How is the situation in Nepal in that respect?

Since long back Nepal has been passing through the stage of political transitions as 
presented earlier. The Maoist insurgency (1995-2005) is the latest that severely hampered 
the functioning of government bodies and NGOs across the country (MFSC, 2014).
The decade-long internal conflict killed 15,000 people. Thousands were displaced and 
hundreds of people disappeared. The conflict, according to USAID (2006), broke down 
institutional mechanisms, rules and regulation on the grass-root level causing forests 
to be mismanaged. Timber and other forest resources became the economic foundation 
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of the Maoist insurgents and forests became the place of hiding and operational bases. 
In that situation it is obvious that the Community Forest User Groups (CFUG) could 
not function properly. Moreover, political instability became so severe that the Central 
Government changed 16 times from 2000 to 2015. (https://en.wikipedia.org/wiki/List_
of_Prime_ Ministers_of_Nepal accessed 27 April 2016).

Although the community forest has substantially contributed to increasing forest 
coverage, problems arise within the community forestry system. The major challenges 
it faces are the issues of good governance, livelihood upliftment and sustainable forest 
management (Kanel and Niraula, 2004).  It has in fact limited participation of poor 
and disadvantageous group in resource governance and is thus unable to manage the 
distribution and operation of power amongst different types of resource users within 
CFUGs (Adhikari et al.,  2014).  Because of such issues a rapid decline in forest coverage 
has been observed in the Nepalese part of the Kailash landscape in eastern Nepal that 
covers 13,289 square kilometers area where forest area has decreased by 9 percent and 
cropland has increased by 12 percent from 1990 to 2009.  The deforestation is mainly 
due to the lack of appropriate approaches of monitoring and assisting community and 
local forest stakeholders in forest management (Uddin et al., 2015). Importantly, its 
success in Tarai is in question as forest area under CF in the Tarai is more degraded as 
compared to other types of forest (Nagendra, 2002).

The country has had no local level elected body since 2000. The Maoist conflict 
weakened local level government and other institutions which negatively affected 
forest conservation (MFSC, 2014). Government officials and representatives have 
been illegally involved in deforestation in government managed forests as well as in 
community forests. Indeed, higher government employees and politicians have become 
the modern subbas and mukhyas. Timber has been illegally extracted and smuggled 
over the open border to India where timber is in high demand due to a strict Indian forest 
policy (http://www.bbc.com/news/science-environment-11430622  accessed on June 30 
2015). Severe forest degradation has been observed in Chure forest from which India is 
reached in a couple of hours (Siwalik range; Kantipur Daily http://www.ekantipur.com/
the-kathmandu-post/2012/01/24/nation/deforestation-under-political-clout/230789.
html accessed on June 30, 2015). The internal conflict was resolved in the peace accord 
in 2006. Nepal experienced continuous disagreement sometimes amounting to violence 
over the new Constitution that was finally sanctioned in 2015. But immediately after 
the declaration of the Constitution, India initiated an unofficial blockade that resulted 
in severe shortage of cooking gas and petroleum products that compelled people to use 
firewood for cooking, even in urban areas. The blockade added pressure on forests as 
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the Government had to supply firewood from lowland Tarai to Kathmandu and other 
cities.

Not only political instability but also corruption has contributed to forest degradation.  
Nepal has fallen on the ranking list of Transparency International from rank 97 to 120 in 
2016. In comparison, the scores of other South Asian countries, with some exceptions, 
have improved somewhat in the same period (see http://www.transparency.org/cpi2015  
accesses on 28 April 2015). It is our contention that socio-political conflict, limited 
livelihood opportunities,  lack of good governance, and persistent corruption have 
contributed substantially to deforestation and degradation in this millennium. These 
are circumstances that have been more or less absent in the previous discourse on the 
Himalayan environment. 

Conclusion
Nepal’s forest management has passed through strict centralized approach to community 
participation from 1957 until today. Several changes in political systems have been 
adopted in the last six decades. With changing political system, the forest policies are 
also changed and these changes are reflected through the promulugation of acts, rules, 
and regulations. The pre- nationationalization phase was marked by the unification 
process of the country that lasted from 1744 to 1846. The forest resources, particularly 
timber, was the most important source of income for managing the cost of military 
expenses in that period. The country was ruled by Rana family from 1846 to1950. 
During the Rana period the forest was granted to Rana family and royal loyalties and 
allowed government functionaries to reclaim the forest for the purpose of state revenue. 
Beginning with the forest nationalization act 1957, the strict ban on forest  was remained 
until the beginning of community participation in 1990. People felt no responsibility in 
forest management and thus a rapid deforestation took place in Hill and especially in 
Tarai. After the community participation, forest coverage has increased but problems 
arise in CF governmance and benefit sharing. 

There are various understandings about the deforestation of Nepal Himalayas. During 
the nationalization period it was explained by population growth becoming hegemonic 
during the early post-Second World War period. It was modified somewhat during the 
latter part of the 1990s when the hill farmer ceased to be the appointed culprit in the 
alleged vicious circle of degrading soils and need for ever more forests to be cleared. 
Instead, blame was put on human interferences in the ‘fragile’ Himalayan environment. 
The interplay between the young geo-physical formation, unique monsoon climate, 
the historical process of nation building, and interest of the regime and development 
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activities, were accepted as the major causes of deforestation. In this millennium, poverty 
and lack of livelihood opportunities became the dominant explanation. None of the 
previous explanations give due attention to bad governance, internal conflict, corruption 
and concomitant institutional failure that must be included in order to understand the 
present situation. 

The debates on forestry in Nepal reflects changing fashions in international discourses on 
development and environment. But in contrast to the African discourse that has largely 
been framed on development policies (Leach and Mearns, 1996), forest management 
in Nepal has been viewed in a broader context that involves state interventions and 
activities of multiple stakeholders.  In that sense the various understandings of Himalayan 
deforestation not only reflects changing fashions in the international development 
discourse, but also actual realities on the ground. The much criticized population 
pressure focus of the early phase was probably valid in the 1960s and -70s. The massive 
out-migration of villagers started around that time which substantially eased the pressure 
on natural resources and left the ‘theory’ redundant. Today, abandoned farmland has 
become a problem rather than the clearing of more land. In that sense, the harsh critique 
that came up in the late 1980s and later (Thompson, 1985; Ives and Messerli,1989; Ives, 
2006) was probably misplaced and unfair.   
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Abstract
Climate change will affect forest vegetation communities, and field surveys have 
already indicated measurable distribution range shifts in some tree species. As forests 
play an important role in stabilizing steep slopes and provide vital ecological goods 
and services, the Government of Nepal has been encouraging forest restoration and 
sustainable management. However, reforestation and afforestation programs should 
consider the long term survivorship of the trees selected for reforestation to build 
climate adaptation and resilience. Thus, the choice of species should include species 
that would be expected to grow within the elevation zone or in the particular habitat 
under future climate change scenarios. In this analysis, we have assessed the response 
of 12 important tree species to climate change using the IPCC A2A GHG scenario with 
GCM-based climate envelopes to provide guidelines and recommendations for climate 
change-integrated forest restoration and management in the Chitwan-Annapurna 
Landscape (CHAL). The results indicate that several species could exhibit range shifts 
due to climate change, with an overall trend for species in the lower elevations to move 
northwards or further up the slopes within the current area of distributions. Analyses 
such as this, though not perfect, can help to make critical and informed decisions to 
support long-term forest restoration programs. 
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Introduction
Global climate change is now considered to be an important driver of ecological change, 
including causing range shifts or even local extinctions if species cannot adapt to or 
move from unfavorable environmental conditions (Parmesan, 2006).  The responses to 
warming climates are expected to be pole ward or upslope movements, but the shifts 
will also be influenced by various local abiotic and biotic conditions, such as local land 
use and dispersal or movement barriers, micro-climates, the use of plants and animals 
by people, interspecific interactions, species-specific eco-physiological tolerances 
to environmental conditions, vagility, nutrient availability, edaphic conditions, etc. 
(Parmesan and Yohe, 2003; Parmesan et al., 2011; Schickhoff et al., 2015). 

Studies in the Himalaya, including in Nepal, already show measurable responses 
among some tree species, manifested as northward and upslope shifts (Dubey et al., 
2003; Shrestha and Devkota, 2010; Vijayprakash and Ansari, 2009). A climate change 
projection modelled for eight major vegetation types in the Nepal Himalaya also 
suggests that some forest communities are vulnerable to climate change, but some may 
be more resilient and will remain unchanged under projected climate scenarios (Jung 
Thapa et al., 2016). However, the study also shows that the complex topography of the 
Himalayan mountains can create resilient climate micro-refugia even within the larger 
spaces of climate vulnerable areas (Jung Thapa et al.,  2016). 

Many people in Nepal still depend heavily on forest-based resources, including several 
tree species, for a variety of uses ranging from timber to food, fodder, medicines, wood 
for utensils and crafts, and fertilizer (Chaudhary, 2000).  But decades of unsustainable 
harvesting have caused many of Nepal’s natural forests to become highly degraded, 
threatening the biodiversity of these ecosystems as well as sustainability of ecosystem 
goods and services that support livelihoods and wellbeing (Chaudhary, 2000). Degraded 
forests are also less resilient to climate change (Noss, 2001). Because climate change 
is expected to result in more frequent and more severe weather extremes and increased 
natural disasters, forest restoration is also important to mitigate slope destabilization 
and consequent natural disasters. Loss of forest resources and vulnerability to such 
disasters will disproportionately affect the poor who are marginalized to less productive 
and unsafe areas, and women who usually seek and collect forest resources, and are 
thus more exposed to natural disaster risks (Neumayer and Plümper, 2007; Vakis, 2006).

In this study, we modelled the responses to climate change by several key tree species 
(Table 1) that are dominant components of the forest vegetation and projected their 
potential future distributions in the Chitwan Annapurna Landscape (CHAL), based on an 
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IPCC A2A greenhouse gas (GHG) climate projection to provide an initial methodological 
approach to assist with tree species selection for climate suitable planting (Duveneck 
and Scheller, 2015) in forest management. 

Study area
The Chitwan-Annapurna Landscape (CHAL) is a river basin conservation landscape 
extending from Chitwan National park in the South to Annapurna Conservation area 
in the North. The landscape is drained by eight major rivers (Kali Gandaki, Seti, 
Madi, Marsyangdi, Daraundi, Budi Gandaki, Trishuli, Rapti) and their tributaries of 
the broader Gandaki River system. The total area of the landscape is 32,090 sq km 
and the geographical extension ranges from 82o52'51''to 85o48'10'' E Longitude to 
27o21'20'' to 29o19'50'' N Latitude. CHAL itself is bounded by the Gandaki river basin. 
It exhibits much scenic beauty, ranging from the rain shadow of the trans-Himalayan 
area and the snowcapped mountains of Annapurna, Manaslu and Langtang in the north, 
descending southwards through diverse topography to the mid-hills, Churia range and 
the flat lowlands of the Terai. It contains 
seven major sub-river basins: Trishuli, 
Marsyandi, Seti, Kali Gandaki, Budi 
Gandaki, Rapti and Narayani.  The 
landscape has high biodiversity value 
and is rich in natural and cultural 
heritage. The Kaligandaki river gorge, 
its river valley and most of the section is 
an important transit route for migratory 
birds and is home to endangered 
species like snow leopard, and red 
panda.  The 12 permanent climate 
change monitoring plots have been 
established by USAID Hariyo Ban for 
long term research. CHAL has a human 
population of over 4 million, many of 
whom live in very isolated topography 
with poor access to market centres. 
They are more dependent on forest 
resources and ecosystem services for 
their livelihoods. Diverse tourism i.e., 

 

Table 1. Tree species used in the climate 
projection. 

High Himal 

Juniper (spp.) 

High Mountains 

Blue pine (Pinus wallichiana), Fir (Abies spp.), Birch 
(Betula spp.), Rhododendron, Juniper (Juniperus 
spp.), Oak (Quercus spp.), Spruce, Alder (Alnus 
nepalensis) 

Middle Mountains 

Katus (Castanopsis spp), Chir pine (Pinus roxburghii), 
Tejpat (Cinamomum tamala), Champ (Michelia 
champaka); Oak (Quercus spp.), Chilaune (Schima 
wallichi), Alder (Alnus nepalensis) 

Churia/Siwaliks 

Chir pine (Pinus roxburghii), Tejpat (Cinamomum 
tamala), Amala (Emblica officianalis), Sal (Shorea 
robusta), Champ (Michelia champaka) 

Terai 
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nature based, wildlife based tracking, cultural and religions based are major economic 
activities in this region.

The dominant tree species chosen were associated with forests of the High Mountain, 
Middle Mountain, Churia (Siwalik) and Terai physiographic zones of Nepal (Table 1) 
to assess their future distribution based on the emission scenario reported in the special 
report on Emission scenario (SRES) by the Intergovernmental Panel on Climate Change 
(IPCC) (www.grida.no.climate/ipcc/emission) for the year 2020, 2050 and 2028 obtained 
via the worlsclime homepage. The species selected have NTFP and timber values for 
local communities. We chose the A2A GHG scenario-the highest IPCC GHG emission 
scenario-because recent assessments indicate that GHG emissions during the 2000’s 
exceeded the highest predictions by the 
IPCC (IPCC, 2007; Raupach et al., 2007; 
Hansen, Sato and Ruedy, 2012; Shrestha, 
Gautam and Bawa, 2012; World Bank, 
2012).

We used the DoF (2002) map to select 
1000 occurrence points of each forest 
vegetation type and train the model to 
project the distributions of some key 
representative species in them under 
future climate conditions in the CHAL. 
This DoF (2002) map of forest classes 
(Figure 1) represents an extrapolation of 
forests before anthropogenic conversion 
and degradation and was created by 
experts based on their knowledge and assumptions. While these extrapolations have 
some inherent biases, we used it to avoid the greater biases in current forest cover maps 
due to extensive anthropogenic forest conversion. 

We generated >1,000 random observation points for the respective forest classes 
assigned to the individual species, and used them in Maxent (Phillipps, Anderson and 
Shapire, 2006) along with 19 WorldClim bioclimatic variables (Table 2). The bioclimatic 
variables are biologically meaningful variables and have been used to map climate 
influenced distributions of several species using GCM models worldwide.

The future distributions of the species represent equilibrium climate for 2050 under 
the A2A GHG emission scenario, which was projected with a downscaled HADCM3 

Table 2 Bioclimatic Variables from WorldClim. 
 
BIO1 = Annual Mean Temperature 
BIO2 = Mean Diurnal Range (Mean of monthly (max temp - 
min temp)) 
BIO3 = Isothermality (BIO2/BIO7) (* 100) 
BIO4 = Temperature Seasonality (standard deviation *100) 
BIO5 = Max Temperature of Warmest Month 
BIO6 = Min Temperature of Coldest Month 
BIO7 = Temperature Annual Range (BIO5-BIO6) 
BIO8 = Mean Temperature of Wettest Quarter 
BIO9 = Mean Temperature of Driest Quarter 
BIO10 = Mean Temperature of Warmest Quarter 
BIO11 = Mean Temperature of Coldest Quarter 
BIO12 = Annual Precipitation 
BIO13 = Precipitation of Wettest Month 
BIO14 = Precipitation of Driest Month 
BIO15 = Precipitation Seasonality (Coefficient of Variation) 
BIO16 = Precipitation of Wettest Quarter 
BIO17 = Precipitation of Driest Quarter 
BIO18 = Precipitation of Warmest Quarter 
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General Circulation Model (GCM) (Ramirez-Villegas and Jarvis, 2010). The HADCM3 
GCM (Mitchell et al., 2004) was selected because it is a moderate GCM at a global scale 
and appears to replicate historical climate in Nepal fairly well (Forrest et al., 2012). 

Figure 1: Vegetation types of CHAL (DoF, 2002)

Results and Discussion
Climate envelope models for selected tree species

Juniper, Juniperus spp. The A2A GHG model indicates that Juniper will shift upslope 
from the current distribution (Dubey 
et al., 2003; Shrestha and Devkota, 
2010; Vijayprakash and Ansari, 2009). 
Because of its ability to colonize and 
grow on barren lands, Juniper is used 
to reforest high elevation areas of the 
Himalaya (Rawat and Everson, 2002). 

East Himalayan Fir (Abies spectabilis).  
Fir occurs as a dominant canopy tree 
species, but is also mixed with broadleaf 

 

Figure 2: Projected distribution of Juniper in 2050 under the IPCC A2A GHG 
scenario. 
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forests, especially with Rhododendron, Birch (Betula), and Oak (Quercus spp.). 
Therefore, for this analysis, we assigned Fir to several mixed forest types, including Fir-
Birch-Rhododendron Forest and Fir-Oak-Rhododendron Forest from 2400 to 4400 m  
where Fir inclusive forests are distributed as a narrow, undulating band in the ecotone of 
the High Mountain and High 
Himal zones. The model 
predicts that Fir will have a 
wider distribution, extending 
the range both northwards 
into the High Himal within 
the High Mountain zone 
from its current distribution 
(Figure 3). Studies from 
Langtang National Park 
already shows an upward 
shift in the distribution of Fir, 
attributed to warming winter 
temperatures (Gaire et al., 
2011), with high recruitment 
of saplings and younger age stands in the higher altitude edges of the range (Narayan 
et al., 2011).  Fir is sought after for construction, and can be used to reforest degraded 
slopes with sustainable extractive management. 

Himalayan birch, Betul autilis. Birch was associated with the Birch-Rhododendron and 
Fir-Birch-Rhododendron forests. In the CHAL, the Birch-Rhododendron Forest occurs 
as a narrow band in the upper regions of the High Mountain zone, in Kaski, Manang, 
Lamjung, Gorkha and Rasuwa districts (Figure 4). The model predicts that the range 
distribution of Birch will extend further 
uphill along the catchment slopes, but 
not significantly in latitudinally. Since 
Birch is a fast-growing species it can be 
used to reforest and stabilize degraded 
catchment slopes in areas surrounding 
the current distribution area, especially 
in areas that are expected to become 
moister from pre-monsoon precipitation 
(Liang et al., 2014). 

 

Figure 3: Projected distribution of Fir in 2050 under the IPCC A2A GHG scenario. 

 

Figure 4: Projected distribution of Spruce in 2050 
under the IPCC A2A GHG scenario. 
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Spruce, Picea smithiana. Spruce grows 
between 2200 and 3300 m in areas that are 
partially sheltered from the direct impacts of 
the monsoon. In the CHAL, spruce forests 
are restricted to small areas of Manang and 
northern Gorkha districts, where they ascend 
along the dry valleys of the High Himal zone. 
The model indicates a local expansion of 
spruce within these two districts (Figure 4). 

Blue pine, Pinus wallichiana.  Blue pine 
usually grows between 1800 and 3600 m, and 
occasionally ascends to elevations 
of 4400 m. In the CHAL, Blue pine 
is found in Myagdi, Rasuwa, lower 
parts of Mustang and Manang, and 
the northern areas of Gorkha districts 
(Figure 5). The model predicts that 
the range of Blue pine could extend 
further northwards into the High 
Himal zone along the Gandaki river 
valley in Mustang, and further south 
along the Gandaki river valley Blue 
pine is relatively cold tolerant, and 
can be used for afforestation in the 
high elevation areas, especially in 
areas that are less moist. 

Himalayan Alder, Alnus nepalensis. This is a pioneer species that readily colonizes 
landslide-affected areas, degraded forests, abandoned agricultural areas, and areas 
otherwise disturbed, but also occurs naturally as pure stands or in mixed forests 
(Sharma, Sharma and Pradhan, 1998). Alder has a wide elevation range distribution, 
growing from 500 to 3000 m in Nepal. In the CHAL, Alder forests are found as narrow 
bands along the rivers and ravines in the Middle and High Mountain zones (Figure 6). 
The model indicates that the range distribution of Alder could extend further away from 
the riverine areas. Because Alder is a fast-growing pioneer species, it could be used to 
reforest degraded slopes, to rapidly stabilize degraded slopes and then gradually phase 
them into mixed stands.

 

Figure 5: Projected distribution of Blue pine in 2050 
under the IPCC A2A GHG scenario. 

 

Figure 6: Projected distribution of Alder in 2050 
under the IPCC A2A GHG scenario. 
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Chilaune, Schima 
wallichii. The Schima-
dominated forests lie 
below the oak forests, 
in the subtropical and 
lower temperate forest 
zone between 1000-
2000 m, especially in 
wetter south-facing 
slopes and moister 
north-facing slopes 
(Figure 7). The model 
indicates that Schima 
will extend its range 
northwards in the High 
Mountain zone and even 
partially into the High Himal zone, but will continue to survive in most of its current 
range. The overall wetter, warmer conditions predicted due to climate change could 
create growing conditions favourable to this species, which is already widely used in 
community forestry. 

Castanopsis spp.  There are three species of Castanopsis that grow in the Middle Mountain 
zone: C. hystrix from approximately 1000 to 2500m, C. indica from 1200 to 2900, and 
C. tribuloides from 450 
to 2300 m. Castanopsis 
was associated with the 
Castanopsis-Laurel and 
S c h i m a - C a s t a n o p s i s 
forests. The model predicts 
the current range of the 
genus will become patchy, 
with a slight northward 
shift (Figure 8). But in 
particular, C. tribuloides 
has the widest distribution 
of Castanopsis in Nepal, 
with an elevation range 
extending from the high 
elevation Hill Sal forests to 

 

Figure 7: Projected distribution of Schima in 2050 under the 
IPCC A2A GHG scenario. 

Figure 8: Projected distribution of Castanopsis in 2050 under 
the IPCC A2A GHG scenario. 
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temperate forests dominated with laurels and oak. It grows on a variety of soil types 
and tolerates a wide precipitation regime, indicative of generalist ecophysiological 
parameters with high climate resilience.  C. indica has a narrower elevation range, being 
confined to the temperate broadleaf forest zone, and is more common in areas with 
high rainfall. The trees can be used in reforestation programs, especially in the northern 
regions which could receive more rainfall under climate change scenarios. C. hystrix 
grows in eastern Nepal, in association with C. tribuloides and oak (Q. lamellosa). 

Oak, Quercus spp. There are six species of Oak (Quercus) that grow in the Middle and 
High Mountain zones: Q. floribunda from 2100 to 2700 m, Q. semecarpifolia from 1700 
to 3800 m, Q. lanata from 1750 to 2400 m, Q. leucotrichophora from 1650 to 2400, 
Q. lamellosa from 1600 to 2800, and Q. glauca from 450 to 3100 m. The Oaks were 
associated with a number 
of temperate broadleaf and 
mixed broadleaf forest types, 
especially the Temperate 
Mountain Oak Forest and 
Lower Temperate Oak 
Forest, and distributed in the 
Middle and High Mountain 
zones, with the Lower 
Temperate Oak Forests 
extending down to the latter 
(Figure 9) and the High 
Mountain oak-dominated 
forests above, distributed as a 
narrow, undulating band just 
below the band of Fir forests. 
The model indicates that 
the distribution of oaks will 
extend both northwards and southwards, including into the High Himal physiographic 
zone, spreading along the river valleys of the Gandaki River system.

Closer examination of the suite of oak species indicates differences in their habitats, 
with some species growing better in drier, south-facing slopes and others in moister 
north-facing slopes. The different elevation ranges also indicate differences in tolerance 
thresholds for temperature regimes. These ecophysiological differences among species 
may explain the northward and southward expansion of the oaks indicated in the climate 
model output. 

 

Figure 9: Projected distribution of Upper Temperate Oak in 
2050 under the IPCC A2A GHG scenario. 
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Climate models for other areas suggest that high elevation oaks such as Q. semecarpifolia 
which currently dominate temperate forests in the mid- to upper elevations, may become 
isolated in high peaks (Sapkota, Tigabu and Oden, 2009). However, this study indicates 
that the montane oaks may survive along the lower slopes of catchments, but within 
the narrow elevation band in the upper temperate region. A study of Q. floribunda has 
shown that the species consists of several populations with different ecophysiological 
characteristics that adapt the species to survive different environmental conditions of 
drought and precipitation (Singh, Singh and Skutsch, 2010).  Other studies suggest that 
seed maturity of Q. floribunda and Q. semecarpifolia, now closely tied to the timing 
of monsoon rainfall, could become asynchronous, affecting germination and seedling 
recruitment and survival (Singh, Singh and Skutsch, 2010).  Over exploitation of slow 
growing oaks for fuelwood and fodder can also affect seed production and recruitment; 
thus, sustainable management will be necessary to enable forest restoration and growth 
of these forests (Hussain et al., 2008). In the northern districts oaks can be used to 
reforest degraded or destabilized slopes.  However, the choice of species should consider 
the habitat preferences of the different species, and their ecophysiological adaptive 
capacities to emerging climatic conditions based on environmental tolerance thresholds 
and responses to human disturbances. 

Chir Pine, Pinus roxburghii.  Chir Pine usually grows in the sub-tropical belt, on the 
drier south and southeast-facing slopes. The species cannot usually compete with broad 
leaved trees in wetter areas, including south-facing slopes, which may explain the 
absence from the central regions of 
the CHAL along the wetter Gandaki 
basin where they are generally 
found along the peripheral areas, 
in the eastern and western districts 
(Figure 10). The current distribution 
is largely within the Middle 
Mountain physiographic zone, 
although mono-stands of Chir Pine 
Forests extend to the High Mountain 
zone in the eastern districts, along 
the river valleys. The model does 
not indicate a significant change 
in the range distribution within 
the CHAL, except in Gulmi and 
Baglung districts.  

Figure 10: Projected distribution of Chir pine in 2050 under the IPCC 
A2A GHG scenario. 
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Chir pine can tolerate poor soil 
conditions but does not grow well on 
badly drained soils. The pure stands 
in drier sites are considered to be 
climax communities. The absence 
of an undergrowth is considered 
to encourage erosion, especially 
on steep slopes; therefore, forestry 
projects, especially on steep slopes, 
should encourage colonization, 
regeneration, and emergence of other 
tree and shrub species. 

Tejpat, Cinnamomum tamala.
Tejpat is relatively common and 
widespread in the subtropical and 
lower temperate forests of the lower 
Middle Mountains, Churia and the 
Terai, between 500 and 2200 m. It is 
associated with several forest types: 
i.e., Lower Tropical Sal and Mixed 
Broadleaf Forest, Hill Sal Forest, 
Chir Pine-Broad Leaved Forest, and 
Upper Tropical Riverine Forest. In 
the CHAL, its current distribution 
includes the moist, shaded slopes 
and ravine areas and along the river 
valleys (Figure 11). The model 
indicates that the range will extend 
upslope in the Middle Mountain zone.

Emblica officinalis. This lowland 
species associated with the Lower 
Tropical Sal and Mixed Broad 
Leaved Forest and Riverine Khair-
Sissoo Forest in the Terai and Churia 
is confined to elevations below 1000 
m. The model does not indicate 
significant range shifts (Figure 12).

 

Figure 11: Projected distribution of Cinnamomum tamala pine in 2050 
under the IPCC A2A GHG scenario. 

 

Figure 12: Projected distribution of Embilica in 2050 under the IPCC A2A 
GHG scenario. 

 

Figure 13: Projected distribution of Sal in 2050 under the IPCC 
A2A GHG scenario. 
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Sal, Shorea robusta. Sal is widespread in the subtropical and tropical Terai and Churia 
zones, except where rainfall is very high. The range includes the mid-hill regions along 
river valleys, even up to 1500 m in some places. Sal prefers climatic conditions with 
1000 to 2000 mm of annual precipitation and a dry season less than 4 months (Tewari, 
1995). The species is associated with Hill Sal Forest and the Lower Tropical Sal and 
Mixed Broadleaf Forest. Sal is replaced by Dalbergia sissoo and Acacia catechu along 
the waterlogged, riverine areas of the Terai. In the CHAL, the Hill Sal forests occur 
along the Churia hills and the lower slopes of major river valleys (Figure 13). The model 
indicates that the Hill Sal forests will move further northwards and upslope into the 
Middle Mountain zone along the river valleys. Thus, reforestation of higher slopes in 
catchments can include Sal, along slopes with <2000 mm of rainfall and no frost.

Other species associated with Sal. The forest types (Hill Sal Forest, Lower Tropical Sal 
and Mixed Broadleaf Forest) that support Sal also includes tree species, as described 
below, that can be important for forest restoration in climate change-integrated programs. 

Karma, Adina cordifolia. This species is sympatric with Sal in the forests of the Terai 
and Churia, but the elevational range distribution is only up to about 800 m; thus, the 
upslope range extension in response to climate change may be more limited than Sal. 
The wind dispersed seeds are carried long distances and germinate with early rains, 
including on bare ground in areas of landslides and abandoned agricultural areas. Thus, 
natural colonization and regeneration could be encouraged in areas to which the species 
is adapted. Jamun, Syzygium cumini. This species is sympatric with Sal in both the Terai 
and Churia. It prefers clay-loam or sandy alluvial soils and swampy areas, especially 
along water courses, and is therefore, more tolerant of wetter environmental conditions 
than Sal. The tree is also shade-tolerant.

Saj, Terminalia alata. This species is associated with the same forests that support Sal, 
but grows better on deep, alluvial soils around swampy areas. The elevation range (~200 
to 1400 m) is similar to Sal; thus the spatial shift in response to climate change scenarios 
may be similar, except that Saj will likely do better on wetter, less well drained soils. 

Siris, Albizia lebbeck. This species is associated with the Hill Sal Forest and the Lower 
Tropical Sal and Mixed Broadleaf Forest. Although it is distributed up to about 1200 
m, Siris is more common in the lower elevations, and also along rivers in the Dalbergia 
sissoo-Acacia catechu forests. The macro-scale spatial expansion of Siris in response to 
climate change could be similar to Sal. Because of its colonizing abilities, the species 
can be used to restore degraded soils.
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How climate models can inform forest restoration in Nepal
Correlative climate models have been used extensively to assess and predict responses 
of species to climate change, but most commonly used climate models use coarse-
scaled global or regional datasets and are also too simplistic to represent all ecological 
and anthropogenic variables that can influence climate trajectories, environmental 
conditions, local and microclimatic variations, and other drivers of change to accurately 
predict future ecological scenarios (Pearson and Dawson, 2003). While mechanistic 
or process-based models that use ecophysiological and other biological information to 
assess the responses of species to climate change can provide some triangulation to 
assess the outputs of correlative models, the necessary information for most species 
is unavailable (Chmura et al., 2011). However, model-based predictions do provide 
some information and direction to assess the potential future risks and opportunities that 
allow conservationists, managers, and practitioners to make better, informed decisions 
for proactive adaptation strategies, including assisted migrations for forest restoration 
(Pedlar et al., 2012, Williams and Dumroese, 2013) by narrowing the scope of the 
possible trajectories (Bellard et al., 2012; Parmesan et al., 2011; Pearson and Dawson, 
2003; Pereira et al., 2010). 

In a complex environment such as the Himalaya, the highly dissected landscape also 
presents a myriad topographic variations that create a range of climates and micro-
climates, both spatially and temporally. This variation—decoupled from landscape-scale 
variation—also affects plant survival and persistence. The climate envelope outputs 
from GCM-based climate envelopes are too coarse to discern and reflect these micro-, 
and even meso-scale, variations. An analysis of climate resilience using GCM-based 
models combined with terrain-based analysis has shown the presence of scattered forest 
patches that would remain resilient to climate change (Jung Thapa et al., 2014. These 
include microrefugia along steep-sloped ravines, valleys, and north and northwest-
facing slopes where there may not be much change in the vegetation communities in the 
future. Thus, restoration programs in these macro and microrefuge areas can choose the 
current species assemblages.

The current model outputs of future species distributions can provide some indication 
of where these important species could grow, and inform reforestation programmes. 
They can also inform landscape-scale conservation plans that include climate corridors 
that enable forest trees to shift ranges under future climate scenarios, and reach higher, 
cooler areas through natural dispersal. Overall, the climate modelling used here indicates 
that several important tree species in Nepal could exhibit range shifts due to climate 
change, with an overall trend for tree species to move further northwards or upslope. In 

Gokarna Jung Thapa1& Eric Wikramanayake / Selecting tree species for climate... Vol. 13: 29-46, 2020 



 42 

the former, the tree species ranges will shift along river valleys which cut through the 
terrain or move up and down successive east-west running ridges in the Churia, Middle 
Mountains and High Mountains. The latter route means that species may have to migrate 
up long hot, dry south-facing slopes, and down shorter, cooler and damper north-facing 
slopes, to reach progressively higher areas. River valleys would be an easier option, but 
in many of them forests have been cleared for agriculture, settlements and infrastructure, 
and the corridors are fragmented. Thus, restoring north-south corridors should be a high 
priority in landscape and forest management. 

Even with the presence of climate corridors, range shifts among long-lived tree species 
into climate refugia will require long time periods causing the species shifts to lag 
behind climate change, which is now occurring at an accelerated pace (Bertrand et 
al., 2011, Duveneck and Scheller 2015, IPCC 2007). This will be particularly serious 
for slow-maturing tree species with short seed dispersal distances. Thus, in order to 
maintain forest cover and ecosystem services, ‘assisted migration’, where tree species 
that are expected to exhibit range shifts in response to climate change can be planted 
in their potential future habitats, has been recommended as a strategy for climate 
change-integrated forest management (Gray et al., 2011; Marris, 2009; Pedlar et al., 
2012; Williams and Dumroese, 2013). Selecting the species for assisted migration can 
be informed through analyses such as this, that provide predictive information about 
species range shifts based on climate change projections.

Conclusion
As local environmental conditions become unfavourable, some species may become 
extirpated, especially if the forests are fragmented and climate corridors are lost, with 
consequent loss of species diversity. Degraded forests are more vulnerable to climate 
change-related impacts. Forest degradation will also affect ecosystem services that 
support human communities, such as natural resource provision, water supplies and crop 
pollination. While avoiding degradation of intact forest systems that is obviously a better 
strategy to pursue, increasing biodiversity in plantations, and in naturally regenerated or 
semi-natural forests can increase resilience, and even carbon storage capacity (Thompson 
et al., 2009).  Such restoration programs should strive to emulate natural forests through 
analogue forestry (Senanayake and Jack, 1998), using multiple species to increase both 
response and functional diversity within the ecosystem. Restoration should also prioritize 
strategic areas that are most ecologically sensitive, that will help to improve ecosystem 
process and services, and that contribute towards sustainable socioeconomic development 
solutions (Benayas et al., 2009). In a landscape or basin-wide spatial context, the diversity 
of the mosaic comprised of intact, restored, and sustainable-use forests will also increase 
resilience through multiple redundant and reinforcing ecological processes (Elmqvist et 
al., 2003; Peterson, Allen, and Holling, 1998). 
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Recommendations
Nepal’s steep mountain slopes have been extensively degraded from centuries of 
anthropogenic forest conversion and clearing, but the intensity of use has accelerated 
during the past half-century. Community re-engagement and stewardship in forest 
management for better management over the last few decades is now helping significantly 
to restore forest cover especially in the middle mountains. However, global climate 
change is now beginning to change forest communities. Thus, forest management and 
restoration strategies should consider the impacts of climate. Analyses such as this, while 
not perfect, can help to make informed decisions about long-term forest restoration 
programs that integrate climate change, instead of ad hoc forest restoration programs. 
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Abstract 

Nepal is a sovereign country since its history and has never been colonized. In course 
of time, once a greater Nepal shrunk to present territory after its defeat in the Anglo-
Nepal War (1814–15) and since the signing of the border treaty (Between the East India 
Company and the Raja of Nepal) which is known as the Sugauli Treaty of 1816. The 
defeat fixed the river Kali as the border in the west and the Mechi in the east on the hilly 
regions whereas there are border pillars (Jange Pillars) on the southern plains. The 
territorial issue between Nepal and India on the north-west border, especially up to the 
source of the Kali river is reviewed in this paper. Interpretations of the relevant documents 
and correspondences, reviewed papers, articles in periodicals and newspapers, and 
historical maps are critically made with reference to the recent freely available google 
maps and political maps published by Nepal and India. British-India after the Sugauli 
treaty and also India after the independence realized the importance of the Gunji-Kuti 
area, Lipulek pass and Kalapani and made the unilateral cartographic manipulation on 
the North-west border of Nepal. It is found that the borderline swinging over the century 
clearly indicated that the encroachment of about 400 sq. km land of Nepal contravened 
the spirit of the Sugauli Treaty.  

Keywords: Sugauli treaty, Kalapani, Fictitious border, Phantom location, Cartographic 
manipulation,

Background
The publication of its political map by India in November 2019 that shows the Nepalese 
land in the far western part of the country, Limpiadhura, Lipulek, and Kalapani, as its 
territory has once again brought back to the boundary encroachment of Nepal in the area 
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east of the Kali (Mahakali River/Sarada River), the boundary between the two countries 
as per the Treaty of Sugauli-1816, by the southern neighbor since the time of British 
India into fore. The ongoing territorial issue between Nepal and India involving some 
400 sq. km sovereign land of Nepal on the north-west border, especially the source of 
the Mahakali river, in fact, dates back to the Sugauli Treaty of 1816 signed between the 
East India Company of Great Britain and the Raja of Nepal. It may be added that India's 
recently (2019) published its new political map showing the said amount of Nepali 
land within her territory when her government had, time and again, admitted that the 
upper reaches of Kali are disputed (Bhandari, 2015; Dhungel & Pun, 2014; JWG, 1998; 
Rajan, 2000; Risal, 1999; Dhungel, 1999). This paper is digging out the cartographic 
aggression of India focused on the issues related to the encroachment on the North-West 
border of Nepal.

Nepal: Location from the border perspective 
Nepal falls over the Himalayan region which was formed about 75 million years ago 
when the Indian plate collided with the Eurasian plate. Nepal lies almost completely 
within the collision zone (Ali & Aitchison, 2005). It is a landlocked country located 
between India and the Tibetan Autonomous Region of China. It is located between 
26°22' to 30°27' North latitudes and 80°04' to 88°12' East longitudes, and extends 
about 800 kilometers East-West and 150 to 250 kilometers North-South with an area of 
147,181 sq. km (Figure 1).

 Figure 1: Nepal and location of disputed (encroached) area (Map by Gurung, 2019). 
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In the latter half of the 18th century Prithvi Narayan Shah, the ruler (1768-1775) of 
the Kingdom of Gorkha, formed a unified country of Nepal by conquering several 
independent states (Sodari, 2020). His successors extended its territory up to Kangra to 
the west including the Kumaon and Garhwal and up to Testa, Sikkim in the east (Regmi, 
1958; Manandhar, 1983).  In India, the East-India British Company while expanding 
its territory felt the necessity of routes to Tibet as well as of the forest resources of 
Nepal and so declared the war with Nepal. (kullabs.com/classes/subjects/units/lessons/
notes/note-detail/693-). When the war between the two countries was going on, Francis 
Rawdon-Hastings, 1st marquess of Hastings (2nd Lord Moire), the Governor General of 
India had sent a secret letter to the Secret Committee of the East India Company, London 
on June 1, 1815, suggesting the Kali River to be the eastern boundary of East India with 
Nepal (Cox, 1824). The defeat of Nepal in the war (1814–15) with the British, Nepal 
was compelled to sign ‘The Treaty of Sugauli in 1816’ which shrunk Nepal’s territory 
to the current shape.  

Article 5 of the Sugauli Treaty  between the East India Company and Nepal states that, 

'the Rajah of Nepal renounces for himself, his heirs, and successors, all claim to 
or connexion with the countries lying to the west of the River Kali and engages 
never to have any concern with those countries or the inhabitants thereof'  
(Bhandari, pp. 282-300).

But later on, Nepal was able to get back some of her southern plain lands in two phases, 
i.e. a first return of the eastern Tarai on 11 December 1816, and second return of four 
districts of Banke, Bardiya, Kailali, and Kanchanpur of Western Tarai on November 1, 
1860 (Paudyal, 2013). The British Government signed a treaty of friendship in 1923. 
Nepal established diplomatic relations with would-be independent India on 17 June 1947 
and a friendship treaty in 1950 with Independent India. Nepal established diplomatic 
relations with the People's Republic of China on 1 August 1955 and signed the Treaty of 
Peace and Friendship in 1960. Nepal joined the United Nations on 14 December 1955 
(Acharya, 2013). It stands as a buffer state between China and India.

Borderline-1 by Sugauli treaty of 1816

The map published by the East India Company after the Treaty of Sugauli on January 2, 
1816, is the medium-scale map (Figure 2) that showed the pictorial interpretation of the 
secret letter of Lord Moira in 1815  (Cox, 1824). 
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The secret letter states that, 

'the eastern boundary will be the Kali, which rises in the snowy mountains, and 
pursues nearly a direct southerly course to the plains, where it assumes the name 
of the Gogra'.  ‘The Kali forms a well-defined boundary from the snowy mountains 
to the plains, and though narrow, it is deep and rapid. The snowy range inclining 
towards the south reaches its extreme point in the direction where it touches the 
eastern confines of Kumaon. Hence this is the shortest, and consequently the most 
defensible line of frontier.’  

The mapping technology during that time was not as advanced as of today, so the 
demarcation of the location of the source of the uppermost river reaches of the main 
Kali river is shown inside the overshadowing area of snow and glaciers in the map.

The western border river 'Kali' (Article 5 of Sugauli treaty, 1816), is now called 
as Mahakali in Nepal and Sarada in India. The map of 1819 (Figure 3) had clearly 
demarcated the headstream course of Kali as “Kalee R” to the river mentioned by 
the Sugauli Treaty. The river name was given on the base of the traditional name and 
information provided by the local residents. The map of 1819 and other maps published 
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Figure 2: Kali river as the international 
borderline between British-India and  Nepal 
(www.davidrumsey.com)  

Figure 3: The uppermost reach of Kali river 
as the western borderline between British-
India and Nepal (https://pahar.in/indian-
subcontinent-pre-1899)
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in 1827, 1834, 1835, 1837 1846,  1848, 1850 and 1856 had marked the Kali to the 
river coming from Limpiadhura which had followed the main river principle as well. 
In addition, another supporting document to the maps was the letter of John Adams as 
described in the subsequent chapters. 

Data and methodology
The paper is prepared on the basis of historical facts, published documents, 
correspondences and several maps since 1815 (Bhandari, 2015; Baral, 2007, 
Shrestha, 2003; Manandhar, 1996). Relevant papers and articles published in the peer-
reviewed journals (Manandhar & Koirala, 2001; Dhungel & Pun, 2014), periodicals 
and newspapers (Bhusal, 1996) are also reviewed. Reviewed documents also include 
treaties and books as well. Copies of authentic maps from 1816 onwards, the political 
boundary map published by the Survey of India and the administrative boundary of 
Nepal published by the Survey Department of Nepal were analyzed. Cartography 
includes the map making process and a map not properly designed is called the 
cartographic failure (Robinson, 1953). Fictitious or fake entries on relevant historical 
maps are analytically interpreted. Interpretation of maps is also made with reference 
to the recent freely available Google maps (https://www.google.com/earth/versions/), 
which helped to clarify the confusion arising in interpreting large scale maps. Copies of 
original correspondences have been taken as authentic views of concerned authorities. 
In addition, the river science principle developed by John Playfair in 1802; R E Horton 
in 1945, AN Strahler in 1964 and Bhusal in 1996 (Bhusal, 1996; 1998) was also 
considered to define the source of the main river in question, i.e. Mahakali /Sarada/
Kalee river. Hydro-sub module of ARC GIS using 30 meter DEM (ASTER) (NASA, 
2010) is used to map the uppermost watershed of the Kali river with GIS software and 
the same map so produced is used as a base map to locate the borderline shifts. 

Evolution of cartographic aggression by India
Since the signing of the treaty in 1816, several maps were published by the British 
East India Company and by the Government of India, some of them found showing 
the fictitious entry to the source of the Kali river. After India got independence, both 
Nepal and India signed a ‘Peace and Friendship Treaty in 1950’ which states that “The 
two governments agree mutually to acknowledge and respect the complete sovereignty, 
territorial integrity, and independence of each other” (Bhandari, 2015). This factually 
recognized the territorial integrity of two countries as set by the Sugauli Treaty of 
1816. Though there had been the gradual shifting of borderline from 1 to 6 as shown 
in the Figure 4 by the cartographic aggression in the north-west border of Nepal, the 
local residents had noticed a few tent camps of Indian border security force on the left 
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bank of Lipu stream at Kalapani at around 1952. Till 1961, India’s motive seemed to 
hold Lipulek pass solely within the Indian territory (Surveyor General of India, 1961; 
Survey of India, 1960). The Nepal-China border agreement treaty of 1961 has marked 
No-1 pillar at the Tinker and Karnali watersheds. This had motivated India to push 
cartographically Nepal’s border to a few kilometers south-east of Lipulek to the meeting 
point of watersheds of Karnali, Tinker and Lipu. 

Figure 4: Map showing cartographic manipulations (Borderlines No 1 to No 6) and areas

The inception of Cartographic Aggression
After the Sugauli treaty, Bhootiya Zamindars (the community leaders) of villages in 
Byas Pargannah of Kumaon wanted to retain three villages namely, Gunji, Nabi and 
Kuti (Cox, 1824) within Kumaon of the British territory. But, Bum Shah, the Chautariya 
and officer responsible for the Doti district of Nepal, had sent an objection letter to 
the British regime claiming that those villages belonged to Nepal. In response, John 
Adams, the acting secretary, who had also served as acting Governor-General (Jan-Aug 
1823) of British India had confirmed that those three villages lie eastwards of Kali river 
and so belong to Nepal. On 4 February 1817, he sent an order letter to GW Trail, the 
Commissioner of Kumaon to surrender those villages to the regime of Nepal with a 
copy letter of the same to Edward Gardner, the resident commissioner of British India 
in Kathmandu (Manandhar, 1996; Cox, 1824).  But, it seemed that the Zamindars of 
Byas continued their efforts to persuade the company government which can be seen 
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reflected on the map of 1819 prepared by Captain W.S. Webb, the officer, who was sent 
to Kumaon area for the barometric survey. Although, the map has shown the river Kalee 
without marking the river course as the boundary between the two countries (Figure 
5). In addition, the manner in which the watershed areas of Lipu stream and Kalee/
Kali were drawn, clearly showed the fictitious (Monmonier, 1996) entry on the map to 
support to the Company and Zamindars’ interests to include said watersheds under the 
territory of Kumaon region.

Figure 5: Map of Province of Kumaon by Webb, 1819 .  (Kalee river is shown but 
borderline is not clearly marked.) 

Cartographic manipulation: Borderline 2 
From the maps published after 1819, one would see the gradual cartographic aggression 
to Nepal’s territory. In the map of 1827 (SOI, 1827; Horsburgh, 1827) (Borderline-2, 
Figure 4) is marked by an unnamed stream originating from the Koonlus range (Figure 
6), which was named as Tera Gadh in the map of 1879 (Figure 10). This river flows 
towards the south, confluences with the stream coming from the Lipulek Pass and then 
meets Kali at Gunji (Figure 6 and Figure 7). The International borderline was shifted 
from location 1 to location 2 (the course of Tara Gadh).  This shifting encroached about 
238 sq. km of Kali’s upstream and about 50 sq. km of Lipu’s watershed of Nepal. 
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Figure 6: The international borderline is shown 
by red color shading; Kuti, Nabi and Gunji 
are encroached ((Source:  Surveyed by Webb 
and published by James Horsburgh, East India 
Company,  London, 1827.)

Figure 7: Paths to Mansarowar, Rakshes Tal and Mt. 
Kailash with manipulating Lipulek as the common border 
(Strachey, 1848).

British India seemed to be attracted to Kuti (3800 meters above mean sea level), Nabi 
and Gunji villages.  Because they are the uppermost settlements that served as base 
camps for those wanting to cross to Tibet, routes to Adi (Chhota) Kailash and Parbati 
Kunda (Pond) and routes to Rakshes lake in Tibet as well. Further, continuous requests 
of Bhootiya Zamindar of Kumaon to retain those villages within the Kumaon jurisdiction 
would have been also an additional motivating factor for borderline manipulation. 
Whatsoever,  the river science perspective postulated by John Playfair in 1802, R E 
Horton in 1945, AN Strahler in 1964 and further defined by Bhusal, 1996  does not 
support to name Tera Gadh stream as the uppermost reach of the main Kali river  
(Bhusal, 1996). 

Manipulation in the location of Lipulek
In 1846, the East India Company sent Henry Strachey and Richard Strachey to the 
Kumaon region for undertaking the survey of the region including routes to Tibet in 
a scientific manner. In 1848, Henry Strachey (Strachey, 1848) published a route map 
(Figure 7) without naming Kalee/Kali as in the earlier maps. He had used the 1827 and 
1842 maps by Arrowsmith as the base map which had marked the borderline along the 
Tera Gadh stream coming from Koonlus peak.  Strachey named the location of Lipulek 
pass to about 11 kilometers east on a phantom location on the Koonlus range, the source 
of Tera Gadh river.  In addition, he also fabricated that river flowing from Lankypa dhura 
to name as Kalee/Kali would not be in the interest of the British East India Company. 
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Cartographic manipulation: Borderline 3
British India became more aware of the importance of Lipulek pass, as it is crossable to 
Tibet for purposes, like trade and transit, trek to pilgrim to Mt. Kailash and Mansarowar 
in all seasons except the extreme snowfall days. The British rulers were aware of 
the report of Strachey brothers who surveyed the area during 1846-48 and published 
papers, which had indicated the importance of Lipulek pass. The map prepared in 1848 
importantly put legend of paths to Mansarowar lake, Rakshas lakes, and Mt. Kailash.

The map of Kumaon and British Gurwal (Figure 8) was published in 1850 by the East 
India Company (Surveyor General of India, 1850). This map located (brought back) the 
Lipulek near to its real position and the borderline (Borderline 3, Figure 4) was drawn 
along the stream but without naming it as Lipu stream by including the Lipulek pass 
within the British territory. This map changed the borderline from Tera Gadh river to 
the river coming from Lipulek range. This is what Strachey brothers had visualized. 
Because, of the different passes in the range, Lipu is the most accessible pass to Tibet in 
all seasons except during extreme weather. So very tactfully Lipulek pass was included 
under the British Territory. Interestingly, this map did not provide the name to the river 
flowing from Limpiadhura. 

Figure 8: The black bold line along with red line is marked as borderline which after 
Gunji follow Tiria (Tera Gadh)  and Lipu stream (Surveyor General of India , 1850).

Manipulation in the river names
After noting the Lipulek pass to be a strategic location, British India got attracted to 
taking control over the Lipulek pass of Nepal by legalization through cartographic 
conspiracy around the 1850s. The British rulers’ intention to encroach Lipulek pass 
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by means of cartographic aggression, was fueled due to less technical knowledge 
on Nepal’s side and due to less frequent surveillances/visits to that area by Nepalese 
authorities due to the remoteness.  But during 1856-57, there was an uprising against the 
British rule in Calcutta, Lucknow and other places in India (Thapa, 2013; KC, 2004 and 
Bhandari, 2015). With the support of the Nepali soldiers led by Janga Bahadur Rana, 
the East India company government succeeded in suppressing the Lucknow uprising. 
As a mark of gratitude, the British Company government did not only adopt a policy of 
friendship but also returned the four districts Banke, Bardiya, Kailali and Kanchanpur, 
known as “Naya Muluk” to Nepal in 1860, the plain area between Kali to the west of 
Rapti taken by the company government in 1816 (Regmi, 1958). However, the British 
India waited for an opportune time to detach the Lipulek from Nepal. All maps prepared 
and published earlier including the map of 1856 (Figure 9) had been demarcating the 
Kali up to its the source at Limpiadhura snowy mountain range (British Survey of India, 
1856). In all maps, Kali originates from Limpiadhura, flows to south-east direction up 
to Gunji and then flows towards the southerly direction. A tributary stream coming from 
the Lipulek side joins the Kali river at Gunji village. 

Figure 9: The river originating from Limpiadhura is marked as “Kalee R” and Kuti is 
located on its left bank,
The cartographic manipulation (Figure 4, Borderline-2) in encroaching Gunji, Nabi and 
Kuti area, had ignored the Kalee river course and the river science principle in defining 
the head stream of main Kalee. And, Lipulek Pass was left under the Nepalese jurisdiction 
while considering the course of Tera Gadh as the Nepal-British-India borderline.  
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Similarly, the cartographic aggression over Lipulek (Figure 5, Borderline-3) presumably 
following the Lipu Stream course as borderline had also ignored the traditional Kali 
river and the river science principle in defining the main river.  Therefore, British-India 
applied conspiracy towards river names. Almost all the maps published before 1865 
had clearly indicated Limpiadhura as the source of the Kalee/Kali River (Figure 9). The 
map published then after by the Surveyor General of India during 1865-77 changed the 
name of Kalee/Kali river to Kuti Yangdi, which was suggested by Henry Strachey in 
his paper/report. And the river flowing from west of Lipulek was named Kha-Yangti 
(Bhandari, 2015). The map of titled ‘Nepal, Almora district, United Province’ published 
by the Surveyor General of India in 1879 (Figure 10) gave the name ‘Kuti Yangti’ to the 
traditional ‘Kali’ river flowing/originating from Limpiadhura and the name ‘Kali’ was 
given to the Lipu Khola (stream) flowing from Lipu range. With regard to the boundary 
with Nepal, the map neither follows the Kalee/Kali river called as Kuti Yangdi nor 
follows the Lipu Khola fictitiously called as Kali. Rather, a small spout-spring located 
at about 30 meters southwest of Kalapani on the left bank of Lipu river is shown to be 
the source of the Kalee/Kali river, which is a kind of phantom attempt in legalizing the 
borderline shift. 

Figure 10: The river originating from Limpiadhura is marked as “Kuti Yangti” and 
“Kali” to river from Lipulek

Cartographic manipulation: Borderline 4
The belief of the Hindu that the ‘River Ganga’ originated from the ‘Shiva’s head’ is the 
pictorial interpretation that the main river comes from the top of the mountain on the 
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farthest point.  More than that, the main river at any confluence is distinguished from its 
length, its water volume, its watershed area and the number of tributaries to it (Playfair, 
1802; Horton, 1945; Strahler, 1964 in Bhusal, 1998). At the Gunji confluence,  the 
uppermost reach of Kali, (named as Kuti Yangti/Yangdi) is about three times larger in 
the average water flows, about two and half times longer in the main channel's length, 
three times larger in the watershed area, and has a greater number of stream orders. 
Noting the river science principle, later around the 1880s, British India had realized that 
a small stream either originating from Koonlus range or Lipulek range cannot be the 
uppermost reach of the main Kali river. Therefore, another manipulation was created 
by the false interpretation in naming the border river reaches of Kali only up to the 
Gunji confluence, and to the north from Gunji confluence, the watershed divide lines 
were marked to be borderline. A map titled ‘Tibet-Nepal-United province’ published by 
the Surveyor General of India in 1881 showed three different shedding - one for India 
including the Kuti area, another for Nepal including Lipu area and the third one for Tibet 
(Figure 11). The map of 1881 and several maps printed onwards had been following the 
same explanation (Figure 12 a, b, c). It was done to mark the Kali as the border river up 
to the Gunji confluence and north from Gunji, the watershed divide line as the borderline 
(Figure 4, Borderline-4). The explanation by ‘The Gazette of Almora’ in 1911 had also 
justified this aggression by stating: “The Kali on the east has its true source in the Kuti 
Yankti which after the in fall of the Kalapani river takes the name of Kali” (UP State 
Archives, 1911). The map published as ‘The United Provinces (1907-09)’ (Imperial 
Gazetteer of India, 1909) is also found colored accordingly which encroaches about 238 
sq. km of Nepalese territory while the whole watershed of Lipu (Kalapani) was shown 
within Nepal. Such phantom interpretation prevailed up to around the 1920s until when 
maps of 1928-29 published which indicated the Indo-Nepal borderline as appeared in 
the 1879 map (Figure 10).
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Figure 12a: Political divisions of the Indian Empire, Imperial 
Gazetteer of India: Atlas 26, Oxford (1909). Figure 12b & Figure 
12c Old map released by CIA on 2012/09/19
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The map published in 1946 by the National Geographic Society of USA  indicated the 
borderline towards Limpiadhura (Figure 13a), which almost coincides with the map 
dated 14 August 1947, when Pakistan was declared an independent state while ending the 
British rule over India. The map published by the CIA, America also showed borderline 
towards Limpiadhura (CIA, 1947). But the political map of India also dated 1947 (Figure 
13 b) created confusion to mappers by demarcating the international borderline between 
Nepal and India as shown in the Map of 1928/29.  It may be noted that independent India 
in around 1950s seemed considering the international borderline up to the confluences 
of the stream (Tera Gadh) originating from Koonlus range and the stream (Lipu Khola) 
originating from Lipulek range, and then onwards the borderline was demarcated either 
following watershed divide lines of Lipu stream or along the course of a very small 
tributary stream towards the southerly direction to about 8 kilometers and then towards 
east direction up to the point joining the Tinkar watershed and Karnali watershed. Due to 
the smaller scale, the map published in 1961 (Figure 14) may either be interpreted.  

Figure 13 a: Political Geography of India (1946). NGS, USA; Figure 13b; Political map of 
India (1947). Map-11 (ii) (1947)
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Figure 14: The Political map of India, 6th edition, 1961  (Survey of India).

Cartographic manipulation: Borderline-5
The mapping technology in Nepal was far behind during the 1950s and Nepal lacked 
skilled cartographers. Nepal had not its own political map before the 1970s and has her 
map published in 1975.  Nepal had been using maps prepared by the Surveyor General 
of India. Therefore, the map used by Nepal as the reference map during the border 
agreement between Nepal-China in 1961 was the Indian map which had fictitiously 
named as ‘Kali’ to the Lipu steam. This resulted in a further error from the Nepalese side 
(Figure 4, Borderline-5) even though Lipulek and Kalapani are shown within Nepal. 
Nepal blindly believed in the Indian maps that had named the Kali river to the Lipu 
stream (Figure 15) which also created the illusion on the international border and the 
tri-country border point of China, Nepal and India.  In fact, the tri-country border should 
fall at Limpiadhura peak which lies about 53 km west from Lipulek as per the Sugauli 
treaty. 
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Figure 15: Administrative Map of Nepal (Source : Survey department of Nepal, 2019)

Cartographic manipulation: Borderline-6
It is said that India after being defeated in the war with China in 1962, strengthened 
her aggression over the north-west territory of Nepal (Figure 4, Borderline-6) further 
occupying almost 70 percent watershed area of Lipu stream, including Kalapani of 
Nepal (Figure 16i, 16ii). Added motivating factor was the flat land of about 17 hectares 
of Kalapani (3700 meter amsl) situated on the left bank (i.e. eastern bank) of Lipu 
stream, lying at 10 kilometers west of Lipulek pass to which India needed to camp her 
border security forces/troops to watch any activities from Tibet (China). To justify the 
encroachment, a spring spout on the left bank of Lipu stream at Kalapani, was again 
stressed to be the source of Kali and a temple of Goddess Kali was also built to show 
as an added proof as in the map of 1879, 1928-29 which were prepared unilaterally by 
the British-India. India has been insisting on the borderline of Kali river course up to 
the artificial source (Kalapani Spring and Kali temple) and therefrom, the borderline 
is marked along the watershed divide line to the south up to the point where Tinker 
watershed meets, and then to the east up to the point where Tinkar, Lipu and Karnali 
watersheds join (Imperial Gazetteer of India, 1931). 
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The underlying motive to include Lipulek pass as a trading point in the joint statement 
issued at the end of the visit of the Indian Prime Minister Narendra Damodardas Modi 
to Beijing in 2015 was also further attempt to encroach the Lipulek pass permanently 
(MoEA, Government of India, 2015). It may be mentioned that Nathu La (about 4200 
meter amsl) in Sikkim lies about 800 km to the east of Lipulek pass and Shipki La 
(about 3200 meter amsl) lies at 280 km to the west of Lipulek pass. Thus, Lipulek pass 
(about 5100 meter amsl) is the nearest point from New Delhi to Hindu heartland of lake 
Mansarowar and Mt Kailash for pilgrimage purposes and more on as trading route. 
Further, in spite of Nepal’s claim of her territory, the Kali river course and all lands to 
the east of Kali, India published her political map on 2 Nov 2019 (8th edition) and 8th 
Nov 2019 (9th edition) (Figure 16i) unilaterally by encroaching about 400 sq. km of 
Nepal territory (Survey of India, 2019). 

Figure 16 (i): The Political map of India, 8th & 9th edition, 2019; Figure 16(ii): Map 
of Uttarakhanda  (Survey of India).
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Ground reality of the territorial dispute  
Unilateral manipulations of the North-Western borderline in the Indian maps, the one-
after-the another, were seen since 1827.  However, Nepal had never left her claim of 
her territory to the east of Kali since 1816. Aged locals over that region reported that a 
few tent camps of the Indian border security force were seen at Kalapani in around 1952 
(Aitawal, 1960; Regmi & Khatri, 1973; Bohora, 2011; Bhandari, 2015). Since 1962, 
after the defeat in the Indo-China war, India had been extending its army camp and 
bunkers at both banks of Lipukhola/Tera Gadh stream despite the continuous objection 
from Nepal. Bhairab Risal, a 93 years old senior journalist of Nepal, is a living officer 
in charge of the census of 1961 of that area who had included all settlements situated 
on the east of Kali including the three villages of Kuti, Nabi, and Gunji (Risal, 2015). 
Old records of land ownership right in Kuti, Nabi and Gunji villages are available in 
the Land Administration Office of Doti district of Nepal which proves that the area 
up to Limpiadhura belongs to Nepal. Similarly, Bahadursing Aitwal (1960), Madan 
Bhandari (1990), Prem Singh Dhami (1993) (Lumsali, 1997) had made against 
the Indian encroachment of Limpiadhura-Lipulek a national issue. The reports of 
Puruswotam Regmi and Hari Prasad Khatri of 1973 (Regmi & Khatri, 1973), report 
of Dwarika Dhungel of 1981, the letters of 1998 to the UN by the concerned citizens 
including Hiranya Lal Shrestha, and many others have been continuously opposing 
Indian encroachment of the said areas (Bhandari, 2015). It should be universally noted 
that unless the sovereign authorities/parliaments of both nations have approved the new 
border treaty, unilateral cartographic encroachments cannot overwrite the borderline 
delineated by the Sugauli Treaty of 1816. 

Discussions
Can it be questioned that India would be blocked completely to transit routes to Tibet 
in the future without a route through the Lipulek pass? Is India feeling unsafe from 
China even today, so that it needs the Indian army at the bunker on the occupied and 
encroached land of Nepal? Is India not familiar with war technology that has been 
moving further towards the GPS guided missile? And further, does not India want to 
be friendly with its neighbors in behavior in the real sense of the term? India must find 
answers to these questions by herself if she wants to be a nation that changes with the 
demand of time and technology and wants to play a role in the global arena. 

Nepali people, in general, have been feeling bitter about the implementation of the water 
resources treaties signed with India. Therefore, if it (India) respects moral values, if it 
intends to be a rising power and a nation in competition with countries like China, Japan 
and US in technology and economy and, more importantly, wants to be a good neighbor, 
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it is the right time for India to withdraw its army camp from the Nepali territory, east 
of Limpiadhura to Kalapani-Lipulek and respect the Nepali sovereignty to these areas. 

The international boundary treaties overwhelmingly follow the fixed boundary principle.  
A treaty on fixed boundary principle was also agreed between Nepal and East India 
Company on 16 January 1845.  It was signed between Mathbarsing Thapa, the Prime 
Minister of Nepal and Henry Montgomori Larence, the resident representative of East-
India Company in Kathmandu (Bhandari, 2015). Unless and until, there is any other 
border treaty signed between two respective highest government authorities that define 
Kalapani as the ending point of borderline by river courses (i.e. Kali river),  any attempts 
in cartographic manipulation do not hold any legal validity in the case of North-West 
borderline of Nepal. Furthermore, if Nepal continues to keep some of her territorial 
areas outside in its official map, India will get excuses to keep on illegally occupying and 
encroaching her lands in the days to come also.  So, Nepal must withdraw her defective 
map and release the correct map with a white paper note on the basis of the provisions 
of the Sugauli Treaty. In addition, Nepal must show its vivid presence/appearances 
in the area by undertaking development activities focusing on local livelihoods, high 
altitude tourism facilities with access road and electricity. In addition, continuous moral 
pressure, be put on India to leave encroached areas, not only in the east of the Kali river 
but also in Susta and other locations.

Conclusions 
The letter of Lord Hastings, the Governor General of British India to the secret 
committee had recommended in colonizing Kumaon and Gurwal for getting easy access 
to Western Tibet for trade.  But the borderline by Kali river by Sugauli treaty 1816 
left Kuti, Lipu and Tinker pass within Nepal. In 1817, in response to the petition by 
local Bhootiya Zamindar to East India Company through Commissioner of Kumaon 
requesting to hold Kuti, Nabi and Gunji villages under the British regime, acting chief 
secretary as authorized by the Governor-General of British India Company had made 
clear that villages in question belong to Gorkha (Nepal) regime.

When Strachey brothers found the Lipulek pass the easiest and short route to the places 
of pilgrimage and for trading in Western Tibet, the British regime craved over the Lipulek 
Pass. The intention of British to encroach a swap of land from Limpiadhura to Lipulek 
pass by means of cartographic aggression, not by the war, was fueled partly because of 
less technical mapping knowledge on Nepal’s side and of less frequent surveillances/
visits to that area by Nepalese authorities due to the remoteness. 
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India, after the defeat of the Indo-China war, has been considering Kalapani and Lipulek 
as the strategic locations to watch any security threats to India and so had been further 
strengthening the occupation.  Lack of awareness, capacity and political instability is 
Nepal’s diminutive role in defending her territorial integrity set by the Sugauli treaty. 
In general, international boundary treaties overwhelmingly, adopt the fixed boundary 
principle. Nepal and East-India company had the fixed boundary principle treaty also 
signed on 16 January 1845. Still more, Nepal had never left the claim of her territory to 
the east of Kali since 1816. Therefore, the unilateral cartographic manipulations on the 
North-Western borderline in the Indian maps, one after the other since 1827, are against 
the spirit of the Sugauli treaty 1816.  

Lipulek pass is the relatively easiest path to the Hindu heartland of lake Mansarowar 
and Mt Kailash for pilgrimage tourism, an emerging trading route and still a strategic 
location for border security to India. Mention of the Lipulek pass as a trade route in the 
Joint Statement between India and China during Prime Minister Modi's visit to China in 
2015 and inclusion of Limpiadhura-Kalapani-Lipulek in the political map of Indian in 
2019 challenges to Nepal as well as also an opportunity for Nepal to sort out the border 
issue with India. Putting continuous moral pressure diplomatically over India would be 
the vital tool to get back all encroached areas, not only in the east of the Kali river but 
also in Susta and other locations.
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Abstract
Though, the migration process and its impact in the household economy has been 
extensively studied in the academic sectors, but much less attention has been given 
to the impact of female labor migration on the family members who are left behind 
at home. This paper attempts to determine socio-economic structure of female labor 
migrants from Tanahun District of Gandaki Province, Nepal. Similarly, it also attempts 
to analyze the causes of female migration, process and dynamics of foreign labor 
migration and its impact on the left behind family specially children and elder citizens 
at home. For this purpose, 180 households have been purposefully selected from three 
municipalities and conducted household survey through snowball methods. According 
to the survey findings, married women are preferred to go for abroad, whereas the 
age of migration is after 30 years. Literate are very less migrated for foreign labor. 
Majority of the female migrants preferred to go to Gulf Cooperation Council (GCC)
countries and then other countries, i.e. Malaysia, Lebanon, etc. There are both positive 
and negative impacts clearly observed. The positive impacts of remittance to support 
for the poverty alleviation at household level, enhance educational and health facilities 
as well as improve housing conditions. But, the negative impacts, especially on children 
are appeared, i.e. care deficit, aggressive behavior, physical abuse, deteriorating health 
condition and school dropout. To, eliminate or reduce negative impact, government 
should take initiation and formulate effective policies that can maximize positive effects.

Key words: Female migrant, foreign employment, Tanahun district, remittance, left 
behind family.
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Introduction
The migration process and its effect in the family and household economy has been 
widely considered in the scholastic segments, yet substantially less consideration has 
been given to the effect of female migrants on the left behind family members at home 
in the rural settings of Nepal. A large number of residents in the country confronting 
contracting monetary open doors at home, numerous Nepalese people have looked for 
work in a foreign country (Peskin, 2016). Thus, international labor migration has become 
an acknowledged avenue for financial development, both for the migrant’s household 
and for the country. The trend of migration for foreign employment in Nepal can be 
traced back to 200 years ago but it was institutionalized only after the introduction of 
the Foreign Employment Act in 1985. In the last few years, the country has witnessed a 
unique political change but on the economic front, in comparison growth has remained 
almost stagnant. Poor economic growth and limited employment opportunities in the 
country have made foreign employment a forced choice for many.

Foreign labor migration from Nepal has extended consistently throughout the decades. 
Over the recent couple of decades, the quantity of females going abroad as work vagrant 
has gradually expanding (Sijapati, Mak, Zimmerman, and Kiss, 2019). In spite of 
the fact that the worldwide movement from Nepal began after 1990 (Bhadra, 2007), 
female migration as an international laborers’ eminent presence just from 1990. As 
indicated by the CBS (2011) that the female migrants is about 12% (Peskin, 2016) and 
this figure in India is 23.6% (Wadhawan, 2018), just as Bangladesh is 49% though in 
the Philippines and Sri-Lanka is high i.e. 70-90% (Luna and Islam, 2014). Formally, 
Nepal entered into foreign labor market bit lately and cover a very low percentage 
in comparison to total migration (Islam, 2009; Sapkota, 2018a; 2018b; 2018c). The 
international labor migration pattern rose particularly after the 1990s, chiefly because 
of the fast procedure of globalization and the changed financial and political settings 
inside the nation. However, female labor migration was verboten up to 2007 in the Gulf 
Cooperation Council (GCC) and other neighboring countries. Department of Foreign 
Employment of Nepal show that more than 176,000 women have been received permits 
for labor migration since 2008, and they intend to go to the UAE, Kuwait, Malaysia, 
Qatar, Saudi Arabia, Lebanon, Cyprus and Jordan. But the recent report produced by the 
same government organization that on foreign migration launched by the government of 
Nepal, an estimated 21,421 Nepalese women are legally working overseas as of 2014-
2015, mostly in the GCC countries (DoEF, 2016). In response to reports of the abuse 
of female domestic workers in the Gulf countries, Nepal declared that it is illegal for 
women to go there for domestic work in 2016. Still, in 2017, more than 20 thousand 
women were given permits for international labor migration other than maid works, 
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which is almost nine percent more from the year before. Due to open border with India, 
numbers of women used Indian airport illegally to circumvent the ban by the Nepal 
government.

Foreign labor migration is a highly paid job choice for Nepalese people. According to 
the Department of Foreign Employment more than 350,000 Nepalese youth migrate 
from the country for foreign employment annually. They make significant contribution 
to the country’s economy through remittance. From 2008 to 2017, Nepal gave some 
3.5 million work grants to migrant workers. Dominant part of them for Malaysia 
and countries of the GCC. In the last fiscal year, Nepal received remittances worth 
NPR 699 billion (USD 6.56 billion) from its residents utilized abroad, more than 
one-fourth of national GDP, the fourth-most noteworthy extent in the world (Baruah 
and Arjal, 2018). The International Organization for Migration (IOM) takes note of 
that migration holds the possibility to rearrange gender relations and power chains or 
hierarchies by giving possibilities to people to modify their economic wellbeing, and 
bolster themselves and their abandoned relatives and family members. Nonetheless, 
researchers demonstrated that migration can expose to harsh working conditions, not 
well characterized legitimate status in an outside nation, physical and psychological 
health risks, and stigma upon come back to their origin (Peskin, 2016; Sapkota, 2019). 
The lack of economic opportunity in the country is a significant explanation that females 
are migrating abroad for work. In migration studies, since Ravenstein (1885; 1889) 
detailed his migration laws, individuals are required to move from low-income to high-
income regions. The idea that migration is a component of spatial disequilibrium is the 
foundation of supposed 'push-pull' models that still overwhelm a great deal of gravity-
based movement displaying (Lee, 1966; Stark, 1978, 1991).Thus, push-pull factors 
for the most part distinguish different environmental and economic factors which are 
assumed to push migrants out of origin of birthplace and bait them into destinations. 
Other than the “pull” factor of potential monetary profit, different issues, for example, 
conjugal issues and gender discrimination, serve as “push” factors that inspire women 
to seek job opportunities for work outside of Nepal (Peskin, 2016). The monetary or 
the financial benefits of labor migration are apparent in the skyrocketing amount of 
remittances - cash sent home from Nepali work transients around the world, which are a 
major help to the individual households and the national economy as a whole.

For a long time, Nepalese men have been moving abroad for work. As of late, Nepalese 
women have also started looking for open doors for foreign employment, chiefly to 
ease poverty at home. Most of the female migrants look for work in the so-called 
“care economy” (Bhadra, 2007). In any case, because of sexual orientation separation, 
their relocation and the work aren’t smooth, safe and additionally secure, from inside 
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their homes/families and their country, through the country of transit to the country of 
employment (Bhadra, 2007).

The constitution of Nepal guarantees the fundamental rights of the citizens including 
their right to employment. It ensures citizens with the freedom to be involved in any kind 
of employment and have ensured freedom of movement for the citizens. Considering 
the social status of women in Nepal, the constitution has also clearly made provisions 
against gender-based discrimination. The Nepal Government’s Three-Year Plan 2010-
13 and the draft Approach Paper for the Three-Year Plan 2014-16 reinforces the need to 
make foreign employment safe, respected, organized and productive. The Concluding 
Observations of the Convention on Elimination of All Forms of Discrimination 
against Women (CEDAW) Committee 2011 includes specific recommendations to the 
Government of Nepal to protect the rights of women migrant workers. The Foreign 
Employment Act, 2007 and the Foreign Employment Policy, 2012 includes various 
provisions for the protection of the rights of women migrant workers. The Act further 
adopts the principle of non-discrimination in the processes of foreign employment.

Poverty, lack of decent economic opportunities and violence are the root cause of the 
increasing number of women in foreign employment (Luna and Islam, 2014). Poverty 
along with the growing inequality in the living standard of the people in Nepal has 
let female to go for the foreign employment as for better prospects of life. However, 
they have limited access to training and education as well as limited rights on decision 
making power concerning their mobility. Even such harsh conditions, Nepalese women 
migrants have been managing works/jobs in many countries, i.e. working as domestic 
services. Official figures show that the percentage of women officially leaving for 
foreign employment has risen to around 6% in the year 2012 compared to 3% in the 
year 2011 (DoFE, 2016). Lack of information and attractive offers made by agents has 
misled many women to migrate unofficially via other countries for foreign employment. 
This trend is making women more vulnerable to abuse and exploitation. In addition, 
most women are employed as domestic workers. This sector is not covered by the labor 
laws of many countries of employment which further increases their vulnerability. 
To address this issue, International Labour Organization (ILO) Convention 189 on 
Decent Work for Domestic Workers came into force in 5 September, 2013. The existing 
structural inequality increases women’s subordination and prevents women from 
accessing employment opportunities. Breaking stereotypical norms, women migrant 
workers have established themselves as the bread-winners of their families and have 
been contributing financially to their families ‘sustenance and the country’s economy.
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Studies found that remittances sent home by female migrant laborers were regularly 
utilized for day by day household necessities, kids' education, health services, 
construction of new house or resettlement in urban areas, and advance reimbursements 
of their loan (Battistella, and Conaco, 1998; Peskin, 2016; Acharya, 2017; Sapkota, 
2018a; 2018b; 2018c). Researchers have noticed that remittances can have impacts 
beyond increased household spending: they can impact mentalities toward gender 
roles and women’s participation in the labor market and the amount Nepalese women 
have earned helped to improve their social and financial status inside their families 
and their societies. Notwithstanding that, female migrants enable to gain social skills, 
exposure and experiences to the outside world just as their lives might have the option 
to experience a new freedom. Be that as it may, another account which female migrants 
face in the external world is very nosogenic and maddening. A framework where 
low-skilled female migrant laborers migrate abroad to help their families, frequently 
with uncertain prospects at their destination, has innate potential for abuse i.e., from 
enlistment misrepresentation, to sexual abuse, to human trafficking, and so on and loads 
of harsh stories we much of the time read in the national daily papers in Nepal. 

Migration is a phenomenon that has a multi-confronted sway on people, families and 
social orders on their economies and cultures, both in the spot of home and away 
(Carballo, Divino, and Zeric, 1998). It leads to upgrade of the prosperity of migrants 
just as that of their families (Stark and Taylor, 1991; Chant and Radcliffe, 1992; Kahn 
et al., 2003). In general, the advantages of migration are all around reported, prevalently 
the economic benefits of remittance. It generates financial and social impact to the 
migrants and the nation (IOM, 2009). Studies have acknowledged that migration leads 
better health among the left behind family members (Gulati, 1993; Hadi, 1999; Kuhn, 
2003; Sapkota, 2019). Unexpectedly, numerous studies have discovered that female 
labor migration, which is growing, has a solid negative effect on the left behind children 
(UNICEF, 2008; Luecke and Stoehr, 2012). Nonetheless, women have commonly been 
seen as increasingly dependable migrants, remitting a larger portion of their earnings, 
staying in contact all the more as often as possible, and staying trustworthy to their 
accomplices and families. Study recommended that health and behavioral risks are 
more common among youngsters living in the migrant’s households.

Nepal is one of the key labor providers for GCCs, Other Middle East countries, as well 
as Korea, Malaysia, etc. Majority of the migrants are male but the females are also 
getting permits for international migration for work, while the exact numbers and the 
types of work are under-researched. More than 21 thousand females were reported as 
legitimately emigrating for work in 2014/15 (GoN, 2016), however real numbers are 
probably going to be more, the same number of female migrations through sporadic 
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channels, and hence are not caught in official statistics (Ghimire, et al., 2010; Sijapati 
and Nair, 2014). Besides, these statistics don't catch the female migration to India, 
which is the main destination for female migrant workers from Nepal (World Bank, 
2011), since labor permits are not required for movement between these two nations. 
Therefore, the present paper attempts to explore the international female labor migration 
and its impact on the left behind family members in their home. Studies on the impact 
of female labor migration on the left behind family members in Nepal are scant. There 
are very few inclusive studies that measure the impact of female labor migration on left 
behind family members, especially children or elderly people. Thus, this study fills up 
the research gap on the impact of female labor migration on the left behind communities 
in the study area. 

Methodology
Tanahun District of Gandaki Province (Figure 1) has been purposefully selected for the 
study. In the middle hill districts, Tanahun ranked in the first share of the total migrants 
(Gartaula and Niehof, 2013; Khanal, Alam, Khanal, Regmi, 2015). This study covers 
three municipalities (Bhanu Municipality, Bhimad Municipality and Vyas Municipality) 
of Tanahun district. Bhanu and Vyas municipalities are located along the Prithvi 
highway, whereas Bhimad is little bit far from the highway but it is in the middle of 
Rampur of Palpa District and Vyas municipality. Among the municipalities, these three 
municipalities are leading in the number of female labor migrants in Tanahun district. 
Therefore, these municipalities have been selected for this research. The municipalities 
represent people in both traditional agricultural occupation as well as choose migration 
as a livelihood strategy. The study area is known as municipality, though agriculture still 
remains the primary occupation for a majority of the dwellers, and international labor 
migration has also become a prominent factor. This research is focused on the female 
labor migration from the selected municipalities and the households who have female 
members migrating outside the home District of Tanahun and remaining at least six 
months outside their home were considered the migrating households. 
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Figure 1: The study area

In this study, both primary and secondary data have been used. Mainly the secondary 
data has been collected from the government official documents, books, journal, 
research reports, etc. and the questionnaire survey was a major source of primary data. 
Data was collected using qualitative research methods, such as observation, focus group 
discussions (FGDs), in-depth interviews, and key informant interviews. The field work 
involved in-depth interviews with 20 family members of the female migrants, focus 
group discussions with three separate groups in three different locations of the selected 
municipalities and nine key informant interviews with government representatives, local 
leaders, teachers and the representatives from labor migration agencies. According to 
the municipality records, until 2017 A.D. of the selected municipalities, altogether 485 
females were applied for foreign labor migration (MoLE, 2018). For the quantitative data 
collection, the household survey was conducted in September-October 2019 from the 
family members of female migrant workers. Snowball samplings have been adopted for 
survey work and one hundred eighty (180) households have been selected through this 
method. Out of 270 households, almost 14% (38 households) are shifted or relocated in 
other districts during this study period. Thus, for the survey purpose almost 78 percent 
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households have been selected. The interviews with the husband or adult members of 
the migrant’s family have been selected for reliable and authentic information. 

Table 1: Sampling frame

Municipalities

No. of female 
applicants for 
foreign labor 

migration (Until 
2017)*

Relocated/
shifted HHS 

from the 
origin

Remaining 
HHs

Sample 
households

Bhanu 73 7 66 49
Bhimad 81 17 64 54
Vyas 116 14 102 77
Total 270 38 232 180

Source: *MoLE, 2018

Before household survey, research ethics have been fully considered and without consent 
of the respondent the survey was not conducted. Similarly, no-harm to the informants 
was also seriously applied. All of the statistical information has been processed, 
analyzed and presented in tables and interpreted them in descriptive manner. Though, 
this study does not cover the female migrant workers working in India because of the 
open boarder, do not have any official records of them.

Result and Discussion
Demographic characteristics of the migrants

In this section, female migrants’ demographic characteristics, i.e. age, marital status, 
religion and education qualification are discussed. The government of Nepal has been 
specified the age limit for women who intend to go to the Gulf and other countries for 
work has come under criticism from human right activists. Only women who are aged 
24 and above are eligible to work in the Gulf countries and for mothers, their children 
must be over two years of age. However, the government recently revised the age of 
migration. Now, 30 years and above female can be migrated for work abroad (Table 2). 
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Table 2: Demographic characteristics of female labor migrants

 Variables N (at present) Percentage

Age group (years)

Less than 24 years 24 13.33
24 to 30 55 30.56
31 to 35 52 28.89
36 to 40 35 19.44
More than 40 years 14 7.78
Total 180 100.00

Marital Status

Married 146 81.11
Unmarried 9 5.00
Divorce 19 10.56
Widow 6 3.33
Total 180 100

Religion

Hindu 162 90.00
Muslim 12 6.67
Christian 4 2.22
Others 2 1.11
Total 180 100

Education

Up to primary level 31 17.22
No formal education 69 38.33
Able to read only 13 7.22
Basic level education (1-8) 48 26.67
High school level (9 -12) 14 7.78
College level 3 1.67
University level 2 1.11
Total 180 100

Source: Field Survey, 2019.

This study found that almost thirteen percent female migrant workers age was less than 
24 years. More than one third (30.56%) of the female migrant workers were in between 
the age of 24 -30 years, 28.89% were in between the age of 31-35 years, and almost 
20% were in between the age of 36-40 years and only about 8% migrants’ age were 
above 40 years. But the government policy clearly indicated that the female who intend 
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to migrate for work to abroad must more than 24 years before three years and now it 
is 30. Thus, either they provided false age or left behind family members provided 
wrong information about the migrants' age. Similarly, most of the female migrants who 
intend to go abroad for work were married (81.11%), while; only about five percent 
were unmarried. Almost, 14 percent of the female migrants were divorce and widow. In 
addition to that, 90 percent of the migrants were from Hindu religion while almost seven 
percent were from Muslim and rests of them were Christian (Table 2).

Considering the educational status, among the female migrants almost 38% had no 
formal education, while about 17.22% female migrants completed up to primary level 
education and 26.67% were completed their basic level education. Similarly, high school 
level education completed by 7.78% and the college and university level completed by 
almost three percent (Table 2).

Push factors for migration
In general, majority of the female migrate as workers or with their families, obsessed 
by economic stipulation. The failure of states to fulfill economic, social and political 
human rights play a key role in pushing women to migrate (WMN, 2017). Thus, this 
paper intends to highlight the issues to create an environment where women can choose 
to migrate or remain at home. Females are progressively moving on their own, often 
to upgrade financial open doors by looking for employments or education. The data 
demonstrate that the pace of female migration is becoming quicker than male in numerous 
nations that get elevated levels of migrants. This pattern is regularly alluded to as the 
“feminization of migration.” The ILO estimates that female is half of the worldwide 
migrant population yet in certain nations account for 70–80 percent of migrants.

Until the late 1970s, comprehensive set of international migration either centered 
expressly just around male or appeared to expect verifiably that most migrants were 
male. That supposition was especially common when consideration was centered around 
the economic aspect of international labor migration, since it was broadly accepted that 
the partition of female in the international labor migration was insignificant. 

Obviously, such beliefs were once in a while dependent on measurable proof since, 
both at that point and now, information on international migration regularly were not 
classified by sex. Thus, when researchers started to point out the support of female in 
international labor migration, one of their tasks was to discredit those convictions. 
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Table 3: Reasons for migration

Reasons No. of respondents Percentage
Alleviation of household’s poverty 76 42.22
Better education for children 34 18.89
Family pressure 32 17.78
Better earning opportunities 21 11.67
Rejected by family/husband 7 3.89
Widow 3 1.67
Others 7 3.89
Total 180 100.00

Source: Field Survey, 2019

Most of the respondents (42.22%) mentioned household poverty as the main reason 
for migration. Every so often, due to unemployment, their husband or household heads 
inspire them to migrate, as female migration cost is relatively less than the male in 
Nepal. A significant proportion (18.89%) opined that they choose international labor 
migration for their children’s education and for their quality of life in future. In addition 
to that, family pressure is another important push factor for women to migrate abroad 
(17.78%), because of the large family size and low family income. Approximately 
11.67% of the female migrants went as labor migrants because of their limited job 
opportunities at home. However, it is very serious issue, that is about rejected by the 
family or husband, and the widows are compelled to migrate because they do not have 
any alternative helping hands for their everyday life and the livelihood. The rest, 3.89% 
of the female are migrated because of other social driving forces which they could not 
tolerate or avoid (Table 3).

Investment plan for migration
In recent literature, explored a number of factors idiosyncratically affecting the 
international labor migration of women (Siddiqi, 2003; Islam, 2009; Luna and Islam, 
2014; Acharya, 2017; Baruah and Arjal, 2018; Sijapati, Mak, Zimmerman, and Kiss, 
2019). Some of the factors, such as women’s need to escape doomed social situation, 
harassment, violence, poverty, and socially disadvantaged people who thought migration 
is primarily as a mission for freedom and a means of grasping self-reliance. However, in 
this study, one main reasons of female labor migration is that can reduce their poverty. 
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Nepal, is one of the poorest countries in the world, where people have used migration 
as one of the strategies for poverty alleviation. Sapkota (2018) explored that remittance 
can help to alleviate poverty by rising productivity, making able to spend money for 
children’s education and health of their families. From the study area, most of the 
female migrants are from economically poor family background and they are not able to 
manage a huge amount of money for travel and other necessary arrangement. Therefore, 
they managed only a very few amounts of money by themselves. In most cases they 
arranged money from different sources (Table 4), i.e. loan from bank/cooperatives, sale 
of land, mortgage of land, sale of valuable things, help from relatives, local money 
lenders, etc. 

Table 4: Sources of money

Sources No. of HHs Percentage
Loan from bank/cooperatives 7 3.89
Sale land 11 6.11
Mortgage of land 26 14.44
Sale valuable things 32 17.78
Help from relatives 43 23.89
Local money lenders 61 33.89
Total 180 100.00

Source: Field Survey, 2019

Nearly, 34% arranged money from the local money lenders (sahu/mahajan1) with high 
interest rate. Similarly, 23.89% of the migrants' families took help from their relatives 
living the country. Selling valuable things, i.e. ornaments, livestock, etc. is another 
source of financial support for the migrants, which reported by 17.78% respondents. 
About 14.44% of the family took loan by giving through their land mortgage, while 
only 6.11% received money through land sale. Most of the migrants' family, they do not 
have sufficient land to sale or give mortgage in the study area. Due to official formalities 
and lengthy process, migrant families less preferred to borrow loan from the bank and 
cooperatives. Normally, it has difficult to repay the loan if it is taken with very high 
interest rate (Table 4).

1 Sahu/Mahajan used to describe the local people involved in money lending with high interest rate. 
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Where do they go

The major destination countries of female migrant workers are the GCC countries, i.e. 
UAE, Kuwait, Qatar, Saudi Arabia and Bahrain and Malaysia in the east Asian countries. 

Table 5: Destination countries

Countries No. of migrants Percentage

Qatar 25 13.89

Saudi Arabia 24 13.33

Kuwait 24 13.33

UAE 22 12.22

Lebanon 19 10.56

Malaysia 16 8.89

Oman 15 8.33

Cyprus 9 5.00

Republic of Korea 9 5.00

Bahrain 4 2.22

Remaining countries 13 7.22

Total 180 100.00

Source: Field Survey, 2019

It is appeared from the study that 13.89% of female migrant workers work in Qatar, 
which is followed by Saudi Arabia and Kuwait with 13.33% respectively. A considerable 
number (12.22%) of female mingrants are working in UAE. After GCC countries, 
female migrant workers from the study area preferred to go to Lebanon (10.56%) and 
Malaysia (8.89%). Now-a- days, females are attracted in new destinations, i.e. Republic 
of Korea and Bahrain because of the high pay salary, though the number is relatively 
very less (Table 5). 

Where women work
Ability in language is most important requirement to work competently in the overseas. 
This study found that migrants do not have sufficient knowledge and vocational and 
technical skills. This research finds that the women who have been presently working 
abroad were housekeeper which comprises 67.22%, whereas 17.22% are working as 
cleaner. Due to the dearth of vocational and technical skills as well as the ability to 
speak local language, most of the female migrants are working as domestic workers in 
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the GCC countries. Due to the same reasons, female migrants are not able to contribute 
in the field of industry and sales department. Therefore, the lack of communication skill 
incumbers the possibility of migration in expanded sectors of employment (Table 6).

Table 6: Employment sector

Type of work No. of migrants Percentage
House keeper 121 67.22
Cleaner 31 17.22
Industrial labor 12 6.67
Sales attendants 10 5.56
Others 6 3.33
Total 180 100

Source: Field Survey, 2019

The vast majority of the GCC countries, the domestic workers are recruited from Nepal 
as well as other developing countries, i.e. the Philippines, Indonesia, Bangladesh, Sri 
Lanka, Ethiopia, etc. In spite of the fact that the numbers recruited from Nepal have varied 
because of temporary bans or confinements that the administration have forced in light of 
maltreatment against laborers or conflicts with the GCC authorities (Begum, 2014).

Labor migration: Is it worth to Nepalese women
In Nepal, the female migration is still stigmatized by the society and facing various and 
unexpected challenges both at home and abroad. Therefore, they have to struggle for 
their existence in the society. Indeed, even with their significant contributions to the 
family, they are yet to give any obvious space in family and less priority to include in 
such exercises.

The findings of the study clearly indicate that the gender migration process is different.  
Mainly, male migration in response to the requirements of industrial sectors, i.e. 
construction, manufacturing, agricultural sector like plantation, and female migration in 
response to the shortage of domestic and childcare workers with GCC countries as well 
as Lebanon, Malaysia and Cyprus. The rate of female migration in the industrial and 
business sectors are very low (Table 6). Thus, the nature of the problem facing by the 
female labor migrants are also different. 

Female labor migrants face a major risk that includes sexual exploitation, trafficking 
and violence. However, all migrants are vulnerable to be abused and exploitation, but 
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particularly female migrants are at risk. Almost 86% of the respondents told that the 
female member of their family who is working abroad is facing sexual exploitation and 
violence. Majority of the female migrants are working as domestic workers and they 
reported that they are facing such type of problem by their owner at the host countries. 

In addition to that, women migrants from the study area face double discrimination 
as women and as migrants. For example, racism and xenophobia are serious concerns 
in their destinations. Because of this reason, female migrants can suffer particularly 
from these attitudes, experiencing not only discrimination based on their migrant status 
but also on their gender. This can take the form of discrimination and harassment that 
include workplace sexual harassment.

Language barriers are another challenge for all migrants. Because of the lack of 
communication skills, they are not able to communicate properly with the house owners 
or any others at their destinations. 

Impact of migration on left behind family
The impact of female labor migration has been examined extensively. The vast majority 
of the studies have focused on the impact of migration on the receiving countries and 
on migrants as well as their left behind family members. There are many sides to the 
determined debate over international labor migration of the female household member. 
While a lot of it focuses around the economic costs and advantages of migration in both 
home and destinations countries, considerably less is thought about the human side of 
the migration story. Deliberations on the landings of those migrants whose families are 
left behind is very crucial especially for the developing societies.

Generally, international labor migrants (either male or female) often leave their family 
members at home, since it is expensive for the entire family to move or exacting 
migration strategies and uncertain conditions in the places they are going. This study 
found that the impacts of female labor migration on the left behind family members can 
be both positive and negative, depending on whether the migrant is away temporarily or 
permanently and whether or not they remit money back home regularly. Migrants often 
send money home that help to those who left behind by enhancement of their living 
standards. At the same time, migration could be disrupted family life, which could have 
adverse impact on the well-being of migrant-sending households living in the countries 
of origin. Leucke and Stoehr (2012) have identified that remittances raise household 
income and help to reduce poverty of the family. Left behind family members become 
able to use remittances in various sectors, i.e. better-quality food, construction or rebuild 
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building, land purchase, expense their children’s education as well as for health care of 
the left behind household members. In addition to that, the return of the migrant could 
also bring back valuable skills acquired abroad as well as entrepreneurial potential. 
These, positive impact of remittances compensates for some of the negative effects of 
the absence of the female migrant (Luna and Islam, 2014). 

It is illustrated from the study that the remittance from female labor migrants helped to 
combat with the household poverty by 72.78% of the households by increasing their 
family income. It helps them to improve their financial security, which supports to 
improve social status/dignity in the community (Table 7). 

Moreover, 62.22% of the left behind family members have changed or improved their 
children’s educational performance through enhancing the facilities (better educational 
institution, quality teacher, etc.) by the remittances. In the study area, better education 
for children often means to get access in private school education. Getting more money 
from migrants, 47.78% of the left behind family members have changed their lifestyle 
through using modern amenities and home appliances. Better medical treatment 
specially for the senior citizens and children of the household reported by 38.33%. Near 
to one third (28.33%) respondents replied by using remittance they have developed the 
household conditions (i.e. renovation of the house, etc.). About 25.56% told about better 
food they started to consume in the study area.

Table 7: Impact of remittances (n=180) - [multiple response possible]

Positive impacts No. of HHs Percentage
Poverty alleviation 131 72.78
Improvement educational facilities 112 62.22
Change lifestyle 86 47.78
Improve health care facilities 69 38.33
Improve housing condition 51 28.33
Increase food consumption pattern/rate 46 25.56
Negative impacts
Care deficit 114 63.33
Psychological well-being 91 50.56
Deteriorating health 64 35.56
Drop-out from school 62 34.44
Aggressive behavior 31 17.22
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Physical abuse 11 6.11
Starting anti-social activity of children 8 4.44
Divorce of migrant 2 1.11

Source: Field Survey, 2019

In comparison with the various positive impacts, innumerable negative impacts were 
also found during this study (Table 7). For example, the study found that while the 
female migrants stay in contact with their left behind family members; children may 
lose the care as well as emotional support and guidance. The findings show that 63.33% 
of the respondents mentioned the care deficit of children which has adverse impacts. It 
seems that sometimes female member of the household absence does lead to changes in 
gender role and responsibility within the household, as sometimes male member look 
after the children while female member goes abroad for work. Psychological well-being 
is another negative impact of female labor migration to their children, which carries 
50.56% of the households. Likewise, the family member from the female migrant 
households opined that the absence of mother hampers children’s health condition as 
well as school performance. But the data indicates that mother absent children dropout 
rate is 34.44% because of the lack of proper care givers at home. Another negative 
impact is stressful or aggressive behaviors in the left behind children. As expected, the 
migration of the female family member was perceived by the children at the emotional 
level with a sense of loneliness and sadness. Almost 17.22% respondents found 
children’s behavior after their mothers’ departure to abroad often aggressive or sadness, 
anger apathy or fear, etc. In addition to that, the risk of physical abuse and anti-social 
activities or rebellious activities appear in the children’s behavior in the study area. In 
comparison with other negative impacts, the physical abuse and anti-social activities are 
not much serious problem, but to take it as solemn delinquent by the parents and care 
givers at home. 

Conclusion
This study focused on the female labor migrants and its impact on the left behind family 
members. The data for this study were collected from three municipalities (Bhanu 
Municipality, Bhimad Municipality and Vyas Municipality) of Tanahun, western middle 
district of Nepal. The focus is to explore and analyze the impact on left behind family 
members and the children. In this research, the research design was mainly qualitative 
in nature, with mostly nominal variables which allow for limited statistical analysis. 
In this regard, this research paper has been mostly descriptive. Therefore, this paper 
attempts to suggest direction of the tendencies rather than conclusions.
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One important aspect of this study is family dynamics, which is created by international 
labor migration. In addition to that, one of the most important finding of this study is that 
the absence of mother has the most disruptive effect in the life of the children. However, 
intricacies of mothering by father are better prepared for, and pay more attention to. 
Thus, children without their mothers seem to have more problems, like care deficit, 
psychological well-being, aggressive behavior and physical abuse. 

Female labor migration is relatively a recent phenomenon and abroad opportunities 
for women to feel empowered and the possibility to gaining respect and status due to 
the remittances they are able to send back their home. Due to the lack of employment 
opportunity, low income of the family along with the large family size their husbands 
inspire them to go for work abroad. Regarding female labor migration issues, there are 
so many fundamental persuading factors such as poverty, family pressure, and income 
opportunities etc. to be addressed. Female labors from Nepal are mainly concentrated 
in GCC countries as well as East Asia and some of the Middle East countries. Majority 
of them are working as care givers or domestic workers (house maid). In the study 
area, married and illiterate females are migrated as international labor migrants and 
they do not have language and communication skills. Due to the lack of communication 
knowledge and hence, they tend to be exploited. Thus, the vast majority of the female 
migrants involved as housekeeper since lack of knowledge and skill regarding other 
vocational and technical aspects. Scandalously, migrant workers face numerous threats 
and risks. Regarding the situation faced by migrants, Nepalese women have reported 
sexual, physical, and emotional abuse or salaries far below what a negotiator may have 
assured. Another serious matter is repaying the loan which is very difficult because they 
arrange money from local money lenders with high interest rate. However, it is very much 
encouraging that the workers coming from less educated families are motivated in using 
proper or formal channel for remitting the hard-earned money and rest of the female 
migrants used informal channel like hundi2 to send money to their families. Along with 
savings, women intend to use their remittances to daily household necessities, health, 
children’s education, home construction, and loan repayments. However, the greater part 
of the remittances to use as repayment their loan. Both, positive and negative impacts 
have been clearly observed and analyzed in this study. Positive impacts, i.e. alleviation 
of poverty, improvement education quality, improve lifestyle, and health care is some of 
the examples have been observed. Left behind children face numerous adverse effects 
of female migration including problems related to care deficit, psychological problem, 
health, education, aggressive behavior, physical abuse and anti-social activities due to 
the lack of motivation from others at home.

2 Hundi is an informal money transfer system that uses close networks to transfer cash with-
out actually doing a cross-border transaction.
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Finally, for the proper channelization of the female labor migration, the country needs 
to formulate effective policies that can make best use of positive effects of migration. 
The policy that include the pros and cons of migration especially for female and need 
to provide clear orientation to them. For the sustainability of female labor migration, 
it is necessary to the policy makers and other stakeholders to have a clear picture on 
the profile of female migrants, the social cost of migration as well as the benefits of the 
female labor migration issues and its relation with their means of support. Therefore, 
in some families’ migration is at least a temporary way out of a difficult or intolerable 
situation. Both aspects of migration’s impact, extended family’s roles and spousal 
relations are to be taken into profound consideration while formulating policies, plans 
and programmes so as to make the best use of positive effects of female labor migration.
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Abstract
Nepal experienced disastrous earthquake events in 2015. The first one (magnitude of 7.8) with 
epicenter in Barpak, Gorkha district, occurred on 25th April 2015, followed by another event (7.3 
magnitude) on 12thMay 2015, with epicenter in 19 km south east of Kodari, Sindhupalchok district.  
Those earthquake events induced different types of geo-hazard and they are widely distributed 
and caused serious damages and losses. This paper discusses the types of geo-hazards induced 
by these Gorkha and Sindhupalchok earthquake events and the losses and damages from those 
events; and the future risk from those geo-hazards in Pharak area covering 305 km2 in Solukhumbu 
district, Nepal. Satellite images of before and after the events were used to map landslide, debris 
flow, landslide dam and other geomorphic changes after earthquake. Information on the losses, 
damages and future risk were collected through focus group discussion, key informants’ interview, 
observation, and measurement. A total of 79 landslides, 13 rock falls, 5 debris flow and one site of 
river damming were identified and mapped. The losses and damages included private and public 
buildings, cultivated land, crops and other infrastructure such as trails, canals for hydropower 
plant. The losses and damages associated with landslide and debris flow induced by earthquake 
is comparatively higher than the losses and damages from other geomorphic hazards such as 
rock fall and landslide dam and landslide dam outburst flood. The risk from those geo-hazards 
induced by earthquake is also high. Community mobilization with activities of regular monitoring 
of those hazards, skill development for rescue operation, design and implementation of mitigation 
measures are some of the efforts necessary for better management of disaster risk.

Key words: Gorkha earthquake, geo-hazards, damages, mitigation and adaptation.
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Introduction
Geo-hazards are events caused by climate/geological/geo-morphological features and 
processes that present severe threats to humans, property, and the natural and built 
environment. Typical examples include earthquakes, floods, landslides, volcanoes, 
avalanches, and tsunamis (Alcántara-Ayala and Goudie, 2010;). The Encyclopedia 
defines that geo-hazard is a geological state that may lead to widespread damage or 
risks, which are geological and environmental, conditions and involve long-term or 
short-term geological processes. Earthquake is such a geo-hazard that can initiate other 
hazards like landslides, snow avalanche, floods, and tsunamis.

Nepal is a mountainous country and there are many types of hazards resulting in the 
loss of life and properties occur in the countries. The frequently occurring hazards 
are earthquake, floods, landslides, debris flow, glacial lake outburst flood, landslide 
damming and its outburst, windstorm, hailstorms etc. (Shrestha et al., 2016). Many of 
the hazards are associated with each other’s and one hazard induces many other types of 
hazards resulting in losses and damages.

Earthquakes are one of the main triggering factors of landslides. Largest earthquakes 
are capable to trigger thousands of landslides (Keefer, 1984). Keefer also had studied 
an earthquake-induced landslide distribution —the 1989 Loma Prieta, California 
event (moment magnitude, M=6.9), which generated landslides in a total area of about 
15,000 km2. Most of these landslides were occurred in an area of about 2000 km2 in 
the mountainous terrain around the epicenter. In southwest China, due to its complex 
geological and geographical conditions, many strong earthquakes occurred frequently 
and are accompanied by a large number of landslides that were associated with serious 
damage (Yi Wen & Xu, 2002; Xu Zhang & Wen, 2005; Chen, Q. F., & Wang, K. 2010; 
Wen, B.P., Wang, S.J., Wang, E.Z., & Zhan, J.M,2004). For example, the destruction 
caused by landslides triggered by the Wenchuan Earthquake (magnitude of 7.9) in China 
in 2008 was unexpected and shocked the world (Yi Wen & Xu, 2002). This earthquake 
not only caused several landslides of more than 15 000 (Yin, Y., Wang, F., & Sun, P., 
2009) and it also triggered some infrequent huge landslides along the seismic faults. 
Daguangbao landslide, with estimated volume of 750 million m3, is the largest one 
among the individual landslides triggered by Wenchuan earthquake (Huang & Li, 2009). 

Another earthquake (magnitude of 7.6) occurred in 2005 within the Hazara-Kashmir 
Syntaxis along the Balakot-Bagh Fault (also known as Muzaffarabad fault), with a 
maximum vertical displacement on the fault of about 5 m. (Hussain et al., 2006). As a 
result, thousands of very dense bands of landslides were triggered resulting in destruction 
of infrastructure. The landslides were mostly triggered along the fault rupture trace. 
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Hattian Bala rock avalanche was the largest landslide associated with the earthquake 
which destroyed a village and blocked the tributaries of Jhelum River, thus creating a 
dam. A total of around 2500 landslides were triggered due to earthquake and mostly the 
landslides occurred along the hanging wall block of the fault (Sato et al., 2007). 

Every year, different countries face different magnitudes of earthquakes resulted huge 
loss of life and properties. The devastation caused by them depends on their magnitude. 
According to USGS, The Haiti Earthquake (2010) of magnitude 7.0 causing the death 
of more than 300 thousand people, Tangshan Earthquake of China (1976) causing the 
deaths of more than 240 thousand, are the major earthquakes recorded to date. The total 
fatalities and damages caused by them are even higher. Land sliding from the earthquake 
blocked many rivers and impounded lakes behind landslide dams. Landslide dams, 
followed by flooding behind the dam and outburst floods when the dam fails generate 
one of the most common forms of natural disaster in steep and narrow mountain valleys 
(Schuster & Costa, 1986; Evans, Hermanns, Storm, & Scarascia, 2011).

Nepal experienced a major earthquake with magnitude of 7.8 on 25 April 2015 (12 
Baisakh, 2072 B. S.). The epicenter of this earthquake was at Barpak, Gorkha district. 
Therefore, it is also referred to Gorkha Earthquake 2015. The major earthquake was 
followed by more than 30,000 aftershocks out of which 400 were greater than magnitude 
of 4.0 (www.seismonepal.gov.np). On the other hand, four aftershocks were greater 
than 6.0 magnitude scale in which the struck of 17 days after the major shock had the 
magnitude of 7.3 on 12th May 2015 (29 Baisakh, 2072 B. S.), with epicenter in 19 km 
south east of Kodari, Sindhupalchok district. The catastrophic earthquake had resulted 
over 8,800 casualties and over 22,000 injuries together with displacement of 100,000 
people. And it was estimated that these earthquakes have affected the lives of eight 
million people, almost one-third of the population of Nepal. The estimated total value 
of disaster effects (damages and losses) caused by the earthquakes is NPR 706 billion 
or its equivalent of US$ 7 billion (NPC 2015a). Almost all sectors – social sectors 
(housing and human settlement, health, education and cultural heritage), productive 
sectors (agriculture, irrigation, commerce, industry, tourism and finance), Infrastructure 
sectors (electricity, communications, community infrastructures, transport and water 
and sanitation) and Crosscutting issues (governance, disaster risk reduction and 
environment and forestry) were seriously affected.

The earthquake activated or reactivated numerous landslides, which caused major 
damage to settlements and infrastructure, and it was clear that these posed a continuing 
risk. An international volunteer group comprising scientists from the USA, Europe, and 
the region mapped the landslides using satellite images and paying special attention to 
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those blocking rivers (Kargel et al., 2015; Sharma & Shrestha, 2015; Collins & Jibson, 
2015). Based on their reconnaissance claimed the hazard of Langtang as debris avalanche 
type and identified the existence of 60 landslide dams induced by Gorkha earthquake 
sequences within the seven districts under study. Kargel, et al. (2015) identified 3,455 
landslides induced by Nepal’s 2015 Gorkha Earthquake some of which buried or blasted 
villages or blocked rivers or roads. The same paper discusses about relationships of 
landslide distribution with slopes and large peak ground accelerations; there is also a 
strong association with the tectonically down dropped block; the uplifted block contains 
few landslides 

Most of the literatures have focused in severely earthquake affected districts or west 
of Ramechhap districts like Gorkha, Sindhupalchok, Rasuwa, Dhading, Nuwakot etc. 
The landslides and other geomorphic hazards associated with the earthquake after 25th 
April in other districts like Solukhumbu district which was also affected severely were 
not reported. Therefore, this study aiming to fulfill the knowledge gap was came out. 
This study tries to find out the earthquake and earthquake induced geo-hazards, losses, 
damages, spatial distribution and local knowledge on mitigation and adaptation in 
Pharak area in Solukhumbu district. 

The study Area
Geographically, Pharak area is located (Figure 1) from 86˚31’ to 86˚54’ East longitude 
and from 27˚39’ to 27˚ 48’ North latitude. It is located about 90 km northeast from 
Kathmandu has covered 305 sq. km area. Everest region consists of three sub-region-
Khumbu (Namche and Khumjung VDC) in the north, Pharak (Chaurikharka) in the 
middle and Solu Salleri in the south. The study area covers only Pharak, middle part of 
the region. Several large and small settlements lie along the trekking trail. The major 
settlements of the trails are Surke, Lukla, Ghat, Phakding, Manjo and Jorsalle etc. The 
altitude of the study area ranges from 2000 to 6400 m the climatic condition ranges from 
subtropical in lower altitude to temperate and alpine. Higher Himalayan Zone consisting 
of high-grade metamorphic and weathering-resistant rocks such as gneiss, migmatite, 
schist, quartzite, and marble. The cultural landscape of different ethnic groups are 
Sherpa, Rai, Magar Newar and Chhetri. There are 960 households with 3,709 people 
inhabited in this area. Among this 1,872 are male and 1,837 are female population settled 
in the study area. Because of rapid increase of tourism business, occupation is shifting 
from agro-pastrolism to tourism as more people and more establish lodges, hotels, pack 
animal services (Rai , 2017). The study area covers total of 395 sq km with covering 
49% snow land, 25% barren land 20% with forest and 1.57 % with bush and remaining 
3.5 % land by built up, river and lake.
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Figure 1: Location of Study Area

Methods and Material
This study utilizes both primary data and secondary data. A step by step process were 
adopted. At the first step all the features: landslide, debris flow, rock fall and river damming 
were identified in satellite image taken in SPOT 6 2012 (Dec. 3) before earthquake and 
SPOT 7, 2015 (Nov. 17) after earthquake (Figure 2). Identified features were digitized 
and prepared the maps and these maps were used for field verification. The field visits 
consist of three activities: confirmation of landslides mapped through observations, 
collection of data in the year of occurrences by interviewing key informants and 
measurement of length and width of landslides, collection on information of the losses 
and damages, future risk and adaptation and mitigation activities of local people through 
focus group discussion. We scheduled field visits and GPS devices were used to record 
the location of existing landslides and the possible hazardous spots. Important historical 
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landslides locations were recorded during the field visit. Focus group discussion was 
conducted in two settlements named Ghat and Phakding with 12 participants from Ghat 
settlement and 9 participants from Phakding settlement. Key information interview was 
conducted in different settlements and included school teacher, businessman, housewife 
and VDC secretary. Checklists were prepared for focus group discussion and key 
informants’ interview. The geo-morphological characteristics of length, width and area 
of these landslides were recorded for 15 landslides. The collected data were analyzed, 
and the hazards maps were prepared in Arc GIS 10 Software. 

Results and Discussion
Earthquake Induced Hazards 

A total 79 landslides, 13 rock falls, 5 debris flow and one site of river damming were 
traced and mapped. There was a total of 20 landslides existed before the earthquake, 39 
landslides were initiated during the earthquake and 20 landslides after the earthquake 
(May 12th, 2015- April 31st, 2016).  A total of 3 rock falls existed before the earthquake, 
5 rock falls initiated during the earthquake and 5 rock falls after the earthquake.  
Similarly,2 debris flow existed before the earthquake and 2 debris flow developed 
during the earthquake and 1 debris flow after the earthquake and 1 river damming was 
developed between Tok Tok and Benkar village (Fort et al., 2019 (Table 1).

Table 1: Types and extent of earthquake induced hazards

Types
Occurrence Total

Before During After
Landslide 20 39 20 79
Rock Fall 3 5 5 13
Debris Flow 2 2 1 5
River Damming  1  1

Source: Field Survey, March, 2017 (Before: Identified from SPOT 6, 2012 before 
earthquake During: Verified through observation and information obtained from local 
people After: Identified from SPOT 7, 2015 (Nov 17) and verified through observation 
and information obtained from local people.)

Topographical characteristics of earthquake induced hazards

Topographically many of the landslides (77 out of 79) are in the bottom part,1 landslide 
is located in middle part and 1 landslide is located in ridge to bottom part of the 
topography. Similarly, many of (12 out of 13) rock falls are located in bottom part, 1 
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rock fall is located in middle part of the topography. A total of 4 debris flows are located 
in bottom part, 1 debris flow is located in middle part of the topography (Table 2).

Table 2: Topographical characteristics of earthquake induced hazards

Types
Topographical location

Bottom Middle Ridge to Bottom Total
Landslide 77 1 1 79
Rock Fall 12 1 0 13
Debris Flow 4 1 0 5

In terms of aspects many of the landslides (32 out of 79) are in south aspect, 27 landslides 
are in east aspect ,1 landslide in west aspect. Similarly, most of the rock falls 7 out of 13 
are in south aspect, 5 rock falls are in east aspect and 1 rock fall is in west aspect. There 
are 3 debris flow located in south aspect, 2 debris flow are in east aspect (Table 3).

Table 3: Location of hazards in different aspects

Types
Aspects

TotalEast West North South
Landslide 27 16 4 32 79
Rock Fall 5 1 0 7 13
Debris Flow 2 0 0 3 5

Many of landslides 47 out of 79 are initiated in slope between 20-40, 20 landslides are 
in below 20, eight landslides are in 40-60 and four landslides are in above 60. Similarly 
the highest number of rock fall that is (7 out of 13) are initiated in slope between 20-40, 
then after 5 rock falls below 20, and 1 rock fall is in between 40-60. In terms of debris 
flow 2 debris flow initiated in between  20-40, 2 debris flow are in below 20 and 1 debris 
flow is in between 40-60 (Table 4 and Figure 3).
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Table 4: Hazards distribution on slope

Types
Slope Category in Degree

Total
Below 20 20-40 40-60 Above 60

Landslide 20 47 8 4 79
Rock Fall 5 7 1  13
debris Flow 2 2 1  5

Besides landslides, rock fall, debris flow and river damming, the changes in water 
sources is another type of hazards reported by the local people. According to them one 
springs was existed before earthquake and the water utilized by local people was dried 
out and there were no significant losses due to dried out of water. This was reported 
from Muse village near Lukla and later local people find out another spring source 
below the previous water source.

a) 

 

b)  

Figure 2: SPOT satellite images used to map landslides and other geomorphic hazards 
a) SPOT 6 image December 3,2012 before the earthquake) b) SPOT 7 image (November 
17,2015) after the earthquake.
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Losses and Damages by Gorkha Earthquake in Pharak Area
After the main event of Gorkha earthquake of 7.8 magnitude on 25th April 2015, the 
aftershock event with epicenter in east of Kodari of 7.3 magnitude resulted huge amount 
of losses and damages of properties. A total of nine houses and sheds, 1,250 meters with 
trekking trail, One hydropower reserve tank and 130 meter water pipe were destroyed 
by landslides. Local people of Chuserma and Surke reported 80 meter of water pipe of 
Chuserma hydropower and 50-meter water pipe of Surke hydropower was destroyed by 
landslides. Rock fall has destroyed 30 meter trekking trail and debris flow destroyed two 
houses and 30 meter trail (Table 5).

Table 5: House and infrastructures damages and losses by earthquake induced hazards

Types House/Shed Trail (m) Hydropower
Landslide 9 1250 1 reserve tank 130 meter pipe
Rock Fall 0 30  
Debris Flow 2 30  
Total 11 1310  

Source: Field Survey, March 2017

The maximum crops and cultivated land have damaged by landslide. A total of 0.56 
hectare khet land with 0.28 hectare bari land, 3,300 kg potato, 970 kg maize, 670 kg 
buckwheat and 1480 kg of wheat were destroyed. Rock fall has damaged 0.05 hectare 
bari land and 200 kg potato, 50 kg maize. Similarly, debris flow damaged 0.05 hectare 
bari land with 300 kg of potato (Table 6).Two significant landslides found in Nackchung 
(Figure 4 b) village west of Lukla and destroyed cultivated land ,shed and trial  and 
these landslides run across the main trail from Lukla to Nackchung down to the river, 
isolating villagers from the main valley. They had to be flown to Lukla where they 
stayed for three months while the trail was being repaired (Fort, M., Smadja, J., Khanal, 
N. R., & Shrestha, B. R., 2019). Another landslide from Phakding landslide (Figure 
4 d) right side of the Dudh koshi river has destroyed the major trekking trail (Lukla 
-Namche). The examples of house damaged and canal damaged are shown in (Figure 4 
a and c).
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Figure 3: Distribution of earthquake induced landslides, rock falls and debris flow 
superimposed in slope map

Table 6: Crops and Cultivated land damages and losses by earthquake induced hazards

Types
Cultivated 
Land (ha)

Crops (Kg)
Total 
(Kg)

Bari Khet Potato Maize Buckwheat Wheat
Landslide 0.28 0.56 3,300 970 670 1,480 6,420
Rock Fall 0.05  200 50   250
Debris Flow 0.05  300     
Total 0.38 0.56 3,800 1,020 670 1,480 6,670

Source: Field Survey, March 2017
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Estimated Economic Losses by Earthquake Induced Hazards
Table 7 shows the highest amount of estimated economic losses of 103.79 million (92%) 
by landslide. A total of 4.7 million in house and shed, 0.49 million in crops, 35 million 
cultivated land, 2 million in hydropower were lost by landslide. The estimated economic 
losses by debris flow is 7.53 million (7%) out of 113.429 million. It is estimated that 1.5 
million from house and shed, 0.03 million from crop, 3 million from cultivated land, 3 
million from trail due to earthquake induced debris flow. The total estimated economic 
losses by another earthquake induced hazard rock fall is 2.109 million (2%) which has 
lost 0.019 million in crops, 2 million in cultivared land and 0.09 million in trekking trail.

Table 7: Estimated Economic Losses by Earthquake induced Hazards

Types
NPR Million

Total Total 
(%)House/ 

Sheds Crops Cultivated 
Land Trail Hydropower

Landslide 4.7 0.49 35 61.6 2 103.79 92
Rock Fall  0.019 2 0.09  2.109 2
Debris 
Flow 1.5 0.03 3 3  7.53 7

Total 6.2 0.539 40 64.69 2 113.429 100

Source: Field Survey, 2017

Mitigation and Adaptation
Local people perceived that geo-hazards like, landslide, rock fall etc. occur in their 
settlements. Yet, the 2015 Gorkha earthquake had resulted damages and losses in the 
study area and it damaged trail and bridges. This event had changed the mindset of 
local people to construct earthquake resisting buildings and other infrastructures too. 
People think that tree plantation, wall construction and bio-engineering could reduce 
the effect of landslide, rock fall and debris flow (Figure 5 a and b). Villagers on average 
felt that a geological hazard would likely occur at their settlements frequently and did 
not know the mitigation action clearly during a geological hazard. Local people felt 
that there is no more open spaces and safe land during the disaster period and lacking 
disaster preparedness. Respondents think that building and other infrastructures should 
be constructed earthquake resisting
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a)

c) d)

 NR. Khanal

 B. S Shrestha, 2017

Figure 4: Earthquake induced hazards losses and damages in study area. a) Canal 
damage at Manjo by landslide b) landslide induced at Nackchung village c) Destroyed 
stone masonary building and collapse crops and cultivated land at Surke village south 
of Lukla, d) Trail damage by Landslide north of Phakding.

Figure 5: Wall constructions to mitigate house and trail at Surke village a) landslide 
affected house upper part b) wall construction (stone and mud) to control headward 
extension of landslide.
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Discussion
Our observations are similar to those carried in the areas mostly affected by the 
earthquake of 25th April 2015 in the west of Khumbu region (Collins and Jibson, 2015; 
Kargel et al., 2015; Gnyawali et al., 2016; Valagussa et al., 2016). The study by National 
Planning Commission (NPC, 2015a, b) shows that the earthquakes had an impact on 
all sectors: social, productive, infrastructure and cross-cutting. The destruction was 
widespread, covering residential and government buildings, heritage sites, schools 
and health posts, rural roads, bridges, water supply systems, agricultural land, trekking 
routes, and hydropower plants. An attempt was made to estimate the share of earthquake-
induced geo-hydrological hazards, especially landslides and debris flows, in the total per 
capita disaster loss district-wide in the seven most heavily affected districts. The study 
area is not included in seven severely district, but study area was affected by different 
geo-hazards induced by Gorkha Earthquake. Inner valleys are highly vulnerable to 
earthquake-induced landslides, and many hydropower stations and trunk roads were 
heavily damaged by the 2015 landslides (Chiaro et al., 2015). 

The previous study shows that besides monsoon rainfall, earthquake is one of the 
major causes to induce landslides, rock fall, debris flow etc. After Gorkha earthquake, 
the study by Kargel et.al. (2015) identified 3,455 landslides induced by Nepal’s 2015 
Gorkha Earthquake some of which buried or blasted villages or blocked rivers or roads. 
The same paper discusses the relationships of landslide distribution with slopes and 
large peak ground accelerations. There is also a strong association with the tectonically 
down dropped block; the uplifted block contains few landslides. Similarly, study by 
Collins & Jibson (2015) based on their reconnaissance claimed the hazard of Langtang 
as debris avalanche type and identified the existence of 60 landslide dams induced by 
Gorkha earthquake sequences within the seven districts under study. Landslide dam was 
also observed in the study area, but it was very small, and the impact is not significant.

Conclusion
Gorkha Earthquake sequence of May 12th, 2015 (7.3 magnitude) induced geo-hazards 
like landslides, rock falls, debris flow and river channel constriction and damming and 
changes the availability of water from springs, The observation indicates that most of 
the landslides, rock falls and debris flows are in bottom slope, east and southern aspects.

The main effect of the shaking was collapse of buildings (private and public) and 
cracking of land and roads. The earthquake-induced geo-hazards also led to loss and 
damage of buildings, cultivated land, but in addition, there was a marked impact on 
standing crops and infrastructure such as bridges, trails, roads, hydropower projects, 
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and irrigation canals. The secondary effect of the damage from geo-hazards is likely 
to be comparatively much higher than that of the direct earthquake impact in terms of 
loss of livelihoods, blocking of movement of people, goods, and services, and loss of 
revenue from trade and energy supply. The mitigation measure could be construction 
of earthquake resisting building, tree plantation, wall construction and bio engineering 
community mobilization with activities of regular monitoring of those hazards, skill 
development for rescue operation, design and implementation of mitigation measures 
are some of the efforts necessary for enhancing the capacity of local people and reducing 
the risk of geo-hazards.
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Abstract
The study aims to illustrate the basin characteristics, river morphology and river 
processes in the Chure- terai Landscape. The basin and morphological variables used 
in the study were derived from the satellite imageries available on Google earth, digital 
elevation models, and relevant maps. The cross-section survey and hydrometric data, 
incorporated in the study were obtained from the secondary sources, reports, and 
documents. The Bakraha River basin is underlain by the rocks of the Siwalik group 
in the south. The rocks are highly deformed and fractured and have the steep and 
variable slope and are subject to strong seismic shaking.  The network of drainage is 
dense, with the predominance of colluvial streams that receive sediments from slope 
failure and erosion. The steep profile of the river demonstrates the ability to transport a 
huge sediment load during a high flood. The climatic regime and daily annual extreme 
rainfall between 100-300mm can initiate shallow landslides to large and deep-seated 
landslides. Landslides very large, small to shallow types are quite numerous, which 
indicates terrain highly susceptible to slope failure and erosion. The forest cover is 
above 84% but largely has been degraded and interspersed by agricultural patches 
and settlements with population dependent on agriculture and livestock. The lower 
catchment has dominant agricultural land use. The role of riparian vegetation for 
bank protection and flood control is limited. In the hilly areas, the river reaches are 
mainly sinuous to straight controlled by bedrock and in Terai, the reaches are straight, 
wandering to meandering towards the south. River slope is very steep, up to 15.2% in 
hills and mild in the meandering reaches in Terai decreasing to 0.1%. In the straight 
reaches, sediments are mainly boulders, gravels, bedrocks and sands in the hill, while 
in meandering reaches in Terai, sediments are sand and silt.  The discharge varies 200-
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734 cusec from upstream (close to outlet) to downstream, (16.5 km away). The estimated 
sediment load transport during extreme flood events highly varies. Potential sediment 
load decreases from straight to meandering reaches, with some fluctuations in certain 
locations, owing to change in local morphological conditions. Bank erosion, bend scour, 
confluence scour, and protrusion scours, and avulsions are the river processes, which 
provide a source of sediments to the river. Change in planform and cross-section view 
of the river morphology indicate the river is unstable and dynamic due to the frequent 
shifts between accretion to erosion processes. 

Keywords: Basin characteristics, river morphology, river process, Chure hills, Terai

Introduction 
Basin and morphologic characteristics of the river are the intricate components of the 
river system.  The geology, tectonics, topography, climate, land use, and human activity 
determine the geomorphic and hydrologic characteristics of the basin in the hill catchments 
(Horton, 1932).  The basin characteristics, in turn, influences the hydrological response and 
river morphology downstream. The river morphology basically determined by the valley 
topography and the characteristics of the river basin (geology, soil, mechanical properties). 
The shape, pattern of the rivers is also the result of a long history of changes in climate, 
in tectonic activities, in land use, in human interference.  Investigating river morphology 
and its linkages to catchment’s physical condition provide a holistic understanding of 
the geomorphology and hydrology of the river system,  high land low land and linkages 
observed in terms of channel morphology, flood, channel stability, and riverine ecology 
(Van Appledorn, Baker and Miller, 2019). Hence the study of the fluvial system both at the 
basin and reach scale will help to understand the river processes and prescribe the counter 
measures to address issues of soil conservation and watershed management, flood, bank 
erosion, and channel avulsion problem. These hydrologic phenomena are themselves 
the outcome of multi-scalar interactions among climate, landscape physiography, river-
valley morphology, and local channel hydraulics.  Numerous studies carried out in the past 
illuminates the relation between basin and morphologic characteristics of the river system 
and have provided a plethora of scientific knowledge and approach that can be applied for 
soil erosion control, watershed and river ecology management, river hazard and disaster 
management projects (Hey, Newson and Thorne, 1997; Horton, 1932; Kline et al., 2003; 
Montgomery and Buffington, 1997; Richards, 1982; Rosgen, 1996; Van Appledorn et al., 
2019; Rajaguru et al., 1995). In Nepal, where the rivers basins are developed in complex 
geology and active tectonics modified by the climate-driven denudation processes, 
constitute high relief, dissected and steep topography.  In such conditions, weathering 
and erosion processes are intense and active which contributes to high sediment yield in 
the rivers and thereby has a profound impact on the morphology of the river and related 
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disasters downstream. There is extreme variability in discharge and sediment load (Kale, 
2002). Earthquakes and landslides also have a great impact on these rivers from time 
to time.  Few studies on the river morphology of Himalayan origin river exist (Gupta, 
Atkinson and Carling, 2013; Kale, 2002; Khanal, Shrestha and Ghimire, 2007; Shrestha, 
Tamrakar and Miyazaki, 2008; Shrestha and Tamrakar, 2012; Sinha et al., 2005; Thakur et 
al., 2014; Carson, 1985), many of them in Nepal were done from the hazard perspective 
and only a few have given a particular attention on the river morphology. Few notable 
studies on the landscape and process of upper catchment  in Siwaliks exist (Dhital, Khanal 
and Thapa, 1993; Ghimire, 2001; Ghimire, 2011; Ghimire, 2014; Shrestha and Tamrakar, 
2012; Ghimire and Higaki, 2015; Khanal, 1989) that provide illuminating findings. Hence, 
in this context an attempt is made to investigate the basin and morphologic features of the 
Bakraha river, which origins in the southern flanks of the Mahabharata range and also 
drains the Siwalik region in eastern Nepal. 

Conceptual framework 
The river system is an open system, which governs by various factors controlling 
and operating at upstream and downstream (Schumm, 1981). Channel morphology, 
a major component of a river system is a result of these factors. These factors can 
be divided into those that are enforced on the watershed (i.e., independent) and those 
that adjust to the enforced conditions (i.e., dependent) (Hogan and Luzi, 2010). The 
independent landscape factors controlling channel morphology are geology (including 
tectonics and structure), climate, and human (Figure 1). The geology of mountain 
catchments is determined by processes acting at the landscape scale, and can include 
volcanism, tectonics, and, to a lesser extent, surficial processes weathering, erosion, 
mass movement. Inside watershed, these processes control the distribution, structure, 
and type of bedrock, surficial materials, and topography (Montgomery, 1999). Climate 
is an independent factor at the landscape scale, as it is driven by atmospheric circulation 
patterns and locally modified by topography and in interaction with geology influence 
soil and vegetation.  Human modification of the landscape can also significantly change 
watershed conditions. 

The geologic, climatic, and human conditions which are enforced on watershed 
determine the dependent landscape variables of sediment supply, stream discharge, 
and bed and bank material (Buffington and Montgomery, 2013; Montgomery and 
Buffington, 1993; Schumm, 1981). These dependent landscape variables in combine 
determine the characteristics of the channel. The channel responds to changes in these 
variables by adjustments in one or many of the dependent channel variables. Time is 
another important independent variables since the origin of the landscape. 
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Figure 1: Conceptual model showing the relation between basin characteristics and 
river morphology (eg. Bakraha river)  modified after (Hogan and Luzi, 2010) and 
(Montgomery and Buffington, 1993).

Methodology 
Evaluation of the river basin and morphologic characteristics requires parameters 
pertaining to 1. basin geomorphology and morphometry: drainage network and density, 
basin shape, slope, hypsometric integral, terrain ruggedness; 2. Geology; 3. land use, and 
geomorphic processes.  Similarly, morphology at reach scale includes channel pattern, 
shapes (Plan and cross-sectional), and slope, hydrology and sediment characteristics. The 
application of GIS and remote sensing in combination with field surveys are inevitable 
tools for generating the terrain parameters (including morphometric parameters) and the 
morphologic characteristics of the river. These geospatial tools have been widely used in 
the study of both river basin and morphology at reach scale (Gupta et al., 2013; Khanal 
et al., 2007; Sinha et al., 2014; Uddin, Shrestha and Alam, 2011; Van Appledorn et al., 
2019). This study has also used geospatial data derived from the satellite imageries, 
Digital Elevation Model and Topographic and Geological Maps in a GIS framework. 

The approach for the morphological assessment involves steps such as 1. Analysis of 
basin characteristics including geology, morphometry, and land use; 2. Establishing the 
geomorphic and morphologic characteristics of the bedrock and alluvial reaches of the 
river; 3. Analyzing the river processes and their implications to flood, bank erosion 
and avulsion; and 4. Analyzing the morphological changes, as well as aggradation and 
degradations of the Bakraha River.
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The main datasets were topography, drainage, geology, river morphology and the 
hydrometric data i.e., water level, discharge, velocities, and depth provided by Matt 
McDonald and Total Management Services Pvt. Ltd (TMS) (2018). These data obtained 
or derived from the satellite imageries, DEM topographic and geological and other 
thematic maps. Summary of the data used for examining basin and morphological 
characterizes, their availability and source are presented in Table 1.  

Table 1: Data type, sources and methods and techniques of analysis 

Data Parameters /
variables Sources Method and 

technique of analysis

Geology Rock type and 
structure 

Geological map 
prepared by DMG, 
1:250,000

Map interpretation

Morphometry 

Drainage (network, 
order, drainage 
density, slope, 
hypsometric curve,  
sediment 

5 m resolution DEM,  
ALOS 2007

Hydrological tools 
using ArcGIS

Geomorphologic 
map

Topography, river 
morphology, sediment 
characteristics 

 (Google Earth and 
Landsat, 2018), 
Contour Digital Layer 
(Survey Department, 
2002) Field Survey, 
2018

Image interpretation 
and DEM analysis

River morphology 
and hydrometric 
data 

Riverbed of 
2008, 2013 and 
2018,     channel 
pattern aggradations, 
degradation, 
channel avulsion, 
abandonment 

Google Earth image, 
Landsat, 2018, 
Cross-section survey, 
2014 (Lahmeyer 
International,  TMS)  
and 2018 (Mott 
Macdonald, 2018). 

Time-series image, 
cross-section  survey  
analysis

Landslides Type Google Earth image, 
Landsat,  2018 Visual interpretations

Sediment material 
and transport

Median grain size, 
hydraulic variables 
at selected cross-
sections

From literature and 
existing studies in 
Nepal, HEC-RAS 
hydrodynamic model 
(Mott MacDonald, 
TMS, 2018). 

Hydrodynamic model 
(Mott MacDonald, 
TMS 2018).

Land Use Map Land use category 

Google Earth image 
2018, Chure-Terai 
Madhesh Conservation 
and Management, 
Master Plan 

Image interpretation 
and update of land 
cover 2015. 
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Study Area 
The catchment of the Bakraha river basin lies between latitude 26° 22' 49.75" – 26° 
51' 50.44" N ), and longitude 87° 32' 24.27 - 87° 41' 24.06 E  (Figure 2). The basin 
extends from the southern slopes of the Mahabharata range, followed by Chure Hills 
(Siwalik Hills, also known as sub-Himalayan hills) in the north and  Indogantegic plain 
up to the India-Nepal border in the south. The Bakraha River is the main water course, 
which is joined by the key tributaries, Soltikhola and Sunjhoda khola.  The catchment 
covers an area of 437 km2 (Figure 2). The Bakraha river system shares the district of 
Ilam and Jhapa in the east and Morang in the west, both in Province No. 1. The basin 
has 357 settlements distributed over rural and urban municipalities with a population of 
about 165,435 and 37,335 households (Nepal, 2012).  Madhumalla, Urlabari, Pathari, 
Hasandaha, and Govindapur are the major towns and villages located in this basin.

Figure 2: The Bakraha river basin location map
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Basin Characteristics 
Geology, structure, and seismicity

The Bakraha basin is developed in the metamorphic rocks of the Lesser Himalaya and 
sedimentary rocks of the Siwaliks of the Neogene age. The Siwalik hill  is the youngest 
parallel mountain chain in the Himalayan orogeny (Gansser, 1964; Dhital, 2015; DMG, 
2007) in the north, and  made of Quaternary deposits in the south. The Siwalik Ranges 
are formed from the most tectonically active Himalayan belts, which has resulted in 
active deformation, dislocation, and uplift of rocks along this belt, giving rise to a 
complex geologic structure and unstable and erodible landscape (Lavé and Avouac, 
2001, Nakata, 1989). 

Based on lithological characteristics, three broad categories of the Siwalik rocks, i.e., 
the quaternary and recent despoisits, the Upper Siwaliks (US), Middle Siwaliks (MS) 
and the Lower Siwaliks (LS) and Lesser Himalaya are found (DMG, 2007) (Figure 3).

The quaternary  consists of recent and post-Pleistocene alluvial deposits brought by the 
rivers draining the upper catchments of Chure hills and other Himalayan belts. These 
form a piedmont (foothill parts made of alluvial fans) adjacent to the Chure hills and a 
flood plain towards the south comprising the sand and silt deposits (Dhital 2015, LRMP 
1986).

The US is composed of conglomerates, sandstone and few mudstone beds. This unit 
is divided into a lower and upper member. The lower member is represented by well-
sorted, pebble- and cobble-conglomerate associated with reddish-brown sandstone and 
dark grey mudstone. The clasts of the conglomerate are rounded to sub-rounded and 
show a slight increase in size toward the younger succession. The upper member is 
characterized by an unsorted loose, boulder-sized conglomerate with grey sandstone 
and mudstone. This unit typically contains the Siwaliks sandstone boulders. The US 
rocks are highly erodible and susceptible to gully erosion.

The MS is comprised of fine to very coarse-grained sand as well as pebbly sandstone, 
which alternate with mudstone. The proportion of sandstone beds is higher than that 
of the mudstone. The proportion and coarseness of the sandstone increase towards the 
upper formation of the MS. The lower member (MS1) is comprised of fine to coarse-
grained sandstone interbedded with mudstone. The upper member of the MS (MS2) 
contains pebbly sandstone inter-bedded with mudstones (DMG, 2007). 
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The LS consists of an inter-bedding of mudstone and sandstone. The mudstone is 
variegated dark grey in color. The sandstones are fine to coarse-grained and are thin 
to thickly bedded.  The proportion of mudstone is greater than that of sandstone in 
aggregate. The LS occupies the lower section of the upper catchment.

The Lesser Himalayan rocks in the study area consist of the metamorphic rocks of 
Dubidanda Formation (DbD) and Kathmandu Crystalline (KC). DbD is represented 
by green and grey phyllites, quartzites and siliceous dolomites. KC is represented by 
biotite schist and gneisses. The rocks are massive but with open cracks and joints. The 
rocks are moderately weathered. Lesser Himalaya occupies about 49 % of the upper 
catchment area.

The Siwaliks is delineated as in Figure  from alluvial deposits of the Terai plain by the 
Main Frontal Thrust (MFT) in the south. It is the most active frontal fault where the 
LS is thrust over the alluvium in the piedmont zone (Lavé and Avouac, 2001, Nakata, 
1989). Similarly, an imbricate thrust of Main Churiya Thrust runs South East-North 
West in the northern part of the hill catchment. Both thrusts dip 25°–30° North East 
to North East. Likewise, the Siwaliks is traversed in ~NS direction by the four minor 
faults, with an average interval of 2 km.  Numerous folds exist in the eastern part of 
the upper catchment. Bedrocks generally dip towards North East with an amount of 
30-70o (DMG, 2007). Similarly, southern section of the Lesser Himalaya is bounded 
by an imbricate thrust of Main Central Thrust (MCT) and bedrocks dip toward North 
West with an amount of 40-70o (DMG, 2007). Due to the presence of active faults and 
major thrusts, neo-tectonic movements are frequent. The exposed bedrocks are highly 
deformed and fractured and consist intricate network of 2-3 joints set. 

The seismic hazard measured in terms of Peak Ground Acceleration (PGA), i.e., 
maximum ground acceleration that occurred during earthquake shaking at a location, 
indicates   the high earthquake hazard in the Bakraha basin. The contours of Peak 
Ground Acceleration (PGA), expressed in Gal ( 1 Gal equals to 1cm/s2; 1 g (acceleration 
of gravity) =981 Gal), show PGA between 100-150 gal, which implies the catchment 
is subjected to violent or  extreme shaking; higher intensity in the higher relief (http://
seismonepal.gov.np/publications).
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Figure 3: Geology and structure in Bakraha river basin (DMG, 2007)

Relief and slope of the hill catchment
The relief of the Bakraha River basin in mountain ranges between 230 and 2,410masl 
within the areal distance of 9 km.  The average relief is 992masl. The highest point lies 
in the Mahabharata range.

The slope gradient has been recognized as the proxy indicator of slope instability in the 
Siwaliks (Ghimire, 2011). The average slope of the hill catchment is 28.8o; such a steep 
slope indicates a high potential for erosion in a fragile geological setting. The slope of 
the hill catchment is predominantly steep, i.e., about 65.3% of the area of the total hill 
catchment has a slope greater than 25o (Figure 4). Gentle slopes (<5o) occupy 80% of the 
total catchment area (both hill and Bhabar-Terai). Cultivation above 25o is not desirable 
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due to the unstable slopes of Chure hills. The sub-catchment wise statistics of slope 
gradient is presented in Table 2. 

Table 2: Slope gradient in the Bakraha river basin

Sub 
Basins

Slope gradient (% of total area) Weighted 
average 

slope

Total area 
(km2)<5 5-15 15-25 25-30 30-45 >45

Hill 3.9 9.8 21.0 15.7 43.2 6.5 28.8±15 106.4
Bhabar, 
Terai 100 0 0 0 0 0 - 330.2

Figure 4: Slope of the Bakraha River basin
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Drainage network and channel characteristics
The control drainage network and channel characteristics of the hill catchment have 
significant control on the downstream chararistics of the river morphology in low 
plain lands.  The control of the bed structure, faults and system of joints in drainage 
development of the hill catchment is apparent, which is evidenced by trellis (stream 
orient in parallel) to rectangular drainage pattern (Figure 5).  The drainage density is 5.4 
km/km2 for the whole upper catchment. The drainage density is very high to indicate the 
ruggedness and high erosion potential. 

Considering the Strahler's (1964) stream order classification scheme, the number of 
streams by order and the bifurcation ratio is presented in  Table 3. The upper catchment 
(hilly areas) consists drainage network (Figure ) of the sixth order stream with a total of 
1,997 numbers of streams with a total length of 578 km. The slope of an average stream 
by order decreases (r2=0.96), which implies lower-order stream are steeper and more 
erosive. The average stream segment has a slope of 39%, which indicates that the upper 
basin streams are a colluvial type as well as a direct receiver of the sediments from slope 
failure and erosion. Highly steep slopes of the stream in the Mahabharata range have 
contributed to a high stream gradient. They also have enormous enough capability to 
carry a large number of sediments, including massive boulders during rainstorms in a 
monsoon. Lower order stream with slope > 15o is developed on the joints of bedrock, 
which act as a supplier of sediment. 

Table 3: Drainage network characteristics in Bakraha basin in hill catchment (Siwalik)

Stream 
order

Numbers of 
stream

Total length 
(km)

Mean slope 
(percent)

Bifurcation 
ratio

Slope 
ratio

1 1,573 293.7 42.4 - -
2 319 131.2 29.6 4.9 1.4
3 87 92.2 19.3 3.7 1.5
4 14 27.5 15.5 6.2 1.2
5 3 28.6 7.8 4.7 2.0
6 1 4.7 3.8 3.0 2.1

Basin 1,997 577.9 39 4 (Average)
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Figure 5: Drainage network of the Bakraha river basin in catchment in Siwalik hills 
(derived from DEM)

Land use: Geomorphic implication 
The basin has two distinct characteristic land use patterns in the upper and in the lower 
catchment (Figure 6, and Table 4). The land use in the upper catchment is predominantly 
non-agricultural with forest, shrub, and grass, covering more than 84% of the total area 
of the upper catchment. Human disturbance in terms of agriculture appears low in the 
upper catchment. But numerous isolated scattered patches of cultivated land including 
settlement has degraded the forest ecology. Agriculture and livestock are the main 
activities. The socio-economic pressure on forest land for timber, fuelwood, fodder, 
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litter, and grazing is evident for the degradation of forest and erosional scars around in 
the upper catchment. 

Agriculture is the predominant land use in the Bhabar-Terai catchment which comprises 
72.7% of the total area, whereas forest, shrub and grass cover account only 19%. The 
northwest part of the lower catchment is covered by subtropical sal dominated forest. 
The accretion or annual flood-prone areas along the river, limited riverine vegetation 
with grass and trees are found, i.e. at 2 km intermittent stretches.

Similarly, in the middle reach of the Bhabar-Terai catchment, the riverine forest, with 
patches of trees such as bamboo, shisoo, eucalyptus and fodder are found along the 5 
km distance at several intermittent sections.  This riverine forest has been developed or 
restored by the local people, as observed by the project, wherever land was available 
to check bank erosion and flood markings. In the remaining length, the river banks are 
exposed either to cultivated land or settlements, except for barren areas in channel scroll 
or migration areas.

Much of the agricultural land in the Bakraha basin lies in the flood plain zone, which lies 
south to the piedmont belt “Bhabar“. Bhabar is the region south of the Siwalik Hills. 
It is the alluvial apron of sediments washed down from the Siwaliks along the northern 
edge of the Indo-Gangetic Plain. Here, forest virtually does not exist along the bank 
corridor, but some presence of grassland. Hence, flood and bank erosion risks, which 
can lead to loss of land and damage to the properties, are high. 

Table 4: Land use statistics of the Bakraha river basin

Catchment Area 
(km2)

Land use (% of area)

Forest Agriculture

Barren 
land/ 
grass 
land

Shrub 
land

Built-
up

River 
bed

Upper 106.4 80.70 11.33 2.91 3.28 0.02 1.76
Lower 330.2 16.79 70.47 3.88 0.91 2.26 5.70
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Figure 6: Land use map of the Bakraha river basin
Source:  Chure Terai Madhes Protection and Management Master Plan (2016) updated 
and modified from 2018 imagery.

Landslides and sediments
Owing to the steep topography, active tectonic and complicated geology, the upper 
catchments have high numbers of large to small and deep-seated, swallow landslides, 
and debris flows scars. In some catchments, the landslide are spatially large and frequent 
(1-33 ha) and few large landslides have infilled the valleys. These landslides have 
contributed huge sediment loads to the rivers and streams at every monsoon. Due to the 
steep gradient and confined channel, and very limited flood plain in the upstream areas, 
a sediment load of fine to large size boulders and cobbles are transported through the 
narrow valleys and deposited onto riverbeds in the foothills and in Terai.
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Based on conventionally accepted morphological characteristics, as evident from 
Google Earth imagery of 2017 and 2019, the landslides in the upper catchment of the 
Bakraha river can be classified as rockfall, slides, debris flow, complex failures, and 
swallow scar type failures. Rockfall and slides including the swallow scar failures are 
widespread in the steep slopes and escarpments. Planer and wedge failures are also 
expected in the dip (slopes parallel to the direction of bedrock inclination) as well as 
on the orthoclinal slopes (slopes orthogonal to the direction of the bedrock inclination). 
Rotation failures are commonly noticed on the gentler and deeply weathered slopes.

Numerous slides of complex types are seen on the stream and gully head, from where 
the hillslope materials are released into the colluvial streams and further transported 
downstream.  Numerous failures in the foot slopes, due to river undercut, were observed 
in the Google Earth image and confirmed during the field visit, which indicates a river 
incision process (Figure 6).

Source: Google Earth 2019

Figure 7: Landslides in the Bakraha river basin; left: landslides in the tributary 
headwaters of Bakraha and landslide origin sediments in the riverbed; right: a huge 
landslide to the tributaries with an estimated area of 33 ha which has led to valley 
infillings up to 3.53 km and highly degraded surrounding landscape due to erosion and 
slope failures. 
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Climate and hydrology: Geomorophic implications 
The climate of the basin by its temperature and rainfall characteristics is largely humid 
subtropical climate (Cwa) according to Koppen and Geiger classification scheme. The 
mean monthly temperature recorded at nearby station Damak is between 16-28oC. May 
and June are the hottest months, i.e. 33-34oC, while Dec and Jan, the coldest months, 
i.e., 11-12oC. The average annual rainfall is 2618 mm, with around 84% rainfall between 
June-September. The rainfall varies by 761 mm between the driest and wettest month. 
However, with altitude (max 2400 masl), the temperature decreases and rainfall increases 
and in cold winter rain in the form of snowfall in altitude above 1800 m is likey.  The 
climatic regime favors intense weathering, a precondition for erosion. However, due to 
high rainfall erosivity and the erodibility of rocks, steep slopes, the deep weathered layers 
with mature soil are generally not well developed in the hillslopes.  From the erosion 
and sediment delivery point of view, the historical daily annual extreme rainfall data is 
important, as intense rainfall acts as a threshold for initiating landslides, debris flow and 
gully erosion. Figure 8 describes that extreme rainfall events have a recurrence interval 
for 100 mm in less than 2 years, 200 mm in 3 years, and 250 mm in 6 years. The extreme 
rainfall events can generate shallow to widespread landslides including very large and 
deep-seated types. This implies sediment production potential is very high in the hillslopes. 

Figure 8: Annual extreme rainfall of Damak (5.7 km eastward from the Bakraha River basin).

Source: DHM (1980-2010)
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Weathering of mudstone and the disintegration of the sandstone through joints and 
crack networks may have caused large-scale bedrock slumps. Highly weathered rocks 
also contribute to sediment load through gully erosion and debris torrents. 

Apart from the landslides, numerous erosion scars and exposed rocks and signs of land 
degradation are seen on slopes, which are either due to bare steep slopes or escarpments, 
or sites of overgrazing and deforestation ((Figure 6 and 7).

Geomorphologic units of the river basin 
The Bakraha river and tributaries can broadly be classified into five geomorphic units 
based on topography, river morphology, geology, and sediments. These units are 
described below.

1. Chure hills: Bedrock, boulder, gravel, and sand zones 

This zone is represented by the Chure hills underlain by sandstone and mudstone 
sequence of sedimentary rock (Figure 9). This zone contains a sixth-order drainage 
network, with a stronger gradient that receives and transports sediments obtained from 
landslides, debris flow and erosion on the hillslopes, which are highly weathered and 
fractured mudstone and sandstone beds. 

A large proportion of bedload consisting of boulders (huge size, commonly 0.5 to 8 
m3), cobbles and gravels which characterize the riverbed. In many steep and confined 
channel sections, exposed and incised bedrock forms riverbed. In the headwater streams, 
a huge amount of colluvial (landslide material) sediments are found, which are angular 
to semi angular in shape. In the middle section of the Lawa khola (tributary river), a 
relatively wider and braided riverbed is observed, implying a sediment storage system.  
Uplifted terraces are near the outlet, which indicates former floodplain. Streams flow in 
a turbulent manner and are highly muddy and viscous during a rainstorm, which enables 
them to pick up and transport the huge size of boulders. 

Landslides and erosion control are specific measures to check in order to mitigate flood 
and bank erosion problems, which is a challenge in naturally susceptible steep terrain. 
Lowering human disturbances like cultivation, grazing, and deforestation in the hill 
slope catchment are also recommended. Implementing expensive structural measures 
in this area from the viewpoint of cost-benefit is questionable. However, less expensive 
check dams across the gullies of degraded catchments as well as micro catchment 
management for erosion control through controlled grazing and promoting vegetation 
cover on the steep slopes may be investigated.
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2. Upper Piedmont: Boulders gravels and sand zones

This zone comprises of the alluvial fan deposits, i.e., Bhabar, which consist of boulder, 
gravel, and sand in the foothills and the adjacent area (Figure 9). From the foothill, the 
size of the sediment decreases, gradually the proportion of boulders decreases, where 
sand and gravel become dominant. River beds are wide shallow and braided. The island 
bars are unstable and change shape at each flood. Multiple channels (at least more than 
one) are present in most cross-sections. Stable bars, which allow vegetation growth, are 
limited. The riverbanks have irregular shapes. The Bakraha river receives huge amount 
of sediments from the tributary streams (split into several channels) which join at the 
right bank. Several radially flowing recently abandoned and paleo-channels are spotted, 
which indicate high instability of the channel at this zone.

These rivers have a flashy discharge (Carson, 1985; LRMP, 1986), the sediment is 
transported during high water level and deposited at a low water level. Increase in bed 
level, a shift in channel course, split off the bank, and bank erosion are very common 
during heavy rainstorms. Abrupt reductions in channel gradient, common in alluvial 
fans, due to the presence of pools and riffles in abundance, and may trigger unexpected 
bed aggradations raising the channel bed above the surrounding terrain. This can cause 
an avulsion that sends the channel to another part of the fan (Legg and Olson, 2014; 
Matsuda, 2004) at every next storm event. Reworking of sediment deposits by erosion, 
and transporting and depositing them to downstream is a common phenomenon. These 
reaches have no distinct flood plain.  If raised embankments are constructed on a channel 
running on such an instable zone, the river bed becomes higher than the surrounding land 
surface, which can cause channel avulsion (Germanoski and Schumm, 1993; Matsuda, 
2004). Hence, site assessment should be done before constructing embankments or river 
training measures.

Since the rivers in this zone are unstable and morphology is dynamic, the alluvial fans 
formed have no well-defined limits. Cross basin flow is common as evidenced by the 
paleo, old channels or recently abandoned channels (Figure 10). The Bakraha river fan 
extends over 9.3 km downstream and has a slope of 0.7%. Similarly, the fans of the 
tributary rivers extend to 8 km with a slope of 2.0%.  The sediments of this zone are 
delivered from both Lesser Himalaya and Siwaliks.
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Figure 9: Geomorphic map of Bakraha basin
Note: The part of abandoned channel lying outside the basin, now is drained by Ratuwa khola in east.

Motilal Ghimire/ Basin characteristics, river morphology, and process in... Vol. 13: 107-142, 2020 



 126 

Figure 10: The Bakraha river in 2001 (bifurcated to two main channels at least since 
1994, which had a confluence with the Mawa river in the east), 2010 and 2019 (diverted 
to single main channel by embankment)

3. Lower piedmont: Sand and gravel zone 

Lower piedmont is a transitional zone of mixed load where boulders and cobbles are 
absent but is dominated by gravel and sand deposits (Figure 9). Channel is partially 
braided as well as meandering. Both alternate point bars, as well as island bars, are 
present. During the bankfull stage, the channel appears to be straight or sinuous. During 
low flow, alternate bars are so obvious that it would be better defined as meandering. 
Several signs of channel avulsions and lateral channel migration, which is evidenced by 
imprints of channel scrolls abandoned channels and times series overlay of the channel, 
have been noticed (Figure 10).

The width of the channel reach in this zone is wider compared to the sand and silt zone 
(zone 4 and 5), but narrower than zone 2. 

4. Upper alluvial plain: Sand and silt zone 

Upper alluvial plain, i.e., sand and silt zone is a distinct flood plain area, which 
characterizes the meander river zone (Figure 10). Rivers partly meander; pool formation 
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is seen at the bends of channels. The flow of water changes direction at pools and strike 
against the opposite bank. Sinuosity Index is 1.16. This indicates a high amount of 
mixed load comprising of fine gravel, sand and silt. Channel migration by means of 
bank erosion and avulsion is a common river process. 

Bank erosion is one of the major processes of sediment supply to the streams. An 
abrupt reduction of this supply through structural measures, for example, revetment 
of the banks, will produce an abrupt change in the sediment supply, and in the flow 
direction, which may mean that the river will seek to erode more sediment from its bed 
to compensate. Hence, a gradual reduction of sediment supply through the restoration 
of riparian vegetation in the channel migration zone and the periodically flood-prone 
area will keep up with the timescale of natural channel processes, which will lead to a 
gradual change in the channel behavior (Legg and Olson, 2014).

5. Lower alluvial plain: Fine sand and silt zone

This zone is flood plain with a very gentle slope, which consists of fine sand and silt. 
Morphology of the channel is unstable, more or less like zone 4. The channel is narrow 
and deep and has an irregular meandering pattern. Alternate bar deposits are observed. 
However, during high flows, the channel may appear to be wandering type, and during 
low flows, channels would appear meandering. An interesting fact is that paleo-channels 
with higher curvature of meandering (higher sinuosity) can be observed. This indicates 
a change in river morphology with a higher amount of sediments in recent times. The 
topography of this zone is made of channel scrolls, bank erosion, meander necks, and 
chute cut-offs in the distant past. Overbank flooding causing inundation, bank erosion, 
avulsion, and siltation is a common river process. However, the loss of agricultural land 
due to bank erosion at meander bends, and channel avulsion has a detrimental effect on 
the agricultural production and livelihood of the people.

Morphological characteristics
The reaches of the Bakraha river and its tributaries, the rivers can be divided into 
several reaches according to their morphological characteristics; (Figure 11, Table 5). 
Three types of river reaches have been defined based on sinuosity, where sinuosity, is 
the ratio of the curvilinear length along the curve with the straight distance between 
the endpoint of the reach, which will be considered straight or meandering depending 
on the sinuosity of the river course. Reaches with a sinuosity <1.1 at bankful flow 
condition will be considered straight, and those having sinuosity >1.5 will be considered 
meandering (Leopold and Wolman, 1957). Reaches between 1.1 and 1.5 are sinuous. 
Straight reaches with a steep slope, are usually short; long straight reaches seldom 
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exist in nature. Meandering reaches, with relatively low gradient, consist of a series of 
turns with alternate curvatures connected at the points of inflection or by short straight 
crossings.

In each river, the reaches were classified considering sinuosity, sediment type, and 
hydraulic (depth, width, flow areas) characteristics. Detailed reach characteristics 
(Figure 11) for each river are discussed below.

The Bakraha River has been divided into five reaches (Table 5) . The reaches are mainly 
sinuous in the hills and straight or transitional sinuous (22.7 km), i.e., between straight 
and meandering reaches in (51 km). The sinuosity index for all five reaches is between 
1.03 and 1.66. Although based on the sinuosity index the river is characterized as straight, 
the high width/depth ratio (>40) indicates the presence of braided channels (multiple 
channels within the bank), and transverse bars (Park, 1977). The channel slope is very 
steep (15.2%) for the Buwa khola tributary of Lawa (Bakraha) as compared to Bakraha 
(8.3%) in the upper (hill) reach. The slope is mild (1.03 to 0.10%) for the rest 50 km 
of the river length. In the first two reaches, sediments are mainly boulders, gravels and 
sands, while in the last three downstream reaches, sediments are sand and silt (and 
might contain a minor fraction of gravel).

The Solti River has been divided into three reaches (Table 5). The reaches are mainly 
straight or transitional sinuous (18.6 km) that is between straight and meandering reach. 
The sinuosity index for all four reaches is between 1.07 and 1.19. Based on the sinuosity 
index the river is characterized mainly as straight with the high width/depth ratio (>40). 
This indicates the presence of braided channels (multiple channels within the bank), 
and transverse bars (Park, 1977). Channel slope is very steep (25.4%) in the first 3 km 
of the upper (hilly) reach. The slope is moderately steep to mild (3.63 to 0.41%) for the 
rest of 15.5 km of river length. In the first two reaches, sediments are mainly boulders, 
gravels and sands, while in the last downstream reach, sediments are gravel and sand 
(and might contain silt also).

The Sunjhoda River has been divided into three reaches (Table 5). The reaches are 
mainly sinuous in the hill and straight or transitional sinuous, i.e. between straight and 
meandering reach in Terai. The sinuosity index for all four reaches is between 1.08 and 
1.23. Although based on the sinuosity index the river is characterized mainly as straight, 
the high width/depth ratio (>40) indicates the presence of braided channels (multiple 
channels within the bank), and transverse bars (Park, 1977). Channel slope is very steep 
(14.4%) in the first 10.7 km of the upper (hill) reach. The slope is moderately steep to 
mild (3.63 to 0.41%) for the rest of 17.13 km of river length. In the first two reaches, 
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sediments are mainly boulders, gravels, and sands, while in the last downstream reach, 
sediments are gravel and sand (and might contain silt also).

Figure 11: Reaches of the Bakraha River
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Table 5: Reach-wise channel characteristics of Bakraha river system

River
Reach 
ID

Reach 
charac-
teristics

Main 
channel 
length 
(km)

Sinuosity 
index

Slope 
%

Channel 
area (sq. 
m.)

Ave-
rage 
width 
(m)

Max. 
depth at 
bank full 
discharge

Width 
depth 
ratio

Sediment 
characteristic

B
ak

ra
ha

  R
iv

er

1a Hill (Buwa) 9.0 1.43 15.2 1,108,938 85 2.25 37.78
Sand, gravel 
and boulder, 
bedrock

1b Hill 
(Bakraha) 22.9 1.66 8.38 1,077,692 47.00 2.25 20.89

Sand, gravel 
and boulder, 
bedrock

2 Fan 10.65 1.03 1.03 3,478,288 326.4 1.75 186.52 Sand, gravel, 
boulder 

3 Peripheral 
fan 10.5 1.09 0.28 2,605,614 247.6 2.5 99.05 Sand and 

gravel

4

Flood plain, 
partially 
meander/
wandering

6.1 1.16 0.17 703,182 115.1 2.7 42.63 Sand and silt

5
Flood plain, 
partially 
meander

23.8 1.25 0.10 2,666,300 112 3 37.32 Fine sand 
and silt

So
lti

 K
ho

la

1 Hill 3.06 1.07 25.44 70,260 23 2 11.48
Sand, gravel 
and boulder, 
bedrock

2 Fan 11.03 1.10 3.63 918,849 83 1.25 66.63 Sand, gravel, 
boulder 

3 Peripheral 
fan 4.47 1.19 0.41 292,036 65.7 1.2 54.72 Sand and 

fine gravel

Su
nj

ho
da

 K
ho

la 1 Hill 10.7 1.23 14.41 408,006 38 2 19.00
Sand, gravel 
and boulder, 
bedrock

2 Fan 11.33 1.08 2.07 1,593,663 140.6 1.25 112.47 Sand, gravel, 
boulder

3 Peripheral 
fan 5.8 1.13 0.55 334,213 57.7 1.5 38.44 Sand and 

gravel

River discharge and sediment load capacity
Flow gauging stations are not available for recording river discharge. Hence the 
discharge calculated from 1D hydrodynamic model  (Mott Macdonald, TMS 2018) for 
the return periods of 1 in 2, 5, 10, 25, and 50 years for the two locations, i.e.,  near 
outlet and  16.5km  away from the outlet where the river receives all tributaries’ water 
discharge is presented in Table 6. Historical daily annual extreme rainfall data (1980-
2016) collected from the DHM was used to analyse extreme rainfall for the above return 
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periods. This result was taken as input for the model (Mott Macdonald, TMS 2018) 
for estimating discharge for various return periods (Table 6). The discharge increases 
by more than three times in the downstream location from the upstream location, 
which implies the contribution to discharge from the tributaries is great. The sediment 
transport capacity was estimated by Mott Macdonald, TMS (2018) using Van Rijn 
(1984) sediment transport calculation method (Table 7). The author generated required 
hydraulic parameters for calculating sediment load capacity by running HEC-RAS 
1d hydrodynamic model over topographic cross-sections surveyed in the field for the 
discharge of 50 year return period.   The median sediment grain size of D10, D50 and 
D90 of the riverbed was considered for predicting the sediment load transport.  The 
table 7 shows that sediment load transport varies (10892-32 tons/day and fluctuates with 
locations in the downstream. Near the outlet 4.3 km downstream, if flood of 420m3/s 
occurs, the sediment load is estimated to be 3717 tons per day, compared to 2287 tons 
per day at 10.3 km downstream at  598m3/s discharge., which implies a large amount 
of sediment is settled upstream due to loss stream power, as determined by channel 
slope, velocity and discharge.  Further 16.5 km downstream where the all tributaries 
contribute, the sediment load at 1538 m3/s  is 4.76 times greater than the last location. 
Hence changing hydraulic variables at various locations along the channel shows the 
morphology is very dynamic, which leads to fluctuation in sediment load capacity, 
influencing the process of aggradation and degradation accordingly. If the river water 
is unable to transfer the channel material then the same is deposited within the channel 
and channel height increases, aggradation occurs. Likewise, if the velocity or slope of 
the channel increases channel bed and bank is eroded, which causes degradation. This 
process changes the river morphology. 

Table 6: River discharge at two locations

Return period Discharge [m3/s]

[years]
4.3 km from the 
river outlet from 

hill

16.5 km from outlet (where all Siwalik 
catchment tributaries meet)

2yr 200.00 734.00
5yr 272.00 994.00
10yr 315.00 1155.00
25yr 376.00 1378.00
50yr 420.00 1538.00

Sources: Derived from Mott Macdonald, TMS (2018) 
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Table 7: Sediment load capacity along the Bakraha river 

Distance from 
the outlet (km)

Dsicharge
(m3/s)

Channel Slope
(m/m)

Channel 
Velocity

(m/s)

Depth 
(m)

Sediment 
transport load

Tons/day
(m) (m3/s) (m/m) (m/s) (m) tons/day
4.3 420 0.00511 2.85 1.68 3717

10.3 598 0.00198 1.34 2.83 2287
16.5 1538 0.0058 2.88 2.4 10892
23.0 1538 0.002138 1.98 2.41 1785
29.7 1538 0.001605 1.82 2.36 991
35.9 1538 0.000134 0.92 4.47 32
42.2 1538 0.002727 2.57 2.46 2942
48.5 1788 0.000946 1.07 2.07 256

Sources: Derived from Mott Macdonald, TMS (2018) 

River erosion processes 
Both planform and cross-sectional morphology of the Bakraha river is indicative of 
various river processes, which contributed to various forms of erosion and provide a 
source of sediments to the river.  Notable river processes are bank erosion, bend erosion, 
confluence erosion, and deposition. These processes lead to channel migration, channel 
avulsion, bed level change, which changes in both planform as well as a cross-section 
of river morphology. 

Bank erosion: The active floodplains in the Bakraha river and its catchment within the 
Terai region were noted as consisting of both coarse sediments in the zone 2 and 3, and 
fine sediment of sand and silt in lower reaches of zone 4 and 5.  Thus, the floodplains and 
catchments are also considerable sources of sediment to the rivers through the erosion 
processes. Several tributaries flow to the Bakraha river including Solti and Sunjhoda 
rivers, whose catchments are highly landslide-prone, yielding, high sediment load and 
the finer mix from their respective beds are transported to the Bakraha river. As a result, 
the Bakraha river becomes the sink for finer materials (sand, silt, and clay).  The upper 
reach (Zone 2 and 3) of the river including tributaries are generally composed of the 
non-cohesive silt, sand, gravel, and cobbles. In the case of non-cohesive sediments, bank 
slopes are restricted to 30–45o and erosion take place by intermittent shallow slides of a 
few grains thick. In the lower reach, banks made of more cohesive sediments are prone 
to gradual undercutting or toe erosion, which destabilized (possibly even overhanging) 
the bank. Sooner or later the bank collapses locally and falls into the channel. The other 
cause of bank erosion in non-cohesive sediments is due to loss of strength of the bank 
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under the saturated condition during flood or heavy rainfall, and the bank may collapse 
under the additional weight of the absorbed water (liquefaction). This will often occur 
only when the water level drops to a lower level. 

River bend scours have been derived at several bends, which were identified from the 
river planform layout as obtained from the Google Earth (November, 2017) and Landsat 
imagery (February 2018).  Higher scour along the bank due to high flow velocity and 
leading to bank erosion are developed at the major bends that have delivered considerable 
volume of sediment load downstream, which will impact the channel alignment and 
cause channel shifting due to generation of excessive load; over 25% of total load in 
alluvial river may be generated from bend and local scour along the river bends (FAP 
24, 1996). In the opposite bank at the outer bend, the velocity of the flow is low and 
depositions of sand bars take place.

Confluence scours: There are two prominent confluences within the study area: i) 
the confluence of the Solti river and the Sunjhoda river with the Bakraha river, ii) the 
confluence of different branches within the active width of a river, which is particularly 
relevant in braider river, where bifurcation and joining of anabranches (confluence) are 
more common. Due to the confluence scour, there is an increase of discharges joining 
from two rivers, more sediment load is generated, which affects channel morphology 
downstream. This induces the development of sand bars at places (due to excessive 
load), and in turn, will induce scour in other places in the vicinity to preserve the 
conveyance for the incoming flows.

Protrusion scour develops where the flow is obstructed by the natural hard bank or by 
the relatively erosion-resistant bank. The magnitude of scouring is dependent on the 
extent of the obstruction. This phenomenon is similar to scour around bridge abutment 
(Simons and Senturk, 1977), where the abutment is protruded into the river. Such 
obstruction scour could be important at locations where there are existing structures. 
Topographical surveys reveal the existing hydraulic structures. The existing structure 
along the Bakraha river consists of 66.76 km embankments with numerous spurs and 
two reinforced concrete bridges (Mott Macdonald and TMS, 2018). Such structures are 
likely to induced channel scouring. 

Channel avulsion is one of the primary controls on channel location on a floodplain of 
Bakraha River.  It is the relatively rapid shift of river to a new channel on the lower part 
of a floodplain, alluvial plain. (Jones and Schumm, 1999). Several avulsions are seen 
in the time series imagery and by recently abandoned and or paleo-channels (Figure 
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10).  Such avulsions occur when a triggering event, commonly a flood, forces a river 
across a stability threshold. 

Planform and cross-section change in river morphology 
Planform changes in river morphology are evidenced by erosion (bank and avulsion), 
deposition and channel abandonment between 2013 and 2018 channel planform; these 
derivations are based on Google Earth imageries of November, 2013 and March, 
2018 (Table 8 and Figure 12). If we go back to 2002, the river from the 1 outlet (1 km 
downstream) was bifurcated into main channels the maximum extent of 2.63 km and 
made confluence at 9 km downstream (Figure 12).  In the Bakraha river, the total area lost 
from the bank erosion and avulsion is 2.1 km2. If divided by the length of the river from 
foothill (50 km), this would yield a 42m of bank erosion uniformly distributed along one 
bank; or in other words, the river would have widened by 42 m. In the tributary rivers, 
the total area lost from bank erosion and avulsion is 0.9 km2. If divided by the length of 
the river (48.3 km), this would yield 19 m of bank erosion uniformly distributed along 
one bank; or in other words, the river would have widened by 19 m. 

Therefore, at a particular location of higher vulnerability to erosion, the erosion (landward 
shifting of the river bank) could considerably be higher than the above uniform values. 
Area reclaimed from aggradations is higher in both rivers than area lost from erosion, 
which is indicative of an excessive sediment load from the upper catchment. This is also 
consistent with the high density of channel networks in the Siwalik part of the catchment 
as a higher channel density that will bring more sediment to the lower catchment. 
Cross-section change in morphology of the channel between 2014 and 2018 at the four 
locations corresponding to varying geomorphic characteristics along the channels was 
examined. The surveyed sections at two-time points were selected that closely matched 
the location, i.e., within ± 60 m. The cross-section profile of the channel and bank 
indicates that the processes of aggradation and degradation occurred over the period at 
different points in the same surveyed sections.  Degradation in the form of bank and bed 
scouring (1-1.5 m) and aggradation in the form of deposition at bed or bank (< 2m) can 
be observed in various points across the examined cross-sections. This indicates that 
morphology is highly dynamic, as the form of river changes in the plan as well as the 
cross-section view (Figure 13a and b). It is because of the erosion and sedimentation 
process and their negative feedback relationship over time.  Large discharge and heavy 
sediment load during flood cause the river to be extremely unstable, because of which it 
frequently migrates as a result of the bedlevel rise induced lateral erosion and avulsion 
in the upper reach; alternate bar shift, wandering bend scouring along induced lateral 
erosion and bed sediment souring and avulsion has been because of consistent change in 
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the river morphology. Similarly, construction of embankments and spurs to check bank 
erosion and avulsion issue on either bank of the river has greatly influenced the river 
morphology and the river processes, which needs to be understood through scientific 
research using hydrodynamic models.  

Table 8: Land lost due to the bank erosion, and area deposition due to the excessive 
sediment load in the Bakraha river and its tributaries

Channel process Area: channel aggradation and 
degradation (km2)

Bakraha Tributaries
Bank erosion 1.5 0.8
Erosion by avulsion 0.6 0.1
Deposition 3.0 1.2
Channel abandonment and deposition 0.0 0.1
No change 8.0 6.4
Total 13.1 8.6

Figure 12: Degradation and aggradation in various reaches of the Bakraha river
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Figure 13a: Top right and left cross-section profile at 7.4 km (sand, gravel and boulder) 
bottom, same at 15.6 km (sand and gravel) from the outlet at the foothill.

62

63

64

65

66

67

68

69

-600 -400 -200 0 200 400 600

Year 2014

Distance (m)

84

85

86

87

88

89

90

91

92

-400 -200 0 200 400 600

Year2014

84

85

86

87

88

89

90

91

92

-400 -200 0 200 400 600

Year 2018

A
lt

it
ud

e 
(m

)

62

63

64

65

66

67

68

69

-600 -400 -200 0 200 400 600

Year 2018

Figure 13b: Top right and left cross-section profile at 30.4 km (sand and silt) bottom, 
same at 47.8 km (fine sand and silt) from the outlet at the foothill. 
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Figure 14: Plan view of the river section, where cross-section change analysis was done.

Summary and Conclusions 
The Bakraha river basin is underlain by the rocks of the Siwalik group in the north, 
quaternary to recent deposits in Tarai towards south. The rocks are highly deformed 
and fractured. The average slope of the upper catchment is steep and variable, around 
29± 15o. The seismic intensity measured in terms of PGA is between 150-200 gal/sec2. 
The catchment consists of a drainage pattern controlled by structure, drainage network 
of the sixth-order stream with a drainage density of 5.4 km/km2. The average stream 
segment has a slope of 39%, which indicates that the upper basin streams are a colluvial 
type as well as a direct receiver of the sediments from slope failure and erosion.  The 
catchment has dominantly forest land, which is degraded and contains various sporadic 
and interspersed patches of agricultural land, animal husbandry, and settlement. All 
these conditions make the hill catchment very fragile and unstable. The climate is 
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subtropical humid and has a recurrence interval for 100 mm in less than 2 years, 200 
mm in 3 years, and  250 mm in 6 years, which can initiate shallow landslides to large 
and deep-seated landslides. Landslides detected from the imagery shows are mostly 
(80%) large to huge, i.e., 1-33 ha. Unmapped shallow and old landslides scars observed 
in the field are quite numerous.   The large landslides have infilled the valley floor. All 
these biophysical characteristics and human disturbance indicate the hill catchment is 
susceptible to landslides and erosion and has provided a huge amount of sediments to 
the rivers and stream. 

The lower catchment has dominant agricultural land use, 72.7%, and has the subtropical 
forest at its northwest, through which several tributaries flow. Limited riverine trees 
and grass are found in the lower reaches at the intermittent stretches. Hence, the role of 
riparian vegetation for bank protection and flood control is limited. The morphological 
and sediment characteristics of the channel is represented by bedrock, boulders, 
cobbles, gravel, and sand in the upper catchment. In many steep, sinuous and confined 
channel sections, exposed and incised bedrock forms the riverbed. In the headwater 
streams, a huge amount of colluvium (landslide material) sediments is found, which 
are angular to semi angular in shape.  In some sections of the mid-upper catchment, 
channels have developed occasional floodplain with terraces 1-2 tier terraces. At the 
foothill or piedmont zone (Bhabar), sediments are mainly boulders, gravels and sands, 
the channel is braided and have straight reached. Towards the south, the size of the 
sediment decreases, gradually the proportion of boulders decreases, where sand and 
gravel become dominant. Riverbeds are wide shallow and braided with undefined or 
low bank height. The island bars are unstable and change shape at each flood. These 
rivers have a flashy discharge, the sediment is transported during high water level and 
deposited at a low water level. Increase in bed level, a shift in channel course, split off 
the bank, and bank erosion is very common during heavy rainstorms. The channel reach 
in the transitional zone consists of gravel and sand deposits and gradually has become 
narrow and of defined banks. Channel is partially braided as well as meandering. Both 
alternate point bars as well as island bars are present. Channel avulsions and lateral 
channel migration are common river processes. Sand and silt zone is a distinct flood 
plain area.  Rivers meander; sinuosity Index is 1.16-1.25, which indicates a high amount 
of mixed load comprising of fine gravel, sand, and silt. Channel migration by means 
of bank erosion and avulsion is a common river process. Alternate bar deposits are 
observed. However, during high flows, the channel may appear to be wandering type, 
and during low flows, channels would appear meandering. An interesting fact is that 
paleo-channels with higher curvature of meandering (higher sinuosity) can be observed. 
This indicates a change in river morphology with a higher amount of sediments in recent 
times. 
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The annual discharge varies 200-734 cusec from upstream (close to outlet) to 
downstream, (16.5 km away). The estimated sediment load transport during extreme 
flood events highly varies. The sediment carrying capacity immediately downstream of 
Siwalik Hills is higher due to steep slope gradient, and normally in lower reaches, the 
river has less sediment carrying capacity. However, the sediment load fluctuates with 
the location in the downstream owing to change in the hydraulic variables, dictated 
by variable morphological conditions at reach. Bank erosion, bend scour, confluence 
scour, and protrusion scours, and avulsions are the river processes, which provide a 
source of sediments to the river. Change in planform and cross-section view of the river 
morphology indicates the river is unstable due to the frequent shifts between accretion 
to erosion processes. 
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Abstract
Public open space (POS), which is known as production space, is an integral part of an urban 
area. The pathways of change of POS are directly related to the urbanization process. Several 
factors play a vital role in creating an open space to satisfy peoples' physical and mental 
desires. This paper discusses the pathways and magnitude of change of POS and its drivers. 
This study is based on a detailed study of 32 sampled sites out of a total of 275 sites identified 
in Pokhara metropolitan city, and interviews with key informants in the concerned sites. The 
results show that there is no uniform trend in the change of open space. The area has remained 
constant in some sites whereas it has been decreased in some sites and also increased in some 
sites. Out of the total, 56.25 percent of patches remained constant in terms of area whereas 
40.13 percent patches are decreased and increased in only 3.12 percent patches during the 
period between 1998 to 2018. There has been a net decrease of 24.652 hectors in the area in 
total. The increase of 3.12 percent attributed mainly to land pooling from individual ownership 
whereas the decrease is mainly due to the encroachment by individual people as well as for 
the construction of public infrastructure especially for expansion of the roads. The changes 
observed are not only limited to the change in the area but also the layout and the using 
pattern. Both the natural and the socio-economic factors including government policy are 
found responsible for such change. On the one hand, natural processes like sedimentation, 
landslides, floods, vegetation regeneration, cutting edge and on the other hand, government 
policies for the development of infrastructure facilities, rapid increase in urban area and 
consequent increase in land value, lack of awareness to the importance of open space among 
local people including local government are responsible for such change. 

Keywords: Public open space; urbanization, pathways, driving factors; natural and 
socio-economic factors.  
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Introduction
The landscape of urban open space is "an area, as perceived by people, whose character 
is the result of the action and interaction of natural and/or human factors" (Council of 
Europe, 2000).  "Places in public space are not given but constructed by people, often 
on the basis of power relations, and this has significant consequences for individuals’ 
sense of place" (Galic,  2017).

Public Open Space (POS) can be defined from different perspectives. Woolley (2003) 
and Thompsons (2002) have defined open spaces as the spaces in the city where cultural 
diversity intermingle with natural processes and conserve memory. Open space is also 
defined as the physical land and the water mass not covered by buildings, situated within 
the urban area (Gold,1980; Cranz, 1982). Urban open spaces are expected to function 
not as an isolated unit but as a vital part of the urban landscape with its own specific set 
of functions (Urban Task Force, 1999). It contributes to the quality of urban life in many 
ways so urban open spaces are an inseparable part of the urban landscape (Perovic and 
Folic, 2012). Open space in the city is a produced space (Lefebvre, 1991; Duff, 2010). 
Public spaces are such places which have public ownership and used for the benefits of the 
public without a profit motive and also easily assessable for the public for the recreational 
and refreshment purpose (UN Habitat, 2015). Public open space has free accessibility 
for the people which is outdoor space (Jacobs, 1961 and Madanipour, 1999). Successful 
public open space should promote psychological well-being and safety (Kalpan, 1985).  
Public open space is providing an informal and suitable for recreation (Whyte, 1985; 
Project for Public Space, 2000).  In the physical dimension, the criteria of high quality 
public open space is the clear and easy access a movement system (Dansiworo, 1989; 
Carr, et al. 1992; Rivlin, 1994; Project for Public Open space, 2000; Ghel, 2002 and 
Nasution & Zahrah, 2012). Public open space is space for politics, religious, commerce, 
sports, space for peaceful, coexistence and important encounter (Walzer, 1986).  POS is 
a part of the urban landscape so its changes are often seen as a function of biophysical 
and socio-economic factors that are referred to as the driving factors of land-use change 
(Tunner II et al., 1990; Thomas, 2008). POS is also modified according to the natural 
process and socio-economic activities. "Public open space is one of the important urban 
environment elements which give a positive contribution to the quality of life" (Nasution 
& Zahrah, 2014). Most landscapes or urban space are affected by five major groups of 
driving factors which are named as socioeconomic, political, technological, natural, and 
cultural (Burgi, Hersperger, and Schneeberger, 2004). Urban green spaces are mosaics 
of natural and human-managed patches, and the driving factors for their change are 
multifold (Kong and Nakagoshi, 2005). The changing face of the public open space is 
an indicator of the changing social, economic and cultural face of the city (Villanueva, 
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et al., 2015). This study has used diverse approaches to signify the magnitude of urban 
public open space change. Public space seems to be driven by the desire to ensure that 
spaces are safe, lucrative, predictable and, all in all (Galic, 2017). Human–human and 
human-nature re interactions in the POS which played a vital role in the sustainable 
environment in city life (Omar, Ibrahim, and Mohamad, 2015). 

In the context of Nepal, a study of the POS of the Kathmandu city also shows the change 
in open space caused by different factors (Chitrakar, 2015). However, the processes of 
change and driving factors of POS in other cities in Nepal are poorly understood. Based 
on this context that this study in Pokhara Metropolitan City (PMC) was carried out with 
the objectives of identifying the pathways and quantifying the magnitude of change of 
POS and its driving factors of transformation.  

Study area:

Figure 1: Location map of the study area
Sources: Topographical Maps (1998, 2017) scale 1:25000

Pokhara metropolitan city (PMC) is the utmost beautiful city located in the middle hills 
of Nepal. The elevation ranges from 505 meters at Kotre to 2650 meters at Armala above 
mean sea level. The total area of PMC is 464.24 km² and which represents 23.01% area 
of the Kaski district and 0.31% area of the country. This metropolitan city is divided 
into 33 wards (Figure 1). The total number of households in the city is 81456 with a 
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population of 402995 (CBS, 2011).  This city is situated closely to the southern lap of 
Annapurna Himalayan Range.

It is well surrounded by beautiful green hills. There are 9 lakes, 10 caves, unique river 
gorges, several holy places, aesthetic viewpoints that have been playing a vital role to 
make the city gorgeous and ever memorable. 

Methods and materials
This study is based on both quantitative and qualitative information. It is based on the 
procedure of the conventional approach to indicate change of micro-level landscape as 
an urban POS. At first, all the POS sites were listed as per the information given by ward 
offices of a metropolitan city. And, then existing sites were identified and mapped with 
the help of local resource persons. During the inventory survey, 275 patches of POS 
were found in the entire area of PMC. All the POS identified during the inventory survey 
were grouped on the basis of spatial configurations of patches into 32 sub typologies 
under eight typologies (Pokharel and Khanal, 2017).

Although, out of the total 275 sites, 32 sample sites were selected purposively based on 
sub typology. At least one site is taken from sub typology for a detailed study because it 
can represent a similar character of POS. The GPS device was used to collect existing 
spatial and attribute information of 32 sites. 

Figure 2: Spatial distribution of study sites

Ramjee Prasad Pokharel & Narendra Raj Khanal / Pathways and magnitude... Vol. 13: 143-166, 2020 



 147 

Due to a lack of availability of spatial data of all the patches, the time series information 
for 8 patches were collected from the cadastral map (1975). Those sites were again 
surveyed by the researchers by using GPS survey (2018). After delineation of open 
space for other 7 sites were made using GPS survey, 4 patches from the cadastral survey 
and remaining other sites were prepared to map through the Google map. Further, the 
information on the pathways, magnitude, and drivers of change were collected through 
interviews with Key Informants (6).

All data were mapped with the help of ArcGIS software and analyzed. The information 
from Key Informants was recorded in Nepali script. It was translated and transcribed 
later. The spatial distribution of sampled POS is shown in figure 2. The patches of POS 
and their driving factors have been altered according to their natural characteristics. 
However, based on previous analytical review a research framework is designed (Chart 
1). This framework shows different driving factors such as natural and anthropogenic 
causes that have been carried out in an attempt to identify existing POS and its pathways 
and magnitude and driving factors to change. 

 

Sedimentations- reduce 
depth and area, edge cutting 
and cliff fall. 

Increase and decrease space 
area 

Urbanization, population, and 
its mobility, religious, land 
value, social awareness, 
people perception. 
 

General Design Guideline for 
Parks, playground etc. 

D
riv

in
g 

Fa
ct

or
s 

 Natural Factors: 
Sedimentation, 
landslide, flood, 
erosion, plant cover 

 Process on open space (Magnitude 
and pathways to change) 

 
Magnitude and 
pathway to change 
of POS  
& 
Driving factors and 
renovate different 
categories of POS in 
urban area. 

Socio-economic factors 
 
Social factors, 
Economic activities 
Religious activities,  
, 
 
National and local 
policy  

Chart 1:  Pathways of change of public open space and its driving factors  

Source: Adapted from Step 25: Thematic Concept: Green and Open Spaces edited by 
Dr. Isabel Wieshofer, Eva Prochazka, 2015 with slight modification.

The above chart describes the pathways, magnitude and driving factors of changing 
the process of open space based on nature and human beings. This study includes 
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main and sub-factors such as social, religious, recreational, etc. as a pathway change 
of open space. Thus this study framework is more applicable to relevant pathways and 
magnitude of change and driving factors in Pokhara metropolitan city. The case study 
method has been adopted to identify driving factors and the pathway of change of POS. 
KII’s interview and field book information are analyzed with the help of tables, maps, 
charts, and figures. 

Result and discussion
Pathways and magnitude of change 

The vacant strips of land owned by the government within the urban area have been 
recognized as present POS. Earlier these areas were known as Patan (open field) 
(Adhikari, 2004). Due to its dynamic nature and anthropogenic cause, some patches are 
reduced and some are increased in size. However, major changing pathways are reducing 
depth and area of water surface, river edge cutting and cliff fall, urbanization, population 
and its mobility, religions, land value, social awareness, people perception using design 
guideline and proper function, using pattern, and infrastructure development are major 
pathways to change the POS. Table 1 shows the pathways and magnitude of change in 
terms of area in the study sites. 

Table 1: Public open space and their magnitude of change 

POS name

The area in (Hectares) Change in 
area Change 

in 
percent

Previous use
Present 

use 
(Types)Base year

(1998)
Present year

(2018)
(Hectares)

Basundhara park 5.958* 5.958 @@@ 0 0 Agriculture filed

Park

Lovely hill 8.0906*** 7.3746 @@@ -0.709 -8.78 Grazing land

Phewa dam park 0.1845*** 0.1591@@ -0.033 -18.14 Barren land

Martyrs park 0.8197*** 0.7943@@@ -0.029 -3.49 Grazing land

Mountain museum park 3.3442*** 3.3442 @@@ 0 0 Agriculture

World Botanical Garden 165.528*** 165.528 @@@ 0 0 Forest 
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Ammarsingh ground 1.787* 1.684 @@ -0.103 -5.76 Barren land

Playground

Bhandardhik playground 2.812*** 2.657@@ -0.155 -5.51 Barren land

Pokhara stadium 12.923* 21.008 @@@ 8.085 62.57 Grass weeds

Sarangkot recreation area 0.5551*** 0.5551@@ 0 100 Grass weeds

Simpani play ground 0.864*** 0.864@@ 0 0 Grazing land

Bhadrakali religious site 7.112* 6.773@@@ -0.339 -4.77 Religious site
Religious 
siteKedareshwor religious site 0.644* 0.644@ 0 0 Agriculture

World Peace Pagoda 1.978*** 1.903@@@ -0.075 -3.8 Agriculture

Jaubari reservoir 1.937*** 1.937@@ 0 0 Barren land

Water 
surface

Kamal pokhari 0.242** 0.216 @@@ -0.026 -10.74

Water surfaceKhaste lake 13.597** 11.821@@@ -1.776 -13.06

Phewa lake 447.551** 434.089@@@ -13.462 -3.01

 Davi's fall 0.538* 0.538 @ 0 0 Water fall

Kuile viewpoint (Lekhnath) 2.278*** 2.278@@@ 0 0 Barren land

ViewpointSarangkot viewpoint area 0.641*** 0.641@@ 0 0 Agriculture 

Thulakot viewpoint 1.052*** 1.052@@@ 0 0 Barren land

Mahendra cave 1.211* 1.211@ 0 0
Cave Cave 

Sita cave 0.021 *** 0.021@@@ 0 0

Seti gorge (KISingh bridge) 0.203 *** 0.203@@@ 0 0 Barren

River strip
Chirgadi Ghat 0.935*** 0.935@@@ 0 0

River stripRamghat 21.473** 19.556@@@ -1.917 -8.93

Tulasi Tara Ghat 0.424*** 0.424@@@ 0 0

Dumping site 4.473*** 4.473@@@ 0 0 Barren land

Messy 
space

Jayakt (Karki Danda) 38.116** 36.335@@@ -1.781 -4.67 Forest area

Phewa wetland 173.996** 161.109@@@ -12.888 -7.41 Wet land

Pradarsani kendra 2.674* 2.674@ 0 2.67 Barren

Total change 923.403 898.751 24.652 2.67 Per year reduce =0.13 %

Note: Base year and present time map sources:
*Cadastral map, 1974 Survey Office, Kaski    @ Cadastral map, 2017 
Survey Office, Kaski.
**Topographical map, 1998.    @@ GPS survey, 2018.
*** Google image, 1998.    @@@ Google image, 2018.
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The decrease magnitude of change rate is 0.13 percent per year. Site specific magnitude 
of change is also shown in Figures 3 and 4.

Figure 3: Magnitude of Change of selected POS (based on a study of 32 sites)
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a. Phewa dam Park; b. Martyrs park; c.  Lovely hill; d. Pokhara stadium; e. Bhandardhik 
playground; f. Amarsingh ground; g. World Peace Pagoda; h. Phewa lake and wetland; 
i. Ramghat. 
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Magnitude of change of POS

j. Jayakot and Kamal Pokahri; k. Bhadrakali religious site; l. Khaste lake 

Figure 4: Magnitude of change of POS in PMC (sample patches)

Except Pokhara stadium, the area of most patches has been reduced. Pokhara stadium 
is remarkably enlarged through the land pooling process from individual landowners by 
the government. Nearly, the area of 56.25 percent sites is remained constant, while the 
area of 3.12 percent sites has increased and the area of remaining 40.13 percent sites has 
been decreased in the study area.  In the past, these areas were left idle. Some example 
of change is illustrated in figure 3 and 4.

As the land value increased due to rapid population growth, local people used to utilize 
the open area for agriculture. Some of them were also used for grazing. At present 3.12 
percent of sites which were previously used for grassland is used for stadium, 9.37 
percent which was previously used for grazing and grassland is used for playground, 
viewpoint, and reservoir. The use of 56.25 percent of sites has not been changed. As 
suggested by KII 3.1 percent patches area is increased at present, but 28.2 percent 
patches area is reduced by individual encroachment. While 21.9 percent of patches 
are shrinking due to natural degradation. According to resource persons and cadastral 
mapping data among the patches, 40.13 percent patches are affected by encroachment 
with 24.652 hectares' area loss during the last 20 years.

Use, service infrastructure, and its management

The table 2 shows the use of open spaces. It is used for parks, playgrounds, religious 
activities, tourism activities and dumping of wastes. Nearly 18.75 percent sites are used 
as a park, 15.62 percent as a playground, 9.37 percent for a religious purpose, 37.5 
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percent site is used for tourism development and 3.12 percent site for dumping. Out of 
the total of 32 sites, 56.25 percent sites are used for different purposes and the remaining 
43.75 percent patches are left idle. However, the infrastructure development situation is 
among the patches which are shown in table 2.

Table 2: Use and service infrastructure developed for open space 

Name of open space

*L
an

d 
us

e

@Change by infrastructure development

Typology 
of POS

C
om

po
un

d

Sh
ed

s

fo
ot

pa
th

B
en

ch
es

To
ile

t

Pa
rk

in
g

L
an

d 
us

e 
pl

an

C
hi

ld
re

n 
ar

ea

lig
ht

D
ri

nk
in

g 
w

at
er

Park

Basundhara park √ √ xx √ √ √ Xx √ xx √ xx
Lovely Hill ○ Xx xx xx xx xx Xx xx xx xx xx
Dam  side park √ √ xx √ √ xx Xx xx xx xx xx
Martyrs park √ √ √ √ √ xx Xx √ xx √ xx
Mountain museum park √ √ xx √ √ √ √ √ xx √ √
World Botanical Garden ○ Xx xx √ xx xx Xx xx xx xx xx

Playground

Ammarsingh ○ Xx xx xx xx xx Xx xx xx xx xx
Bhandardhik √ Xx xx xx xx xx Xx xx xx xx xx
Pokhara stadium √ √ √ √ √ √ √ xx xx √ √
Sarangkot paragliding site √ Xx xx xx xx xx Xx xx xx xx xx
Simpani Play ground ○ Xx xx xx √ xx Xx xx xx xx xx

Religious
Bhadrakali religious site √ √ √ √ √ √ Xx √ √ √ √
Kedareshwor religious place ● √ √ √ √ √ Xx √ xx √ √
World Peace Pagoda √ √ √ √ √ √ √ √ √ √ √

Water 
surface

Jaubari Reservoir ○ Xx xx xx xx xx Xx xx xx √ xx
Kamal Pokhari ○ √ √ √ √ xx Xx xx xx xx xx
Khaste lake ○ Xx √ √ √ xx Xx xx xx xx xx
Davi's falls √ √ √ √ √ √ Xx √ xx √ √
Phewa lake ○ Xx √ √ √ √ √ √ xx √ √

Viewpoints
Kuile viewpoint ○ Xx xx √ xx xx Xx xx xx xx xx
Sarangkot viewpoint √ Xx √ √ √ √ √ xx xx √ √
Thulakot viewpoint ○ Xx √ xx √ √ Xx xx xx xx √

Cave
Mahendra cave √ √ √ √ √ √ √ √ xx √ √
Sita Cave ○ Xx xx xx xx xx Xx xx xx xx xx
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River strip 
site

Seti Gorge √ √ xx √ √ √ Xx √ xx xx xx
Chirgadi Ghat ○ Xx xx xx xx xx Xx xx xx xx xx
Ramghat ○ Xx xx xx xx xx Xx xx xx xx xx
Tulasi Tara Ghat ○ Xx √ xx xx xx Xx xx xx xx xx

Massy 
space

Dumping site ○ xx xx xx xx xx Xx xx xx xx xx
Jayakot, Karki Danda √ xx √ xx √ √ √ xx √ xx √
Phewa wetland ○ Xx xx xx xx xx Xx xx xx xx xx
Pradarsani Kendra √ √ √ √ xx xx Xx xx xx xx xx

* Open space with more building occupancy =●, Open space being utilized for different 
purposes =◒,

Open space left idle =○

@Infrastructure development situation: yes =✓, no = xx 

Source: KII and field observation, 2018

The Table 2 shows that the infrastructure development situation among the patches 
is different.  Among the patches, only about 40.63 percent have been compounded at 
present while 46.88 percent patches have shed. Similarly, 56.25 percent of patches of 
POS have got footpath and benches. Among the patches only 9.37 percent have managed 
children playing site.

The pathways to change in POS are the result of various design and effort of 
stakeholders which are currently developed in different features with the basis of 
particular characteristics of patches. The provision of service infrastructure plays a 
vital role to increase popularity and visitors' attraction towards the site. The POS are 
being changed in different ways. However, the changing pattern is depending on the 
spatial configuration of patches, using and management practices, protection from 
encroachment, and community decision along with government policy.
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Table 3: Characteristics of patches and pathways to change of patches

Characteristics Attributes Number Percent

Landscape 
development

Gardening 11 34.4
Basic foundation 12 37.5
Vegetation / plantation 4 12.5
Security 17 53.1

Functional use

Multiple-use 12 37.5
Social interaction 10 31.3
Spiritual belief 3 9.37
Single function (picnic, sight seen etc.) 7 21.9

Management and 
development 

Federal government 6 18.8
Local government 21 65.6
Community 5 15.6

Encroachment

Public 7 21.8
Individual 9 28.2
No change 15 46.9
Enlarge area 1 3.1

Involvement of 
local people

Protection 3 9.4
Infrastructure development 6 18.8
Management 8 25.0
No notable change 15 46.9

Source: Field study, 2018. 

The table 3 shows that the internal side of POS has been changed for different purposes. 
However, 65.6 percent of patches are changed according to stakeholder and local land 
use policy. While 9.37 percent of patches are changed by spiritual activities and managed 
for religious activities. As suggested by KII there is no border and it is not separately 
mentioned in the cadastral map boundary also.

Drivers of change
The patches have been unremittingly changed by natural and socio-economic factors 
(Tunner II et al., 1990). The patches are changed depending on the nature of a place, 
availability of area, the interest of the local community and government policy. Some 
patches of the park, playground, religious sites have also become the main space to 
provide an opportunity for restoration after a catastrophic disaster. The driving factors 
of POS are briefly described below:
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Natural Factors 
The natural landscape of POS patches has several forms. The land cover of POS consists 
of vegetation, bare land, sandy or rocky surface.  But it does not remain the same 
forever because of various natural factors operating on it.  The public open space in the 
metropolitan area has changed due to different biophysical processes such as soil erosion, 
sedimentation, landslide, flood, riverbank cutting, vegetation succession, etc. Some of the 
open spaces are located along the river channel and they are affected by the flood, river 
bank cutting, and siltation. Some are located in the hilly area and those are affected by 
denudation processes such as erosion and landslides. Similarly, some barren patches of 
POS are changed into greenery as a result of plantation and protection activities. Similarly, 
the lake area has been changed due to accelerated siltation. Table 4 and figure 2 show the 
number of sites affected due to natural factors and their consequences. 

Table 4: Number of open spaces and its area affected by natural factors 

Natural factors
Number 
of sites

Affected patches 
area (H)

Consequences Examples

Sedimentation 6 628.727
Siltation from flood and 
debris deposits resulted in a 
decrease in area and depth

Jaubari, Kamal Pokhari, Khaste lake, 
Phewa lake, Phewa wetland, Ramghat

Landslide 2
2.544

Landslides damaged 
the landscape and 
infrastructure and 
increased hazard and 
disaster risk

World Peace Pagoda, A 20 meters long 
and 10 meters wide landslide occurred in 
the north side near world peace pagoda 
area, Sarangkot viewpoint

Flood 1 0.864
The flood destroyed the 
land reducing the area

Simpani playground. The flood of Seti 
river which  destroyed some parts 

Riverbank 
cutting

3 1.562
Reduction in the area to 
be utilized

Chirgadi Ghat, Tulasi Tara Ghat  and Seti 
gorge

Erosion 1 7.375
The scenic beauty  of 
landscape is shrinking 
due to erosion 

Lovely hill

Natural growth 
of vegetation 

4 210.914 The scenic beauties of 
open space increased 

World botanical garden, Bhadrakali, Kuile 
viewpoint, Jayakot 

No change  
from natural 
processes 

15 46.765
The area and the scenic 
value remained constant  

Basundhara Park, Dam  side, Davis' 
fall, Martyrs park, Mountain museum, 
Ammarsingh, Bhandardhik, Pokhara 
stadium, Sarangkot recreation area, 
Kedareshwor, Thulakot Mahendra cave, 
Sita Cave, Dumping site, Pradarsni 
Kendra

Total 32 898.751

Source: Field study 2018.
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Figure 6: Natural factors to change the POS

During the field study, it was found that the headward side of Phewa lake was altered 
by siltation from Harpan river which resulted to reduce water surface area and increase 
wetland. Similarly, the Khaste lake area was shrinking by landslide that occurred 20 
years before. Famous World Peace Pagoda is also at high risk due to huge landslides that 
occurred before four years at the northern side of this premises. The depositional valley 
of Pokhara formed by glaciofluvial process (Gurung,1965), it is highly susceptible to 
riverbank cutting. Similarly, landslides along its course have formed certain portions 
of edge like Ramghat, Chirgadi Ghat, Tulasi Tara Ghat edge left as an uninhabited 
open space. Similarly, 0.17 percent (table 1) area occupied by caves is gradually being 
changed by landslide, flood, and edge cutting as a natural process. 
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Social factors

The public land area is changed by several causes. Because of increased public awareness 
for the need for open space, public open land is found to be used as a POS. The drivers 
of change as reported by one of the key informants are presented in Box 1.

Figure 7: Socio-economic factors to change the POS

According to Adhikari (2004), public land nearby their private land has been made 
private in the name of Shoryani (the public land encroached by individual) and later 

Box 1: Response of Key Informant
The land owned by the government was originally registered in the name of the person 
who is associated with the state and so-called clever person in society. Such places 
were not encroached upon after being compounded as a POS but the vacant public 
land has encroached at several sites in PMC like Simpani, Lamatahara, Gharipatan, 
near lovely hill, Sainik Basti, and Seti river corridor by squatters. There is a need to 
have in-depth study and mapping of government land scientifically. The riverbanks 
and water surface area can be encroached before government survey and construction 
of boundary in the existing POS'
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it is registered in the name of the previous area of public land. Based on the empirical 
expression of the KII and present field observation, the fact is that the river strip, 
surrounding area of lakes and wetland areas were changed by natural process and human 
activities too. Some sites of urban open space are popular for recreational and spiritual 
activities. These sites are used for social as well as religious activities. Community 
gathering, various recreational activities, different outdoor games, political activities, 
business practices, etc.  are promoted to the socialization of urbanities by POS.

Similarly, some patches are used as religious purposes. Due to its spiritual attraction 
and cognitive perception of visitors, the vacant area is used to establish a religious site 
which changes the condition of POS. However, various causes like urbanization process 
(roadside patches), land market or real state (Simpani, Ramghat area) architecture design 
inside the patches (World Peace Pagoda), land use planning (Mahendra cave), road 
accessibility (Sarangkot viewpoint) national and local government policy Basundhara 
park, world botanical garden), etc. play a significant role for temporal change of POS.  

However, neighborhoods POS or urban core area is more valuable and people try to 
make it attractive and environmentally sound with their various activities. Similarly, 
naturally attractive sites are visited by more visitors. So local people have modified 
the internal layout and have developed service infrastructure according to the needs of 
visitors by constructing infrastructure, for example, World Peace Pagoda, David's falls, 
Mahendra cave, Seti gorge site etc. have been managed and decorated by local people 
as well communities. The infrastructure development process depends on different 
pathways. The initial stage of urban growth can be defined by scattered settlements 
and less valuable land but due to rapid urban growth, the POS patches have raised their 
value. However, land cover change of POS appears from natural sites to cultural space 
in various ways. Table 5 shows the social driving factors of the change of POS in the 
study area. 

Table 5: Social factors

Social process
Number 
of 
patches

Consequences *Patches name

1. Accelerated 
Urbanization 7

Decrease in area and 
quality of open space 
due to construction road, 
encroachment for temporary 
business, dumping urban 
waste, business prompt.  

Basundhara park, Dam 
side park, Bhandardhik 
playground, Pokhara 
stadium, Phewa 
lake, Dumping site,  
Pradarsni Kendra
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2. Density of 
population 5

Encroached public land and 
construct individual house, 
use vulnerable area (river 
strip) 

Lovely hill, 
Ammarsingh, Kuile 
viewpoint, Chirgadi 
Ghat, Tulasi Tara Ghat

3. Immigration 1 They try to manage the 
playground for their children Simpani Play ground

4. Increased 
religious 
activities

2 Increased attractiveness.
Bhadrakali religious 
site, Kedareshwor 
religious site

5. Level of 
income 5

Higher-income individuals 
can donate money to build 
infrastructures which 
eventually help to increase 
the value of attractiveness.

Mountain museum 
park, Sarangkot 
recreation area, 
Davi's fall, Sarangkot 
viewpoint, Mahendra 
cave

6. Increase in 
land value 
as a result of 
rapid increase 
in population

2

Due to high land value, 
people have brought the 
land which was previously 
left idle resulting decrease 
in the area as well as the use 
pattern of land ( from idle to 
agriculture).

Ramghat, Phewa 
wetland

7. Improvement 
in awareness  
among  local 
people and 
communities

2

As the people realized the 
importance of POS, they 
carried out activities such as 
fencing, gardening, sheds, 
foot trek development. As 
a result, the area remains 
constant and the quality is 
improved. 

Martyrs park, Thulakot 
viewpoint

8. Increase 
in the flow 
of both the 
international 
and domestic 
tourists

6

Protection and improvement 
in the quality of open space 
through the development of 
service infrastructure and 
improving the greener

World Botanical 
Garden, World Peace 
Pagoda, Khaste lake, 
Sita cave, Seti gorge, 
KISingh, Jayakot, 
Karki Danda

9. People 
perception 2

Develop the notion that open 
space should be protected 
for a sustainable city.

Jaubari Reservoir, 
Kamal Pokhari

Source: Field study, 2018.

The above table shows that 21.87 percent of patches are changed by accelerated 
urbanization while 18.75 percent patches are made useable for the touristic destination. 
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However, among the patches, the infrastructure development in 50 percent and internal 
layout 34.37 percent patches also bring major pathways to change inside the patches. 

From an economic point of view, POS is a living resource of cities. It also helps to 
generate employment opportunities for the people through management practices and 
local government to generate income through the ticketing system. Indirectly, patches 
at a distance of 150 meters to 1000-meter near distance of POS have relatively high 
land value because of the more opportunities like establishing shop and big complex. 
Sararngkot viewpoint area, and World Peace Pagoda area, have increased business 
activities. The economic activities like business practices and income generation play a 
vital role to change the site. The business activities around the Phewa lake, David's falls, 
Mahendra cave, Sarangkot viewpoint are comparatively high than other less developed 
areas of PMC. However, Pradarsani Kendra (exhibition center) has been established 
from the economic point of view whereas other several exhibitions are also conducted 
to increase business and economic activities as shown in table 6. 

Table 6: Economic factors 

Sites of 
economic 
importance

Visitors 
/ day

Activities related to 
the change in area and 
quality of open spaces

Source of 
income

Responsible 
institutions for 
management

Mountain 
museum park

160 Gardening and greenery Charge to 
visitors for use.

Management by 
tourism  board of 
Nepal

Sarangkot 
recreation area 

90 Land-use change 
i. e construction of 
paragliding flight 
ground

Charge for 
paragliding 
expedition.

Individual business 
promoter

Davis' falls

770 Fencing, gardening, 
footpath development, 
lighting, etc.

Charge entry fee 
to visitors.

Management of site 
and some portion 
provide to the 
Chhorepatan high 
school

Phewa lake

2000 Development of service 
infrastructure and 
other tourism-related 
activities such as 
boating

Boating fee, 
fishing, etc.

Boating business

Sarangkot 
viewpoint 

490 Fencing of the 
compound, construction 
of view tower

Charge entry fee 
to visitors.

Management who???
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Mahendra cave
910 Lighting, gardening, 

construction of footpath 
picnic spot, shade etc.

Charge an entry 
fee to visitors.

Bindabasini  high 
school

Seti gorge park 55 Fencing, gardening, and 
construction of, footpath

Charge entry fee 
to visitors.

Pokhara metropolitan 
city

Pradarsni 
Kendra

5000 
(but not 
regular)  

Construction of 
exhibition hall,   parking 
area

Charge entry fee 
to visitors. 

Individual business 
promoter

Source: Field study, 2018.

The table 6 shows that there are number of visitors visiting these sites. The site 
management committee and government authority charge the fee to enter these site to 
raise money. However, among the total sites of POS these sites are quite attractive as 
well as well managed. It is found that, due to their regular income the management body 
is also inspired to develop required infrastructure development. Therefore, economy 
generation sites are significantly changed and making these places more attractive. 

Pokhara is a city with a large number of followers of the Hindu religion. So several 
temples dedicated to different gods and goddesses have been built. Apart from Hindus, 
Buddhists, Christian, and Muslims have also built their religious sites in different 
parts of the city. Due to spiritual attraction, these sites currently serve as urban public 
open spaces. Because of their religious beliefs, these sites are found to be protected 
and infrastructure development works are being carried out with donations and grants. 
Among the religious sites of POS, Bhadrakali, World Peace Pagoda and Kedareswhwor 
temple are the main but riverbanks like Ramghat, Tulasi Tara Ghat and Chirgadi Ghat 
are also occasionally used for religious point of view. Out of the total, almost 18.75 
percent patches are used (including holy bathing such as Ramghat, Chirgadi Ghat, 
Tulasi Tara Ghat) for religious activities.

The metropolitan office prepared urban land use plan along with POS. POS are being 
used for different purposes as its spatial configurations. However, local policy tries to 
promote POS as a park, exhibition center, dumping site, religious site, river strip, and 
recreational area. Basundhara park, Martyr's park, Bhandardhik playground, Bhadrakali 
religious site, Pradarsani center, dumping site are developed by municipality through 
local policy while Mountain Museum Park, World Botanical Garden, Pokhara Stadium, 
World Peace Pagoda have been established and developed by national policy. However, 
these sites helped to maintain the urban environment and preserved patches of POS 
contribute to the beautification of the city.
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Conclusion 
Public open space is essential site for urbanization. These sites are continuously 
transforming into public open space. These sites provide an opportunity to the people 
and creates pleasant environment around the city. So, this study focuses to explore the 
pathways and magnitude to change of POS and its driving factors in PMC. The pathways 
and driving factors are identified through the empirical and field study approach. Public 
open space is an integral part of city land use. It is public or public area which is basically 
used for park, playground, religious space, recreational activities and different social 
and economic purposes. Although, different changes have occurred due to different 
pathways and driving factors, these sites have great importance, but the data shows that 
the magnitude of change is dejected. During the last twenty years 13 patches have been 
shrunk while only one patch area is increased out of total 32 sites.  

In general, POS is changed with urbanization, development policies and community 
interest.  In fact, the public open spaces are mosaics of nature. Human managed patches 
and their driving factors such as natural, socio-economic, religious and government 
policy play vital role to bring the change. As a result, patches are found in multifold 
changing patterns. The landscape such as water surface, river strip, cave, and natural 
vegetation covered area seem to be changing according to the natural process as well 
as cultural purpose. However, physical-biological factors, socio-economic factors, 
religious factors, national and local policy are major driving factors to change the 
external and internal site of POS. Therefore, pathways and magnitude of change of POS 
are mainly determined by increase and decrease in size, change in land cover, change 
in use or function, developed infrastructure services and internal layout of patches. This 
study shows that the POS is going to reduce 0.13 percent area in every year. The water 
surface, viewpoints, cave, and river strips are mainly changed by natural factors whereas 
parks, playgrounds, religious sites, and messy space are changed by different pathways 
and socio-economic driving factors. Similarly, the need for society, site attraction, 
income capacity of sites also plays a significant role in pathways of change of POS.

All public open space patches in PMC might attribute different spatial configurations. So, 
to explore their situation further, a detail study is needed. The pathways and magnitude 
of change and driving factors help further in site design which can contribute to make it 
more attractive and popular destination to the public open space visitors in urban area.   
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Abstract
The big project called Saptakoshi high dam is a bilateral project of Indian and Nepalese 
government under the Koshi agreement. At present, high dam issue is being the great 
issue especially raising by the inhabitants of upstream in Koshi basin. Therefore, this 
research paper attempts to examine the bio-physical consequences due to high dam in 
the upstream of Arun river basin. Geographic Information System (GIS) and Remote 
Sensing (RS) technology have been used for the spatial analysis to prepare this paper. 
Spatial data have been taken from topographical map and Digital Elevation Model 
(DEM) and the attribute data have taken from Central Bureau of Statistics (CBS), 
Kathmandu. It revealed that approximately 11777 hectors arable plain land will be 
inundated in Arun river basin only by water with river deposits due to high dam if the high 
dam will be built at the proposed place and proposed dam height. The proposed place 
lies 1.6 km upstream from Barahakshetra temple of Sunsari district and the dam height 
will 269 meters. Similarly, more than 10000 population might be displaced in future. 
There is a strong sense of fear and sadness among the people of affected communities. 
Till now, they have unknown about the clear information about high dam. As a result, 
they are sometimes demonstrating against Saptakoshi high dam. So, government should 
inform and ensure the alternative management of the concerned people in the initial 
stage to manage the future disputes.
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Introduction
Saptakoshi high dam is being taken as the highly debatable issue in Nepal. Local 
people from the dam site and its influence areas are in against of this dam. The main 
issue raised by them it is supposed to be ambitious project and it might have numerous 
environmental and social impacts. Thus, local people are in the opposition of this dam 
and they are obstructing the survey of the dam site. They have written a complain letter 
to the concerned authorities and threatening to launch a large-scale protest if the detailed 
project report for the dam was not stopped (Saurabh, 2012). However, Saptakoshi joint 
commission office claimed that it controls floods on the south east Nepal and northern 
Bihar of India. Despite it, they also argue this dam will provide year-round irrigation 
facility to a dozen districts in the eastern and central Terai of Nepal. Additionally, there 
will also be generation of electricity from this dam.  

Nepal, a mountainous country which has more than 6000 rivers and rivulets including big 
and small (Khatiwada, 2014). Most of these rivers are originating from high Himalayas 
including Tibet, China and some of the rivers are originating from the Mahabharat 
and Siwalik (Chure) ranges of Nepal. The major rivers of the Nepal are the Koshi, the 
Gandaki and the Karnali which are originating from the Himalayas. Among these, the 
Koshi (also called Saptakoshi because it makes after the integration of different seven 
tributaries such as Tamor, Arun, Likhu, Indrawati, Sunkoshi, Tamakoshi and Dudhkoshi) 
river is originating from China and flowing towards Nepal and India. The Koshi river is 
considered as one of the largest tributaries of the Ganges. The Koshi river and its seven 
tributaries drain a total area of 69300 square kilometers up to its confluence with the 
Ganges in India. In Nepal, it is the largest river basin which covers nearly 30000 square 
kilometers of land of eastern Nepal (Agrawal et al., 2014). On the contrary, Dikshit 
(2009) claimed that altogether it drains an area of 71500 square kilometers in three 
countries.  Koshi river consists seven major sub-basins and this paper only confined to 
the Arun river sub-basin.  Arun river, the main branch of Koshi is originating from Tibet, 
China and flowing towards south. Other branches of the Koshi river are originating 
from different Himalayas/Mountains and flowing towards south east, south west and 
south. Dudhkoshi, Tamakoshi, Likhu and Indrawati rivers are confluences each other 
and it flows towards east in the name of Sunkoshi, then after reaching near Triveni in 
Dhankuta, Arun and Sunkoshi then later Tamor join to each other and flowing downward 
to the south with the name of Saptakoshi. Hence, the catchment area of Saptakoshi is 
Kanchanjangha in the east to Gosaikunda in the west of eastern Nepal. This river carries 
the lots of deposits, gravel and sands every year so, it is bothering in Nepal and India as 
well. Annually, Koshi river damages a huge arable land, loss of human life and physical 
properties. It flows with strong current in hilly areas and changes its route in the plain 
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land. It has changed its route towards 71.5 miles west in last 214 years from 1736 to 
1950 AD (Khatiwada, 2014). 

All of the rivers in Nepal which are originating from Himalayas/mountains and flowing 
down towards India and reach in the Ganga river. Therefore, the work related on river 
in Nepal affects India and the water issues of Nepal is related with India. The floods 
coming from Nepal affects India. In this context, some of the treaties are done between 
India and Nepal for the settlement of the issue of river and water. In the late 1950s, 
the Indian government built an embankment known as the Koshi barrage under the 
bilateral agreement on the Koshi river. However, in 2008, the embankment of Koshi 
river breached and collapsed which displaced millions of people in Nepal and India. Oza 
(2014) claimed that this embankment breach was not a rare occurrence and the August 
2008 event was actually the eighth major breach since the embankments were completed 
in 1959. Following the 2008 breach, a Nepal-India commission on water resource issued 
a report stating the need for a new strategy to control the flooding of the Koshi river. 
Then, the idea of building a multipurpose high dam on the river with the benefit of flood 
control, irrigation and hydropower had been a subject of discussion between Nepali and 
Indian government (Oza, 2014). Saptakoshi river is more harmful in the context of flood 
disaster for both countries but India is more affected than Nepal. Therefore, India has a 
keen interest to control the Koshi flood and made a plan which is known as Saptakoshi 
high dam project. It was based on the recommendation of a committee formed under the 
leadership of A.N. Khosala in 1946 who suggested constructing a dam 1.6 km upstream 
of Barahakshetra, Sunsari (Khatiwada, 2014).

The proposed 269-meter-high multipurpose dam on the Saptakoshi river in the Sunsari 
district of Nepal would provide 3300 Mega Watt (MW) of electricity as well as irrigation 
facility to India and Nepal together with controlling the flood downstream in Bihar 
(Oza, 2014). Oza (2014) argued that if dam is constructed, it will displace thousands of 
people in over 80 Village Development Committees (VDCs) from above the dam site 
and it will destroy homes, cultures, land and the way of life. Thus the local people are 
against this high dam for the last 14 years. Although efforts to restart dam planning and 
construction began in 2008 by Saptakoshi Joint Commission Office yet the local people 
are objecting to the detail project report. 

The high dam is supposed to affect whole bio-physical situations of lower and middle 
part of Koshi river basin. Hence, it has been a debatable issue in the communities of 
project areas among the government agencies, local levels and stakeholders of the 
upstream of river basin. Few studies have been carried out by Oza (2014), Dikshit 
(2009) and Khatiwada (2014) on the issue of Saptakoshi high dam but they have not 
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analyzed its bio-physical impact on the affected areas. Khatiwada (2014) attempted to 
describe its impact of cultural aspects whereas Oza (2014) focused on the local people 
perception and their unsatisfaction towards high dam. In this context, the present paper 
attempts to highlight the bio-physical consequences of Koshi high dam particularly in 
Arun river basin based on geographical perspective. The bio-physical impact will be 
spatially distributed in all tributaries of Saptakoshi river however this paper deals Arun 
river basin only. 

Materials and Methods
Study area

The Arun river basin is an important geographic region in terms of diverse topographic 
terrain features, vegetation, wildlife and distribution of population corresponding to 
socio-cultural phenomenon. The river basin (Figure 1) covers three mountain districts 
of province number 1 of eastern Nepal: Bhojpur, Dhankuta and Sankhuwasabha. The 
landscape topography of the basin rises from 123.13 meter (Simle) to 8463 meters (Mt. 
Makalu) above mean sea level (ICIMOD, 1988). The physiographic or geomorphic 
shape of the valley is V-shaped 
conditioned with moderate steep 
topography terrain and wide range of 
river trunk in the lower catchment and 
topography terrain with high steepness 
and narrow valley in the upstream 
catchment of the valley. The climatic 
condition presents its variability based 
on the diversified on the topography and 
its altitude e.g. tropical, sub-tropical, 
temperate climate, alpine and perpetual 
cold climate. The vegetation and its 
variability have distributed in terms 
of climate condition and variability. 
The total population of this river basin 
is 504,613 distributing in 111,624 
households (CBS, 2012). Agriculture 
is the prime occupation of the local 
inhabitants and the patterns of land use 
have been changing with the change 
in livelihood options (Koirala, 2006; 
Subedi and Pandey, 2002). Figure 1: Arun river basin
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Data sources and methods of data preparation 
The GIS tool is primarily adopted in order to analyze the bio-physical and socio-cultural 
based spatial and non-spatial databases. The altitude of proposed dammed area location 
is taken as 120 meters msal and the height of proposed dam as 269 meters for the 
analysis of landforms and topography. As such the actual height of proposed dam will 
be 389 meters and it is used for GIS based spatial analysis accordingly.

The necessary database is selected on the basis of its authentication, spatial resolution 
and its spatial accuracy. The spatial data is related to administrative boundary, land use 
and land cover, hydro-stream network and contour interval derived from the Survey 
Department, Government of Nepal at the scale 1:25000. The Digital Elevation Model 
(DEM) representing related landforms and topography generated from contour interval 
of 20 meters. It is used for topography terrain analysis and distribution analysis of 
landslide areas based on slope gradients. The land use system known as Abbal, Doyam, 
Sim and Chahar categorized based on visual image interpretation of land use pattern of 
toposheet, and Google image and slope contour intervals respectively. A household unit 
is generated from toposheet map after rectified with respected coordinates system unit 
and landslide areas, infrastructure, road, bridges, settlement and urban areas extracted 
from Google images. The largest fresh landslide scars extracted from Landsat-8 images 
taken in December 15, 2018. All the spatial data have been projected with World 
Geodetic System (WGS) 1984 in UTM 44 zone for the spatial analysis. 

Result and discussion
Inundation of upstream land and livelihood at risk

Saptakoshi high dam is in the process of preparing detail project report with a proposed 
dam site at 1.6 km upstream of the famous Hindu temple Barahakshetra in Sunsari 
district with a proposed height of the dam of 269 meters. If the dam is constructed 
according to proposed height, there will be inundation of more than 11,777 hectors 
of upstream land by water in Arun river basin (Figure 2). In the hills, there are huge 
importance of river basin of lowland for the production where three times crop can 
be harvesting. As there are very limited agricultural lands in the hills and mountains, 
therefore, inundation of large agricultural land might cause deficiency of production. 
Moreover, the surroundings natural environment will be unbalanced which may harm 
the current state of land, animals, water and bio-diversity. Furthermore, it might cause 
disasters which will create loss of fertile land, ecosystem and animals. Similarly, due 
to the proposed high dam in the young Siwalik ranges might make the area vulnerable 
which creating various future disasters in these regions.
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The extent of land use and land cover is directly linked with the resource management, 
sustainability and its environmental consequences (Gautam et al., 2003). Changes in 
the extent and pattern of land use and land cover resulted with different environmental 

consequences (Ghimire, 2017). Therefore, different types of land use and land cover 
pattern such as agriculture land, forest, vegetation, shrub, grass and sand dunes will be 
replaced by dammed water. There are two types of land use pattern including hillslope 
cultivation and river valley farming system, in which most of the river valley farming 
system will be affected due to water level rises. The land use of river bed or alluvial 
plain contains to Abbal classes characterised by valley cultivation land formed with fine 
alluvial material with well fertile capacity for production. Hill slope cultivation patches 
consist of Doyam, Sim and Chahar have less production capacity than river valley 
cultivation areas. The tropical forest vegetation species suited with tropical climate 
condition; the inundation by dammed water may result the displacement of vegetation 

Figure 2: Coverage of Water Dammed due to 
high dam in Arun river basin
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species. The existence of several land cover patches like grass and shrub which are 
contributing supply of fodder to livestock of localities. Displacement of sand dunes 
with river materials deposited along the sides of the river trunk results in the means of 
shortage of construction materials in order to building of physical infrastructures and 
decreases the sources of income of respected local governments.

The calculation of land use land cover features within the inundation area of Figure 2 has 
been shown in Table 1. The table shows that the inundated area covers agriculture land, 
forest, sand dune and river bed materials, waterbody including pond or lake and hydro 
flow line, barren land, grass land, shrub land and cutting and cliff. Within the inundated 
area agricultural land covers 31.9 whereas forest land shares 32 percent respectively. 
Similarly, sand dune, bush/shrub and hydro flow line are the other land use/cover to be 
under the proposed inundated area. 

The inundated areas of Arun river basin will cover the different 15 local levels of Dhankuta, 
Bhojpur and Sankhuwasabha districts. Out of them, Bhojpur and Sankhuwasabha have 
six local levels and three local levels of Dhankuta district to be directly affected due to 
high dam. Agricultural land from Mahalaxmi municipality of Dhankuta district will be 
highly affected by dammed water. Similarly, large agricultural areas of Shalpa Shilicho 
rural municipality of Bhojpur district and Sahidbhumi rural municipality of Dhankuta 
district will be affected. Likewise, large forest land of Panchkhapan municipality 
and Dharmadevi municipality of Sankhuwasabha district and Hatuwagadhi rural 
municipality of Bhojpur district will also be affected by the proposed dam. 
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Impact on slope topography, hydro-stream networks and hydro geo-hazards

The vulnerability has nearly associated with or product of functioning of hazard and 
risk (Varnes, 1984), in which slope topography and hydro geo-hazards reveal as the 
major sources of sensitivity indicators of vulnerability (IPCC, 2014; MoPE, 2017). 
The geomorphic shape of the landscape has moderate to steep topography in the 
lower catchment and comparatively high steepness and narrow valley in the upstream 
catchment of the study area.  Therefore, slope topography, hydro stream networks and 
presences and occurrences of hydro geo-hazards events such as landslide, debris and 
mass wasting have been examined within the high dammed affected areas. It helps 
to highlight the susceptibility range of vulnerability of community and resources of 
upstream catchment because geo-hazards event occurrences have always linked with 
upstream and downstream phenomenon (Nepal et al., 2010). 

Table 2 shows the distribution of slope topography which will be affected due to the 
high dam. Slope gradient can be categorized into five distinct classes i.e., flat, normal, 
moderate, high and very high. The slope classes consist to above 15 degrees is generally 
considered as the indicators of active geomorphic functions and operations (Selby, 
1993). 

Table 2:  Estimated inundation slope topography due to high dam 

S.
N. Local Levels

Slope topography in dam affected area in (Hectare) 
< 5 

(Flat)
5 to 15 

(Normal)
15 to 25 

(Moderate)
25 to 45 
(High)

45< (Very 
High) Total

1 Arun RM 395.7 407.3 512.2 422.9 16.3 1754.5
2 Hatuwagadhi RM 176.8 233.8 313.0 656.2 46.5 1426.3
3 Pauwadumma RM 156.9 170.7 215.5 263.6 14.1 820.8
4 Ramprasad Rai RM 18.7 16.8 9.2 2.6 - 47.3
5 Shadananda M 429.8 374.9 386.3 170.6 1.4 1363.0
6 Shalpa Shilicho RM 27.6 31.5 23.8 11.8 - 94.7
7 Sahidbhumi RM 116.5 174.1 228.8 413.6 31.8 964.7
8 Mahalaxmi M 221.4 267.1 306.7 107.0 2.9 905.1
9 Pakhribas M 218.9 192.0 297.5 390.5 23.0 1121.9
10 Chainapur M 273.7 209.1 231.8 205.3 3.6 923.5
11 Dharmadevi M 134.1 63.0 76.1 129.9 7.7 410.8
12 Khandbari M 518.2 301.5 282.5 252.3 4.4 1358.9
13 Panchakhapan M 153.1 153.3 154.2 57.5 2.9 520.9
14 Sabhapokhari RM 32.9 14.3 4.0 - - 51.1
15 Shilichong RM 11.6 3.1 0.1 - - 14.8

Total 2885.8 2612.4 3041.6 3083.9 154.7 11777.5

Source: Analysis in GIS
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Approximately, 24 percent flat land (below 5 degree slope) will be inundated by water 
in Arun river basin due to high dam. These flat lands are the granary of these hill 
districts and it is called tar in Nepali term. Almost 518 hectare of flat land of Khandbari 
municipality of Sankhuwasabha district together with 429 hectare of Shadananda 
municipality and 395 hectare of Arun rural municipality of Bhojpur district will be 
inundated respectively. Similarly, 22 percent land comprising 5 to 15 degree slope will 
be inundated due to high dam. 

It is considered that the geomorphic processes and functions primarily depends upon 
the slope of topography. The high dammed water reservoir over the steep and rugged 
topography will make the topography weak then there will be high chances for landslide, 
erosion, debris flow and others. Hence, it will create large disasters in the upstream of 
this high dam area.  

Horton (1832, 1945) clarifies that drainage density as the product of total length of 
stream channels divided by the area they occupy. In practical and results, the stream or 
drainage networks and its spatial density per area units indicate to run-off conditions and 
degree of dissection of the landscape or topographic terrain (Tucker et al.,2001; Ghimire 
2011). The stability of landform and its processes have also primarily determined by 
the presence of stream networks and its spatial density e.g. higher stream networks 
and density influences the high degree of dissection of terrain features as a form of 
geomorphic processes (Strahler, 1952). The condition of river stream network density 
has examined based on these principles related facts. It also helps to forecast potential 
future condition of the terrain features with their functions affected by water dammed 
reservoir and stability of landforms of upstream catchment of dammed water reservoir 
and vice-versa.

The calculation of drainage networks density is based on the stream length per unit 
area in the region based on the concept given by Horton in 1932, in which region or 
area is considered for stream networks occupy on the basis of square kilometer. The 
calculated spatial density categorized into five distinct classes: very low (0.97-1.62), 
low (1.62-1.93), moderate (1.93 -2.28), high (2.28-2.69) and very high (2.69-3.44). A 
several local levels may have suffered from remarkable intensity hillslope processes due 
to the effect of dammed water reservoir because higher density of drainage influences 
the high rate and magnitude of geomorphic processes accelerating by presences of water 
dammed that resulting vulnerability to upstream community and landscape.  Arun and 
Hatuwagadhi rural municipalities of Bhojpur district and Pakhribas and Mahalaxmi 
municipalities of Dhankuta district might have high chances with various geomorphic 
processes events of erosion and landslides.  
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Possibilities of landslide and erosion 

A landslide is the general name given to the movement of rocks, debris, or earth downslope 
along a surface of separation by falling, sliding, or flowing. Landslide includes rock 
falls, deep failures of soil slopes, and shallow debris flows. They result from the failure 
of the materials which make up a hill slope and are driven by the force of gravity. They 
are an integral part of the mountain building process and are one of the chief means by 
which the uplifted mountain mass is transported down to lower valleys and basins. The 
geometric shape related to landslides and erosion hotspots are generated from Google 
Earth Pro images that verified through the field work. There seemed 103 landslides 
and erosion hotspots 
were mapped containing 
these 15 local levels. The 
distribution of landslides 
is shown in Figure 4. The 
characteristics of landslide 
distribution strongly 
correlates with slope, land 
use and land cover and 
presences of stream and its 
spatial density (Ghimire, 
2011). Several studies 
identified that landslides 
were distributed either on 
steep topography or stream 
network density. The 
morphometric attributes of 
these landslides and erosion 
consist to rock falls, debris 
falls, debris slides and gully 
erosion. 

The southern aspect of 
landscape in Jarayotar, 
Sanodumma and Charambi 
of Bhojpur district have 
a remarkable patches of 
geomorphic hazards events 
such as gully and rill Figure 3: Landslide distribution in high dam 

affected areas of Arun river basin
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erosion. It reveals that an overall gully and rill patches have not reclaimed and processes 
and function of events have been same as before or as usual since its creation. The fine 
soil mixed with sandy red textures have a weighty role to be gully erosion events that 
strongly support with the condition of stream network density and shrub vegetation 
cover without grass species. Hence, the pressure and function of gully erosion have 
been a regular geomorphic process in the southern aspect of landscape topography.

Displacement of settlement and population 

Settlement and population indicate the major aspects of bio-physical phenomenon of any 
geographical territory with the role on exploitation, management and conservation of 
resources. A large number of populations, settlement and house units have been existing 
at possible land which will be inundated by water due to high dam. Basically, the lower 
plain is the suitable land for agricultural so, people have been living there since ancient 
time. Some of the market centers are also developing in lower basin of this river. The 
analysis in Google Earth shows almost, 2269 households which will be affected due 
to water dammed in this river basin if the high dam height remains 269 meters high in 
proposed place. In addition, nearly 10263 population are living in these households. So, 
if the high dam is constructed, government should ready to manage those people who 
will be directly affected. Beside it, there are also another part which is also indirectly 
affected due to water dammed. 

In terms of human settlement and population more than 4500 people in Bhojpur district 
might be harmed due to water dammed in their houses particularly in Hatuwagadhi and 
Shadananda rural municipality of Bhojpur district. Similarly, in Dhankuta district nearly 
3000 people might be affected particularly within Mahalaxmi municipality. It is due to 
Leguwa Bazar which is developing as a market center of this river basin. Perhaps this 
will be largest local level affected by water in terms of population displacement in Arun 
river basin. Likewise, nearly 2500 population will be affected in Sankuwasabha district 
with larger number in Khandbari. 

Several studies (Subedi and Pandey, 2000; Koirala, 2006; Linkha and Rai, 2017) on 
livelihood of communities of in Arun river basin revealed the linkage of lowland and the 
settlement in uplands areas. The further movement of down site population to up land 
may trigger ongoing livelihood status of upland as well. 
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Table 3: Estimated displacement of household units and population 

S.N. Local levels District

Affected number of household unit and 
population

Household 
Units

Estimated population is 
based on average HH size 
of respective local bodies 

1 Arun RM

B
ho

jp
ur

271 1255
2 Hatuwagadhi RM 342 1583
3 Pauwadumma RM 61 282
4 Ramprasad Rai RM 8 37
5 Shadananda M 302 1398
6 Shalpa Shilicho RM 14 65
7 Sahidbhumi RM

D
ha

nk
ut

a 230 998
8 Mahalaxmi M 464 2013
9 Pakhribas M 46 200
10 Chainapur M

Sa
nk

hu
w

as
ab

ha 109 499
11 Dharmadevi M 32 147
12 Khandbari M 378 1731
13 Panchakhapan M 12 55
14 Sabhapokhari RM - -
15 Shilichong RM - -

Total 2269 10,263

Source: Google Earth Pro, 2017 (Accessed on 15 October, 2019) and CBS, 2014

There is also socio-cultural and emotional attachment of people with their particular 
places. The relationship between people and place is deep, dynamic and complex. There 
are various concepts which refer to people-place relationship. The multidimensional 
relationship between them is described under several analogous concept. Among 
the multiplicity constructs, the concept of sense of place is inclusive and broad term 
for understanding people-place relationship. Sense of place refers to the individual 
perception of their environment as well as conscious feelings about place. Hence, the 
concept of sense of place is more interactional and psychological than physical.  So, it 
will very hard to replace the local people from their birth place because of the matter 
of feelings and loves towards their own soil and environment. Basically, the inhabitants 
of Arun basin are dominated by indigenous people and they have high level of sense 
of place than others (Rai, 2017). Indigenous people have the spiritual connection with 
their land. Still the Kiranti people worship forest, river and other wild animals and these 
kinds of resources might be affected by the project. On the other hand, Hindu people 
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usually follow the traditions of burning their dead bodies on the bank of the rivers. In 
this situation, the traditional river system will be disturbed due to dam. So, this kind of 
socio-cultural aspect should be highly considered before the construction of the dam. 

Figure 4: Affected local levels of Koshi high dam in Arun river basin
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Conclusion
Saptakoshi high dam is going to be constructed with the keen interest of neibouring 
country rather than Nepal. India has been raising the issue to be addressed from 
decades although, any concrete action has not taken place so far. However, after the 
collapse of Saptakoshi embankment in 2008 the interest of India has been increased 
and now the process of constructing detailed project report of Koshi high dam is on 
action. Constructing Koshi high dam is now becoming burning issue and argumentative, 
however, it has some merits as well as demerits too. But the local people are still 
unknown about real status of this project, they have strong sense of fear and sadness 
because of unclear information. As a result, they have formed concern groups in order 
to raise the voice against high dam. In this context, Nepal government should consult 
them to manage the dispute from the initial stage. 

The construction of Saptakoshi high dam at Sunakhambi gorge will affect to the 
diverse bio-physical phenomenon in the Arun river basin existed below of actual height 
(389 meter) of dam. It will influence 15 local levels of Bhojpur, Sankhuwasabha and 
Dhankuta districts if the high dam will be built as per the proposed place and height. 
As a result, it will badly influence the arable land of eastern hills and mountains. Most 
of the granary land will be inundated by water then the ecosystem of Arun basin will 
be unbalanced. Despite it, other several unseen disasters might emerge due to the water 
pressure on this region. The tropical and sub-tropical vegetation species corresponding 
to diverse wildlife species will be affected. It will dissolve the indigenous related socio-
cultural phenomena of particularly Kirant and Hindu ethnic ritual events on hydro 
mainstream flow. Those communities who are living along the Arun river have very 
rich religious, cultural norms and values. This high dam would thus mean a great loss 
for these people, which in many ways, cannot be replaced. The topographic terrain 
consists of its processes and functioning as a geomorphic process e.g. slope failure, 
landslide, debris flow and gully erosion will also be led to rise of sensitivity indicators 
of vulnerability to upland people and communities consequently. 
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Abstract
Rapid transformation of rural settlements into municipalities in Nepal has brought 
significant changes in land use and urban expansion patterns mostly through the 
conversion of agriculture land into the built up area. The issue is studied taking a case of 
rapidly growing Tarai town of Bedkot Municipality of Kanchanpur District. This study is 
based on field interaction, observation, and available data review. After the declaration 
of Bedkot as a municipality, several new roads have been opened and upgraded; and the 
municipality is well connected to the national transportation network. After promulgated 
the Constitution of Nepal, 2015 and activated the elected local body, the municipality 
budget has been increased significantly as a result of increasing municipal investment on 
socio-economic and physical infrastructure development and environmental protection 
which have attracted people, goods and services creating it as the zone of influence of 
the surroundings. Rapid spatial changes have been observed with inflow of population 
in the municipality. One of the changes found is the increasing built-up area by 3.6 
percent and expansion of urban area through decreasing the agriculture land by 3.5 
percent. Urban growth has been observed taking place along the highway corridor 
clustering at nodal junctions and some other potential locations. Implications of such 
spatial dimensions have been core issue of urban development planning in most of the 
newly declared municipalities in Nepal. 

Keywords: land use, urban expansion, built-up area, spatial planning, urban 
development  

The Geographical Journal of Nepal
Vol. 13: 185-200, 2020
Doi: http://doi.org/10.3126/gjn.v13i0.28158
Central Department of Geography, 
Tribhuvan University, Kathmandu, Nepal



 186 

Introduction
With more than 64% of urban population in Nepal, it is one of the fastest urbanizing 
country in the world (World Bank, 2013). The urban growth rate was observed 6% 
per year since 1970s (UNDESA, 2012 cited in World Bank, 2013). Latest national 
population census shows that urban population has increased at the rate of 3.4% per year 
in the decade period between 2001 and 2011 (CBS, 2011). The government of Nepal 
has reclassified many rural areas into urban (municipality) area, which is becoming 
an important pull factor of urban growth in Nepal; such conversion of rural area into 
urban one is an important contributor to urban growth in Nepal. In the context of rapid 
urbanization, the study of spatial expansion of urban growth is very important in the 
recent years. Urbanization process is playing a significant role in modifying the use of 
land, and changes over time. Many small market centers are emerging along the main 
highways, road corridors and nodal junctions which have been a powerful force of in-
migration to the peripheral population. Many people are still willing to travel longer 
distance and tend to settle in urban area to search better employment and education 
opportunities; therefore, urban areas are becoming more common destinations (World 
Bank, 2013).  This shows that the use of agriculture land in the urban area has been 
rapidly converted into diversified urban uses (IUDP, 2017; Dahal and Timalsina, 2018).  

UN (1974) has discussed urban growth as increase of population of any town or city 
which can be due to natural increase, rural-urban migration or reclassification of rural 
settlement into towns or cities (Arshad et al., 2017).  Except of population, economic and 
technological development can also cause urban growth (Pham et al., 2011). However, 
roads and transportation facilities, public services and utilities and other anthropogenic 
factors are of course responsible contributor to shape urban growth direction and 
changes in land use. These all have been triggered to change in spatial dimensions of 
urban growth.  

Most of the urban areas/municipalities in Nepal have rural characters and have 
agriculture as the main sources of income and employment. But with the declaration 
of municipalities, urban built-up area is also increasing with increasing population and 
urban functions in most of the municipalities in Nepal. However, these built up areas in 
most urban settlements/municipalities are haphazard and unregulated. The haphazard 
urban growth has led to irregular, substandard and inaccessible housing patterns and 
significantly increased vulnerability to disaster (World Bank, 2013). This implies to 
important need of plan intervention to regulate haphazard urban growth and develop a 
livable urban area in Nepal.   
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There has been growing interest in study of land use and land cover changes among 
the urban planners, development professionals in the recent years particularly after 
adaptation of federal structure of Nepal. However, newly emerging municipalities located 
in the Tarai region like Bedkot have important implications of urban transformation 
which has not been studied much. This study, therefore will be important to look at 
urban transformation and change in land use in the context of current federal structure 
of Nepal. 

Bedkot Municipality is one of the newly emerging municipalities in Nepal. Urbanization 
in Bedkot is growing at a very fast rate of approximately 4.4% per annum. Concerning 
to the rapid urbanization in the municipality, inadequate urban infrastructure, 
environmental deterioration, forest encroachment, unplanned urban development, poor 
housing and squatter settlements, rapid land use change, pressure on agriculture land 
and poor capacity of institution are some of the core planning issues. In light of these 
emerging urban development issues for the newly declared municipalities, this paper 
only covers the land use change and urban growth scenario with spatial dimensions. 
Therefore, the main objective of this study is to discuss land use changes over a decade 
and its implication in spatial planning in newly emerging town of Bedkot locating in far 
western Tarai of Nepal based on GIS analysis, consultations with local stakeholders and 
field observation. 

The study area
Bedkot is a religious site of Nepal which was declared municipality in 2015. It is located 
in the Far-West province, Kanchanpur District, bordered with Dadeldhura District to the 
North, Bhimdutta Municipality to the south and west, and Suklaphanta National Park 
to the east and south (Figure 1). Sirsaiya, Lalpur, Suda, Daijee and Sama Daijee are the 
most urbanized market centers in the municipality. Urban settlement is developing and 
growing in the linear patterns along the both side of the east-west highway. Pipalthala, 
Jadepani, Bhamka, Shantipur, Chhela, Baitada, Musepaani, Dhursuwa, Gaujee, Bhasi, 
Chatahari are other settlements in the municipality (Bedkot Municipality, 2074).  

The municipality falls in the Tarai physiographic region and extended up to the foot hills 
of Siwalik region. Elevation of the municipality ranges from 192 m to 1401 m above 
mean sea level. The climatic condition of this municipality is sub-tropical monsoon 
type. Radha Nadi, Sukha Nadi, Pipalthala Nadi, Saj Khola, Chulu Khola, Tatapani 
Khola, Bachhela Khola, Chunapur Khola and Bauji Khola are main rivers and streams 
in the municipality. These drain the Siwalik and Bhabar and flow down to the south 
with increasing flash flood. Since they flow from the steep slope of the Siwalik, they are 
capable to generate huge sediment load to the south to affect lives and properties there.
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Figure 1: Location map of Bedkot municipality

Methods and materials
This paper is based on both primary and secondary data. All the data and information 
were collected through fieldwork in 2018 during detail consultation meetings at 
municipal and ward level in different stages for updating of base map. Spatial changes 
and transfermation of land use were also observed by transect walk in the municipality 
covering entire potential sites and growing nodes. Similarly, interaction with local 
communities were also conducted at different communities to identify spatial coverage, 
growth and trend of spatial expansion and development. Land use map was prepared 
based on 0.5 m spatial resolution satellite imagery.  Land use data for past was collected 
from ICIMOD Geo-data portal and processed by using the ARC GIS 10.4 software. 
Changes on land use within the time period of 8 years is analyzed by overlaying it on 
GIS environment. Baseline infromation was acquired from Bedkot Municipality profile, 
2017. 
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Result and discussion
Demographic Situation 

Bedkot Municipality has 62,791 population with an average household size of 5.9. 
Population density of the municipality is 361.6 persons per sq. km (Bedkot Municipality, 
2017).  In the past, the municipality had 49,479 population with average household size 
5.4 (CBS, 2011). Average annual population growth rate (4.4%) in the period between 
2011and 2017 B.S. has been calculated by using exponential population growth method. 
If the population growth rate remains same, the population of Bedkot municipality 
would be 79,265 in 2021, and 126,314 in the next 15 year (2031).

Table 1: Population distribution and growth rate by wards and gender

Ward 
no

2011 2017 Population 
Growth 

rateHH Population HH Population
Male Female Total Male Female Total

1 693 1,737 2,020 3,757 791 2436 2292 4728 4.3
2 731 1,878 2,074 3,952 846 2661 2409 5070 4.7
3 471 1,242 1,383 2,625 521 1619 1571 3190 3.6
4 868 2,135 2,513 4,648 929 3121 2907 6028 3.9
5 1,027 2,716 2,789 5,505 930 2978 2795 5773 0.8
6 741 2,089 2,181 4,270 832 2491 2336 4827 2.2
7 1275 3126 3388 6514 1685 4324 4037 8361 4.7
8 707 1,725 1,955 3,680 889 2611 2401 5012 6.0
9 774 1,988 2,223 4,211 938 2725 2548 5273 4.2
10 1257 3272 3560 6832 1433 4771 4280 9051 5.4

Total 9,219 23,492 25,987 49,479 10629 28304 26258 62791 4.4

Source: CBS, 2011; Bedkot Municipality Profile, 2017 

Bedkot presents heterogeneous population distribution and growth rate among the 
wards. Population density poses highest in ward number 7, 8, 9 and 10 whereas ward 
number 4, 5 and 6 have lowest population density ranging from 1006 to 146 per square 
km  (Figure 2).  Looking at ward-wise population growth rate, ward number o 8 had 
highest population growth rate with annual 6% then followed by ward number 10, 2 
and 7 with annual growth 5.4% and 4.7% respectively (Table 1). This indicates that 
these wards pose highest population growth rate with possibility of high population 
concentration in the future with a demand of plan interventions. 
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Figure 2: Population density in Bedkot municipality

With increasing trend of in-migration flow and incremental growth of goods and services 
in the municipality, many people have been choosing Bedkot as a best destination for 
lives and livelihood due to its well connectivity and nearness to India and other major 
cities of Nepal. Similarly, relatively cheap land value, suitable location and probable 
employment opportunities in future are other factors that would lead to attraction of 
people in Bedkot. According to key respondents of Focus Group Discussion (FGD), 
it was found that people from the northern hill districts and the municipalities/rural 
municipalities have selected Bedkot as the better place for in-migration. As of municipal 
profile 2017, more than 36% families/households living in the Bedkot municipality 
were migrated from other districts in the past. Those people who were migrated in the 
municipality, about 80% were chosen the place for better livelihood. In addition, 11% 
were migrated due to social causes and about 7% were migrated in the municipality 
for the better education. There are other families who were migrated in the Bedkot 
municipality for business purpose and some were migrated due to conflict in the past.  
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Land Use and Urbanization
Bedkot municipality covers a total of 159.42 Sq. km of land. Forest is the dominant 
land use and its coverage is 86.01 sq. km with 53.95% share of the total areal extent of 
the municipality. Similarly, agricultural area covers 52.1 sq. km (32.68%). Likewise, 
riverine area covers 8.34 sq. km (5.23%) while built-up area is 7.94 (4.98%) of the 
municipality.

The agricultural land use pattern of the Bedkot municipality has been categorized 
as Tarai cultivation based on the physiographic region. Since the municipality has 
dominant land cover of agriculture and forest, these areas are in pressure of changes, 
possibly converted into residential as the municipality has been receiving huge number 
of in-migrants from other districts, nearby rural areas, municipalities and towns. These 
lead not only the pressure on agriculture and forest land but also to give attention on 
preservation of environment, planed settlement development and management of the 
city with provision of infrastructures. 

East-west highway has crossed in the middle part of the municipality, whereas, Daijee-
Jogbudha (Strategic road) connect to the north-south hill and Tarai districts lying on 
the eastern side of this municipality. Except few, many areas of the municipality have 
rural character, and have dispersed settlements. Dispersed settlements are ones where 
the houses are spread out over a wide area. They are often the homes of farmers and can 
be found in rural areas. Settlements like Sirsaiya, Beldandi, Lalpur, Daijee and Bhasi 
are developed in the linear pattern and in the compact form. These are small market 
centers of the municipality where most of the urbanization seems to be concentrated in 
future. These markets are providing services to surrounding settlements and villages. 
The municipality is well connected by blacktop and graveled roads which connects 
Mahendranagar in the west, (the district headquarter) to Attariya and Dhangadi in the 
east. Roads connected Daijee to Jogbuda (Dadeldhura) is also all-weather road. Present 
land use with road network of Bedkot municipality is presented in the Figure 3.

Land Use/Land cover Change
Land use of Bedkot Municipality is observed significant changes during the period of 
2010 and 2018. Agriculture, forest, built-up area (market center including residential 
units, factories, schools, health post etc.) and barren land (along the river side) are 
dominant land use categories in the municipality. Agriculture, forest, built-up (residential 
area, institutional and industrial area) have been found notably changed. Agriculture 
practices, in general, have been found slowly decreasing due to increasing human 
settlements and market centers along the main roads, road junctions and bus stations.
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Figure 3: Present land use of Bedkot municipality

This is the case in and around Sirsaiya, Lalpur, Daijee, Beldandi chowk areas. Daijee, 
Sama Daijee, Beldandi, Sirsaiya, and Lalpur are local market centers as well, and 
growing rapidly in the recent years. Forest area is also converted into agriculture and 
settlement area due to the encroachment of forest as squatter settlement and agriculture. 
Table 2 shows the overall land use changes in Bedkot municipality whereas figure 4 
shows the changes in agriculture, forest, built-up area over the period between 2010 
and 2018. 

Table 2: Land use/land cover changes (2010-2018)

Land Use Category
Land Use 2018 Land Use 2010

ChangeArea
(sq km) Percent Area

(Sq km) Percent

Cultivated Land 52.10 32.68 57.71 36.2 -3.52
Forest 86.01 53.95 88.02 55.21 -1.26
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Water body 2.74 1.72 4.97 3.12 -1.4
Sand 5.60 3.51 5.74 3.60 -0.09
Built-up Area 7.94 4.98 2.22 1.39 3.59
Landslide 0.14 0.09 0.35 0.22 -0.13
Open Space 0.06 0.04 0.33 0.21 -0.17
Others (Bush, grassland, 
Orchard etc)  4.83 3.03 0.08 0.05 2.98

Total 159.42 100.00 159.42 100.00

Source: ICIMOD, 2010 and IUDP, 2018; field verification, 2018

While comparing the conversion of land cover between 2010 and 2018, following 
scenario (Table 4) has been observed. The data was derived by analyzing in GIS 
environment to look at the conversion of land use in the period of 8 years. It has been 
found that conversion of land use from agriculture to built-up and forest to agriculture 
and residential is significant. Comparing the data, cultivation area has been found 
converted into built-up, forest, open spaces and sand. Similarly, forest area has been 
found converted into built-up, cultivation, bush, open space, orchard, sand and land 
slide. It is also found that sandy area has also been converted into cultivation, bush, 
forest and water body. 

Table 3: Summary of the percentage of area converted into different land uses 2010-2018

S. 
No.

Land Use 
Category

C
ul

tiv
at

io
n

Fo
re

st

W
at

er
 b

od
y

Sa
nd

B
ui

lt-
up

L
an

ds
lid

e

O
pe

n 
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er
1 Cultivated 

Land 31.56 0.17 - - 2.48 - - 1.78

2 Forest 1.12 53.65 - - 1.09 - - 0.30
3 Water body - - 1.72 1.11 - - - 0.67
4 Sand - - - 2.22 - - - 0.23
5 Built-up Area - - - - 1.41 - - 0
6 Landslide - 0.13 - - - 0.09 - 0
7 Open Space - - - - - - 0.04 0
8 Others - - - - - - - 0.05

 Total 32.68 53.95 1.72 3.51 4.98 0.09 0.04 3.03

Source: Calculated based on ICIMOD, 2010 and IUDP GIS Database, 2018
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Table 3 reveals the result of land use changes of Bedkot municipality overlaying 2010 to 
2018 land use data on the GIS environment. It shows that agricultural land is converted 
into built-up, forest and others (road, institutional, industrial area etc.) whereas forest 
land is converted into cultivation, built-up and others. Similarly, some area of water 
converted into sand and others. 

Land use changes of Bedkot Municipality indicates a variety of complex problems in 
land use planning.  The majority of the problems in the municipal area can be categorized 
into natural and anthropogenic. With regard to the natural aspect, due to erosion/side 
cutting and flooding there has been brought significant changes in land use and land 
cover particularly along the river side. In anthropogenic aspect, the cultivable area 
has been converted into built- up area i.e. expansion of market area, introducing new 
residential buildings, roads etc. Linear and cluster settlements have been observed in 
many areas of the municipality. Brick factories in Suda and Daijee area and increasing 
small scale industries have also brought significant changes that reduces the agriculture 
land.  Generally four major factors have been identified in connection to the land 
use change in the municipality. These findings have been identified on the basis of 
present land use scenario, land use change trend analysis, field observation, community 
consultations and municipal interaction.

Agriculture land has been converted into built–up area: This is because of the increasing 
residential building/commercial units around the market centers and factories. These 
scenarios have observed in and around Daijee, Chhela, Lalpur and Sirsaiya. Changes 
have also been observed along the east-west highway and, Shantipur road and Daijee-
Bedkot taal road corridors. 

Forest and forest encroachment: Many areas of the municipality are under the forest; 
and encroachment were found high after 2040 BS. Mostly the people evacuated from 
the Suklaphata Wildlife Reserve, flood victims and landless people are occupying the 
forestland. Besides, the land allocation to freed bonded labors (Mukta-Kamaiya) has 
been shown the forest land use change in Daijee and Suda area. The forestland of 2.3 sq. 
km has been allocated to 1409 households of freed bonded labor. At the same time, in the 
course of different time period a total of 2106 households have encroached 12.1 sq. km 
of forest land in different locations of the Suda and Daijee area (NLUP, 2015). However, 
forest area during the period is also found converted into agriculture and residential 
area. This is due to high rate of in migration and increase of informal settlements.  
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River and waste land: Rivers originated from the Chure/Siwalik regions are flowing by 
making wide channel. Every summer these river are flooded and local people looses 
their properties as a result of side cutting, sedimentation and inundation. 

Market center: Particularly Daijee, Bachhela, Lalpur, Sirsiya market expansion is 
taking place in terms of functional range and magnitude. Gravity of these markets are 
increasing, and in migration   has also been increasing from the last 8 years and people 
particularly from the northern hill districts are attracted to settle around Daijee and Suda 
which is also brought significant changes in land use. 

  

Figure 4: Land use changed observed in 2010-2018 in Bedkot municipality
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Spatial expansion and implications in spatial planning
Having both scattered and compact settlements, Bedkot municipality poses spatial 
dynamics of urban landscape. Settlements in the municipality except of highway 
corridor and road junctions were observed scattered. Compact settlements have also been 
developed along the east-west highway corridor and road junctions. Sirsaiya, Lalpur, 
Daijee and Sama Daijee are the most urbanized market centres in the municipality which 
are being developed in the linear patterns on the both sides of the east-west highway. 
Urban expansion seems to be developed along the Daijee-Bedkot Taal-Jogbuda road; 
and Shantipur road corridor area in the future. Daijee is also being developed as an 
entry point to Jogbuda (Dadeldhura) therefore it is expected that both residential and 
commercial activities will be increase; and it will be developed as a main market center. 
Study reveals that the population is concentrated mainly at along the east-west highway 
corridor, Daijee-Jogbuda road corridor, Sama Daijee, Champapur toward west that has 
brought a significance changes in land use and land value pattern in recent years (NLUP, 
2015).

Study of changes on urban land use is associated in urban development planning, 
especially for providing basic infrastructures to growing population on the one hand, 
and management of city for its sustainability on the other. Rapid population growth 
leads unplanned, unsystematic urbanization which can cause profound impacts on 
various environmental components, especially on land and water (Patra et al., 2018). A 
detailed understanding of the dynamics of land use change and its implications in spatial 
planning is, therefore, necessary for coping with environmental changes and facilitating 
sustainability of the town.  

One of the major component of spatial planning is land use zoning to regulate future 
land use. In the context of land use zoning, particularly 6 zones have been proposed for 
Bedkot municipality (Table 4). The land use zone is proposed based on present land use 
scenario, land use change trend analysis, field observation, community consultations 
and municipal interaction. Among them, conservation zone (Chure/forest and water 
body) has covered the significant percentage of area (54.12%) whereas mixed use zone 
proposed along the both sides of east west highway and Daijee-Jogbuda road corridor 
covers 2.99 percentage. Industrial zone proposed at Chhela area as the Government 
of Nepal has already proposed industrial zone/Special Economic Zone (SEZ) for Far 
West Province covers 1.6 percentage. Similarly, flood prone area, sedimentation sites 
are proposed as restricted zone which covers 10.07 percentage of total area. 
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Table 4: Proposed land use zone of Bedkot municipality

Land use zone Area (sq. km) Percent
Mixed Use (residential, 
Commercial, Institutional) 4.77 2.99

Residential zone 9.45 5.93
Agriculture zone 40.16 25.19
Industrial zone 2.70 1.69
Conservation (Chure/ forest, Water 
body) 86.28 54.12

Restricted Area (Sensitive Area) 16.06 10.07
Total 159.42 100.00

Looking at the spatial expansions of Bedkot, Sama Daijee, Beldandi, Sisaiya, and Lalpur 
are some other few junctions and small market centres where most of the urbanization 
seems to be concentrated in future. Therefore, it is also expected that urban expansion 
will also be concentrated in and around these areas, highway/road corridor and main 
junctions (Figure 5). East-west highway and Daijee-Jogbuda Road corridor is a pull factor 
where many residential building are concentrated. Bhasi, Lalpur, Sisaiya and Daijee 
are being expanded rapidly and developed in the east-west highway corridor. Besides 
these, Bada Daijee, Sama Daijee, Champapur, Bassantathala, Pipalthala, Mahulia, Suda 
and Amthala are other areas to be developed in future. Daijee is also developing as an 
entry point to Jogbuda (Dadeldhura) whereas Suda is developed as the main commercial 
and the residential area of the Kanchanpur District, and located at vicinity areas of the 
Bhimdatta municipality. Many residential and business-industrial units are being shifted 
eastward particularly along the east-west highway. Therefore, the municipality has been 
receiving large number of migrants from the northern hill-mountain districts; and it is 
expected that residential, commercial and industrial activities will be rapidly increased 
in future.
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Figure 5: Spatial dimensions of urban land use zones in Bedkot municipality

Conclusion
Newly declared municipalities like Bedkot is rapidly growing and becoming a center of 
attraction for the people living in the surrounding areas. Such attractions have resulted 
rapid urbanization giving attentions to policy initiatives and planners for sustainable 
spatial planning. The land use changes between 2010 and 2018  in the municipality 
is taking place rapidly through decreasing agriculture and forest land, and converting 
these lands into built-up area. The data reveal that in the 8 years period of time 2.48% 
agriculture land has been converted into built-up area and 1.78 percent area is converted 
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into road, institutions and other public infrastructures. Similarly, 1.12 % forest area 
has been converted into cultivation and 1.09% of forest is converted into built-up area. 
Notable changes have also been occurred on water bodies decreasing 1.4% of its land 
converted into sand and bushes. 

Trend of urban development and expansion of the built-up area mainly found in and 
around the main market centers, along the highway, feeder roads and nodal road 
junctions in the municipality. Spatial expansion of the urban development in the 
municipality is increasing haphazardly without a proper spatial planning and lacking the 
long-term development vision to regulate unwanted sprawl settlements. One of the best 
tool to regulate municipality is to implement land use planning indicating the spatial 
advantages of potential zones for urban development. The proposed land use zoning 
(mixed use, residential, agriculture, industrial,  conservation and restricted area) could 
be used as a guiding tool of spatial planning for Bedkot municipality for long-term 
development which needs to be implemented by the municipality to regulate sprawal 
urban development.
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Abstract 
This study endeavours to explore the major hazards and the response capacity to 
disaster of Dadeldhura district. It used checklist to collect information on hazard 
ranking and capacity assessment. Similarly, key informant interview conducted with the 
key portfolios and members of district disaster management committee and Nepal Red 
Cross Society. Likewise, one focus group discussion was conducted with the purpose to 
draw insights of major disaster and capacity. Moreover, a district disaster preparedness 
plan was reviewed to understand the context of hazard and response. The major hazards 
of Dadeldhura district are landslide, flood, hailstone, fire, endemic, drought, thunderbolt 
and earthquake. Among all hazards landslide is in the first and flood is in the second 
rank based on damage and loss of physical property and livelihood. According to the 
district disaster preparedness and response plan, 2075, nine clusters have formed 
and updated emergency response plan for effective action in Dadeldhura. Among the 
nine clusters, this study only includes the search and rescue cluster to assess disaster 
response capacity. It has been found that out of nine clusters, search and rescue cluster 
seems progressive. However, the number of search and rescue trained people need to 
be increased. Likewise, the facility of ambulance and fire brigades need to extend in 
each rural municipality. Existing ambulance also need to be repaired and maintained 
regularly. The existing capacity is not enough to disaster response so, new efforts need 
to have been updated by DPRP with new activities to enhance the capacity. 

Key-words: Hazard, disaster, disaster response, emergency, search and rescue, capacity.

Introduction 
Hazard is a dangerous phenomenon, substance, human activity or condition that may 
cause loss of life, injury or other health impacts, property damage, loss of livelihoods 
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and services, social and economic disruption, or environmental damage (UNISDR, 
2009). Disaster is a serious disruption of the functioning of a community or a society 
involving widespread human, material, economic or environmental losses and impacts, 
which exceeds the ability of the affected community or society to cope using its own 
resources (MoHa, 2072). Disasters are often described as a result of the combination of 
the exposure to a hazard, the conditions of vulnerability that are present, and insufficient 
capacity or measures to reduce or cope with the potential negative consequences. Disaster 
impacts may include loss of life, injury, disease and other negative effects on human 
physical, mental and social well-being, together with damage to property, destruction of 
assets, loss of services, social and economic disruption and environmental degradation 
(UNISDR, 2009).When a large number of population exposed to a hazard are killed, 
injured, the event is termed disaster. Thus, a disaster is a realization of hazard, although 
there is no universally agreed definition regarding the scale on which loss has to occur 
in order to qualify as a disaster (Proaga,2014).

Disaster preparedness and response include a range of activities to protect communities, 
property and the environment (Koka and et al., 2018). Disaster response is similar with 
emergency response. Emergency response is a set of services that are provided to the 
disaster affected people as per their immediate need in face of a probable natural or 
human induced disaster to occur or immediately after an event of disaster. The aim 
of disaster response activities is to ensure the security of lives and properties of the 
disaster affected people as well as to reduce the sufferings of the disaster victims. 
Usually emergency response is initiated for short term period. Major disaster response 
activities are: dissemination of early warning, search and rescue operation, evacuation, 
first aid, shelter management, relief distribution, valuable information sharing related 
to life and asset saving etc. (Volunteers guideline, 2017). Emergencies can be on any 
scale, affecting a single household or a local community, causing disruption at a national 
or even global level. Emergencies are defined as life threatening situations which put 
people at risk of death or severe deterioration in their health status or living conditions, 
and which have the potential to out-strip the normal coping capacity of the individual, 
family, community and state support systems. Emergencies may affect men and women 
differently, and they in turn have differing ways of coping with emergencies (IFRC, 
Emergency response policy, 2017). The capacity includes strengths and resources 
available within a community such as the relevant institutions, social infrastructures, 
and skilled manpower useful for disaster management. A livelihood is considered as 
sustainable when it can cope with and recover from stresses and shocks (e.g. natural 
disasters, conflicts, epidemics etc. This study endeavours to explore the major hazards 
and the response capacity of Dadeldhura disaster.
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Methodology
Checklist was used to collect major hazards and capacities of the district. District 
disaster management committee was carefully observed and data collected on hazard 
ranking, capacity assessment and to assess the trained human resources on response and 
preparedness. Key informant interviews were conducted with the key portfolios and 
members of district disaster management committee (DDMC) and Nepal Red Cross 
Society (NRCS) district chapter. Likewise, one focus group discussion was conducted 
with the participation of DDMC members. Focus group discussions aimed to draw 
the insights of major disaster and coping abilities, as well as human knowledge, skills 
and collective attributes such as social relationships, leadership and management. The 
collected different data were tabulated and analysed in Microsoft Excel software. The 
district disaster preparedness plan (DPRP) developed by DDMC was reviewed to 
understand the context of district disaster response capacity. 

Study area
Dadeldhura district lies in Sudur Pashchim province which spreads 28059" to 29026" 
North latitude and 800 12" to 80074" East longitude (DEO, 2019). The district, with 
an area of 1,538 sq. km (DEO, 2019) is divided into two municipalities and five rural 
municipalities. The district characterised by two physiographic regions 28.2% of areas 
under Churia hills and duns and 71.8% areas under middle mountains (Ghimire and 
Basnet, 2015). Elevation of the district ranges from 305 meter in the south to 2039 meter 
in the north above mean sea level. It has 27,045 households with a total population of 
142,094 (male 66,656 & female 75,538). Literacy rate in the district is 53.43% (women’s 
literacy rate is 33.9%). The district is well served by road network. Dadeldhura is the 
gateway to various hilly districts of the region such as Accham, Doti, Baitadi, Bajura, etc. 
Due to its strategic location, the district has a potential to be a regional hub. The major 
rivers are Seti and Mahakali. Chama, Bhungra, Sakayal, Rangun, Sadhani, Raduwa, 
Rupali, Shirsha, Puntura are the major small rivers. In addition, Alital and Wadapathi are 
the famous ponds. There are water falls in Rasail in Rupal and Kumadgau in Gangkhet 
(DEO, 2019). This district is vulnerable from the perspective of hazards. Each year in 
average 1000 families are affected by various disasters including flood, landslide and 
fire. Similarly, this district is also affected by diarrhoea and transmitted diseases. This is 
vulnerable district in terms of earthquake as well (DPRP, 2075). 
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Figure 1: Location map of Dadeldhura district

Results and discussion
Disaster history of Dadeldhura district

This district might have been stricken by various disasters for ages. However, as per the 
available data from Ministry of Home Affairs, Nepal (2019). Dadeldhura district has 
been suffering from multidisasters since 1972. As per the number of deaths, epidemic 
is the first ranked disaster. Landslide is the second by where 27 people were lost, one 
missed, and 3,224 families were affected. Similarly, 38 households were fully damaged, 
and 39 households were partially damaged. Flood is another devastated disaster that 
caused 21 human being lost, five missing and 4,423 families were affected. Moreover, 
73 houses were fully damaged, and 60 houses are partially damaged. Road accident, fire, 
thunderbolt, cold wave also affected the people and assets (Table 1). Thus, from 1972 
to 2019 during the period of 47 years 123 people have been lost their life. Likewise, six 
people have been missed, 11,837 families were affected, 249 people were injured, 187 
houses have been fully damaged, and 742 houses have been partially damaged. There 
has been a huge human and economic loss from multiple disasters.  
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Table 1: Effect of disaster in Dadeldhura (1972-2019) 

Disaster Total 
Death

Missing 
People

Affected 
Family

Estimated 
Loss Injured

Fully 
Damaged 

House

Partially 
Damaged 

House
Epidemic 42 0 1,131 0 179 0 0
Landslide 27 1 3,224 3,00,000 14 38 39
Flood 21 5 4,423 0 1 73 60
Accident 8 0 0 0 0 0 0
Fire 7 0 291 16,16,88,443 5 74 32
Thunderbolt 7 0 26 0 46 0 2
Cold Wave 4 0 30 0 0 0 0
Snow Storm 3 0 0 0 0 0 2
Other 4 0 2,712 26,81,500 4 2 607
Total 123 6 11,837 16,46,69,943 249 187 742

Source: Ministry of Home Affair, Nepal, 2019

Major hazards
Hazards arise from a variety of geological, meteorological, hydrological, oceanic, 
biological, and technological sources, sometimes acting in combination. In technical 
settings, hazards are described quantitatively by the likely frequency of occurrence 
of different intensities for different areas, as determined from historical data or 
scientific analysis. Hazards are divided in biological hazard, geological hazard, 
hydrometeorological hazard, natural hazard, socionatural hazard and technological 
hazard (UNISDR, 2009). 

Table 2: Hazard ranking of Dadeldhura district 

Hazards Land-
slide Flood Hail-

stone Fire En-
demic Drought Thunder-

bolt
Earth-
quake Score

Land-
slide

Land-
slide

Land-
slide

Land-
slide

Land-
slide Landslide Landslide Landslide 7

Flood Flood Flood Flood Flood Flood Flood 6

Hailstone Hail-
stone

Hail-
stone Hailstone Hailstone Hailstone 5

Fire Fire Fire Fire Fire 4
Endemic Endemic Endemic Endemic 3
Drought Drought Drought 2
Thun-
derbolt

Thunder-
bolt 1

Earth-
quake 0

Ranking First Second Third Fourth Fifth Sixth Seventh Eighth

Source: DPRP, 2019
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As per the District Disaster Preparedness and Response Plan (DPRP) 2019, the major 
hazards of Dadeldhura district are landslide, flood, hailstone, fire, endemic, drought, 
thunderbolt and earthquake. Among all hazards landslide is in the first and flood is in 
the second ranked based on damage and loss of physical property and livelihood (Table 
2). Both natural and anthropogenic factors contribute to landslides. Natural factors may 
be subdivided into inherent and external factors. Inherent factors include geological 
formation and structure, slope, aspect, land use, land cover and groundwater conditions. 
External factors include seismic waves and rainfall. Anthropogenic factors include 
human interventions like deforestation, improper land use, unplanned construction, and 
unplanned mining (Nepal Disaster Report, 2009). 

Earthquake is in the eighth rank in Dadeldhura district. But Nepal’s proximity to 
earthquake hazards is mainly due to her young and fragile geology. Haphazard and 
unplanned settlements and poor construction practice are the other reasons that have 
made her highly vulnerable to earthquake impacts. Earthquake threats the entire country 
all the time and it is poised for a mega disaster for which scientists are forecasting with 
a high probability of its occurrence anytime anywhere in the region (Nepal Disaster 
Report, 2015). So, the plan needs to be developed that the earthquake is in the first rank 
(LDCRP draft guideline, 2074). 

Disaster response capacity
The sustainable livelihood framework (DFID, 1999) expresses strengths and capacities 
of people in terms of their livelihood assets namely human, natural, financial, social, 
physical and natural capitals. Capacity may include infrastructure and physical means, 
institutions, societal coping abilities, as well as human knowledge, skills and collective 
attributes such as social relationships, leadership and management. Capacity may also 
be described as capability. Capacity assessment is a term for the process by which 
the capacity of a group is reviewed against desired goals, and the capacity gaps are 
identified for further action (UNISDR, 2009). Coping capacity also depends on adequate 
household assets and supportive social and governance relations and can be thought of 
as a component of wider capacity development for disaster risk reduction (DFID, 2004). 

The National Disaster Response Framework (NDRF) 2013 has been amended in Nepal. 
The NDRF, 2013 is a guideline for disaster response in Nepal. The amendment was 
in line with the federal governance system on disaster risk reduction for mobilization 
of national level resources. The amendment supports to implement the disaster risk 
reduction and management act 2074 (NDRF, 2019). 
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Dadeldhura district has identified nine clusters for the disaster response. The thematic 
area of the clusters are: i) information, communication and coordination ii) search and 
rescue iii) emergency shelter and non-food materials iv) health and nutrition v) drinking 
water, sanitation and hygiene vi) food security and livelihood vii) emergency education 
viii) rehabilitation, reconstruction and logistics management and ix) protection (DPRP, 
2019). Out of these nine thematic areas for the disaster response, this study only tries to 
analyse the search and rescue thematic area. 

Search and rescue
The capacity building on search and rescue is very crucial for saving lives of people. 
The emergency fund, if established, can be used to provide the rescue, relief and 
rehabilitation materials and distribute the flood affected people during the emergency 
situation (Osti, 2008). Search techniques focus on where victims are likely to be located 
and areas of entrapment. Areas of entrapment inside damaged structures are called 
voids; they include spaces that victims get into to protect themselves (under desks, in 
bathtubs, in cupboards). When potential areas of entrapment have been identified and 
the potential number of victims estimated, search operations begin. Initially, searchers 
call out, requesting victims to identify their location, following a systematic search 
pattern.

Trapped victims are removed and given medical aid as necessary. Triage may be used 
to prioritize assistance for those who need it most. Before removing victims, it is often 
necessary to move or stabilize debris. Victims may be able to walk to safety places 
themselves, or may be removed using lifts, drags, or carries. Removal of victims is 
designed to avoid further injury (UNHCR, 2019). 

Human resource for search and rescue 
Human resource for search and rescue is the first essential part for disaster response. 
But a report of Hyogo Framework for Action clearly identified the challenges. The most 
common challenges identified are: lack of pragmatic DRM Act, relief and response 
centric DRM activities, a lack of dedicated high-level DRM institutions. Moreover, 
the report has also included weak implementation of activities, poor monitoring and 
evaluation mechanisms. Inadequate trained human resource is one of the challenges at 
all levels and ineffective information management system (NDR, 2017). 
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Table 3: Human resource for search and rescue in Dadeldhura

Sector Agency No. of trained 
human resources Places

Search and rescue NRCS and 
municipality 450

NRCS and Parshuram 
municipality, Alital, Nawadurga 
and Ganyapdhura rural 
municipality 

Search and rescue Nepal police 40 District police and area police 
office

Search and rescue Armed police 
force (APF) 25  

Search and rescue Nepal army As per need  

First AID NRCS and 
municipality 500

different chapters of NRCS and 
Parshuram municipality, Alital, 
Nawadurga and Ganyapdhura 
rural municipality 

Total  1,015  

Source: DPRP, 2019

There are total 1,015 trained human resources on search and rescue. Nepal Red Cross 
Society (NRCS) and all municipalities have 450 trained human resources. These 
trained human resources include community action for disaster response (CADRE), 
district disaster response team (DDRT) and national disaster response team (NDRT). 
Human resource seems dispersed in NRCS district chapter, sub-chapter and in some 
municipalities such as Amargadi and Parshuram. Likewise, in some rural municipalities 
such as Alital, Nawadurga and Ganyapdhura. The search and rescue related human 
resources are generally provided by security forces. Despite the lack of enough search 
and rescue equipment and resources, security forces played a significant role in search 
and rescue and relief works (Nepal Disaster Report 2015).                      

In Dadeldhura district, Nepal Police and APF have 40 and 25 trained human resource 
respectively (Table 2). Nepal Army can provide human resource as per the need at the 
time of disaster response.  The search and rescue also include the process of locating 
and recovering disaster victims and the application of first aid and basic medical 
assistance as may be required (Nepal Disaster Report, 2015). So, for the basic first aid 
service, Dadeldhura district has 500 trained human resources on first aid. These trained 
resources have based in different chapters of NRCS and Parshuram municipality, 
Alital, Nawadurga and Ganyapdhura rural municipalities. It seems that there is no good 
coordination between community and security forces for search and rescue. In addition, 
there is not the separate fund to recover first aid kits after used up in emergency. 
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Search and rescue materials 
Search and rescue are impossible without necessary materials in disaster response. As 
per the experience, search and rescue materials are always lack of in Nepal. search and 
rescue material include life jacket, helmet, boot, gloves, glass, pick, axe, spade, first aid 
kits, crowbar, shovel, stretcher etc. Dadeldhura district have various sets of search and 
rescue materials. Nepal Army, Nepal Police, Armed Police Force have their separate 
search and rescue materials. Likewise, district emergency operation centre (DEOC)has 
search and rescue materials (Table 4).

Table 4: Search and rescue material in Dadeldhura district

Material Nepal army Nepal police APF DEOC
Rescue jacket 8 57 8 3
Life jacket    10
Helmet 15 23 8 4
Boot 12 12 8 1
Pick 7  5 2
Axe 6 10 5 1
Spade 7 25 4  
First aid kits 2  1 10
Crowbar 5 34 5 3
Shovel 5 34 3 3
Tube 3 8 1  
Stretcher  24 1 1
folding stretcher3, 
nylon rope 4, 
light 3, mat 2, 
fire cylinder5, 
hammer2, 
Carrabin screw8, 
crowbar , chest 
harness2,prime bar 
1, pump 2, tarpaulin 
1, swimming jacket 
10, gal 5, plastic 
bucket 3, plastic jug 
8, whistle 7, rain 
suit 2.

   buckets 10, pump 3, 
hand mike 4, rope 8 
roles, torch light 2, 
gloves 10 pairs, fire 
distinguisher8, tarpaulin 
medium 2, tarpaulin 
small 12, tarpaulin big 
3, mattress78, whistle 1, 
head light 15, non-food 
relief items 14 packets, 
jugs 25.

Source: DPRP, 2019
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Nepal Red Cross Society (NRCS) also has their own search and rescue materials. 
NRCS provides their material to district disaster management committee (DDMC) 
with the trained human resources at the time of emergency response. NRCS has their 
own warehouse in the district to store non-relief material including search and rescue 
materials. It does not seem to have coordination between community and security forces 
regarding the search and rescue. So, this need to be extended the coordination in the 
days to come.

Table 5: List of search and rescue material in NRCS

Rescue materials

Stretcher Rope Tent Helmet Stick Crutches Family 
pack Bucket Gum 

boot
24 50 5 32 13 11 25 100 8

Source: Field Survey, 2019

NRCS has 24 stretchers, 50 quills of rope, five tents, 32 helmets, 13 sticks, 11 crutches, 
non-relief items for 25 families, 100 buckets and eight pairs of boots. Stick and crutches 
store to support for person with disability and who got injure at the time of disaster. 
Except these, there are 10 community disaster risk management committees in the 
adjoining villages of Mahakali river where there are also placed 10 sets of search and 
response kits with 144 trained human resources. There is lack of search and rescue 
materials management plan and utilization guideline in the district. 

Capacity on heavy equipment and emergency transportation
If there is large scale of disaster like flood, landslides and specially earthquake, heavy 
equipment need to alert for search and rescue purpose. Heavy equipment is supportive 
to move the heavy materials of house, schools, hospitals, road. This is also useful to 
rescue for the multi store buildings at the time of emergency. 

Table 6: Capacity on heavy equipment and emergency transportation

Mechanical 
property Number Places

Excavator 14 Different parts of district
Backhoe loader 14 Different parts of district
Tripper 13 Different parts of district
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Ambulance 7

Red Cross district chapter, Red cross sub chapter 
Jogbudha, Sub regional hospital, Ganyapdhura 
rural municipality ward no. 1 and Nabadurga rural 
municipality

Fire brigade 2 Amargadi and Parshuram municipality

Source: Field Survey, 2019

Dadeldhura district has 14 excavators, 14 backhoe loaders and 13 trippers. These all are 
from the construction companies. There are total seven ambulances. Out of seven few 
need to be repaired. According to the population of the district, the number of ambulances 
is very few. Each rural municipality should have one ambulance for emergency health 
service. There are only two fire brigades in Dadeldhura (Table 6)

Conclusion  
Dadeldhura is one of the disaster-prone districts of Nepal. Particularly, due to the 
Mahakali river and its tributaries, people who live nearby to river and hill area are 
highly vulnerable. For ages community has lost human and physical assets at the 
time of monsoon. According to the resources and disaster response plan, Dadeldhura 
district has moderate level of capacity for disaster response on search and rescue. Nepal 
government has national disaster response framework (NDRF) that provides the outline 
of disaster response. Dadeldhura district has district disaster management plan that 
updated the major hazards, cluster capacity and gap. Nine clusters have formed and 
updated emergency response plan. It is better to have at least a rescue team in a village. 
Generally, eight people consists in a team of search and rescue in Nepal. So, the number 
of search and rescue trained people need to be increased. likewise, there need to be 
increased the facility of ambulance and fire brigades in each rural municipality. Existing 
ambulance need to be repaired and maintained regularly. 

It is necessary to have a separate fund to recover and replace the used of search and rescue 
materials. it is recommended to develop the search and rescue materials management 
plan and utilization guideline in district level. All the disaster affected people cannot 
spend the money for ambulance service so that DDMC needs to take lead to manage 
free service. The existing capacity is not enough to disaster response so, new DPRP has 
to be updated with new activities to enhance the capacity. 
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