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This paper is a review of policies for disaster risk management in Nepal and
discusses the strengths, gaps and constraints of the same. Institutional and
Legislative Systems (ILS) approach has been adopted focusing on three
aspects: i) legal and regulatory frameworks, ii) policies and programs, and iii)
organizational/institutional set-up. This paper concludes that newly endorsed
Disaster Risk Reduction and Management Act (2017) can be a milestone in
disaster management of Nepal not only because it has replaced about 40 years old
Natural Calamity (Relief) Act, 1982 but also for the first time, it saw disaster risk
management as an process focusing on different stages of disaster management
cycles, preparedness, response and rehabilitation and mitigation. The provision
of well-structured functional institutional set-up from the centre to local level
can have positive outcome in disaster management. However, it overlooks
significant aspect, such as the declaration of disaster-prone zones limiting the
right of provincial disaster management committee only for recommendation to
the Government of Nepal. Most of policies, strategies and legislations focused on
some specific disasters such as flood, landslide, earthquake and GLOF/avalanches
at national level paying less emphasis to the local level. Even now, most of the
policy interventions towards different cycles of disaster risk management have
laid emphasis on preparedness and response rather than to rehabilitation and
mitigation. The conflicting provisions in Acts such as Water Resource Act (1992)
and Building Act (1998) with Local Government Operation Act (2017) have
made overlapping of their roles and responsibilities. So, the policy formulation
and institutional set-up needs to be complemented by the ability and competence
to operationalize the intent of the relevant acts and policies at all levels of
government.
Keywords: Nepal; disaster; legislation; policy; institution; strengths; constraints
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Introduction
A combined effect of high relief and rugged topography with steep slopes, high seismicity
and highly concentrated monsoon rainfall has made Nepal’s fragile environment prone
to varieties of hazards and disasters. Nepal stands at the top 20th most disaster prone
countries in the world. The country ranks 4th, 11th and 30th in terms of climate change,
earthquake and flood risk respectively (MoHA, 2016). Located along the Himalayan
Arc, the country is highly susceptible to floods, landslides, glacial lake outburst floods
and earthquakes (Petley et al., 2007; MoHA, 2011). According to the data published
by MoHA (2016), during a period of 45 years (1971 to 2015), a total of 22,372 disaster
events have been recorded. Hence, annually, Nepal is exposed to about 500 events of
disaster. The data show that fire is one of the most recurrent hazards in Nepal. Number
of the most recurrent fire incidences was 7,187 followed by flood (3,720), epidemic
(3,448) and landslide (3,012). As a result of disaster during a period of ten years (20052015), over 700 thousand people lost their lives, over 1.4 million were injured and
approximately 23 million were made homeless. In total, more than 1.5 billion people
were affected and more than $1.3 trillion economic loss was made by disasters in various
ways (MoHA and DPNet-Nepal, 2015). Among the disasters, epidemic and flood and
landslide hold first and second position in terms of loss of lives accounting 47.5 and
35.6 percent respectively (DWIDM, 2015).
One of the important aspects of disaster risk management (DRM) is policy and
institutional provisions of the government. The success of disaster management activities
largely depends on systematic formulation of policy strategies, legal provisions,
institutions and its roles and responsibilities in dealing with disasters (Quarantelli, 1988;
Wisner et al., 2004; UNISDR, 2009). These actions and arrangements are generally
divided into four phases of a disaster management cycle, comprising of preparedness,
response, relief/recovery and mitigation (Noji, 2005; Godschalk, 1991; Mileti, 1999).
Neal (1997) argues that different actors, institutions, individuals and communities can
be engaged within different phases of a disaster at the same time. Unsound disaster
management policy and practices might increase disaster risk and disaster losses (Hasan,
Akhte, Ahmed, & Kabir, 2013). Ahmed, Moroto, Sakamoto, Haruna, Akiko (2016) also
have stressed on the need of institutional strengthening for disaster risk management.
Obeta (2014) has noted that in the absence of well-articulated and organized institutional
structure, there arises a major obstacle to co-ordinate response activities during disaster.
Fragmented responsibilities of different disaster management institutions show the
lack of an effective institutional structure for disaster management and mitigation,
2
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particularly at the local level (Cheema, Mehmood, Imran, 2016). Farthing and Ware
(2006) stressed on disaster preparedness rather than response. The shortcomings in
DRM are increasingly being regarded as a consequence of weak governance and lack of
political will (Williams, 2011; Jones, Oven, Wisner, 2015). Historically, public policy in
disaster risk management has been heavily concentrated on response reflecting a belief
that disasters are "acts of God" or "acts of Nature" - unfortunate but random calamities
beyond our control. This perspective has been widely rejected by disaster researchers,
who instead define disasters as interaction of physical and social phenomena (Henstra
and McBean, 2005). Researchers and policy makers around the world have broadened
our understanding of the physical and social variables that precipitate disasters and
have identified a number of strategies to mitigate disaster losses. Internationally, there
appears to be a growing consensus that a disaster management requires to move from
reactive response-based disaster management to a more proactive effort to disaster risk
management (Henstra and McBean, 2005). Comfort (1999) emphasizes to change the
policy landscape on disaster management that relies heavily on sending assistance only
after tragedy has occurred. Williams (2011) concludes that some governments have
successfully adopted and implemented disaster risk management (DRM) policies, while
others lag behind.
Though the Government of Nepal has made efforts to formulate and implement
various legal and policy provisions to create conducive environment to disaster risk
management, no significant reduction in disaster losses has been achieved yet. It is in
this context that a dire necessity realized to review of the existing policies, programs
and institutions for disaster risk management in order to identify the potential areas for
further improvement in those provisions.

Approaches and methods
Institutional and Legislative Systems (ILS) approach (UNDP/ BCPR, 2007) was adopted
to analyze the existing legislations, policies/ strategies and institutional/ organizational
structure for disaster risk management. ILS is a system of organizational structures,
mechanisms and processes, strategies, policies, laws and regulations, resources and
procedures, at all levels of administration, governing how the country manages disasters
and disaster risks. The integral parts of the ILS for disaster risk management are the
state, civil society and the private sector. The interaction between the components and
actors of the ILS may be formal or informal. Ultimately, the effectiveness of the ILS in
a country will depend on good management practices, which ensure that the individuals,
3
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institutions and departments involved are aware of their roles and responsibilities and
have the skills to exercise them (UNDP/BCPR, 2007). For the purpose of our analysis,
the elements that comprise ILS were grouped into three broad categories, such as, legal
and regulatory frameworks, policies and programs and institutional/organizational
structures.
During review work, first of all, online available literatures were collected from the
various internet sources, such as, Google search, Research Gate, Jstor and specific
journal sites-Elsevier, Journal of Integrated Disaster Risk Management, International
Journal on Disaster Risk Management, Natural Hazards, British Journal of Applied
Science and Technology, Economic and Political Review, Disaster Review, and others.
In order to analyze the legislations on disaster risk management in Nepal, information
was obtained from the website of Nepal Law Commission on www.lawcommission.
gov.np. In addition, the information to review the National policies, plans and strategies
on disaster risk management were gathered either in hard copy or internet portals of
different institutions, such as Ministry of Home Affairs (MoHA), Department of Water
Induced Disaster Management (DWIDM), Water and Energy Commission Secretariat
(WECs), Ministry of Population and Environment (MoPE) and others. The literatures
were searched by key words, policies, plans, strategies, act and directives, institutions
on disaster risk management.
Secondly, literatures on disaster risk management were grouped into three broad
categories based on the approach of Institutional and Legislative Systems (ILS), such as,
legal and regulatory frameworks, policies and programs, and organizational/institutional
set-up.
Thirdly, literatures on legislation, policies and strategies were analyzed by types of
disaster, such as, flood and landslide, earthquake, windstorm/hailstorm and thunderbolt,
GLOF/Avalanches, fire and epidemic; level of governance, such as, national, regional
and local and disaster management cycles, such as, preparedness (pre-disaster), response
(during disaster) and rehabilitation and mitigation (post disaster).
Finally, institutional mapping with their roles and responsibilities and linkages (both
vertical and horizontal) were also made during review. Based on the review, strengths,
gaps and constraints in disaster risk management were identified (Figure 1).
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Disaster Risk Management: Policies,
Programs and Institutions
Institutional and Legislative System (ILS)

Collection of literature by using keywords in
different websites and portals

Types of
Disaster

Level of
governance

Institutional structures

Policies/Plans

Legal and Regulatory Framework

Disaster
management cycle

Roles/ responsibilities and linkages

Strengths, gaps
and constraints

Figure 1: Methodological Framework.

Results and discussion
Legal and regulatory frameworks
Governments set out laws and regulations, which provide the basis for promoting
and enforcing certain rights and obligations to groups and individuals. In the context
of governance for DRM, laws set standards and objectives and assign mandates and
responsibilities to different actors. Regulations and codes describe specific procedures
and norms and seek to encourage or discourage certain behaviour. This rests upon the
basic principle of “allowing or prohibiting activities” (Hughes, 1998) and creating
incentives/disincentives (taxes, penalties, tax breaks, subsidies, grants, etc.) that will
either reward or punish. The effectiveness of legislation rests upon the administrative
capacity of a country but also on the acceptance and awareness of rules and norms by
the populace (UNDP/BCPR, 2007).
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Disaster risk management acts, codes and regulations
Disasters in Nepal were traditionally managed on an ad-hoc basis and attended to as
and when they occurred. For the first time, in 1982 the Natural Disaster Relief Act
(NDRA) also known as the Natural Calamity Relief Act (NCRA) was formulated which
is replaced by currently endorsed Disaster Risk Reduction and Management Act, 2017.
Soil and Watershed Conservation Act (1982) is one of the major DRM acts which has
defined soil and water conservation as a function of controlling and saving landslides,
floods and soil erosion. Water Resource Act (1992) focuses to minimize adverse effect
on environment by way of soil erosion, flood, landslide or similar other causes. Forest
Act, 1993 aims to design comprehensive structure of forest resources in Nepal from
the perspective of disaster management. Environment Protection Act, 1996 has made
provision of environmental impact assessment of the proposed activity before it is
carried out. The Building Act (1998) has made provisions for the regulation of building
construction works in order to protect building against earthquake, fire and other
natural calamities. However contradict with autonomy of local body as provisioned
by The Local Government Operation Act (LGOA) 2017 and low awareness among the
population (NPC, 2015). Although, the Act has made local entities responsible, as the
situation stands, integrated execution of concepts introduced through the Act has stalled
due to absence of necessary rules, budgetary allocation and adequate guidance for the
purpose (MoHA, 2009; Pradhan, 2007). Prime Minister Relief Fund Regulation (2007)
has made provision of funding for rescue, assistance, medical treatment, aid to poor
people, and aid for charity projects. The Constitution of Nepal (2015) has spelled out in
its Directive Principles, Policies and Obligations of the State (Clause 51) about disaster
management as to make advance warning, preparedness, rescue, relief and rehabilitation
in order to mitigate risks from natural disasters. The constitution has given the list of
concurrent powers of federation, state and local level focusing on early preparedness
for, rescue, relief and rehabilitation from, natural and human-made calamities for
disaster management in Schedule-7, 8 and 9 (Constitutional Assembly Secretariat,
2015). The Local Government Operation Act (LGOA) 2017, which has replaced Local
Self Governance Act (LSGA) 1999, empowers local bodies to govern themselves. It
recognizes that local people and local bodies are the most appropriate points of entry to
meet the disaster management needs at the local level. The LGOA authorizes to undertake
following functions with respect to DRR by local bodies (MoLJCAPA, 2017):
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●● Local level policies, legislation, standards, plan implementation, monitoring and
evaluation related to disaster management;
●● Disaster preparedness and response plan, early warning system, search and rescue,
advance store of relief materials, distribution and coordination at local level;
●● Local embankment, river and landslide control, river management and evaluation;
●● Hazard mapping and identification of settlements at risk and transformation;
●● Coordination between federal, state and local level and local community organizations
and coordination with private sector in order to disaster management;
●● Establishment of disaster management fund and
resources;

operation and utilization of

●● Plan formulation, implementation, monitoring and evaluation for disaster risk
reduction;
●● Resettlement and rehabilitation after disaster;
●● Data management and study and research about local level disaster;
●● Development of local emergency work operation system; and
●● Implementation of community based disaster management.
Though currently promulgated this Act has made several provisions to undertake
activities on disaster risk reduction at local level, we have to wait some times to achieve
the outputs. The capacity building and formation of functional organs at the local level
can have positive impact of the Act.
Currently endorsed Disaster Risk Reduction and Management Act, 2017 has made
provision of effective disaster risk management throughout the disaster management
cycle-preparedness, response and rehabilitation and mitigation (MoLJCAPA, 2017).
This Act replaces the Natural Calamity Relief Act of 1982. The salient features of the
Act are:
●● Natural Calamity Relief Act, 1982 did not cover the broader spectrum of hazard
mitigation and disaster risk management and categorization of the diversified
disasters of Nepal which require different attention. Against this backdrop, this
new Disaster Management Act has incorporated the whole spectrum of disaster
management cycle and the diversity of disasters;
7
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●● Disasters are defined distinctly as natural and human induced;
●● This Act provides for a detailed action plan right from the central government to
the district and local levels to draw implement and execute a disaster management
plan. According to the act, a National Council for Disaster Management (NCDM)
will function under the chairmanship of the prime minister. National Disaster Risk
Reduction and Management Authority (NDRRMA) under the NCDM will be set
up under Ministry to act as the focal point for disaster management functions in
Nepal from formulation of appropriate strategies and plans to implementation
and supervision of disaster management activities. Similarly, the state disaster
management authorities will be under the Chief Ministers and the district disaster
management authorities under the Chief District Officers (CDOs);
●● Clarifies the role, responsibility and functions of security forces including Nepal
Army;
●● This Act has made provision of recommendation to the government of Nepal for the
declaration of disaster-prone zones, streamlining of responsibilities and involvement
of local communities.
The new Act can be considered as an umbrella Act that covers the whole spectrum of
disaster risk management from preparedness phase to response, relief and rehabilitation.
It has followed the new restructuring of the state and made provision of disaster risk
reduction activities accordingly. The institutional set-up provisioned by this act has made
effort to decentralize the role of disaster management activities, such as preparedness,
response, rescue and relief to the province and district/local level. Still, this Act has
made concentration of the power about disaster related policy making to the National
Council making the province and district/local bodies as implementing agencies, which
can be thought as major shortcoming of this Act.
The review of legislations by types of disasters, level of governance and phases of
disaster management cycle is given in Table 1.

8

P. Nepal; N. R. Khanal; and B. P. Pangali Sharma / The Geographical Journal of Nepal Vol. 11: 1-24, 2018

Table1: Legislative provisions for disaster risk management

Rehabilitation
and mitigation

Response

Phases of
Disaster Cycle
Preparedness

Local

Regional/
Province

Level of
Governance
Epidemic

Fire

GLOF/
Avalanche

Earth- quake

Flood and
Landslide

Types of Disaster

National/
Federal

Regulatory
Framework

Soil and Watershed
Conservation Act
(1982)
Water Resource Act
(1992)
The Forest Act (1993)
National Building Code
(1994)
Environment Protection
Act (1996)
The Building Act (1998)
Prime Minister Relief
Fund Regulation (2007)
Constitution of Nepal
(2015)
Local Government
Operation Act (2017)
Disaster Risk Reduction
and Management Act
(2017)

Policies and plans
National disaster risk management policies
One of the major policies on disaster management is National Action Plan which
deals with different stages of a disaster- pre, during and post (MoHA, 1996). It has
given emphasis to the hazard assessment and mapping of the recurring disasters, such
as earthquake, flood, landslides, GLOF, etc. However, expected results could not be
9
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achieved due to inadequate resources
Priority 1: Understanding disaster risk.
and coordination between the concerned
agencies and stakeholders (MoHA, 2009).
Priority 2: Strengthening disaster risk
One of the major long-term objectives of
governance to manage
prevailing Forestry Sector Policy, 2000 is
disaster risk.
to protect land from degradation by soil
Priority 3: Investing in disaster risk
erosion, floods, landslides, desertification,
management for resilience.
and other ecological disturbances. The
Water Resources Strategy – 2002 and the
Priority 4: Enhancing disaster
National Water Plan – 2005 have laid out
preparedness for effective
the short term, medium term and long
response and to “Build
Back Better” in recovery,
term strategies, plans for mitigation and
rehabilitation and
management of water induced disasters.
reconstruction.
National Water Plan 2005 has identified
Box 1: Four priority areas of Sendai
different programmes, such as, Risk/
framework
Vulnerability Mapping and Zoning,
Source: UNISDR, 2015
Disaster Networking and Information
System,
Community-level
disaster
preparedness and others.Water Induced Disaster Management Policy-2006 has been
formulated to mitigate water induced disasters and reduce loss of lives and property and
to enhance institutional strengthening. International framework on disaster management,
such as the Hyogo Framework for Action (HFA) 2005–2015 has played an important
role in advancing the agenda for DRR (Djalante et al., 2012). National Strategy for
Disaster Risk Management in Nepal (NSDRM), 2009 was implemented in line with the
Hyogo Framework. It has proposed different institutional set-up to emphasis from relief
to preparedness, response, rehabilitation and mitigation and mainstreaming DRR into
development efforts of the country. Another Sendai Framework 2015-2030 for disaster
risk management is under implementation (Box 1). As DRR a key priority for Nepal,
the Sendai Framework represents a milestone achievement to ensure DRR remains on
the agenda for countries over the next 15 years (UNISDR, 2015). Nepal Risk Reduction
Consortium (NRRC) was set up in 2009 aiming to support the GoN to develop a
long-term disaster risk management action plan (NRRC, 2013). National Adaptation
Programmes of Action (NAPA), 2010, National Climate Change Policy (2011), and
National Framework on Local Adaptation Plan of Action (LAPA), 2011 articulate the
integration of Climate Change Adaptation (CCA) into development processes at national
and local levels. The National Disaster Response Framework, 2013 (NDRF), Local
Disaster Risk Management Planning Guidelines (LDRMP), 2012, National Strategic
Action Plan on Search and Rescue, 2013 and others have also been designed in order to
work on disaster risk management.
10
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Integration of disaster risk management into development policies and plans
The disaster management is a development issue that is realized by the policy makers of
the country. For the first time, disaster Management issue was included in the Tenth Plan
(2002-2007) of the government of Nepal. Chapter 17 emphasized on the irrigation and
water induced disaster control whereas chapter 22 deals with population, environment
and natural and human induced disaster management. Both chapters gave the priority on
policy formulation, strengthening institutional mechanism, risk assessment, information
collection and dissemination regarding the disaster management (NPC, 2002). Similarly,
the Three Year Interim Plan (2007/08-2009/10) devoted separate chapter (chapter 26)
on natural disaster management. The interim plan emphasizes on policy formulation,
strengthening institutional mechanism, EWS, coordinated approach for DRR and
linking disaster management with climate change. It was hoped that this attempt would
be a landmark in the history of disaster management. The plan has listed the programs
of preparedness for effective response and recovery and, risk and hazard zone mapping
(NPC, 2007). The Twelfth Three Year Plan (2010/11-2012/13) set its disaster management
goal to achieve goal of Hyogo Framework for Action by 2015. Long term goal of the
plan was to develop disaster resilient Nepal. Moreover, mainstreaming disaster risk
management, institutional and legal reform and preparedness for better response are
the strategies of this plan (NPC, 2010). The Thirteenth Plan (2013/14-2015/16) directly
spelled out about disaster management. This plan aims to bring disaster management
issue as mainstream of development process in order to reduce its effects to human
population. Therefore, the plan made three strategies to cope with disaster: i) develop
appropriate legal institution for effective disaster management, ii) strengthen relation
of private/local community with NGOs and INGOs for disaster management, and iii)
develop early preparedness for disaster event. This plan also focuses on preparedness
plan against disaster event which ultimately helps to reduce human causalities (NPC,
2013). The current Fourteenth Three Year Plan (2016/17-2018/19) has set its disaster
management goal in chapter six under the section of disaster management, environment
and climate change. The plan aims to reduce human, physical, economic, cultural and
ecological losses due to disasters. It has made strategies for different types of disasters
management, such as, earthquake, flood, landslide, epidemic and others focusing on
different phases of disaster management cycles, such as, preparedness, response
and rehabilitation and mitigation. It has also emphasized on governance of disaster
management at national, regional and local levels (NPC, 2017).
Most of the policies, plans and strategies that deal with different types of disasters, level
of governance and different stages of disaster management cycle is given in Table 2.
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Table2: Policy provisions for disaster risk management in Nepal

National Action Plan for Disaster
Risk Management (1996)
Forestry Sector Policy (2000)
Water Resources Strategy (2002)
National Water Plan (2005)
Water Induced Disaster
Management Policy (2006)
Tenth Plan (2002-2007)
Three Year Interim Plan
(2007/08-2009/10)
National Strategy for Disaster
Risk Management in Nepal
(NSDRM) (2009)
The Nepal Risk Reduction
Consortium (NRRC) (2009)
National Adaptation Plan of
Action (NAPA) (2010)
Twelfth Three Year Plan
(2010/11-2012/13)
Local Adaptation Plan of Action
(LAPA) (2011)
National Climate Change Policy
(2011)
National Strategic Action Plan on
Search and Rescue (2013)
Thirteen Plan (2013/14-2015/16)
Fourteenth Plan (2016/172018/19)
Hyogo Framework for Action
(HFA) (2005–2015)
Sendai Framework (2015-2030)
12
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Flood and
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Policies, Plans and Strategies

National/
Federal
Regional/
Province

Level of
Governance

Types of Disaster
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Institutional/organizational structure on disaster risk management
By replacing the institutional structure of Natural Disaster Relief Act (NDRA) – 1982
and modifying the institutional structure for disaster risk management proposed by
National Strategy for Disaster Management, 2009, currently endorsed Disaster Risk
Reduction and Management Act, 2017 has made provisions of new institutional set-up
for disaster risk management (MoLJCAPA, 2017) is shown in Figure 2:
National Council for Disaster Risk
Reduction and Management

National Authority for Disaster Risk
Reduction and Management

•
•

Executive Committee
Expert Committee

Province Disaster Management Committee
District and Local Disaster Management
Committee

Figure 2: Institutional structure according to the Disaster Risk Reduction and
Management Act - 2017.
Disaster Risk Reduction and Management Act, 2017 has made provision of set-up
National Council for Disaster Risk Reduction and Management (NCDRRM) under the
chairmanship of the Prime Minister as an apex body in order to disaster risk reduction
and management. In order to implement policies and plans formulated by the council,
there will be an executive committee under the Home Minister and expert team as
well not exceeding five numbers from the different thematic areas such as, geology,
environment, infrastructure and others. National Disaster Reduction and Management
Authority (NDRMA) will be set-up under the Home Ministry. At Province level, there
will be Province Disaster Management Committee (PDMC) under the chairmanship of
chief minister. At local level, there will be District Disaster Management Committee
(DDMC) and Local Disaster Management Committee (LDMC). The major rights,
responsibilities and duties provisioned by this Act are given in Table 3 and institutional
set-up by disaster types, level of governance and disaster management cycles is given
in Table 4.
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Table 3: Institutional provisions for disaster risk management
Functions

Institutions by Level
National
Council for
Disaster Risk
Reduction and
Management
(NCDRRM)

•
•
•
•
•

Executive •
•
Committee

•
•
•

National/
Federal
Level

•
•
•
•
National
Disaster
Reduction •
and
Management •
Authority
(NDRMA)
•
•
•
•

14

Approval of national disaster management policies and plans
Provide direction to executive committee and national
authority
Policy guidance to province and local level
Management of financial resources for disaster management
Evaluation of disaster management activities
Submit the national policies and plans to the council
Implementation of disaster risk reduction, disaster response
and rehabilitation and mitigation related policies and programs
depending upon the limits of approved policies and plans by
the council
Implementation and approval of the disaster risk reduction
strategies and programs
Determine the role of public, private and Non-Government
Organizations (NGOs) on disaster management
Determine the role and responsibilities of the concerned
ministries, departments and other institutions regarding
disaster management.
Institutional capacity building of national, province and
district and local level on disaster management.
Incorporate disaster management related courses from the
school level to higher education.
Vulnerability assessment and hazard mapping
Implement the plans, programs and decisions approved from
the council and executive committee
Work as resource centre for disaster reduction and
management
Study and conduct research in the issues about causes and
mitigation measures of landslide, flood, earthquake, climate
change, land-use change and other different hazards and
disasters.
Provide financial and technical assistance to province and
local level to prepare periodic plans related to disaster
management.
Involve private, NGOs and local community in disaster
management
Formation of search and rescue team to national, province
and local level and build their capacities to handle disasters
Mobilize security forces, search and rescue team. Awareness
creation about disaster management
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Province
•
Disaster
Management
Committee
•
(PDMC)
Province/
State
Level

•
•
•
•
•
•
District
•
Disaster
Management •
Committee
(DDMC)
•
•
•
•
•
•

Local
Level

•
Local Disaster •
Management
Committee •
(LDMC).
•
•
•
•
•
•
•

Implement the disaster related medium term and short term
policies, plans and programs in the province level based on
the approved national policies and plans from the council.
Facilitation and coordination for effectiveness of the
preparedness activities of the local disaster management
committee
Coordination with national, province and local level to make
effectiveness of the activities about search and rescue
Make standards for rescue items management
Management of drinking water, food, clothes and medicines
in disaster affected areas
Recommend to GoN for declaration of emergency in disaster
affected areas
Move the unsafe people to the safe places
Establishment of disaster management information system
and installation of Early Warning System (EWS)
Implement the policies, plans and programs approved by
council, executive committee and province committee
Preparation and implementation of Disaster Response Plan of
the district
Mobilize emergency operation centre (EOC) of the district
Conduct search and rescue works in the affected areas
Management of dead bodies due to disasters
Management of drinking water, food, clothes and medicines
in disaster affected areas
Keep intact security forces
Coordination of national and international assistance during
disaster
Information flow about disasters
Design and implementation of local disaster management
plan
Allocation of budget for disaster reduction
Coordination of public, private, NGOs, local volunteers and
social mobilizers to conduct disaster management activities
Implementation of building codes and standards/guidelines
Formation of disaster preparedness committee at ward and
community level
Training about mock-drill
Management of rescue and relief at affected areas
Establishment of disaster management information system
and installation of Early Warning System (EWS)
Activate the emergency operation centre (EOC) at local level

Source: Disaster Risk Reduction and Management Act- 2017.
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Table 4: Institutional provisions for different types of disaster

Rehabilitation
and mitigation

Response

Phases of
Disaster Cycle
Preparedness

Local

Epidemic

Fire

GLOF/
Avalanche

Earth- quake

Flood and
Landslide

Name of the Institution

National/
Federal
Regional/
Province

Level of
Governance

Types of Disaster

National Council for Disaster
Risk Reduction and Management
(NCDRRM)
National Disaster Reduction
and Management Authority
(NDRMA)
Province disaster management
Committee
District and Local Disaster
Management Committee

Source: Disaster Risk Reduction and Management Act- 2017.
As Nepal is declared as federal state, proper workable coordination among the National
level, Province level, District Level and Local Level agencies or authorities is required
to perform disaster management activities. Nepal had the Natural Calamity Relief Act
of 1982. However, it did not cover the broader spectrum of disaster risk management
and also could not give the different attentions for different types of disasters. Against
this backdrop, this new Act has incorporated the whole phases of disaster management
cycles and the diversity of disasters. This Act has promoted proactive DRR focused
approach of disaster management. It will be a good opportunity to engage collectively
the relevant government agencies, non-government, private sector and development
partners for practical implementation of the provisions of the New DRM Act for building
disaster resilience.

Gaps and constraints
Even the new Act, Disaster Risk Reduction and Management Act (2017), the coordination
of Disaster Risk Management goes to the Home Ministry as the Act provides the
executive roles. The shortcomings of this arrangement can be the exposure to greater
political instability at the highest level of government. It can result in a lack of recognition
by other ministries and less opportunities to take initiatives vis-à-vis other ministries.
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It is necessary to educate and raise the awareness of the communities in order to disaster
management. The role of community-organized groups can play a crucial role in
disseminating disaster related information. Studies have shown that the crucial role of
these grassroots organizations in educating the citizens of Nepal (ADPC, 2010; IFRC,
2011). In the Seti Landslide Dam Outburst Flood (LDOF), 2012, lack of awareness on
the part of communities has been observed. In this flood, when the landslide occurred
and blocked the river, the downstream flow dropped drastically which was a good
indicator of early warning. However, the community did not have the awareness to
react appropriately.
Water Resource Act (1992) has made provision of ownership of the water resources to
the central government. On the other hand, Local Government Operation Act (2017) has
made the local bodies the owner of the local resources. In the same way, Department of
Urban Development and Building Construction (DUDBC) has full responsibilities under
the Building Act (1998) for development and updating of the National Building Code.
The Act specifies requirements for approval prior to construction of larger buildings.
But the implementation of the National Building Code and other requirements of the
Building Act lie with local government. It is not clear that whether Municipalities
actually had an obligation to implement these provisions or they are established under
the Local Government Operation Act makes them independent from this obligation.
With many new municipalities being declared in Nepal, the issue of urban planning and
building code implementation is a pressing concern (Jones, Oven, Aryal and Manyena,
2014). Building code implementation and land use planning are keys to effective
earthquake risk reduction. In Nepal, this responsibility falls to the Department of Urban
Development and Building Construction within the Ministry of Urban Development for
private buildings over seven-storey and all government buildings. But the responsibility
of construction of schools goes to the Ministry of Education and the private sector.
Likewise, construction of some hospitals are the responsibility of the Ministry of Health
and the private sector; and local government buildings which fall under the Ministry of
Federal Affairs and Local Development (MoFALD). This is an uncomfortable situation
because effective building code implementation would require this department to preside
over the municipalities, but municipalities currently fall within the remit of MoFALD.
This is one area where institutional incoherence is evident.
The regional nature of the disasters requires a regional approach to the solution. During the
Koshi Flood, 2008, in the absence of a trans-boundary disaster management framework,
the response was poorly coordinated. Likewise, during the Jure landslide event of August
2014 in Sindhupalchwok, the Sun Koshi River was blocked for several days (Khanal
and Gurung, 2014). A great concern emerged from the Indian side regarding the status
17
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of the landslide and the likelihood of an outburst flood. This example shows that disaster
risk management could be an entry point for immediate regional cooperation. This will
create trust, which can be a basis for future cooperation for maximizing benefits (Nepal
and Shrestha, 2015).

Conclusions
Most of the disaster policies in Nepal emphasize on response and relief efforts, with
relatively less strategic focus on preparedness and mitigation. Regulatory and legislative
gaps and institutional weaknesses have persisted in terms of mitigating disaster risk. In
this context, currently ratified Disaster Risk Reduction and Management Act (2017)
can be a milestone in disaster management of Nepal because it has replaced about
40 years old Natural Calamity (Relief) Act, 1982 and for the first time it saw disaster
management as an process focusing on different stages of disaster management cycles,
preparedness, response and rehabilitation and mitigation and has classified disaster as
natural and human-induced. The provision of well-structured functional institutional
set-up from the centre to local level, it may still take some time and effort to change the
institutional inertia at national and provincial and local levels. Most of the policies, plans
and strategies have laid emphasis on flood and landslide followed by earthquake and
GLOF/avalanches and treated as centrally rather than locally. Most of them have paid
less attention towards rehabilitation and mitigation. Conflicts between different Acts,
such as, Water Resource Act (1992) and Building Act (1998) with Local Government
Operation Act 2017 can be considered as major obstacles in practical implementation
of the disaster management act. Until now, the sole responsibilities of implementing
disaster management activities goes to the Ministry of Home Affairs (MoHA) leaving
other ministries as passive partners. This can create incoherence between and among the
ministries and departments. It is in this context, the policy formulation and institutional
set-up alone does not give much expected out-put unless they are complemented by the
ability and competence to operationalize the intent of the relevant acts and policies, i.e.,
preparing, responding, rehabilitating and mitigating the consequences in the event of
disaster.
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Open space is essential part of city life because it provides an opportunity for
recreation, playing, religious activities, political activities, cultural activities
and so on. This paper discusses the types of open space and its distribution in
Pokhara Lekhanath Metropolitan City (PLMC). An inventory of open spaces was
prepared based on the available analog maps with intensive field verification.
There are eight major and 32 subtypes of open spaces with a total number of 246
within the PLMC. The main types of open spaces are park, playground, religious
site, water surface, cave, aesthetic view point, river strip and messy places. Those
open spaces vary in form, size, ownership and functions. The distribution of open
spaces is not uniform among the 33 Wards in the Pokhara Lekhanath Metropolitan
City. The number of open space varies from only one to twenty-one and total area
of open space varies from only 51 ha to 4786 ha among those Wards. Per capita
area of open space ranges from 0.16 to 659 m2 among those wards. In many
wards, per capita area of open space is less than 9 m² which is recommended by
FAO. Such a poor situation is created mainly due to the lack of public land use
planning, encroachment in open space for development of infrastructure such
as public buildings, and lack of knowledge about the importance of open spaces
among decision makers and local people and weak capacity of local people to
protect and conserve open space from encroachment.
Keywords: Open space; typology; recreation; parks; playgrounds; religious site;
cave; aesthetic view point
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Introduction
Open space is physically defined as a land and water that is not covered by buildings,
situated within the urban area (Gold, 1980; Crange, 1982). Open spaces are places in the
city where cultural diversity intermingled with natural process and conserve memory
(Ward Thompson, 2002). Urban open space is that place which is open to sky (Goettsch,
2015). Similarly, public open space is defined as open space, both green spaces and
hard ‘civic’ spaces to which there is public access (Carmona, 2003). The accessibility is
basic element of open space. Accessibility can be identified by statutory access, physical
access and mental or psychological access (Staeheli and Mitchell, 2008). It also refers to
public access with its legality and road access, time, distance and cost.
Typology is the study of existing elements which cannot be further reduced (Sandlack
and Uribe, 2010). Open spaces are classified based on theory of classification and their
combination. This is used to describe a group of objects according to the similarity of
form and structure (Wang, et al; 2005). Moore (1996) attempted to develop open space
typologies in modern urban areas. ILAM (1996) has classified the open spaces based
on the types of land use and cultural and visual features. Lynch (1981) developed a
typology to categorize open space such as square, plaza, adventure places, playground,
and wetland. Carr and others (1992) made a list of open space typology in twelve main
types and further subdivided it into 24 categories in western European cities. Similarly,
Woolley (2003) prepared an open space typology of nine main categories and 22 sub
categories. Stanley, et al., (2007) delineated seven types of open spaces on the basis with
mix of form, function, scale and land cover in the modern urban area. Similarly, Carmon
(2012) has classified twenty types of open spaces within four typologies.
Urban open spaces are important part of the urban landscape with its specific function. It
contributes the quality of urban life (Burke and Evans, 1999). It has different functions.
Open spaces are also important for disaster risk management. It is often used temporarily
as the place of shelter during the disasters such as earthquake, flood, landslides etc.
Though open spaces are very important elements particularly in urban areas, but
information about the number, size, location, function and processes of change in open
space is scanty. It is in this context that this study on open spaces in Pokhara Lekhanath
Metropolitan City (PLMC) was proposed. This paper discusses the typology of public
open space, their use, distribution and its management situation in PLMC.

Study area
PLMC is geographically the largest metropolitan city of Nepal (in terms of
administrative boundary) and it is the center of the western part of Nepal, the headquarters
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of Kaski district as well as the capital of province number 4 according to recent federal
restructuring of Nepal. The elevation ranges from 505 m (Kotre) to 2650 m (Armala)
above sea level. The total area of PLMC is 464.94 km² and which represents 23.01
percent area of the Kaski district and 0.31percent area of the country. The average
temperature in PLMC ranges from 7ºc minimum to 31ºc with an annual rainfall of 3800
mm. Pokhara Lekhnath lies within mid hill of western Nepal. This city is situated on the
lap of Annapurna Himalayan Range. It is surrounded by green hills. There are 9 lakes,
10 caves, Seti river gorges, several holy places, aesthetic viewpoints which are playing
vital role to make city gregarious. This metropolitan has 81456 households and 402995
populations (CBS, 2011). It is divided into 33 wards (Figure 1). PLMC is also known as
a multi-cultural city. It is also the most popular tourist destination of Nepal. The number
of tourists visiting PLMC has been increasing from 230,000 in 2010 to 301, 200 tourists
in 2016 (DOT). Similarly, the growth of domestic tourists visiting PLMC is also in
increasing trend. Historically, PLMC had many open spaces with considerable size.

Figure 1: Location Map of Study Area
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Until five decades ago, there were 26 plots of big open space called Chaur and Patan.
Lamchaur, Batulchur, Simalchur, Bhimkali Patan, Malepatan, Bajhapatan, Lampatan,
Gairapatan, Chhorepatan, Kolpatan, Phalepatan, Gharipatan, Majheripatan, Dhungepatan
are some of the famous Patan in PLMC (Adhikari, 2004). By now, large areas of these
Chaurs and Patans have been changed into built up areas.

Approaches and methods
Two approaches have been adopted while collecting and analysing the data. Those are
inventory and classification. First of all, a reconnaissance survey was carried out in
order to locate open spaces, understand their evolution processes and utilization. Based
on experience from reconnaissance survey, a structured questionnaire was prepared. The
questionnaire consisted questions regarding the location, size, ownership, accessibility
for public use and connectivity with roads, infrastructure development, utilization and
management of open space. The field work for data collection was carried out from
August 2017 to October 2017 in two phases.
Recently elected Chairpersons of the respective ward office were requested to fill the
form and return the completed form with signature and official stamp. After compiling
the information obtained from the Chairpersons of all the wards, all the open spaces
were visited with the help of local resource person for ground truthing. While visiting
the place, locational information was generated with the help of the GPS (Global
Positioning System). After having locational information those were plotted and
overlaid into Google image (Landsat/Copernicus dated 12/14/2015) in order to prepare
the polygons of open space. After preparing the polygon map, it was imported into GIS
platform. ArcGIS 10.3 version was used to determine the area of each open space. In
addition to these, relevant information was collected from secondary sources such as
topographical map (1998), research articles, books, unpublished dissertations.
A scheme of classification of open space was developed with slight modification of the
schemes proposed by Carr et al., (1992), Wolley (2003), and Addas (2015) considering
the local situation of PLMC (Figure 2).
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Code

Sub-typology

(Park -P)
Pa

Mini park

Pb

Green park

Pc

Formal garden

Code
(Religious
site -R)
Ra

Sub-typology Code
(Aesthetic
Formal garden Point -A)
Aa

Rb

Green space

Ab

Popular with high
altitude
Aesthetic point less
visitors
View point few visitors

Rc
(Water
Memorials
surface -Ws)
Wsa
Institutional park Wsb
Purposed park Wsc

Open field

Well manage

Wsd

Waterfall

Rcd

Cemetery

Pgb

Manage

Wse

Reservoir

Wet land

Pgc

Poor manage

(Cave -C)
Ca

(Messy
spaceMs)Msa

Popular

Msb

Socio- economic site

Pgd
Pge

No manage
Adventure

Cb

Less popular

Msc
Msd

Dumping site
Others

Pd
Pe
Pf
(Play
Ground -Pg)
Pga

Ac
(River
Lakes popular Corridor
-Rc) Ria
Lakes
Rcb
Ponds
Rcc

Sub-typology

Recreation
Aesthetic
Religious site river bank

Figure 2- Typology of open space in Pokhata Lekhnath Metropolitan City, 2074.
Source: Adapted form Carr et al., 1992. Woolley 2003; Addas, 2015 with slight modification.
29

Ramjee Prasad Pokharel and Narendra Raj Khanal / The Geographical Journal of Nepal Vol. 11: 25-44, 2018

Result and discussion
Number and types of open spaces
A total of 246 open spaces have been identified in the PLMC and the area of patches
ranges from 0.0109 hectare to 4340.89 hectare.The number and the percentage of
open space with their characteristics in terms of location, accessibility, ownership, and
naturalness are given in Table 1. Nearly 58 percent of the total open spaces in the PLMC
are located in the valley, 95 percent are accessible for all the time, 83 percent have
access from the road, 93 percent are owned by the government, and 54 percent are of
grey space without vegetative cover.
Table 1: Type of open spaces
Configuration of open
space

Criterion
Landscape
Public accessibility

Owner
Naturalness

Percent

Plain

142

57.72

Sloppy

104

42.28

All time

233

94.72

13

5.28

Yes

204

82.93

No

42

17.07

230

93.50

Community & Institution

16

6.50

Cover by vegetation

89

37.40

157

54.47

20

8.13

No accessible
Road access

Total number

Government

Gray space
Water surface

Source: Field survey 2017
The open spaces in the PLMC are classified into eight-major types in terms of their
attributes, function and use. Those are parks, playground, religious sites, water surface,
aesthetic place, cave, river strips, and messy spaces (Table 2). The number and a brief
description of their characteristics in the PLMC are given in Annex 1.
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Popularity
Environment
Promise
future use

for

Water
Body

Aesthetic

Cave

River
Corridor

Messy
Places

Ownership/
Management
Management
Quality

Religious
Site

Public Access

Play
Ground

Size (ha)

Parks

Category/
Attribute

Table 2: Open space typology and their attributes;

Tiny (< 1)
Small (1-10)
Medium (10-50)
Large (> 50)
Open
Closed
Government
Public

57
33
3
2
91
4
82
13

15
10
1
0
26
0
24
2

48
14
0
0
60
2
62
0

12
3
2
3
19
1
20
0

15
3
0
0
17
1
18
0

8
2
0
0
10
0
10
0

0
0
0
1*
1
0
1
0

5
6
2
1
7
7
14
0

Well managed

44

2

42

5

5

3

0

2

Poorly managed
51
9
20
15
13
7
1
12
Highly popular
18
9
9
5
1
3
1
4
Popular
30
10
38
6
4
2
0
6
Les popular
47
7
15
9
13
5
0
4
Clean
82
21
62
7
12
3
1
5
Not clean
13
5
0
13
6
7
0
9
Recreation, aesthetic view point, yoga, playground, religious site, cultural
and peace place, leisure time use, geological information, socio-economic
activities, political activities, tourism promotion site, social wellbeing site,
metal wellbeing site, etc.

Source: Field survey 2017.
A brief description of major open spaces is given below.
Park
Park is a public place, where people meet and interact with each other, walk together,
and use for social as well as private wellbeing. It provides several opportunities for the
people of all age, gender, class, and religious groups. It is a place for active recreation
and passive experiences with visual aesthetic resources. World Botanical Garden, Jayakot,
Shantiban, Basudhara Park, Komaghane Park, martyr's parks, Puspalal park, Ganeshman
park, Phewa dam park, etc. are major as well as famous parks found in PLMC.
Playground
Playground is a vital part of urban area which provides opportunities to carry out physical
exercise for children and youth. Existing institutional playgrounds are not permitted
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for public use. Available public access open field are used for different games. It is a
place of recreation, physical wellbeing and occasionally it is used for socio-economic
activities and gathering of people for political discussion. In PLMC there are 26 public
access playgrounds. Pokhara Stadium, Bhandardhik, Saharapaly, Tundikhel, Malepatan,
are major playgrounds. Among them Pokhara stadium is the largest in size and is used
for various games and athletics.
Religious site
Mankind has always wanted to imitate the divine power in the physical world (Michell,
1994) thus they try to obtain the god by pilgrimages (Popi et al., 2012). Religious places
are hobs of culture and civilization too. Bhadrakali, Bindabasini, Kedareswor, Matepani
Gumba, Galeswor Shivalaya, Shanti Stupa, Harihar temple, Gita temple, Akala temple,
are famous religious sites in PLMC.
Water surface
Water is a unique material for landscaping (Burmill et al., 1999). Water presents its
aesthetic beauty to human beings generously (Campbell, 1978). It plays vital role for
attraction of people. Pokhara is known as city of lakes because it has almost a dozen of
lakes and several artificial ponds which are famous as recreational sites. Phewa, Begnas,
Rupa are major lakes. Among them Phewa and Begnas are the most popular destination
for visitors. There are some ponds basically around urban periphery.
Aesthetic points
The aesthetic value of an object is the value it possesses in virtue of its capacity to
provide aesthetic gratification (Monroe, 1982). Attributes such as diversity, complexity,
contrast, and variety are identified in the literature, either as formal or cognitive factors
that contribute to an aesthetic experience (Ulrich, 1981). Aesthetic point gives an
opportunity for pleasure. There are many sites with the panoramic view of snowcapped
mountains, lakes and surrounding greenery hill in PLMC. The amazing view can be seen
from these sites. Among them Sarankot, Kahun Danda, Phoksing hill, Mattikhan hill,
Hundi Kot, Budha Kot, Sundari Danada are famous points. Sarangkot is the most famous
for viewing Pokhara valley and close view of Macchapuchhre and Annapurna Himal.
Cave
Cave is often decorative by speleothems and it has significant recreational value. This is
also the site for the establishment of religious temple which attracts millions of tourists
due to its scenic environment (Hamilton, 1997). Caves are interesting geomorphological
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feature. There are several mysterious caves in PLMC. The major ones are Mahendra,
Gupteswor, Birendra, Kaur, Gagham, Bat caves. Some caves are long while others
are quite short. Most of the caves have only one opening for its entry and exit but
Gupteshwor cave is an exception with both sides opening. Mahendra, Gupteswor and
Bat caves are very popular ones.
River strip
Most of the cities have been developed along river. The configuration of rivers usually
results in their being equivalent to linear parks (Silva, 2004). A river strip (corridor)
includes the width of the channel in which water flows and is typically expanded to account
for the extensive influence of the watercourse into the surrounding landscape. Pokhara city
is developed along the Seti, Bijayapur and Phusre rivers. Seti river has diverse morphology
– steep cliff with deep gorges and opening with terraces. Some sites of river bank such as
Ramghat, Tulasighat, Gaighat, Sitapailaghat, Dovillaghat, are used for bathing purpose
during the festivals and rituals cenremonies. Similarly, some sites of Seti river bank like
Ramghat, Tulasighat, Gaighat, Sitapailaghat, Dovillaghat are used for cemetery. Bachhi
Buduwa located in ward no 14 of PLCM is the main dumping site.
Messy open spaces
Massy open space includes all the areas with public, community and private ownership.
These sites are not allowed to use for all as a public open space. For example, airport
seem open but people can’t amend it as a recreation place. Similarly, the areas used for
government offices, schoolyards, hospitals, armed force yard are also seen as an open
space but people do not have cognitive perception as public open space due to their
inaccessibility. There are four types of messy open spaces in PLMC. Those are wetland
(Phewa, Gunde, Rupa etc), sites important from socio-economic point of view such as
exhibition centre, dumping site and others recreation area such as Matgaunda, Phewa
Powerhouse, Begnas lake side, etc.
Distribution of open space
Table 3 shows ward-wise distribution of open spaces in PLMC. The number of open
space ranged from only one to 21 among the 33 wards in PLMC (Figure 3). The area
ranges of patches ranges from 0.0109 hectare to 4340.89 hectare. The space available
among those wards ranges from 0.45 m2 to 628.73 m2 with the average per capita open
space of 55.49 m2. The United Nations Food and Agriculture Organization (FAO) has
recommended 9 m2 of open space per city dwellers as the minimum value requirement
(Kuchelmeister, 1998). With this standard, ward no 1, 2, 3, 5, 7, 8, and 12 have less than
this standard minimum value requirement of per capita area of open spaces. Wang and
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others (2013) reported that per capita area of open space in developed countries is about
20 m2. In PLMC out of 33 wards, 13 wards have per capita open space less than 20 m2.
Table 3: Ward-wise distribution of open spaces
PLMC
Ward
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
Total

Patches
Number
of open
spaces
5
3
6
1
4
10
7
4
2
6
9
3
12
10
11
7
21
5
14
8
14
9
8
12
10
4
5
7
6
3
7
3
9
245+1

Open
Ward area
space Area Population
(hectare)
(hectares)
154.54
60.14
63.49
51.05
178.42
633.48
197.59
176.49
122.46
195.84
697.89
140.13
1540.12
1338.47
512.61
3473.7
790.11
1779.24
2456.67
2297.73
3595.72
3215.21
4786.05
1852.67
2241.59
1215.37
1225.02
1760.46
422.42
941.74
2450.23
1503.19
4425.15
46494.99

13.85
1.48
6.26
0.41
2.37
448.72
2.95
0.42
17.97
29.60
29.35
3.17
85.60
39.20
73.01
30.18
66.90
86.97
49.74
14.48
53.60
219.12
166.30
37.79
33.17
38.73
31.43
6.24
22.16
22.68
486.01
22.10
94.09
2236.04

Note: +1 refers River Corridor
Source: CBS 2011 and field survey, 2017.
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15513
8729
9462
9119
14803
14729
12875
26080
16626
18470
14716
11613
17077
13225
17027
20278
26752
8354
10624
4022
9090
7391
4917
5892
12262
11394
9583
4727
8961
10823
7378
10677
9806
402995

Ward area
in Hector/
per 1000
Population
9.96
6.89
6.71
5.60
12.05
43.01
15.35
6.77
7.37
10.60
47.42
12.07
90.19
101.21
30.11
171.30
29.53
212.98
231.24
571.29
395.57
435.02
973.37
314.44
182.81
106.67
127.83
372.43
47.14
87.01
332.10
140.79
451.27
115.37

Open space
area in Hector/
per 1000
Population
0.89
0.17
0.66
0.04
0.16
30.47
0.23
0.02
1.08
1.60
1.99
0.27
5.01
2.96
4.29
1.49
2.50
10.41
4.68
3.60
5.90
29.65
33.82
6.41
2.71
3.40
3.28
1.32
2.47
2.10
65.87
2.07
9.60
5.55

Per
capita
open
space
( m.²)
8.93
1.69
6.62
0.45
1.60
304.65
2.29
0.16
10.81
16.02
19.94
2.73
50.12
29.64
42.88
14.88
25.01
104.11
46.82
35.99
58.96
296.47
338.21
64.14
27.05
33.99
32.80
13.20
24.73
20.96
658.73
20.70
95.95
55.49
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Figure 3- Spatial Distribution of open spaces in PLMC, 2017
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Such an uneven distribution of open spaces among the wards in PLMC is due to the
lack of public land use planning, encroachment in open space for development of
infrastructure such as public buildings, and lack of knowledge about the importance of
open spaces among decision makers and local people and weak capacity of local people
to protect open space from encroachment.

Management of open space
Management is primary concern to make open space attractive and sustainable urban
environment. Different types of open spaces require different types of management
modalities. Generally, management activities for open spaces includes the construction
for fencing, and the construction of sheds, footpath, sitting place, security areas, rest
room, road, parking area, repair-maintenance, entry-exit management. In PLMC,
only 44 percent open spaces have been found as managed open spaces with essential
infrastructures (Figure 4). The remaining 56 percent sites do not have such infrastructure
and they are not managed properly. Others are remaining in natural state.

Figure 4: Percent of open space with the level of management
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Figure 4 shows only 28 percent of aesthetic sites are managed whereas the remaining
72 percent sites are without any infrastructure. Similarly, 30 percent caves of PLMC are
managed for visitors' purpose. Similarly, only 31 percent of the playgrounds are under
proper management and also 68 percent of the total religious spaces are under well
managed state. Water surface and messy spaces are less managed.

Conclusion
Open space is an inseparable part of urbanities. Open space is a place for havingrecreation,
cognitive pleasure and carrying out, physical activities, social interaction, socioeconomic activities, religious activities, and it also helps in beautification of the city.
The PLMC historically had many large areas of open spaces which are known as Chaur
and Patan. But with the rapid urbanization and growth of infrastructure including
private and public buildings, the areas of open space have been decreased drastically.
At present, there are eight major and 32 subtypes of open spaces with a total number of
246 within the PLMC. The main types of open spaces are park, playground, religious
site, water surface, cave, aesthetic view point, river strip and messy places. Those open
spaces vary in form, size, ownership and functions.
Open spaces are unevenly distributed and in many wards, per capita area of open space
is less than the values recommended by FAO and per capita open space reported from
developed countries. Such a poor situation is created mainly due to the lack of public
land use planning, encroachment in open space for development of infrastructure such
as public buildings, and lack of knowledge about the importance of open spaces among
decision makers and local people and weak capacity of local people to protect open
space from encroachment.
Many open spaces in PLMC do not have infrastructure facilities to be fully utilized for
different purposes and are not managed well. It is in this context that attention should be
given to protect, conserve and develop the open spaces in order to improve the quality
of urban life and livelihood of the local people.
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Annex -1
Typology and sub typology of open space:
SubTypology
Park

Mini park

Existing Name of major open spaces
Number

Uses

25 Annapurna, Balmandir, Bhanu,
Birendra, Dhungesangu, Deep
united, Phewa dem, Phew
powerhouse east and west, Ghari
patan, Ghaneshman, housing
complex, Jalinayak, Kopildhunga,
Kundahar, Milan, Mitteri village,
mother, Patangini, Puspalal,
Sattyaharichandra, School patan,
Seti gorge, Thati, Visit Nepal year.

Recreation,
meeting,
waiting.

Green park

7 Bairagi Ban, Banpale, Jaya kotKarkindada, Goltaranga, Kodi
Danda, Shantiban, World botanical
garden

Formal
garden
(park)

4 Bangaicha Basundhara Komagane, Recreation,
Manohar
meeting,
yoga, cultural
activities,
walking

Memorial
park

4 Martyrs park-2,
Vimsen Park

Institutional
park

4 Camping chock, Harka chock
Mountain Museum, Tutunga,

Purposed
park

Sahid

Recreation,
picnic,
walking,
Jungle safari

chock, Recreation,
meeting,
walking
Camping,
sightseen,
cultural
activities,
economic
activities

51 Lovely hill, Dhwareko Kharbari Proposed park
Pandit danda etc
(51 Purposed sites).
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Playground

Religious
site

Well
managed

2 Golf ground, Pokhara Stadium Indoor and
(Rangasala)
outdoor
games
national and
international
games

Managed

2 Bhandardhik, Sahara play ground

Outdoor
games

Partially
managed

12 Ammarsingh ground east,
Ammarsingh ground west,
Gahte, Gaurishankar, Jadevi,
Malepatan, Bharatpokahri, Bamdi,
Rameshwori, Sarang playground,
Tallo pundi, Thundikhelbagar.

Games

Without
management

9 Bamdi, Danda Pokhari, Phewa Occasional
Powerhouse, Patan Bensi, Simpani, use for
shyaltara, Uppalo Patan, Yamdi-2
volleyball,
football

Adventure

1 Sarankot.

Use for flying
paraglide

With formal
garden

6 Bindhabasini,
Dharmasila
Bhuddabihar, Gumba Jayakot,
Radhakrishna Temple, Puskreshwor
Mahadev, Shanti Stupa

Worship,
recreation,
cultural
activities

With green
space

9 Bhadrakali,
Harhar
Gupha,
Ghakristhan, Gupta kalika temple,
Magthum tapoban, Jantikiche
stone, Shidshwor Siva Panchyan,
Shiva Temple, Talbaharai.

Worship,
cultural
activities,
yoga

Open field
only
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47 Mahaprahbu Dham, Osho Upaban, Worship, yoga
Galeshwor
Shivalaya
etc.(47
Religious sites)
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Water
Surface

Lakes
popular

3 Phewa, Begnas Rupa,

Recreation,
aesthetic
water fun

Lakes

7 Deepang, Gunde, Kamal Pokhari, Water fun
Kasyap, Khaste, Maidi, Niureni
etc.

Ponds

8 Bhadrakali, Banjhi Pokahari,
Kalika, Kaure, Khadka,

Use by local
people

Maula, Sani Pokhari, Thuli
Pokhari.

Aesthetic

Cave

Waterfall

2 Devid fall, Phewa powerhouse, Recreation
Bijayapur water fall

Reservoir

1 Jaubari

Sightseen

Very active
>300 visitors

1 Sarankot,

Closed view
of Himalaya
and Pokhara
valley

Active <
300 visitors

8 Gharmi, Kahun Danda, Mattikhan, Surrounding
Phoksing, Pokhara view point, view and
Pumdikot Sundari, Thulakot, etc.
mountain
views

View point
not well
developed

8 Armala, Barpandethum, Begnas, Surrounding
Bhumdikot, Hundikot, Kauile, view
Tamagi, Thamadanda

Popular,
long> 100
m.

3 Gupteshwor, Mahendra, Bat cave

Less
popular, long
<100 m.

7 Belghari Birendra Gagham, Hemja, Geological
Phewa Power house, Sita, Tamagi, mysterious

Recreation,
geological
mysterious
picnic,
worship
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River strip
(Corridor)

Recreation
Aesthetic
Religious
and
Cemetery

1 Seti river,
Gaighat, Tulasi ghat, Ram Ghat,
Sita Ghat, Dobilla, Thhangekuna,
etc.

Messy
places

Wet land

8 Phew, Begnas, Gunde, Khaste, Biodiversity
Niureni, Rupa, Kamlapokhari,
Lakes side,

Site for
exhibition

1 Pardarsani
center)

Dumping
site

1 Ward no 14, Bacchebududwa

Others

5 Karki Danda, Phewa Power house, Picnic site
Dobilla, Begnas lake, Kalikhola.
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Rafting,
swimming,
fishing, rock
climbing,
green belt,
Ghats for holy
bathing and
cemetery

Kendra ( Exhibition Business
and cultural
activities
Dumping of
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Physicochemical property of top layer of soil is very important for plant growth
having life supporting agriculture production, forestry and environmental
sustainability. Soil texture and its chemical properties are determined by various
factors inversely soil property determines productivity for them. This study was
conducted in Jita and Taksar area of Lamjung district of Nepal. Soil samples were
collected from the field. Coarse fragments, soil texture and pH were measured
from soil samples. Properties of soil were analyzed by mechanical and chemical
methods such as sieve, hydrometer and digital pH meter. Dominant soil textural
class is loam followed by silt loam. Higher proportion of sand is found in higher
elevation and steeper slope. Inverse relationship is found of silt. Dominant soil is
found to be slightly to moderately acidic. Soil pH level decreases with increasing
altitude and slope gradient. Cultivated land is less acidic than other land cover
category. It is found that lower elevation and lower slope gradient have more
proportion of coarse fragments. Chi-square test proves the significant difference
of pH, soil texture class, soil particle size and coarse fragment at different
elevation, slope gradient and land use. However, variation of sand at different
slope gradient and land use is not explained well.
Keywords: Coarse fragment; Loam; Soil acidity; Soil pH; Soil texture
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Introduction
Soil is an important life supporting natural resource for the growth of arable crops,
grassland and trees which produce life supporting materials for humans (Corstanje et
al., 2006; Dorji et al., 2014; Mzuku et al., 2005) such as food, fiber for cloth, timber
for building materials and fuel (Wild, 1996). Soil properties determine the composition
of plant community structure and regeneration of plants (Sigdel, 2015; Tiwari, 2015)
resulting on the variation of crop productivity and vegetation growth. Therefore, clear and
intimate knowledge of soil properties and their distribution are essential pre-requirement
in developing national and local level land use plans for agriculture, forestry and other
uses (Mandal, 2013). Soil properties are physical and chemical characteristics of soil.
Physical properties are texture, structure, density, porosity, consistency, temperature,
color, and resistivity. Chemical properties are various chemical components in soil
such as pH, nitrogen, phosphorous, potassium, etc. (Sigdel, 2015; Wild, 1996). Soil
texture affects on soil water retention, leaching, erosion, nutrient storage, dynamics
of organic matter and carbon sequestration capability. Therefore, soil texture analysis
is key component in determining soil quality for agriculture and forestry development
(Kettler et al., 2001). Soil pH is the measurement of soil acidic or alkaline level. It is
the most important chemical indicator of soil quality which expresses the activity of
the hydrogen ions in the soil solution. It affects the availability of mineral nutrients
to plants as well as many soil processes (FAO, 2006). Additionally, rock fragments
influences the nutrient status, water movement. It also shows the stage of development
of the soil (Chow et al., 2007). Soil properties depend on various environmental factors
like slope, aspect, climate, landscape, microclimate, topography and vegetation (Chen,
1997; Tsui, 2004). Mountainous country like Nepal has a very crucial landform, soil
and climatic resources because of the mountain specificities such as diversity, fragility,
marginality and inaccessibility (Mandal, 2013). Complex topographical feature has
resulted complex types of physiochemical properties of soil even short span of spatial
distance. In the past rapid population growth in the hill and mountain of Nepal resulted
extension of cultivated land even steeply sloping area. It caused land degradation and
decreasing productivity (Ekholm, 1975). Last two decades heavy outmigration of hill
farmers have resulted labor shortage for agriculture and their land management system
(Chidi 2016). However, agriculture is still the predominant economic activity in Nepal
and there is an increasing demand for information on soils as a means to produce food.
Food deficit, declining productivity of land and environmental degradation are directly
related with the soil properties (Joshy, 2015, Dawadi et al., 2015) in Nepal. So, this
study aims to assess the distribution of basic physiochemical properties of soil such as
texture and pH of soil including coarse fragments.
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Study area
The study area is selected from middle mountain region of Nepal having subtropical
and warm temperate climatic region. The study area is Taksar and Jita area of Lamjung
district of Madi river basin (Figure 1). This study is joining with Golandi Khola to the
east, Kunchha area to the west, Deuralidanda area to the north and Ristikhola to the
south. District road connects this area from the other parts of the country.

Figure 1: Study area :Taksar and Jita area.
The geographical extension of the study area is 84º15'59" east to 84º19'33"east longitude
and 28º5'46" north to 28º9'30" north latitude. Aerial extension is nearly 21 square km
having east-west extension nearly 6 kilometer and north south 5.5 kilometer. Elevation
ranges from lowest 420 m in the south-west corner to highest 1420 m to the north.
Naturally, general slope is south facing having higher elevation to the north and lower
to the south. Temperature and rainfall data was taken from the nearest meteorological
stations. Rainfall data was taken from nearest rainfall data of meteorological station
at Kunchha is nearly 2600 mm having nearly 80% rainfall in summer and dry in
winter. Kunchha is the nearest station but this station does not have temperature data.
Therefore, temperature data was taken from second nearest station located at Khudi.
Average temperature of Khudi is 22.5ºc having the maximum 28.64ºc and minimum is
16.39ºc. Narrow river terraces along the tributaries and gently sloping cultivated land
47

J. Dahal, C.L. Chidi,U. K. Mandal ... / The Geographical Journal of Nepal Vol. 11: 45-62, 2018

and most of other parts are moderately to steeply sloping hillside. Traditional intensive
subsistence farming with irrigated paddy field at lower river terraces and rain-fed maize
field in the upper hill slope area is common in Nepal. It is primarily based on organic
manure with livestock, forest and crop are being major components of an integrated
system and this area is also not an exception.

Methods and materials
This study is based on the analysis of 50 samples taken from different areas. The location
of sample pits were identified on the basis of various map layers such as topographic
map, land system map, land capability map and land utilization map (LRMP, 1986a;
LRMP, 1986b; LRMP, 1986c). The centroid method was applied to find the location for
soil pits in the polygons. Coordinates of each sampled pits were identified. Standard soil
profile description prepared by National Land Use Project, Nepal (NLUP, 2074) was
used to record the soil profile details. This form consists of the information of sampled
site location, general information of the soil, general information of the profile and
information on individual soil horizon. One kg top soil from each pits were collected.
The map of sampled pit location has been shown in the Figure 2. Google Earth image
was also used to collect required information and verification of spatial data.
Samples were air dried in
the room. Roots, stem leaves
etc. were cleaned. Air dried
sampled was grinded to
disintegrate fragment of earth
materials. Grinded sample
was filtered by 2 mm sieve
and weighted separately. Earth
material greater than 2 mm is
known as coarse fragments
and smaller than 2 mm is
known as soil (FAO, 2006).
Soil particle size of 2 mm to
0.05 mm was defined as sand,
0.05 mm to 0.002 mm was
silt and smaller than 0.002
mm is clay (USDA, 2017). It
is measured by hydrometer
which
is
recommended
48

Figure 2: Soil mapping unit and location of sampled pits.
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standard method for particle size identification (Amuyou et al., 2013). Then proportion
of sand, silt and clay of each soil sample was identified. Soil pH was measured using
digital pH meter in the lab. Soil pH ranking was done on the basis of Nepal Agriculture
Research Council guideline (NARC, 2013). Only four groups of pH ranking were found
in the study area. Soil texture class was identified through soil texture triangle for each
sample (see Figure 3).

Figure 3: Soil texture triangle.
Land use map was prepared on the basis of topographic map 1996 and corrected by
field verifications and Google Earth image. Land use classes were agriculture, forest and
others (pasture and grassland).
IDW interpolation of soil properties in GIS is popular methods (Mzuku et al., 2005
and Attaeian et al., 2015) to make regular pattern on the basis of the properties of
sample location which is the best method due to the low skewness inherent in all soil
properties (Kravchenko and Bullock, 1999). This method was used cautiously in this
study because some studies found that IDW was the best for subsoil pH interpolation
than top soil (Robinson and Metternicht, 2006). Elevation of 200 meter interval was
considered. Slope has been classified into four categories such as <1º, 1º to 5º, 5º to 30º
and >30º according slope category of land capability classes I, II III and IV (LRMP,
1986a). Cross tables of corresponding variables were developed to identify the pattern
of association among variables.
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Two types of soil properties tables were prepared at different elevation, slope gradient
and land use. First one was for contingency tables of soil properties at different
elevation, slope gradient and land use to identify the nature of distribution pattern of soil
properties. Second one was to prepare frequency table of soil properties of 50 samples
for Chi-square test to identify whether the general distribution pattern of soil properties
at different elevation, slope gradient and land use are significantly different or not. For
this purpose, variables were further grouped to meet the criteria for chi-square test (Pal,
1982 and Gupta, 2011). Elevation was classified into tropical below 1000 meter and
warm temperate regions above 1000 meter according to LRMP criteria. Similarly, slope
was grouped into 0º to 5º and 5º to 60º. First group is class I and class II, and the second
group is class III and class IV of land capability class (LRMP, 1986a). First group of
soil texture class was loamy (loam and silt loam) and second group was sandy (sandy
clay loam and sandy loam) because these classes have different water retention and
moisture holding capacity (Akhter, 2004). Soil was classified into two groups on the
basis of alkaline and acidic in nature which is very important for crop production and
vegetation regeneration (Nelson and Su, 2010). First group is neutral to slightly acidic
and second one is moderately to highly acidic. Sand percent is grouped into sandy
nature (>50% sand) and silt or clay nature (<50% sand). Accordingly, silt percent was
grouped into clay nature (<40% silt) and silt nature (>40% silt). Clay was grouped
into less than 20% and more than 20% (NARC, 2013). Coarse fragment proportion
was grouped into boulder (less than 15% coarse fragment) and rubble (more than 15%
coarse fragment) based on USDA (2017) class. Finally, chi-square test was used to test
whether the significance association among variables presents.

Results and discussion
Soil texture
Soil texture refers to the relative proportion of sand, silt and clay of soil. Four types
of texture classes were identified from 50 soil samples. Those are loam, silt loam,
sandy loam and sandy clay loam. Dominant soil texture class in the study area is loam
(54.03%) followed by silt loam 35.94%). These two texture classes occupy nearly 90%
of the soil. Remaining 10 percent are sandy loam (7%) and sandy clay loam (3%). There
is higher proportion of loam and silt loam below 1000 meter elevation inversely higher
proportion of sandy loam and sandy clay loam above 1000 meter altitude. Chi-square
test (Table 1) between elevation and soil texture class proves the association between
these two variables. Similar association with slope gradient and land use was found by
chi-square test at 5% significance level. Therefore, it can be said that elevation and slope
gradient have significant control on the distribution of soil texture class. Distribution of
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soil texture class was also determined by various land use classes such as agriculture,
forest and others (pasture and grassland). Cultivated land has higher proportion of
loam and silt loam than forest and other land uses (at 5% significance level). Inversely,
pasture and grassland have more sandy loam and sandy clay loam. Irrigated paddy field
has more silt loam and rain fed maize field has more loamy soil. Silt loam is mostly
limited to river terraces and tars. The lower river terrace with paddy field has silt loam
and upper river terrace of maize field has mostly loamy soil.
Table 1: Chi-square results of soil texture class at different elevation, slope gradient and
land use (N = 50).
Variables
Elevation
Slope
Land use

Chi square value

p value
0.03
2.09
5.55

0.854
0.148
0.062

Soil texture class provides valuable information for many applications in soil science
and other disciplines. However, values of sand, silt, and clay of soil are preferable
due to limitations of soil texture class (Levi, 2017). Sand proportion is increasing
with increasing elevation and naturally silt proportion is opposite to elevation. Clay
proportion is also similar decreasing trend with increasing elevation (see Table 2).
Table 2: Average percentage of sand, silt and clay by elevation
Elevation in meter

Number of samples

Sand

Silt

Clay

400 to 600

14

35.0

50.9

14.1

600 to 800

10

43.0

43.4

13.6

800 to 1000

16

44.7

41.7

13.6

1000 to 1250

10

46.8

40.7

12.5

Total

50

42.1

44.4

13.5

Chi-square test (at 5% significance level) of elevation and sand proportion proved the
significant variation of sand above and below 1000 meter altitude. Similar result was
found in Laddakh, India (Charan et al., 2013) at 3000 meter to 4000 meter altitudinal
range. Silt and clay proportion decreases with increasing altitude (see Table 2). However,
chi-square test at 5 % significant level does not show the significant association. Slope is
another important factor determining the proportion of sand, silt and clay. Table 3 shows
the increasing proportion of sand with increasing slope gradient and inverse relation of
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silt and clay context. The lowest slope gradient is nearby river channel therefore it has
higher sand proportion and lower proportion of silt and clay in comparison to 1º to 5º
slope range. It proves that land capability Class I and Class II have lower proportion of
sand and higher proportion of silt and clay than in Class III and Class IV. However, Chisquare test does not prove the significant difference in the proporation of sand and silt at
less than and more than 5º slope gradient but clay proporation is significantly different
in these two slope gradient classes..
Table 3: Average percentage of sand, silt and clay by slope gradient
Slope in degree

Number of samples

Sand

Silt

Clay

0 to 1

2

31.1

54.3

14.6

1 to 5

6

28.9

55.8

15.3

5 to 30

26

42.6

44.3

13.1

More than 30

16

47.6

39.0

13.4

Total

50

42.1

44.4

13.5

Proportion of sand is the lowest in agriculture and the highest is in pasture and grassland.
Proportion of silt is the highest (47.3%) in agriculture land followed by grassland
(45.9%) and the least is in forest. Clay percent is the highest in agriculture and the
least proportion is in the forest (see Table 4). Silt and clay proportion are significantly
different in various land use but sand proportion is not as well (chi-square test at 5%
significance level).
Table 4: Average percentage of sand, silt and clay by land use
Land use

Number of samples

Sand

Silt

Clay

Agriculture

31

38.6

47.3

14.1

Forest

13

48.5

39.2

12.3

6

45.9

40.6

13.6

50

42.1

44.4

13.5

Grassland & pasture
Total

Table 2, 3 and 4 show that higher proportion of sand was found at higher elevation,
higher slope gradient and non agriculture land. It is also because of the cultivated land
is mostly locating in lower elevation less sloppy land. Higher proportion silt and clay at
lower elevation, lower slope gradient and cultivated land indicates the land suitability
for agriculture.
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Soil pH
The presence of bacteria, decomposing materials like leaves, grasses and addition
of lime has direct relation in maintaining the soil pH. Since soil pH is controlled by
several factors such as clay and organic matter content. IDW Interpolated map of pH
estimates that more than half of the total area is moderately acidic followed by slightly
acidic. Remaining area is strongly acidic. Very few parts are neutral. Figure 4 shows the
distribution of moderate to highly acidic soil in the north and western part of the study
area which is mostly surrounded by moderately acidic. Slightly acidic soil is found in
the central to south east portion. Some eastern, southern, western and northern border
area have also similar level of pH. Neutral is in the very limited part of central, west and
southeast region.

Figure 4: Distribution of alkaline and acidic nature of soil
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Table 5 shows the number of soil samples taken from different types of land use and
their pH values.
Table 5: Soil pH by land use types
Land use

Number of samples

Agriculture
Forest
Pasture and grassland
Total

31
13
6
50

Minimum
5.3
5.3
5.1
5.1

Soil pH
Maximum
7.0
6.4
6.6
7.0

Average
6.0
5.8
5.8
5.9

Inverse relation between slope gradient and average pH value is found in the study area
(see Table 6). Maximum pH is found in 1º to 5º slope range. Amuyou and others (2013)
and Tripathi (2015) found the significant increase in soil acidity in Nepal and other parts
of the world and this study also found similar result.
Table 6: Soil pH by slope gradient
Land use
0 to 1
1 to 5
5 to 30
30 to 60
Total

Number of samples
2
6
26
16
50

Minimum
6.1
5.6
5.1
5.3
5.1

Soil pH
Maximum
6.4
7.0
6.7
6.6
7.0

Average
6.3
6.2
6.0
5.7
5.9

However, soil pH pattern is not regular with altitudinal variation in the study area.
Agriculture land is more alkaline than forest, grassland and pasture area. Irrigated paddy
field has higher pH value than in rain fed maize field. However, average soil pH at
agriculture land is slightly acidic.
There has been variation in soil acidity above and below 1000 meter elevation and
different land use types. The significant difference of soil acidity and alkaline below
and above 5º slope gradient was found in the study area. Chi-square test proves the
significant difference of soil pH class in various land use class at 5% significance level
(Table 7). It proves that the soil pH is significantly higher in agriculture land than forest,
pasture and grassland.
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Table 7: Chi square result of soil pH at different elevation, slope gradient and land use
(N=50).
Variables

Chi square value

p value

Elevation

2.42

0.119

Slope

0.42

0.517

Land use

2.86

0.239

Acidic soil in agriculture land is the result of shortage of organic manure supply due
to the decreasing livestock and other organic manure supply due to labor shortage in
hill agriculture (Tripathi and Jones, 2010) of Nepal. Hill farming system of Nepal is
characterized by the integration of crop production, livestock and forestry. In recent
two decades linkage between these aspects are becoming weak. As a result organic
manure supply in their cropping field is lacking which is being major cause decreasing
soil productivity (Dawadi and Thapa, 2015). Similarly, soil erosion from the hill slope
and weak management system of agriculture farmland (Tripathi, 2015) have also played
significant role of decreasing soil productivity and acidification of agriculture land. Soil
becomes acidic through natural process after expose with rainwater for a long time.
Acidification of soil is a major problems of agriculture sustainability in the world
(Sumner and Noble, 2003; Brady and Weil, 2008). The similar situation is also found
in Nepal.

Coarse fragments
Coarse fragments play an important role in static soil properties such as soil bulk
density, porosity, pore size distribution and saturated hydraulic conductivity. In general,
these values increased with increasing coarse fragment content (Chow et al., 2007).
Soil moisture and temperature of soil are also determined by the proportion of coarse
fragments which is both valuable components for agriculture production. There is higher
proportion of coarse fragment in the river terraces followed by slope land. Average
coarse fragment proportion in the study area is 18.69 percent with ranging minimum
nearly 2% to as high more than 90%.
Coarse fragment is highest in agriculture land followed by pasture and grassland. Least
proportion is in the forest area (see Figure 5). Land use has significant difference of the
distribution of boulder and rubble (chi square test at 5% significance level) in the study
area.
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Figure 5: Average percent of coarse fragment by land use.
The proportion of coarse fragment is consistently decreasing with increasing altitude
(Table 8). The maximum proportion is in similar pattern like average but minimum
proportion is not consistent with elevation. The distribution of boulder and rubble is
significantly different below and above 1000 meter elevation (chi-square test at 5%
significance level).
Table 8: Coarse fragment by elevation.
Altitude in meter

Numbers of sample

Minimum

Maximum

Average

400 to 600

14

3.3

90.4

35.6

600 to 800

10

1.9

44.6

14.4

800 to 1000

16

3.2

26.8

12.7

1000 to 1250

10

2.5

29.5

8.8

Total

50

1.9

90.4

18.7

The proportion of coarse fragment increases with decreasing slope gradient. However,
lower proportion of coarse fragment was found below 1º than higher slope gradient class
1º to 5 º class. Slope gradient class 1º to 5º has the highest proportion of coarse fragment
(see Table 9). The distribution of these two types of class is significantly different in
the regions more than and less than 5 º slope gradient. Chi-square test proves that there
is significantly higher proportion of coarse fragment less than 5 º slope gradient than
steeper slope.
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Table 9: Coarse fragments by slope gradient.
Land use

Number of samples

Minimum

Maximum

Average

0 to 1

2

6.0

76.7

41.3

1 to 5

6

9.3

90.4

53.1

5 to 30

26

1.9

44.6

14.4

30 to 60

16

2.9

29.3

10.0

Total

50

1.9

90.4

18.7

Mass-volume relationships are crucial in estimating soil fertility. The amount of gravel
present in soil affects bulk density and availability of nutrients. Hence, void space
occupied by gravel can hardly be ignored. The quantity of soil organic carbon and
potentially available nutrients for plant uptake decreases with an increase in volume of
coarse fragments (Nagaraja et al., 2016 and Poeplau, 2017). There is higher proportion
of coarse fragment at lower elevation, lower slope gradient and cultivated land. These
areas are less suitable for agriculture in case of the presence of higher proportion of
coarse fragment. However, other suitable environment such as soil pH, soil texture
class, topography, slope gradient and climate have made possible for cultivation.

Conclusion
Physicochemical properties of soil are the important components. Detail spatial
information of soil properties is very essential for having sustainable agriculture and
environmental management. Dominant soil texture class in the study area was found
loam followed by silt loam. Remaining are sandy loam and sandy clay loam. Proportion
of sand increases with increasing altitude and slope gradient and silt proportion is quite
inverse which is similar to some other parts of the world. Higher proportion of sand
is in steeper slope, rain fed maize field and lower proportion in agriculture land. It
is natural because steeper surface faces more sheet erosion of finer material during
summer rainfall. Frequent tilling of cultivated land result more contain of silt than other
land cover categories. Most of the study area is slightly to moderately acidic which
occupies nearly 91% of total area and very few area has neutral. Northern and western
parts are more acidic than central and southeastern portion. Acidity increases with
increasing altitude and slope steepness as a result irrigated paddy field have more pH
than in rain fed maize field. Acidification of soil of cultivated land is resulted due to
the lack of organic manure supply and because of the soil erosion due to lack of proper
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management of cultivated land. Higher proportion of coarse fragment at lower elevation
and lower slope gradient because of the weathered materials are deposited at lower
slope gradient of lower altitude area because lowlands are more flat than the land of
higher elevation. This study is limited in two sites of Lamjung district and difficult to
generalize soil characteristics at larger scale. Exploring more soil characteristics with
such detail spatial coverage of different parts is recommended for the future research in
the field of soil science.
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Soil hydraulic properties play crucial role for having sustainable growth of
vegetation and also required for carrying out environmental studies especially
subsurface ground water. Since, its direct measurement is time consuming and
therefore costly, indirect methods such as pedotransfer functions have been used
to estimate hydraulic properties. Soil hydraulic properties: bulk density, available
water, permanent wilting point, field capacity and water retention capacity and
saturated hydraulic conductivity are essential to be studied. These factors affect
soil productivity and the environment. The knowledge of soil water properties for
different land-use and land cover types based on soil textural classes are important
for re-growth of plants and agriculture crops and ultimately efficient soil and
water management. The aim of this paper is to measure soil hydraulic properties
based on soil textural classes for different land use types. Furthermore, the use
of the soil texture triangle: hydraulic properties calculator has been assessed.
The comparison of the soil hydraulic properties obtained from textural triangle
for different land use land and cover types has also been analyzed. Moreover, an
analysis of variance (ANOVA) of soil hydraulic properties among different land
use types has been performed. The soil reaction (pH) value ranges from 4.69 to
6.69 and as a mean of 5.51 indicating slight acidic. The analysis showed barren
land occupying 14.3 percent of total land use/land cover is found to be suitable
for plant growth since it has loam texture having bulk density less than 1.6 g/cm3.
The analysis of bulk density showed that barren land is significantly different at
the 0.05 level from both agriculture and forest, whereas agriculture and forests
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are not different even at 0.05 significant levels. It verifies the fact that mean bulk
density at the depth of 0.15 cm is affected by land use land cover types.
Keywords:Land use; soil hydraulic properties; soil texture; available water;
ANOVA

Introduction
Soil is one of the most important natural resources providing life to all kinds of
living beings such as plants, animals and organism. Hydraulic parameters are vital
soil properties for precision agriculture and essential macro nutrient to increase soil
fertility required for plant growth and development that is extremely associated
with soil physical, chemical, and biological processes. Soil physico-chemical and
hydraulic properties are essential to be understood for soil profile development and
also for sustainable vegetation growth and development along with water balance in
soils (Hillel, 1998). The behavior of hydrological characterization of different land use
land cover types requires knowledge of hydraulic parameters (Santra and Das, 2008).
Available water capacity (AWC) is one of the fundamental soil hydraulic properties
affecting sustainable land use planning particularly soil productivity and management.
Available soil water content depends upon field capacity (FC), permanent wilting point
(PWP), bulk density, hydraulic conductivity governing the transport characteristics of
water and solutes in soils. The knowledge of these properties is fore most concern for
water retention capacity on different land- use land cover types that are required for
efficient soil and water management, conservation and development of agriculture
farming practices. Land use land cover change such as conversion of natural lands to
cultivated fields, available water capacity is strongly influenced (Schwartz et al., 2000;
Bormann and Klaassen, 2008; Zhou et al., 2008). Available water at field capacity (FC)
and permanent wilting point(PWP) are essential factors to estimate the irrigation water
depth that varies on distribution of land use land cover types. Soil hydraulic properties
constitute the basis for understanding flow and transport processes and are important
input properties in any simulations of vadose zone properties. In-depth understanding
of the association or correlation between available water in soil and land use land
cover types was essential in determining the flow properties of water in soil. Different
researchers in different corners of the world have demonstrated the variation of soilhydraulic properties according to land-use land cover types (Sonneveld et al., 2003;
Bodhinayake and Cheng, 2004; Bormann and Klaassen, 2008) and mostly affected by
proportion of sand, silt, clay determining textural classes, organic matter content, bulk
density and porosity (Zhou et al., 2008). Proportion of particle size of soil is necessary
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input data for the estimation of available water required for sustainable ecosystem
services. For different land use land cover types, pedotransfer model led soil hydraulic
properties estimator was used to estimate available soil water (Horel et al., 2015).
Accurate measurement of soil hydraulic properties is essential since it is one of the key
soil properties controlling water budgets in agricultural production systems and it is done
through soil test laboratories. Government of Nepal has limited soil test laboratories
and recently proposed fifty new soil test laboratories to be set up on Private Public
Partnership (PPP) mode with a cost of NRs 2.5 million each along with strengthening
of 16 existing soil test laboratories (7 under Soil Management Directorate and 9 under
National Agriculture Research Center) requiring a cost of NRs 5.0 million each to
cater the demand of farmers and researchers (Dawadi et al., 2015). Estimation of these
properties at an acceptable level of accuracy is important; especially in the case when
they exhibit strong spatial dependence and its measurement is a time, cost and laborconsuming procedure.
In pedology, pedotransfer function(PTF) is firstly coined by as a translating data from
soil survey into what we need to estimate. Based on most readily available data from
such as field morphology, structure and pH pedotransfer functions add value to this
basic information by translating them into estimates of other more laborious and
expensively determined soil properties filling the gap between the available soil data
and the properties which are more useful or required for a particular model or quality
assessment. As a tool for modeling applications, pedotransfer functions are derived
from involving various soil data measured in the field and from laboratory analyses.
Soil hydraulic parameters derived through PTFs can be used to express soil hydraulic
properties and water retention (Brooks and Corey,1964).
Researchers were found dealing with the estimation of FC, PWP, and Available Water
Capacity(AWC), notably in a series of papers by Salter and Williams (1965) exploring
relationships between texture classes and available water capacity, known as class
PTFs and developed functions relating the particle-size distribution to AWC, known as
continuous PTFs.
In the present attempt, pedotransfer function based on soil hydraulic properties estimator
has been employed to estimate field capacity, permanent wilting point, bulk density,
saturation, hydraulic conductivity and available water based on soil texture.
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Methods and materials
Study area
This study was conducted on soil in Chiti, areas, middle mountain range of Nepal which
was covered by forest, grassland, agriculture and other land use types. The study site
was situated with geographical extension from 28º 09' 55.4'' N to 28º 13' 50.7'' N and 84º
24' 21.4'' E to 84º 27' 30.7'' E and had an elevation of 1453 m with varied soils (Figure
1). According to Land Reform Mapping Project (LRMP 1984) report, the dominant
soil types are entisols and inceptisols and dominant soil texture is loamy skeletal and
drainage condition ranged from well to moderately well. The land slope was ranged from
less than 1º to more than 30º. The minimum and maximal average yearly temperatures
were approximately found of 16.39ºc and 28.64ºc, respectively. The mean annual total
rainfall from period of 1985-2013 was found as of 3374 mm. The landscape is composed
of undulating to strongly sloping terrain. The soil depth ranges from 25 cm to 71 cm.

Figure1: Location map of study area
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Soil sampling and data analysis
Soil sampling units were developed based on integration of five thematic layers as
landform, landscape, geology, slope and land use and land cover types.A standard soil
profile description form prepared by NLUP (2017) was used in the field to capture
soil profile characteristics (Karki, 2018). Representative soil samples were collected for
laboratory test of primary nutrients as nitrogen, phosphorous and potassium, soil reaction
and soil texture. Soil samples were collected at a depth of 0-15 cm at places representing
each soil sampling units. Al together 35 soil samples determining by integration of five
factors mentioned above were collected from five categories of land use and land cover
types as cultivation, forest, grazing, bush and barren land.
The particle size distribution of soil was determined using a hydrometer method (Gee
and Bouder, 1979).Soil particle sizes were separated according to the U.S. Department
of Agriculture classification system: sand (<2 mm), silt (0.002 -<0.05 mm) and clay
(<0.002 mm). A wide variation of data for soil texture is observed, ranging from sandy
loam to siltloam soils.The pH of the soil was determined with the help of a pH meter in
1:2.5 soil water suspension ratio.
After having homogenization, about 1 kg of air-dried soil was ground and sieved
through a 2 mm mesh. Hydrometer method is most commonly used since it is less time
consuming and easy to follow in a service laboratory. The soil sample is dispersed by
removing the binding force in soil particles. The settling rate of dispersed particles in
water is measured. Large particles are known to settle out of suspension more rapidly
than do small particles. This is because larger particles have less specific area and
hence have lesser buoyancy than smaller particles. Stoke’s law (1851) is used to express
there lationship. The law stipulates that the relabions offered by the liquid the fall of
the particle varies with the radius of the sphere and not with the surface. Soil pH was
determined by potentiometry at a soil: water ratio of 1:2.5. Figure 2 gives the distribution
of samples within the soil texture triangle based on the United State’s Department of
Agriculture (USDA) classification.
Soil texture triangle as an estimator of soil hydraulic properties (Saxton et al.,
1986) was used to estimate permanent wilting point (PWP), field capacity (FC),
bulk density (BD), saturation, saturated hydraulic conductivity and available water,
drainage rate. Permanent wilting point (PWP) expressed as a lower limit of available
water is the water level at which water remaining in the soil is held so tightly by
capillary action that it is unavailable to plants. Field Capacity (FC) also expressed
as upper limit of available water, is the water content when the soil is saturated
but not yet overflowing. If soils are worked with heavy machinery when they
are at or above field capacity, long term damage may be done to the soil structure.
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Drainage rate is measured as the speed water travels through saturated soil. The higher
this value, the more rapidly the soil will drain. Available Water (AW) is expressed as
the difference between field capacity and permanent wilting point. Bulk density (BD) is
expressed as 1 - saturation * 2.65 is used in determining soil porosity.
Analytical tool
Geography as a science of areal differentiation deals with the spatial variation of
geographic phenomena and thus analysis of variance has been considered as the most
useful technique for examining the variation of physical and chemical characteristics
of soil. It has been suggested that soil science studies need to be supplemented by the
analysis of variance for variation investigation with respect to soil hydraulic properties.
In the present research, Analysis of Variance (ANOVA) was employed in order to
examine physico-chemical and hydraulic properties of soil on each of the land use and
land cover types.

Figure 2: Distribution of samples within the soil texture triangle based on the USDA
classification.
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Results and discussion
Descriptive characteristics of soil
Physico-chemical and hydraulic characteristics of soil have been analyzed using
descriptive statistics. Physico-chemical properties have been included soil particle size,
bulk density and pH and similarly hydraulic properties include permanent wilting point
(PWP), field capacity (FC), saturation, drainage rate, saturated hydraulic conductivity
and available water.
Physical and chemical characteristics of soil
As depicted in Table 1 which provides the descriptive statistics of soil particle size, bulk
density and soil reaction (pH) in the study area. It represents general characteristics and
evidence of variations in physico-chemical parameters. The soil reaction (pH) value
ranges from 4.69 to 6.69 and as mean of 5.51 indicating slight acidic in nature. This
result also verifies Nepal’s major agriculture land with the dominance of acidic soil
(Dawadi et al., 2015). The soil texture classes based on its proportion were ranged from
sandy loam to silt loam with loam domination of 45 percent. Based on intensity of
usage, and land use and land cover types, topsoil bulk density values ranged from 1.33
g/cm³ to 1.62 g/cm³ which was found in range of study made by Ghimire and others
(Ghimire et.al., 2013).
Table 1: Physico-chemical characteristics of soil in Chiti areas (n=35)
S.N.

Characteristics

Minimum

Maximum

Mean

Std. Deviation

1

Sand (%)

26.06

74.27

46.39

12.58

2

Silt (%)

15.99

61.81

41.81

11.22

3

Clay (%)

6.02

22.15

11.79

4.13

4

BulkDensity (g/cm³)

1.33

1.62

1.50

0.07

5

pH

4.69

6.69

5.51

0.47

Source: Soil Survey 2017
Hydraulic properties of soil
Hydraulic properties of soil by representing descriptive statistics have been depicted
in Table 2. It is associated with infiltration, permeability, drainage rate, erosion and
ultimately available water in soil that is essential for re-growth of vegetation required for
sustainable land use planning in middle hills of Nepal. Saturated hydraulic conductivity
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as one of dominant soil hydraulic properties ranged between sites from 0.77 cm/hr to
4.37 cm/hr as mean of 2.44 cm/hr. This range of saturated hydraulic conductivity was
found to be less as compared to the study carried out by Gilmour and others (Gilmore
et al., 1987) depending upon the depth of soil and method adopted. Similarly available
water was found varied from 0.09 cm3 water/cm3 soil as of minimum to 0.17 cm3 water/
cm3soil as of maximum with the mean of 0.13 cm3 water/cm3soil.
Table 2: Hydraulic properties of soil in Chiti areas (n=35)
S.N.

Characteristics

Minimum

Maximum

Mean

Std. Deviation

1

Wilting Point(cm³ water/
cm³soil)

0.07

0.13

0.10

0.01

2

FieldCapacity (cm³ water/
cm³soil)

0.18

0.28

0.24

0.03

3

Saturation (cm³ water/
cm³soil)

0.39

0.48

0.43

0.02

4

Saturated hydraulic
conductivity (cm/hr)

0.77

4.37

2.44

0.95

5

Availablewater(cm³water/
cm³soil)

0.09

0.17

0.14

0.02

Source: Soil Survey, 2017
Spatial variation of physical and chemical properties of soil
Bulk density as an indicator of soil compaction is one of the most important property
among several physical properties of soil. It reflects the soil’s ability to function for
structural support, water and solute movement, and soil aeration. Thresholds of bulk
density for different soil texture as of <1.60 g/cm3for sandy, <1.40 g/cm3 for silty and
<1.10 g/cm3 for clayey are ideal for plant growth and above these indicate impaired
function restricting root growth (Arshad et al., 1996). In this connection, the study
areas covered 45.7 percent, 20 percent and 34.3 percent of loam, silt loam and sandy
loam as soil texture respectively and these soil textures contain bulk density of 1.45 g/
cm3,1.46 g/cm3 and 1.55 g/cm3 respectively. Thus, the result shows that sandy texture as
dominated in the study area are suitable for plant growth having bulk density less than
1.6 g/cm3. The study reveals the fact that barren land occupying 14.3 percent of total
land use/land cover was found to be suitable for plant growth since it has loam texture
having bulk density less than 1.6 g/cm3.
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Table 3: Analysis of variance for bulk density and soil reaction by land use /cover
types
Bulk density(g/cm3)
Land use land cover types
Agriculture

Forest

Agriculture
Forest

Mean
difference

Std.
Error

Sig.

pH
Mean
difference

Std.
Error

Sig.

-0.45

0.34

0.27

0.12

0.40

0.25

Barren Land

-0.99*

0.38

0.05

0.96*

0.35

0.02

Barren Land

-0.98*

0.33

0.05

1.08*

0.35

0.01

* The mean difference is significant at the 0.05 level.
The analysis of variance (ANOVA) for land use and land cover types on bulk density
indicated that variation between land use and land cover types was significant at the
0.001 level (Table 3). Furthermore, the result of bulk density showed that barren land
was significantly different at the 0.05 level from both agriculture and forest, whereas
agriculture and forest land were not different even at 0.05 significant level among
themselves. These conclusions suggested that bulk density of barren land could be
more improved after plantation or re-forestation.
The pH is a master variable and its knowledge in soil is needed to understand
important chemical process such as phosphate mobility, metal ion equilibria, and rate of
precipitation and dissolution reactions. Moreover, soil pH referred to the degree of soil
acidity (below 7.0) or alkalinity (above 7), is one of the essential chemical properties
affecting physical, chemical, and biological properties and processes, as well as plant
growth and its value of 7 is considered neutral. The nutrition, growth, and yields of most
crops decrease when pH is low and increase as pH rises to an optimum level (Smith and
Doran, 1996). Therefore, the lime as the quantity of limestone (CaCO3) is required to
raise the pH of an acidic soil to a desired pH.
The neutral of pH (6.0 to 7.5) is the best suitable for most of crops and macro nutrients
such as calcium and magnesium, nitrate-nitrogen, phosphorus, boron, and molybdenum
and they are deficient when pH is low, whereas aluminum and manganese are abundant,
sometimes reached to toxic level for some plants. Similarly, phosphorus, iron, copper,
zinc, and boron are frequently deficient in the very alkaline soils. At low level of pH,
bacterial populations and their activities are declined whereas at large range of pH from
acidic to alkaline, fungiare adapted and most of micro-organisms need an optimum pH
range for survival and function (Brady and Weil, 1999).
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In this connection, the study areas covered 45.7 percent, 20 percent and 34.3 percent
loam, silt loam and sandy loam as soil texture respectively, and these soil textures
contain bulk density of 1.45 g/cm3,1.46 g/cm3 and 1.55 g/cm3 respectively. Thus, the
result shows that sandy texture as dominated in the study area are suitable for plant
growth having bulk density less than 1.6 g/cm3. The study reveals the fact that barren
land occupying 14.3 percent of total land use/land cover was found to be suitable for
plant growth since it has loam texture having bulk density less than 1.6 g/cm3.
The mean pH of the tested samples taken from different sites of the study area was
5.51 ranging from 4.69 as of minimum and 6.69 as of maximum. The majority (74.2%)
were ranged from strongly acidic to moderately acidic while, remainings 17.1%, 5.7%
and 2.9% of the analyzed samples were very strongly acidic, slightly acidic and nearly
neutral respectively. This result matched with the findings of Nepalese soils where 70%
are acidic in nature (Dawadi et al 2015). As considering by land use land cover types,
agriculture land was pre-dominated by strongly acidic soil reaction whereas forest was
found equally dominated by strongly acidic and moderately acidic. In case of barren
land, soil reaction was found moderately to slightly acidic in nature.
In evaluating spatial behavior of soil reaction (pH) by the analysis of variance for all
land use and land cover types, it was revealed that the land use and land cover types
were significantly different at the 0.05 level (Table 3). Barren land was significantly
different from agriculture and forest land at 0.05 level. Agriculture and forest land was
not significantly different from each other at the 0.05 level. Two homogeneous subsets
were clubbed or grouped on soil reaction at the 0.05 significant level. First subset
included agriculture and forest significantly different from barren land. The second
subset included barren land only (Table 3).
Spatial variation of hydraulic properties of soil
The mean saturated hydraulic conductivity and available water of the tested samples of
the study sites were 2.44 cm/hr and 0.138 cm3 water/ cm3 soil respectively. The mean
saturated hydraulic conductivity for agriculture, forest and barren land were estimated
to be 2.53 cm/hr, 2.62 cm/hr and 1.68 cm/hr respectively. Similarly available water for
agriculture, forest and barren land at field capacity (FC) and permanent wilting point
(PWP) were estimated as of 0.141cm3 water/ cm3 soil ,0.133 cm3 water/ cm3 soil and
0.141 cm3 water/ cm3 soil respectively.
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Table 4: Analysis of variance
Land use land cover types

Saturated hydraulic
conductivity (cm/hr)
Mean
difference

Std.
Error

Available water(cm3 water/
cm3 soil
Sig.

Mean
difference

Std.
Error

Sig.

Agriculture

Forest

-0.08

0.34

0.97

0.01*

0.01

0.05

Agriculture

Barren Land

0.85*

0.47

0.05

0.01

0.01

1.00

Forest

Barren Land

0.93*

0.49

0.05

-0.02*

0.01

0.47

* The mean difference is significant at the 0.05 level.
Spatial analysis with high values of saturated hydraulic conductivity was geographically
distributed in forest land. In evaluating spatial pattern of this hydraulic parameter by
analysis of variance for all land use and land cover types, it was revealed that barren
land was significantly different from agriculture and forest land at the level of 0.05 (
Table 4). Similarly in terms of available water, forest was significantly different from
agriculture and barren land at the 0.05 level since permanent wilting point of forest was
found significantly different from agriculture and barren land. Thus, two homogeneous
groups were formed in terms of having same mean value of available water. They were
agriculture and barren land in one group and forest in other group.
Thus the result of available water at field capacity (FC) and permanent wilting point
(PWP) as an important estimator of the irrigation water depth and saturated hydraulic
conductivity were affected by land-use land, cover types

Conclusion
This paper has focused on sustainable land use planning by proper management of
agriculture land and re-forestation on barren land with efficient management of forest
resources that leads to increase livelihood options of the rural population. For achieving
this, hydraulic parameters are vital soil properties for enhancing water retention capacity
required for plant growth and development which is basically associated with soil’s
physical, chemical, and biological processes. Hydraulic properties can be obtained from
direct laboratory and field measurements. However, those techniques are limited in terms
of time consumption and economy. Thus, pedo-transfer function based soil hydraulic
properties estimator was employed to estimate field capacity, permanent wilting point,
bulk density, saturation, hydraulic conductivity and available water based on existing
soil texture.
The soil reaction (pH) of the study area value ranges from 4.69 to 6.69 and as mean of
5.51 indicating moderately acidic soil in nature and it requires proper lime addition.
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The dominant soil texture of the study was loam occupying 45 percent of spatial extent.
Similarly, topsoil bulk density values ranged from 1.33 g/cm³ to 1.62 g/cm³ with mean
of 1.50 g/cm³. Saturated hydraulic conductivity ranged between sites from 0.77 cm/
hr to 4.37 cm/hr as mean of 2.44 cm/hr.The study reveals the fact that barren land
occupying 14.3 percent of total land use/land cover was found to be suitable for plant
growth since it has loam texture having bulk density less than 1.6 g/cm3.The result of
bulk density showed that barren land was significantly different at the 0.05 level from
both agriculture and forest land, whereas agriculture and forests land were not different
even at 0.05 significant level. It verifies the fact that mean bulk density at the depth
of 0-15 cm is affected by land use and land cover types.The mean saturated hydraulic
conductivity was significantly greater in forest when compared with agriculture and
barren land. It can be improved by plantation in barren land and proper management
of crops in agriculture.The results of this study encourage further investigations of
remaining physical, chemical and hydraulic properties of existing soil for afforestation
in barren land and sustainable agriculture planning for improving livelihood condition
of the rural communities in the study areas.
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Land use/land cover situation is an important indicator of human interaction with
environment. It reflects both environmental situation and the livelihood strategies
of the people in space over time. This paper has attempted to study the land
use/ land cover change of Sidin VDC, in the Koshi River basin in Nepal, based
on maps and Remote sensing imageries (RS) data and household survey using
structured questionnaires, focus group discussion and key informant interview.
The study has focused on analysis the trend and pathways of land use change by
dividing the study area into three elevation zones – upper, middle and lower. The
time series data analysis from 1994-2004-2014 show major changes in forest and
agricultural land. The dominant pathways of change is from forest to agriculture
and forest to shrub during 1994-2004 and agriculture to forest during 20042014. The development of community forest, labor migration and labor shortage
are found the major causes of land use change.
Keywords: Land use change; GIS/RS; agriculture; forest; pathways; Koshi River
basin; Panchthar; Koshi basin.

Introduction
Land cover is the bio-physical state of land while land use refers to the purpose for
which land is used (Steffen et al., 1992; Turner et al., 1995). Land-use / land-cover
(LULC) change is the main driver of global environmental change and it is central to
the sustainable development debate. It affects a broader array of environmental and
landscape attributes such as quality of water, land and air resources, ecosystem processes
and function, and the climate system (Lambin et al., 2000). Land is basic natural resource
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to human beings and therefore it plays a strategic role in the determination of economic,
social and cultural development of human beings (Vink, 1975).
There are limited research on land use/land cover change at national scale in Nepal
though there are many at regional scale and watershed level. The historical data on land
use particularly forest coverage has been provided by various forest surveys. The forest
coverage of the country was about 45 percent in 1964 that was decreased to 38 percent
in 1978/89, 36 percent in 1984, 29 percent in 1994 (DFRS 2015 cited in Chapagain
2017). The latest forest survey of Nepal has shown 40 percent forest area of the country
(ibid). However, there are a number of studies at micro level from the various parts of
the country that deal on land use trend, its causes and the pathways (Paudel et al., 2017;
Bajracharya, 1983; Mahat, 1985; Virgo and Subba, 1994; Shrestha and Brown, 1995;
Khanal, 2002; Sharma, 2003; Khanal and Watanabe, 2006; Bajracharya et al., 2014;
Rimal et al., 2015). The explanations of drivers of land use change have been changing
over the time. The high rate of forest land degradation and an increase in agricultural
land during1970s was reported due to high population growth that demanded land for
cultivation (Eckholm, 1976; Collins and Jenkins, 1996). Later, Ives and Messerli (1989)
pointed out the bio-physical, climatic and historical processes as the major drivers of
land use change. The increasing poverty, lack of livelihood opportunities, and several
forest based economic activities have caused forest degradation and have had an adverse
effect on the environment in Nepal Himalaya (Gurung, 1981, 2005; Paudel et al.,
2016b; Koirala, 2017). The study on LULC change from the Koshi basin in Nepal also
shows population as a major driver of expanding agricultural land in last three decades
(Paudel et al., 2016a). Similar findings are also reported by satellite imagery-based
mapping conducted in 2000 (Sharma et al., 2000) and in 2012 (Gao, 2012) in the Koshi
basin. Land is an important property and economic resource where all the development
activities are concentrated. A better understanding of process of land use change and
their influence on landscape is essential for rational management of land resources and
environment (Gurung and Khanal, 1986-88), therefore, this paper aims to examine the
changing land use trend, its pathways, and causes at micro scale that can provide a
comparative insight to the studies done at watershed and regional level.

Methods and materials
Study area
The study area is in the Koshi River basin, located in the north- eastern part of Panchthar
district of Nepal. It is 30 kilometer (km) north-east from the district headquarters
(Phidim) and bordered with India in the eastern side. The area lies in between 27º 06’
and 27 º11’ north latitude, 87 º 51’ and 87 º 59’east longitude. The total area of the VDC is
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59.03 km2 (5902.81 ha) and ranges from 1045 meters above sea level to 3586 meters. For
the analysis, the study area is divided into three elevation zones – upper, middle and lower.
The upper part is above 2100 meters, the middle part is from 1700 to 2100 meters and the
lower part is below 1700 meters elevation from the mean sea level (msl) (Figure 1).

Figure 1: Location of the study area.
The three micro regions is divided based on agro-ecology and cultural practices (also
see Guillet, 1983). Rice and maize is cultivated in the lower part and it is inhibited by
mixed population of caste and ethnic groups such as Chhetree, Brahman and Limbu;
maize and millet are grown in middle part and it is inhabited by Limbu and Rai; and the
upper part is inhibited by Rai and Gurung where they mainly cultivate potato, maize
and peas. Out of total area, the upper part covers about 69 percent followed by 19
percent in middle and 12 percent in lower part. Though the area is small there is high
variation in the landscapes, as some flat land in lower belt, gentle north-eastern aspect
of slope in middle part and steep slope land area in upper part (Figure 1). There are 885
households and 4588 population of the study area (CBS, 2012). Agriculture is the major
economy. Local breed livestock such as cow, goat, and ox are mainly nurtured for food
and draught power.
79

P. S. Chapagain; M. K. Rai; B. Paudel / The Geographical Journal of Nepal Vol. 11: 77-94, 2018

The study is based on analysis of maps and socio-economic data collected from primary
and secondary sources. The time series land use pattern and land use change is captured
based on topographical maps of 1994 (2687-16a, 16b, 16d) of 1:25000 scale produced
by Department of Survey, Government of Nepal. The land use pattern of 2004 and 2014
is derived by updating the 1994 maps by using google earth. While working different
scale maps there might have been some error which has tried to verify during field
verification. These three data sets are analyzed in GIS. The detail analysis of land use
change by elevation zones is given in Tables. The land use situation of the particular
year and the changes from 1994-2004 and 1994-2014 are mapped taking the major
land use categories such as agriculture, forest and shrub/bush. Importantly, land use
change from forest to agriculture is important one. Special focus has given in mapping
changes from forest to cardamom. Cardamom cultivation area also observed as forest
area because it needs shades of trees and bushes. So such area has been verified and
mapped. River, grass land, road and public use land are the other land use categories
which have very small area that cannot been properly read while showing on the map.
The causes of landuse change are derived from household survey. About 10 percent
(80 households) of the total households were proportionately selected as the sample
households.These households were selected from the three different elevation zones
covering households of all caste and ethnic groups of the VDC. Out of total households
(885), there were 274 households in upper part, 390 in middle and 221 in lower part so
about 10 percent of the total households i.e. 25, 35 and 20 households were randomly
selected from each part respectively. Using the household questionnaires, it was
asked about the major causes of land use change and other demographic and socioeconomic characteristics of the households. Furthermore, we also did three focus group
discussions, one from each of the elevation zone, to know causes of land use change and
its pathways. In addition, available socio-economic and other information are collected
from various sources such as Central Bureau of Statistics (CBS), District Forest Office
(DFO), and Village Development Committee (VDC).

Results and discussion
Land use/land cover situation and its spatial distribution
There are seven different types of land cover in the study area. Among them forest,
agricultural and shrub/bush are the three major types of land uses. Forest is the dominant
land use type that has covered about 70 percent followed by agricultural (22.8%) and
shrub land (5.8 %) in 2014 (Table 1). It comprises both private forest and community
forest that have been entrusted to forest user groups for development, conservation and
utilization in the interest of the community.
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Table 1: Land use Land cover types and area of Sidin, VDC 1994, 2004 and 2014
S.n

1

Land use
type

Forest

Part of VDC
(Elevation zone)

1994
Area(ha)

87.32

3410.60

82.06

Middle

450.76

11.22

353.87

9.13

488.68

11.76

Lower

231.17

5.76

137.66

3.55

257.05

6.18

Total

4016.55

3876.91
68.04

4156.33
65.68

70.41

Upper

427.46

28.06

202.92

13.63

315.89

23.46

Agriculture Middle
land
Lower

650.04

42.67

747.10

50.20

615.15

45.68

445.88

29.27

538.35

36.17

415.71

30.87

1523.38

Shrub and
bushes

235.05 100.00

235.05

98.98

4.80

1.02

468.63
3.98

22.82
345.63

28.55

Total

26.72

28.55
0.45

100.00

5.86
27.48
27.48

0.48

0.47

83.67

82.75

28.10

69.64

25.35

95.23

Middle

17.44

17.25

12.25

30.36

1.27

4.77

Lower
101.11

40.35
1.71

26.62
0.68

0.45

Upper

2.76

14.68

Middle

12.87

68.46

Lower

3.17

16.86

Total

18.80

Percent to grand total

Public use

100.00

Upper

Percent to grand total

7

100.00

345.63
7.94

26.72 100.00

Total

Road

463.83

Lower
Percent to grand total

Grass
land

1346.75
25.21

Lower
Percent to grand total

River

1488.37
25.81

Middle
Total

6

Area(ha) %

3385.38

Upper

5

%

83.02

Percent to grand total

4

Area(ha)

3334.62

Total

3

%

2014

Upper

Percent to grand total

2

2004

0.32

Upper

0.52

30.77

0.58

23.58

Middle

0.97

57.40

1.53

62.20

Lower

0.20

11.83

0.35

14.23

Total

1.69

Percent to grand total
Grande Total

2.46
0.03

5902.81 100.00

5902.81

100.00

0.04
5902.81

100.00

Source: Topographical maps and google images.
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During the field survey, it has observed that agriculture land covers both irrigated land
and rain-fed terrace. Agriculture is the main occupation of the local people. Slash and
burn farming was the dominant before 1990 especially in the upper part and it has still
practiced by a few farmers. The farming of large cardamom has started after 1990 in the
wet land areas along the streams and in the slope land of the middle part where irrigation
is available in the winter. Shrub/bushes is another important land cover of the study
area which mostly lies in upper part and very few in middle belt. Grassland is found
in upper and middle part of the study area. Road construction is a new phenomenon
that has appeared in 2014. River (Hewa) and public use land (area covered by various
institutions such as school, temple, and health-post) are the other types of land uses in
the study area (Table 1, Figure 2).

Figure 2: Major land use land cover types of Sidin VDC, 2014.
Similar to the year of 2014, forest, agriculture and shrub/bush were the major land cover
types in 2004 that covered about 66 percent, 25 percent and about 8 percent area of the
VDC respectively. In 2004, forest was dominantly distributed in upper and middle parts
(Rai, 2015). Agricultural land was mostly dominated in middle and lower part and the
shrub land was in the upper. Public use land also appeared in 2004 (Table 1 and Figure
3).
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Figure 3: Major land use land cover types of Sidin VDC, 2004
There were only five types of land cover in 1994. Road and public use lands were not
there in 1994. Forest, agricultural, shrub/bush and grass land were the major three types
of land uses that had covered 68 percent, about 26 percent, about 4 percent and 1.7
percent of the total area respectively (Table 1, Figure 4).

Figure 4: Major land use land cover types of Sidin VDC, 1994.
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Land use and land cover change
Land use and land cover is an important component in understanding the interactions of
the human activities with the environment. During the period of 1994-2014, there has
been a lot of changes in the land use/land cover pattern in Sidin VDC. Major changes
have observed in forest, agriculture and shrub land. During 1994-2004, forest cover
has decreased by 3.6 percent (139.64 ha). Similarly the shrub/bushes has increased by
about 50 percent (232.91 ha). Agricultural land has also decreased by about 2.3 percent
(467.96 ha) and grass land has decreased by 150.5 percent (60.76 ha). A significant
change has observed in decreases in forest coverage in middle and lower part. It is
mainly due to the cultivation of large cardamom (Table 2, Figure 5).
Table 2: Land use land cover change of Sidin VDC, 1994-2014
Years
sl.no

Land use type

1
2
3
4
5
6
7

Forest
Agriculture
Shrub/bushes
Grassland
River
Public use
Road

1994-2004
Area (ha)
%
-139.64
-3.6
-35.01
-2.35
232.91
49.84
-60.76
-150.58
1.83
6.41
1.69
100

Source: Analysis based on Table 1.

Figure 5: Landuse change 1994-2004.
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2004-2014
1994-2014
Area (ha)
% Area (ha)
%
279.42
6.72
139.78
3.36
-141.62 -10.52 -176.63
-13.12
-123.00 -35.59
110.58
31.99
-13.73 -51.58
-74.49 -279.83
-1.07
-3.89
0.76
2.77
0.77
31.3
2.46
100
18.80
100
18.8
100.00
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Unlike to the trend of 1994-2004, forest coverage has increased in the period of 2004
- 2014. In this period forest has increased by 6.72 percent (279.42 ha) followed by an
increases in public land use with 0.77 ha. Unlike previous period, many diseases appeared
to large cardamom and the cardamom grown area again converted to private forest and
thus forest coverage has increased both in middle and lower part during this period.
Infrastructure development such as road has appeared in this period. Following the trend
of the previous decade, both agricultural land and shrub/bushes land have decreased by
10.52 percent (141.62 ha) and 35.59 percent (123.0 ha) respectively. Similarly, grassland
has decreased by 13.73 ha (51.58%) in this period (Table 2, Figure 6).

Figure 6. Landuse change 2004-2014
In totality from 1994-2014, forest coverage has increased and decreases in agricultural
land is quite contrary to the claiming of Eckholm (1976). Such changes somehow
follow the trend in Ilam (Chapagain, 2006) and Dhankuta district (Virgo and Subba,
1994) where forest coverage has increased. Between the period of 1978-1996, it has
noticed increases in forest cover in the Mardi and Fewa watersheds in Pokhara Valley
of Western Nepal and decreases in shrub and rain-fed agriculture mainly due to foreign
labor migration (Awasti et al., 2002). A temporal study from 1976-1989-2000 from the
Roshi watershed, Kavre district in Central Nepal also shows increases in forest land and
decreases in shrub, grass and upland agriculture (Gautam et al., 2003).
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Pathways of land use and land cover change
The major pathways of land use change are to and from agriculture-forest-bush in both
periods i.e. 1994-2004 and 2004-2014. As given in Table 3, changes from forest to
agriculture are very dominant as 360.69 ha has changed. It is mainly due to the change
from existing private forest to cardamom cultivation. All together 338.96 hectares of
private forest has been brought under cardamom cultivation in between 1994-2004.
Out of it, 59% lies in middle part and 41% lies in lower part. Land use change from
agriculture to forest (239 ha) has been observed as the second dominant pathways of
land use change.Similarly, agriculture to shrub (166 ha) and forest to bush (114ha) has
been the third and fourth most dominant pathway followed by grass to forest (74.6 ha),
shrub/bush to forest (42 ha),and agriculture to grass (16.6 ha) (Table 3, Figure 7).
Table 3: Pathways of land use land cover change of Sidin VDC, 1994-2004
S.N.

Pathways

1

Forest-Agriculture (cardamom)

2

Area (in ha) by elevation
zone (part)
Upper
part

Middle
part

Lower
part

21.73

198.95

140.01

Agriculture-Forest

237.05

3

Agriculture-Shrub/bushes

4

Forest-Shrub/bushes

5

Total
area
(ha)

% to
total

360.69

34.61

2.35

239.4

22.97

160.72

5.52

166.24

15.95

112.68

1.61

114.29

10.97

Grass – Forest

63.99

10.63

74.62

7.16

6

Agriculture-Grass

10.23

6.45

16.68

1.60

7

Grass – Agriculture

3.52

4.25

7.77

0.75

8

Forest-River

4.85

0.47

9

Forest-Grass

2.12

4.82

0.46

10

Shrub/bush-Agriculture

4.08

4.08

0.39

11

River-Agriculture

2.01

0.19

12

Shrub/bush-Forest

42.21

4.05

13

River-Forest

1.88

1.88

0.18

14

Agriculture-Public

0.2

1.52

0.15

15

Agriculture-River

0.87

0.87

0.08

16

Forest-Public

0.17

0.17

0.02

17

Shrub/bush-Grass

0.12

0.01

0.13

0.01

18

Total

653.51

238.9

86

4.85
2.7

2.01
40.2
0.4

2.01
0.92

149.82

1042.23

100.00
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While in totality, forest and agricultural land have 139.6 ha and 35 ha respecively.
Grass land has also decreased by 60.7 ha. However, shrub/bush has increased by 232.2
ha. during the period of 1994-2004. The loss of agricultural land is transfered to forest,
shrub and grass land. It has observed a major change from forest to agricultural land
and shrub (Figure 7).

Figure 7: Pathways of land use land cover change in Sidin VDC, 1994-2004
Land cover change from shrub/bush to forest (135.6 h) has been observed as the major
pathway during the period of 2004-2014. It is followed by chnages from agriculture
to forest (118.1 ha). The third and fourth pathways of change have been observed from
agriculture to bush (50.8 ha), and shrub/bush to agriculture (40.4 ha) respectively.
Similarly, about 18 hectares of grassland has converted to forest and 11 ha from
agriculture to road (Table 4, Figure 8).
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Table 4: Pathways of land use land cover change of Sidin VDC, 2004-2014

S.N.

Pathways

Area (in ha) by elevation
zone (part)
Upper
part

Middle
part

1

Shrub/bush-Forest

135.67

2

Agriculture - Forest

115.17

3

Agriculture-Shrub/bushes

4

Shrub/bush- Agriculture

5

Grass-Forest

7.24

10.46

6

Agriculture -Road

1.44

8.14

7

Forest-Road

1.14

8

Forest-Agriculture

9

Lower
part

Total
area
(ha)

% total

135.67

33.41

118.19

29.10

50.86

50.86

12.52

40.37

40.37

9.94

17.70

4.36

2.16

11.74

2.89

4.73

1.01

6.88

1.69

2.38

2.12

1.07

5.57

1.37

Forest-Grassland

5.32

0.02

5.34

1.31

10

Forest-Shrub/bushes

5.18

5.18

1.28

11

Grass-Agriculture

0.55

2.06

0.51

12

River-Forest

1.77

1.77

0.44

13

Forest-River

1.80

1.80

0.44

14

River-Agriculture

1.21

1.21

0.30

15

Agriculture-Grass

0.64

0.05

0.69

0.17

16

Forest-Public Use

0.04

0.50

0.54

0.13

17

Shrub/bush-Road

0.18

0.18

0.04

18

Agriculture –Public Use

0.02

0.05

0.23

0.06

19

Agriculture –River

0.11

0.11

0.03

20

Total

10.19

406.09

100.00

366.20

2.01

1.01

1.51

0.16
29.70

Unlike to the earlier period (1994-2004), forest land has gained 279 hectares and it is
mainly contributed by shrub, agricultural land, and grass land. While agricultural land
has lost its coverage by about 142 hectares. The major pathways of agricultural land loss
remains to forest, shrub and road respectively (Figure 8).
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Figure 8: Pathways of land use land cover change in Sidin VDC, 2004-2014.
Drivers of land use and land cover change
Land use/ land cover is highly dynamic and also have significant internal trading among
the land-use types. Studies on land use change from various parts of Nepal show different
causes of land use change. Many studies from Midhill region of Nepal have reported
migration and land abandonment, change in land tenure policy, urbanization and the
population pressure as the major drivers of land use change (Paudel et al., 2017; Virgo
and Subba, 1994; Shrestha and Brown, 1995; Khanal, 2002; Sharma, 2003; Khanal and
Watanabe, 2006; Bajracharya et al., 2014; Rimal et al., 2015). The traditional smallscale subsistence farmers who were not able to generate adequate income to meet
household demands choose foreign labor migration and they have gradually abandoned
agriculture land. Furthermore, the socio-political instability, availability of off-farm
income in cities, decreasing agriculture productivity, labor shortage, inadequate income
from farming and geographical proximity to cities have become the major drivers of
land abandonment that resulted land use change (Paudel et al., 2012; Paudel et al., 2014,
Tamang et al., 2014). In Roshi watershed in Kavre district in Central Nepal, land use
change is driven by the development of community forest, and available of off farm
income (Gautam et al., 2003). Development of road network, emergence of market, and
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access to information lead to a radical agricultural transformation from traditional cereal
based farming to modern cash crop farming in Ilam district of Eastern Nepal (Sharma,
1997; Chapagain, 2006). While in the case of the study area, it has been observed that
there is continuous change in the land use land cover change in the study area. The
result of household survey, KII and FGD show five major causes of land use change.
Among them, growth of community forest is reported as the major driver of land use
change followed by migration, labor shortage, natural calamities and infrastructure
development (Table 5).
Table 5: Drivers of land use/ land cover change
Number of households reporting the drivers of land use change
Elevation

Growth of
community
forest

Migration

Shortage of
agricultural
labor

Natural
calamities

Road
construction

Total

Lower

2

8

2

4

4

20

Middle

17

3

8

4

3

35

Upper

12

4

3

3

3

25

Total

31

15

13

11

10

80

38.8

18.8

16.3

13.8

12.5

100

Percent

Source: Field survey, 2014
The development of community forest (CF) is the major cause of land use change
especially in the upper part of the VDC. From 1996 to 2006, five CF have been registered
and 816 hectares of previously cultivated land have been transformed to the CF (DFO,
2070/71 BS). Out of the total CF area, 773 hectares is from the upper part where people
used to practice slash and burn agriculture for a long time. They used the land for the
purpose of cultivating potato and grazing livestock. Migration has been another major
cause of land use change as 19 percent households abandoned their agriculture land that
caused land use change. Agriculture labor shortage is another major factor of land use
change as reported by 16 percent households. Labor migration has resulted agriculture
labor shortage. It is because of the labor shortage people have transformed cereal crops
to cash crops i.e. cardamom which require less labor in comparision to cereal crops.
Importantly, people have also transformed low productive land and in some cases good
rain-fed terraces to private forest and started getting cash by selling logs (goliya).
Natural calamities such as landslide are also the driver of land use change. About 14
percent households have reported it as the major factor of land use change as it has
occurred frequent landslide in the high slope areas that destroy crops. In such area both
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drought and fire damaged crops so that people have abandoned such land. Infrastructure
such as road development has also leads to land use change. About 12 percent of the
surveyed households have reported it as a major cause of land use change. Road has
claimed agriculture, shrub and forest area and people have changed the land use of the
area along the road to settlement.

Conclusion
Land use/land cover change is a dynamic phenomenon that takes place in space over
time and it is thereby several human activities come into existence.The land use/land
cover of Sidin VDC has undergone a drastic change during 1994-2014. Forest coverage
has increased at the cost of agriculture, shrub and grassland. The introduction of cash
crop mainly cardamom has contributed in land use change. The development of new
infrastructure also leads to land use change as people of upper belt have migrated to
lower belt along the road. With the development of road, people get access to market
and thereby changes appears in agriculture pattern as they have started planting cash
crops such as cardamom and also grow private forest where they used to cultivate cereal
or left fallow in the past.
The initiation of community forest program positively help in increasing forest coverage
especially in upper part and to the middle part of the VDC. Migration of households and
involvement of youth to foreign labor migration, natural calamities and infrastructure
development are found the major drivers of LULC change. It has also observed the
tendency of migration towards lowland, along the river valley where both agriculture
land and development of infrastructures are relatively better. There is decreasing trend
of settlement and agricultural activities in the higher elevation on the one hand while
on the other hand there is increasing settlement and concentration of different economic
activities that has resulted faster land use land cover changes especially in middle
and lower part of the VDC. It is thus, changing local demographic size, its structure,
availability of off-farm income opportunities, state of infrastructure development and
their location together with natural calamities are found the major drivers of LULC
change.

References
Awasthi, K. D., Sitaula, B. K., Singh, B. R., & Bajacharaya, R.M. (2002). Land-use
change in two Nepalese watersheds: GIS and geomorphometric analysis.Land
Degradation and Development, 13(6): 495–513. DOI: 10.1002/ldr.538

91

P. S. Chapagain; M. K. Rai; B. Paudel / The Geographical Journal of Nepal Vol. 11: 77-94, 2018

Bajracharya, S., Maharjan, S., Shrestha, F., Bajracharya, O., & Baidya, S. (2014). Glacier
status in Nepal and decadal change from 1980 to 2010 based on Landsat data.
Kathmandu:ICIMOD.
Bajracharya, D. (1983). Deforestation in the food/fuel context: historical and political
perspectives from Nepal. Mountain Research and Development, 3(3): 227240.
CBS. (2012). National Population and Housing Census 2011 (National Report).
Kathmandu: Central Bureau of Statistics, Nepal.
Chapagain, P. S. (2017).Contemporary readings in geography of Nepal. Kathmandu:
Ekta Books Distributors Pvt. Ltd.
Chapagain, P. S. (2006). Involution or evolution?Conceptualizing the changes in farming
system of eastern Nepal.The Himalayan Review, 37: 1-17.
Collins, R., & Jenkins, A. (1996). The impact of agricultural land use on stream chemistry
in the Middle Hills of the Himalayas, Nepal.Journal of Hydrology, 185(1): 7186.doi: 10.1016/0022-1694 (95)03008-5
DFO. (2070/2071 BS). Monitoring and evaluation of community forest, Panchthar
district, (yearly report).Phidim: District Forest Office (DFO).
Eckholm, E. P. (1976). Losing ground: Environmental stress and world food prospects.
New York: WW Norton.
Gao, J. (2012). Land cover change and its relationship with climate change in Koshi
River Basin of central Himalaya. Institute of Geographic Sciences and Natural
Resources Research, Graduate University of Chinese Academy of Sciences.
Gautam, A. P., Webb, E. L., Shivakoti, G. P. & Zoebisch, M. A. (2003). Land use
dynamics and landscape change pattern in a mountain watershed in Nepal.
Agriculture, Ecosystems & Environment, 99, (1–3):83-96. https://doi.
org/10.1016/S0167-8809(03)00148-8.
Guillet, D. (1983). Toward a cultural ecology of mountains: The central Andes and the
Himalayas compared. Current Anthropology, 24(5): 561-574.
Gurung, H. (2005). Landscape change in Lamjung: Evidence from Nepal hills.
Kathmandu: ICIMOD.
Gurung, H. (1981). Ecological changes in Nepal: A native interpretation. An Occasional
Paper 1. Kathmandu: New Era.
Gurung, H. B., & Khanal, N. R. (1986-88). Landscape process in the Chure Range.The
Himalayan Review, 17: 2–43.
92

P. S. Chapagain; M. K. Rai; B. Paudel / The Geographical Journal of Nepal Vol. 11: 77-94, 2018

Ives, J. D., & Messerli, B. (1989).Himalayan dilemma. New York: United Nations
University Press.
Khanal, N. R. (2002). Land use and land cover dynamics in the Himalaya: A Case
study of the Madi watershed, Western Development Region, Nepal. Tribhuvan
University, Kirtipur, Nepal.
Khanal, N. R., & Watanabe, T. (2006). Abandonment of agricultural land and its
consequences.Mountain Research and Development, 26(1): 32-40.doi: http://
dx.doi.org/10.1659/0276-4741(2006)026[0032:AOALAI]2.0.CO;2
Koirala, H. (2017). Myth and reality of the eco-crisis in Nepal Himalaya. The
Geographical Journal of Nepal, 10: 39-54. DOI: http://dx.doi.org/10.3126/gjn.
v10i0.17389
Lambin, E. F., Rounsevell, M. D. A., & Geist, H. J. (2000). Are agricultural land-use
models able to predict changes in land-use intensity? Agriculture, Ecosystems
& Environment, 82(1–3): 321–331. doi: https://doi.org/10.1016/S01678809(00)00235-8
Mahat, T. B. S. (1985). Human impact on forests in the middle hills of Nepal. Unpublished
PhD Dissertation, submitted to Australian National University, Canberra.
Paudel, K. P., Tamang S., & Shrestha, K. K. (2014). Transforming land and livelihood:
Analysis of agricultural land abandonment in the Mid Hills of Nepal. Journal
of Forest and Livelihood, 12(1):11-19.
Paudel, N. S., Bastakoti, B. P., Karki, R., & Bista, R. (2012). Drivers and dynamics of
agrarian transformation in Nepal: Review of broader socio-economic issues
around Nepalese agricultural development. Kathmandu: Forest Action Nepal.
Paudel, B., Gao, J., Zhang, Y., Wu, X., Li, S., & Yan, J. (2016a). Changes in cropland
status and their driving factors in the Koshi River basin of the Central Himalayas,
Nepal.Sustainability, 8(9): 933; 1–17. doi: 10.3390/su8090933
Paudel, B., Zhang, Y., Li, S., Liu, L., Wu, X., & Khanal, N. R. (2016b). Review of
studies on land use and land cover change in Nepal. Journal of Mountain
Science, 13(4): 643–660. doi: 10.1007/s11629-015-3604-9
Paudel, B., Zhang, Y., Li, S., & Wu, X. (2017). Spatiotemporal reconstruction of
agricultural land cover in Nepal from 1970 to 2010. Regional Environmental
Change, 17(8): 2349–2357. doi: 10.1007/s10113-017-1164

93

P. S. Chapagain; M. K. Rai; B. Paudel / The Geographical Journal of Nepal Vol. 11: 77-94, 2018

Rai, M. (2015). Land use/ land cover change and its causes: A case study of Sidin VDC,
Panchthar district, Nepal. MA thesis, Central Department of Geography, TU,
Kathmandu, Nepal.
Rimal, B., Baral, H., Stork, N. E., Paudyal, K., & Rijal, S. (2015). Growing city and
rapid land use transition: assessing multiple hazards and risks in the Pokhara
Valley, Nepal. Land, 4:957–978. doi:10.3390/land4040957
Sharma, K. P., Vorosmarty, C. J., & Moore Iii, B. (2000).Sensitivity of the Himalayan
hydrology to land-use and climatic changes.Climatic Change, 47(1-2): 117139.doi: 10.1023/a:1005668724203
Sharma, P. (2003). Urbanization and Development.Population monograph of Nepal.
Kathmandu: Central Bureau of Statistics. (pp. 375–412)
Sharma, S. (1997). Agricultural transformation processes in the mountains of Nepal:
Empirical evidence from Ilam district. Kathmandu: ICIMOD.
Shrestha, B., & Brown, S. (1995). Land use dynamics and intensification. Challenges in
mountain resources management in Nepal: Processes, trends, and dynamics in
middle mountain watersheds. Kathmandu:ICIMOD.
Steffen, W. L., Walker, B. H., Ingram, J. S., & Koch, G. W. (1992).Global change and
terrestrial ecosystems: The operational plan. IGBP report no 21. Stockholm:
International Geosphere-Biosphere Programme.
Tamang, S., Paudel K. P., & Shrestha, K. K. (2014). Feminization of agriculture
and its implications for food security in rural Nepal. Journal of Forest and
Livelihood 12(1):20–32.
Turner II, B. L., Skole, D., Sanderson, S., Fisher, G., Fresco, l., & Leemans, R. (1995).
Land-use land-cover change science/research plan. IGBP global change report
no 35 and HDP report no 7. Stockholm and Geneva: International GeosphereBiosphere Programme and the human dimension of global environmental
change programme.
Virgo, K., & Subba, K. (1994).Land-Use Change between 1978 and 1990 in Dhankuta
District, Koshi Hills, Eastern Nepal.Mountain Research and Development,
14(2): 159-170.doi: 10.2307/3673798
Vink, A. P. A. (1975). Land use is advancing agriculture. New York: Springer Verlag.

94

The Geographical Journal of Nepal
Vol. 11: 95-112, 2018
Central Department of Geography,
Tribhuvan University, Kathmandu, Nepal

Causes and consequences of fragmentation of agricultural land: A case of Nawalparasi district, Nepal
Bhola Nath Dhakal1*; and Narendra Raj Khanal2

Ratna Rajyalaxmi Campus, Tribhuvan University,, Bhrikuti Mandap, Kathmandu,
Nepal; 2Central Department of Geography, Tribhuvan University, Kathmandu, Nepal
(*Corresponding Author: dhakalbn@gmail.com)
1

This paper discusses the causes and consequences of agricultural land
fragmentation in Nawalparasi district. Primary and secondary sources of
information at District and Village Development Committees (Now Municipalities
and Rural Municipalities) levels are used. A total of 93 households were
interviewed in three VDCs from Nawalparasi district of Nepal. Socio-economic,
legal and infrastructure development factors are responsible for fragmentation of
agricultural land. Results showed that there has been decreasing productivity of
land due to fragmentation of agricultural land. It is mainly due to increasing time
of labor input, less opportunity of using modern chemical fertilizer on the one
hand and the problem in using modern agricultural equipment such as tractors
on the other.
Keywords: Agriculture; land fragmentation; causes; implication; development;
Nawalparasi district; Nepal.

Introduction
Land is the important resource for food, shelter and clothes. Land is an essential natural
resource, both for the survival and prosperity of humanity and for the maintenance of all
global ecosystems (FAO, 2008). It is a basic resource for agricultural production. People
use land for agricultural purposes in parcels distributed in different areas. Such type
of practices is called land fragmentation. Land fragmentation is a phenomenon which
exists when a household operates a number of owned or rented non-contiguous plots at
the same time (Wu et al., 2005). Land fragmentation can be defined as a situation where
a farming household possesses several non-contiguous land plots, often scattered over
a wide area (Bentley, 1987).When a number of non-contiguous owned or leased farms
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(or `plots') of land are farmed as a single production unit, land fragmentation exists
(McPherson,1982). Land fragmentation is the division of land into a great number of
distinct plots (Dovring & Dovring, 1960). It is also a process of decreasing in the average
size of farm holdings; increasing in the scattering of each farmer's land; and decreasing
in the size of the individual plots in a farm holding (Agarwal, 1972). Land fragmentation
has been a prominent feature in many countries since at least the 17th century (Shuhao,
2005). On the basis of ownership, use and location, four types of land fragmentation
are commonly reported: i) ownership fragmentation which refers to the number of
landowners who use a given piece of land, ii) land user’s fragmentation which refers to
the number of users that are also tenants of the land, iii) internal fragmentation (within
a farm) which refers to the number of parcels exploited by each user and considers
parcel size, shape and distance as the main issues, and iv) separation of ownership
and use; which involves the situation where there is a discrepancy between ownership
and use (Van Dijk, 2003).The existence of fragmented land holdings is regarded as an
important feature of less developed agricultural systems.The main factors triggering
land fragmentation are inheritance; population growth; land markets; and historical/
cultural background (Niroula and Thapa, 2005; Tan et al., 2006; Van et al., 2007).
According to Shuhao (2005) and Jha et al., (2005), land fragmentation leads to increased
travelling time between fields, hence the impact is the lower labour productivity and
higher transport cost for inputs and outputs. They noted that fragmentation also involves
negative externalities such as reduced scope for irrigation, soil conservation investments
and loss of land for boundaries and access routes. Rahman and Rahman (2008) reported
that land fragmentation has a significant detrimental effect on productivity and efficiency.
Land fragmentation is a common feature of agriculture in many developing countries
and leading to inefficient farm management (Sundquist, 1988). Land, traditionally used
for agricultural purposes, has over the years been fragmented as a regular phenomenon
for various reasons (Shrestha, 2011).
Fragmentation, disparity and irregular shapes of land in the agricultural enterprises lead
to time wastage in going to and coming from these parcels, difficulty in machinery use,
inability to apply modern agricultural technology, waste of capital and labor, loss of
soil and productivity and arising land conflicts. So, the development and modernization
of the agricultural enterprises have a very slow pace because of such problems (Cicek,
1996).
Boundaries of parcel are separated by stone walls, ditches etc, which cause land wastages,
uncultivated at the margins of the parcels, increase cost of fencing and neighboring
conflicts, cannot use modern machine in the tiny parcels and may require manual work
(Demetriou, 2014). Land fragmentation is directly associated with six relevant factors
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which are; the land holding size, the number of parcels belonging to the holding, the size
of each parcel, the shape of each parcel, the spatial distribution of parcel and the size
distribution of the parcel (King & Burton, 1982).
Land fragmentation is said to harm productivity in a number of ways. First, fragmented
land holdings can increase transport costs. If the plots are located far from the home,
and far from each other, there is a waste of time for the workers spent on travelling inbetween the plots and the home. Management, supervision and securing of scattered
plots can also be more difficult, time consuming, and costly. Small and scattered plots
and waste land area require more land for fencing, border constructions, and paths and
roads (Rose & Richard, 2002). Land fragmentation involves a complicated boundary
network among parcels (hedges, stone walls, ditches, etc.) which cause land wastage
because a part of a holding (especially in small parcels) remains uncultivated at the
margins of the parcels (Karouzis, 1977; Burton, 1988). Small fragmented land holdings
might also cause difficulties to grow certain crops, and prevent farmers from changing
to high profit crops. More profitable crops, like for example fruit crops, require larger
plot areas, so if the farmers only poses small and fragmented plots they may be forced
to grow only less profitable crops (The World Bank, 2005).
A benefit associated with land fragmentation is the variety of soil and growing conditions
that reduce the risk of total crop failure by giving the farmer a variety of soil and growing
conditions. Many different plots allow farmers access to land of different qualities when
it comes to soil, slope, micro-climatic variations, etc. Fields with high yields one year
may degrade the soil and it may generate much lower yields in the following year, thus
several plots of the same crop also spreads out the risk. In addition, a holding with
several plots facilitates crop rotation and the ability to leave some land fallows (Bentley,
1987). Spatially separated farmland lowers the risk that the entire crop is affected by the
disaster and disease in the same growing season (Li, 2010). Land fragmentation enhances
the production risk by increasing the product diversity. In the fragmentation situation,
the agriculture product diversity may be increased. Because when the households have
several plots which differ in micro-climatic and environmental conditions, there is
possibility of growing more type of crops or plant a certain (Fenoaltea, 1976; Heston&
Kumar, 1983).
Fragmentation is also a common characteristic of agricultural land in Nepal. People
have right to sell and buy private land in any part of Nepal and parcel fragmentation
is resulted due to the continuous land transaction. By inheritance provision of equal
division of property among sons and recently to daughters also caused fragmentation of
land. The structure of the land inheritance system, haphazard housing and urbanization
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planning, and loosely-enforced policies are all responsible for land fragmentation in
Nepal (CRSC, 2012). Land fragmentation is rooted in traditional inheritance practices
whereby the parental estate is divided equally among sons (Sapkota, 2004). Land
fragmented is considered as a major obstacle to agricultural mechanization, causing
inefficiencies in production and involves large cost to alleviate its effects in Nepal also
(Niroula and Thapa, 2007).
Thus, land fragmentation is identified as one of the problems of agricultural development
in Nepal. It is in this context this paper discusses characteristics of land fragmentation,
its causes and implication in agricultural development in Nawalparasi district, Nepal.

Approaches and methods
Based on the review of literature a research framework was designed (Figure 1). Both
quantitative and qualitative types of data were collected and processed. The detail
information was collected at two levels. Those are at district level and VDC level. The
sources of data at district level are secondary whereas primary data was collected for
analysis at VDC level.
Firstly, the trend of the number of changes in one of the parcels was assessed; secondly
the causes or factors responsible to develop such trend were identified and lastly the
consequences of land fragmentation were assessed based on the level of input use and
level of production (output).

Process

Number and Size
of Parcel over time

Causes

•
•
•

Social
Legal provision
Infrastructure
Development

Implication

Input use
&
Output

Figure 1: A research framework
Both primary and secondary sources of data were collected. Secondary sources of
information were the published reports and unpublished documents from District
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Development Committee, Village Development Committees, Ministry of Agriculture
Development and Central Bureau of Statistics, Government of Nepal. Four methods
were adopted while collecting primary data at VDC level. Those were i) Household
Survey, ii) Focus Group Discussion (FGD), iii) Key Informant Interview (KII) and iv)
Field Observation. The use of different methods helped to cover all the aspects associated
with agricultural land use on the one hand and evaluate the reliability of the information
derived from different types of surveys on the other.
Multi-stage sampling method was adopted. Firstly, three VDCs were selected randomly
one VDC from each three major physiographic units in the district. After selecting the
VDC, one ward from each VDC was selected randomly for household survey. Some
statistical norms were adopted while determining the sample size for this study. As per
the Central Limit Theorem when the sample size is large, the mean computed from
simple random sample is approximately normally distributed. Furthermore, one rule of
thumb states that the large sample size should be 30 or more (Daniel and Terrell, 1995).
Keeping in view these statistical norms, a total of 31 households from each ward were
taken into consideration for interview. A list of household head within Ward selected
for household was obtained from VDC office and this was used as the sample frame
for household survey. A random table was consulted while selecting the household for
interview in each ward.
A total of seven Focus Group Discussions (FGD) was organized where 9 to 14 people
were participated representing from farmers group, senior citizens and school teachers.
Similarly Key Informant Interview (KII) was conducted with fifteen personals including
Ex-Chairman and members of VDCs and Wards, schools teachers, senior citizens,
members of farmer’s cooperative and government officials from DADO, Nawalparasi
district. The main issue of discussion was on present agriculture condition, production
trends, cropping pattern, problems, trends and causes of land fragmentation and the
consequences of land fragmentation in agriculture development.
GPS coordinate of surveyed houses were captured during the field survey and location,
shape and size of each parcels was obtained through digitization of cadastral maps. The
shortest crow fly distance was taken into consideration while calculating the distance
from house to different plots and among plots owned by each household. After data
collection the inconsistencies were checked and local units were converted into SI unit.
The data was entered into computer system using SPSS, MS-Excel and Arc GIS 10.1
software was used to analysis spatial data.
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Study area
Nawalparasi district lies in the southern part of western development region of Nepal.
It is extended between 270 21’ north to 270 41’ north latitude and 830 36’ east to 840 35’
east longitude.The altitude ranges from 91 to 1936 meters from the mean sea level.
This district is surrounded by Palpa district to the north, Tanahun district to the northeast, Chitwan district to south-east and Rupandehi district to the west. Similarly, the
district borders with India to the southern part. The total area of this district is about
2162 km2 (DDC, 2015). Parasi is the district headquarters, located at southern part of
the district. There are a total of 101337 agricultural holdings in the district with the area
of 56125.2 hectares whereas total number of households in the district is 128793 and
total population is 643508. It gives a population land ratio of 11 persons per hectare and
population density is 298 persons per km2 (CBS, 2011).
Nawalparasi district has 56 Village Development Committees (VDCs) and seven
Municipalities (Now, there are seven Municipalities and eight Rural Municipalities).
Three VDCs namely Ramnagar (Now, in Sunwal Municipality), Palhi (Now, in
Palhinandan Rural Municipality) and Jahada (Now, in Bardaghat Municipality) were
selected for the study among 56 VDCs of Nawalparasi district.
Ramnagar VDC is situated between Chure hill in northern side and plain land in southern
part. The major land unit type in this VDC is very gentle slope where more than 80
% of land area of ward number 5 is composed of this type of land unit. The wetland
cultivation covers about 64% of the total agricultural area, and the rest by mixed land
cultivation (LRMP, 1986). The main food crops are paddy, wheat and maize. Rice is a
summer crop while wheat, pulses and oilseeds are winter crops. Vegetable crops such as
cauliflower, cabbage, potato, peas, carrot, reddish, chilli and so on are also grown here.
Dominant cropping pattern in the wetland cultivation are rice-wheat, and rice-wheat/
oilseeds. Cropping pattern in the mixed land cultivation is mainly characterized by riceoilseeds/pulses and rice-wheat/oilseeds. There is surface irrigation system in this VDC.
More than 70 percent area of agricultural land is irrigated by this system. This VDC has
good access to road infrastructure and service. No village is located far way from 30
minutes walking distance from road head.
Jahada VDC is located in the middle part of the district which has undulating type of
land unit surface and almost all area of the ward number 3 is composed of this type
of land unit. All the agricultural land use pattern of the Jahada VDC is categorized as
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Tarai Cultivation based on the physiographic characteristics and Wet Land Cultivation
based on the land form and land system. A variety of food crops are grown in this VDC.
The major food crops are paddy and wheat. Besides these crops, sugarcane, pulses and
oilseeds are also grown in this VDC. Some vegetables also produced in this VDC which
are potato, cauliflower, cabbage, tomato, cucumber, garlic, chilly, onion, etc. Though
there is not any canal irrigation in this VDC, irrigation is done through boring of
underground water. Only 55.0 percent of the total cultivated land has irrigation facility.
Of the total irrigated land 23.7 percent of the land has irrigation facility all-round the
year whereas about 31.3 percent of land has irrigation facility only in rainy season.This
VDC is located at a distance of 13 km from the district headquarters, Parasi. All the
wards are connected by graveled and earthen roads.
Palhi VDC is located in southern part of the district having dominant of depressional
type of land unit where more than sixty percent of land area of ward number 9 is
composed of this type of land unit. Agricultural land of the Palhi VDC is classified as
Tarai cultivation based on the physiographic characteristics. All the agricultural land
falls under wetland cultivation category. The wetland is further divided into lowland
khet and upland khet. About 98.28% of wetland cultivation is of upland khet category
and 1.72% wetland cultivation is of lowland category. The cropping pattern of the VDC
varies according to agricultural land types, irrigation and precipitation. The wetland
cultivation comprises of crops such as rice, wheat, pulses, mustard, and vegetables. Rice
is the dominant summer crop whereas wheat pulses, oilseeds are cultivated in the winter
season. Rice-wheat is grown in 75 % area and rice-pulse is grown in 22.5 % of total
cultivated land of the VDC and rice-maize, rice-oilseeds and sugarcane, etc. are grown
in other areas. In this VDC vegetables and fruits are produced in small quantity, only for
household consumption. Major vegetables produced in this VDC are potato, cauliflower,
cabbage, tomato, cucumber, bitter gourd, radish, pumpkin etc. Likewise, some spices
crops such as turmeric, garlic, chilly, and onion are also produced. Irrigation is done
through boring of underground water as the main source of irrigation in this VDC. Of
the total cultivated land 73 percent has irrigation facility. Of the total irrigated land 45
percent of land has irrigation facility all-round the year whereas about 28 percent of
land has irrigation facility only in rainy season. This VDC is located at a distance of 8
km from the district headquarters, Parasi. All the wards are connected by graveled and
earthen roads.

101

Bhola Nath Dhakal and Narendra Raj Khanal / The Geographical Journal of Nepal Vol. 11: 95-112, 2018

Figure 2: Location map of study area

Result and discussion
Characteristics of land fragmentation
There have been changes in the number and size of holdings over time at district level.
Number of households with landholding (the holding includes all land operated, whether
or not it is owned by the holding). The holding's land may consist of one or more parcels
located in one or more separate areas within a district (CBS, 2011). It has increased
from 1971/72 to 2011/12 by 459 % (increased from 18144 to 101337). It has been
consistently increased though the rate of increase differs. At the same time, the size of
landholding has decreased from 2.0 ha to 0.55 ha during the same period (Figure 3).
Similarly, the total number of parcels has also been increased from 1971/72 to 2011/12
by 60 %. Whereas average number of parcel has decreased from 9.4 to 2.7 during the
same period in Nawalparasi district (Figure 4). It indicates that large numbers of peoples
are depending on small size of land for their subsistence and land patches are increasing
(Table 1).
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Table 1: Number and size of landholding households and parcels in Nawalparasi
district
Particulars
Total land Holdings
Households (Number)
Total landholding
Area (ha.)
Average size of Holdings
(ha.)
Total number of parcels
Average number of parcels/
households

1971/72

1981/82

1991/92

2001/02

2011/12

18,144

33,135

64,187

82,825

101,337

36,232.5

47,902.0

71,566.7

58,753.1

56,125.2

2.00

1.45

1.11

0.71

0.55

171,164

180,337

182,577

201,591

274,015

9.4

5.4

2.8

2.4

2.7

Source: CBS, National Sample Census of Agriculture, 2011/12

Figure 3: Number of households and size of holding

Figure 4: Number and average size of parcels
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From the four census years, it is indicated that 21.1 % of landholdings had single to
double number of parcel during 1981/82 which increased to 31.2 % in 2011/12 whereas
the percentage of landholdings seems decreasing from 1981/82 to 2011/12 with 47.8 %
to 22.4 % having 4 parcels or more. It also reveals that 31.2 % land holding households
has one to two numbers of parcels according to census, 2011 whereas 46.4 % households
has 3 to 4 number of parcels and 22.4 % land holding households has more than 4
numbers of parcels in Nawalparasi district (Table 2).
Table 2: Number of households and parcels in Nawalparasi district
Census

1981/82

1991/92

2001/02

2011/12

1-2

21.1

26.3

31.6

31.2

3-4

31.0

50.9

51.0

46.4

Above 4

47.8

22.8

17.4

22.4

Average size of parcels Area (ha.)

0.27

0.39

0.29

0.20

Households
with number
of parcels
(in %)

Source: CBS, National Sample Census of Agriculture, 2011/12
Land fragmentation in VDCs
Nearly 27 percent of the total households surveyed in the three VDCs have less than 2
parcels whereas 53 percent household has 3-4 parcels. The percentage of households
having more than 4 parcels is 20. If we compare these figures with the district and
national average, the percentage of household having 3-4 parcels is higher in the study
area whereas the percentage of household having more than 4 parcels is less than the
district and national level (Table 3 and Figure 5). It indicates that though the land is
fragmented in these VDCs, the problem of land fragmentation is not so high as compared
to the district and national level.
Table 3: Percentage of households with number of land parcels
Number of parcels

Households in percentage
VDC

District

National

1-2

26.7

31.2

23.6

3-4

53.3

46.4

45.0

Above 4

20.0

22.4

31.4

Source: Compiled from Field Survey, 2015/16 and Census, 2011/12
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Figure 5: Percentage of households by number of parcels
From the field survey, it is noticed that distance from the house to farm also played
the dominant role in agricultural development. There is heterogeneous pattern of
distribution of parcels among the households with having different numbers of patches
of agricultural land. The average distance from house to plots is more in those households
who have 3 to 4 plots as compared to the households having less than 3 or more than
4 plots (Table 4). However, the average distance among all the plots increases with the
increase in the number of plots (Table 5).
Table 4: Distance from house to plot (in meters)
Number of Parcels

Average size of
parcels (hectare)

Minimum
distance

Maximum
distance

Average
distance

2

0.6507

160

1324

688

3 to 4

0.4859

51

3396

798

Above 4

0.4056

25

1610

636

Source: Compiled from Field Survey, 2015/16
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Table 5: Distance among plots (in meters)
Number of
Parcels

Average size of
parcels(hectare)

Minimum
distance

Maximum
distance

Average
distance

2

0.6507

160

1324

688

3 to 4

0.4859

51

3396

1568

Above 4

0.4056

0

1610

3976

Distribution of land parcels: Sample case
Padam Bahadur Kunwar has four plots of land with the size ranging from 0.057 hectare
to 0.169 hectare. The distance from the house to plot number 271 is 119 meters and to
plot number 538 is 617 meters (Figure 6).

Figure 6: Location of parcels from house
Reasons for land fragmentation
During Focus Group discussion and KII, it is reported that the rate of land fragmentation
in the VDCs has been increasing. High rate of population growth, infrastructure
development, and legal provision based on inheritance division and land tenure
systemsare responsible for land fragmentation in the study area. Around 90% respondents
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reported that the in-migration and rapid growth of population is the main reason for
land fragmentation (Figure 7). Similarly, 62 % respondents reported that the another
reason of land fragmentation is due to infrastructure development, 43 % respondents
reported it is due to legal provision of living independently in single family. Further,
38% respondents informed that land tenure system is also another important reason
for land fragmentation in study area. So the land is getting fragmented and people are
creating houses and work places differentially.

Figure 7: Reasons for land fragmentation
Land fragmentation and consequences
Land fragmentation has many consequences in agriculture development. Out of 93
households surveyed, large numbers of people (78.5 %) respondents have reported that
the fragmentation led to increasing time and cost of input such as labour, fertilizers and
pesticides. In the absence of it, productivity has been declining. Similarly 52.7 % of
respondents have reported productivity of crops is decreasing due to having increased
numbers of small patches of lands and 34.4% respondents reported that there was the
problem of mechanization due to the small size and scattered land patches hence the
opportunity of increasing the benefit from agriculture is declining (Table 6). Because of
fragmentation, most of the lands are used for plotting and supported for urbanization.
This is challenging for the sustainable development of agriculture in future.
However, some respondents also reported that there have some advantages of land
degradation in agriculture. They reported that there are possibilities to grow different
type of crops in different plots in the same season. It helps them to minimize risk of food
insecurity.
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Table 6: Households reporting the consequences of land fragmentation
Impacts

Responding
Households

%

Increasing use of inputs (labour, fertilizer and pesticides)

73

78.5

Decreasing productivity

49

52.7

Problem for mechanization

37

34.4

Others

17

18.3

Source: Compiled from Field Survey, 2015/16
Variation in input use in agriculture is one of the indicators to measure the consequences
of land fragmentation in agriculture. The number of labour use for paddy, potato, oilseeds
and pulses cultivation is higher among the households having more than four parcels as
compared to the households having single to two and three to four parcels of land for
cultivation such higher rate of use of labor is not applicable for wheat. It is mainly due
to the use of machine in wheat cultivation than for other crops. On the other hand, it is
found that chemical fertilizer (DAP, Potash and Urea) and pesticide inputs increases by
different crops for households having high number of parcels than having few numbers
of parcels (Table 7).
Table 7: Average input used by types of major crops
Number of Parcels
Labour
Paddy

Wheat

Potato

Oilseeds
Pulses

1 to 2
83

3 to 4
98

Above 4
102

Chemical Fertilizer

196

189

208

Pesticides

94

89

110

Labour

61

46

54

Chemical Fertilizer

120

214

197

Labour

59

77

83

Chemical Fertilizer

237

278

118

Pesticides
Labour

73
34

96
54

84
67

Chemical Fertilizer

115

127

118

Labour

43

49

55

Chemical Fertilizer

75

90

86

Source: Compiled from Field Survey, 2015/16
Note: labour (person/hectare), chemical fertilizer (kg/hectare) and pesticides (ml/hectare)
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Table 8 shows the input and output from agricultural crops in monetary value by the
number of parcels owned by the surveyed households. The input in terms of monetary
value increases with increasing number of parcels, such higher rate of input use is not
applicable for wheat. It is mainly due to the use of machine in wheat cultivation than
for other crops. The proportion of net return from output decreases with increasing
number of parcels in terms of monetary value in most of the crops. The output is
less than input use in pulse cultivation with increasing the number of parcels which
results net loss in pulse production. It is mainly due to the use of more labour in pulse
cultivation than for other crops.
Table 8:Average input use and output by crops and range of number of parcels (Rs./ha)
Number of Parcels
Inputs
Paddy

Potato

Oilseeds

Pulses

3 to 4

Above 4

43761

50279

52641

Outputs

170963

221972

177088

Net return

127202

171693

124447

31433

27785

30612

130178

112426

110454

Net return

98745

84641

79842

Inputs

34311

43659

41191

Outputs

289941

138698

163314

Net return

255630

95039

122123

Inputs

18901

28167

33937

Outputs

76701

77612

95562

Net return

57800

49445

61625

Inputs

21765

25069

27511

Outputs

28241

78238

22781

6476

53169

-4730

Inputs
Wheat

1 to 2

Outputs

Net return

Source: Compiled from Field Survey, 2015/16

Conclusion
Study at district and local level shows that large numbers of households have 2 to 3
land parcels. The size of parcels has been decreasing. High rate of population growth,
infrastructure development, and legal provision based on inheritance division and
land tenure systems are the main reasons for land fragmentation in the study area. Per
hectare use of inputs is higher among households having large number of parcels
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as compared to the households having less number of parcels. It is mainly
due to the loss of time for travel of labor force since the distance to travel is
comparatively higher among households having large number of parcels. The
output and the net return from agricultural crops is less among the households
having large number of parcels though the opportunity of growing varieties of
crops is more among the households having large number of parcels.
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Livelihood strategy varies from place to place. People living in certain place
have a diverse strategy over time. This study attempts to analyze the sources
of livelihood, livelihood strategies of different communities and their adaptive
strategies in Melamchi Valley. The livelihood patterns and the strategies have
been dealt on the basis of community. This study is based on primary data that
are collected using household questionnaire, focus group discussion and key
informant interview. A set of standardized questionnaire, observation sheet, and
checklist were used for information collection. The finding of the study portrays
that paddy is the major crop cultivated by Brahmin/Kshetri communities whereas
millet and maize are the principal crops cultivated by Tamang community. People
of this area are attracted towards cash generating activities than the subsistence
agriculture farming in the present days. The people of market center are motivated
towards trade and business whereas the people of remote area have dependence
on remittance. The trend of foreign migration for earning livelihood is high among
the rural settlements. Similarly, earning from wage labor in the informal sectors
has become important source of livelihood in Melamchi Valley.
Keywords: Livelihood strategies; diversified livelihood; Melamchi Valley; rural
livelihoods

Introduction
The livelihood, in its simplest sense; is a means of gaining living (Ellis, 2000).
According to Chamber and Conway (1992), a livelihood comprises the capabilities
assets (resources, stores, claims and access) and activities required for a means of living
and a livelihood is sustainable when it can cope with and provide sustainable livelihood
opportunities for the next generation. Livelihood strategies are the range and combination
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of different activities and choices of individuals or households in order to achieve their
livelihood needs. Livelihood strategies operate both at household and individual levels,
either through continuity or modification of economic and social activities in order to
meet the basic needs for survival and existence. Some people continue their traditional
occupations and activities while others modify their strategies. Several internal and
external factors impinge up on the livelihood strategies of the people (Chhetri, 2006).
People have adjusted their ways of earning livelihood to the changing environment
from historical times. Their livelihood strategies to adapt to the changing environment
condition differ over spaces and by social groups; cultural values of people in the same
space can create differences in the pattern of adaptation from one ethnic group to another
(Subedi and Pandey, 2002). Various studies done in the rural hilly and mountain areas
have observed that livelihood strategies of people are shifting from agriculture to nonagriculture based livelihoods such as wage labor, business, petty business, vegetable
farming and foreign labor migration (Koirala, 2006; Rai, 2009; Khatiwada, 2010; Rai,
2011). People in the high Himalayas pursue different types of livelihood activity for
adaptation. Bishop (1997) points out that people in the rural Nepalese hill region can
achieve subsistence only by some combination of six different livelihood pursuits
such as agriculture, animal husbandry, exploitation of the wild bio-diversity, trade and
seasonal out migration for work. The importance of these components varied among
households or villagers in different micro-regions. The present study is an attempt for
the examination of livelihood in mountain community of Melamchi Valley in the central
Nepal.

Methods and materials
The results and discussion in this paper is mainly based on primary data, collected
from the field by applying various field techniques and instruments i.e. household
questionnaire survey, focus group discussion, field observation, and key informant
interview. Before moving to individual houses for data collection, the households
were selected by random sampling methods and of the total 4480 household from four
VDCs of Melamchi Valley, 202 households were selected in equal proportion for the
survey. The proportion of caste and ethnicity were also considered for selecting sampled
household. A standardized questionnaire was prepared for the household survey
which included the information of demography, education, occupation, land holding/
use, family income/expenditure, assets, living condition etc. Observation was done to
validate the information provided by the respondents. Key informant interview (KII)
and focus group discussion (FGD) were carried out systematically in all settlements to
cover the issues not dealt in questionnaire as well as to verify the data collected from
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questionnaire survey. Basically, the information about diversified livelihood strategies
and adaptive strategies were captured from KII and FGD. Eight KII (two from each
VDC) and four (one from each VDC) FGD were conducted. Participants of KII and
FGD represent different sectors of people i.e. sex, caste/ethnicity, occupation, age and
education. There were six to seven persons in each FGD. Long and open interview were
taken with key informants (Neupane, 2017).

Study area
The area selected for the research is
Melamchi Valley located in central
mountain region in Sindhupalchok
district. The district is situated 85 km
north east of capital city Kathmandu on
the lap of Jugal Himalayan Range. The
study area includes Melamchi, Ichok,
Duwachour and Helambu VDCs of
Melamchi River Basin. The location of
the study area is shown in Figure 1.
Melamchi watershed area contains from
High Mountain covered with snow in
northern part, to hill slope with terraces
in mid-hill and river valleys and river
terraces in southern belt. Melamchi
River flows from Helambu to down
south, Ichok has east facing slope
towards the river whereas Duwachour
faces west south slope in direction to Figure 1: Location of the study area
Melamchi River. The climate of this
area can be divided into four types i.e.
Tundra, Alpine, Cool Temperate and Warm Temperate. However, most part of the area
experience cool climate. The area receives rainfall mainly in monsoon seasons from
June to August. The major ten castes and ethnicities residing in the study area include
Tamang (34.25%), Kshetri (18.23%), Newar (11.11%), Brahmin (10.33%), Kami
(3.88%), Sannyasi/Dasnami (3.62%), Sherpa (2.63%), Majhi (2.29%), Damai (1.90%)
and Magar (1.71%). The major road Melamchi to Helambu plays important role for the
access of people in this area.
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Livelihood strategies in Melamchi valley
Livelihood dependence on agriculture
The basic characteristic of rural livelihood is high dependency on agricultural activities.
Each member of the household supports the agriculture work in one way or other.
During the planting and harvesting season of major crops, the number of labor force
involved in is high and so is the time and money. In this scenario, workable member of
the house and the neighbors from the village are labor force in the field. Here, neighbors
involved in agriculture are not necessarily paid in monetary unit instead the host
household members should pay back the labor force work participating in similar nature
of work in guest's household on given day, locally known as parma. Parma system is
also commonly practiced from the very beginning in this area. It is easy and accessible
because of agglomerated settlements of particular community in a village. This system
is still popular in the village. It requires no money for laboring but exchange labor
among each other within community. Furthermore, it has become essential because
of lacking agricultural human power in those days. If not so, farming is impossible
in the village. Major agricultural works such as planting, weeding and harvesting are
accomplished with this system because those items require more human power. After
completing major works of farming, male member of the household usually go outside
of home for earning cash as wage labor.
High dependency on agriculture means, there is very less or not any income generation
source besides it. In order to fulfill the ever growing demand of the family, people have
to work throughout the year in the field and feeding livestock, so people do not have a
work leave as in other service sectors.
Table1:Ways of earning livelihood
Job/Occupation
Farmer
Worker
Private Business
Service
Others
Total

Melamchi
75
6
36
17
19
163

Source: Field Survey, 2014
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Ichok
102
7
9
8
13
139

Duwachour
123
15
9
5
12
164

Helambu
83
16
7
1
26
133

Total
383
44
61
31
70
589
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Most of the people (65 percent) involve in agriculture out number the people engaged
in other activities in Melamchi Valley (Table 1). Generally, people cultivate the crops
that they consume. However, the diversity of crops produced depends upon the land
size, elevation and availability of irrigation facility. Major cereal crops of this valley
are paddy, maize, wheat, and millet. Similarly, potato, green vegetables, mustard,
ginger, cardamom and apple are main cash crops in this area. In addition to household
consumption, the surplus food grain is sold in the village or market center. Cash income
is generated from potato farming, vegetable farming and production of cash crops apart
from the cereal crops.
Agricultural land: The major physical capital
In rural agrarian economy like that of Nepal, land has traditionally been primary source
of livelihood and household security, as well as a symbol of status (Sharma et al., 2014).
A household is economically stable and secure if it has some land. The common belief
is held, there are no other source of income except for the land which are assets that are
permanent and can assure security for the current generation as well as for the future.
Every other source of livelihood is temporary and has no guarantee for the future. The
importance of land is illustrated by the expression such as uttamkheti, madhyambyapar,
adhamjagir (agriculture is superior, business is medium and service is the inferior)
(Subedi, 1993).
Land is the major assets people want to invest and own in rural area. Melamchi Valley
is no exception in this regard. Holding large area of khet (irrigated land) has higher
social and economic value in the village. Basically, people's status is determined by
the land they are possessing. It is due to opportunity to cultivate multiple crops and
in large volume which eventually gives high returns. Table 2 shows that 39 percent of
household has 3 to 11 ropani of land in the valley area. In total 18 percent owns more
than 16 ropani of land. Similarly, 5 percent does not have any of the agricultural land
for cultivation particularly. The people of Melamchi bazar have sizable number who are
engaged in different income generating activities other than agriculture.
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Tble2:Land holding in Ropani (1 ropani = 508.74 sq m)
VDC

Melamchi

Duwachour

Category
Bari
Khetland
Total
Percent
Bari
Khetland
Total
Percent
Bari
Khetland
Total
Percent
Bari
Khetland
Total
Percent

Grand Total
Grand Percent

Without
land

Less
than 3

3 to 7

8 to
11

12 to 15

16 above

15
7
7
14
2
3
1
2
6
2
2
4
2
28
1
2
11
5

6
4
1
2
13
6
1
2
17
14
1
2
8
3
3
6
6
3

15
21
13
27
30
30
18
35
26
22
21
42
28
13
27
53
79
39

6
7
7
14
5
5
14
27
0
7
12
24
6
3
8
16
41
20

3
4
8
16
2
6
8
15
1
2
9
18
3
2
4
8
29
14

4
6
13
27
0
2
10
19
0
3
5
10
4
2
8
16
36
18

Source: Field survey, 2014
However, considering the household exclusively holding khet, 20 percent of the 202
household does not have irrigated land while 54 percent own 3 to 11 ropani of land
and only 6 percent have above 16 ropani of khet. Household having kharbari (grass
land) is of least numbers so it is not included in Table 2. So far as, the landholding of
the households in Melamchi Valley is concerned most of the farmers have small land
holding size.
Crop production
The dominant crop produced in Melamchi Valley is cereal. The total of 336 metric ton
of cereal crops were produced in surveyed household. Where, paddy was the leading
crop produced with 47 percent of the total production followed by maize 24 percent,
millet 18 percent and wheat 10 percent (Table 3). Although, paddy is the major cereal
crops to be cultivated, 26 percent of household produces less than 100 kg. Similarly,
46 percent of household produces between 101 to 1000 kg of paddy. Only a few (8
percent) household produces more than 2000 kg. Other cereal crops also have similar
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figure. Likewise, 50 percent of household produces below 100 kg of wheat and for
maize and millet 28 percent of household produces less than 100 kg. Going further to
the VDC level, total of 160 metric ton paddy was produced. Melamchi and Ichok VDC
contributed 73 percent of the total paddy production whereas Duwachor and Helambu
added 27 percent. With steep slope and elevation Helambu made only 4 percent of total
paddy production.
Table 3: Cereal crop production in Melamchi Valley
Production in
KG
Less than 100
101-500
501-1000
1001-1500
1501-2000
2000 above

Paddy
HH no.
52
50
43
27
13
17

Paddy
%
26
25
21
13
6
8

Wheat
HH no.
100
82
14
2
1
3

Wheat
%
50
41
7
1
0
1

Maize.
HH no.
57
98
34
4
1
8

Maize
%
28
49
17
2
0
4

Millet
HH.no.
57
98
34
4
1
8

Millet
%
28
49
17
2
0
4

Source: Field survey, 2014
The differentiating in production amountin different VDC was due to the physiographic
condition. The Melamchi River flows through Melamchi VDC and lower belt of Ichok
VDC whereas; Duwachour and Helambu lie in the mountain ridges. The land where
irrigation is available throughout the year, the trend of cultivating paddy is twice in a
year. Summer rice is planted in March/April and harvested in July/August. Similarly,
winter rice is planted in June/July and harvested in November/December.
Table 4: Total cash crops produced in kg
VDC/Cash Crops (kg)
Melamchi
Ichok
Duwachour
Helambu
Total

Potato
30480
16770
1750
8290
57290

Mustard
635
805
300
411
2151

Vegetables
8820
3000
100
1100
13020

Cardamom
0
0
20
541
561

Ginger
0
0
125
125

Apple
0
0
0
300
300

Source: Filed Survey, 2014
It is clear that more production in Melamchi and Ichok VDC is because of 84 percent and
72 percent of household respectively having access to canal for irrigation. Cereal crops
are the major food for the subsistence needs of family but people have been involved
in commercial farming specially vegetables farming. Households where have the road
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access are involved in seasonal and off seasonal vegetable farming as well as high value
cash crop such as cardamom, ginger and apple where they have access to market for
sale (Table 4). Development of road networks (Melamchi- Helambu Road and other
rural roads) and expansion of market centers have played a key role on changing the
agricultural pattern. Such case was observed in eastern hill of Nepal after construction
of road in 1987–88 especially in Dhankuta when it was connected with Tarai (Koirala,
2008; Khatiwada, 2010). In this area also, Melamchi and Ichok VDCs are characterized
by better road facilities. As a result, potatoes and other green vegetables are cultivated
more in these two accessible VDCs in comparison to Duwachour and Helambu. Mustard
is grown in all VDCs but most of the production is just for household consumption.
Recently, people are attracted towards planting large cardamom as well in Duwachour
and Helambu VDCs. After some years, it is expected that they might earn a lot of cash
income from cardamom. Due to the favorable condition with high elevation some houses
have planted apple trees in Helambu VDC.
Livelihood dependent on livestock
The livestock is another integral aspect of rural livelihood in this area. It is a multi-related
household activity, which is second important economic activity of families dependent
on agriculture. Animal husbandry is the huge source of income and a major capital
investment. It is placed second only after land holding in the rural setting. Possession
of land or livestock defines and reflects both wealth and social status of people. The
household with livestock have their daily activity revolved around their animals, from
feeding fodders, cleaning their sheds, milking, to grazing, etc. Although, every member
indirectly involve for raising animals, household head or some dedicated family member
is in-charge of looking after the cattle in their house. In few household people are hired
from outside for animal husbandry. Cattle are mostly used for ploughing their farmland.
Animals waste has been used as a fertilizer in agricultural field. Similarly, animals are
the vital source of nutrition providers-milk, meat, etc. for the families.
Table 5: Distribution of livestock in Melamchi valley.
Categories
Cattle
Buffaloes
Goat
Chicken
Total

HH
8
20
16
12

Melamchi
Number
10
33
60
893
996

Source: Field Survey, 2014
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HH
14
26
24
14

Ichok
Number
26
45
73
2045

Duwachour
HH Number
20
46
36
52
33
124
17
388

2189

610

HH
17
25

Helambu
Number
36
52

11

55

118
182
257
3381

143

3938

Total
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In an average, there are 2 to 3 animals (excluding poultry) in surveyed household
(Table 5). Livestock is the medium of earning cash income in rural villages. People are
engaged in business activity by starting poultry farm. The establishment of dairy has
secured the market for milk. Earning from the animal husbandry is the major source in
people's income in the valley. The similar situation was even found in Rasuwa district,
one of the mountain areas of Nepal where earning from livestock sector is important
source of livelihood. Table 6 shows the income from animal and animal products in four
VDCs of Melamchi Valley.
Table 6: Income from animal husbandry.
SN
1
2
3
4

VDC

Yearly income (NRs)

Melamchi
Ichok
Duwachour
Helambu

Total

Percent

2805300
2761800
1683500
805550

34.82
34.28
20.90
10.00

8056150

100.00

Source: Field Survey, 2014
A total annual income from animal husbandry in surveyed household is more than Rs
8 million. Melamchi and Ichok each earn about Rs 3 million whereas Duwachour and
Helambu earn Rs 1.5 million and around 1 million per annum respectively. Average
household income from livestock is Rs 57,000, Rs 55,000, Rs 32,000 and 15,000 in
Melamchi, Ichok, Duwachour and Helambu VDCs respectively. The three VDCs i.e.
Melamchi, Ichok and Duwachour are about in same condition for livestock raising but
Helambu is not in same position. Recently, poultry farming for commercial purpose has
been started in Duwachour. Returnee migrants from foreign labor from Gulf Countries
have started commercial poultry farming together with vegetable farming.
Business: An unconventional rural livelihood
Business has become another activity that rural people rely upon nowadays. People
need various kinds of goods for household uses as well as inputs for farming such as
fertilizers, pesticides, hybrid seeds etc. The demand of such farming goods had inspired
people to open shops to sell these goods in the rural areas together with collection center
for food grains, dairy, grocery shops are other business activity people have opted. As
urbanization has taken place slowly in market centers; hospitality, construction and
electronic business have also been grown slowly. About 7 percent of total population
(11 percent of economically active population) are involved in business in respondent
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household. Being a market center, Melamchi VDC has highest percentage of business
enterpreneurs (36 percent of economically active population), whereas, rest 3 VDCs
have 6 percent each of economically active population (Table 1). Now-a-days, petty
business has gradually become popular in the rural areas in Nepal. A study by Rai
(2009) in Arun Valley of eastern Nepal and study by Rajbansi (2010) in the peripheral
areas of Kathmandu valley have suggested that petty business in the rural areas of Nepal
has also become an important base of livelihood in the recent days. Local products such
as liquor (local beer and alcohol),grain, vegetables, fruits, livestock (goat, pig, chicken
etc.), livestock products (ghee, milk, meat) and merchandise goods are sold in the local
market by petty business enterpreneurs.
Service sector
People involving in service sector are very less in number. However, it is the major
source of income for some families. Basically, Brahmin, Kshetri and Newar people
involve in service sector since they were forward in education. School teacher, army,
police and NGOs are some of the service holders in this valley. Of the total, 17 percent
of economically active people involve in service sector in Melamchi VDC, whereas, 8,
5 and 1 percent of economically active population of Ichok, Duwachor and Helambu are
involved in service sector respectively (Table 1).
Foreign employment and remittance: An important source of livelihood
Nepalese migrants used to leave the country for foreign employment with various motives
long back ago. The demand for Nepalese labor abroad has relieved the unemployment
problem to some extent and the remitted fund has contributed to reduce the poverty
level of the country to a larger extent (CBS, 2004). Among the various uses of remitted
fund vary by reducing poverty, creating economic security and enhancing social status
within the household and the community. Remittances have been playing pivotal role by
relaxing foreign exchange constraint, increasing contribution to GDP and strengthening
the balance of payment situation of the country (Shrestha, 2009).
Remittance has become an integral livelihood component in Melamchi Valley. According
to the field survey 12 percent of economically active population was remittance earner.
Of the total sampled household 57 percent worked in Gulf Countries, 24 percent in
India, 10 percent in Malaysia, 4 percent each in Japan/Korea and Europe together with
1 percent in the USA (Table 7).
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Table 7: Destination countries and number of migrant worker
Country
USA

Melamchi

Ichok

Duwachour

Helambu
1

Europe

3

Korea/Japan

2

India
Malaysia
Gulf Countries
Total

1

2
4
13
21

1
3
4

2
1
14
17

12
1
8
26

Source: Field Survey, 2014
Gulf Countries (58%), Europe (14%) are the major remittance supplier nations in
surveyed household. Similarly, Malaysia, India and Japan/Korea contributed equal
(9% each) in total remittance. The USA contributed 1% in remittance inflow (Table 8).
Total inflow of remittance from the USA, Europe and Japan/Korea is low but individual
earning is high there. As informed by the participants of FGDs, so in the recent days,
educated youths are attracted for employment towards the countries where earning level
is high,.
Table 8: Inflow of Remittance
VDC
Melamchi
Ichok

Gulf
Malaysia
Countries
830000

180000

4270000

1320000

India

USA

200000 1300000

2646000

200000

Helambu

4070000

160000 1279000

11816000

Europe

Total
1010000

Duwachour
Total

Korea/
Japan

7090000

280000

3126000
600000 2900000

240000

9249000

1860000 1759000 1900000 2900000

240000

20475000

Source: Field Survey, 2014
Not only in Melamchi Valley, but also most of the rural areas in Nepal, remittance has
become main base of livelihood in these days. Studies carried out by Koirala (2010)
in eastern hill district Dhankuta found more than one-third of the total household
dependent upon remittance for livelihoods. In the same way, in rural areas of Dolakha,
almost half of the surveyed households are belonged to remittance based livelihood
(Koirala, 2011).
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Wage labor
Families who does not have proper source of income are basically engaged in wage
labor. In the respondent household 7 percent of the total economically active population
are wage labors in both agricultural and non-agricultural tasks. But most of the wage
labors are engaged in non-agricultural sector. During the planting and harvesting season
people work as agricultural labor in own field and in Parma system for short time and
during other seasons people get them engaged in different works such as construction,
porters, mason, carpenters, etc. in the village and beyond. The earning for the daily
work helps to run their livelihood. The under constructing projects such as Melamchi
Drinking Water Project, various hydro projects running in the Bhote Koshi River and
development of road networking in the village have also provided adequate opportunities
for wage labors in the rural areas of Sindhupalchok district.

Conclusions
Livelihood strategy is basically a process of adapting the socio-economic activity
according to the nature with available resources in particular time and space. Agricultural
activity, especially cereal crop production is the vital activity of people in which
they spent their more resources and time; however, it merely fulfills their increasing
household demand. In order to accomplish the requirement for living, a sizable number
of people in Melamchi village are engaged in trade and business. Road connectivity and
growth as market center has created such environment to choose the new strategies in
the village. There is not sole dependence on traditional agriculture; people involve in
more market oriented products like vegetable farming, cash crops, and poultry farming.
Returnee migrants from foreign labor involve in these activities. Such activities have
provided self-employment opportunities to the people of this area. Infrastructure along
the Melamchi corridor has created new job opportunities, people in lower elevation has
been benefited from these developments. Moreover, there is a massive trend of migration
to foreign land in order to earn better livelihood. It is interesting to note that people
generally from higher elevation are huge remittance earner since the flow of migrants
is high in the upper settlements. The growth of market center to adjoining villages has
created opportunities for skilled and unskilled human resource in the informal sectors
such as carpenter, mason, construction labor, porter, helper, etc. which are known as
important source of livelihood in this area in the recent days.
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Natural disaster cannot be stopped but its effect can be minimized or avoided by
adopting technology and necessary human adjustment. Earthquake is a natural
event which occurs without early warning signs. Computer based earthquake
scenarios are used worldwide to describe and estimate the damage from potential
earthquakes. The current study is an attempt to explore potential risk with respect
to physical infrastructure and assess modeled and actual physical damage and
human loss caused by different earthquake scenario and actual 2015 earthquake
event in Thecho of Kathmandu valley. The earthquake scenario is based on two
nearest fault lines. Risk Assessment Tools for the Diagnosis of Urban Seismic
Risk (RADIUS) method has been applied for estimation of potential building
damage and casualties..The research has adopted integrated approach using
secondary and primary data sources such as field observation, key informant
survey and building survey through purposive random sampling.The study
found that potential building damage estimated by RADIUS for Gorkha 2015
earthquake scenario and North-west (Khokana) are lower than the actual postearthquake assessment whereas North earthquake scenario resulted higher loss.
Actual damage caused by 2015 earthquake compared to modeled damage from
RADIUS is found higher because additional damaged were made by successive
aftershocks. Spatial distribution of potential building damage for earthquake
scenarios and actual 2015 earthquake event is also variable. North-Nuwakot
Earthquake Scenario resulted more hazardous than the North-Khokana scenario
though the location of epicenter is relatively farther with high intensity. The study
concluded that though earthquake occurrence and disaster is still less predictable
risk assessment tools like RADIUS and mitigation measures based on such is
important for reducing risk of earthquake disaster.
Keywords:Earthquake; disaster; scenario analysis; building vulnerability;
RADIUS; risk assessment; awareness and preparedness
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Introduction
Earthquake is one natural event which gives severe threat due to the irregular time
intervals between events and lack of adequate forecasting. Nepal was ranked twentythird in the world in terms of total natural hazard related to death and eleventh in
the world in terms of vulnerability to earthquakes (UNDP/ERRRP, 2009).National
Seismological Center of Nepal has recorded large earthquakes in the Himalayas like
The Kangra- India earthquake of 1905, the Bihar-Nepal earthquake of 1934, and the
Assam-India earthquake of 1950; those were all about 8.5 magnitude earthquakes.
The 1980 earthquake with epicenter in Bajhang district and 1988 earthquake with its
epicenter in Udayapur both measured 6.6 Richter scale and the recent one was April,
2015 earthquake which had its epicenter in Gorkha and measured 7.6 Richter scale which
in total damaged 356000 building and more than 25000 human death (NSET, 2004;
USGS, 2015). Nepal has a complex geological structure with active tectonic process
and continued seismic activities. It is located along the active faults between tectonic
plates which is one of the seismic prone area (Karanth, 2002; NSET-Nepal, 2012). It
is observed that when tectonic plates push against each other earthquake occurs and it
has relationship with the fault boundaries. There are ninety-two active faults in Nepal
and the immediate cause of most earthquakes in the country is faulting; the process of
breaking and movement of rocks (Karanth, 2002).
The most of the deaths from earthquakes are caused by buildings or other construction
falling down during an earthquake which always could not be possible to avoid and
earthquake itself does not kill people but human made structures do (Shah, 2003).
Earthquake disaster and damage and loss depends on three major factors namely,
population density, construction standards, and emergency preparedness (Nelson,
2002).
Risk Identification is the first step to disaster risk management for identifying and
understanding the scale of problem. Vulnerability analysis is one of the component
of risk identification. Earthquake scenarios analysis are common approach used to
estimate potential damage from earthquakes. Such analysis help communities identify
necessary earthquake risk management programs and minimize the loss. In this context,
this current study is an attempt to explore vulnerability to earthquake in Thecho based
on potential earthquake scenario using RADIUS approach and to assess 2015 post
earthquake physical and human damage.

Methods and materials
The study area Thecho, ward number 12 of Godawari Municipality is located in Lalitpur
district of Kathmandu valley, Nepal (Figure 1). It is about 1371 meter high from sea
level and covered area of 3.32 sq. km.The total population is 10086 (CBS, 2011) among
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which 4942 are male and 5144 are female. It is multicultural but majority of the people
belongs to Newar ethnic community followed by, Brahamin-Chhettri, Tamang, Rai and
Magar. Agriculture is the major occupation of the most of the people and seventy nine
percent of the total area is covered by cultivation.

Figure 1: Location of study area and sample building distribution
Major lifeline in the study area includes drinking water supply, electricity, road and
telecommunication. Drinking water has been supplied by Nepal Drinking Water
Corporation. It encompasses 85.48 meter of black topped road, 22 meter of stone paved
road and more than 70 meter of gravel and other roads. Electricity is supplied in two
different capacities: high voltage of 11000 volt and low voltage of 220 volt (VDC office
Thecho, 2008; NRCS, 2015).
The current paper is based on primary data collected from detailed fieldwork and
secondary information. Buildings are taken as sampling unit and stratified random
sampling method was applied for selecting sample buildings. Major criteria for
selecting sample settlement and buildings was relative building density categorized as:
old settlement (nucleated with old buildings), new settlement (dispersed with relatively
new buildings) and open space (open space with few isolated buildings). In total 12
percent (687 buildings- 83 sampled) buildings were surveyed using building inventory
sheet (Figure 1) assuming the distribution of the sample means is normally distributed
(Thode. 2002). Representative sample of buildings covering 4 percent from each category
were collected using building density criteria through stratified random sampling. The
2015 earthquake happened during the data compilation of building survey. So in order
to verify modeled and actual earthquake damage, second stage building survey was
carried out after 2015 earthquake. The same buildings were visited for repetitive survey
after the earthquake. Field observation was also carried out using checklist for physical
infrastructure like road, electricity and telecommunication for scenario analysis. Another
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method used was key informant interview to analyze historical record of earthquake
occurrence and damages caused. Fifteen elderly people of age seventy and above from
categorized settlements were interviewed as key informants. Besides, secondary data
and information was collected from the VDC office (then), Central Bureau of Statistics
(CBS), National Society for Earthquake Technology (NSET) and Department of Mines
and Geology (DoMG).
Risk Assessment Tools for diagnosis of Urban Area against Seismic Disaster (RADIUS)
is a computer based tool which has been used for scenario analysis to estimate the
earthquake damage. RADIUS tool is developed by the Secretariat of the International
Decade for Natural Disaster Reduction (1999-2000) of United Nations. The RADIUS
initiative aimed to reduce seismic disasters in urban areas of developing countries
taking nine selected cities as case studies to develop seismic damage scenario and
risk assessment plan. The method includes the estimation of damage due to ground
shaking. The tool allows vulnerability analysis of buildings based on parameters like
construction material type, construction type, age of building, shape of building, roofing
type, wall size, joint/disjoint neighbor and number of stories (Villaciset. al., 2000). Scale
of vulnerability of building is based on parameter values and buildings are categorized
into three class i.e. high, medium and low vulnerability. Two fault lines namely, Main
Central Thrust (MCT) and Lesser Himalaya Thrust (LHT) as nearest reference to
study area beside MCT for Gorkha earthquake were taken for analysis to measure the
vulnerability on buildings and lifelines. Earthquake occurrence at two different time; Day
time and night time were modeled. Beside actual earthquake damage caused by 2015
Gorkha earthquake was cross-referenced. The earthquake scenario analysis is carried
out by defining location of epicenter, magnitude and depth. Two nearest reference is
taken for scenario are North-Nuwakot (MCT: magnitude 7.6, distance 37Km, depth
20Km) and North-Khokana (LHT: magnitude 6.5, distance 2.55Km and depth 20Km)
whereas Gorkha scenario is modeled with the same parameters as the event occurrence
(MCT: magnitude 7.8, distance 80Km and depth 15Km) (DoMG, 2006, Howard, 2015).
Vulnerability functions, which indicate the relation between seismic intensity rate for
structural types, are determined as the function of acceleration/MMI based on damage
observed during past earthquake events. The damage levels considered in this method
is collapses and heavy building damage. A uniform mesh spacing of 200m to 5km is
usually recommended by considering the size area (Villacis et. al., 2000). The mesh
spacing of 200m is considered for estimation of the earthquake scenario in this study.

Results and discussion
Building vulnerability is attributed to various factors such as physical factors of building
location like soil types, slope and fault line, construction factors like construction
materials, height, age, roofing system, shape (geometry) etc. Socio-economic and
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cultural aspects such as level of people’s awareness, knowledge and application also
play the vital role to building vulnerability (Guragain, 2004).The presence of three main
fault lines: the Main Central Thrust (MCT) at the foot of the Greater Himalaya joining
the midland mountains, the Main Boundary Fault (MBF) at the junction of the Lesser
Himalaya and the Siwaliks and the Himalayan Frontal Fault (HFF) south of the Siwaliks,
each running east to west, are the main causes of earthquakes in Nepal (NSET, 2012).
The nearest fault lines from the study area are Lesser Himalayan Fault (LHF) which is
located at 2.55 km north-west and Main Central Thrust (MCT) located at 37 Km north.
The theoretical estimation is performed by combining the seismic intensity distribution
that is estimated for the adopted earthquake with the inventory of the structures and
infrastructure of the city. This combination is performed using vulnerability functions
that are developed to reflect the seismic behavior of the structures and infrastructure found
in the city (Chaudhari, 2008). Earthquake hazard is estimated from the parameters of
the scenario earthquake and ground conditions. Ground shaking intensity of earthquake,
PGA (peak ground acceleration) at the site generally becomes greater as the magnitude
becomes larger or the distance from the site to the epicenter becomes smaller (Spence
et al., 1989). Earthquake scenario hence is modeled to assess the physical distance of
epicenter and potential damage with the nearest (North-Khokana), medium (NorthNuwakot) and far (Gorkha) distance epicenter location.
North-Khokana Earthquake scenario
The North-west earthquake scenario was applied to LHF fault line with seismic intensity
of 6.5 magnitude at 2.55 Km distance for the estimation of the potential building, lifeline
and human loss vulnerability. The result showed that estimated potential damage would
be 58.4 percent i.e. 955 buildings were found likely to be damaged, if the North-west
Earthquake hits the study area. Regarding lifelines, the estimated damage is relatively
low with less that 1 percent damage to all lifelines. When serious human injury and
loss is concerned, the estimated injury and loss during night time disaster is higher in
comparison to day time (Maharjan, 2016). However, human loss would be less than 1
percent while more than 8 percent of the total population would be seriously injured.
Similar to North-Nuwakot earthquake scenario, spatial effect is highest in ward number
9 i.e. is the most vulnerable so far as location is concerned whereas ward number 6 is
relatively less vulnerable.
North-Nuwakot Earthquake scenario
The North earthquake scenario was applied to MCT fault line with seismic intensity of
7.6 magnitude at 37 Km distance for the estimation of the potential building, lifeline
and human loss vulnerability. The result showed that estimated potential damage would
be 78.3 percent i.e. 1280 buildings out of total 1635 were found likely to be damaged,
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if the North-Nuwakot Earthquake hits the study area. Regarding lifelines, the estimated
damage is relatively low with lowest potential damage to telecommunication substations (1%) and highest potential damage to telecommunication transmission lines
(15.2%).When serious human injury and loss is concerned, the estimated injury and loss
during night time disaster is higher as compared to day time because during night time
most of the people are assumed to be inside their houses. It is found that if earthquake
resembling North-Khokana earthquake scenario characteristics hits the study area, more
than 20 percent people would be seriously injured whereas 1.6 percent people would
be dead. Ward number 9 of the study area is the most vulnerable so far as location is
concerned whereas ward number 6 is relatively less vulnerable.
Gorkha 2015 Earthquake scenario
Devastating earthquake of magnitude of 7.6 hit Nepal on 2015 with epicenter located
at 85 km northeast from the study area with the depth of 11 km in main central thrust,
MCT fault line (USGS, 2015).Using same parameters as in North-Khokana and NorthNuwakot earthquake scenario, Gorkha earthquake scenario was also run using RADIUS
for cross-referencing.It has resulted that 560 buildings would be fully damaged.
Post-earthquake assessment revealed that there were 2 human deaths and 56 injuries
while 628 buildings were fully damaged and 233 buildings were partially damaged.
The heaviest building damage was caused in ward number 3 (82%) followed by ward
number 7 (72%). The overall potential damage scenario and post-earthquake assessment
of buildings by wards is summarized in Table 1.
Table 1. Ward-wise potential and actual building damage
Ward

Total
Buildings

Potential damage
NorthKhokana

1
2
3
4
5
6
7
8
9
Total
132

266
113
126
171
122
203
76
265
452
1635

103
30
37
96
34
19
35
213
213
779

% NorthKhokana

NorthNuwakot

39
27
29
56
28
9
46
80
47
48

133
44
48
121
47
22
44
106
320
1044

Actual damage
%
NorthNuwakot
50
39
38
71
39
11
58
40
71
64

Gorkha

%
Gorkha

139
71
103
76
72
110
55
131
104
861

52
63
82
44
59
54
72
49
23
53
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Figure 2a: potential building damage
north Nuwakot earthquake

Figure 2b: potential building damage
north -west Khokana earthquake

Figure 2c: potential building damage
Gorkha 2015 earthquake

Figure 2d: actual building damage Gorkha
2015 earthquake

The intensity of an earthquake is a measure of the shaking created by the earthquake,
and this value does vary with location. In the current case, North Nuwakot Earthquake
Scenario resulted more hazardous than the North-West Earthquake scenario though
the location of epicenter is relatively farther with high intensity. The estimated human
causalities, building and lifelines damage is larger as compared to North-West Earthquake
Scenario which has moderate impact. Studies show that though the intensity may be
higher, level of vulnerability and actual damage varies based on the mitigation measures
and adaptation to reduce its vulnerability (Walton, 2014). Two events of earthquake that
occurred in the same year (2010) in Haiti with 7.0 magnitude, epicenter located at 25 Km
and depth of 13 Km and Chile with 8.8 magnitude, epicenter located at 95 Km and depth
of 35 Km has quite different impact. Haiti suffered substantial damage as compared to
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Chile because of the mitigation measures and adaptive strategies developed to tackle
earthquake disaster. In case of Thecho, all three modeled scenario and actual earthquake
case, heavier damage is towards south-central and eastern part because location of old
settlement and clustering of new buildings is confined to these two directions. The
result of study show that, age of building and construction material was dominant factor
followed by cultural aspect of preparedness. It is found that 95 percent local people are
aware of the earthquake risk and have experienced the degree of damage that could be
caused. The role of individual household and community for mitigation measures such
as personal safety, following building codes enforced by the authority, identifying open
spaces etc are also realized by 85 percent people. But implementation of preparedness
is relatively low with only 66 percent. The finding show that though the number and
degree of building damage is variable in each of three modeled scenario as well as
in actual earthquake event, location and direction of potential and actual damage area
matches. The RADIUS method applied and tool used hence, is applicable and useful for
identifying vulnerable areas.
Earthquake scenarios provide estimations which can be used to develop risk mitigation
measures and reduce risk. However, degree of estimation may vary with available
resources, organizations and experience. Nevertheless, Earthquake scenarios can help
communities identify necessary earthquake risk management programs. Fast earthquake
scenarios has been proposed to identify major earthquake risk and vulnerability in
developing countries and one of them among many method is Risk Assessment
Tools for the Diagnosis of Urban Seismic Risk, RADIUS (Villacis, et al., 2000). It is
suggested that scenario analysis should be used to raise awareness and understanding
among stakeholders and community to identify activities those could be implemented
under limited resources to produce optimum benefits and to help create the social
and political context for meaningful analyses (UNDP, 2013).Awareness of people and
capacity building up of existing human resource and generation of human resource for
emergency response in possible earthquake for rescue and medical care seem inevitable
and Earthquake mitigation can be affordable and easy to do when taken in small steps
(Arya & Srivastava, 1998).
Intensity of earthquake is based on local acceleration and how long it persists. It also
depends on variables like rock breaking process, energy travels from an earthquake to
a receiver. However, it is still unknown how degree of intensity increases and how it
impacts in a particular location (Spence et al, 1989). Hence scenario analysis together
with review of the past disasters would allow the local authorities to identify the
vulnerable locations and communities. The analysis of the impact of past disasters on
various communities and social groups will help understand the relationship between
the nature of hazard and the kind of impact they can have upon various at-risk-elements
(Kafle & Murshed, 2006).
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Conclusion
Scenario analysis of Thecho showed that it is highly vulnerable to earthquake
risk because of settlement pattern, building age and construction materials beside
preparedness culture. The vulnerability of building is not only dependent on the
earthquake magnitude, distance from fault line, depth and direction, equally important
is awareness and preparedness plan of local people. Preparedness over awareness
should be hence emphasized to minimize the risk. Similarly, risk assessment tools and
mitigation measures is important for reducing risk of earthquake disaster though it is not
possible to exactly predict the earthquake occurrence.
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This paper is an analysis of potential settlement locations for polycentric
centers and their expected role in socio-cultural, economic, environment and
transport network as well as spatial development in the Baglung district. Using
multi criteria evaluation analysis approach and analytical hierarchy process
(AHP) numbers of polycentric settlement centers were identified as the potential
centers for socio-economic development at the district level. The empirical
findings indicate the polycentric settlement centers not only promote economies
and facilitate social integration but also generate a disproportionate number
of trips and promote transit ridership. It also helps to strengthen forward and
backward linkages between hinterland and service providing center. A balanced
and sustainable polycentric development model has been proposed for overall
sustainable development through development of polycentric settlement.
Keywords: Polycentric centers; spatial development; territorialdevelopment;
social cohesion; Baglung district

Introduction
Polycentric centers are defined as the growth pole that have relatively high functional
activities and it serves to the hinterland areas due to superior geographical locations,
production of resources and high level of connectivity or centrality of the area (ESPON,
2014). The use of the term has diversified because according to nature and field of
the discipline polycentric centre used as the growth pole and settlement centers by
geographers, development pole by development experts and market centers by
economists. In a normative perspective, economists, geographers and planners have
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documented the emergence of polycentric centers in post-industrial societies in the
developed countries (Nishimura, 2011), as well as in developing countries like China
(Chou, 2011).
Traditionally, geographers and spatial development experts used this concept to ensure
the balanced and sustainable development of local entities and regions for the utilization
of locational advantages (Kaanap, 2012; Anderson &Bogar, 2001; Brundtland, 1987).
Trullén and Boix (2005) consider the concept of polycentrism as the tendency of
population and economic activities to concentrate themselves in urban nuclei which
have the capacity to exert their influence upon the entire urban structure and upon the
areas around them. Haindland Hirschler (2008) found that polycentric development
contribute to the balanced economic development and reduce territorial disparities in
developing countries. Hallgeir (2004) considers the urban network to be the spine of
a territorial system, as polycentrism ensures the transmission of information which is
indispensable for the efficient development at the entire territorial system’s level. The
needs to support polycentric networks as main principle in the regional development is
sustained by the results of the detailed analyses of territorial systems, which emphasized
interesting evolutions of the development coefficient as a result of the impulses from
the central level.
Polycentrism is a concept based on the idea of promoting several decision centers. In
territorial planning, the concept assumes a complex approach to social innovation and
territorial development, using defined devices, classified depending on their capacity to
spread a new quality in the subordinated territorial subsystems (Lynch, 1981). Growth
or development poles are grouped in polycentric centers classified according to their
capacity to specialize the subordinate space. Polycentric settlement is a development
strategy of space based on promoting and implementing some policies of consolidating
the development poles or growth poles network (Nishimura, et.al. 2011a). By decisional
impulses, the relationships between the polycentric network components are need to
be redefined, the strong points are to be improved in a superior manner, and a part of
the envisaged territory’s problems could be solved (Hall.2009). The analysis of the
polarization capacity and field researches identified the main specialization directions
represented on the graphic models by means of development vectors which represent
as well the directions and a certain type of qualitative load of development, from the
settlement centers of superior rank towards the subordinate ones. In identifying the
role of each parameters of the polycentric center development, an important role can
be played by the concepts of territorial competence and cohesion which is represented
by those functionalities which give particularity to the territorial system, and impose
it in the competition with the others. Functional specialization is a determinant factor
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of territorial competence or polycentric center development. Further, the territorial
competence could be envisaged the projections of those competences, which would
allow the rural settlement to be remarked in the local settlements’ network. The
territorial cohesion represents the capacity of a polycentric network’s components to
stay together by means of developing and multiplying the relationships between them.
The polycentric center development approach is based on several decision levels: the
national resource capacity, regional development strategy, intraregional development
(growth) poles, and local development framework (NFGM-VATI, 2010). Urban
settlements development policy accomplishes the functional connection with the capital,
having the role of coordinating the distribution of information from the capital to the
level of the entire region. Whereas regional development policies are urban settlements
with an inferior polarization capacity compared to national development, consolidated
by the administrative functions held in time. This category is represented by the present
local units which, due to their administrative function, are categorically imposed in
the county urban systems. Intraregional development (growth) poles are represented
by urban settlements which benefited from the regional context of advantages, which
contributed to the increasement of their polarization capacity compared to countryside
(Niekerk, 2016). Local development frame has an important role in the functioning
of country networks, which contribute to the spread of development from the level
of intraregional and regional poles to the local level. The importance of these poles
comes from their function of redistributing information in the subordinated rural space.
Growth centers are represented by rural settlements, which by the economic activities
they hold, transform into development engines for the highly disadvantaged rural spaces
(Bevan, et al., 2013). These are indispensable in elaborating the strategies of polycentric
development, specific for the highly disadvantaged areas. In this category there are
enclosed the settlements which play a central role in the highly rural areas, which by
specific strategies contribute to the information transfer towards the periphery of the
polycentric settlement centers (Fujita et al., 1999; ESDP, 1999).
Peptenatu et al., (2012) mentioned that there is an issue to create competitive economic
areas, evenly distributed on the large territory, with no differences and functional flows
between the centre and periphery, a system of human settlements classified by their
development potential and interconnected functional networks. The development of
human settlements formed by development poles is one of the major challenges of the
decision factors and an interdisciplinary research. The isolated geographical spaces
lacking the territorial synapses which could connect them to a polarizing centre.
Emphasizing on building a regional polycentric network, it can be suggested policy
measures to the decrease of territorial disparities determined by the economic crisis,
the distribution of central place settlements network and the steps for reaching to a
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re-thinking of administrative structures, which proved incapable of an efficient transfer
of information from central to local level. The polycentric development model taken as
a new administrative level to encouraging local economies with competitiveness and
creating social cohesion, developing enterprise, and to encouraging the development of
polycentric networks.
DUDBC (2010) stated that the economic, spatial and mobility trends in Nepal point
towards the inevitability of developed dense and compact human settlement in the
countryside with a view to materialize the social innovation and cultural practices in the
sphere of arts and creativity. To solve the local development problems in the context of
rural areas, satisfaction of human needs, diffusion of skills and technology by activating
local politics and policy making for valorization of territorial specity through democratic
governance or democratization of local development is utmost in order to promote the
practice of self-determination economy as people transform their livelihoods and lives
by enlarging the power and competence base of localities (Brandi, 2015).Generally,
polycentric centers growth process need to be considered as the engine of economic
growth, social change, science and technological development in Nepalese context
((NUDS, 2017; NPC, 2015).
In Nepal, majority of the rural population are living in scattered settlements in all three
ecological regions where country does not reach minimum population thresholds to be
effectively and efficiently provided with basic infrastructure, and social and economic
services including job opportunities. There is a policy lacking to discourage monocentric
urbanizing trend without urban growth and to increase the service efficiency of the
center to the neighbors. Backward linkage of the center by providing efficient services
to the periphery and forward linkage of the periphery by increasing the production
level both have not developed by the national urban development strategy. So, the
dispersed rural settlement patterns, the per capita costs for construction, operation and
maintenance of basic infrastructure and other essential services are very high coupled
with low economic returns. (DUDBC, 2010; ADB, & ICTMOD, 2006; NPC, 2013).
In the absence of basic life-sustaining services and economic opportunities in the rural
areas, the population belonging to economically active age groups has been migrating
temporarily or permanently to the urban centers of the country as well as outside the
country in search for better services and facilities, and for employment. This trend
has become a critical factor affecting rural development in Nepal. This calls for a
new thinking or new paradigm shift in rural development approach and processes for
providing better services and sustainable livelihood opportunities to the rural population.
The national paper on compact settlement development (DUDBC/ CDG-TU, 2003) and
designation of hierarchy of humans settlements standards (DUDBC/ CDG-TU, 2004)
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noted that developing integrated compact settlements (ICS) or polycentric settlement
for provision of basic services and livelihood opportunities along with the appropriate
measures for protection of natural resources and environment could be a viable option
and approach to initiate this new thinking, and could help raise the living standards of a
majority of population at the district level.
The traditional mode of living sustained by the conventional economic activities in the
remote rural and scattered settlements is no longer adequate to meet the rising needs
and aspirations of the present day population, let alone that of the future generation.
It becomes the prime responsibility of the state to provide the basic amenities to its
citizens in an inclusive way. Irrespective of where they live, the citizens must be able
to access clean water, education facility, health services, and opportunity for economic
growth (Mac.Cllum et al., 2008; Sharma, 2014). It is therefore, under the new republican
and federal Constitution of Nepal, the government has given priority to promote the
urban growth system by increasing urban centers (Municipality) with adequate urban
facilities (Birukou and Romarenko, 2016; MOUD, 2016). In Australian case, polycentric
settlement network has considered as a means of double task for development activities
as to improve the external role of cities that can the polycentric structure to a great extent
and to avoid the dominance of monocentric structure of the settlement network (Briney,
2017). It could be more effective approach to ensure the social cohesion and economic
competitiveness between center and neighbors in Nepalese case also.
It is important for the promotion of spatial planning at local level and spatial dimensions
have to be taken into account to establish functional interdependencies and synergies
in the line with local needs, energy policy and sustainable mobility. The development
strategy has expected to promote the integrated and multisectral approaches for a
balanced settlement cluster (polycentric centers) system and strengthening of the
partnership between urban and rural areas which can overcome the outdated dualism
between city and countryside (Nilsson, 2014).
In Nepal , Gurung (1969) first time introduced the growth pole and growth axis concept
with a view to implement the regional development plan in a comprehensive way
as a means of broadening the scope of the resource allocation at the local, regional
and national levels by laying stress on the coordinative relations among development
initiatives in geographic specific locations.
In above background, time has been presented on a key factor to promote the polycentric
center settlement development to enhance the social and economic functions of the
center to serve the population of the center and of its surroundings. This could also
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reduce the disparity between centers and surrounding neighbors in terms of human
needs, satisfaction, infrastructure development and social services. The polycentric
centers also supposed to increase the access to governance and government, increase
in the transparency of public administrative services and empowerment of locals as
the breeding grounds of social innovation and territorial development. In order to
promote polycentric centers, it is necessary to identify the polycentric centers based
on the role, functions and future development potentials of the existing settlements at
the district level. Thus, this paper discusses the settlement structure in Baglung district,
their hierarchy and a model how the identified polycentric centers can perform as the
superior polycentric centers.

Study Area
Baglung district was selected for this study. This district was selected based on district
level human development index(HDI) of the Province 4 in which Baglung district has low
HDI(0.478) as compared to other districts in the province.(NPC, 2014). Topographically,
Baglung is a hill district and this district also represents greater parts of Nepal which has
same physical as well as socio-economic conditions. It has 1,784 km2 spatial coverage
having 2,68,937 populations with 1,23,538 male and 1,45,409 female populations (CBS,
2012). In the political division, it has divided into two election constituent area, four
municipalities and 6 rural municipalities (Figure 1).

Figure-1: Location map of Baglung district
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Methods and Approach
The present study analyses the intensity of the relationships between the components
of the settlements systems using multi-criteria evaluation approach which was used by
Hossain, et.al (2007) for the GIS-based land-suitability classification in Bangladesh.
This new and innovative approach to analyze the integrated settlement development
is not only scientific, relevant and worldwide popular but also simple to frameout the
polycentric settlement development in different spatial features and specificities of
Nepal. Analyzing the equal importance by pared comparison of basic components of
settlement center development; this approach gives a clear-cut picture of balanced and
competitive settlement center development. This approach is also useful to identify the
development issues, challenges and way out to solve through people-public-private
partnership modality. Hence, this approach has been used to analyze the potentiality
of polycentric development from the existing settlement system and their respective
location. Six major aspects such as physical setting, infrastructure condition, level of
social development, economy and livelihood opportunities, environmental condition
and level of institutional development were considered as the major parameters. Using
multi criteria decision making (MCDM) method from simple cross tabulation by using
rank and weighted score of each parameters were converted ordinal scale in to ratio
scale and even check its consistency.
Their respective value of each indicator was calculated by using analytic hierarchy
process (AHP) which is popular as multi criteria decision making (MCDM) method. This
was originally developed by Thomas L. Saaty in 1980. This method used to derive ratio
scales from paired comparisons which obtained from actual measurement weight from
subjective opinion such as satisfaction, feelings and preferences. The ratio scales were
derived from the principle of Eigen vectors and the consistency index which derived
from the principle of Eigen value. The hierarchic order of the settlement locations
was drawn from 1 level one comparison matrix corresponds to pair-wise comparisons
between physical setting, physical infrastructure, social development, economy and
livelihood opportunities, environmental conditions, and institutional development with
respect to the goal of development. Thus, the comparison matrix of level 1 has been
used in the size of 6 by 6 (Table 1).
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Availability
of physical
infrastructure

Economic
and livelihood
opportunity

Level of social
development

Level of
institutional
development

Environmental
condition

Physical setting

Table1: Polycentric center selection parameters and their comparative value

1

3

2

2

3

2

0.33

1

0.5

2

2

3

Economic and livelihood opportunity

0.5

2

1

2

2

2

Social development

0.5

0.5

0.5

1

2

2

0.33

0.5

0.5

0.5

1

0.5

0.5

0.33

0.5

0.5

2

1

Aspects

Physical setting
Physical infrastructure

Institutional development
Environmental aspects

Source: Hossain, 2007 & personal computation
The reciprocal relationship between and among the parameters was determined by putting
the actual judgment value and reciprocal value 6 by 6 in upper triangular matrix where
the diagonal elements of the matrix are always 1 and need to fill up the upper triangular
matrix. The actual judgment value put on the second row of the last column of the matrix.
To fill the lower triangular matrix, used the reciprocal values of the upper diagonal as
aij the element of row i column j of the matrix, then the lower diagonal was filled using
following formula
aij = a1ij
		
The priorities are determined by normalizing the pair-wise comparison matrix through
diving each value of row by the total sum of all rows of the table. Averaging of row of
such formed matrix denoted the prioritize weight (Table 2).
A consistency ratio was calculated for the pair-wise comparison matrix to verify the
degree of credibility of the relative weights, by using the following ratio CR= CI/RI.
Where (RI) is the random consistency index for n (parameters) =6, RI= 1.24 (Alonso &
Lamata, 2006).
Required information like physical setting, geographical location, population size,
economic activities and competitiveness, natural, cultural and financial resources
capacity and the hinter land area of the selected settlement centers were collected using
both primary and secondary sources of data.
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Table 2: Normalized weight matrix of indicators with their average value
Available
of Physical
infrastructure

Economic
and livelihood
opportunity

Level of Social
development

Level of
Institutional
development

Environmental
condition

Total weighted
value

Physical setting

Indicators

Physical setting

0.32

0.41

0.40

0.25

0.25

0.19

30

Physical infrastructure

0.11

0.14

0.10

0.25

0.17

0.29

17

Economic and
livelihood opportunity

0.16

0.27

0.20

0.25

0.17

0.19

21

Social development

0.16

0.07

0.10

0.13

0.17

0.19

13

Institutional
development

0.11

0.07

0.10

0.06

0.08

0.05

8

Environmental aspects

0.16

0.05

0.10

0.06

0.17

0.10

10

Aspects

Source: Saaty,(1980) & Personal commutation
Number, types and physical forms of the settlement were identified based on the national
guideline paper on compact settlement development (DUDBC/ CDG-TU, 2003) and
Designation of hierarchy of humans settlements standards (DUDBC/ CDG-TU, 2004)
using satellite image interpretation of the multi spectotral at which was taken in 2nd
September, 2017 and toposheet at the scale of 1: 25000 which was prepared in1996
through aerial photo.
Information on level of physical infrastructure development and the level of social
development, economic conditions, drinking water facility, electricity, information and
communication, irrigation facility and transportation facilities were collected using
secondary sources(CBS, 2012) and analyzed. Resources status and their analysis were
made by applying participatory resource mapping (PRM) method during the field study
period (27 September to October 13th, 2017). More than 150 local people including
FGD participants were actively involved to point out the spatial characteristics and
intensity of available resources was taken into consideration as the PRM method during
the field study period. Data regarding settlement functions, services area (hinterland)
connectivity and settlement interrelationship, environmental conditions, livelihood
opportunity, availability of land (public) and physical conditions and natural hazards
and ecological sensitivity were collected through observation, Focus Group Discussion
and Key Informant Interview. Twelve focus group discussions were conducted in 16
selected settlement centers by covering major geographical locations of the district.
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The participants of each group were 9-12 persons from the different areas that related
to the polycentric settlement development. Similarly, Government officials and
district level stakeholders were interviewed as the key informants of the study. The
number of key informants was altogether 25 who were interviewed by using semi –
structure questionnaires. Settlements locations with score more than 30 were taken into
consideration and followed the scheme used by Haris (2017) for ranking of potential
polycentric centre. The then top ten rank order settlement centers were finalized through
field verification. Then the average value of each indicators grouped into six parameters
is mentioned in Table 1. Using matrix as shown in Table 2 of selected settlement
locations were examined with suitability and capacity of the selected settlement location
for promoting as the polycentric center according to their performance as nodes at the
district and province level.

Result and discussion
This section discusses the number, types and physical forms of polycentric centre in
general and settlement hierarchy to identify the potential polycentric settlement centers
at district level.
Types and forms of settlement
It seems that the concentration of settlement is related to several factors like landform,
soil types, and availability of natural resources, accessibility and social integration. These
factors have varying degree of effects on types and forms of settlements in rural area
of Nepal (Shrestha, 1980). Topographical features, climate, agricultural land, sources
of food, fodder and fuel, and connectivity have significant role to determine the size,
types and forms of rural settlement in Nepal. Using national concept paper on compact
settlements 2003 and interpretation of satellite image the number, types and forms of
settlements of the Baglung district have been presented in Table 3.
Table 3:Types and forms of settlement of Baglung District
Settlement structure

Settlement types

Block

Linear

Dispersed/scattered
Agglomerate
Compact

Others
357

Percent

357

13.29

1068

1161

2229

82.95

83

18

101

3.76

Total

1151

1179

357

Percent

42.84

43.88

13.29

Source: Field study, 2017 & satellite Image interpretation, 2017
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Table 3 shows that there is 2687 settlements in Baglung district. The proportion of
agglomerate settlement found high (82.95%) as compared to the compact settlement
(3.76%) as shown in Figure 2.In terms of the settlement structure, more than 42 percent
settlements found in block structure and 43.88 percent in linear form.

Settlement Types of Baglung District

Figure 2: Settlement types in Baglung district
Settlement hierarchy
The position and rank are important for creating a hierarchy of space in dwellings and
settlements. Thus, the spatial hierarchy of selected settlement locations was determined
using multi criteria decision making methods and analytical hierarchy process. The
average weighted value of each settlement was calculated from each indicator and the
rank level prepared at the district level for promoting as polycentric settlement centers
according their rank. The hierarchic order of the selected settlements of Baglung district
has been presented in Table 4.
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Physical
infrastructure

Economic
development

Social
development

Institutional
development

Environmental
condition

1

Balewa,
(Narayansthan)

24.53

13.11

13.18

8.76

6.1

6.09

71.77

2

KharaBajar

20.95

15.72

17.78

3.44

3

6.55

67.44

3

MajuwaPhant

19.34

15.35

16.83

6.03

4

5.5

67.05

4

Angkhet

18.21

16.27

15.05

3.94

4

5.51

62.98

5

Nwara

15.66

17

13.52

9.27

2.4

4.46

62.31

6

Harichaur

17.41

11.54

15.35

5.56

6.1

5.37

61.33

7

Pokhara Bihu,
(Lisepani&Jukepani)

12.22

14.8

14.4

7.24

4

6.03

58.69

8

Kushmisera

15.82

11.48

13.94

7.42

5.2

3.03

56.89

9

Nauthargaun,
Bobang, Thakali
Bhati, Masalgaun
(Serabang)

20.15

6.44

13.76

7.32

1

6.55

55.22

10

Nisi

20.95

9.27

10.18

5.73

2.9

2.51

51.54

11

Lekhani, Kurlimare (
Upallotar)

11.56

10.75

11.86

8.99

4

4.28

51.44

12

NayanBajar

15.66

9.15

11.98

4.42

2.9

5.37

49.48

13

Chhamri

7.89

12.21

14.84

5.53

2.4

5.37

48.24

14

Taman

12.78

8.31

12.82

4.19

2.4

3.03

43.53

15

Sormani

9.96

9.71

10.48

2.55

1

4.28

37.98

16

Chautara ( Dipdanda)

9.98

6.25

8.48

3.66

1.9

4.59

34.86

Rank

Total weight

Name

Physical
setting

Table 4: Settlement hierarchy of selected settlements of Baglung District

Source: Calculated based on the data collected from secondary and primary sources
Table 4 evinces that out of the total number of settlement (2687) only 16 settlement
locations were selected to develop as the polycentric settlement centers (Figure 3). After
calculating the average value of the selected settlement, Balewa Narayansthan (71.77),
top one rank settlement has been suggested to develop as the polycentric settlement in
Baglung district in coming year.
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Figure 3: Settlement hierarchy of selected settlements of Baglung district
However, all the selected polycentric settlement centers (16) have to propose for the
mission of polycentric settlement development in long term in Baglung district as a
planning solution for achieving efficiency and sustainability goals in order to promote
Polycentric-centered. Because these selected centers tend to be characterized by some
degree of economic specialization, and can, therefore, referred to as development clusters.
This result also corroborate by the studies of Talen, (2008); Moularet & Nussbaumer,
(2005a) and Anderson (2001) (Figure 4).

Figure 4: Potential polycentric settlement centers by local bodies in Baglung district
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At the time of field study most of the FGD participants emphasized the importance of
harmonized actions to ensure the accomplishment of the common objectives within
the limits of settlement centers' competences and social cohesion. Because the present
existing pattern of urbanization and physical infrastructure development trends has not
encouraged the potentiality of location –specific economic production, social innovation
as to promote backward- forward linkage between service centers and neighbors. This
shows that policy intervention is essential to provide joint, and harmonized responses to
common problems. This means reconciling the social and economic claims for spatial
development with the areas' ecological and cultural functions as contributing to a
sustainable and balanced territorial development is a must in order to achieve economic
competitiveness, environmental balance and social cohesion.
During the period of field study majority of the key informants viewed that specific and
implementable national strategy for polycentric settlement development is essential to
promote the location specific or spatial resource based economic activities, encourage
to the small and medium entrepreneurship development, and to develop the indigenous
skills and technology to sustain the economy and improve the livelihood by achieving
the sustainable development goals at the settlement level. They further emphasized
the effective population management, health, education and social security service
delivery system and cost effective integrated infrastructure development activities
need to prioritize in the national development strategy for ensuring the backward and
forward linkage of neighbors and the centers. Moreover, key informants opined that
spatial (territorial) identity, social innovations, cultural development and locationspecific productivity can be achieved by adopting polycentric development approach
at the community level in the district. They equally focused the importance of such
approach to consider environmental cost while physical infrastructure development
are implemented for balanced, organized, sustainable, and have modern facilities at
settlement level.. Therefore, sustainable use and conservation of available natural
resource, promotion and preservation of cultural resources, ensuring the safety net of
social and natural aspects are to be prioritized into the environmental conservation and
development at the implementation level. It is therefore, the balanced and sustainable
polycentric center development approach as a spatial development could be base for
achieving targets of the Sustainable Development Goals (SDGs) as economic viable,
social harmony and environmental balance at the district level by applying the proposed
polycentric development model as shown in Figure 5.
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Figure 5: Balanced and sustainable polycentric development model

Conclusion
It can be concluded that the polycentric settlement center development activities at
the district level is the essential task of the national government for the balanced and
sustainable livelihood improvement of rural communities. Polycentric center development
efforts and initiations could play significant role to promote the culture of spatial
development planning which further ensures the social, economic and environmental
cohesion at the community level. It is therefore, polycentric development national
strategies, policies and plans are prerequisites for achieving the goal of sustainable
development and national prosperity as expected in the Constitution of Nepal. Because,
polycentric centers not only promote agglomerative economies and facilitate economic
growth, social integration; they also generate a disproportionate number of trips and
promote accessibility network. Thus, the policy supports which need to promote such
polycentric settlement (urban system) development at the local level is essential in order
to improve the livelihood of the rural population and also meet the national goal of
peace, prosperity, and sustainable progress is to be formulated and strictly implemented
into practice. Hence, the proposed polycentric development model as a basis of
achieving sustainable development could encourage neighborhood development within
the shed of the centers and also contribute to strength on coordination of province and
national level budgetary systems to balance development within a center’s periphery.
It is therefore, the development plan of the country has to encourage the concentration
of economic and livelihood opportunities within polycentric settlement structure and to
encourage spatial development by promoting territorial identity, social innovation and
cultural development of the centers including their neighbors.
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