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EDITORIAL

Nepal GIS Society (NEGISS) is a non-profi t forum of GIS 
professionals and users in Nepal registered under the 
Government of Nepal on June 22, 1995. The inception of the 
Society is attributed to the felt needs of GIS Professionals 
for a common forum for advancing the use and for sharing 
professional experiences in addition to dedicating to larger 
mandate of engaging on advocacy for optimized management 
of spatial data resources among others. Since its starting, the 
Society has been working for the development of GIS awareness 
activities and its application in the country. The Society 
has been regularly publishing annual volume of ‘GIS Nepal’ 
organizing talk programmes, workshop and training, seminars 
in GIS related topics. Recently, the Society has given focus on 
awareness programme to the youths. The Society has also 
been contributing the research and technological consultative 
support to various organizations.
 At present, Nepal has given priority in GIScience related 
activities and in has been investing a good amount of nation’s 
capital and human resources. Over sixty organizations including 
government, private and academic institutions were recorded 
for some kind of GIS activities with their computer laboratory in 
2011 (NEGISS, 2011). Some of the key government agencies like 
Ministry of Federal Aff airs and Local Development, Ministry of 
Forest and Soil Conservation, Department of Survey, Department 
of Irrigation, Department of Mines and Geology, Department of 
Roads, Department of Urban Housing and Building Construction, 
Department of Water Supply and Sanitation, Nepal Telecom, Nepal 
Electricity Authority, Ministry of Defense, Ministry of Agriculture 
Development, National Agriculture Research Center, Central 
Bureau of Statistics etc. have been established some form of GIS 
and RS laboratory and information systems – a process that started 
prior to 1995. With some exceptions these laboratories are in 
function, however, their work has yet to be transcend departmental 
boundaries to be able to serve larger goals and of public needs. 
On the front of human resources development and training, 
universities in the country (i.e Tribhuvan, Kathmandu, Pokhara and 
Purvanchal) have been introduced GIS and RS curricula during 
the early days of 1990s as complementary courses of respective 
degree programme. But no universities inside the country 
have developed the specialized courses so far. Recently, UNIGIS 
International Centre has been opened for the MSc GIScience and 
Systems in Kathmandu with a goal to build international level 
human resource capacity with the affi  liation of Salzburg University, 
Austria (http://www.unigis.net/kathmandu). From these long list 
shows GIS is getting its popularity in the country and now a good 
eff orts have been made towards its application, however, there are 
some challenges associated with its development.  There is a high 
need to identify those challenges and enhance the application 
of this technology. Professionals working in this front have now a 
great responsibility to support the nation. 

NEGISS, 2011. Geographic Information System Users Survey 
in Nepal report submitted to the High Level Commission for 
Information Technology (HLCIT) Government of Nepal,  Nepal GIS 
Society, Jawalkhel, Lalitpur
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Urban Development in Nepal:  Trends and Policies

It has 147181 sq. km total area and   divided into fi ve 
administrative regions broadly and has 14 zones and 75 districts. 
Country has  divided in to three geographical regions; Mountain, 
Hill  and Terai.

Urbanization process is not so rapid in the country. During the 
half century from 1952  to 20011, the number of urban localities 
in Nepal grew from 10 to 58, and their population share in the 
national total increased from (238275) 2.6  to   (4523820)  17 
percent (CBS, 2012).  It is least urbanized country in South Asia. 

2. Causes of urbanization
Urbanization causes diff ers by country and is infl uenced by 
geopolitical situation, culture and economy of nations. In Nepal, 
The major causes are;

• Migration of the people: The general trend of migration 
in Nepal is from Hill/Mountain regions to the Terai 
(plain) and from rural to urban areas. 

• A high Population growth rate 
• Legal reasons:  In the processes of designation of new 

municipalities, small urban cluster and a numbers of 
VDCs are  amalgamated  for meeting the Act's criteria.

3. Problems associated with urbanization
 After the war with Britain in 1816 and especially with the acces-
sion of the Rana family to power in 1846, Nepal adopted a policy 
of national seclusion. Under the autocratic Rana regime, which 
lasted until 1951, Nepal was virtually isolated from the rest of the 
world. The limited constitutional monarchy was established in 
1951, succeeded in 1959 by democratic government and then in 
1961 by authoritarian monarchy (Panchyet System), which ruled 
for another thirty years. 

Over the past two centuries, continuous power struggle 
caused instability, hampering socio-economic progress, 
industrialization and urban development. After the renewal 
of democracy in 1990, urban growth and liberalization were 

Abstract

The trend of urbanization is faster in both the developed and the 
developing countries. During the last half century from 1952 to 
2001, the number of urban clusters in Nepal grew from 10 to 58. The 
spatial distribution is more confi ned close to highways whereas it is 
uneven across geographic and development regions of the country.  
This distribution pattern has shown the  urban growth in the 
country is a by-product of existing development trends. Still there 
is neither separate national urbanization policy nor any urban 
migration policy to deal with migrants in urban areas. So urban 
canters are growing haphazardly and facing unemployment, 
poverty, inadequate health facility, poor sanitation, urban slums 
and environmental degradation. Finally, the paper attempts to 
provide the recommendation to the concerned authority to think 
about it while planning new urbanization policy.

Key words - urbanization, urban policy, urban development 
trends and sustainable development

1. Background
Urbanization is defi ned as the growth of the percentage of total 
population living in u rban areas (Rex and Moore, 1967; Bose, 
1977; Harvey, 1985; Castells, 1977 and K.C, 1991). Forbs and Thrift 
(1987) singled out four urbanization trends: de-urbanization, 
limited large city growth, self-suffi  cient urban containment and 
developing small and medium size cities. 

Urban development concept diff ers by country and is infl uenced by 
geopolitical situation, culture and economy of nations. In western 
countries, industrialization and economic growth are believed 
to be the main causes of urban growth (Cohen and Paul, 2004). 
Portnov and Erell (1999) in their study of new development towns 
in Israel noted that the establishment of many of such towns was 
driven by geopolitical and ideological concerns. Husan and Kiyani 
(1990) note that the Pakistani policy of small town development 
was mainly designed to lower population and industrial pressure 
on big cities. Mayur (1981) mentions that many urban centers in 
India were established for trade and administrative purposes. In the 
countries of the former socialist block, urbanization was considered 
as a tool of balancing regional development. Wu (1997) point out 
that in China, Mao-Zedong’s development of the west area through 
redistributing urban population from the east coast during the 
Cultural Revolution was aimed at achieving urban and regional 
balance.

Nepal is located between China and India and surrounded three 
sides east, west and south  by India and north side by China. 
These two neighbors are the most populous countries in the 
world having more than one billion population. It  is undergoing 
two momentous transformations from a rural to an urbanizing 
economy and from a unitary to a federal state (Muzzini and 
Gabriela, 2013). 

Madhav Adhikari
Treasurer, Nepal GIS Society

madhavadhikariji@gmail.com

Figure 1: Urban population growth from 1952/54 - 2011, Source: 
CBS, 20012
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emphasized. Priority urban centers were designated, with an 
aim to encourage their development. The municipalities have  
given a clear mandate to prepare periodic plans, land use plans 
and by-laws, collect taxes, fees and user's charges for the goods 
and services delivery  (LSGA, 1999).  The Town Development 
Fund (TDF) provided fi nancial and technical support to the 
municipalities. The tax income, and loan support from the fund 
fostered urbanization in the Terai and, specifi cally, in the Central 
Development Region. However, they failed to sustain urban 
growth in the less accessible Mountain, Mid-Western and Far-
Western regions because of their meager tax base and limited 
ability to return loans (Mahat, 2002).   

Although Municipality Act (1991) and Local Self Governance 
Act 2055 (1999) has clearly defi ned the criterion of  population 
size, revenue generation and basic amenities of  services are 
considered as the requirement for a municipality but not 
consistently applied rather motivated by the political infl uence 
and  power exercises. Some centers which visibly exhibit the 
criterion  have not been declared municipality whereas the 
declared municipalities have displayed more rural than urban 
characteristics. Most of the urban centers have low density of 
population such as Amargadhi 160, Kamalamai, 198, and Triyuga, 
223 people per square kilometre. These are the  comparable 
or only slightly above the average population density of rural 
areas, 153 people per square kilometre.  About 300 VDCs exhibit 
population and employment densities that are almost as high 
as those of municipalities. Further, three VDCs Baliya, Jorpati, and 
Krishnapur have manufacturing employment densities that are 
higher than those of any municipality (Muzzini and Gabriela, 2013). 

4. Urbanization policies
Urban growth in the country is a by-product of existing 
development trends. The formal urbanization policy was 
incorporated from the Seventh Plan 1985-1990. It was adopted 
urbanization policy for rural development purposes. The policy 
was not substantiated by any urbanization strategy, sector plan 
or action plan (NPC, 1985). The Eighth Plan 1992-1997 had also 
same tradition, it didn't  formulate any urbanization policy 
separately but it include under the regional policy framework 
which address to promote small and medium-sized towns in 
Nepal (NPC, 1993). The separate urbanization policy was not think 
until the Ninth Plan 1997-2002. This Plan integrated urbanization 
policy into regional policy, in a programme to support market-
oriented urban systems in the course of regional development 
(NPC, 1997). The Tenth Plan (2002-2007) had narrowed down 
the urbanization policy and bounded in to housing and urban 
development sector plan. However, like earlier plans, it has 
not specifi ed any systematic and comprehensive urbanization 
policy. It includes plans on urban development, particularly 
preparation of the town plan, establishment of infrastructure, 
urban services and others (NPC, 2002). But the MDG based Three 
Year Interim Plan has trying to subsequent urban development 
plans. Yet there is no clearly defi ne national urbanization policy 
nor any urban migration policy to deal with or manage migrants 
in urban areas. 

5. Urbanization trend 
The recording of urbanization data of Nepal began with the 
1952/54 censuses (K.C, 1997). The census did not clearly defi ne 
the urban center by setting out certain criteria of population 
and settlement characteristics. Instead these places traditionally 
considered as urban centers (Sahar) were defi ned as such 
(Sharma, 1992). Based on this traditional urban city concept, the 
1952/54 censuses defi ned 10 towns as urban centers. The towns 
(Lalitpur, Bhaktapur, Kirtipur and Thimi) were located at the 
periphery of the capital city (Kathmandu) whereas the other fi ve 
towns (Biratnagar, Birjung, Janakpur, Nepalgunj, and Malangawa) 
were located in the Terai region near by Indian border. These 
towns hosted three percent of the total population. 

The 1961 census established the population criterion for an urban 
center  above  5000 inhabitants. On the basis of this criterion, 16 
towns (Biratnagr, Birjung, Dharan, Janakpur, Malngawa, Npalgunj, 
Matihani, Rajbiraj, Kathmandu, Lalitpur, Bhaktapur, Thimi, Kirtipur, 
Pokhera, Tansen and Banepa) were qualifi ed as an urban centers. 
Three new towns (Rajbiraj, Dharan and Matihani) were located 
in the Terai region and the other three (Banepa, Tansen and 
Pokhera) were in the Hill region. Altogether these towns and 
cities hosted 3.6 percent of the total population.

Figure 2: Urban cluster of Nepal in 1961

 

Figure 1: Urban cluster of Nepal in 1952/54 
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Based on the Town Panchyt Act 1962 (Town Council Act) and the 
1971 census changed the previous urban classifi cation criterion, 
and increased the minimum threshold level of population 
from 5000  to 10,000 and above. In addition to the population 
requirement, the 1971 census added another criteria of urban 
centers should host permanent structures, such as schools, 
administrative buildings, judicial buildings and commercial 
facilities. Base on these criteria fi ve new towns (Bhadrapur, 
Butwal, Sddharthnagar, Illam, and Hetauda) were added.  The six 
old towns which fulfi ll the requirement of population criteria 
were not considered as urban centers because they did not 
possess the permanent physical infrastructure, and the fi ve other 
towns (Matihani, Thimi, Kirtipur, Banepa and Malangawa) were 
disqualifi ed because they did not met the 10,000 population 
requirement. Among the newly registered towns, Bhadrapur, 
Butwal and Sddharthnagar were located in the Terai region 
whereas Illam, and Hetauda were located in the Hill region. From 
these changes 6 percent of the nation's population recorded 
under the urban population.

In 1976, an amendment to the Town Panchyet Act 1962 reduced 
the population size for an urban center to 9,000 persons. 
Based on this adjustment, the 1981 census identifi ed 23 
towns (Mahendranagar, Dhangadhi, Birendranagar, Nepalgunj, 
Tribhuvannagar, Butwal, Siddharthnagar, Tansen, Pokhera, 
Bharatpur, Kathmandu, Lalitpur, Bhaktapur,Janakpur,Lahan, 
Rajbiraj, Dhankuta, Dharan, Biratnagar, Illam and Bhadrapur) as 
urban settlements. The seven new towns emerged between 

the censuses. Among them two towns were located to the Hill 
region and fi ve towns  in the Terai. The 1981 census recorded 
956,721 residents or 6.4 percent of the total population living in 
urban areas.

In 1987, the HMG/ Nepal gave the status of urban center to 33 
settlements. The 1991 census also recorded the same number of 
urban localities, which accommodated  9.2 percent of the total 
population of the country. After 1987, 10 new settlements (Bidur, 
Damak, Dhulikhel, Dipayal, Inerewa, Jaleswor, Kalaya, Kapilbastu, 
Malaangawa and Banepa) received the status of urban center.

After the establishment of Multi-Party Democracy in 1990, the 
new Municipality Act (1991), it's  1997 amendment  and the 
Local Self Governance Act 2055 (1999) classifi ed municipalities 
into three categories - Mahanagarpalika (Metropolis), 
Upa-mahanagarpalika (Sub-Metropolis) and Nagarpalika 
(municipality), based on population, income and the presence 
of basic urban amenities: 

Mahanagarpalika (Metropolis) has a population of at least 
300,000 residents and an annual income of at least Rs 400 
Million (about 5.2 million US$). It is supposed to have electricity, 
drinking water, telephone lines, paved roads, hospitals and sport 
facilities and at least one university college.  Mahanagarpalika 
should already be registered in the Municipal Corporation of 
Nepal as an urban settlement.

Upa-mahanagarpalika (Sub-Metropolis) has a population of at 
least 100,000 residents and the combined annual income of Rs. 
100 Million (about 1.3 million US dollars). Upa-mahanagarpalika 
is supposed to have electricity, running water, and telephone 
lines.  All main roads should be paved. It should also have medical 
and sport facilities, a number of colleges and be registered as a 
municipality. 

Nagarpalika (Municipality) should have a population of at least 
20,000 residents (in the Terai) and 10,000+ residents (in the Hill 
and Mountain regions), annual revenue of at least Rs. 5 Million 

Figure 3: Urban cluster of Nepal in 1971

Figure 4: Urban cluster of Nepal in 1981

Figure 5: Urban cluster of Nepal in 1991
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(about 65,000 US dollars). It should have electricity, public 
transportation, running water, and communication facilities.

In the beginning of 1992, three new urban centers (Gaur, 
Byas and Tulsipur) were designated, followed by 22 new ones 
in 1997: Mechinagar, Khandbari, Itahari, Siraha, Bhimeswor, 
Ratnanagar,Tikapur, Panauti,, Pirthivinarayan, Lekhnath, 
Putalibazar, Waling, Baglung, Gulariya, Amargadhi, Kirtipu, 
Madhyapur, Banepa, Dasharathchand, Kamalamai, Narayan, 
Ramgram. According to the 1992 Municipality Act and 2001 
census, there was one Mahanagarpalika (metropolis), four 
Upa-mahanagarpalika (Sub-metropolis) and 53 Nagarpalika 
(municipality).

6. Conclusion
Due to scattered urban settlement in the country the minimum 
criterion for municipality status (i.e., 10,000 above residents and 
total revenue of Rs. 5 million) is hard to meet. Thus, localities 
become ineligible for government aid and have to limit the 
services they provide, which further fosters out-migration. 
The government should thus establish a separate criterion for 
assistance to municipalities in remote peripheral regions and 
invest more in linking them to the center of the country, by 
developing the all-weather road network. In general, regional 
development policy in Nepal should become more supportive 
of remote peripheral regions, where government should 
promote infrastructure development. The present analysis 
indicates, access to major highways is crucial determinant of 
municipality development. It is especially problematic in the 
Mountain region where poor road infrastructure, coupled with 
harsh climatic conditions, restricts economic growth.

In order to facilitate the local development, the government 
of Nepal should make special policies that use the region’s 
abundant natural resources and extend roads, communication 
systems to create a market for these resources. Highways have 
also direct impact on urban development and growth . So for 
development of periphery government should emphasis on 

road construction.  Government should take policy to promote 
small towns in the remote locations, which are far from the 
major population centers. The small towns plays an important 
role for improving the conditions of the local people as market 
centers, as employment centers and as service centers. 
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Abstract

Application of Global Navigation Satellite System (GNSS) 
technology eff ectively started in Bangladesh SPARRSO in the 
early 1990s. SPARRSO are using Global Positioning System (GPS) 
and Diff erential Global Positioning System (DGPS) for collecting 
control points for geo-referencing remotely sensed data. Other 
regular application of GPS/DGPS by the organization is to locate 
the position of the features in the fi eld for ground truth data 
collection. Such data were extensively used under Mangrove 
aff orestation project (BGD 85-031) of SPARRSO for reclaim land by 
sedimentation, creation of a protection base against the tropical 
cyclone and storm surges. Ground truth data also used during 
the devastating fl oods of 1998, 2004, 2007 and 2009 to identify 
and delineate fl ood-aff ected areas as well of storm surges, which 
helped the Government considerably in taking appropriate timely 
measurement, action plan and policy. 

Now-a-days satellite navigation is increasingly being used in 
landuse and land cover mapping, forest resources monitoring and 
mapping, survey of water resources and water-logging, natural 
resources monitoring and mapping, crop monitoring, disasters 
monitoring, damage assessment and also great applications in 
the sectors of Inland shipping, maritime, seaport management, 
coastguard, fi sheries, marine, border control etc. This data provides 
reliable positioning, navigation, and timely services to worldwide 
users on a continuous basis in all weather, day and night. It also 
provides three-dimensional locations plus precise time. Under 
the above context, SPARRSO is seeking a GNSS project on Vessel 
Monitoring, Safety and Rescue Information System (VMSRIS).

This paper deals with some major GNSS applications and needs 
of GNSS projects in Bangladesh SPARRSO as well as applications 
of other Government and non-Government Organizations and 
Academic Institutions.

Key note: remote sensing, GIS, satellite, technology, GPS, DGPS, 
GNSS

1. Introduction
Satellite technology was introduced in Bangladesh in the late 
sixties; its institutional recognition came with the establishment 
of Space Research and Remote Sensing Organization (SPARRSO) 
of the Government of Bangladesh in 1980. The technology 
has made tremendous progress in the last three decades and 
converted the planet earth into a global village. Now a day’s 
space technology integrated with GNSS has emerged as most 
sophisticated information related technology & useful tool in the 
monitoring and management of natural resources and natural 
disasters. Application of remote sensing and GNSS technology 
is gearing up rapidly in this country. So SPARRSO are now 

Global Navigation Satellite System (GNSS) and its Application in the 

context of Bangladesh

M H Sarker, S M M Rahman, M S Ali

Bangladesh Space Research and Remote Sensing Organization 
(SPARRSO) Sher-e-Bangla Nagar, Dhaka-1207, Bangladesh

mhsarker2@yahoo.com

planning to coupe a new positioning system based on satellite 
navigations. Global Navigation Satellite Systems (GNSS) is the 
standard generic term for satellite navigation systems (Sat Nav) 
that provide autonomous geo-spatial positioning with global 
coverage. GNSS broadcast signals from space that GPS receivers 
use to provide three-dimensional locations (latitude, longitude, 
and altitude) plus precise time. Diff erential Global Positioning 
System (DGPS) is an enhancement to GPS that uses a network 
of fi xed, ground-based reference stations to broadcast the 
diff erence between the positions indicated by the Navigation 
satellite systems and the known fi xed positions. These stations 
broadcast the diff erence between the measured satellite 
pseudoranges and actual (internally computed) pseudoranges, 
and receiver stations may correct their pseudoranges by the 
same amount. The correction signal is typically broadcast over 
UHF radio modem. Under the above context SPARRSO going to 
be undertake GNSS navigation project collaboration with Asia 
Pacifi c Space Cooperation Organization (APSCO)

In the fi eld of aerial photographs, the leading agency is the 
Survey of Bangladesh (SOB), which carries out national level 
surveys using RS and GNSS. The Local Government Engineering 
Department (LGED) has produced Upazilla and Pourashava base 
maps using RS, GIS and GPS to develop a road network database. 
Limited numbers of agencies and universities have also been 
developing spatial databases and analytical capabilities to serve 
their own purpose and mandate in diff erent sectors. The country 
with high population density, limited resources and vulnerability 
to disasters, is taking strides in applying the space technology in 
the country to improve the quality of life of its people. It is not 
a GNSS owned country but it is trying to use the technology as 
much as possible within its means. Most of the discussions made 
in this paper will relate to the activities of SPARRSO using RS and 
GNSS technologies.

2.  Space Research and Remote Sensing 

Organization (SPARRSO)
SPARRSO is a multi-disciplinary statutory organization, which 
deals with research, study and development activities in the 
peaceful application of remote sensing technologies for the 
benefi t of the country and its people. SPARRSO performs its 
activities and functions under the Government of the People’s 
Republic of Bangladesh. Its major objective is to apply remote 
sensing and GNSS technology to surveying the natural resources 
and monitoring the environment and natural hazards in the 
country. It operates and maintains satellite ground receiving 
stations, conducts research and develops capabilities for both 
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visual and digital interpretation of satellite and airborne data 
for applications in various sectors. It advises the government 
on matters related to space science and remote sensing. It 
also provides data and services to government and non-
government organizations engaged in development and policy-
making activities. The history of remote sensing technology in 
Bangladesh dates back to 1968 when the fi rst Automatic Picture 
Transmission (APT) station was set up. With NASA’s launch of 
the ERTS-1 satellite, the Bangladesh ERTS Program, one of 35 
Principal Investigator Programs worldwide, that was initiated in 
1972. Subsequently renamed the Bangladesh Landsat Program 
(BLP), it was basically building institutional and technical 
capability in Bangladesh for remote sensing activities. A major 
activity of BLP included the generation of the fi rst landuse/
landcover map of the entire country using Landsat MSS data 
of 1979. During this period, GMS and NOAA ground receiving 
stations were made operational. The BLP became SPARRSO in 
1980 under an expanded budget of the Government.

2.1 Advanced ground station (AGS)

SPARRSO has an operational Advanced Meteorological Satellite 
Ground Station (AMSGS). It receives real time imagery from 
the American NOAA satellites. This station owes its origin to an 
Automatic Picture Transmission (APT) satellite ground station 
that was established in Bangladesh in 1968. Since then the 
station has undergone several up-gradation and has been giving 
valuable services to the nation. At present this station receives 
data from NOAA-AVHRR and ATOVS, FY-2D/E of China, MTSAT 
of Japan, Terra and Aqua MODIS of USA. GNSS technology have 
been used for setting antennas of geo-stationary satellites FY 
and MTSAT and tracking of polar satellites NOAA-AVHRR series 
and Terra/Aqua MODIS for receiving data. 

2.2  Weather monitoring activities

Bangladesh being highly prone to tropical cyclones, tornadoes 
and heavy monsoon rainfall, many of SPARRSO current 
activities are concerned with meteorology and climatology. 
The Advanced Meteorological Satellite Ground Station (AMSGS) 
receives data from FY-2D/E, MTSAT-1R and NOAA series of polar 
orbiting satellites. The data from FY-2D/E and MTSAT-1R is 
acquired on half hourly basis and is used to study the large-scale 
atmospheric processes and the dynamic features of the weather 
in the entire region covered by the satellite. The NOAA AVHRR 
data is collected on a 12 hourly basis.

 The FY-2D/E, MTSAT-1R and NOAA AVHRR images are regularly 
analyzed to identify the rain bearing clouds from cloud top 
temperature, tornado cells, depressions and tropical cyclones. 
As the Bay of Bengal is a well-known breeding ground for 
tropical cyclones, once a cyclone is identifi ed it is continuously 
tracked. The half hourly images from the satellite are used to 
produce animated motion pictures of the cyclone, which help in 
forecasting its track. The weather monitoring data and forecasts 
are disseminated to diff erent user agencies, e.g. the Bangladesh 
Meteorology Department, Disaster Management Bureau, the 
media for disaster preparedness and website of SPARRSO. 

This way SPARRSO has been playing a pivotal role in applying 
the space technology to disaster management, particularly in 
respect of tropical cyclones. The information, particularly about 
cyclone, is very much useful for the Govt. to take precautionary 
measures. The catastrophic cyclones of 1970, 1985, 1991 and 
2007 were monitored in near real time using APT, GMS, FY-2C 
and NOAA AVHRR data. Figure 1 shows the cyclone of SIDR 
that hit Bangladesh on 15 November 2007. GNSS technology 
is capable to monitoring temperature and water vapor content 
but we are not able to doing such parameters.

2.3  Agriculture 

One of the major thrust areas of RS and GNSS technology 
applications in Bangladesh is the agriculture sector. SPARRSO 
has been successfully applying the technology in agriculture 
particularly in rice crop area and yield estimation for the last two 
decades, which helps the government in planning & programming 
for food security of the country. Satellite data acquired by MODIS 

Figure 1: Cyclone CIDR received from FY2C satellite

Figure 2: Classifi ed Boro rice area as 
inferred from Terra MODIS data

Table 1. Aman and Boro rice areas

2005-06

2006-07

2007-08

2008-09

2009-10

52.68

53.60

46.93

53.17

54.80

44.13

42.60

46.30

47.10

47.80

Year Aman
(1ac ha)

Boro
(1ac ha)



GISNepal Vol. XII  A publication of Nepal GIS Society November, 2013 9

(Moderate Resolution Imaging Spectroradiometer) on board the 
satellite Terra/Aqua and AVHRR (Advanced Very High-Resolution 
Radiometer) on board the satellite NOAA (National Oceanic and 
Atmospheric Administration) both of USA couples with GNSS is 
being utilized for estimation of area and yield of Aman rice (late 
summer paddy) and Boro (winter rice) for every crop season. The 
estimation by SPARRSO has been suffi  ciently accurate (in respect 
of observation by other conventional methods) and has received 
high appreciation from the Govt. SPARRSO attempts to provide 
information on crops throughout their growing cycle including 
crop vigour and crop stress and this kind of information is very 
much useful for the Govt. to take measures to ensure food 
security and adopt better food management action plans. 
SPARRSO has been continuously carrying out research work on 
diff erent aspects of applications of RS and GNSS technology in 
agriculture. Table 1 shows the Aman and Boro rice coverage for 
the last 5 years and Figure 2 shows classifi ed Boro rice area in 
2009 as inferred from Terra MODIS data and fi eld verifi cation 
support conducted by diff erential GPS.

2.4  Water resources /fl oods

Bangladesh is a land of water. Annually the country receives 
between 1000 and 5000 mm of rain in various regions. The 
surface water system of the country is dominated by the three 
major rivers the Ganges, the Brahmaputra and the Meghna 
(GBM). The GBM is one of the largest river systems in the world. 
This river system along with its large number of tributaries and 
distributaries discharges about 142,000 cusec of water to the Bay 
of Bengal during the peak discharge in the south-west monsoon 
season. The rivers 
(numbering about 230 
in a country of area of 
about 147,000 km2) 
carry water from a 
collective catchments 
area of the GBM of 
about 1.7 million km2 
of which only about 
8% lies in Bangladesh. 
The country being 
essentially a delta of 
the GBM system and 
having a fl at terrain is 
subject to fl ooding, 
river bank erosion, 
drainage congestion, 
etc. almost every year. 

Space technology is fi nding use in forecasting and monitoring 
fl oods in Bangladesh. Since about 92% catchment area of rivers 
in Bangladesh lie outside Bangladesh, satellite pictures have 
been very useful to watch the clouds and their movement and 
alert the Govt. and the fl ood management stakeholders in the 
country. Using the NOAA-AVHRR data SPARRSO has monitored 
the devastating fl oods of 1988, 2004 and 2007. Microwave 
data have also been used for monitoring fl ood 1998. Figure 3 

Figure 3: Flood aff ected areas 2007 derived 
from NOAA-AVHRR data

shows the fl ood aff ected areas during September 2007. All the 
data have been geo-referenced using GPS based control points. 
Flood extend also verifi ed by diff erential GPS.

2.5 Fisheries  

Remote sensing, GIS and GNSS technology have been used for 
surveying, monitoring and analysis of the fi sheries resources 
of the country. The results are being used by the relevant 
agencies and found very useful for planning, management and 
development at sustainable level.  

A study was conducted by SPARRSO for updating inventory of 
inland water bodies of using SPOT HRV data of March 1989 and 
Landsat TM data of February 1990. Maps were prepared showing 
the geographical location of diff erent types of water bodies with 
infrastructure facilities. All the data have been geo-referenced 
using GPS based control points. Results also verifi ed from fi eld 
survey data using GPS 

2.6  River bank erosion

 A number of studies have been carried out to reveal the geo-
morphological changes occurred in coastal areas based on 
remote sensing data. Extent of erosion occurred in the past 
and on-going erosion phenomena were monitored. However, 
in order to mitigate the damage caused by the erosion, eff orts 
are to be diverted to arrange forecasting of erosion along the 
vulnerable areas. It is really diffi  cult to forecast the erosion 
because of limited capability of observation. However, remote 
sensing methods employed to identify vulnerable areas and to 
forecast the imminent erosion

With the help of satellite technology, SPARRSO also monitors the 
migration of rivers through erosion, which is very much massive 
during the fl ood season. Erosion makes millions homeless and 
brings loss to valuable 
land and property. Figure 
4 shows the erosion and 
accretion of river during 
1972 to 2008 using landsat 
data. All the data have 
been geo-referenced using 
GPS based control points. 
Extend of erosion also 
verifi ed using diff erential 
GPS.

2.7  Oceanography 

Bangladesh has a very dynamic and resourceful coastal zone. 
This zone is subject to the vagaries of tropical cyclones, storm 
surges, high astronomical tides, strong monsoonal waves, huge 
river discharge and serious erosion. Coastal land is hardly 3-4 
meters above the mean sea level. Any rise in water levels of this 
magnitude, which is not uncommon, can easily inundate the 
coastal land. Storm surge height of the order of 10 m is a usual 
phenomenon.

Figure 4: Monitoring river change using 
Landsat
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SPARRSO has been using the space technology in monitoring 
the probability of cyclone formation in the sea, estimation of 
chlorophyll concentration, determination of water movement in 
the sea and coastal zone, delineation of potential fi shing zone. 
Figure 5 shows the Sea Surface Temperature (SST) derived from 
NOAA-AVHRR data. The accuracy of SST data has been verifi ed 
by diff erential GPS collected from fi eld survey.

2.8  Forestry

The coastal area of Bangladesh houses the world’s largest 
mangrove forest called the Sundarbans. SPARRSO has been 
using the satellite technology in monitoring changes the coastal 
forests. Information on surfacing of any new lands is useful for 
taking measures to stabilize the land through aff orestation. 

M a n g r o v e 
aff orestation project 
(BGD85-031) in 
collaboration with 
Bangladesh forest 
department has been 
completed during 
1985-1992. The main 
objectives of the 
aff orestation project 
were to reclaim land 
by sedimentation, 
creation of a 
protection base 
against the tropical 
cyclone and storm 
surges. Color infrared 
Air-bone data of 1983 
and 1984 were used 
for mapping the 
coastal area. All the 

data have been geo-referenced and verifi ed using GPS based 
control points. 

Recently SPARRSO completed Country-level forest cover 
mapping using Landsat TM Satellite Image of 2005-2006. The 
project was jointly supported by Bangladesh Forest Department 
(BFD) and FAO. Figure 6 shows Country-level forest cover 
mapping using Landsat TM data. The accuracy of data has been 
verifi ed using diff erential GPS.

Figure 5: SST derived from NOAA-AVHRR data

2.9  Landuse zoning

SPARRSO carried out a project on Coastal Land Zoning under the 
Ministry of Land for land use classifi cation for whole coastal area 
(21 Districts) using LISS-III 2009 and Landsat TM 2003, 2004 & 
2007 data. The main approaches of Coastal Land Zoning Project 
(CLZP) are to record and assess land suitability on the basis of 
current landuse pattern of the area. The project work covers 
classifi cation of agricultural land (Boro, Aman & others crop), 
homestead, urban 
area, forest, hill, 
rubber, mangrove, 
new accreted 
land, water bodies 
(shrimp farm, beel, 
haor, bour), river, 
canal, pond, salt bed 
and boundary up to 
union level. Outputs 
are being analyzed 
in an ArcGIS 
environment. All the 
data have been geo-
referenced using 
GPS based control 
points. Accuracy of 
output has been 
verifi ed by DGPS.

2.10  Enumeration area (EA) mapping using Air-

bone data

SPARRSO has successfully completed the project “Preparation 
of Digital Enumeration area maps using aerial photographs”, 
funded by UNFPA for Bangladesh Bureau of Statistics (BBS). 
Huge number of aerial photographs has been geo-referenced 
using ortho software coupled with ground control point 
collected by DGPS. The main purpose of the project was to 
modernize population census activities by applying digital in 
lieu of traditional hand-drawing sketch. The digital EA map will 
be helpful for the enumerator to collect census data accurately 
by avoiding duplication. The EA maps were prepared at the 
scale of 1:10.000 for the rural area, 1:5,000 for the urban area and 
1:2,500 for the densely populated area. 

2.11  International cooperation

SPARRSO participates in and is strongly supported by the UN/
ESCAP Space Applications Program for Environmentally Sound 
and Sustainable Development in Asia and the Pacifi c. It is a 
member of the Asian Association on Remote Sensing (AARS) 
and the Inter-Islamic Network on Space Science and Technology 
under Organization of Islamic Countries. It has also developed 
close collaboration with NASA/NOAA of USA, CNES of France 
and NASDA of Japan. SPARRSO is a member of The Asia Pacifi c 
Space Cooperation Organization (APSCO). Bangladesh is the 
member of Bay of Bengal Initiative for Multi-sectoral Technical 
and Economic Cooperation (BIMSTEC). Bangladesh is also the 

Figure 6: Country-level Forest Cover 

Mapping using TM

Figure 7: 
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member of The Asia-Pacifi c Regional Space Agency Forum 
(APRSAF). APRSAF is established in 1993 in response to the 
declaration adopted at the Asia-Pacifi c International Space Year 
Conference (APIC) held in 1992 to enhance the development 
of each country’s space programme and to exchange views on 
future cooperation in space activities in the region

3.  Others organizations using RS and GNSS 

technology

3.1  The local government engineering department

The Local Government Engineering Department (LGED) has 
produced Upazilla and Pourashava base maps using RS coupled 
with GPS. The Department has been carrying out an extensive 
fi eld survey using GPS to develop a road network database that 
will subsequently be used in planning physical structures.. 

3.2 Survey of Bangladesh

In 1992, under the auspices of the Japan International 
Cooperation Agency (JICA), the Survey of Bangladesh carried 
out a geodetic survey throughout the country. Extensive 
information was collected for the study using DGPS all over the 
country.

3.3  Geological survey of Bangladesh

The Geological Survey of Bangladesh has been a user of GPS 
since 1995. In 1997-1998, the technology was used for drilling 
mines in the country. In recent years, it has been used to identify 
locations of tube wells in arsenic-aff ected areas throughout 
the country. A study on coastal dynamics is expected to be 
undertaken by the Government of Bangladesh in the near future 
where identifi cation of fl ood plain elevation will be necessary to 
assess those dynamics.

3.4  Bangladesh Water Development Board

The Bangladesh Water Development Board uses GPS in fl ood 
monitoring, especially in determining location-based fl ood 
depth and its extension during fl ood time.

3.5  Environment and Geographic Information System

The Environment and Geographic Information System uses GPS 
for location information specifi cally for identifying water sector 
features in diff erent parts of the country

3.6.  Academic institutions

Department of Geography and environment, Dhaka University, 
has established a remote sensing laboratory initially with an 
ERDAS Imagine based system in 1993 in order to off er courses 
on remote sensing for the Masters students. Recently master’s 
thesis students and faculty members will also use GPS to carry 
out research on geological problems. 

Department of Geography and Environmental Studies, Rajshahi 
University, set up its remote sensing and GIS facility in1993. Courses 
are off ered to undergraduate and graduate students, and students 

at Masters, M.Phil and Ph.D. level also conduct research. Research is 
carried out on landuse change, environmental impact studies and 
urban planning using RS incorporated with GNSS.

Department of Geography and Environment, Jahangirnagar 
University, off ers courses for undergraduate and graduate 
students in RS, GPS and GIS. It also off ers short training course 
on GIS and RS/GPS.

Department of Water Resources Engineering, Bangladesh 
University of Engineering and Technology (BUET), in 1998 
introduced a course on remote sensing and GIS/GPS for Masters 
students with assistance from Delft University, The Netherlands.

4.  Conclusions 
SPARRSO is the pioneer of GNSS technological applications in 
the country. For improvement the usage of GNSS technologies 
in Bangladesh, the following points may be considered. (i) GNSS 
is not so well-known technology in Bangladesh. It is therefore 
essential to create awareness of the usefulness of the technology 
among potential users. Such awareness can be created through 
the arrangement of workshops/seminars on the applications 
of GPS/DGPS/GNSS. (ii) It is essential to defi ne the potential 
fi eld(s) of application of GNSS in the context of Bangladesh. This 
can be done through a detailed survey of the relevant ongoing 
research activities of the Government and non-governmental 
organizations. (iii) In Bangladesh, as an economically developing 
country, users should be given an opportunity to access the 
technology at an aff ordable price. Therefore, the cost of the 
GNSS receiving systems should be reduced. (iv) Almost every 
year Bangladesh is visited by cyclone and many fi shing boat 
have been missing. We are looking such type of technology 
through GNSS application to navigate the missing fi shing boat 
during cyclone as well as for management of seaport.
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Abstract
This paper tries to have a better understanding of the interactions 
among population growth and land use dynamics of eastern 
part of Jhapa district, Nepal, which includes two municipalities 
(Bhadrapur and Mechinagar) and 18 VDCs. Specifi cally, this article 
aims to provide the systematic, reliable and latest data related 
to population growth urbanization process and land use land 
cover dynamics during the last 21 years. An integrated approach 
combining remote sensing and GIS techniques has been applied to 
quantitatively characterize the change patterns of land use and land 
cover (CPLULC) and examines the relationship between population 
growth, urbanization and  land use dynamics since 1990 to 2011. 
Visual interpretation of satellite imagery led to an identifi cation of 
seven land use/land cover classes. The ground truth confi rmation 
was carried out in key areas to rectify the errors in generated maps 
and then land use/land cover maps were fi nalized. 

Keywords:  Population growth, land use change, remote sensing 
and Geographic Information Systems’
     
1. Introduction 
Global land use has signifi cantly changed in the past decades. 
Historically, the driving force for most land use changes is 
population growth (Ramankutty et al., 2002, Ningal et al., 
2008). Demographic and land use dynamics have important 
implications for the natural environment within both developed 
and developing nations. The environmental implications 
of population and landscape transitions have been most 
extensively examined empirically within the context of 
developing countries. This focus can be partially justifi ed in 
two ways: (1) population growth is most rapid in many of these 
regions, and (2) the population within some areas continues to 
rely upon local environmental resources for subsistence. As such, 
demographic dynamics and environmental change can have 
direct and immediate implications for local livelihoods. (Hunter 
et al.,2003).  Land use/land cover change is directly proportional 
with natural and socio-economic activities. The land use/land 
cover pattern of a region is the outcome of natural and socio 
– economic factors and their utilization by man in time and 
space (Rimal, 2012). Changes in land cover may be caused by a 
wide variety of factors other than demographic change, such as 
expansion of transport networks, land tenure arrangements, and 
macroeconomic factors. Such factors often interact with each 
other in intricate ways, making it diffi  cult to separate cause and 
eff ect (Kaimowitz and Angelsen, 1998; Geist and Lambin, 2002, 
Sirén, 2007). Land-cover changes take two forms: conversion 
from one category of land cover to another and modifi cation 
of condition within a category (Meyer and Turner 1992). Land 
use patterns and land use change arise from the operation of 
very general economic forces on a highly diff erentiated set of 
land parcels. The demand for land for a particular use tends to 
be such that potential sites can substitute for each other over a 
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fairly broad area on the city scale. Although land is not usually 
produced, the supply of land for any particular use is not fi xed. 
It varies as land moves from one use to another (Bibby, 2009).

Urbanization pathways lead to diff erent impacts on rural 
landscapes in the developed and developing world. In the 
developed world, large-scale urban agglomerations and extended 
peri-urban settlements fragment the landscapes of such large 
areas that various ecosystem processes are threatened. Ecosystem 
fragmentation, however, in peri-urban areas may be off set by 
urban led demands for conservation and recreational land 
uses. In a diff erent vein, economically and politically powerful 
urban consumers tend to be disconnected from the realities of 
resource production and largely inattentive to the impacts of their 
consumption on distant locales (Sherbinin, 2002, Rimal, 2011 and 
2012). The urban areas are recognized as one of the complex and 
highly dynamic landscapes on earth surface which supports more 
than half of the global human population, as well as hubs of the 
worlds manufacturing and service industries (Kaplan et al., 2004).

Urbanization is a process of increase of modernization system 
which modifi es the socioeconomic activities and revolutionizes 
the land use practice according to time frame (Rimal, 2011, 2012 
and 2013). On the one hand, urbanization has become one of 
the main factors of land degradation and resulting losses of 
nonurban land uses worldwide. Researchers emphasized that 
these changes of non-urban land uses however certainly provide 
many social and economic benefi ts, but have adverse eff ects on 
natural environment (Tang et al., 2005) including global carbon 
cycle, climate, biodiversity, and landscape ecology (Luvall, 1997, 
Houghton et al. 1999, Sala et al., 2000; Reid et al. 2000, Wickham 
et al., 2000,  Shariff   et al, 2010). Urbanization is an index of 
transformation from traditional rural economies to modern 
industrial one. It is a progressive concentration of population in 
urban unit (Rai and Kumra, 2011). Human population continues 
to aggregate in urban centers. This inevitably increases the urban 
footprint with signifi cant consequences for biodiversity, climate, 
and environmental resources (Triantakonstantis and Mountrakis 
2012).

Since the industrial revolution in the late 18th century, the world 
population has increased exponentially at an astonishing rate. 
The human population was only 5 million when primitive 
agriculture occurred more than 10,000 years ago, and crossed 
the fi rst billion mark in 1830. It reached 2 billion in 1930, 3 
billion in 1960, 4 billion in 1975, 5 billion in 1987, and 6 billion 
in 1999, (Wu at el. 2011) and now is 7 billion (UNFPA, 2011). 
The Population Division of the United Nations Department of 
Economic and Social Aff airs, in its World Population Prospects: 
The 2010 Revision (published in May 2011) foresees a global 
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population of 9.3 billion people at 2050, an increase over earlier 
estimates, and more than 10 billion by the end of this century. 
In other words, it took more than 10,000 years for the world 
population to increase from 5 million to 1 billion, but only 100 
years later did it reach 2 billion. Since then, the time for adding 1 
billion people on the planet earth has been reduced to 30 years 
(from 2 to 3 billion), 15 years (from 3 to 4 billion), and 12 years 
(from 4 to 5 billion, from 5 to 6 billion(Wu, 2008), and 12 years 
(from 6 to 7 billion) UNFPA, 2011). 

In the last few decades, a substantial growth of urban areas has 
occurred worldwide. Population increase is one of the most 
obvious agents responsible for this growth (Araya, Cabral, 2010, 
Rimal 2013,). It is very interesting that the world urban population  
increase  from 0.73 billion ( 28.8 %)  in 1950, 1.51 billion ( 37.2 %)  
in 1975, 3.42 billion ( 50.1 %)  in 2009,  4.54 billion  ( 56.6%)  in  2025 
and 6.29 billion ( 69 %)  by 2050 (UNDESA, 2010, Rimal, 2013). 
But according to the World Urbanization Prospects 2011, The 
2011 Revision, there is signifi cant diversity in the urbanization 
levels reached by diff erent regions. The transformative power 
of urbanization was felt earlier in today’s more developed 
regions and they have reached high levels of urbanization. Thus, 
78 percent of the inhabitants of the more developed regions 
lived in urban areas in 2011, whereas just 47 percent of those 
in the less developed regions did so. Urbanization is expected 
to continue rising in both the more developed and the less 
developed regions so that, by 2050, urban dwellers will likely 
account for 86 per cent of the population in the more developed 
regions and for 64 percent of that in the less developed regions. 
Overall, the world population is expected to be 67 percent 
urban in 2050. Today’s 3.6 billion urban dwellers are distributed 
unevenly among urban settlements of diff erent size which is 
expected to 6.3 billion by 2050 (UNDESA, 2011).

In Nepal, prompt urbanization took place in the last two decades 
due to population enlargement. The dynamics of land use change 
systems of Nepalese cities and village is driven by complex political, 
social and economic systems. This study tries to explore the 
interactions among socioeconomic factors and land use dynamics 
of eastern part of Jhapa district, Nepal.  Specifi cally, research 
describes the trends in demographic dynamics, urbanization and 
land-use change trend between 1990 and 2011. 

2. Method and materials
Jhapa is the most populous district in the country, represents 
an extensive urban area of over 812,650 residents (CBS, 2011). 
Jhapa district has three municipalities (Bhadrapur, Mechinagar 
and Damak) and other 50 VDCs, however, the study is confi ned 
only in two municipalities and 18 VDCs of eastern part of the 
district which comprises 597.11 square kilometer total area and 
contains 383,216 total populations.  The area has been facing 
rapid urbanization for more than last two decades The change 
has led to motorized transport, air, water and noise pollution, 
energy consumption, loss of agricultural land, and a reduction in 
biological diversity in the area.  Eventually, it has altered the land 
use patterns over time.

Socio-economic data were collected from publication of Central 
Bureau of Statistic (CBS). Two pairs of cloud-free Landsat images 
have been used to classify the land use of study area:  Landsat 
Image 5, Thematic Mapper (TM) 1990 and 2011. All data used in 
this study were projected to the Universal Transverse Mercator 
(UTM) system in the datum of World Geodetic System  (WGS) 
1984. For the study Google Earth images and Topographical map 
of 1: 25000 scale prepared by Survey Department, Government 
of Nepal in 1996 have been used as references.

The IDRISI GIS Selva version has been used for the image 
interpretation. Supervised image classifi cation with slightly 
modifi ed techniques as  recommended by Anderson et al. 
(1976) has been used to classify the images. Seven types of land 
use classes i.e. cultivated land, forest cover, grass land, water 
body, sandy area, tea garden and urban/built-up, land types 
were classifi ed. 

3. Trends of population growth and 

urbanization in 1911-2011
The fi rst population census of Nepal was taken in 1911 AD and 
since then censuses have been held approximately every ten 
years. The fi rst four censuses held in 1911, 1920, 1930 and 1941 
were essentially simple head counts (CBS/ ICIMOD, 2003). The 
fi rst modern census of Nepal was conducted in two phases, 
eastern half in 1952 and the western half in 1954. This census 
recorded about 8.3 million people in the country. The doubling 
time of the population based on the census  1952/54 was 60 
years but in 2001 it came down to only 32 years (KC,2003). 
Table number 1 and fi gure 2 presented the all information of 
population in Nepal since 1911 to 2011.  Population of Nepal as 
of the census day (June 22, 2011) stands at 26,494,504 showing 
population growth rate of 1.35 per annum. Similarly, total 
number of households in the country is 5,427,302 with 5,423,297 

individual households and 4,005 institutional households. In 
urban areas, 40.22 percent live in rented house. Terai constitutes 
50.27 percent (13,318,705) of the total population while Hill and 
Mountain constitutes 43 percent (11,394,007) and 6.73 percent 
(1,781,792), respectively. Among the fi ve development regions, 
Central Development Region has the highest population (36.45 

Figure 1: Location Map of Study Area
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percent) and Far Western Development Region records the 
lowest (9.63 percent) (CBS 2011).  Table 1 and fi gure 2 show the 
detail information of population in Nepal.

Table 1: Population size, growth rate and doubling time 
1911-200

Census year Total 
population

Inter-
Censal 

changes

Growth 
rate 

Doubling 
time

1911 5638749 - - -

1920 5573788 -64961 -0.13 -

1930 5532574 -41 214 -0.07 -

1941 6283649 751.075 1.16 60

1952/1954 8256625 1972976 2.30 31

1961 9412996 1156371 1.65 42

1971 11555983 2142987 2.07 34

1981 15022839 3466856 2.66 26

1991 18491097 3468258 2.10 33

2001 23151423 4660326 2.25 32

2011 26494504 3343081 1.35 52

Source: CBS, 2011

Nepal remains one of the least urbanized countries. The 

number of urban centers in Nepal grew from 10 to 95 (58 

old+37 newly recommended small town = 95) between the 

years 1952/54 and 2011. The urban population of Nepal 

increased from 2.9 percent in 1952/1954 to 17 percent in 

2011. Likewise the rural population of Nepal decreased from 
86 percent in 2001 to 83 percent in 2011. Only 61 among the 
75 districts of the country had municipal areas in 2011, while 
the urban population increased from 0.23 million to 4.5 million 
(this increased urban population refers only in terms of the 
previously declared 58 municipalities), that is an increase by a 
factor of 19 times in the same period (CBS, 2011, Rimal 2012). 
Fig.2 provides the total urban population urban places of  Nepal, 
1952/54 – 2011.

4. Linking challenges of urbanization and land 

use
Though the urban history of Nepal is not so long, the ratio 
of urban development is quite high. If the same ratio of 
urbanization keeps on going, the Terai area which carries more 
than half of the total population will be declared urban in the 
near future. Several places have been declaring urban on 
the basis of Local Self-government Act 1999 which in itself is 

unscientifi c since it hasn’t been able to modify itself regarding 
the norms and standards. Urban development covers the 
topics namely the proper management of cultural heritage and 
sustainable tourism, disaster risk management, housing and 
land, local economic development, municipal fi nance, solid 
waste management, urban environment and climate change 
as well as basic infrastructure resources- well educational 
institutions, hospitals, pure drinking water, transportation 
facilities, electricity and so on. 

In the recent years here is a common saying that the land 
price of urban areas  has been rising in extremely high ratio 
in comparison to the past decades. No any specifi c measures 
are adopted in order to stabilize the price of land. Due to the 
unplanned settlement and the unmanaged urbanization, the 
life in the city area is appearing down. There are no minimum 
standards for infrastructure development which is likely to 
invite the huge destruction and loss of lives and properties in 
the condition of the disaster like earthquake, landslide, fl ood, 
epidemic diseases, fi re-burn. The high rise apartment buildings 
are being constructed without proper building codes. The dense 
concentration of urban populations can increase susceptibility 
to the disasters that are likely to become more frequent and 
more intense as a result of climate change as well. 

5. Land use/ land cover change between 

1990 to 2011
Land use statistics are important information to analyze the 
changes of land use. The change analysis presented in this paper 
is based on the statistics extracted from the classifi cation of two 
land-use/land-cover maps of two diff erent dates 1990 and 2011.  
Based on classifi cation scheme seven types of land use classes 
namely cultivated land, forest covered area, grassland, water body, 
sandy area, tea garden/tea state and urban /built up were identifi ed  
(Table 2, Figure 3 and Figure 4). Over the time period between 1990 
and 2011, the cultivated land and forest cover area have decreased 
remarkably. The cultivated area in 1990 was 403.31 sq.km (67.55%) 
which reached to 355.60 sq.km. (59.56%) in 2011. Similarly forest 
area in 1990 was 95.69 sq.km (16.03%) and it has  84.21 sq.km which 
is 14.11% of the total study area. Water body and the sandy area 
have got slight change during the period. The total water covered 
area in 1990 was 22.77 sq.km (3.81%) and it is decreased to 22.38 
sq.km in 2011. In the same duration sandy area in 1990 was 20.41 
sq.km (3.42%)  and it is changed to 3.01 sq.km. 

Meanwhile grassland, tea garden/tea state and urban/built up 
have increment. The 25.86 sq.km (4.33%) of grassland in 1990 
increased to 35.69 sq.km (5.98%) in 2011. In 1990 tea garden/tea 
state had covered 11.34 sq.km (1.90%) and it has increment of  
28.97 sq.km (4.85%) in 2011. Among the various land use land 
cover change pattern, the high increase in urban/built up can 
be clearly noticed. The 17.67 sq. km (2.96%) of urban/built up 
area in 1990 got immensely increased 52.80 sq.km. (8.84%). That 
means 35.13 sq.km of urban area has been added by 21 years. 
Following table 3 gives detail information of land use change 
between 1990 and 2011.
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Bhadrapur municipality 
comprises 15,210 number of 
population in 1991, which 
rose to 18145 in 2001 but 
this number seems almost 
stable in 2011 as it is 18,646 
in 2011. Budhabare is the 
VDC with high population 
from the very beginning. 
The total population of this 
VDC in 1991 was 16567 that 
increased to 19942 in 2001 
and 22936 in 2011. Surunga 
is another area where it is 
clearly noticed the high increase of population., where  it was 
16747 In 1991, increased tp 21616 in 2001, and 27470 in 2011. 
In the same way, the number of population of Sanischare VDC 
was 15693 in 1991 which increased to 25071 in 2011. Along 
with these areas, the other remaining areas are also getting 
urbanized and experiencing the high rise of population which 
can be noticed by the observation in the Table 3.

Table 3:  Population Distribution by VDC in 1971-2011.
S.N. VDC 1971 1981 1991 2001 2011

1. Anarmani 4,399 12,294 15,259 27,762 42,712

2. Arjundhara NA 11,810 12,815 16,178 20,103

3. Bhadrapur 

Municipality

7,499 9,761 15,210 18,145 18,646

4. Budhabare 10,533 17,450 16,567 19,742 22,936

5. Chakchaki 4,134 10,391 8,410 9,676 10,202

6. Chandraga-

dhi

6,719 12,533 12,259 16,052 18,949

7. Charpane 3,489 NA 7,766 11,727 17,462

8. Dangibari 2,933 NA 6,870 7,472 7,761

9. Dhaijan NA NA 6,741 8,256 9,820

10. Duwagadhi 3,521 11,714 6,499 8,666 10,697

11. Garamuni 6,277 16,607 15,612 18,512 21,704

12. Ghailadubba 3,733 11,576 9,620 11,185 12,671

Since the eradication of malaria 
in 1980, Jhapa district has 
been experiencing continuous 
population growth and 
socioeconomic changes. The 
dramatic eff ects of land use 
change due to rapid population 
growth and urbanization are 
very clear in the cities and peri-
urban areas. Several proximate 
and underlying causes are 
responsible for the land use land 
cover change in the cities, peri-
urban areas and other village 
area of Jhapa district. The main driving forces are physical 
infrastructure, population growth, socio-cultural dynamics, 
public service accessiblilty, economic opportunity, migration, 
land market, globalization, political situation, government plan 
and policies, tourism activities have immensely contributed 
to push out the people from the original rural villages of 
nearby district and pulled into the eastern Jhapa region. It has 
signifi cantly infl uenced the utilization of land and other natural 
resources in this region resulting in land use/cover changes. 
Population growth, migration and increasing population 
density are the major demographic factors that have infl uenced 
the utilization of land and other natural resources in this region 
resulting in land use/cover changes. Because of population 
growth caused by both natural increase and immigration, 
population density increased tremendously over the years.  

Table 3 gives the detail information of population distribution 
of the study area since 1971 to 2011. Surunga, Sanischare, 
Mechinagar municipality, Budhabare, Bhadrapur municipality 
and Anarmani are the areas which are highly facing land use/
land cover change since the two decades. According to the table, 
Mechinagar municipality contains 21,366 number of population 
in 1991 which has increased by more than double and met 49,060 
in the time period of ten years and got the gradual increase 
and reached to 57,909 in 2011. According to the population 
census 1991, the total population of Anarmani VDC in 1991 was 
15259 which increased to 27,762 in 2001 and 42,712 in 2011. 

Table 2: Landuse /Land Cover Change Pattern
1990 2011 Magnitude

S.N Land use Area Percentage Area Percentage In Km2 In %

1. Cultivated Land 403.31  67.55 355.60 59.56 -47.71 -7.99

2. Forest Cover 95.69 16.03 84.21 14.11 -11.48 -1.92

3. Grass Land 25.86 4.33 35.69 5.98 9.83 1.65

4. Water Body 22.77 3.81 22.38 3.75 -0.39 -0.06

5. Sandy Area 20.41  3.42 17.40 2.91 -3.01 -0.51

6. Tea Garden/Tea state 11.34 1.90 28.97 4.85 17.63 2.95

7. Urban /Built up 17.67 2.96   52.80 8.84 35.13 5.88

Total   97.05 100 597.05 100

 

 Figure 4: Land use - 2011Figure 3: Land use - 1990  
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13. Goldhap NA NA 7,393 7,486 7,650

14. Haldibari 5,785 14,149 6,407 7,511 7,920

15. Jyamirgadhi 5,339 NA 8,210 8,543 9,853

16. Khudunabari NA  NA 10,674 14,037 15,031

17. Kakarvitta/

Mechinagar 

Municipality

NA NA 21,366 49,060 57,909

18. Sanischare 6,840 14,142 15,693 20,298 25,071

19. Shantinagar 3,439 6,855 14,105 17,437 18,649

20. Surunga 4,998 16,472 16,747 21,616 27,470

Total 79,638 1,65,754 2,34,223 3,19,361 3,83,216

Source: CBS, 1971, 1981, 1991, 2001 and 2011

There are no minimum standards for infrastructure development 
which is likely to invite the huge destruction and loss of lives 
and properties in the condition of the disaster like earthquake, 
landslide, fl ood, epidemic diseases, fi re-burn. The dense 
concentration of urban populations can increase susceptibility 
to the disasters that are likely to become more frequent and 
more intense as a result of climate change. The poor drainage 
system has been creating the havoc during the rainy seasons 
due to the surface run off . The drainage and the rain water fl ows 
across the city and market areas are making the area muddy 
and dirty. The fl ood and rise water pose the serious threat in the 
health and sanitation of the locals. Correspondingly, vehicular 
emissions, traffi  c congestion and frequent accidents because 
of the narrow roads are the consequences of the unmanaged 
urbanization and deteriorating social and atmospheric 
environment. Although population size, revenue generation 
and basic facilities and services are considered as the base to 
declare any area a municipality but not consistently applied 
rather motivated by the political interest. Some centers which 
transparently exhibit the urban features have not been declared 
urban whereas the declared municipals display more rural 
than urban characteristics. Most of the urban areas are thinly 
populated and acquire low density of population slightly above 
the rural population. The creative role of the urban is essential 
whereas the balanced development of the rural areas is a must 
to establish the bloomed country. The social, economic, political, 
cultural, communication and transportation as well as the other 
various inter linkage have made the interrelationship between 
rural and urban area as the fundamental phenomenon. So, the 
urbanization shouldn’t be discouraged but properly managed. 

6. Conclusion 
The Jhapa district has had a signifi cant change in land use cover 
over the time period of 21 years between1990 and 2011. The major 
land use/cover change observed is declining of cultivation land 
replacement of natural vegetation by urban built up in remarkable 
rate. These changes have taken place at diff erent time scales and 
were driven by variety of proximate and underlying causes. Jhapa 
has gradually accelerating population but the infrastructure service 
and other facilities do not suffi  ce to cope with. Urbanization 
has occurred unevenly throughout. Birtamode, Kakarvitta and 
Bhadrapur are the major towns where as Budhabare, Surunga, 

Sanischare are rising urban centers where as the small trade centers 
amid the village also exist.  The worth of land has been rising in 
extremely high ratio in comparison to the past decades. The core 
city area is going to be the dense jungle of concrete in no year. Due 
to the unplanned settlement and the unmanaged urbanization, 
the life in the city area is appearing down. 

Sustainable land resource management requires a systematic 
approach towards a comprehensive study of land use patterns, 
land forms, soil, vegetation, climate and other socio-economic 
aspects of the study area. Change in the size of population is one 
of the reasons for the change in land use land cover in this region. 
Due to rapid population growth and urbanization, the city areas 
are thickening and water body and forest cover areas are declining 
gradually. Cultivated land is turning to settlement areas. It creates 
environmental degradation which refers to the imbalance in the 
ratio of the land use and land cover categories. The portion of urban 
rise is very high in comparison to the other land use classes namely 
forest, water cover area, cultivated land. Rapid increases in both 
urban/built-up expansion and population led to dramatic changes 
in land use and land cover, which was witnessed by quick decreases 
in croplands, water bodies and forest covers. 
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Abstract
Environmentally, Tarai is one of hydro-meteorological prone 
geographical regions of Nepal where 35 % of total death was 
occurred due to fl ood and landslide and 1300 people‘s lives by 
settlement fi re during 25 years. In this context, the present research 
has attempted to analyze climate change through annual trend 
of temperature and rainfall and its environmental hazards like 
fl ood, drought and fi re and its impacts on socio-economic life and 
adaptation strategies of the communities living along the Khado 
Khola (khola is named for not with perennial source of water) 
bank in Saptari district. It has been investigated based on trend 
analysis, hazard impact intensity index including integrated tools 
and technique of spatial and social sciences. The trend analysis of 
35 years, annual total rainfall has been increased at rate of 2.86 
mm every year higher than national level of 0.82mm. The trend 
of annual monsoon rainfall at rate of 0.52 mm was comparatively 
less than national level of 2.08 mm. Out of thirty fi ve, twenty years 
were found having the rainfall less than normal average approving 
the situation of drought scenario. The trend of mean annual 
daily temperature was found increasing at rate of 0.002 ˚C per 
year. Flood, drought and settlement fi re were identifi ed as hydro-
meteorological hazards based on communities’ perception. Out 
of total agriculture land, 30 percent was completely destroyed by 
fl ood due to siltation and sedimentation along with loss of road 
infrastructure and inundation of settlement as major impacts by 
fl ood.  Sustainable and integrated watershed and land use planning 
is highly needy program to be implemented to cater such situation. 

Key Words:  climate change, fl ood, drought, adaptation, impact 
syndrome

1. Introduction
Nepal is a highly vulnerable country in the world in terms of 
global warming increased by 1.8˚C during 1975-2006 (Malla 
2008) as compared to the global scale of 1°C (IPCC 2001). 
Developing countries like Nepal are at higher risk than developed 
countries to the adverse eff ects of climate change and are more 
vulnerable to its associated hazards (IPCC 2007) because of  
high geographic exposure, high reliance on ecological system 
services, high sensitivity to environmental change, limited 
political empowerment and weak adaptive capacity (Adger and 
Huq, 2003; Heltberg andSiegel, 2009). 

Climate Change in Nepal is adversely aff ecting the land use 
and land cover pattern including forestry and biodiversity and 
ultimately agriculture and food security. In Nepal, average 
temperature increase was recorded as 0.06˚C per year and that in 
Tarai and Himalayas was 0.04˚C and 0.08˚C per year respectively 
(Shrestha 2002). Rainfall has become erratic and variable and 
Monsoon as a lifeline of Nepalese agriculture receiving more 
than 80 percent of total annual rainfall has been becoming delay 
in terms of onset and withdrawal (DWIDP, 2011).
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 Increased variability in those climatic factors like temperature, 
solar radiation and precipitation have potentials  infl uence on  
hydro-meteorological hazards and then livelihood of marginal 
communities like the landuse and landcover vulnerability, 
agro-ecological system and management practices. Therefore, 
climate induced hazard adaptation must be a priority to be 
studied for sustainable economic growth through improved 
policy. However, without understanding the changing situation 
of climate and its associated hazards, sustainable agriculture, 
adaptation planning and policy will not be eff ective due to 
the diverse climatic variation in Nepal. For eff ective hazard 
management and mitigation and adaption in sustainable 
manner in context to climate change are essential to 
understand. Thus present study focus on climate change and its 
induced environmental hazards like fl ood, drought and fi re and 
its impacts on socio-economic life and adaptation strategies of 
the communities living along the Khado khola bank in Saptari 
district, Eastern Tarai Region, Nepal.

2. Study area, data source and methods of 

data analysis
Khado khola originated from Chure/Siwalik Hills, geographically 
covers the central part of Saptari district having an area of 253.32 
sq km along with 30.74 km in length by 8.23 km in an average 
width running from north to south.  The location of study area 
is shown in Fig 1.The climate is tropical that varies from south 
to north. 

Thirty-fi ve years of historical temperature and rainfall data, 
Multi-stage sampling design including Questionnaire survey and 
in-depth Focus Group Discussions (FGD) were carried out along 
with  Key informants (KII) information have employed to collect 

the require and relevant 
information. Qualitative 
and quantitative tools 
of socio-economic data 
analysis have employed 
using SPSS and GIScience 
technology has been used 
for derivation of spatial 
information particularly 
watershed boundary 
from SRTM DEM using 
Hydrology tool. 

Figure2: Trend of total annual rainfall (mm) in Khado khola 
watershed, Saptari, Nepal
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3. Climate change 

Climate change refers to a signifi cant change in precipitation, 
temperature and other climatic parameters observing over time in 
a specifi c area which signifi cantly induced hydro-meteorological 
hazards aff ecting the biophysical and socioeconomic livelihood 
of communities. A comprehensive study of temperature and 
precipitation of Khado khola watershed, eastern Tarai region 
of Nepal was conducted to see the signs of climate change. 
Monthly climatic data from Rajbiraj station, precipitation for the 
period of 35 years (1975-2010) and temperature for the period 
of 26 years (1984-2010) for whole watershed were considered in 
this study. Using these data, temporal and seasonal trend and its 
variations of precipitation and temperature were analyzed.

4. Trend of total annual and monsoon rainfall 
In an agricultural based economy of the country like Nepal 
total annual rainfall variability including monsoon period has 
signifi cant role for food security and watershed planning. A 
linear trend of total annual rainfall for the period from 1975 to 
2010 shows a slight positive tendency of rainfall (Fig2).

The rainfall increment is noted to be 2.86 mm per year which 
is not signifi cant but indication of increment in watershed.  
This increment shows comparatively higher than national 
level, 0.82mm (Malla 2008). It shows more erratic pattern of 
precipitation in the watershed. Rainfall was recorded minimum 
in the year 1977, 1982, 1992 and 2009 and maximum in the year 

1985 and 1988 respectively. Erratic rainfall events (i.e. higher 
intensity of rains but less number of rainy days and unusual rain) 
with no decrease in total amount of annual precipitation have 
been experienced. Such events increase possibility of climatic 
extremes like irregular monsoon pattern, droughts and fl oods.

A linear trend of monsoon rainfall for the period from 1975 to 
2010 shows a negligible positive tendency (Fig3). The rainfall 
increment is noted to be 0.52 mm per year which is not signifi cant 
but indication of increment in watershed.  This increment shows 
comparatively less than total annual rainfall (2.86) and also 
national level, 2.08 mm. It supports the fact of rainfall defi cit in 
Eastern Tarai Region of Nepal (Malla, 2008).

Figure 3: Trend of monsoon rainfall (mm)  in Khado khola 
watershed, Saptari Nepal

Figure 2: Trend of total annual rainfall (mm) in Khado khola 
watershed, Saptari, Nepal

Similarly, rainfall trend for number of rainy days (≥ 1 mm) has 
been analyzed and found increasing trend of 0.21 days per year 
which is reverse as compared to national trend. Likewise rainfall 
trend for number of rainy days representing heavy rainfall (≥ 
100mm) was also found   insignifi cantly increasing trend. This 
is matching with the national trend of same fi gure but per year 
increment is less than national increment. The year of 2004 is 
found highest heavy rainy days among   a period of 35 years.  
Almost fi fty percent of total 35 years are having number of rainy 
days more than and equal to 100mm. 

5. Trend of mean annual temperature 
During last 26 years, mean annual maximum temperature in this 
watershed has increased by 3 ˚C ranging from lower limit,30.10 
˚C in 2008 to 33.10 ˚C in 1994 (Fig.4). The trend of mean annual 
maximum temperature was found decreasing at rate of 0.025 ˚C 
every year where as   national trend of same fi gure was found 
increasing (Malla 2008). It is because of extreme fog conditions 
recently observed last 10 years in the Tarai regions including 
Khado khola  in Saptari district. Similarly, the trend of mean 
annual minimum temperature was found increasing at rate of 

0.02 ˚C per year (Fig 5). It ranged from lowest, 17.10 ˚C in 1997 to 
highest, 20.39 ̊ C in 1984. During last 26 years, mean annual daily 
temperature in this watershed has increased by 2.2˚C and such 
fi gure was found more as compared to country level because 
Nepal’s mean annual temperature has increased by 1.8˚C during 
last 32 years.   Mean annual daily temperature is ranging from 
lowest, 24.10˚C in 1997 to highest 26.30˚C in 1994. The trend 
of mean annual daily temperature was found insignifi cantly 

Figure 4: Trend of   mean annual maximum temperature in 
Khado khola watershed, Saptari Nepal
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increasing at rate of  0.002 ˚C per year (Fig 6). 

6. Impacts of hydro-meteorological hazards 

on   socio-economic life of communities’ 

livelihood options 
Sampled households were asked to identify what and how the 
climate change induced hydro-meteorological hazards aff ected 

or aff ecting the socioeconomic life of communities and to rank 
three of them on the basis of intensity they perceived from the 
list of specifi ed possible hazards types and its impact options. 
The hazards types and its impacts identifi ed were weighted as 
3,2 and 1 corresponding to most intense to least respectively. 
Impact Intensity Index (III) for each hazards option was 
calculated by summing all ranks by multiplying frequency with 
their corresponding weight (Table 3).Based on the overall score 
of hazard Impact Intensity Index (HIII), fl ood   was identifi ed 
as most intense hazard type indicating highest value of 2.70, 
followed by drought   (2.30) and then settlement fi re (1.19).

Flood is a common and unpredictable phenomenon, 
experienced by the communities residing along Khado khola in 
Sapatri district. It occurs during the monsoon even sky/weather 
is clear (not cloud) in Saptari . Uncertainly and accidently it 
comes if even small rainfall occurs in mountain areas. Although 
fl oods have been occurring since time immemorial, but the 
type, intensity, and impact such as losses/ damages and 
suff erings   vary widely within and across the study area. Table 
3 clearly shows weighted ranking of impacts made by hydro-
meteorological hazards.  

Table 3:Weighted ranking of  impacts  made by hydro-meteorological hazards   

n=180, ƒ=540

Impacts ƒ Level of hazard 

impacts 

Impact 

Intensity 

index(III)1 2 3

Flood

 1.Washing  out agriculture land 164 366 70 7 2.701

 2.Flood induation of settlement 79 108 14 36 0.963

3.Water logging  in settlement area 50 21 0 43 0.390

4.Falling down of walls of   houses   71 42 14 50 0.646

5.River bank cutting 114 63 72 57 1.171

 6. Siltation & sedimentation on  

settlement and  street

112 216 14 43 1.665

7. Loss of  utility service, road  infra-

structure

137 108 130 36 1.671

 8.Changing  river course 64 63 28 29 0.732

9. Drought 164 300 28 50 2.305

10.Snake bite 107 21 28 86 0.823

11.Pest and disease 35 105 28 58 1.165

12.Settlement fi re 29 87 102 7 1.195

 13.Heavy  rainfall 51 0 14 44 0.354

 14.Livestock  lost 64 0 42 43 0.518

7. Loss of agriculture land by fl ood 
In Tilathi settlement, it has been reported that about 300 bigha 
(444 ha) of agriculture land have been destroyed by river-
fl ooding and they became infertile land due to sand deposition.  
Similarly it has also been reported in Bispiti settlement locating 
in middle section of watershed that almost 900 households 
were badly aff ected by the fl ood occurred in 5 years ago and in 
the same time 600 bigha of agriculture land was converted into 
barren fi eld of sand deposition.
 
Similarly it has also been reported in Dumri Sibthan locating 
east of Rajbiraj Nagarpalika that almost  500 bigha of  agriculture 
land was completely damaged by river-fl ood occurred in 4 years 
ago.  They also indicated that 25 sq km of area having 2km river 
width was fully converted into sand deposit and now it became 
pasture/grassland. Respondents were fully agreed that river bed 
was rapidly rising by siltation and it was supported by the fact 
when river-bed and settlement height were measured by using 
GPS in Kajoli settlement of middle section of watershed. It is 
found 2 meter height of settlement is less that of river bed and 
such low lying settlement and higher river bed is found almost 8 
km down to India boarder. It results spreading of all river water 
to wider agriculture fi eld and settlement. Agriculture fi eld was 
found higher than the irrigation canals due to sand deposition 
and now it was problem of irrigation due to leveling.  Irrigation 
canals have been has decreased water discharging capacity due 
to high siltation. It has negatively aff ected irrigation of crops, 
agriculture production and ultimately food security.

Figure 6: Trend of   mean annual daily temperature in Khado khola 
watershed, Saptari Nepal

Figure 5: Trend of   mean annual minimum temperature in Khado 
khola Watershed, Saptari Nepal
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8. Loss of road infrastructure by fl ood 
Basically, in monsoon season in downstream section of 
watershed, road infrastructure was completely damaged 
by Khado fl ood. Rajbiraj as headquarter of Saptari linked to 
Kunauli,India boarder in south. Out of 10 km length, 4 km is 
always used to inundate fully in rainy season.  During this, road 
transportation was entirely blocked and settlements located 
along this road at lower end such as Tilathi was totally isolated by 
other areas. The livelihood of the communities at this time was 
very hard and entirely under the threat of fl ood. Beside this, 4 km 
from Birpur settlement to Kunali boarder bazaar was completely 
buried under the sand and silt deposited by Khado River. Not 
only this, black topped part was completely washed out and 
buses in other season had to run on sand  and silt deposition. 
Beside Rajbiraj-Kunauli road, there is another link road named 
Rajbiraj- Hanumannagar having 9 km linking to eastern part of 
the country. This road is also used to inundate at the fl ooding 
period and 2-3 days transportation is used to completely close 
at that time.
 
The syndrome of fl ood on entire road infrastructure and 
damaging its quality and blocking communities’ accessibility 
necessitates the immediate attention for controlling river fl ood 
and substantial management providing relief measures to those 
aff ected communities falling by fl ood circle. 

9. Inundation of settlement by fl ood 
 The settlements such as Bhataniya,  Sonara Pakadi, Biraul, 
Deuri Varuwa, Dighwa, Musharniya, Velhi piprahi, Bishariya, 
Musharniya  Sakarpura   Kajauli and Launiya are frequently  
being suff ered from inundation of fl ood in  the  summer season 
.These settlements  are basically located in the eastern part of 
Khado river where there is major fl ow direction due to lower 
than  river bed. Even though Dumari Sibthan as major ward of 
Rajbiraj Municipality situated in western side of Khado khola 
is mostly annually suff ering from fl ood inundation at the rainy 
season. Respondents reported that Dumari Sibthan settlement  
was inundated by Khado fl ood 3 years ago and the communities 
was entirely aff ected for safe drinking water, collapsing of house 
wall, snake bite, health problem and livestock lost. Participants 
involved in FGD reported that almost 300 households were 
aff ected by losing their livelihood and disconnected from 
Municipalities facilities and services. The inundation of 
settlements in the downstream, now and onwards, will be 
severely increased because government of India made dam to 
protect its land and will make fl ood water to spread out widely 
in downstream settlement and thus more settlement will be 
under inundation fl ood area.

10. Conclusion
 Sixty percent of total 35 years were considered as rainfall defi cit 
or draught years since during these periods total rainfall is less 
than normal average. Among them, year of 2009 is found as driest 
year having total annual rainfall only 482 mm. This is also evident   

from the fact of insignifi cant increase trend of total and monsoon 
rainfall as compared to national average. The trend analysis of mean 
annual maximum temperature was also found decreasing at rate 
of 0.025 ˚C every year where as   national trend was increasing. 
Furthermore situation is aggravated by increasing trend of mean 
annual minimum temperature at the rate of 0.02 ̊ C per year. Beside 
this mean annual daily temperature was increased by 2.2˚C higher 
than in national average (1.8˚C). This trend analysis revealed the fact 
of climate change particularly global warming.  Global warming 
induced hydro-meteorological hazards were found prominent 
and severely aff ecting livelihood option of marginal communities 
including agriculture as the main stay.

Flood, drought and settlement fi re were identifi ed as global 
warming related hydro-meteorological hazards indicated by 
hazard impact intensity index from which livelihood of marginal 
communities severely aff ected in the study area. Flooding, 
river bank cutting, changing river course and siltation were 
investigated as major impacts generated by climatic change 
induced fl ood hazard. It is supported by the fact that out of total 
agriculture land residing nearby river, 30 percent was completely 
destroyed by fl ood and same percent of production including 
livestock. Finally, the agriculture resource base of watershed 
tends to discount all the positive things. Substantial and 
integrated watershed development planning is highly required 
for fl ood plain management and optimum land use planning.
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Abstract:
This paper focused on the appraisal of natural resources of Khaptad 
National Park (KNP) and its buff er zone in Nepal. In this study, the 
role of GIS is as a collection and analysis tool in monitoring key 
environmental variables. This study could exert a good importance 
for resource and environmental management. Application of GIS 
and GPS provides an essential step to integrate the technology with 
the resource appraisal.  .

Key words: GIS, GPS, protected areas, environmental 
management, resource appraisal

1.  Introduction 
Khaptad National Park (KNP) was established and gazetted 
in 1984 upon the advice of His Holiness Khaptad Baba with 
the objective of conserving biodiversity and maintaining the 
natural beauty of the area. The Park covers an area of 225 sq. 
km. and spreads across Bajhang, Bajura, Achham and Doti 
districts in the Far-Western Development Region (DNPWC). The 
unique landscape, consisting of 22 patans, which are known for 
their lush green grass and a wide variety of fl owering plants, 
The Park was also gazetted for the purpose of conserving the 
unique beauty of Khaptad Baba Ashram as well as to protect the 
representative fl oral and faunal species.

A wide variety of colourful butterfl ies, moths and insects are 
also an important feature of the Park’s ecosystem. Two endemic 
species of reptiles - Khasre Bhyaguta (Scutiger nepalensis) and 
Bajhange Paha (Paa ercepeae Dubois) - are also found in the Park. 
The existing threats to the biodiversity of KNP are uncontrolled 
grazing and, to a lesser extent, poaching. On the other hand, 
crop depredation by wild boars, bears and porcupines is still a 
major problem in certain areas for local residents of the buff er 
zone around the park’s periphery. Management of protected 
areas requires in-depth knowledge and access to detailed bio-
physical and socio-economic information, including spatial and 
tabular database of their natural resources. This information is 
useful for decision makers to initiate/implement management 
prescriptions.

2.  Objective
The study has been confi ned to identify the distribution of natural 
resources and compile spatial and non-spatial (biophysical and 
socio-economic) database of the Park and its buff er zone related 
to biodiversity conservation and socio-economic development, 
to analyse the land cover at diff erent time intervals to see the 
changing trends and their impacts, and, to strengthen the 
planning capacity of the local communities as well as concerned 
agencies by utilizing the generated information. 

Appraisal of Natural Resources in Khaptad National Park and Buff er 

Zone, Nepal
Bhola Nath Dhakal

Lecturer in Tribhuvan University 
Executive Member, Nepal GIS Society

dhakalbn@gmail.com

3.  Methodology
Topographic maps (scale 1:25,000 and 1:50,000, 1996) with GPS 
instrument were used for fi eld surveys to determine the park 
boundary and land cover in accordance with the Nepal Gazette 
1978. Topographic maps and existing information at KNP offi  ce 
and DNPWC were used for demarcating the VDCs. For the buff er 
zone boundary delineation, extensive consultative meetings 
with the offi  ce bearers of KNP and the buff er zone communities 
together with an intensive fi eld survey and verifi cation were 
carried out. All important features of the park and its buff er 
zone were delineated and plotted on analogue maps. Finally, 
the information interrelated to biophysical, socio-economic and 
other associated parameters were transferred manually into 
topographic maps and then converted into GIS platform for 
analysis using GIS software Reference biophysical layers such 
as river systems, drainage, and road network, contour patterns 
of the diff erent trails of the area and land cover were derived 
from existing topographic maps. Moreover, household survey 
utilizing structured questionnaire was carried out to generate 
socio-economic parameters of the buff er zone.

4.  Study area 
The KNP is geographically located between 81° 01' 37" and81° 
13' 43" east longitudes and 29° 17' 41" and29° 27' 58" north 
latitudes. Its elevation ranges from 1,296 m. to 3,276 m. Shahasra 
linga (Khaptad Lek), located in the central part, is the highest 
point inside the Park and provides a panoramic view of the 
Park and its surroundings. Parakatne, Kotbhairab, Koiralakot, 
Pauwagadhi, Lamatola, Majhigaun, Kalukheti, Patadewal, 
Gadariya, Jayabageswori, Kanda, Khaptad, Devisthan, Budakot, 
Patlekot, Duni, Kadamandu, Gairagaun, Baglekh, Daud and Toleni 
are the VDCs that adjoin the NPK. The Park consists mainly of four 

Figure 1: Location Map
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types of vegetation zones. Broad-leaved forest and chir pine in 
the sub-tropical zone (1,200-1,600 m.); broad-leaved, mixed oak 
and chir pine forest in the lower temperate zone (1,500-2,500 
m.); mixed hygrophyte oak forest in the upper temperate zone 
(2,400-2,900 m.); and fi r, hemlock, oak, rhododendron forest as 
well as grasslands and bogs in the sub-alpine zone (above 2,900 m.) 

5.  Land cover changes in KNP between 1978 

and 1992
The study represent that there is a net increase in forest land, 
bush/shrub land and sandy areas whereas cultivated land, 
grassland and other land cover types had decreased in park area. 

Table 1: Land cover changes in park between 1978 and 1992 

From (1978) 

(LRMP Map 

scale 1:50000)

To (1992)

 (Topo Map 

scale 1:50000)

Area 

(sq. 

km.)

From 

(1978)

To (1992) Area 

(sq. 

km.)

Cultivated land Cultivated land 0.72 Grassland Grassland 2.33

Forest land 8.90 Forest 

land

12.41

Grassland 0.35 Bush/

shrub 

land

0.80

Bush/shrub 

land

0.48 Sandy 

area

0.03

Sandy area 0.07 Others 0.02

Cultivated 

land

0.11

Forest land Forest land 165.24

Grassland 6.86 Bush/

shrub 

land

Bush/

shrub 

land

0.51

Bush/shrub 

land

3.63 Forest 

land

3.07

Sandy area 0.44 Sandy 

area

0.03

Cultivated land 4.38 Cultivated 

land

0.41

Total area 210.79

Source: LRMP (1978/84) and Topographic Map (1992/94), Dept. of 
Survey, Government of Nepal

According to the Table 1, a total of 8.90, 0.35, 0.48 and 0.07 sq. 
km. of cultivated land in 1978 had changed into forestland, 
grassland, bush/shrub land and sandy area respectively by 
1992. Similarly a total of 6.86, 3.63, 0.44 and 4.38 sq. km. of 
forest land in 1978 had changed into grassland, bush/shrub 
land, sandy area and cultivated land respectively by 1992, in 
addition a total of 12.41, 0.80, 0.03, 0.02 and 0.11 sq. km. of 
grassland in 1978 had changed into forest land, bush/shrub 
land, sandy area, others and cultivated land respectively by 
1992 and a total of 3.07, 0.03, and 0.41 sq. km. of bush/shrub 
land in 1978 had changed into forest land, sandy area and 
cultivated land respectively by 1992. 

6.  Land cover change in the buff er zone 

between 1978 and 1992
Similarly, there was a net increase in forest land, bush/shrub 
land, sandy area and other categories of land whereas grassland 
and cultivated land had decreased in buff er zone of KNP.

Table 2: Land cover changes in the buff er zone between 
1978 and 1992

From 

(1978)

To (1992) Area

 (sq. km.)

From 

(1978)

To (1992) Area (sq. 

km.)

Cultivated 

land

Cultivated land 42.40 Grassland Grassland 0.56

Forest land 31.35 Forest land 7.13

Grassland 1.96 Bush/shrub 

land

6.27

Bush/shrub 

land

21.50 Sandy area 0.19

Sandy area 0.84 Others 0.04

Others 0.10 Cultivated 

land

7.76

Forest 

land

Forest land 55.50 Bush/

shrub 

land

Bush/shrub 

land

1.98

Grassland 0.63 Forest land 4.94

Bush/shrub 

land

8.33 Grassland 0.20

Sandy area 0.30 Sandy area 0.14

Others 0.01 Others 0.08

Cultivated land 18.34 Cultivated 

land

5.45

Total area 216.00

Source: LRMP (1978/84) and Topographic Map (1992/94), Dept. of 
Survey, Government of Nepal

Table 2 presents that, total of 31.35, 1.96, 21.50, 0.84 and 0.10 
sq. km. of cultivated land in 1978 had changed into forest land, 
grassland, bush/shrub land, sandy area and others respectively 
by 1992.Similarly a total of 0.63, 8.33, 0.30, 0.01 and 18.34 sq. 
km. of forest land in 1978 had changed into grassland, bush/
shrub land, sandy area, others and cultivated land respectively 
by 1992. In addition, a total of 7.13, 6.27, 0.19, 0.04 and 7.76 sq. 
km. of grassland in 1978 had changed into forest land, bush/
shrub land, sandy area, others and cultivated land respectively 
by 1992. And a total of 4.94, 0.20, 0.14, 0.08 and 5.45 sq. km. of 
bush/shrub land in 1978 had changed into forest land, grassland, 
sandy area, others and cultivated land respectively by 1992 in 
buff er zone of KNP.

7.  VDC-wise database of the buff er zone
This database consists of individual coverage of land cover 
classifi ed into diff erent categories by each VDC, i.e. cultivated 
land, forest land, grassland, bush/shrub land and other land 
categories. Table 3 is a part of the detailed VDC-wise database 
showing the land cover and socio-economic information. 
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Table 3: VDC-wise database of the buff er zone (area in hectares)
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1 Parakatne 228 66 140 0 21 1 399 58 0.17 2.41

2 Kotbhairab 669 176 458 0 33 2 1352 220 0.13 2.08

3 Koiralakot 1358 516 635 50 141 16 3435 507 0.15 1.25

4 Pauwagadhi 513 179 247 8 48 31 1422 219 0.13 1.13

5 Lamatola 216 95 106 1 12 2 324 52 0.29 2.04

6 Majhigaun 767 422 111 1 217 16 2402 330 0.18 0.34

7 Kalukheti 702 402 254 0 36 10 1373 201 0.29 1.26

8 Patadewal 473 324 101 4 40 4 1441 240 0.22 0.42

9 Gadariya 566 226 306 0 34 0 169 33 1.34 9.27

10 Jayabageswori 738 269 349 10 110 0 762 109 0.35 3.20

11 Kanda 1753 886 556 21 270 20 3345 537 0.26 1.04

12 Khaptad 1789 569 517 4 597 102 1814 265 0.31 1.95

13 Devisthan 1509 294 976 0 230 9 1157 185 0.25 5.28

14 Budakot 1402 265 1098 4 32 3 1052 164 0.25 6.70

15 Patlekot 332 89 238 1 0 4 371 66 0.24 3.61

16 Duni 243 19 224 0 0 0 500 85 0.04 2.64

17 Kadamandu 1403 444 765 36 137 21 2776 515 0.16 1.49

18 Gairagaun 1207 452 414 46 289 6 2667 390 0.17 1.06

19 Baglekh 1712 530 233 32 711 206 2223 394 0.24 0.59

20 Daud 1389 454 673 9 247 6 1575 269 0.29 2.50

21 Toleni 2612 731 1131 111 609 30 2713 472 0.27 2.40

Total 21581 7408 9532 338 3814 489 33272 5311 0.22 1.79
Source: CBS Reports and Field Survey, 2005/06

8:  Pressure on natural resources
The buff er zone of KNP is composed of a multi-ethnic 
population of 33,272 people. The forest area is 9532 Hectares. 
According to the table 3, forest land ration is very less in 
comparison with household; it shows that 1.79 hectares forest 
area per household where as 0.22 hectare of agricultural land 
per person in buff er zone of KNP. The buff er zone of KNP has a 
large livestock population that is mostly left free to graze and is, 
therefore, in constant competition with wild animals. According 
to legal provision, grazing period is for 4 months only. However, 
in practice, it is found that herders graze their cattle in the park 
for 6 months. Similarly forest land ratio in comparison with 
cattle is 0.23 hectare and grass land per cattle is 0.008 hectare 
(Table 4). This indicates that there is high dependency of local 
communities on natural resources of park due to lacking of 
alternate resources available in buff er zone. 

Table 4: VDC-wise livestock density and resource 
distribution
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Parakatne 140 0 582 0.24 0.000

Kotbhairab 458 0 1,555 0.29 0.000

Koiralakot 635 50 2,822 0.23 0.018

Pauwagadhi 247 8 1,049 0.24 0.008

Lamatola 106 1 450 0.24 0.002
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Majhigaun 111 1 2,852 0.04 0.000

Kalukheti 254 0 2,321 0.11 0.000

Patadewal 101 4 1,865 0.05 0.002

Gadariya 306 0 336 0.91 0.000

Jayabagesh-

wori 349 10 1,000 0.35 0.010

Kanda 556 21 4,406 0.13 0.005

Khaptad 517 4 2,780 0.19 0.001

Devisthan 976 0 3,920 0.25 0.000

Budakot 1098 4 2,737 0.40 0.001

Patlekot 238 1 507 0.47 0.002

Duni 224 0 678 0.33 0.000

Kadamandu 765 36 2,329 0.33 0.015

Gairagaun 414 46 1,994 0.21 0.023

Baglekh 233 32 2,442 0.10 0.013

Daud 673 9 2,138 0.31 0.004

Toleni 1131 111 2,767 0.41 0.040

Total

9532
338 41,530 0.23 0.008

Source: Field Survey, 2005/06 and KNP/DNPWC, 2006

9.  Food security and fi rewood demand 

status in buff er zone
According to table 5, it seems that around 5.5% of the total 
households within the buff er zone have surplus food, 30.4% 
households have enough food for 12 months, 25.1% households 
have food that lasts for 9 months, and 24.8% households have 
food that lasts for 6 months while 14.2% households have food 
that lasts for less than 6 months. 

Table 5: Food security and fi rewood demand status

Food suffi  ciency status Firewood demand status
(Bhari/month)Particular HHs Percent

Surplus 293 5.5 Particular HHs Percent

12 months 1,614 30.4 Above 30 471 8.9

9 months 1,335 25.1 20 - 30 2,248 42.3

6 months 1,316 24.8 10-20 2,092 39.4

< 6 months 753 14.2 Below 10 500 9.4

Total 5,311 100.0 Total 5,311 100.0
  Source: Field Survey, 2005/06 and KNP/DNPWC, 2006

It seems that around 8.9% of the total households within 
the buff er zone has a demand of more than 30 bharis of fuel 
wood per month from diff erent sources where as 42.3% of 
the households have a demand for 20-30 bharis, 39.4% have a 
demand for 10-20 bharis and only 9.4% of the households have 
a demand for less than 10 bharis per month. 

10. Conclusion 
Application of GIS and GPS provide an opportunity to integrate 
both bio-physical and socio-economic attributes and also create 
alternative strategies for decision makers to make judgments 
in a scientifi c manner of natural resource management and 
biodiversity conservation. For the creation of a strong database, 
constant information pooling and updating is very essential. 
In addition, such information are becoming more and more 
essential as they are dependable sources of information for 
making the correct decisions with regard to the management 
of Protected Areas
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Abstract
In the past 3 and half decades cultivated paddy area has been 
decreased by almost half of the area in the beginning in Kathmandu 
district and there are slightly decreasing trend of the cultivated area 
of the crops in other two remaining districts of the valley. Fertile 
cultivated lands were converted into the residential areas. The 
lands lost to other purposes than crop cultivation are irrecoverable. 
On the other hand, food insecurity is pervasive with 41 percent of 
the population undernourished. What could be the best measures 
in the future with the spatial analysis with Geographic Information 
System technology with degree of severe situation and the action or 
measures to be taken for such issues tried to be focused in.

Key Words: Fertile land, food insecurity, irrigated, land use, 
urbanization.

1. Introduction
In Nepal, medieval period people were much conscious about 
the proper use of land. They used only uplands tars and sloppy 
lands (not suitable for cultivation) for the residential purposes. 
The lowland, where the water could be irrigated as in fl ooded 
plains were used for crop cultivation. Major towns in those 
periods were developed for residing and marketing. Nowadays 
the old towns in the main residential areas as in Kathmandu 
valley are found in such places where crop cultivation is not 
suitable. Such trend were violated from 1900s onward in the 
Rana regime specially in Kathmandu valley, with building palaces 
and mega resorts with acquiring low land from the local farmers 
against low rate compensation to them (Yemi,1957). The trend 
continued till the end of Ranarchy by 1950. After the democratic 
movement in 1951, such practices were continued by selling the 
land properties by such feudals to other neocapitalists of the 
country. In such a way, fertile cultivated lands were converted 
into the residential areas. By 1955, lands were further developed 
for various infrastructures like roads, airport, public academy, 
city centres and halls with launching the fi rst periodic plan 
(Shrestha, 1993). Now the lands lost to other purposes than crop 
cultivation are irrecoverable, after those properties were being 
considered for the commercial purposes. Furthermore, nearby 
remaining cultivated lands are being developed for commercial 
residential purposes.

Consciousness of giving importance to the cultivated lands is 
lately developed in some countries with scientifi c methods of 
land resources survey. The geological and soil survey conducted 
in early nineteenth century in Europe and its colonized land 
in South and the Eastern Asia, Africa and Australia had been 
started side by side. Such practices were benefi cial in one 
aspect i.e. integrated land resources surveys, processes of 
land use planning and management. Defi ning and protection 
of prime agricultural land has led to the land development in 
Britain in 1980s (Davidson, 1992). Further, with the development 
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of automatic retrieval system as geographical information 
system, nearly accurate measurement and spatial referencing 
of land data became possible for its eff ective uses. According to 
Larson, (1986) protection of already cultivated soil should have 
precedence over the development of potentially arable soils 
are located near to the food needed areas. Clearing of forest 
land for cultivation is much expensive and may cause extreme 
environmental damage. Instead, presently cultivated soils are 
generally of high productive potential and easy to manage for 
better cultivation practices.

The eff ect of high population growth causes land degradation 
due to cultivation of marginal lands, deforestation, and soil 
erosion and over grazing (Davidson, 1992). Nepal, with a 
population of approximately 26 million people, is a food-defi cit 
country struggling through a complicated peace process after 
the end of an 11-year civil war. Food insecurity is pervasive with 
41 percent of the population undernourished according to an 
FAO and WFP Food Security Assessment Mission to Nepal (WFP, 
2009). Recent records show even the districts in Tarai (almost 10 
out of 21 districts of plain areas) of Nepal become food defi cit in 
2010. The cause might be various but such areas were considered 
to be granary of hilly country Nepal. Most of these districts 
have the cultivated areas for major cereals crops have been 
decreased in almost cases. Even three districts of Kathmandu 
Valley are recorded food defi cit districts in 2009 (ABPASD, 2010). 
People and children of mid and far western districts are found 
under nourished for the past two and a half decades. In 2010, 
population of Nepal required almost 5.3 million tons of cereals 
to feed its population and was short by 0.3 million tons. With 
these drawbacks, Nepal ranks 157 out of 187 countries with the 
Human Development Index of 0.458 in 2010/2011 (UNDP, 2011).

2. Rationale of the issue
This type of study was indeed required for the timely action 
to be launched at policy level so that, further deterioration of 
the situation could be improved with rational and less eff ort 
during the very beginning of problem. What could be the best 
measures in the future with the spatial analysis with Geographic 
Information System technology with degree of severe situation 
and the action or measures to be taken for such issues? Still the 
study could cover only limited areas and in depth further study 
is required at various part of the country.

3. Discussions
In the past 3 and half decades cultivated paddy area has 
been decreased by almost half of the area in the beginning in 
Kathmandu district and there are slightly decreasing trend of 
the cultivated area of the crops in other two remaining districts 
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(Fig. 1). With the decreasing trend of area for cultivation the 
produced amount naturally get lowered. It has indicated that 
area of cultivation has been decreased by half in Kathmandu 
district over last three decades and also slightly decreased in 
remaining two districts of the valley. In contrast to the decreased 
area, yield of paddy is found in  increasing trend. One scenario 
is assumed whether the area was kept constant for paddy 
cultivation.

Over the analytical period, production of paddy is found 
increased every year of the cultivation amounting to the surplus 
production in time series (Fig. 2). In the fi gure dark area indicates 
the actual production of paddy over the period and light area 
indicates the amount of paddy surplus we could harvest to 
feed the local people and supply to draught areas within the 
country. In the valley such decreased areas are occupied for 
real estate development as most of the people in the country 
are migrated in the valley with increasing demand of residential 
areas as well as other infrastructure developments and their 
commercialization. 

Figure 1: Area under Paddy Crop of three districts of Kathmandu Valley 
over last three and a half decades (ABPSD, 2010 and DFAMS, 1992)

Figure2: (ABPSD, 2010 and DFAMS, 1990)

Over the period, how the cultivated land in Kathmandu valley 
was curtailed within a last decade is more elaborative with the 
image below (Fig.3). In the fi gure several irrigation schemes with 
three diff erent type of hatched areas in three districts namely 
Bhaktapur, Lalitpur and Kathmandu. Some selected polygons 
have extended outer polygon in next layer of proposed 
extended  areas (fi g. 4), 

but those areas are never achieved to be extended due to rapid 
urbanization in the 1990 to 2000 decade. Such curtailed areas 
are given in table 1.

Table 1: Reduction of Irrigated Areas in three districts of 
Kathmandu Valley in 2000.

S N Districts Total 
Irrigated 
Area (ha.)

Area 
reduced 

(ha.)

Loss in
Percentage

1 Kathmandu 1360 340 25

2 Lalitpur 1974 395 20

3 Bhaktapur 1373 165 12

Source: Calculated extended irrigated area with areas existed 
during 1990s using Arc GIS 9.2

In the fi gure 4 hatched areas are the command area of various 
traditional irrigation schemes spread over in three districts of the 
valley. Outer areas in similar distinct hatch indicate the proposed 
extension of the schemes further irrigation. For the chronology 
of almost three and half decades the changes in land use with 

Figure 3: Cultivated command areas of various classical irrigation 
schemes in Kathmandu Valley

Figure 4: Extended irrigated area with areas existed during 1990s
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signifi cant expansion in residential areas in Kathmandu Valley. 
The observation in the fi gure shows the urban area during 2000 is 
almost tripled as that of 1967. Similar situation can be seen in other 
plain areas too. For this the case study has been done in Narayani 
Lift Irrigation System, Chitawan district. 

3.1. Case study of Narayani Lift Irrigation System, 

Chitawan

Narayani Lift Irrigation System (NLIS) is developed with other 
two irrigation systems namely Budhi Rapti Irrigation System and 
Panchakanya Irrigation System in 1973. Firstly this project was 
named as Chitawan Valley Irrigation Project and was studied by a 
German Consulting group, with water lifting pump houses (Pump 
House A and Pump House B) altogether lifting 30m high from the 
bed of Narayani river. Pump House A has been irrigating B canals of 
2,400 ha and Pump House B has been irrigating of 2,300 ha through 
canal-C and altogether it is 4,700 ha. The NLIS has two staged pump 
and two canal systems namely canal-B and canal-C. The pump-A 
lifts water from the river to 22 m high and supply its 30 per cent 
water to link canal connecting to pump house B, while pump-B lifts 
water from the link canal to 18 m to supply water canal-C system.

Command area 
of the C canals 
with the Google 
image of 2005, 
about 650 ha has 
been converted 
into residential 
areas. Out of 
which 315 ha 
(cross hatched 
in Fig. 6) was 
being demarked 
for residential 
purpose. By 2010, 
the command 
area of C canals 
not being 

irrigated (or converted into residential area) is accounted for 
781 ha and the same with B canals is 560 ha. In C canal, total 
length of missing canal is 10.28 Km (broad white line in fi g. 4) 
which is nearly one fourth of the total canal length. Similarly, in 
B Canal, out of total canal length i.e. 87.88 Km, missing canal is 
5.53 Km has been missing (broad grey line in fi g 4). It is said, on 
those missing canals other residential infrastructures like roads 
and culverts have been developed. The analysis of NLIS status of 
canals and irrigated area are based on secondary data provided 
by Central Regional Irrigation Development Division No. 5 offi  ce, 
Bharatpur, Chitawan and aerial photographs were downloaded 
from Google Earth, 2005.

4. Conclusion and Recommendations
With the issues of losing cultivated land, irrigation systems are also 
under threat as they are nearby the newly developed residential 

areas. Almost irrigation systems are developed by the villages 
and urban areas so that the commercial transaction of agriculture 
products may get easier for handling (Borlowe,1976). In most of the 
irrigation systems nearby residential area is much more disturbed 
with the expansions of residential plottings. For example Fig. 
7shows the plotting within command area of Phewa Irrigation 
System. Least developed countries like Nepal have developed such 
irrigation systems with costly investment. With loss of irrigation 
canal and irrigated command area should be considered severe 
loss to economic situation of countries like Nepal.

Disaster due to human reason are much more in today’s world 
such as burning issues of continued production of Chloro 
Fluoro Carbon (CFC) gas causing depletion of Ozone layer at the 
polar periphery of the earth, production of green house gases 
which in excess amount causes the increase in temperature 
and recent eff ect of climate change on the various aspect 
including crop cultivation. On the aspects mentioned above 
various factors are interlinked and situation can gradually be 
improved by checking the concerned adverse eff ect and causes. 
The issue discussed here is not to be easily recoverable, as 
cultivated land is not easily prepared.  It took long and much 
eff ort on agriculture practices made effi  cient for. Once losing 
such property will be of invaluable loss for ever. Such loss will 
ultimately cause drastic eff ect on local food security situation. 
So with a land use point of view such land should be protected 
with priority for same purpose by law and regulations. In 
irrigation policy such provisions are highlighted with priority 
but due to weak enforcement, the problem is alarming. It is not 
only a concern to protect irrigated land but also the cultivated 
land. So the concerned stackeholders should consider the issue 
and immediately take action against converting cultivated land 
to residential and any other purpose in time.
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Abstract
This paper intends to analyse land use change over time and its 
impacts on cultural landscapes in the Koshi Hills (KH) including four 
districts, viz. Bhojpur, Dhankuta, Sankhuwasabha, and Terhathum 
of eastern Nepal. While so doing, it has drawn analogue and digital 
data from three diff erent sources, including LRMP (1986), toposheet 
(1996), and Landsat imagery (2010), complemented it from the fi eld 
verifi cation and district consultation workshop being held in the 
fi eld. The initiation of the government eff orts through policies and 
programs have been directly eff ects to the land use change in the 
study area. The spatial digital database being established provides 
benchmark of spatial development conditions at three map points-
years: 1986, 1996 and 2010. If the database is updated in the future, 
comparison of the impacts of development activities on land use is 
possible in places and on people over time. 

Key words: cultural landscape, human activities, land use, 
spatial development

1. Introduction
Land is an important natural asset for human being. It is 
an essential ingredient for all kind of human activities and 
also a fundamental requirement for any form of production 
or development. Land cover is the primary resource where 
concentrates the human activities fi rst (Poudel 2009). Gradually, 
people use and extract the resources from the land and made 
the land use. Land use is dynamic and frequently changes, often 
because of human interventions. Current land use patterns 
are the result of centuries of human activities in specifi c areas 
and are strongly infl uenced by natural conditions. Today’s 
heterogeneous landscapes with their mosaic of arable land, 
patches of natural vegetation, grassland, agro-biodiversity, built-
ups and others refl ect the diverse land use in an area.  Land use 
studies generally concern with the spatial and temporal patterns 
of land conversion at diff erent geographic scales by human 
activities and understanding the causes and consequences of 
these changes. They also deal with explaining the economic 
process, viz. human behavioural component that underlies land 
use change, i.e. causal relationships between individual choices 
and land use change outcomes (Axinn & Ghimire 2011). 

Land use is a fundamental measure of how the environment is 
organized in a setting. Changes in land use are refl ected in the 
relative magnitude of the land area devoted to agricultural and 
non-agricultural activities. Over time, as the population changes, 
as the economy grows, and as the government infrastructure 
spreads, land use is likely to be transformed in many ways, 
for instance, in the conversion of agricultural land to land for 
housing and other non-agricultural enterprises, the reduction of 
public forest and grazing lands, and the intensifi cation of farm 
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land. The present paper attempts to investigate the land use 
change in Koshi Hills due to the government policies and spread 
of infrastructure process.

2. Methods and materials
Koshi Hills (KH) - including four districts, viz. Bhojpur, Dhankuta, 
Sankhuwasabha, and Terhathum of Eastern Development Region 
of Nepal. The four Koshi Hills districts cover 6557 km2 which is 4.4 
per cent of the country’s total area Nepal. Shankhuwasabha is 
mountain district while the other three districts fall under the 
hills. The Koshi Hills area also predominated by Rai and Limbu 
ethnic groups in 2001, which constituted 39 per cent of the total 
of the study area.

Land use is defi ned to refer to the proportion of total land area 
of the study region shared by diff erent types of land use, such 
as arable land,  forest land,  grazing land, scrub (bush) and other 
land for built-up areas, roads, and barren land, which is usually 
computed into percentage. This defi nition is broadly to include 
the social and economic purposes and contexts for and within 
which lands are managed (or left unmanaged). The driving 
forces on land use include those factors that infl uence human 
activity of the Koshi Hills, including local culture, economics, 
environmental conditions, and land policy and development. 
Land use classifi cation has been made, based on the land use 
types of the 1996 toposheet which was also consistent with 
the 1986 land use classifi cation. This classifi cation method also 
provided basis to the 2010 satellite imagery data. Thus the 

Figure 1: Location of studry area
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land use types being considered are arable land, forest, scrub, 
grassland (grazing land), and others. Proximity of the available 
data and considering the practicability for mapping, access 
to location of two facilities – namely, road (infrastructure) and 
health (basic service) – has been performed at three categories 
of buff er distance, such as: (i) below 3 km, (ii) 3-5 km, and (iii) 
above 5 km. The reference of 3 km buff er distance has been 
taken according to the study carried out by Pradhan and 
Pradhan (1994) in the hills of Nepal. Change in the land use 
categories has been computed by the overlay function between 
a pair of two consecutive years, such as: (i) 1986 and 1996 and 
(ii) 1996 and 2010. 

3. Land use and land use change 
The Koshi Hills have two predominant land use categories – 
forest and arable land between 1986 and 2010. In 1986, both 
covered 39.5 and 30.4% respectively of the Koshi Hill area – at 
total area of 656,116 ha. By 1996, forest coverage decreased to 
37.5% while arable land increased slightly to 33.5%. By 2010, 
forest coverage had sharply increased to 46.8% while arable 
land coverage was reduced to 29.9%. The coverage of scrub 
remained to be at around 9% in the years 1986 and 1996 but 
it declined sharply to 1.8% in 2010. Grassland experienced a 
decrease from 9% in 1986 to 5.5% in 2010. Others comprising 
water bodies, snow land, bare land, rock and ice, built-ups, 
and roads shared 11.8% in 1986 and rose to around 16% in the 
following two survey point years. Table 1 depicts the coverage 
status of the major land use categories both in terms of area and 
percentage.

Changes have occurred in arable land and forest coverage. There 
was an increase of 10.2% in arable land between 1986 and 1996, 
while a decrease of 5.2% in forest between the same two years 
(Table 2). Contrary to these changes, arable land decreased by 
10.6% (23,288 ha), while forest saw an increase of 25% (61,236 
ha) in 2010 compared to 1996.

Over the past 24 years, the area of arable land decreased at 1.5% 
while that of forest increased at 18.4%. But a remarkable change 
has occurred in scrubland and grassland over the past years. 
Table 2 depicts that the grassland declined by an area of 38,536 
ha, or by 65% during 1986-96, while the scrubland declined 

by 81.4 % (50,402 ha) during 1996-2010, but the grassland 
increased by 15,498 ha (75%) during the same years (1996-
2010). Thus over the past 24 years (1986-2010), the scrubland 
and the grassland declined by 81 and 39 percent respectively. 

Table 2: Magnitude in change (%) in land use categories 
by year, Koshi Hills

Land use 

categories

 

1986-96 1996-2010 1986-2010
Area 

(ha)
% Area (ha) % Area (ha) %

Arable 20,284 10.2 23,288 -10.6 3,004 -1.5

Forest 13,449 -5.2 61,236 24.9 47,788 18.4

Scrub 1,405 2.3 50,402 -81.4 48,997 -80.9

Grassland 38,536 -65.0 15,498 74.8 23,038 -38.9

Others 30,295 39.1 3,044 2.8 27,251 35.1

Sources: LRMP 1986, Toposheet 1996, and Landsat imagery 2010.

4. Matrix of change in land use categories
Table 3 exhibits the relative proportions of diff erent land use 
categories to contribute to change in the particular land use 
category over time in matrix form. For instance, as indicated of 
an increase of the arable land by 10.2% between 1986 and 1996 
(Table 3-5), this increase appears to be largely by encroaching 
upon the forest land (7.8%) and very small proportions on other 
three land use categories (Table 3). Increased in the scrubland 
during the decade of 1986-96 was assumed mostly due to 
consuming relatively greater proportion of forest land. The Table 
3a also shows that the arable land and scrubland being two 
major land coverages to consume most of the forest land during 
1986-1996.

Table 3: Matrix of relative changes (in %) of land use 
categories, Koshi Hills, (1986 – 1996)

Land use

Categories

Change (%) in LU categories Total

Arable Forest Scrub Grassland Others Area (ha) %

Arable 0.0 -2.7 0.5 -11.2 7.1 20,276 10.2

Forest 7.8 0.0 1.0 -11.9 8.2 -13,439 -5.2

Scrub 1.4 -1.6 0.0 -16.4 21.0 1,403 2.3

Grassland 0.7 -0.3 0.3 0.0 2.8 -38,536 -65.0

Others 0.3 -0.6 0.4 -25.4 0.0 30,295 39.1

The conservation of forests and the expansion of forests by the 
initiation of community forestry, leasehold forestry and private 
forestry programmes, as well as the conversion of some of 
the scrublands into the mature forest trees assumed to be the 
reasons to increase in the forest land during 1996-2010.

Patches of the arable land have been turned into scrubland and 
grassland, which might be due to abandonment of cultivation 
land. The GIS map being built based on fi eld observation shows the 
abandoned arable land sites across the Koshi Hills, most likely due 
to increased out migration of the labour force. This is evidenced by 
the fact that there was absent population at 8.4% on average of the 
total population in the Koshi Hills in 2011 (CBS 2012).

Figure 2: Sharing of area by land use categories
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Thus, during the one and half decades, only forest land has 
increased relatively at larger rate, while the three major land 
use categories – arable land, scrubland and grassland – have 
decreased at diff erent rates (Table 5). It is evident from Table 5 
that, the forest land found to be increased consuming mostly 
the scrubland, grassland and arable land. Studies indicate that 
community forestry, leasehold forestry and private forestry 
programmes have been expanded over the bare lands, 
conversion of scrubland to mature tree canopies, plantation of 
trees such as uttis, chiraito, lokta, salla, bamboo, and growing of 
amreso and large cardamom within the forest lands.

5. Factors of land use change
Signifi cant changes have occurred in overall land use, indicating 
the dynamic in land use. For instance, forest land has increased 
by 18.4% in the past 24 years, though there was a decline in 
population at an average of 38.3% in the Koshi Hills during 1991-
2011 decades due mainly to out-migration (absent population). 
A decrease of 5% population between 2001 and 2011 in the 
Koshi Hills was also due to migration caused by the Maoist 
Insurgency. Further, considerable internal trading appears to 
have occurred between land use categories, especially between 
"forest" and "scrub” or “grassland," demonstrating a fl uidity of 
land use. Scrublands and grasslands are being converted to 
more productive categories of forest land, refl ecting the care 
of communities in managing and conserving their own forest 
resources. The private forest areas and scrublands are also being 
used for growing uttis (soft wood) cum amreso (broom grass) 
and large cardamom.

Use of land for agricultural purposes appears to be slightly 
decreased during the last decades (1996-2010). But during 
the 1986-1996 decade, there was an increase in arable land, 
i.e., land being used for cultivation, which coincided with a 
decrease in the forest coverage. But the commercial production 
or intensifi cation of agriculture system such as the vegetable 
farming has taken place particularly in the areas along the 
roads. Intensifi cation has also been observed due to inter-
culture practice of two or more crops, for instance, maize with 
beans and/or potato, and double cropping of staple crops such 
as rice and wheat, or maize in areas where such farming systems 
are feasible and applicable due to irrigation waters, road and 
market access, and other associated facilities. On GIS maps, the 
growing areas of commercial vegetables are being confi ned in 
areas around the motorable roads and patches of abandoned 
cultivated land are scattered across the Koshi Hills.

Government initiatives through adopting policies and 
programmes appear to be crucial towards impacting on land 
use change. For instance, there were two specifi c activities to 
maintain and conserve the forest coverage (NPC/DFID, 2013). 
First, the Makalu-Barun National Park and its buff er zone set up 
in 1992, which together cover 2,330 km², are being managed 
and benefi ts thereof shared by forest user groups. This is also 
crucially important for conserving the Arun’s upper watershed. 
Second, the Community Forestry Programme, which was 

initiated in the late 1980s under the Koshi Hill Development, the 
Nepal-UK Community Forestry and the Livelihoods and Forestry 
Programme have contributed to increase in forest coverage after 
1996. By 2011, over 115,000 ha of forests were handed over to 
1,449 Community Forests User Group in the KH. The Community 
forestry activities are having a benefi cial eff ect on the balance 
of land use as part of a broader process of agrarian change and 
have a signifi cant improvement in fodder, fuelwood, and fruit 
tree resources. A number of enterprises based on the non-timber 
forest products appear to have existed to produce essential oils, 
handmade paper, fruit squash, briquettes, herbs and chiraito, 
and allo based handicraft production (Kunwar et. al 2009).

Increase in arable land during the 1986-1996 decade could 
be attributed to the building of Dharan-Dhankuta road 
and the introduction of improved agriculture development 
programmes through CEPREAD (Centre for Environmental and 
Agricultural Policy Research, Extension and Development) and 
KOSEVEG (Koshi Seeds and Vegetables) that initiated growing 
of off  season vegetables, seeds, large cardamom, ginger, fruits 
and livestock rearing in the early 1980s (CEAPRED 2001). Modern 
transport service began in the Koshi Hills after building of 66 km 
roads in 1985, which increased to a total of 934 km roads by 
2010. Imports of dung (chicken and goats) loaded in trucks have 
been observed in the KH and in turn export of high value crops 
to the Tarai towns. Recent evidence suggests that reliance on 
subsistence farming is declining as opportunities are increasing 
for off -farm income, but whether this has allowed population 
pressure on land resources to be contained is debatable (Virgo 
& Subba 1994). Studies show that the traditional subsistence 
cereals crops have been replaced not only with commercial 
vegetables, but their cultivated areas have also increased 
substantially (Pant 2002; Sugden 2004). Life expectancy rates, 
within the Koshi hills, have steadily risen and have consistently 
been higher than national averages. In 1998, they ranged from 
61.3 in Terhathum, 61.7 in Sankhuwasabha, 64.3 in Bhojpur and 
64.3 in Dhankuta, compared to 55 (national fi gures). By 2004, 
they had risen to 63.7 in Sankhuwasabha, 64.6 in Bhojpur, 64.9 
in Dhankuta and 67.7 in Terhathum (UNDP, 1998; 2004). 

6. Conclusions
Government initiatives through adopting policies and 
programmes appear to be crucial towards impacting on land 
use change. In the KH there were two specifi c activities to 
maintain and conserve the forest coverage. The Makalu-Barun 
National Park and its buff er zone and the Community Forestry 
Programme were contributed to increase in forest coverage 
after 1996. The Community forestry activities have possibly 
contributed to a signifi cant improvement in availability of 
fodder, fuelwood, and fruit tree resources, as well as they are 
having a benefi cial eff ect on the balance of land use as part of a 
broader process of agrarian change. Shrublands and grasslands 
are being converted to more productive categories of forest 
land, refl ecting the care of communities in managing and 
conserving their own forest resources. An increase in the arable 
land during 1986-1996 could be attributed to the building 
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of Dharan-Dhankuta road in 1985 and the introduction of 
improved agriculture development programmes that initiated 
growing of the off -season vegetables, seeds, large cardamom, 
ginger, fruits and livestock rearing in the early 1980s.
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Abstract 
This paper is based on the fi eld based study of Langtang National 
Park carried out the mapping of Pinus wallichiana A.B by using SPOT 
image. The interpretation was followed the fi eld survey and other 
collateral information like topographic maps, aerial photographs 
and published documents and reports. ERDAS software was used 
for the image processing and GIS was applied for the integrated 
analysis. 

Key Words: Remote Sensing, Geographic Information Systems, 
National Park, Image

1. Introduction
Pinus wallichiana A.B. Jacks is one of the gymnosperm species 
called Blue pine in English, Gobre salla in Nepali and,  Betang in 
Tamang belonging to Pinaceae family. The plant is a evergreen 
coniferous tree about 50 m high. Leaves in bundle of fi ve, needle 
like, about 20 cm long. Female cones pendulous, cylindrical, 
about 30 cm long, yellowish. It is distributed throughout Nepal 
at 1800-2300 m in open mountainous area, Afghanistan and 
Northwestern India. It's wood is used for timber and resin is 
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extracted for commercial purposes (Manandhar, 2002).  Remote 
Sensing (RS) and Geographic Information Systems (GIS) are used 
to acquired data and analysis the species mapping  quickly, less 
expensive and more accurate method of survey compared to 
the conventional method (Archibald, 1987; Lillesand and Kieff er, 
1979).

2. The Study area
Langtang National Park lies in between the longitudes 85o 10.92' 
to 85o 53.7’E and latitude 27o 51.36’ to 28o 23.1'N. It is the nearest 
National Park to the capital city, Kathmandu. The total area  of 
the Park covers 1778 sq. km and the Buff er zone covers 448-sq. 
km.. The Park area encloses the catchments of two major river 
systems, one draining west to the Trishuli and other east to the 
Bhote Koshi. Langtang Lirung (7234m) is the highest peak in the 
southwest part of the National Park. The lowest point in the Park 
area is approximately 1,000 m from the sea level.

Figure 1: Location of studry area
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3. Methodology
 The French Satellite ‘Satellite Pour la Observation de la Terre’ 
(SPOT) data have been used during the research study. It is in 
the form of false color composite (FCC) having a resolution of 
20 m sq. The SPOT uses spectral bands with the capability to 
discriminate plants. Satellite has three spectral bands so each 
pixel of SPOT satellite data consist three-fi le value. The SPOT 
uses four bands; among them the panchromatic band has stereo 
capability.  Having its stereo capability with better resolution 
SPOT Imageries have been selected for this study and collection 
of ground information. The 1:50,000 and 1: 25000 scale topo 
sheets prepared by the Department of Survey,  Government of 
Nepal were used as a base map. During the image processing 
following bands spatially defi ned and spectrally homogenous 
fi eld samples were taken:

3.1 Green band (Band 1)

In the SPOT data of Green Band (Band 1) the minimum data fi le 
value is 23 and maximum data fi le is 72. The data fi le values are 
grouped according to the following spectral ranges 23 to 27 (1); 
28 to 32 (2); 33 to 37 (3); 38 to 42 (4); 43 to 47 (5); 48 to 52 (6); 53 
to 57 (7); 58 to 62 (8); 63 to 67 (9); and 68 to 72 (10). 

3.2 Red band (Band 2)

For the Red Band (Band 2), minimum spectral value is 12 and 
maximum spectral value is 76. Pixels were grouped as spectral 
class according to the following spectral range 12 to 16 (1); 17 to 
21 (2); 22 to 26 (3); 27 to 31 (4); 32 to 36 (5); 37 to 41 (6); 42 to 46 
(7); 47 to 51 (8); 52 to 56 (9); 57 to 61 (10); 62 to 66 (11); 67 to 71 
(12); and 72 to 76 (13). 

3.3 NIR band (Band 3)
For the NIR Band (Band 3), minimum spectral value is 14 and 
maximum spectral value is 93. Pixels were group as following 
spectral ranges, 14 to 18 (1); 19-23 (2); 24 to 28 (3); 29 to 33 (4); 
34 to 38 (5); 39 to 43 (6); 44 to 48 (7); 49 to 53 (8); 54 to 58 (9); 59 
to 63 (10); 64 to 68 (11); 69 to 73 (12); 74 to 78 (13); 79 to 83 (14); 

84 to 88 (15) and 89 to 93 (16). The result of 
Black and white aerial photographs have been used as secondary 
data. The ERDAS Imagine 8.3.1 software was used for the image 
processing  and  classifi cation.

4. Results and discussions
The Band 1 or Green band has classifi ed as Pinus wallichiana forest 
for the spectral range 58 to 62, lies in between Sherpa Gaon and 
Rimche at an altitude 2790 m. The longitude and latitude of this 
area is 85°25.51' and 28°09.56' respectively.  Pinus wallichiana 
is a dominant  species associated with  Alnus nepalensis, Betula 
alnoides, Elaeagnus conferta and Rhododendron  arboreum.   
                                                                                                                                                                                    
The Band 2 or Red band has classifi ed as Pinus wallichiana forest 
in the spectral range 52 to 56 lies in Bhanjyang gaon at an 
altitude 2700 m, longitude and latitude of this area is 85°21.90' 
and 28°11.06' respectively. The dominant species of this area 
are Pinus wallichiana  associated with the species Benthamidia 
capitata, Pyrus pashia, Rhododendron arboreum, Rhododendron 

campanulatum, Tsuga dumosa and Viburnum coriaceum. 

The spectral range of 57 to 62 of Band 2 has identifi ed Pinus 
wallichiana forest in Sherpa gaon at an altitude of 2750 m. The 
longitude and latitude of this area is 85°23.15' and 28°09.81' 
respectively. The more frequent species of this area was found to 
be Rhododendron arboreum, associated with Elaeagnus conferta, 
Betula utilis, Lyonia ovalifolia, and Pyrus pashia. 

The spectral range is 49 to 53 in the  Band 3 or near infrared band 
identifi ed the Pinus wallichiana mixed forestt lies  in the Brayal 
jungle of Dhunche town near the main road. It is west facing slop 
at an altitude of 1950 m with longitude and latitude is 85°17.34' 
and 28°06.6' respectively. Associate species were Benthamidia 
capitata,  Rhododendron arboretum  Berberis aristata, Indigofera 
dosua, Lyonia ovalifolia, Pinus roxburghii, Pinus wallichiana, 
Prunus cerasoides, Pyrus pashia, Symplocos theaefolia, Quercus 
incana, Quercus lanuginosa, Rhus javanica,  Schima wallichii and 
Tsuga dumosa. 
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