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Abstract: Land use and land cover (LULC) in Nepal
has undergone constant change over the past few
decades due to major changes caused by
anthropogenic and natural factors and their impacts

on the national and regional environment and climate.

This comprehensive review of past and present
studies of land use and land cover change (LUCC) in
Nepal concentrates on cropland, grassland, forest,
snow/glacier cover and urban areas. While most small
area studies have gathered data from different sources
and research over a short period, across large areas
most historical studies have been based on aerial
photographs such as the Land Resource Mapping
Project in 1986. The recent trend in studies in Nepal
is to focus on new concepts and techniques to analyze
LULC status on the basis of satellite imagery, with the
help of geographic information system and remote
sensing tools. Studies based on historical documents,
and historical and recent spatial data on LULC, have
clearly shown an increase in cropland areas in Nepal,
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and present results indicating different rates and
magnitudes. A decrease in forest and snow/glacier
coverage is reported in most studies. Little
information is available on grassland and urban areas
from past research. The unprecedented rate of
urbanization in Nepal has led to significant urban
land changes over the past 30 years. Meanwhile, long
term historical LUCC research in Nepal is required for
extensive work on spatially explicit reconstructions on
the basis of historical and primary data collection,
including LULC archives and drivers for future
change.

Keywords: Land use; Land cover; Geographic
information system; Remote sensing; Nepal

Introduction

Land use and land cover (LULC) is an
obviously changing feature of the Earth’s landscape,
due to periodic natural and human modifications.
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There have been drastic changes in LULC over
recent centuries (Houghton 2003). Efforts have
been made to quantify the nature and extent of
anthropogenic changes in land cover on national
and local scales. The primary mode of human-
modified land use has been the conversion and
modification of natural ecosystems for agriculture
(Ramankutty and Foley 1999). The impact of
humans on the environment is not a recent issue.
In ancient times, there were many instances of
harmful human activity affecting the Earth’s
landscape (Marsh 1864), and recent decades have
provided valuable ideas, methods, tools and
techniques to minimize impacts caused by LULC
changes. Some researchers have conducted
excellent work, documenting these historical
changes globally (Ramankutty and Foley 1999;
Pongratz et al. 2008) or nationally (LRMP 1986;
Uddin et al. 2015). The process of land use and
land cover change (LUCC) is very complex and
takes different forms, with differences in
magnitude and rate. Its dynamics vary according to
its scale (Keyser and Kaiser 2010).

Nepal is a mountainous country, covering two-
thirds of the Himalayan region (Rokaya et al. 2012),
where the main economic activities are based on
agriculture. Nepal comprises five physiographic
regions: High Mountain, Middle Mountain, Hill,
the Shiwalik range and Tarai (LRMP 1986). The
Middle Mountain and High Mountain regions are
more sensitive to LUCC, and are more seriously
affected by it, even with small changes, than the
low land area of Tarai (Khanal 2002). This type of
impact is not limited to regions where change takes
place, but also easily spreads with further impact in
the plains and low land areas, due to the high
gradient of Nepal’s mountain slopes (Becker and
Bugmann 2001). In Nepal, the rate of forest land
degradation and increase in cropland has been very
high since the 1970s; this has created many
problems for economic development, human
activities and the overall environment (Collins and
Jenkins 1996). According to the theory of
Himalayan Environmental Degradation, high
population growth rate, economic activities based
on natural resources and poverty have caused mass
forest degradation and have had an adverse effect
on the environment (Ives and Messerli 1989); this
relates directly to LUCC issues in Nepal. There are
a number of studies on the causes, pathways and
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pace of LUCC, as regards cropland, forest,
grassland, snow/glacier cover and urban land in
various areas of Nepal (Bajracharya 1983; Mahat
1985; Mahat et al. 1986; Virgo and Subba 1994;
Shrestha and Brown 1995; Khanal 2002; Sharma
2003; Khanal and Watanabe 2006; Bajracharya
et al. 2014; Uddin et al. 2015). Forms of land use
such as grazing, shifting cultivation, deforestation,
urbanization and land degradation have also been
major players in LUCC in the past. The processes of
LULC in terms of their magnitude, pathways and
drivers are very dynamic and change rapidly over
space and time.

In recent decades, Nepal’s population has
grown rapidly. As more people have required
increasing amounts of food and commodities from
agriculture and natural resources, this period
inevitably has seen cropland expansion at an
unprecedented pace, forest land degradation,
urban land expansion and the decline of grassland
and snow/glacier cover due to climatic effects, all
of which are directly related to LUCC issues. The
main aim of this paper is therefore to explain the
past status and recent trends of LUCC in Nepal and
to indicate the composition and distribution of
major LULC types.

1 Study Area, Sources of Data and
Methods

This paper covers the whole of Nepal, which is
situated at latitudes 26°22'-30°27'N and
longitudes 80°04'-88°12'E. and which shares
borders with China to the north and India to the
east, south and west (Figure 1). Nepal has a total
land area of 147,181 km2 and a population of 26.4
million (CBS 2012). More than 80% of the country
is mountainous (Shrestha and Zinck 2001), with
elevations ranging from 60 meters above mean sea
level (m asl) in the southern plains to 8848 m asl
on Mount Sagarmatha (Qomolangma/Everest) in
the north, which is the highest point on Earth
(LRMP 1986). Administratively, Nepal has 14 zones
and 75 districts with five development regions
(CBS 2012).

The present study uses various datasets and
documents, which are listed in Tables 1 and 2 and
the references section. Available details on LULC
datasets are also presented. The collected datasets
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Figure 1 Physiographic and administrative distribution of study area (Nepal).

Table 1 List of country-scale land use and land cover (LULC) data sources and mapping in Nepal

Research types Spatial coverage Data resources Temporal coverage Sources / References

LUCC Whole of Nepal Aerial photographs 1978/79 and 1985/86  (Nield 1985)

LULC Whole of Nepal Aerial photographs 1978/79 (LRMP 1986)

LULC Whole of Nepal Aerial photographs 1986 (MPFS 1989a, 1989b)

Topographical map  Whole of Nepal Aerial photographs 1989 to 2001 (Chhatkuli 2004)
Aerial photographs, :

Forest land (NFT) Whole of Nepal T r ke e 1990-1994 (Gautam et al. 2004)

Forest land (FSRO) Whole of Nepal Aerial photographs 1953-58 and 1963/64 (;gc()l;e;rya and Dangi

Snow cover Whole of Nepal Satellite imagery 2000-2005 (28012)1";)5 ‘el sl

Glacier cover Whole of Nepal —— photogr'apl'us, U 2001 and 2010 eagind iy sl
map and satellite imagery 2011)

Glacier cover Whole of Nepal Landsat satellite imagery ;%818’ 1990, 2000 and (213)2: )a demym aitall

Land cover Whole of Nepal Landsat satellite imagery 2010 (Uddin et al. 2015)

Land cover Global Landsat satellite imagery 2010 (Chen et al. 2015)

represent the overall status of spatial and non-
spatial LULC datasets in Nepal. These datasets
have been obtained from sources such as web sites
and academic and research institutions. Most of
the scientific research documents have been
obtained from web sites. Some were collected from
the central library of Tribhuvan University, Nepal;
the International Center for Integrated Mountain
Development (ICIMOD), Nepal; and various
governmental offices. The spatial datasets of LULC
for 1978 and 2010 were obtained from ICIMOD

Nepal. The details of all datasets used in this paper
are listed in Tables 1 and 2, which show dataset
types, spatial and temporal coverage and author
names. In all cases, most research is concerned
with forestland and snow/glacier cover change;
little information is available for crop, urban and
grassland areas.

Simple methods and techniques are used in
this paper for processing and analyzing the
available data. This research was conducted using
four steps (Figure 2) for the sake of clear
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Table 2 List of regional, district, watershed and local-level land use and land cover (LULC) data sources and

mapping in Nepal

Research types Spatial coverage Data resources

LUCC Karnali zone Landsat imagery

LucC Doy Pk ety Toposheet, land utilization
and land use map

LULC Dhankuta district Aerial photographs

LULC Roshi watershed Maps, aerial photographs

Lenclmse, o Seti river basin Aerial photographs

management

LULC and S Satellite images and

: Koshi basin .

climate change modeling approaches

Lucc Madi watershed Aerlal photographs, satellite
imagery

LUCC Roshi watershed Satellite imagery

Forest cover 20 Tarai district Satellite imagery

S Sagarmatha national Aeirial photographs and

now cover o e
park satellite imagery

Snow cover Nepal log. 80°E-89° E.  MODIS

LUCC and S ..

bt @ Koshi basin Satellite imagery

Snow cover Dudh Koshi basin MODIS and model

Snow cover Marsyangdi river area Topo map and satellite
imagery

Snow cover Dudh Koshi basin Satethe imagery and
modeling

Urban land Kathmandu valley Satethe imageryand
modeling

Temporal coverage
1950 and 1972

1957, 1978 and 1989

1978 and 1990

1947, 1972, 1978/79
and 1990

1996

2000

1956—1996

1976, 1989 and
2000
1990/91—-2000/01

1978 to 2009
2000 to 2008
1992—2010
2002—-2003

1995—2007

1961—2007

1991—2010 and
prediction to 2050

Sources /References
(Bishop 1990)

(Thapa and Weber 1990)

(Virgo and Subba 1994)
(Shrestha and Brown
1995)

(Thapa 1996)
(Sharma et al. 2000)
(Khanal 2002)

(Gautam et al. 2003)
(Gautam et al. 2004)
(Midriak 2009)
(Maskey et al. 2011)
(Gao 2012)
(Shrestha et al. 2012)
(Kuhle 2014)

(Shea et al. 2014)

(Thapa and Murayama
2012)

presentation. First, all available past LULC datasets
and research documents were collected. Second,
these datasets and materials were categorized into
major LULC classes such as cropland, grassland,
forest, urban land and snow/glacier cover. The first

processed with the help of ArcGIS 10.1 and
Microsoft Excel tools; second part of this stage
consisted of summarizing the LULC historical
documents on the basis of their findings and
results. The final step was to analyze Nepal's

part of step there was that the spatial datasets were overall past LULC composition, distribution,
changing scenarios and
. N problems in various areas, on
Step 1: Data and Document Acquisition the basis of the processed
{Spatial and non-spatial datasets and documents collected from websites and various ial d hi ical
\_ academic institutions) ), spatia atasets, 1storica
v research, documents and
Step 2: Classification of Datasets and Documents statistical records.
L (Classify LULC datascts and documents on the basis of major LULC classcs)
v v v v v 2 Achievements
Cropland Forest land Grass land ‘ Urban land Snow/glacier cover
[ [ | [ | 2.1 LULC mapping
Step 3: Data Processing and Documenting With regard to the overall
| {Process different class datasets with the help of ArcGIS 10.land Microsoft Excel) J historical records of the sectors
; v 5 of LULC mapping in Nepal, the
Step 4: Results Analysis, Discussion and Conclusion first attempt was made in 1964
(Describe LULC composition, distribution and comparative changing analyses) by the forest resource survey

Figure 2 Algorithm of the study.
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forest cover mapping on the basis of 1953—58 and
1963—64 aerial photographs at the national level.
That project mapped forest land using visual
interpretation of aerial photographs with field
verification, with the forest categorized into
commercial and noncommercial forest (Acharya
and Dangi 2009). Aerial photographs (1978/79 and
1985) were the basis of another national-scale
mapping of forest cover change conducted as a
major part of LULC in 1985 (Nield 1985).

The first detailed LULC mapping was carried
out in 1986 by the Land Resource Mapping Project
(LRMP), which created a number of datasets
(geology, land system, land utilization and land
capability) on the basis of 1978/79 aerial
photographs at a scale of 1:50,000 (LRMP 1986). It
mapped all LULC categories with reports on each
aspect. On the basis of LRMP records and forest
data from FRSO, the Ministry of Forests
implemented a master plan for the forestry sector
(MPFS) in 1986, which was mainly designed to
update the LRMP information (MPFS 1989a;
1989b). The Nepal government survey department
prepared and published a topographical map of
Nepal based on aerial photographs taken in 1989
for the eastern part, and in 1996 for the western
part of the country, at two different scales
(1:25,000 in Tarai and the Hill area and 1:50,000
in the Mountain area) (Chhatkuli 2004). This
showed different categories of LULC for the whole
country. The National Forest Inventory (NFI) was
launched in 1990 to measure forestland change and
was completed in 1994 (Gautam et al. 2004). NFI
used Landsat satellite imagery, aerial photographs
and field measurements to discover forest change
scenarios in Nepal. National-level detailed land
cover mapping has recently been completed (Uddin
et al. 2015), and a land cover database of Nepal was
developed in 2010 using Landsat TM 3om
resolution satellite imagery. Major national-level
mapping of LULC is set out in Table 1.

In addition, there have been attempts to map
LULC in Nepal on the scale of regions, districts,
watersheds, river basins and micro-areas. Some of
these have been, published and some are
unpublished reports or thesis work. Most research
in Nepal has used aerial photographs and satellite
imagery for LULC mapping at watershed and river
basin levels. An LULC map was developed in the
Madi watershed in 2002 and assessed LUCC

J. Mt. Sci. (2016) 13(4): 643-660

scenarios of 1956—1996 (Khanal 2002). Another
satellite imagery-based forest cover mapping of
Tarai’s 20 districts was carried out by the
Department of Forest and Soil Conservation in
2005 (MoFSC 2009), covering the periods 1990/91
and 2000/01. Similarly, satellite imagery-based
mapping of the Koshi river basin was carried out in
2000 (Sharma et al. 2000) and 2012 (Gao 2012).
These two studies presented detailed mapping of
LULC in 1992, 2000 and 2010 in the Koshi river
basin.

The majority of snow cover and glacier
mapping in Nepal was carried out by the ICIMOD.
The decadal national-level mapping for different
periods (1980, 1990, 2000 and 2010) was carried
out on the basis of Landsat s MMS, 7TM and
7ETM+ images (Bajracharya et al. 2014). More
snow cover mapping was carried out in 2009,
which presented the national-level status of snow
cover from 2000 to 2005 (Shrestha and Joshi
2009). These mapping exercises indicated that
remote-sensing (RS) data and geographic
information system (GIS) tools are more reliable
for snow cover mapping. Further snow cover and
glacier change research has been carried out using
various methods, datasets and techniques in Nepal
in a major part of the Himalayan regions
(Armstrong 2010; Bajracharya and Shrestha 2011;
Bolch et al. 2012), as well as at the national level
(Shrestha and Joshi 2009; Bajracharya et al. 2011;
Bajracharya et al. 2014) or at a smaller scale
(Maskey et al. 2011; Shrestha et al. 2012; Kuhle
2014; Shea et al. 2014). The overall small-scale
mapping of various classes of LULC in Nepal is
summarized in the Table 2, with LULC categories,
spatial and temporal coverage, sources of data and
references.

2.2 LULC composition and distribution

2.2.1 Overall composition and distribution

The current LULC composition presented in
the national-level study of Nepal estimates the
distribution of land in Nepal as 39.1% forest,
29.83% cropland, 7.90% grassland, 8.20%
snow/glacier cover, 3.40% shrub land and 10.65%
barren land (sand, gravel and rock). Lakes and
rivers cover 0.60% of land, and built-up areas
comprise 0.32% (Figure 3) (Uddin et al. 2015).
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The detailed distribution

patterns of Nepal’'s LULC vary
according to  physiographic
region. Cropland is shown to
cover an area of only 0.50% in
the High Mountains region, as
compared with 12.04% in the
Middle Mountains, and 45.05%,
10.74% and 32.12% in the Hill,
Siwalik and Tarai regions
respectively. The distribution of

Legend

Cropland

Barren area

- Forest
- Builtup area

Grassland

River/Lake

l:l Snow/glacier

Shrubland

natural vegetation including
forest, grassland and shrub also
varies according to the physiographic region, with
13.03%, 32.55%, 30.50%, 18.15% and 5.77% for
these same five regions, respectively.

Nepal’s territory is a major part of the
Himalayan region, which is mostly mountainous
and has a large area of snow/glacier. Of the total
snow/glacier cover, the High Mountain region
accounts for over 95% area. The barren land
distribution of the country is generally similar to
snow/glacier cover. The majority of barren land is
distributed (83.59%) in the High Mountain region,
with the Tarai region in second position (8.46%).
Patterns of the distribution of artificial surfaces
and built-up areas differ from those of the other
land categories, being mostly concentrated in the
Hill and Tarai regions, where they account for
42.69% and 40.33%, respectively, of the total built-
up area (Uddin et al. 2015).

On the basis of the national-level LULC
dataset, we conclude that the major types of LULC
in Nepal are forest land, cropland, grassland,
snow/glacier cover and urban areas. Forest land
(including other natural vegetation) is mainly
concentrated in the Tarai and Hill regions of Nepal,
while the majority of cropland is in the southern
(Tarai) and middle part (Hill region) of the
country. The current scenario is different for
snow/glacier cover, which is mostly located in the
northern part (High Mountain region) of Nepal.

2.2.2 Land use and land cover change

Various studies, using different methods and
techniques, have presented changing scenarios of
LULC in Nepal. Over the past 30 years, the results
of detailed research show that forest land
decreased during the middle ten years (spanning
the 1980s and 1990s) (Gautam et al. 2004) but that
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Figure 3 Land use and land cover (LULC) in Nepal 2010 (Uddin et al. 2015).

it recovered (+1.01%) between 1978/79 and 2010
(LRMP 1986; Uddin et al. 2015). Cropland slightly
increased (+2.64%) overall, while grassland
declined over the same period. However, on the
contrary, snow/glacier cover showed a 4.61%
increase between these periods. Forest land, in
particular, increased in the middle of the country
(Hill region and Siwalik), while in some parts of the
Tarai region it slightly decreased. Grassland
declined (-3.64%) in the Hill, Middle Mountain
and High Mountain areas (LRMP 1986; Uddin et al.
2015).

Over the past 30 years, the conversion statuses
of different LULC classes had different magnitude
and rates. In this period, there has been significant
conversion between forest land to cropland and
from cropland to urban land. The details of LULC
conversion statistics between 1978/79 and 2010
are shown in Table 3. The conversion rate between
snow/glacier cover and grassland has also been
very high. However, statistics show no conversion
between cropland and snow/glacier cover, or
between urban land and snow/glacier cover.

Historical LULC research in Nepal is limited to
descriptions in the form of books and reports. No
spatial datasets were created before the 1960s.
Since the 1960s, there has been satisfactory
progress in land resource research in Nepal.
Historical documents mention the patterns and
processes of LUCC for different periods (Regmi
1976; 1978; Mahat 1985; Nield 1985; Kirkpatrick
1996). Some aspects of LUCC patterns in the 18th
century were briefly described by the foreign visitor
Colonel Kirkpatrick, in 1793, during his research
visit along the north—south transect from Tarai to
Kathmandu and Nuwakot in the Middle Hills in
Nepal (Kirkpatrick 1996). He observed that the
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Table 3 Land use and land cover (LULC) conversion statistics between 1978/79 (LRMP 1986) and 2010 (Uddin et al.
2015). The shade area indicates no change within respective class.

Land cover Cropland Forest Grass Urban
(kmz2) P land  land land
Cropland 27966 8991 762 354
Forest land 9819 41597 1732 21
Grassland 3098 2995 4729 10
Urban land 40 2 3 72
Shrub land 1839 3231 516 2
E(I)l‘(l)g/ glacier 5 110 o
Other 1148 719 3782 10
Total (2010) 43910 57537 11634 469
% (2010) 29.83 39.09 7.91 0.32

mountain slopes, although steep, were cultivated
from their summit to their base. This is the first
research document on the LULC status of Nepal.
Many years later, a historical-document-based
review was carried out by Regmi for a different
period (Regmi 1976; 1978); he presented the
fluidity of forest, shrub and cropland, and the
productivity of crops between 1768 and 1970. This
review shows how political instability and frequent
changes in government policies regarding land
ownership rights, labor utilization and taxation
caused the fluidity in land use and the production
of crops in the country. A review of national-level
and district-level historical documents shows that
forest land degradation started in Nepal in the late
18th century. Government policies focused on
gaining revenue from natural resources and
agriculture; dry land was used for crops, which
caused a high rate of forest degradation and an
expansion of cropland during the 18t century in
the Middle Hills region (Mahat 1985). In 1985
Nield estimated the changes in broad land cover
types by physiographic region in the country
between 1978/79 and 1985. The High Mountain
and the Middle Mountain experienced increases in
forest area of 0.07% and 0.13% per year,
respectively (Nield 1985).

The changing status of the forest area has been
reported in several studies carried out for different
periods and using different methods (LRMP 1986;
Gautam et al. 2004; Acharya and Dangi 2009;
Uddin et al. 2015). The data on the area covered by
forest provided by various studies between 1964
and 2010 show a net decline until the end of the
20th century. After 2000, the level recovered
slightly (Khanal 2002) and it is currently 39.1%
(Uddin et al. 2015). Most national and small-scale

Shrub Snow/glacier Other Total %
land  cover (1978/79)  (1978/79)
671 0 1275 40019 27.19
2061 11 703 55944 38.01
944 747 4462 16985 11.54
0 0 5 122 0.08
373 25 902 6888 4.68
6 4441 725 5284 3.59
953 6838 8489 21939 14.91
5008 12062 16561 147181 100
3.4 8.2 11.25 100

studies of snow/glacier change have reported that
snow cover in recent decades is rapidly changing
(Fujita et al. 1997; Bajracharya et al. 2011;
Bajracharya et al. 2014). It is also reported that
former areas of snow cover have become bare
ground.

Some studies have focused on the LUCC of
small areas for different periods and places in
Nepal (Bishop 1990; Thapa and Weber 1990;
Katwal and Sah 1992; Fox 1993; Shrestha and
Brown 1995; Thapa 1996; Sharma et al. 2000;
Khanal 2002; Gautam et al. 2003; Khanal and
Watanabe 2006). The forest area in the Karnali
zone in Nepal declined by 50% between 1950 and
1972, while cropland increased by 54.9% (Bishop
1990). Between 1976 and 2000 the typical
mountain watershed in Kavrepalanchok district
(Roshi watershed), a total area of 15335.2 ha,
showed an increase in forest cover areas (5339.3,
5786.1 and 6133.3 ha, respectively), and a decrease
in grassland and upland crop areas (471.6, 236.5,
197.1 and 6627.4, 6578, 6139.4 ha, respective) from
1976, 1989 and 2000 (Gautam et al. 2003).
Similarly, between 1947 and 1981 there was a 24%
decrease in forest cover, a 10% increase in cropland
and a 14% increase in shrub land; and between
1972 and 1990 there was increase (5496 to 6073 ha)
in cropland and significant decrease in grassland
(1184 to 466 ha) in Jhikhu watersheds of the
mountainous regions in Nepal (Shrestha and
Brown 1995). However, no significant changes in
major land use categories, such as crop and non-
cropland areas, were observed over a 12-year
period (1978—-1990) in the Middle Mountain zone
in the Dhankuta district (Virgo and Subba 1994).
Improvements in forest cover between 1980/81
and 1990 were reported from Bhokteni village in
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the Gorkha district (Fox 1993). Some studies have
covered the changing relationship of climate and
LULC (Sharma et al. 2000), human activities on
LUCC (Thapa 1996) and overall LULC status
(Thapa and Weber 1990) in small mountainous
regions of Nepal.

2.2.3 Composition, distribution and change
of major LULC classes

Cropland change

A number of studies have been carried out on
cropland change in Nepal. Several global-level
studies cover Nepal’s cropland changes from
historic times to recent decades (Ramankutty and
Foley 1999; Goldewijk 2001; Goldewijk and
Ramankutty 2004; Pongratz et al. 2008; Goldewijk
et al. 2011; Goldewijk and Verburg 2013). Country-
level details of spatial LULC research are limited
(LRMP 1986; Uddin et al. 2015), and cover
cropland change scenarios for only the past 32
years. In this study, cropland is regarded as
agricultural land that is actively being farmed.

Analyzing former cropland change in Nepal,
Nield (1985) gave the annual rate of increase in
cropland as 0.37% in the High Mountains, 0.01% in
the Middle Mountains, 0.56% in Siwalik and 0.85%
in Tarai, while it decreased by 0.02% in the High
Mountain region between 1978/79 and 198s.
Country-level research and datasets show that the
cropland area in Nepal was 27.19% (40,019 km?2) in
1978/79 (Figure 4a) (LRMP 1986). A recent
satellite-based study (Uddin et al. 2015) reported
the condition of cropland in 2010 as being slightly
increased at 29.83% (43,910 km2) (Figure 4b) of
the total area of Nepal; this was 2.64% greater than
scenarios over the past 32 years. If this is compared
to the result of LRMP (1986) and Uddin et al.
(2015), it is clear that there have been more
changes in the middle part of the country, which is
a mostly hilly region, from a physiographical point
of view. This means that changes in cultivation
patterns and practices are not concentrated in only
the plain area, but also occur at high elevations too.

Spatial studies over past the 30 years in Nepal
illustrate that, there have been slightly increased
cropland; however, the statistical datasets of the
Food and Agriculture Organization (FAO) show the
rate of cropland change rapidly increasing from
1961 to 2001, then slightly decreasing until 2010/11
(FAO 2014). The value for cropland in Nepal was
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4126.6 (‘000 ha) as of 2011 (FAO 2014). As the
graph of FAO data (Figure 5) shows, over the past
50 years the indicator reached a maximum value of
4261(‘'000 ha) in 2001 and a minimum value of
3553 (‘000 ha) in 1961. This means that, between
these dates, cropland increased by around 13%, the
rate of which was significantly higher than the
spatial study of LRMP (1986) and Uddin et al.
(2015) between 1978/79 and 2010. It shows that,
there have vast methodological differences in the
spatial and non-spatial calculation of cropland
studies in Nepal. Similarly, the comparison of the
global spatial datasets of HYDE 3.1 (Goldewijk et al.
2011) and the national-level statistical datasets of
the Food and Agriculture Organization (FAO 2014)
shows that (Figure 5) almost double the area is
shown in the statistically based national-level data.
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Figure 4 Cropland area in Nepal (a) 1978/79 (LRMP
1986) and (b) 2010 (Uddin et al. 2015).
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This represents a vast difference between global-
level spatial datasets and national level-statistical
datasets, so future studies should reconstruct
historical cropland change in Nepal on the basis of
available national-level statistical and spatial
datasets, because global-level datasets do not
reflect well the national-level LULC conditions and
status.

Grassland change

Grassland ecosystems, which are areas where
the vegetation is dominated by grasses, are
important resources for humans and a major
component of the terrestrial ecosystem (Zhang
et al. 2014). Historically, many generations have
regarded grassland as a major resource for
livestock rearing in Nepal (Sharma 2006), and they
have developed a number of sedentary and
migratory grazing systems. Grassland in Nepal is
categorized according to zones on the basis of
climate: tropical, sub tropical, temperate, sub-
alpine or alpine. Because of the harsh climatic
conditions, poor management and overgrazing,
grass land areas have changed significantly and
have degraded to an alarming extent. This type of
land is less productive than well-managed
grassland, but it is an essential part of livestock
farming systems in Nepal. The condition and status
of grassland in Nepal at the national-level was
reported as 11.4% in 1978/79 (LRMP 1986) (Figure
6a), and such land occurred in subtropical regions,
medium hills, high mountainous valleys, the inner
Himalayan range and alpine regions. Grasslands
are mostly concentrated in the mountainous region
in Nepal, and only 4% is found at low elevations.

Due to the high pressure of grazing
requirements, grasslands have undergone

continuous change (LRMP 1986; Uddin et al. 2015).

Grassland decreased in recent decades and was
only 7.90% of the whole area of Nepal in 2010
(Uddin et al. 2015) (Figure 6b). Due to an increase
in human and livestock populations, and constant
overgrazing, as well as the cutting down of woody
vegetation, grasslands in Nepal have seriously
deteriorated. Research also shows that in the
Himalayan regions, nomadic farming practices
have been abandoned and people's occupations
have now changed due to partly the declining
amount of grassland, and partly government
grassland conservation policies (Hua et al. 2013).
Forest land change
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In Nepal forest land is an essential part of the
farming system (Acharya and Dangi 2009), and is
understood as being the area covered by trees or
other woody vegetation. Most farmers use forests,
and in their daily lives, they have access to forest
products such as fuel wood, leafy biomass and
timber. This has had a direct bearing on forest land
change (Mahat 1987; Gilmour and Fisher 1991;
Malla 2000). It is estimated that in the high-
altitude mountainous zones of Nepal, 1 ha of
cropland requires around 50 ha of forest and
grassland (Whiteman 1985); this means that
expansion of cropland is directly related to forest
and grassland degradation in mountainous regions.

Many studies of forest land have been carried
out in Nepal since the 1960s (FRA 2010) (Table 4).
The FRSO survey estimated that forest comprised
43.5% of the total land area in Nepal in 1964
(Acharya and Dangi 2009), where as LRMP
reported 38.1% for 1978/79 (Figure 7a) (LRMP
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Figure 6 Grass land in Nepal (a) 1978/79 (LRMP
1986) and (b) 2010 (Uddin et al. 2015).

Table 4 Extent of past forest land cover in Nepal

Existing forest land
Slindy Ve Area (‘(%00 ha) %
FSRO 1964 6402 43.5
LRMP 1978/79 5616 38.1
MPFS 1986 5424 37.4
NFI 1994 4268 29
Uddin et al. 2015 2010 5754 39.1
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1986). In this period (1964—1978/79), forestland
change (shrinkage) was 5.4%. The study of MPFS
shows that the percentage of forestland in 1986 was
37.4%, which fell to 29% in 1990/91 according to
the NFI report (Gautam et al. 2004). Over these 30
years (1964—1994) forest land declined by almost
14.5 percentage points (43.5% to 29%). However, a
recent satellite-based national study (Uddin et al.
2015) reported that forest land in Nepal, which was
39.1% in 2010, had almost recovered to the level
existing 46 years previously (Figure 7b).

Forest in the Tarai area decreased at an annual
rate of 1.3% from 1978/79 to 1990/91, and from
1978/79 to 1994 the decrease was 2.3% in the hills
(Gautam et al. 2004). Similarly, nationally, forest
area decreased by 1.7% annually between 1978/79
and 1994. In contrast to the FAO datasets (FAO
2014), national-level research indicated a rapid
decrease in forest land between 1964 and 1994,
followed by a slight increase until 2010. This does
not match FAO datasets, in which forest land is
shown to decrease until 2010 (Figure 8). There is a
vast gap between the two datasets, so further
research is needed before considering a set of
standard rules for studies of forest land change in
Nepal.

Urban land change

Urban land change correlates with the process
of urbanization, an important part of which is
growth of the proportion of the population living in
urban areas (Li and Lian 2012). Concepts of urban
land change and expansion have been historically
related to the economic development,
specialization and industrialization that
accompany them (Sharma 2003). While this
relationship remains contested, there is a general
consensus among researchers that a basic feature
of an urban area is the structural shift in
employment from agriculture to non-agricultural
activities (Geyer and Kontuly 1993). Similarly,
urban land expresses a territorial response to
structural changes in the economy (Wu 2002). The
division of labor, modern technology-based goods
and production, good services and a wide variety of
goods, intense interaction of spatial and economic
activities, and high population density are all
fundamental aspects of urban areas. Accordingly,
urban land change, or urbanization, is often taken
as a proxy for the level of development (Sharma
1989; 2003).
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Nepal is known as one of the least urbanized
countries in South Asia, and in the world (Sharma
2003). The low level of urbanization is a major
concern for its economic development (Poudel
2013). Various factors such as the diversification of
agriculture, issues of ethnicity and gender, and
employment opportunities are involved in the
urban land change process (Bastola 1995). The
form and nature of urban development in Nepal
are open to debate, as urbanization has an agenda
of partial internal development, which some would
challenge (Sharma 2003). Current research defines
urban land as the area of built-up territory in Nepal,
according to the similar criteria of LRMP (1986)
and Uddin et al. (2015). Between 1978/79 and 2010,
there has been a rapid increase in the urban area of
Nepal (LRMP 1986; Uddin et al. 2015). This was



clarified by the satellite-based study of urban
growth in Kathmandu valley between 1991 and
2010 and model-based prediction up to 2050
(Thapa and Murayama 2012). In 1978/79, there
was a much smaller area of urban land, covering
only 122 km2 (LRMP 1986) (Figure 9a). The rate of
urban land expansion over the past 30 years has
increased fourfold, with urban land covering a total
469 km?2 in 2010 (Uddin et al. 2015), which was
0.32% of the country (Figure gb). Urban land
expansion is occurring in the Tarai region at a
rapid rate, as well as in some major cities in the
Hill region (Kathmandu, Pokhara, etc), where there
is transportation together with market and service
centers.

Snow/glacier cover change

Snow cover and glacier change is one of the
major types of LUCC in Nepal and the hottest topic
due to climate change in the Himalayan region;
‘snow/glacier area’ means land covered by snow
and glacier. In recent decades, snow/glacier cover
has rapidly changed in the mountainous regions.
An Intergovernmental Panel on Climate Change
(IPCC) report shows that the global annual mean
temperature increased by 0.74°C over the past 100
years (IPCC 2001), where as in Nepal the
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temperature increased by between 0.15°C and
0.6°C every ten years in 1971—1994 (Shrestha et al.
1999), which was approximately two to eight times
higher than the IPCC prediction (Bajracharya et al.
2014). On the basis of these analyses, snow/glacier
cover changes in Nepal’s mountainous regions are
proceeding rapidly. This has been verified by the
Himalayan region annual glacier retreat rate,
reported as 0.3—1m, the highest rate in the world
(Dyurgerov and Meier 2005). Many studies
(regional, national and small-scale) have been
carried out on Nepal’s snow/glacier cover changes
(Fujita et al. 1997; Kadota et al. 1997; Nie et al.
2010; Bajracharya et al. 2011; Lamsal et al. 2011;
Maskey et al. 2011; Bolch et al. 2012; Bajracharya
et al. 2014), which all examine the changing
situation of snow/glacier cover in the country.

In 1978, the status of snow/glacier cover was
5284.12 km2 (LRMP 1986) (Figure 10a); it was
5168.3 km2 in 1980, 4506.3 km2 in 1990, 4210.9
km2 in 2000 and 3902.4 km2 in 2010 (Bajracharya
et al. 2014). Overall snow cover between 1980 and
2010 has been decreased by 24%. Another study of
snow/glacier cover showed that the area covered
5323.9 km2 in 2001 and 4212.03 km?2 in 2010
(Bajracharya et al. 2011). For the period 2000—
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Figure 9 Urban land change in Nepal (a) 1978/79 (LRMP 1986) and (b) 2010 (Uddin et al. 2015).
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Figure 10 Status of snow and glacier cover in 1978/79 (a) (LRMP 1986) and 2010 (b) (Uddin et al. 2015).
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Table 5 Landsat TM/ETM+ based major Land use and land cover (LULC) statistics (National and Global) of Nepal

in 2010

National (Uddin et al. 2015)
LULC types Area (ki) %
Forestland 57,538 39.1
Cropland 43,910 20.83
Grassland 11,634 7.90
Snow/glacier cover 12,062 8.20
Other 22,037 14.97
Total 147,181 100

2005, a national-level study reported that areas of
41019 km2, 3739 km2 and 13,546 km2 were
covered by snow in 2000, (these being the
maximum, minimum and mean areas) and areas of
53,012 km2, 3219 km2 and 17,938 km2 were
covered in 2005 (Shrestha and Joshi 2009).
Different studies present different figures for
snow/glacier cover for the same year (2010): a 2011
study (Bajracharya et al. 2011) gave a figure of
4212.03 km?2; in 2014 a study (Bajracharya et al.
2014) gave a figure of 3902.4 km2; and a 2015
study (Uddin et al. 2015) reported that
snow/glaciers covered 12,062 km2 (8.20% of the
country) (Figure 10b). This indicates that research
results vary according to the methods, modeling
and seasonal-based satellite images used.

Glaciers and snow cover in the central
Himalaya region are summer accumulations (Bolch
et al. 2012), which means that LUCCs in
mountainous regions in Nepal vary according to
the seasons. The MODIS base snow cover seasonal
mapping shows the trend of snow cover rate
decreasing in January and increasing in March
between 2000 and 2008 (Maskey et al. 2011),
although significant errors in estimating seasonal
snow cover occurred because of cloud during the
period of analysis (Shrestha and Joshi 2009). The
historical age of ice glaciations in Nepal’s various
mountains has been well documented (Kuhle
2006a; b), while another study of snow cover
covering 30 years (1978—2009) in the Sagarmatha
(Everest) National park area identified an
increasing trend, where snow cover was 34.2% in
1978 and 39.8% in 2009 (Midriak 2009). However,
model-based research shows that the Dudh Koshi
basin of the Everest region in Nepal had rapidly
reduced glaciations from 1996 to 2007, and
according to these results the glacier volume will
have reduced by 73%—96% by 2100 (Shea et al.
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Global (Chen et al. 2015) (National to Global)
Area (km2) % Differences (km2)
67,165.16 45.63 + 9627.16

45,098 30.64 + 1188

26,510.41 18.01 +14,876.41

5362.35 3.64 -6699.65

3045.08 2.08 -18,991.92

147,181 100

2014). Results of research into overall snow/glacier
cover change show that the snow cover area in
Nepal is rapidly decreasing; this is a fact directly
related to rising temperature and climate change.

3 Comparison between National and
Global Datasets

There are several global-(Goldewijk 2001;
Goldewijk and Ramankutty 2004; Goldewijk et al.
2011; Gong et al. 2013; Chen et al. 2015) and
national-level (LRMP 1986; Uddin et al. 2015)
studies on LULC by various researchers from
different institutions for different periods.
However, in this paper, comparisons were carried
out between the studies of Uddin et al. (2015) and
Chen et al. (2015), which represent national-level
and global-level studies, respectively. These two
studies (National and Global), with their major
LULC classes, were chosen because they both used
the same data sources and period. The study of
Uddin et al. (2015) used a Landsat TM dataset of
baseline year 2010; similarly, Chen et al. (2015)
also used Landsat TM/ETM+ satellite imagery of
the same baseline year for a global land cover study.
Table 5 shows the vast differences between the two
datasets, which means that the global-level
framework of Landsat TM/ETM+ based land cover
research needs to be harmonized with national-
scale inputs for more reliable global land cover
datasets. Comparison of global-scale study with the
national-level study they produced quite similar
values for area of cropland cover, while the results
for the other major land cover categories are far
from those from the national-level study of Nepal.

The comparison of forest cover between these
two datasets for 2010 revealed a significant
difference 57,538 km2 (39.1% of the country) for



the national dataset (Figure 11a) and 45098 km?2
(45.63% of the country) for the global dataset
(Figure 11b). Similarly, the national-level research
reported cropland in Nepal as being 29.83%
(43910km2) (Figure 11c), while the global-level
study gave a value of 30.64% (45098km2) of the
country (Figure 11d). The comparison of grassland
and snow/glacier cover for the national study
(Uddin et al. 2015) and the global study (Chen et al.
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2015) showed that the results from the national-
level study were more accurate. There were
significant differences in the grassland figures, at
11634km2 (7.90%) and 26510.41km?2 (18.01%) for
the national and global studies, respectively (Figure
11e and 11f), which was 14876.41km2 more
grassland for the global study than for the national
study. The comparison of snow/glacier cover is
quite different from other land categories. For this
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Figure 11 National (Uddin et al. 2015) and global (Chen et al. 2015) datasets based major Land use and land

cover (LULC) status of 2010 in Nepal.
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category, the national-scale research result was
8.20% (12,062 km2) of the country (Figure 11g),
which differs significantly several other national-
level studies (Bajracharya et al. 2011; Bajracharya
et al. 2014). In this context, the result from global
study is more similar than that from the national
study, and gave a value of 3.64% (5362.35 km2)
snow/glacier cover in Nepal for 2010 (Figure 11h),
6699.65 km2 less than that national-level study.

The vast differences between national and
global studies may have risen due to the
methodologies adopted for classification of
different LULC, verified validation of ground truth,
and data validation and accuracy assessment for
the work. The comparison illustrates (Table 5) a
significant  difference in  grassland and
snow/glacier cover classification and scope for the
improvement of global LULC products, especially
in relation to the misclassification of grassland,
shadow areas, cropland, shrub land and forest
cover (Fuller et al. 2003). To do this, the national-
level study developed specific signatures and used
local level field data to improve such
misclassifications (Uddin et al. 2015). Similarly, for
accurate mapping of shrub land, they adapted
multi-season TM satellite data and developed an
online crowd-source-based validation tool to
obtain public forum feedback for better accuracy.
These types of tools helped to improve the non-
availability of high-resolution and multi-season
Landsat TM data and lack of ground-based truth
due to remoteness (Uddin et al. 2015). They used
435 Google Earth derived reference points and 130
GPS-tagged field validation points for accuracy
assessment. However, the global-level study has
developed pixel-based and object-based methods
with knowledge (POK-based), together with web-
based reference data integration, knowledge-based
interactive verification and hybrid pixel and object-
based classification. They claim that an overall
classification accuracy of global land cover
monitoring achieved over 80%. The global LULC
made a great contribution; but when comparing
this with national LULC datasets, there were large
differences, and the global LULC was far removed
from the real situation of local LULC. Therefore, we
recommend the adoption of national LULC
datasets for national-level and local-level studies
such as climatic modeling or carbon cycles.
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4 Problems and Discussion

4.1 Problems

Previous researchers have paid little attention
to long-term historical LUCC studies in Nepal. The
lack of previous research and historical data makes
it very difficult to study historical LUCC in Nepal.
Similarly, other related proxies, and data on
population, climate and land tax, have been
available for only a short period; such datasets are
an essential part of studying historical LUCC. Before
the 1960s, the LULC research sector in Nepal had
the problem of a lack of spatial historical datasets. In
recent years, some data have been available for
forest and cropland but not on a systematic basis.
There have been different internal administrative
boundaries in Nepal for different periods, which
means that it can be difficult to reconcile internal
boundaries and different types of data. The available
datasets are in different formats: some are spatial
and digital, and some are statistical and in hard copy
format. Researchers therefore need to spend a lot of
time converting statistical data into spatial and
digital formats and on reconstruction. In 1986,
Nepal’s first detailed spatial LULC datasets of LRMP
were created by the Government of Nepal fusing
aerial photographs from 1978/79, while recently one
national land cover dataset for 2010 was prepared
by Uddin et al. (2015) using Landsat 5TM 30m
resolution satellite images. These two datasets used
different sources, resolutions and techniques, which
means that they are not a very good interpretation of
the chosen the LUCC area. Another important
problem is scale mismatch between various datasets.
Such problems need to be addressed by future
researchers wishing to conduct long-term historical
LUCC studies of Nepal.

4.2 Discussion

The available historical data and research for
cropland, forest, grassland, urban land and
snow/glacier cover show past LULC conditions,
which were directly related to the human
population and to ecological systems, while
national-level long-term datasets and studies of
LULC are relatively scarce except for those on a
global scale. LULC spatial coverage in the historical
archives is almost non-existent before the 1960s.



Detailed spatial datasets at the national level are
available for certain periods (LRMP 1986; Uddin
et al. 2015) as a sector of LULC in Nepal. It is
interesting to point out that the definition of LULC
classification varies between studies and dataset
extensions, especially when it is not possible to
combine information satisfactorily. The results of
various studies therefore highlight the fact that
uncertainties and gaps in temporal and spatial
changes are the greatest challenges for estimation
of accurate historical LUCC.

Global-level historical and recent datasets and
studies (Ramankutty and Foley 1999; Goldewijk
et al. 2011; Gong et al. 2013; Chen et al. 2015) have
steadily developed available information on LUCC
in Nepal, but their results and findings show vast
differences between national-level total spatial and
statistical distribution of LULC areas in Nepal.
National and small-scale studies are based on
historical documents, and they provide only
improved explanations and information for
historical LULC conditions; none of them provide
spatial patterns and datasets. Since the 1960s,
there have been spatial datasets for various sectors
of LULC in Nepal, but resolution is generally low
and collecting and translating that information into
LULC types is not a simple task. It is essential that
various techniques and more resources should be
devoted to achieving better reconstruction of
Nepal’s historical LUCC.

Each land category has its individual driving
factors (Goldewijk 2001). However, the review of
historical documents shows that there is a
correlation with regard to land use patterns and
distribution of total areas. Research indicates that
some periods have been characterized by anti-
correlation between cropland and forest areal
extent, shown for different time periods by a rapid
increase in cropland area and an unprecedented
rate of decreased forest area. Land use policies are
also helping to change the direction and future
trends of LUCC. The dynamics of Earth systems are
always interesting: not only do they involve the
complexity of the biophysical and socioeconomic
drivers of LUCC but also the human and climatic
conditions of such changes are very significant.
Figures 4 to 6 illustrate crop and grassland trends
in Nepal from historical to present day, while
Figure 9 shows trends of urban expansion, Figure
10 shows the status of snow/glacier cover, and
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Figures 7 and 8 show forest scenarios up to 2010,
indicating their close interrelationship. Similarly,
Figure 11 gives us an idea of how significant the
differences are between global and national LULC
studies. An accurate estimation of historical
research and data is crucial for the status of
historical LUCC, since most inverse models rely
heavily on the mechanisms of human environment
interactions, which still require intensive research.

5 Conclusions

The study of historical LUCC in Nepal is
relevant to research into cropland evolution, forest
and grassland degradation, snow/glacier cover
change and urban land expansion, which have been
given more attention in recent decades. The present
study aimed to review available LULC research,
datasets and documents relevant to the past status
in Nepal, especially the changing scenarios of
cropland, grassland, forest, urban land and
snow/glacier cover areas. The statistical datasets
indicate that the area of cropland in Nepal years
increased by 13% over the past 50 years, while
spatial datasets for 1978 to 2010 show that the area
grew to 2.64% of the country. The changing trend
for forest land is quite different from that far
cropland. The change in status of forest land in
Nepal has been dramatic over the past 46 years. It
covered 43.5% of the country’s area in the 1960s, but
rapidly reduced to 29% in the 1990s, and recently
recovered to 39.1% in the 2010s. Grassland has
decreased overall, while urban land has increased
rapidly over the past 32 years (from 122 km? to 469
kmz). The status of change in snow/glacier area
reported by most research is a high rate of shrinkage
from past times to recent decades, and it is predicted
that this will continue at a rapid rate in the future.
However, having reviewed numerous studies, we
can conclude that the estimation of historical LUCC
is always open to challenge because of the high
levels of uncertainty and knowledge gaps regarding
temporal and spatial changes. Most of the
information accessed, and most archives, relate to
forest and snow/glacier cover change. Further LUCC
research is required to develop better ways of
combining various historical and current methods
and data sources, especially to integrate available
global data into national studies and to correlate
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environmental conditions and human activity.
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