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Abstract: The study of land-use and land-cover change (LULCC) and their impact on ecosystem
services (ESs) is vital for Nepal, where the majority of people are dependent on agriculture and
services related to the ecosystem. In this context, this paper aims to appraise the empirical studies on
land-use and land-cover changes and their impact on ecosystem services in Nepal Himalaya. The
study acquired studies from Web of Science and Google Scholar for systematic review. Altogether,
90 scientific studies, including 64 on land use and land cover and 26 on ecosystem services, published
between 1986 and 2020 focusing Nepal, were assessed. The results show that there were continual
changes in land-cover and land-use types in Nepal, as well as in the pace of development due to
natural, anthropogenic, and policy factors. According to the national land-cover scenario, forests
tended to increase, whereas agricultural land gradually decreased in recent years, with some of the
available agricultural land even being abandoned. The scenario of the agricultural land in the Karnali
river basin was different from those of the land in the Koshi and Gandaki basins. In the mid-twentieth
century, the expansion of agricultural land and massive deforestation were observed, mainly in the
Tarai region. Development works, urbanization, and the rural–urban migration led to the gradual
decrease in and abandonment of the available agricultural land in recent decades. Further, this overall
scenario has determined in provision of ESs. Forests have the highest value of ES, and community
forests have played a vital role in their restoration. The concept of payment for ESs has greatly
supported socio-economic development and ecosystem conservation. However, the formulation and
implementation of effective landscape planning with suitable policies and enforcement mechanisms
is essential to balance the negative impact of LULC on the sustained management of ecosystems and
their associated services.

Keywords: land use; land cover; ecosystem services; central Himalaya; Nepal

1. Introduction

An understanding of the impact of land-use and land-cover change (LULCC) and their
impact on the ecosystem and its associated services is crucial, particularly in developing
countries, such as Nepal, where the livelihood of more than 60% of the total population [1]
is primarily dependent on agriculture and services related to the ecosystem. Land use is
defined as the humans’ exploitation of land cover for the purpose of their existence [2],
whereas land cover refers to the biophysical state of the Earth’s surface, the immediate
sub-surface, and human modifications, such as roads and buildings [2]. Ecosystem services
(ESs), which denote the benefits that humans obtain from ecosystems [3,4], are classified into
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supportive (e.g., primary production and nutrient cycling), provisional (e.g., marketable
goods), regulatory (i.e., soil, water, and climate regulation), and cultural (e.g., aesthetic,
spiritual, and recreational) services [5–7]. Land use and land cover (LULC) are closely
interrelated with ecosystem services through the interactions between humans and their
environment. These ESs are controlled by underlying ecological processes and structures [8].
Therefore, changes in the LULC can alter ES conditions across locations and times. Around
one-fifth of the global population rely on subsistence livelihoods; ES is particularly essential
to these populations [4]. Human populations are dependent on different types of natural
resources and ecosystems, including agriculture, forestry, and water. These ecosystems
provide a wide range of valuable services to human society [9]. Land-cover types have been
significantly affected by human disturbances for many years [10,11], resulting in significant
changes in the amount and capacity of ecosystem services [11,12].

In considering human interactions with natural environments, the study of LULCC
has become a major theme in research on sustainable development [13,14], and studies on
LULC are also very important for environmental management as well [15]. When humans
interact with the natural environment, the environment provides many direct and indirect
benefits and also protects the lives of human beings by delivering different ESs [16]. The
report of the Millennium Ecosystem Assessment (MEA) has recognized 24 broad categories
of ES [4]. Depending on their characteristics, landscapes can provide various ES, but
are continually altered by both natural agents and human activities [17]. Furthermore,
when a LULCC event occurs, it influences the ecosystem and its services either directly or
indirectly [18,19]. Disruptions to the ecosystem and its services affect human well-being
and health [9]. In addition to natural influences, anthropogenic factors are also major causes
of environmental alterations, such as desertification [20] and the loss of biodiversity [5].
For instance, due to the anthropogenic activities, such as the extension of cropland, there
was massive deforestation in southern Asian countries during the second half of the 20th
century [21]. Large amounts of natural forest have been directly influenced by human
activities around the world, which has caused various changes to ESs [22]. Moreover, the
understanding of past trends is important in the study of present and future trends in
LULCC studies [23].

In Nepal, the Land Resource Mapping Project [24] published results on national land-
cover status in 1986, based on a survey conducted in 1978–79. Since then, a number of
studies have conducted by different researchers on land resources. Arial photographs were
the most reliable source of LULCC studies in the historical period before the introduction
of satellite images [25]. Along with new economic developmental projects in the 1950s
and 1960s and the program to eradicate malaria, a huge forestland in the lowland of the
country was converted into the settlements and farmland [26]. This project attracted people
from the upland hills and mountains due to the high production potential in the Tarai
lowland [27–29].

Most of the recent studies on LULCC in Nepal rely on satellite-based images, which
are either analyzed at national level [30–32] or at the level of a major basin, such as the
Koshi river basin (KoRB), the Gandaki river basin (GRB), or the Karnali river basin (KaRB).
In addition, some thematic areas, such as snow cover/glaciers [33–38], urban settlements,
such as the Kathmandu valley [39,40], and numerous local-level studies have also been
conducted, relying on different time-series satellite data. Although there are limited
datasets at national level, many regional- and small-scale datasets were prepared by several
researchers [41]. Previous studies carried out by several researchers indicated that there
have been continual changes in land use and land cover during different time periods in
Nepal [32,41,42].

Natural environments provide a wide variety of benefits, which can be used in different
ways to improve of the lives of the human beings living in them [19,43]. A systematic study
on the impact of LULCC on ESs is highly necessary for the formulation of effective policies
for sustainable development [44]. The flow of ESs is affect by changes in land use and land
cover in particular geographical areas [45]. There are many types of contribution from the
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ecosystem to the social, economic, and environmental well-being of human beings [46].
In the context of Nepal, studies on ESs have been conducted at the national level [47,48],
basin level, such as the KoRB [49,50], GRB [45], and KaRB [51], and provincial level [48].
Some studies are carried out in thematic areas, such as forests [52–56], grassland [57,58],
wetlands [59,60], and protected areas [61–63], and others focus on specific ecological
regions [64,65].

Sustainable development and environmental conservation are major concerns of the
present world. Therefore, detailed information on LULCC and ESs is crucial to improve the
understanding of landscape dynamics and the utilization of available resources for human
well-being [66]. Several studies conducted to explore the effects of LULCC on ESs from
global to local levels [50,67–69] have shown that changes in LULC significantly reduce the
availability of ESs [70,71]. However, the impact of LULC on ESs varies across different
locations and time [6,8]. An appraisal of past studies can build an understanding of how
the LULC and ESs are interdependent in different respects for human well-being in the
Nepalese context, and how the environment and ESs are becoming sensitive due to LULCC
events, from the local to the national level.

Against this backdrop, it is essential to enhance our understanding of the impact
of LULC on ESs to support the current management of ecosystems and their associated
services. The present study is, therefore, an assessment based on past studies whose
intention is to analyze the current state of knowledge on LULCC and its impact in the
management of ecosystems and their associated services.

2. Materials and Methods
2.1. Study Area

Nepal lies in the central Himalaya, and it is a land-link country sandwiched between
two nations: China, to the north, and India, to the south, east and west. The recent
updated political and administrative boundary mapped by the department of surveys,
government of Nepal, confirmed that the total area of the country is 147,516 km2 [72].
Nepal is preponderantly a mountainous country, and it is composed of three distinct
ecological regions: the mountains, hills, and Tarai [24]. Due to its typical location, the eco-
environment has been reported as highly sensitive to changes in human activities, natural
disasters, and climate change [66]. There are five physiographic regions in Nepal: Tarai,
Siwalik, Middle Mountain, High Mountain, and High Himalaya/Himal (Figure 1). After
the amendment of new constitution in 2015, there are now 7 administrative provinces with
77 districts and 753 local bodies, in a federal system. Due to the varying physiography of
Nepal, each region has different natural resources and a unique sociocultural environment.
The three major basins, namely, Koshi, Gandaki, and Karnali, form an important trans-
boundary. Nepal is very rich in biodiversity and ecosystems, with 12 national parks,
6 conservation areas, 1 wildlife reserve, and 1 hunting reserve [73]. Of the total population
of 29,164,578, 53.61% live in Tarai, and the remainder live in Hill (40.31%) and Mountain
regions (6.08%) [74]. Farming is the primary economic activity, and more than two-thirds
of the total population are engaged in agricultural sector in Nepal. The agricultural sector
in Nepal shares more than 27% of GDP, and the per capita income is USD 1034 [75].

2.2. Methodological Framework

A step-by-step method was adopted to conduct a review on LULC and its impact on
ESs. First, peer-reviewed scientific papers on related themes available in online publications
were collected using search engines such as Web of Science and Google Scholar. Second,
different keywords were used, either alone or in combination, during literature search,
such as ‘Land use’ OR ‘Land cover’ OR ‘Ecosystem’ OR ‘Ecosystem services’ AND ‘NEPAL’
in the title, abstract, and keywords (Figure 2).



Sustainability 2023, 15, 7134 4 of 19Sustainability 2023, 15, x FOR PEER REVIEW 4 of 20 
 

 

Figure 1. Map of Nepal with physiographic and ecological regions. Source: [72]. 

2.2. Methodological Framework 

A step-by-step method was adopted to conduct a review on LULC and its impact on 

ESs. First, peer-reviewed scientific papers on related themes available in online publica-

tions were collected using search engines such as Web of Science and Google Scholar. Sec-

ond, different keywords were used, either alone or in combination, during literature 

search, such as ‘Land use’ OR ‘Land cover’ OR ‘Ecosystem’ OR ‘Ecosystem services ’AND 

‘NEPAL’ in the title, abstract, and keywords (Figure 2). 

 

Figure 2. Methodological framework. 

After retrieving the related articles, review of abstracts and conclusions of the articles 

was conducted thoroughly to understand the importance and relevancy of each study. A 

PRISMA four-phase flow diagram was followed for searching, filtering, avoiding dupli-

cation, and finalizing the studies for systematic review [76] (Figure 3). Using the key-

words, and applying the inclusion and exclusion criteria [77] shown in Table 1, of the total 

175 identified studies, only 90 published between 1986 and 2020 were included, and their 

contents were reviewed. Consequently, 67 articles were excluded during analysis due to 

their irrelevancy for the present purpose (Figure 3). 

Figure 1. Map of Nepal with physiographic and ecological regions. Source: [72].

Sustainability 2023, 15, x FOR PEER REVIEW 4 of 20 
 

 

Figure 1. Map of Nepal with physiographic and ecological regions. Source: [72]. 

2.2. Methodological Framework 

A step-by-step method was adopted to conduct a review on LULC and its impact on 

ESs. First, peer-reviewed scientific papers on related themes available in online publica-

tions were collected using search engines such as Web of Science and Google Scholar. Sec-

ond, different keywords were used, either alone or in combination, during literature 

search, such as ‘Land use’ OR ‘Land cover’ OR ‘Ecosystem’ OR ‘Ecosystem services ’AND 

‘NEPAL’ in the title, abstract, and keywords (Figure 2). 

 

Figure 2. Methodological framework. 

After retrieving the related articles, review of abstracts and conclusions of the articles 

was conducted thoroughly to understand the importance and relevancy of each study. A 

PRISMA four-phase flow diagram was followed for searching, filtering, avoiding dupli-

cation, and finalizing the studies for systematic review [76] (Figure 3). Using the key-

words, and applying the inclusion and exclusion criteria [77] shown in Table 1, of the total 

175 identified studies, only 90 published between 1986 and 2020 were included, and their 

contents were reviewed. Consequently, 67 articles were excluded during analysis due to 

their irrelevancy for the present purpose (Figure 3). 

Figure 2. Methodological framework.

After retrieving the related articles, review of abstracts and conclusions of the ar-
ticles was conducted thoroughly to understand the importance and relevancy of each
study. A PRISMA four-phase flow diagram was followed for searching, filtering, avoiding
duplication, and finalizing the studies for systematic review [76] (Figure 3). Using the
keywords, and applying the inclusion and exclusion criteria [77] shown in Table 1, of the
total 175 identified studies, only 90 published between 1986 and 2020 were included, and
their contents were reviewed. Consequently, 67 articles were excluded during analysis due
to their irrelevancy for the present purpose (Figure 3).

Table 1. Inclusion and exclusion criteria.

Citeria Included Criteria Excluded

Research published between 1986 and 2020 Research published before 1986 and after 2020
Empirical studies on land use, ecosystems, and
their associated services

Model validation and methodological
refinement

Peer-reviewed articles Proceedings, editorial, and un-reviewed
documents

Research relevant to Nepal Research not relevant to Nepal
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Third, documents included in review were broadly grouped into two categories:
(i) LULCC, and (ii) impact of LULCC on ESs. After conducting an extensive literature
review, a proper assessment of the contents was carried out in order to elucidate the
coverage of these studies by theme. First, LULCC was analyzed based on changing trends
at national level, ecological regions (Mountain, Hill, and Tarai), and major river basins
(Koshi, Gandaki, and Karnali).

3. Results
3.1. Changing Trends in LULC at National Level

Various researchers have presented different percentages of land-cover area and
categorical classifications, adopting different classification methods. Before 1960, there
was very limited information on LULCC at the national level, with no spatial datasets
recorded [24,25]. Until the mid-nineteenth century, land-cover studies were mainly based
on aerial photography and were gradually replaced by satellite images. Currently, forest
remains the dominant form of land cover, followed by agricultural land and others. The
areas of forest and agricultural land calculated by different studies are presented in Table 2.
According to the national-level study of 2010, the major LULC was classified into eight
broad categories, according to which forest cover was the dominant form of land cover,
followed by cropland; combined, these forms covered nearly 70% of the total area [31]
(Figure 4). Similarly, another recent study also showed that woodland (forest) is the
dominant form of land cover, showing a tendency to increase, whereas agricultural land,
the second form of land cover, showed a gradual decreasing trend, compared to previous
studies [78].
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While a recent study concluded that forest cover has expanded to 44.47% of the total
land-cover area, the study was based on Google Earth Images [79]. Further, a study con-
cluded that due to the initiation of forest management and socio-economic factors, forest
coverage increased from 26.2%, in 1992, to 44.90%, in 2016 [80]. The governments’ assess-
ment report showed that forest and other forms of woodland covered 44.77% in 2014 [81].
Forest Resource Training Centre [82] under the Ministry of Forest and Environment (MoFE)
continually produced forest-cover data until 2020. There was a slight increase in forest area
during the period of 1978–1985 [83]. In addition to the massive deforestation in the past,
there has been a continuous increase in forest cover, in which the concept of community
forest systems, with the notion of local users as the managers of forests, has played a
crucial role [55,84]. In contrast, a different study showed a heavy decline in forest areas
and, consequently, increased in fragmentation over a period of 84 years (1930–2014) [85].
The forest-cover analysis was performed by combining different data at various resolutions
with topographical maps, which revealed a sharp decline from 76,710 km2 (52.1%), in 1930,
to 39,392 km2 (26.8%), in 2014. Forest-management regimes are themselves drivers of suc-
cessful forest conservation through biodiversity conservation and community management
and utilization [86]. Past trends in forest-cover changes and their drivers and consequences
can be also generalized to the national level from watershed levels, as revealed in a case
study [87].

Table 2. Areas and percentages of forest and agricultural land in Nepal.

Study Temporal
Coverage

Forest
Area (km2) % Agriculture

Area (km2) %

LRMP (1986) [24] 1978–1979 56,056 38.08 40,105 27.24
Uddin et al. (2015) [31] 2010 57,540 39.09 43,910 29.83
Reddy et al. (2018) [85] 1930–2014 39,392 26.76 41,493 28.19
Li & Deng (2017) [26] 1990–2015 60,009 40.77 36,901 25.07

Overall, the increase in agricultural land has continued over time [30,32]. The total area
of agricultural increased by 30% during the period of 1965–1985 due to the food demands of
the growing population [88]. The spatiotemporal reconstruction of agricultural land during
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1970–2010 shows that there was a continual increase in the area of agricultural land [30]
(Figure 5). Of the total area, 25% was occupied by agricultural land in 1970, and it continued
to gradually increase, covering almost 30% by the year 2000 [30]. However, in recent years,
the growth of urban centers and settlement areas led to the shrinkage of agricultural land on
one hand [89,90], and land abandonment on the other [91]. Natural hazards have also been
observed as major reasons for land abandonment in hilly and mountainous areas [92–94].
A recent study based on high-resolution remote sensing noted that farmland abandonment
varies by region, and found higher volumes of abandoned farmland in the hilly regions,
driven mainly by socio-economic and biophysical variables [95]. The adoption of non-
agricultural or secondary occupation has been also an indirect cause of these changes in
agricultural land. Overall, the increase in forest land has remained constant, except the
major deforestation in the past, but the area of agricultural land has gradually decreased
in recent years, as a result of its conversion into built-up areas and the growth of urban
centers across the country.
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Nepal is one of the rapidly urbanizing countries in southern Asia [96]. Urbanization
is also one of the potential factors in land-cover changes and ecosystem alterations [97].
In the current decade, the conversion of agricultural land towards urban centers is not a
new phenomenon in the country [40,98]. The findings of various studies have highlighted
the abandonment of cultivated land in almost all the different regions of the country. Fur-
thermore, the findings of different studies disclosed that the biophysical characteristics of
agricultural land, demographic factors, technological and economic factors, and institu-
tional factors are the major drivers of land abandonment in the country [91]. Moreover,
the study of LULCC has been prioritized as the national economy is based on agriculture.
Similarly, the out migration of the population has led to land degradation from micro
level [99]. Snow cover and glacial areas are further important land-cover classes, which
cover almost 8.20% of the total area of the country [31]. The total glacial area is decreasing:
the total area of glaciers in 1980 was 5168.30 km2; this value declined to 3902.40 km2 by
2010. However, although their total area has decreased, the number of glaciers rose from
3430, in 1980, to 3808, in 2010 [38].

3.2. Changing Trends in LULC in Ecological Regions

The degree of LULCC in each geographic area varies not only from both north to
south, but also from east to west (horizontally), due to topographic and socio-economic
conditions. The eastern mountainous region has higher snow-line elevation than the
western and central regions [100]. Each ecological region has varied resources and different
communities practicing various kinds of agricultural activities [101]. Although a large
part of the land is concentrated in the Hill (68%) and Mountain (15%) ecological regions,
these are less efficient in terms of agricultural production (cereal and other crops, excluding
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non-farming products), whereas Tarai, which has the most suitable land for potential
agricultural production, has a coverage of 17% of the total area. Most of the agricultural
lands are concentrated in the southern Tarai regions, whereas most of the barren and snow-
covered/glacial lands are in the Mountain region [31]. Forest-cover areas are predominant
in the Hill and Mountain regions [81].

The settlements in the Tarai region is the product of historical transformations, in
which huge deforestation occurred due to the government’s new settlement policy after the
malaria-eradication program [26]. Due to the prospect of easy access to various amenities,
the migration of people from hilly areas was unprecedented in number. The highlands
are less desirable for agricultural mass production due to the weaker fertility of the soil
and the topography; this is one of the reasons why people migrate towards lower-lying
lands, either for better agricultural prospects or in search of better opportunities in urban
areas [50]. The transformation of land use was also occurred due to the migration of local
people in search of better living conditions and opportunities in urban areas and through
foreign labor [102,103]. Additionally, some ineffective government policies have driven
LULCC from the local to the national level, particularly in terms of agricultural-land-use
alteration [104–106].

Croplands were found to continuously increase in all the three ecological regions
during the period of 1970–2010 [30]. However, since 2010, the agricultural land area in
the Tarai regions has reduced due to the expansion of urban centers and infrastructural
development [90]. However, there was also a decrease in forest areas due to their conversion,
mostly for cultivation purposes, during the period of 1990–2010 [107]. The rapid growth
of urban centers, along with the development of transportation channels, has increasingly
converted agricultural land to build-up areas in the Tarai region. Some major urban centers
(such as Kathmandu and Pokhara) and many emerging urban areas are located in hilly
regions, which have undergone massive conversion from agricultural land to built-up areas.
Further, the permanent migration from mountainous and hilly regions towards urban areas
has caused some changes in the agricultural land in these regions.

Economic development has not only changed ordinary life, but also the forms and
sources of income generation among the population. Even in the high mountainous areas,
due to the direct or indirect effects of tourism, gradual changes in LULCC have occurred,
in line with the pace of economic development [108]. Based on various studies, in the
Hill and Mountain regions, the proportion of private forest cover is increasing and that of
agricultural land is decreasing trend due to migration (in the form of internal and foreign
labor). As a result of these migration processes, large areas of agricultural land have either
been abandoned or gradually converted into other land-cover classes [109]. Most of the
land abandonment is concentrated in the Hill and Mountain regions due to various socio-
economic, natural, and development factors [91,110]. Elevation increases the likelihood of
abandonment, as do the aspect and slope characteristics of the land [111].

Similarly, due to urbanization and the haphazard growth of small urban centers in
the Tarai region, the area of agricultural land is continually reducing. The urban area
occupied by Tarai region was 930.22 km2 in 2016, which represents a drastic increase, of
320%, from 221.1 km2 in 1989 [90]. The annual rate of urban growth was 12.61% during the
years of 2011–2016. Furthermore, agricultural land in Tarai has been severely affected by
floods [29]. The forest cover is also significantly disturbed by grazing, wild fires, landslides,
and bush cutting [107]. Overall, the agricultural land is very vulnerable to the rapid
changes in all the land-cover classes across the Mountain, Hill, and Tarai regions. However,
farmers can still be encouraged by adopting specific agricultural-land-management policies,
together with the provision of subsidies, insurance, infrastructural development, and new
technologies [112].

3.3. Changing Trends in LULC in Major River Basins

There are three major cross-border river basins in the country, which are connected to
the high-altitude Tibetan plateau, China, to the north, and the Indian Gangetic plain, to
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the south. Therefore, changes in LULCC are highly relevant to environmental changes and
socio-economic development. Furthermore, efforts to understand trans-boundary land-
scapes are equally important when preparing conservation and development plans [113].

In the Koshi river basin (KoRB), there was a continuous change in the spatial cov-
erage of the agricultural land over time, along with population growth [25]. The Koshi
trans-boundary is distinguished by the high variation in its elevation and land-cover
types [50,114]. In particular, forest and agricultural land occupy more than two-thirds of
the total area of the basin [50]. There have been continual positive changes in the built-up
areas, grasslands, and forests, whereas the cropland showed negative changes during
1990–2016 [50]. These changes were led by various socio-economic, natural, and policy
developments in the nation. The rapid dispersal of urban centers was one of the main
reasons for the decrease in the agricultural-land area [39,50]. The glacial areas decreased by
12.8% over four decades, including a decrease from 1498.9 km2, in 1998, to 1102.6 km2, in
2010 [38].

For instance, climatic changes greatly affected the vegetation cover in the higher-
elevation areas in the Koshi basin trans-boundary [115]. Forests and cropland are the
dominant forms of land cover on the southern slope of the Koshi trans-boundary [116].
Similarly, the decrease in forest cover and the increased in agricultural land bringing
changed the value of the ESs in the Koshi basin trans-boundary [49]. Further, of the three
ecological regions of the basin, the Hill and Mountain regions higher levels of farmland
abandonment than the Tarai plain area [95]. A past study during the years 1978–1990,
conducted in a district within the KoRB, also revealed the increased of abandoned land
and decreases in the percentage of agricultural land [117]. According to one study, there
are recurrent changes even at the micro level [118]. In that study, forest areas were found
to be the dominant form of land cover, occupying 68% of the total in 1994, and increasing
to 70% in 2014, whereas agricultural land decreased to 23% in 2014, having occupied
26% of the total area in 1994. The study showed that forests increased at the expense of
agricultural land, mainly due to the migration of local populations and the establishment
of community forests.

In the central part of the country, the Gandaki river basin (GRB) is another major
trans-boundary between Nepal, China, and India. In the GRB, forest cover and agricultural
land are the dominant forms of land cover, with the former concentrated in the mid-
stream reaches and the latter in the lower- stream reaches [45]. The areas of grassland and
snow/glaciers decreased during 1990–2015, whereas the areas under cropland, forests,
built-up zones, and other forms of land cover increased [45]. The growth of urban centers
in the middle and lower reaches of this basin is as common as in other trans-boundary
river basins. The areas of forest have been converted gradually to agriculture. Similarly,
barren land has expanded from snowy/glacial land and grassland in the up-stream reaches.
A report on the status of glaciers revealed in the GRB that the glacial area decreased
by almost 21.7% during 1980–2010 from 2125.5 km2 in 1980 to 1664.4 km2 by 2010 [38].
The abandonment of agricultural land was also driven by various socio-economic and
natural factors, as in other parts of the country [92]. The conversion of agricultural land
into abandoned land is as common as in other parts of the country, even in the recent
years [119]. The area of agricultural land in the Aadhikhola watershed was 189.87 km2

in 1999, and decreased to 153.25 km2 by 2014, a reduction of almost 19%, whereas the
vegetative area increased to 318.82 km2 in 2014, from 281.78 km2 in 1999, a gain of 13%
within only 5 years [109]. In GRB, the rapid growth of urban centers at the expense of
agricultural land was similar to that in the KoRB [120,121]. The urban/built-up area in the
sub-metropolitan city of Pokhara occupied only 6%, whereas cultivated land represented
61% in 1977 [121]. After 33 years, the percentage of land use drastically changed; cultivated
land represented only 20% and urban/built-up areas occupied around 51% of the total
area. The shifting of occupations towards non-agricultural activities has increased the
land abandonment [87]. A schematic diagram of the historical changes in the forest-cover
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area, their major drivers, and their consequences at the watershed level of the GRB [87] is
presented in Figure 6.
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Karnali is one of the most important basins in Nepal. It lies in the western part of the
country. Forests and barren land account for the highest proportions among the various
forms of land cover in the area [51]. The proportion of agricultural land is different in this
area from those in the other two trans-boundary basins. The area under agricultural land
is more than half of the total area of bare land, andmore than 900 km2 of snow-covered
areas were converted into bare land during 2000–2017 [51]. Out of a total coverage of
1022.8 km2, around 362.8 km2 of glacier coverage was depleted over 40 years within the
Karnali river basin (KaRB) [38]. The area of glacial coverage declined to 1022.8 km2 in
2010, from 1385.4 km2 in 1998. The area under forest cover and water bodies in slightly
decreased in recent years. The areas under built-up zones, agriculture, shrubs, and grass-
land have increased. aimilar scenario characterizes the Ghodaghodi lake complex, where
a 4% decrease in forest cover and a 9% decrease in agricultural land were observed dur-
ing 1989–2016, whereas settlement land increased by 361% in that period [122]. Due to
topographical constraints and socio-economic factors, the region is deprived of various
developmental activities [123]. Due to inadequate facilities and livelihood options, people
from this area have continuously migrated, which has resulted in a huge transformation of
agricultural land into private forests. Overall, there are significant LULCC in the KoRB and
GRB compared to the KaRB.

3.4. Status of Ecosystem Services

The changes in land use and land cover can affects ESs in various ways, depending
on how certain services are acquireed and at which concentrations they are utilized [124].
The alterations in different LULCs can influence the flow of ESs [125]. The decline in the
ecosystems and services provided by these ecosystems is notably linked to population
growth, anthropogenic activities, climate change, and inadequate policies [126]. In addition
to the effects of the climate on LULCC and food production [127,128], some other human-
induced events also lead to land-cover changes, which are reflected in changes in ESs [129].
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Changes in LULC in any proportion can affect the value and flow of ESs [45,50,51]. The
kinds of ES are directly linked to the type of land cover and the the uses of available
resources by the population.

The sustainability flow of ESs is very important for the well-being of humans and for
maintaining biodiversity [43]. The ESs differ according to the availability of resources in
a particular area. At the national level, forest cover occupies the highest proportion of all
the land-cover classes [31], and has provided various ESs around the country in various
forms. The protected areas in the country play a crucial role not only in environmental
conservation, but also in the welfare of the local population [61,130]. Similarly, wetlands
are also good sources of ESs, upon which people rely in different forms [59,60].

The value of forest ESs increased during 2000–2017, but those of cropland, grassland,
and barren land decreased at the national level [48]. The value of forest ESs increased in
the one of the important river basins., the GRB [45]. Similarly, in the KoRB, the value of
forest ESs (carbon storage and habitat quality) also increased [50]. Forests play a vital role
in the provision of different ESs in the Chure and Tarai regions, which are potential areas of
agricultural productivity [131]. However, it is projected that there will be a great decrease
in forest ecosystems’ value in the Koshi trans-boundary, with the greatest proportion of this
decrease occurring in Nepal [49]. Deforestation, land reclamation, and rapid urbanization
are the major factors in the decrease in the value of ESs [49]. Similarly, an anlysis of three
major ESs (food production, carbon storage, and habitat quality) during 1996–2016 showed
that carbon storage increased in the first decade and decreased in the later decades. Habitat
quality remained constant overall, but food production decreased throughout the period.
Most of the decreases were observed in the lower (Tarai) region [50]. The land-use changes
due to urbanization and other factors, such as deforestation and land reclamation, are the
major factors in the shrinkages in value of different ESs [132].

In the GRB, the changes in land cover, including increases in the area of cropland, forest,
and water bodies helped to increase the value of ESs during 1990–2015 [45]. Similarly, in the
KaRB, the overall ESs increased during 2000–2017. This increase was primarily due to the
increase in the value of shrub/grassland, bare areas, and water bodies in the more elevated
regions of the basin [51]. To determine the value systems of local inhabitants regarding
environmental quality and their willingness to pay (WTP) for ESs, socio-economic factors
can play a vital role [133]. Forests provide high levels of ecosystem services, from local to
broader extents, and there is a need for a multi-stakeholder consultation process to assess
forest-based ecosystems [64]. Anthropogenic activities are responsible for diminishing and
improving ESs [52,134], so the mapping of available ESs in particular regions is crucial
for the effective management of biodiversity, economic sustainability, and human well-
being [135].

4. Discussion
4.1. Land-Use and Land-Cover Changes and Their Impact on Ecosystem Services

The historical land-use studies of Nepal also revealed that there have been significant
alterations in LULC. Most of the past studies revealed that the changes in LULC were
related to the socio-economic, demographic, and political changes in the country [136–138].
Driven by the administrative and political reformations in the nation, there have been
continuous changes in the land-tenure system over time, which have also changed the
land-use systems [27,139,140]. Despite population growth, the area of agricultural land
remained stable in local-level studies, resulting from the rigid land tenure system [117].

However, the changes in certain forms of land cover have resulted in a reduction in lo-
cal people’s dependency and the weakening of different services [63,132]. Moreover, the re-
liance of socioeconomic demands on particular environments is highly significant [141,142].
Unplanned land utilization has not only caused changes in the land cover but also created
some serious environmental issues, which have become increasngly challenging in recent
years [40].
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Anthropogenic activities can play both positive and negative roles in the restoration of
different ESs in particular areas [99]. Many studies have concluded that the area under forest
cover has increased, but it is now time to evaluate how the population can benefit from the
positive changes in forest cover and its sustainability in the long term [65]. The changes in
land cover have exerted a positive impact on the ESs in the Phewa watershed [142]. Due to
the increase in dense forest areas, different ESs, such as recreation, ecotourism, biodiversity,
the retention of carbon stocks and sedimentation, the supply of raw materials, and water
quality, have been improved [143]. The scale of the benefits of different ESs may extend
from local to wider regions (to a larger geographical extent) (Figure 7).
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The rapid changes in LULC, along with unplanned urban growth, have not only
destroyed the previous patterns of land use, but also created serious environmental chal-
lenges [98,144]. The urban growth during 1978–2000 increased almost by 450%, which
involved the conversion of the national capital Kathmandu from forest and agricultural
land [98]. The rate of food production in the KoRB decreased due to high rates of abandon-
ment of agricultural land in Hill and the growth of urban centers in the Tarai regions [50].
The process of urbanization has affected not only food production, but also carbon storage
in the KoRB [50]. The change in land cover in the Koshi Tappu wildlife reserve exerted
worse effects on different ESs during 1976–2010. As a result of the decrease in the area
of forests by 16%, of swamps/marshes by 4%, and of rivers by 14%, the ESs deteriorated
by 94%, 36%, and 57% respectively [132]. The population growth led to increases in the
settlement area and decreases in forest cover and agricultural aresa. The consequences
of anthropogenic activities have also led to the loss of biodiversity in wetland areas [122].
Generally, any range of LUCC can definitely cause changes in the different ecosystem
services provided by various forms of land cover at different levels.

4.2. Future Directions and Policy Implications

Good policy implications have the best ecological and socioeconomic outcomes in
particular areas [145]. We can learn from the effective policy of “Grain to Green,” in
China, which create benefits not only in China, but on a global scale, in the form of carbon
sequestration [146]. The policy of community management and conservation ensures
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sustainable and safe monitoring and social control [147]. Nepal has established various
conservation polices and contributed to trans-boundary initiatives [148]. The current policy
must incorporate reliable and support for local people, which are very important in terms
of the conservation of ESs and sustainable land use, in order to improve the lives of local
people and ensure sustainable development [140].

Payments for ESs have been initiated in Nepal as effective measures for valuing the
ecosystem and improving the lives of local people while ensuring sustainable development [149].
There has been a significant inclusion of the concept of payment for ESs in different
policies formulated by the national government during different periods [150]. These
policies must integrate socio-economic progress and ecological conservation [53,141]. When
implementing certain acts and regulations, the participation of local populations is very
important, and their knowledge, attitudes, and practices should be clearly analyzed before
implementing policies to make them more sustainable. There is still a need for close
coordination between different policy makers, departments, and ministries to ensure the
appropriate implementation of national and regional policies [140]. The monitoring of
available land resources through more scientifically advanced tools and techniques is
required [47]. Nepal has many major policies for the provisioning of payment for ESs;
however there is still a need to increase awareness at the grassroots level. The findings by a
study [151] revealed that the design of community-based payment systems must include
multi-stakeholder institutions at the local level in order to ensure the faith of ecosystem
managers and service users, which is necessary to guarantee their active participation
in monitoring and management processes. The implementation of an effective land-use
policy must rely on the best findings and suggestions from various ground-level studies
adopting a bottom-up approach. This could lead to better and more sustainable uses of
available resources. Since the focus on the impact of LULCC on ESs has increased, their
direct and indirect relationships have been analyzed more effectively, with a more in-depth
understanding of their reciprocal importance. The tiered approach to the mapping of
different ESs can be implemented to ensure sustainable resource management from the
national to the community level. Furthermore, in most of the studies conducted so far,
30-m-scale satellite images were used. More detailed analyses can be performed using
high-resolution satellite images in future studiess/projects on the sustainable management
of natural resources and adaptations of ESs from the local to the national level.

5. Conclusions

Forests and agricultural land are the major land-cover types in Nepal. The proportions
of land-cover areas vary across ecological regions and land-use practices, which are depen-
dent on various factors. The LULCC trend shows that there are continual changes among
different LULC types, in line with the pace of development due to natural, anthropogenic,
and policy factors. The analysis of the national land-cover situation shows that among the
major land-cover classes, forest have increased, whereas agricultural land has gradually
decreased in recent years due to various factors, including the abandonment of available
agricultural land. Therefore, there should be significant inquiries into the regions with the
highest migration rates and consequent agricultural-land abandonment, as well as relation
of this phenomenon to the overall changes. The rate of agricultural land in the KaRB was
found to be different from those of the KoRB and the GRB. Forests provide high rates of ESs
due to their maximal coverage, and community forests play a valuable role in spreading
the concept of the restoration of payment for ESs. Although payments for ESs are initiated
by both government and non-government organizations, grassroots stakeholders are not
fully aware of the concept. The concept of payment for ESs offers both socio-economic
improvements and ecological conservation for sustainable development. This paper could
be an additional asset for the study of how LULCC and the provision of ESs are interre-
lated, and how they can play a crucial role in the management ofnatural resources, in line
with the pace of the sustainable development of a region such as Nepal. The mapping
of different LULCC and ESs with high-resolution images can enhance the understanding
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and monitoring of natural resources across different spatio-temporal periods. However, in
order to balance the negative effects of LULCC on the sustained management of ecosystems
and their associated services, it is essential to design and implement effective landscape
planning with enabling policies and enforcement mechanisms.
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