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Abstract  Economic valuation of natural resources is very important to strengthen national economy and 
sustainable development. Identification and quantitative estimation of goods and services of available ecosystems i.e. 
provisioning, regulating, supporting and cultural services are very difficult. Therefore, we have used global 
ecosystem services values and service values used in Tibetan Plateau corresponding to the land use land cover 
standard of Nepal. The national ICIMOD 2010, ESRI 2020, FRTC 2000, 2019 LULC and CRU climatic data sets 
for temperature and precipitation were used. The ESV on different land categories at national, provincial scale and in 
different ecological zones of Nepal was computed using Simple Benefit Transfer approach (Costanza et al., 1997) 
with equivalent value coefficient of each ecosystem services and functions. The ESV of Nepal was found 17.34 × 
109 USD yr-1 in 2010 and 16.67× 109 USD yr-1 in 2020. In ecological regions, Terai and Madhesh Province was 
observed lower ESV i.e. 2.62 × 109 USD yr-1 and 1.28×109 USD yr-1 respectively during 2019 in compared to other 
regions and provinces.  During the same period, in Himal, ESV was also found lowest i.e. 1.13×109 USD yr-1.  The 
ESV has increased in all provinces except in Karnali, Madhesh province and among all physiographic regions ESV 
has decreased in High Mountains and Himal in between 2000 and 2019. The climate study showed that temperature 
has increased by 0.02 oCyr-1 and precipitation has decreased by -3.95 mmyr-1 during 1990-2020 in Nepal. These 
changes of temperature, precipitation and land use dynamics have influenced on ecosystem changes and consequent 
ecosystem service values in national, provincial and ecological scales. As ESV is important lifeline for the people 
and their livelihood. Further, this study provides crucial information about ecosystem services to humans in cash 
values and its response to climate change in national scales in Nepal. 
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1. Introduction 

Ecosystem services refers to all the benefits people get 
which are derived from the ecosystems such as 
provisioning services, regulating services, supporting 
services and cultural services including the non-material 
benefits [1]. Ecosystem services comprising of ecosystem 
goods and services provided directly or indirectly for 
wellness of human being through ecosystem functions [2]. 
The Ecological system services are the basic components 
for sustainable development and it is regarded as the vital 
elements of life support system [3]. The economic value 
of ecosystem services has been taken as an integrated 
system comprising the direct values, indirect values, 
option and non-use values [1]. The values of ecosystem 
services keep on increasing in the days to come due to its 
scarcity and multidimensional stress [1]. The concept of 
green accounting has emerged by economic valuation of 
the ecosystem services [4]. It has adopted value transfer 

ecosystem valuation methods with slight modification 
from Costanza [5]. Land use dynamics have significant 
impact on Ecosystem Service Values [6]. The relation of 
ecosystem service values (ESV) and climatic factors was 
also crucial. Climate change had reduced 33% ecosystem 
service value in some parts of China [7]. The changing 
climatic trend has negative impact on provisioning of 
ecosystem services [8]. In central high Himalaya, 
ecosystem services values between 1990 and 2010 was 
decreased by 2.05x108 USD yr-1 [9]. Climate change, 
invasive species, land use land cover change are major 
drivers which leads to degradation of ecosystem services 
[1]. The conservation of ecosystems for the continuous 
supply of vital ecosystem services and functions are 
required for human well-being [10]. 

Forest ecosystem service has major contribution for 
sustaining livelihoods and support national economy in 
Nepal [11]. The potential of forest ecosystem services has 
increased but forest products availability has decreased [8]. 
Ecosystem services have vital contribution to Nepal’s 
National Economy as more than 80% of Nepalese people 
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entirely depend upon natural habitats for their livelihoods. 
Biomass contributes for nearly 90% of energy 
consumption and environmental degradation has been at 
alarming rate [4]. Forest ecosystem services are one of the 
major contributors of national economy but it has been 
impaired by anthropogenic and environmental pressures 
[11]. Despite the plenty available of Ecosystem goods and 
service in rural communities in Nepal, the communities 
are vulnerable to climate change adverse aspect because of 
poor adaptive capacity [12]. The economic valuation of 
natural resources plays vital role and contributes for 
sustainability of environment and supports national economy 
[13]. For enhancing to provision and regulate the natural 
resources, the geographical distribution of LULC and ESV 
assessment can be effective instrument [14]. The estimation 
of ESV in the monetary units has significance to reflect 
the relative magnitude of ecosystem services [15]. The land 
use pattern and its conservation leads to marked influence 
in the ecosystem services [10,16] and human welfare 
connected to achieve Sustainable Development Goals [17]. 

The study on economic valuation of natural resources 
and nexus with livelihood improvement and SDGs were 
limited, site specific and based on particular types of 
ecosystem in Nepal. The value of ecosystem services in 
Koshi River basin was found decreased due to 
deforestation and reclamation in Nepal [9]. At national 
and provincial scale, ESV of Nepal was derived from 
2000 to 2017 [13]. The rural mountain communities in 
developing nations are vulnerable to climate change while 
the local communities have been adapting to adverse 
impacts of climate change by provisions of ecosystem 
services [12]. Natural and anthropogenic factors 
commonly can have impact on land cover and land use 
along with acceleration by climate change [18]. The 

adaptive approach in Nepal seems to be effective 
mechanism to deal with the climate change impacts on 
forest ecosystem services [11]. In this context, ecosystem 
services values were estimated using land use land cover 
data of Nepal entirely with associating provincial and 
ecological scales. How ecosystem service values and land 
uses were responding to climate change? Especially with 
temperature and precipitation were also analyzed. 

2. Methods and Data  

2.1. Study Area 
Nepal is located between 26°22' N to 30°27' N latitude 

and 80°04' E to 88°12' E longitude in the central part of 
the Hindu Kush Himalayan region bordered with India in 
the South, East and West and China in the North [19]. The 
total area of the country is 1, 47,181 km2 with 885 Km 
average length from East to West and 193 Km average 
width from North to South. The country is ecologically 
divided into three regions, running east to west viz. 
Mountains, Hills and Terai [19]. Nepal comprises of 7 
provinces, 77 districts and 753 local bodies [20]. Nepal 
consists of main land use types as; forest (39.1%), 
agriculture (29.83%), shrub land (3.40%), grassland 
(7.90%) and others are built-up area, water body, snow 
and glacier [16,21]. According to the Survey Department 
of Nepal, the country has plain areas in the South, hills 
and valleys in the middle and lofty Himalayas in the North. 
Nepal can be divided into five major physiographic 
landscapes extending from east to west viz. High Himal, 
High Mountains, Middle Mountains, Siwaliks and Terai 
[22]. 

 
Figure 1. Study area map; above left inset map represents Nepal in world map, above right inset map is ecological map and below inset map represent 
Provincial map of Nepal 
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The study covers entire Nepal including the seven 
provinces and three ecological regions. The climate of 
Nepal has been significantly affected by three major 
factors i.e. altitudinal variations, monsoon and westerly 
disturbances [23]. Meanwhile, the average temperature of 
Nepal can be as high as 30°C in the South and as low  
as -10°C in the North [24]. In the context of Nepal, the 
most sensitive sectors to the climate change refer to 
agriculture, forestry, water resources and energy, health, 
urban and infrastructure, tourism, industry and overall 
livelihoods and economic aspects of the people [25]. 

2.2. Data Sets 
Forest Research and Training Centre (FRTC) of Nepal 

has developed National Land Cover Monitoring (NLCMS) 
of Nepal with consistent remote sensing time series 
datasets of two decades from 2000-2019 based on the 
Landsat 30 m resolution with each image pixel measuring 
0.09 ha [18]. FRTC, 2022 has identified eleven land cover 
classes for Nepal viz; water body, Glacier, Snow, Forest, 
Riverbed, Built-up, Cropland, Bare soil, Bare rock, 
Grassland and Other Wooded Land (OWL). The land use 
land cover data based on Landsat image of 30m spatial 
resolution for 2010 was taken from ICIMOD [26].  
At the same time, a global map of land use/land cover 
(LULC) was derived from ESA sentinel-2 imagery at  
10 m resolution. The ESRI Inc. was published on  
July 2021 which was freely downloaded. The monthly 
temperature and precipitation data during 1990-2020 was 
collected from various meteorological stations of Nepal 
obtained from Department of Hydrology and Meteorology 
(DHM), Nepal.  The GIS layer files of ecological zones 
(Terai, Hills and Mountain) and provincial zones were 
collected from Department of Survey, Government of 
Nepal. The CRU TS series of monthly precipitation and 
maximum/minimum temperature data sets for 1990-2020 
(CRU TS4.0 version) were also downloaded from 
https://crudata.uea.ac.uk/cru/data/hrg [27]. The CRU data 
(0.5°) was downscaled into the spatial resolution of 1 km 
by using Piecewise Cubic Hermite Interpolating 
Polynomial (PCHIP) method [28]. 

2.3. Methods 
The ESV on land categories at national and provincial 

scales has been analyzed based on global ecosystem 
service values [2] and ESV used in Tibetan Plateau [29]. 
ESV coefficient of Tibetan Plateau in Nepal has been used 
because the biomes types are almost similar and located 
under the same Himalayan regions. There are 118 
ecosystems in all physiographic zones of Nepal [22]. 

Table 1. The Average ESV Coefficients of Different Ecosystem 
Types in the Tibetan Plateau 

Land cover types Ecosystem Service Values(USD ha-1, yr-1) 
Swamp/wetland 8939.26 
Forest 2168.84 
Shrub lands 1089.19 
Grasslands 565.88 
Croplands 699.37 
Barren lands 59.83 
River/lakes 6552.97 
Snow/glaciers 59.83 

The ESV in each corresponding land covers types for 
national and provincial level in Nepal was computed using 
Simple Benefit Transfer approach [2] using equivalent 
value coefficient of each ecosystem services and functions 
(Equation 1). 

 ( )k kESV= A x VC∑  (1) 

where, ESV is the ecosystem service values, Ak = area (ha) 
of each corresponding land cover category “k” and  
VCk = Ecosystem service value coefficient (USD/ha/year). 
This approach has been widely practiced to estimate 
global ecosystem service values [10], Tibetan Plateau [29], 
Koshi River basin [9] and Gandaki River basin [30] in 
Nepal. The annual trends of temperature and precipitation 
of Nepal was calculated using Sen’s slope [31] method in 
XLSTAT statistical software. The slope of a trend is 
estimated by Sen’s slope i.e. non-parametric index which 
is based on the assumption of a linear trend (Equation 2). 

 ( ) ( ){ }'   / ,i jSen s slope Median x x i j i j= − − >  (2) 

For spatial mapping to show temperature and precipitation 
distribution patterns of Nepal, The CRU data (0.5 degree) 
was downscaled into the spatial resolution of 1 km by 
using Piecewise Cubic Hermite Interpolating Polynomial 
(PCHIP) method [28]. 

3. Results and Discussion 

3.1. Temporal Variation of Ecosystem Service 
Values in Nepal 

Total ecosystem service value of Nepal was found 
17.34×109 USD in 2000 and 16.67×109 USD in 2020. It 
has no trends of continuous changes. In 2020, ecosystem 
service value of forest and barren land has increased in 
compared to 2000, 2010 and 2019. In contrast, ESV of 
glacier, croplands and grassland has decreased in same 
periods.  The detail ESV in different time periods and land 
use types are given in the Table 1. Based on NDVI, ESV 
of Nepal was found 18.78× 109  USD during 2000 
[13].The increased forest and abandon (barren lands) 
obviously increased ESV in 2020 compared to before. In 
Nepal, forest cover has been increased. In 1960, forest 
occupied 43.5% of the total land while it was reduced to 
29% in 1990. After the initiation of community forest 
programs [32], forest cover increased to 39.1% in 2010 
[16], 40.36% in 2015 [33] and 44.47% in 2018 [34]. The 
grassland, glacier and crop land had decreased [35] 
consequently ESV was also decreased (Table 2). 

Table 2. Ecosystem Service Values in Different Time Periods Based 
on LULC Dynamics in Nepal 

Land Use Types 
Ecosystem Service Values in different 

time periods (109USDyr-1) 
2000 2010 2019 2020 

Water body 0.58 0.78 0.63 0.87 
Glacier 0.027 0.072 0.027 0.032 
Snow 0.034 0.07 0.055 0.03 
Forest 12.82 12.47 13.37 14.59 
Cropland 2.72 3.07 2.50 1.02 
Barren lands 0.000009 0.09 0.00024 0.077 
Grassland 1.16 0.65 1.11 0.057 
Total ESV (109USD yr-1) 17.34 17.2 17.69 16.67 
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Figure 2. Downscaling process for CRU climatic data from 50km to 1km resolution. The interpolation was done based on 30-arc second WorldClim 
Climatologies. CRU data downscaled was more effective to distribute the characteristics of climate change in local scales 

Table 3. Ecosystem Service Values in Physiographic Regions During 2000 and 2019 of Nepal 

Physiographic Regions/Provinces of Nepal. 
Ecosystem Service Values in different time periods (109USDyr-1) 

ESV, 2000 ESV,  2019 Remarks 
Terai 2.60 2.62 Increased 
Siwaliks 3.68 3.69 Increased 
Middle Mountains 6.54 6.91 Increased 
High Mountains 4.38 4.34 Decreased 
Himal 1.23 1.13 Decreased 
Provinces    
Province 1 3.4 3.50 Increased 
Madhesh Province 1.33 1.28 Decreased 
Bagmati Province 3.007 3.14 Increased 
Gandaki Province 2.17 2.29 Increased 
Lumbini Province 2.90 2.97 Increased 
Karnali Province 2.74 2.62 Decreased 
Sudur Paschim  Province 2.77 2.79 Increased 

 
Ecosystem service values were also derived in different 

physiographic zones and provincial scales of Nepal (Table 3). 
Middle mountain has more ESV i.e. 6.91×109 USD in 
2019 followed by high mountain of ESV 4.34×109 USD 
while the lowest ESV was found in Himal and followed 
by the Terai.  ESV of Terai and hills (Middle mountain) 
was slightly increased but it has decreased in Himal and 
High Mountain in between 2000 and 2019. As mountain 
encompasses rich and diverse ecosystem, there was the 
highest ESV in 2019 i.e. 6.91×109 USD in compared to 
other physiographic regions. The considerable temperature 
rise was 1.5°C at the rate of 0.06°C yr-1 from 1972 to 1994 

[36], 0.04°C yr-1 from 1975 to 2007 [37] and 0.03°C yr-1 
from 1982 to 2015 [38]. The increased temperature has 
severely affected on mountain environment specially 
glacier/snow melting and conversion into barren lands. 
Therefore, ESV of High mountain and Himal was 
decreased in 2019 in compared to 2000 (Table 3). In 
Provincial scale; Madhesh Province has lowest ESV and 
in decreasing trends. Bagmati Province has also higher 
ESV due to dense forest and water resources in 
surroundings of the valley. In compared to previous study, 
Karnali and Sudur Paschim Province also has higher ESV 
i.e. 2.62×109 and 2.79×109 respectively. 
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3.2. Land Use Land Cover Dynamics and 
Ecosystem Service Values 

Land use change is natural phenomena and continuously 
changing in Nepal. The observation on LULC dynamics 
was mainly focused on Landsat Satellite Images. The 
ICIMOD, Sentinal-2 ESRI satellite data and FRTC, 2022 
of Nepal government data (Figure 3 & Figure 4) are 
mostly significant and available. Over the history of Nepal, 
the most changeable land was observed as built-up area, 
forest cover and agricultural land. The buildup area has 
increased by 5351.99 km2 in 2020 in compared to 254.87 
km2 in 2000. In contrast, forest area has increased by 
67307.19 km2 in 2020 in compared to 59155.18 km2 in 
2000. The forest area has continuously increased in 
observed time periods of 2000, 2010, 2019 and 2020 

(Figure 3 and Figure 4). Similarly, the crop land has 
decreased which is 14625.87 km2 in 2020 and 38915 km2 
in 2010. The glacier and snow, water body especially 
wetland seems decreased but barren land seems increased 
during these study periods. 

Specifically, the built-up areas have been reported 
rapidly in increasing order with conversion of agricultural 
land, especially in the peripheral area of large cities in 
Nepal [39,40].  The historical trend of the forest cover in 
Nepal was found at the fluctuated trend, it was reported 
43.5% in 1960 and dropped down to 38.1% in 1978 and 
29% in 1994 [35]. It has increased and recovered 39.1% in 
2010 [16], 40.36% in 2015 [33] and 44.47% in 2018 [34]. 
The spatial and temporal coverage of land use types in 
2010 [26], 2020 [41] and 2000-2019 [18], is given in the 
Figure 3 and Figure 4. 

 
Figure 3. Land Use Land Cover Map of Nepal, a. ICIMOD LULC_ 2010, 30m resolution and b. Sentinel 2, 10m resolution, LULC ESRI-2020 

 

Figure 4. Land use land cover map of Nepal in 2000 (a) and 2019(b), Ministry of Forest and Environment (MoFE), Forest Research and Training 
Center (FRTC) 2022 
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These changed ecosystems type influences on ecosystem 
services for humankind. For example, increased built-up 
areas decreased all provisioning, regulating, supporting 
and cultural services. In contrary, increased forest areas 
supports more ecosystem services that regulate environment, 
provide more provisioning supports, maintain cultural 
harmony and support all living beings and human 
community. The conversion of agricultural land into 
settlements, decreased croplands also minimize the ecosystem 
service values to the community. The conversion of 
glacier/snow land into barren lands is also rapidly 
increased in mountainous regions in Nepal [18]. Out of the 
total forest area, 37.80% lies in middle Mountain, 32.25% 
in High Mountain and High Himal, 23.04% in Siwalik and 
6.9% in the Terai [33]. Therefore, Middle mountain, 
Siwaliks and High Mountains contribute higher ecosystem 
services values in Nepal (Table 3). 

3.3. Nexus between Climate Change and ESV 
Sen's slope showed that average annual temperature 

was found to be increased at the rate of (0.02°C yr-1)  
and precipitation decreased by -3.95 mm yr-1 during  
1990-2020 in Nepal. In ecological scales, the temperature 
has significantly increased in Nepal with 0.08°Cyr-1 
increased in Mountain and 0.02°C yr-1 increased in hills. 
The precipitation has decreased by 3.95 mmyr-1 in Nepal 
with higher negative trends in hills i.e. 6.527 mmyr-1.  
In contrary, CRU data showed the annual average 
temperature has increased at the rate of 0.03°C yr-1 and 
annual average precipitation has decreased with the rate of 
-5.12 mm yr-1. The distribution variation of temperature 
and precipitation is found based on the altitude and 
physiographic characters of Nepal (Figure 5). The lowest 
average annual precipitation was found in the Trans 
Himalayan regions located in mid and far western regions 
where the annual rainfall was approximately 302.33 mm 
(Figure 5). The central and eastern Nepal has more rainfall 
compared to other places of Nepal in which the maximum 
sum of annual rainfall was 4447.42 mm. Similarly, the 
temperature was higher in the south and decreased 
towards the north. The maximum negative temperature 
had reached by -18.15°C in the high mountains. 

These distribution patterns of temperature and 
precipitation set the land use types with different specialty. 
Lowest temperature zones favors the land coldest and 
tundra with more ice and glaciers which is considered as 
the sources of freshwater. Similarly, lowest precipitated 

zone favors drought and alpine meadow. The average 
rainfall and temperature trends favor the good forest and 
agricultural lands in hills and Terai regions in Nepal. The 
variations of land cover types alter the ecosystem services 
values for human kinds. During 1977-1994, the annual 
maximum temperature had increased at the rate of 0.06°C 
in most of the middle mountain and Himalayan regions 
and 0.03°C in Siwalik and Terai [36]. Similarly, the 
average temperature was also reported increased at the 
rate of 0.04°C during 1975-2007 [37]. In addition, 
National Climate Change Impact survey 2016 [42], survey 
data of climate perception (n = 5060) conducted by CBS, 
Nepal Government was found increased temperature by 
0.03°C yr-1 with an increase in maximum temperature by 
0.02°C yr-1 and minimum temperature by 0.04°C yr-1 over 
the period from 1979 to 2016 [43]. During 1982-2015, the 
average temperature has increased by 0.03°C yr-1 [38]  
and it has increased by 0.02°C yr-1 during 1990-2020  
[44]. Conversely, the annual precipitation trend has 
significantly decreased during 1990-2020 [44]. These 
changing climatic parameters have direct impacts on 
forest, agricultural activities, wetlands and biodiversity, 
grassland, mountain and glaciers and livelihoods [8,13]. In 
response to climate, the mountain glacier has been 
decreasing, forest has been increasing, wetland has been 
drying up and ecosystem are shifting [25] which 
ultimately vary land use types and ecosystem service 
values for human kind. 

3.4. Uncertainty and Limitation of the Study 
Nepal does not have ecosystem service value coefficient. 

Therefore, the ecosystem service values coefficient of 
Tibetan Plateau [29] was used in this study. The ESV 
coefficient in Tibetan Plateau was provided based on nine 
categories of ecosystem service function with response to 
global ecosystem service values obtained from 17 
ecosystems and 16 biomes [2]. The biomes types and 
topography are almost similar, and both Nepal and the 
Tibetan Plateau are located within the same Himalayan 
region. The inflation in the current market prices of goods 
and services of ecosystem over time might vary our values. 
In this study, different product of land use types was used 
and for climate data coarse resolute CRU data was 
downscaled from 50km to 1km spatial resolution to control 
the interpolation error from station data sets. However, the 
obtained results was compared with previous literatures 
[9,13,30] governmental reports and validated. 

 
Figure 5. Annual average climates based on CRU downscale 1 km data; (a) precipitation and (b) temperature distribution during 1990-2020 in Nepal 
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4. Conclusion 

In this study, we have investigated ecosystem service 
values based on different land use products using simple 
benefit transfer approach in national, ecological and 
provincial scales. The climate trend was also analyzed 
using Sen's slope on station data and CRU gridded data 
sets. The nexus between both of these parameters were 
analyzed and paved the way for future research. In Nepal, 
ESV was found 17.34 × 109 USD yr-1 in 2010 and  
16.67× 109 USD yr-1 in 2020. There was found no trends 
during 2010 to 2020. In Terai and Madhesh Province  
was observed lower ESV i.e. 2.62 × 109 USD yr-1 and 
1.28×109 USD yr-1 respectively during 2019 in compared 
to other ecological regions and provinces. During  
same period, in Himal, ESV was also found lowest i.e. 
1.13×109 USD yr-1.  In between 2000 and 2019, ESV has 
increased in all provinces except in Karnali, Madhesh 
province and in High mountains and Himal as 
physiographic regions. The forest area has increased by 
67307.19 km2 in 2020 in compared to 59155.18 km2 in 
2000 while crop lands have decreased by 14625.87 km2 in 
2020 in compared to 38915 km2 in 2010 with increased 
built-up and decreased wetlands, snow/glaciers varied 
ESV in Nepal. The climate study showed that temperature 
has increased by 0.02°Cyr-1 and precipitation has 
decreased by -3.95 mmyr-1 during 1990-2020 in Nepal. 
These Land use dynamics and climate change influences 
ecosystem service values in Nepal.  This study is very 
potential for economic valuation of natural resources. In 
future, estimation of ESV using values coefficient based 
on current market prices of Nepal and correlating with 
climate would be more effective.  
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