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Abstract: In order to advance land use and land cover change (LUCC) research in Nepal, it is 
essential to reconstruct both the spatiotemporal distribution of agricultural land cover as well 
as scenarios that can explain these changes at the national and regional levels. Because of 
rapid population growth, the status of agricultural land in Nepal has changed markedly over 
the last 100 years. Historical data is used in this study, encompassing soils, populations, 
climatic variables, and topography. Data were revised to a series of 30 m grid cells utilized for 
agricultural land suitability and allocation models and were analyzed using a suite of ad-
vanced geographical tools. Our reconstructions for the spatiotemporal distribution of agricul-
tural land in Nepal reveal an increasing trend between 1910 and 2010 (from 151.2 × 102 km2 
to 438.8 × 102 km2). This expanded rate of increase in agricultural land has varied between 
different eco, physiographic, and altitudinal regions of the country, significantly driven by 
population changes and policies over the period of this investigation. The historical dataset 
presented in this paper fills an existing gap in studies of agricultural land change and can be 
applied to other carbon cycle and climate modeling studies, as well as to impact assessments 
of agricultural land change in Nepal. 
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1  Introduction 

Studies on land use and land cover change (LUCC) at global and regional scales have shown 
that large environmental and ecological changes are often due to human activities (Klein 
Goldewijk and Ramankutty, 2004; Foley et al., 2005; Fuchs et al., 2015; Yang et al., 2015). 
Marked changes in global population, high levels of industrial development, and advances in 
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technology have all been proposed as key factors driving LUCC (Lambin et al., 2001). Re-
search in this area and on global change generally has increased continuously over recent 
decades at a large number of different academic institutions and organizations (Ramankutty 
and Foley, 1999; Chen et al., 2015), with all available data often being brought to bear in 
historical reconstructions of land use change (Yang et al., 2015). 

The analysis of spatially explicit data within climate and ecosystem models has proved 
the most effective approach for understanding LUCC (He et al., 2015). At the same time, 
however, numerical simulations have also been applied in this field (Pitman et al., 2011), 
especially in research on changing agricultural and cropland coverage (He et al., 2012; He et 
al., 2013; Zhang et al., 2013; Li et al., 2016; Li et al., 2017; Paudel et al., 2017). The use of 
map-based long-term historical analysis of agricultural land patterns has proved the most 
effective method to demonstrate changing trends, as such approaches are spatially explicit. 
To date, such methods have been successfully applied to the reconstruction of long-term 
LUCC (Fuchs et al., 2013), in particular changes in agricultural and cropland cover, at both 
temporal and spatial scales (He et al., 2015; Li et al., 2016; Paudel et al., 2017). 

A number of excellent benchmark studies have been carried out in this field, generating 
historical spatial datasets for research in particular on cropland change at global scales 
(Ramankutty and Foley, 1999; Pongratz et al., 2008). A good deal of attention has been paid 
to historical LUCC reconstructions using high-resolution spatial data, leading, for example, 
to the development of the History Database of the Global Environment (HYDE) and the 
Sustainability and the Global Environment (SAGE) dataset (Ramankutty and Foley, 1999; 
Klein Goldewijk et al., 2011). The latter of these two global datasets encompasses the dis-
tribution of cropland between 1700 and 1992 at 0.5° resolution, while the former was de-
veloped, and is now available, in four versions. HYDE versions 3.1 and 3.2 are the latest 
iterations and incorporate several factors, including population, distance to the nearest river, 
slope, distribution of urban area, forest, and potential vegetation. These versions contain a 
series of long-term (the last 12,000 years, over the Holocene) historical datasets (Klein 
Goldewijk, 2017); reconstructions using these data have so far been carried out in a number 
of different regions, utilizing a range of different techniques and models for the reconstruc-
tion of long-term LUCC (Wei et al., 2015; Yang et al., 2015). 

Global-level datasets such as SAGE and HYDE capture general trends in the long-term 
status of LUCC. In the context of Nepal, while a number of initial historical LUCC and ag-
ricultural land cover studies were conducted, they only encompassed small areas of the 
country over short time periods (Paudel et al., 2016b). Subsequently, however, two na-
tional-level LUCC datasets have been developed (Land Resources Mapping Project [LRMP], 
1986; Uddin et al., 2015), incorporating advances in aerial photography and satellite systems 
and utilizing remote sensing and geographic information system technologies. Thus, one 
recent study has been carried out to determine spatiotemporal patterns of agricultural land 
between 1970 and 2010 and to fill in historical LUCC national data gaps (Paudel et al., 
2017). Again, however, recent datasets also only consider the status of agricultural land over 
the last 50 years within Nepal; because other national scale datasets also only consider very 
specific time periods, previous work has been unable to elucidate long-term changes and 
trends in LUCC as well as the status of agricultural lands. 
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The aim of this historical study of agricultural land change was therefore to create and 
reconstruct long-term spatial datasets of agricultural land distributions at 30 m × 30 m reso-
lution for Nepal over the last 100 years (between 1910 and 2010) at 10-year intervals. This 
study thus provides a series of much-needed historical spatial datasets for the country. 

2  Study area and methods 

2.1  Study area 

Nepal, the study area for this research, is a land-locked country located adjacent to China and 
India in the central Himalayas between latitudes 26˚22′N and 30˚27′N and longitudes 80˚04′E 
and 88˚12′E (Figure 1a). This country comprises five physiographic regions, Tarai, Siwalik, 
and Hill, as well as the Middle and High Mountains, encompasses an area of 147,181 km² 
(LRMP, 1986), has a population of 28.5 million (2015), and had a per capita gross domestic 
product (GDP) of 732.3 US$ in 2015 (World Bank, 2015). Data show that the average 

 

Figure 1  Map showing altitudinal (a) and administrative boundaries (this study used population data based on 
75 district level for the period between 1970 and 2010) (b) as well as population data for eight regions within 
Nepal (c) between 1910 and 1960 (modified after Paudel et al., 2017) 
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temperature of Nepal rose by 1.8°C between 1975 and 2006, an average rate of increase of 
0.06°C/year (Malla, 2009). Average annual precipitation is 1,600 mm; rainfall trends shows 
that 80% of precipitation occurs in the monsoonal seasons between June and September 
(Gautam, 2008). Nepal is an agricultural country that has 16 main soil types, including hu-
mic and chromic cambisols (Dijkshoorn and Huting, 2009). 

Nepal encompassed a range of internal administrative regions throughout different his-
torical periods. Thus, using historical population data, we determined eight major adminis-
trative regions within the country which were used in this study to reconstruct agricultural 
land changes between 1910 and 1960: 1, Far-Western Tarai; 2, Central Inner Tarai; 3, East-
ern Tarai; 4, Kathmandu Valley; 5, Mid-Western Tarai; 6, Eastern Hills; 7, East Inner Tarai; 
and 8, Western Hills (Figure 1c). We also utilized five development regions, 14 zones, and 
75 administrative-level districts for our reconstructions between 1970 and 2010 (Figure 1b) 
(Paudel et al., 2017). 

Among the majority of the people in Nepal involved in agricultural activities, most use 
traditional cultivation methods. Thus, over the last century, changes in agricultural land use 
have tracked population expansion across the country. At the same time, both cropping sys-
tems and other trends within Nepal have varied based on geographical location and climatic 
conditions. In the Tarai regions of the country, for example, rice is mainly cultivated along 
with wheat and maize, while maize and millet are the dominant crops in the Hill region as 
well as planted rice, wheat, and cash crops (Chapagain, 2006). Buckwheat, barley, and potato 
farming are popular in the Mountain region alongside animal husbandry, while of the three eco-
logical zones within Nepal, the Tarai region has the highest crop productivity proportion be-
cause of its favorable geographical location, fertile land, and good climatic conditions. 

2.2  Reconstruction algorithm 

Building on a number of previous global, national, and regional-level historical reconstruc-
tions of agricultural and cropland cover (Ramankutty and Foley, 1999; Pongratz et al., 2008; 
Klein Goldewijk et al., 2011; He et al., 2012; He et al., 2013; Wei et al., 2015; Li et al., 
2016; Paudel et al., 2017), we collated historical literature and existing datasets for Nepal 
that cover the last 100 years. In this study, all actively cultivated cropland area was regarded 
as agricultural land, which excluded pasture and rangeland. The detailed algorithm used in 
this study is described in Figure 2. First, due to the absence of national datasets, we collated 
historical statistical data for agricultural land that covers the period between 1910 and 1960 
from the HYDE 3.1 dataset. Second, we culled agricultural land spatial datasets (30 m grids) 
from Paudel et al. (2017) for the analysis of agricultural land status between 1970 and 2010. 
Third, we collected national-level agricultural land spatial datasets for 1978 (LRMP, 1986), 
as well as data on elevation, climate, soil types, population density, and slope. These pa-
rameters were all used for the assessment of land suitability for cultivation following modi-
fication with the established approach presented by Paudel et al. (2017). We then combined 
all parameters to generate an agricultural land allocation model and used this to divide land 
area into 30 m grids for the period between 1910 and 1960. We then generated a series of 
novel datasets and analyzed them in tandem with the same standard reconstructed datasets 
between 1970 and 2010. This approach enabled us to complete a long-term analysis of agri-
cultural land cover in Nepal over the last 100 years. 
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Figure 2  The algorithm used in this study for reconstructing agricultural land cover over the last 100 years 
(modified from Paudel et al., 2017) 

2.3  Data sources 

To enable the spatiotemporal reconstruction of historical agricultural land change in Nepal, we 
used a variety of datasets from different sectors and included information relating to land spatial 
and inventory data, as well as slope, elevation, soil types, population density, and climate 
records. This information was collated from a range of different sources; details of the data-
sets we used are summarized in Table 1. During the reconstruction of agricultural land cover, 
due to the lack of government records, we obtained statistical areas for the period between 
1910 and 1960 from the HYDE 3.1 dataset (Klein Goldewijk et al., 2011), and adapted 30 m 
spatial resolution datasets for the period between 1970 and 2010 from Paudel et al. (2017). 

Table 1  Details of the datasets used in this study 

Data category 
Spatial 

coverage
Temporal 
coverage 

Unit
Original 

resolution
Re-gridded
resolution

Data sources 

LRMP-LULC National 1978–1979 m 240 m 30 m LRMP, 1986 

Mean annual temperature Global 1901–2010 °C 0.5° 30 m CRU-TS-3.23 

Mean annual precipitation Global 1901–2010 mm 0.5° 30 m CRU-TS-3.23 

Population density District 1911–2011 km2 – 30 m CBS, Nepal 

Elevation Global 2015 m 30 m 30 m SRTM-NASA 

Slope Global 2015 ° 30 m 30 m SRTM-NASA 

Soil National 2009 km 1 km 30 m SOTER 

Agricultural land (HYDE 3.1) National 1910–1960 km2 – – 
Klein Goldewijk  

et al. (2011) 

Agricultural land District 1970–2010 km2 30 m 30 m Paudel et al. (2017) 

Spatial data for agricultural land cover in 1978 were obtained from the LRMP, and were 
used to determine the maximum extent of agricultural land area. Specifically, HYDE 3.1 
agricultural land datasets were obtained from Klein Goldewijk et al. (2011) and used as the basis 
for our reconstructions. Climate datasets from the Climatic Research Unit (CRU-TS-3.23) 
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were used to obtain estimates for mean annual temperature and precipitation (Harris et al., 
2014); we used average mean temperature and precipitation for each stage of this study. The 
US National Aeronautics and Space Administration (NASA) has released open-access shut-
tle radar topography mission (SRTM) digital elevation model data at 30 m resolution, which 
we used for elevations and converted to slope data. We obtained soil data from the soil and 
terrain (SOTER) database for Nepal (Dijkshoorn and Huting, 2009), while historical popula-
tion data for this period were obtained from the Central Bureau of Statistics, Kathmandu, 
Nepal (CBS, 1958, 1961, 1971, 1981, 1991, 2001, 2012). 

2.4  Spatially explicit allocation methods 

The area of agricultural land in Nepal has expanded over the period of this investigation, 
leading to its present-day status. Thus, to analyze the long-term status of agricultural land 
over time, we used data for the period between 1970 and 2010 extracted from Paudel et al. 
(2017) and applied the same mature, spatially-explicit allocation method used previously by 
these workers to reconstruct agricultural land cover between 1910 and 1960. LRMP agricul-
tural land cover datasets were used to determine the maximum extent of agricultural land 
cover between 1910 and 1960, because this is the most extensive record for Nepal prior to 
1978. A Boolean agricultural extent cover map, Wagri(i), was then obtained to illustrate agri-
cultural land area; a value of 1 was used to indicate the presence of agricultural land and a 
value of 0 was used to denote absence. Because the spatial extent of agricultural land in each 
grid is dependent on natural phenomena (Li et al., 2016), we followed the approach advo-
cated by Paudel et al. (2017) and incorporated geographical conditions, including elevation, 
slope, soil type, population density, and climatic factors, to assess spatial weighting and to 
determine areas of land suitable for agriculture (Paudel et al., 2017). 

We defined the upper limit of the extent of potential agricultural land area in each 30 m 
grid cell at an elevation of 4,500 m and a slope of 30° based on a previous study that evalu-
ated Nepal and the Central Himalayas (Paudel et al., 2017; Wu et al., 2017). We then calcu-
lated the relationship between agricultural land, elevation, slope, and climate for the eight 
regional-levels between 1910 and 1960, kn (n = 1; 2; 3; ...; 8), based on Eqs. 1, 2, and 3, re-
spectively, all adapted from Paudel et al. (2017). We used monthly mean climate record 
values (i.e., precipitation and temperature) for each stage, including mean values for 1910 
for the period between 1901 and 1910, mean values for 1920 for the period between 1911 
and 1920, and so on, up until 1960. Finally, we performed a population density calculation 
using Eq. 4 adapted from Paudel et al. (2017) to determine the suitability of land for agri-
culture in grid cell i across the eight regions, kn (n = 1; 2; 3;...8), between 1910 and 1960. 

   min

max min

E E
E i

E E

 


 (1) 

In this expression, E′(i) is the normalized value of the elevation for land suitable for cultiva-
tion in grid i, while E denotes the original value of grid i, Emax is the maximum elevation 
value of grid i, and Emin denotes the minimum elevation value of grid i. 

   min

max min

S S
S i

S S

 


 (2) 

In this expression, S′(i) refers to the normalized value of the slope of land suitable for culti-
vation in grid i, while S is the original slope value of grid i, Smax is the maximum slope value 
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of grid i, and Smin is the minimum slope value of grid i. 

   min

max min

C C
C i

C C

 


 (3) 

In this expression, C'(i) refers to the normalized climate value (i.e., temperature and precipi-
tation) for the suitability of land for agriculture in grid i, while C is the original climate 
value of grid i, Cmax is the maximum climate value of grid i, and Cmin is the minimum cli-
mate value of grid i. 

   min

max min

,
P P

P i t
P P

 


 (4) 

In this expression, P′(i,t) is the normalized value of population density determining the suitability 
of land for agriculture in grid i in year t, while P is the original value for grid i, Pmax is the 
maximum population density value of grid i, and Pmin is the minimum population density 
value of grid i. 

The dominant soil type in a region is another key factor that determines the suitability of 
land for cultivation. On this basis, we classified soil types into one of two groups, either 
having potential as agricultural land or unsuitable. We then assigned a binary value of 1 to 
denote potential agricultural land (Soilsuit), or 0 if unsuitable; we applied this approach 
across the 16 major soil categories in the SOTER database (Dijkshoorn and Huting 2009).  

Thus, using the five factors described above, and the Boolean extent of agricultural land 
cover map Wagri(i) was determined to illustrate the area of land suitable for agriculture. The 
spatial weighting of agricultural land in each grid was then calculated using Eq. 5, adapted 
from Paudel et al. (2017), as follows: 

                agri suit, 1 1 ,W i t W i Soil i E i S i C i P i t            (5) 

In this expression, W(i, t) refers to the weighted area of a region allocated to agricultural land 
in grid i. We normalized W(i, t) for region kn to ensure that the total weighting for a particular 
region was equal to one; this was done using Eq. 6 adapted from Paudel et al. (2017) as follows: 

    , , / ( , )
i

R i t W i t W i t   (6) 

We then used Eq. 7 to estimate the agricultural land area within each 30 m × 30 m grid cell. 
This expression was adapted from Paudel et al. (2017), as follows: 
 Agri( , ) = ( , ) area( ,  )ni t R i t k t  (7) 

In this expression, Agri(i,t) refers to the agricultural land area of grid i in year t, while area 
(kn, t) is the agricultural land area of region kn in year t. 

Once we had determined total agricultural land area, excess area was removed and a loop 
was implemented to allocate the total until all grids met the prescribed limit of 0.0009 km2. 
We looped this allocation process for agricultural land area for the years 1910, 1920, 1930, 
1940, 1950, and 1960, while data meeting the same methodological standards were extracted 
from Paudel et al. (2017) to cover the years 1970, 1980, 1990, 2000, and 2010. This com-
plete dataset enabled analysis of agricultural land change over the last 100 years in Nepal. 

3  Results 

3.1  Changes in agricultural land area at the national level 

Reconstructions show that agricultural land area across Nepal increased from 15.12 × 103 
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km2 in 1910 to 43.88 × 103 km2 in 
2010. However, while there has been 
an overall national trend towards in-
creasing agricultural land area (Fig-
ure 3), this expansion has varied at 
different times and can be divided 
into three stages. There was a period 
of slow growth between 1910 and 
1950, followed by a period of rapid 
growth between 1950 and 1980, and 
a final period of steady growth between 1980 and 2010. 

3.1.1  Slow growth: between 1910 and 1950 

The total area of agricultural land increased slightly over the first stage of this period, by 
1.04 × 103 km2, from 15.12 × 103 km2 in 1910 to 16.16 × 103 km2 in 1920. During the second 
stage of this period, between 1920 and 1930, agricultural land area increased slightly more 
than during the first stage, changing from 16.16 × 103 km2 in 1920 to 17.74 × 103 km2 in 
1930. Agricultural land area increased between 1930 and 1940 by 1.43 × 103 km2, rising 
from 17.74 × 103 km2 to 19.17 × 103 km2, while there was also an increase from 19.17 × 103 
km2 to 21.13 × 103 km2 during the fourth stage of the study, between 1940 and 1950. Overall, 
agricultural land expansion during this period took place at a low rate; there are several reasons 
for this, discussed below in more detail. 

3.1.2  Rapid growth: between 1950 and 1980 

Data show that over this period the agricultural land area in Nepal increased at a higher 
rate than earlier (Figure 3). Indeed, between 1950 and 1960, the rate of change was higher 
than during the previous four study stages; over this period the area of agricultural land 
increased from 21.13 × 103 km2 to 25.44 × 103 km2, the second highest expansion seen in 
Nepal in the last 100 years and an increase of 4.31 × 103 km2 compared to the previous 
stage. Similarly, during the sixth stage of this study, between 1960 and 1970, agricultural 
land area also increased rapidly from 25.44 × 103 km2 in 1960 to 37.03 × 103 km2 in 1970. 
Over this period, agricultural land area increased by 11.59 × 103 km2, the highest recorded 
increase in Nepal over the last 100 years. There are several reasons for this change, dis-
cussed in more detail below. Finally, during the seventh study stage, between 1970 and 
1980, agricultural land area increased by 3.12 × 103 km2, from 37.03 × 103 km2 in 1970 to 
40.15 × 103 km2 in 1980. 

3.1.3  Steady growth: between 1980 and 2010 

Data show that between 1980 and 2010 there was a steady increase in the agricultural land 
area of Nepal (Figure 3). During the eighth stage of this study, between 1980 and 1990, this 
increase was less than in the seventh stage, from 40.15 × 103 km2 in 1980 to 41.16 × 103 km2 
in 1990. The area covered by agricultural land during the ninth stage, between 1990 and 
2000, increased by 2.15 × 103 km2, from 41.16 × 103 km2 to 43.31 × 103 km2, while there 
was also an increase from 43.31 × 103 km2 to 43.88 × 103 km2 during the tenth stage of this 
study, between 2000 and 2010. Our reconstructions resulted in a final agricultural land area 
of 43.88 × 103 km2 in 2010, the maximum recorded for the entire study. 

 

Figure 3  Reconstructions of agricultural land area in Nepal 
between 1910 and 2010 
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3.2  Changes in agricultural land area at the eco-regional level 

The three major eco-regions (Mountain, Hill, and Tarai) of Nepal were utilized in this study 
as part of our analysis of agricultural land area distribution. Data show that of the 75 government 
declared districts in Nepal, 16 are in the Mountain region (mostly located in the northern 
part of the country), 39 are in the Hill region (located across the middle part of the country), 
and the remaining 20 are in the Tarai region (on plains in the southern part of the country). 

On the basis of these divisions, results show that the distribution of agricultural land var-
ied in a very similar way in the Tarai and Hill regions in the period between 1910 and 1960, 
while there was a higher rate of expansion in the Tarai region between 1970 and 1990. In 
later stages, however, between 1990 and 2010, the Hill region tended to contain more agri-
cultural land as a proportion of the total in Nepal, while in terms of the overall distribution 
of agricultural land, the Mountain region contained far less than the others throughout all the 
stages we investigated. Data also reveal a temporal trend towards increasing agricultural 
land area in all three eco-regions between 1910 and 2010 (Figure 4). 

 

Figure 4  Trends in agricultural land area expansion between 1910 and 2010 across the three eco-regions of Nepal 

Agricultural land area has tended to increase across the country as a whole, while in indi-
vidual regions, more of this LULC was present in the Hill region in very early stages, up 
until 1960. At the same time, however, the area of agricultural land was higher in the Tarai 
region compared to the Hill region between 1970 and 1990. Trends in later stages show a 
slight decline in agricultural land area in the Tarai region as well as an increasing trend in 
the Mountain and Hill regions. 

3.3  Changes in agricultural land area in development regions 

There are five development regions in Nepal, classified as first level administrative units. 
We therefore assessed changes in the status of agricultural land within the five administra-
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tive regions that comprise this country, the Eastern Development Region (EDR), the Central 
Development Region (CDR), the Western Development Region (WDR), the Mid-Western 
Development Region (MWDR), and the Far-Western Development Region (FWDR) (Paudel 
et al., 2017). The results of this study show a smoothly increasing trend in agricultural land 
area in each of these regions (Figure 5). 

 

Figure 5  Trends in the expansion of agricultural land area between 1910 and 2010 in the five development re-
gions of Nepal. Note: EDR refers Eastern Development Region, CDR for Central Development Region, WDR for 
Western Development Region, MWDR for Mid-Western Development Region, and FWDR for Far-Western De-
velopment Region in Nepal. 

Reconstructions of agricultural land area for the five development regions revealed 
changes between 1910 and 2010. The agricultural land area of the EDR changed from 4.20 × 
103 km2 to 10.46 × 103 km2 between 1910 and 2010, while that of the CDR changed in the 
same way, increasing from 4.30 × 103 km2 to 10.68 × 103 km2 over the study period. Simi-
larly, the agricultural area of the WDR increased by 3.51 × 103 km2 to 8.95 × 103 km2 be-
tween 1910 and 2010; a similar trend was seen in the MWDR, an increase from 1.90 × 103 
km2 to 8.66 × 103 km2 between 1910 and 2010. The situation was slightly different in the 
FWDR where there was an increase from 1.21 × 103 km2 to 5.14 × 103 km2 between 1910 
and 2010. The largest rate of increase was seen in the CDR across every stage because this 
region contains more plains and areas favorable for crop cultivation than the other four. 

3.4  Changes in spatial patterns at the national level 

This study has presented a series of historical reconstructions of agricultural land change in 
Nepal over the last 100 years divided into 11 time slices (i.e., at ten-year intervals) at high 
resolution (30 m). Our spatial agricultural land reconstructions reveal that during the first 
study stage that commenced in 1910, this land use type was mainly concentrated in the Hill 
and Tarai regions of Nepal (Figure 6a), in particular in the central and eastern areas. The 
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overall area of agricultural land increased slightly during the second (1920) (Figure 6b), 
third (1930) (Figure 6c), and fourth (1940) (Figure 6d) study stages, in a similar fashion to 
the first stage. However, in the fifth (1950) (Figure 6e) and sixth (1960) stages (Figure 6f) 
there was a more rapid increase in agricultural land area than previously, with significantly 
higher spatial expansion in both Hill and Tarai regions. During the sixth stage in particular, 
results show a noticeable expansion in agricultural land within the Tarai region. One reason 
for this expansion has to do with the fact that before 1950 this region experienced major 
problems with malaria, prior to a major government eradication initiative (Dhimal et al., 
2014). The same period (1950 to 1951) witnessed the overthrow of the Rana family autoc-
racy in Nepal (Whelpton, 2005), unification, the advent of modern democracy in 1951, and 
the initiation of government land settlement programs in the Tarai region (Ojha, 1983). It is 
clear that between 1950 and 1960, agricultural land in Nepal was reclaimed at a high rate, 
particularly intensively in the Tarai and Hill regions. 

 

Figure 6  The spatial status of agricultural land cover in Nepal at 30 m resolution between 1910 and 2010 (a–k, 
with g–k taken from Paudel et al., 2017)  

During the seventh stage (1970), spatial distribution data show that agricultural land was 
still being reclaimed at an unprecedented rate, especially in the Tarai region of Nepal (Figure 
6g) and in central and western areas. By this time, a large area of agricultural land was con-
centrated in the eastern Tarai, while comparatively less was present in the mid- and 
far-western areas (Paudel et al., 2017). Data show that within the time period of this study, 
over the last 100 years, the rate of agricultural land expansion was the highest between 1960 
and 1970. Indeed, agricultural land area also increased significantly during the eighth stage 
(1980), especially in the Hill region, in mid- and far-western areas of the Tarai region, and in 
the eastern and far-western Hill region (Figure 6h) (Paudel et al., 2017). During the ninth 
stage (1990) (Figure 6i), agricultural land use had become more intensified in the Tarai re-
gion, but had not expanded much in mid- and far-western areas of the Hill and Mountain 
regions due to their climatic conditions and harsh topography. During the tenth stage (Figure 
6j) of this study (2000), a fractionally higher rate of expansion was seen in the Hill and 
Mountain regions compared to the Tarai, while in the last stage (2010) (Figure 6k), 
agricultural land continued to expand at a steady rate, especially in the Hill and Mountain 
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regions. At the same time, agricultural land cover adjacent to, and within, big cities contin-
ued to decrease due to high levels of urbanization (Thapa and Murayama, 2009, 2010). 

3.5  Spatial variation at the physiographic region level 

Due to vast topographic variations, Nepal comprises five physiographic regions: Tarai, Si-
walik, and Hill, as well as Middle and High Mountain (LRMP, 1986) (Figure 7c). Based on 
these five physiographic regions, we describe and analyze spatial variations in agricultural 
land change. The spatial trend in reconstructed agricultural land cover over the last 100 
years clearly shows that agricultural activities in all regions of the country have rapidly in-
tensified (Supplementary Information Table A1). 

 

Figure 7  The spatial status of agricultural land cover in Nepal at the level of physiographic regions in 1910 (a) 
and 2010 (b) 

Intensification of the agricultural land use in the High Mountain region led to five times 
more reclamation that previously between 1910 and 2010, from 17.11 km2 to 95.54 km2, 
respectively. Similarly, spatial trends in the Middle Mountain region show variation from 
946.54 km2 to 4879.59 km2 over the last 100 years, while agricultural land cover in the Hill 
region was 6680.71 km2 in 1910. This area rapidly increased until 2010 when it was 
17,749.91 km2. Although the pattern in the Siwalik region also shows an intensification of 
about 3.6 times agricultural land cover between 1910 and 2010, the most dynamic trend is 
seen in the Tarai region where land area increased from 6274.12 km2 to 16,771.36 km2 over 
the course of this study. 

The spatial pattern that characterizes the first stage shows that the majority of agricultural 
land was previously located in the Hill region, even though the intensity of this LULC is 
higher in the Tarai region. Status and agricultural land patterns show that the High Mountain, 
Middle Mountain, and Siwalik regions experienced less agricultural activity at the start of 
the study period; spatial results shown that agricultural land cover in the Hill region between 
1910 and 1960 was larger than in the Tarai region, while this dramatically intensified 
between 1970 and 1990 to a higher level than in the Hill region. This trend continued 
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between 2000 and 2010 to reach a higher level of agricultural land cover than other regions 
of the country. 

In general, agricultural land cover in the Tarai region includes more fertile soil than other 
physiographic regions, as well as more suitable topography for agriculture. This means that 
the intensification and expansion of agricultural land in southern Nepal has rapidly increased 
over the last 100 years, clearly reflected in spatial patterns of agricultural land between 1910 
and 2010 (Figures 7a and 7b). 

3.6  Spatial variation within altitudinal zones 

Nepal is located in the Himalayan region. Thus, because of vast topographic and altitudinal 
variations, the spatial status of agricultural land cover over the last 100 years has also been 
directly affected by altitudinal variation and there is a close relationship between the two 
variables. We therefore evaluated trends and changes in the spatial intensification of agri-
cultural land cover between 1910 and 2010 by dividing national contour lines into seven 
categories, below 500 m, between 500 m and 1000 m, between 1000 m and 1500 m, between 
1500 m and 2500 m, between 2500 m and 3500 m, between 3500 m and 4500 m, and above 
4500 m. This enabled us to determine spatial changes in agricultural land cover based on 
elevation range over the last 100 years. 

The southern region of Nepal is situated in the low altitudinal zone, and is called the Tarai. 
Contour lines show that the majority of land in this region is at elevations below 500 m, although 
some areas at this height are also seen in the Siwalik, Hill, and Middle Mountain regions of 
the country. In terms of agricultural activities, this low altitude area is most suitable for crops, 
not just because of the presence of plains at low altitude but also because of fertile soil for 
agriculture. Thus, this zone, below 500 m, encompasses the highest proportion of agricul-
tural land cover nationally across all study stages (Supplementary Information Table B1). 

The spatial distribution of agricultural land cover between 500 m and 1,000 m has also 
intensified, but to a much lesser extent than in the lower altitudinal zone. This result is 
obvious because this altitudinal range encompasses most of the area of the Siwalik region of 
Nepal which is not as suitable for agriculture as the first zone. In addition, the total area of 
this zone is also much lower than the first altitudinal zone. The rate of change in agricultural 
land over the last 100 years by altitude is presented in Figure 8. 

Spatial trends in the intensification of agricultural land cover in the belt between 1000 m 
and 1500 m are much higher than those between 500 m and 1000 m. This zone is mostly 
located in the Hill region; the agricultural area of this belt has also greatly intensified in re-
cent decades, especially after 1990. The results of this study show that agricultural area in 
this altitudinal zone was 3501.67 km2 in 1910, increasing up to 8769.16 km2 by 2010. 
Trends in agricultural land within the altitudinal belt between 1500 m and 2,500 m are al-
most the same as those between 500 m and 1000 m, albeit slightly less than the in the 500 m 
and 1000 m belt. This zone is also characterized by a smoothly increasing rate of land rec-
lamation, as in other altitudinal zones; the distribution of agricultural land in this altitudinal 
zone was 2184.11 km2 in 1910 and had increased to 7567.78 km2 by 2010.  

Although the elevation zone between 2500 m and 3500 m is characterized by less agri-
cultural land cover overall, this has expanded and intensified over the last 100 years. Some 
areas within this zone lie within the Middle Mountain region, while some are within the 
High Mountain region where agricultural activities are difficult and the soil quality is not 
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favorable for crops. As a result, the 
distribution of agricultural land within 
this altitudinal belt is less than that of 
its counterparts.  

The spatial distribution of agricul-
tural land in the elevation zone be-
tween 3500 m and 4500 m is low; this 
area was 8.31 km2 in 1910 but in-
creased over the 100 year period of 
this study to 83.47 km2 by 2010. The 
majority of the area encapsulated by 
this altitudinal belt is located in the 
Middle and High Mountain regions, 
so this result is also obvious because of high altitude, extreme climate, and topography. Un-
der these conditions it is very difficult for both crops and humans to survive. The cut-off 
point for this study was set at 4500 m; we therefore assume that there is no agricultural land 
area above this altitude and so no spatial distribution map at this height was reconstructed. It 
is noteworthy that this may have created some uncertainties in estimates for the distribution 
of total agricultural land area; the additional uncertainties in this study are briefly discussed 
in Supplementary Information C. 

4  Discussion 

4.1  Management, potential drivers, policy implications, and future directions 

Throughout the historical period, the government of Nepal has managed the transition from 
highly fertile zones to agricultural land, starting in the 1950s after the launch of a malaria 
eradication program and supported by a favorable political system following democratic 
reforms in 1950 and 1951. In this generally favorable political climate, the government of 
Nepal started to settle landless people in the Tarai region in the so-called ‘Rapti Project’. As 
part of this resettlement program, people were moved from the Hill to the Tarai region (Ojha, 
1983). Indeed, as evidenced by the historical literature, a tropical climate and malaria eradi-
cation programs in the Tarai region are usually thought to be the main causative factors of 
agricultural land expansion (Ojha, 1983). However, other factors were likely also to have 
been just as important, including the government policy to resettle people in the Tarai region, 
the attractiveness of the highly fertile soils in this area, the low cost and high profitability of 
agricultural activities in lowland areas compared to hilly slopes, and a high rate of popula-
tion growth. Throughout previous stages, these types of programs and factors led to re-
markably high rates of land reclamation for agriculture in Nepal. However, poor manage-
ment in recent decades has led to the conversion of highly built-up areas as well as the 
abandonment of some regions. For these reasons, it is necessary to develop, effectively im-
plement, and manage coherent land use policies. 

The regional-level study presented here for Nepal shows that, socioeconomic, neighbor-
hood, climatic, and topography-related factors have mainly driven agricultural land area 
changes (Paudel et al., 2016a). In addition, population density, the migration of foreign labor, 
distance from roads, settlements, and rivers, as well as precipitation, temperature, elevation, 

 

Figure 8  The altitudinal rate of change (%) of agricultural 
land area in Nepal between 1910 and 2010 
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soil, and land slope must also be taken into account. It is clear that the relative influence of 
these factors were different in historical times; different drivers have come to the forefront at 
different times, reflecting the changing status of agricultural land at the regional and national 
scale. High population growth over the last 100 years (Figure 9a), for example, has played a 
key role in agricultural land expansion, while climatic conditions also relate, directly and 
indirectly, to changes in this LULC (Figure 9b). Additional important factors include the 
actions and policies of government, directly related to agricultural land expansion across 
Nepal throughout the period of this study, especially in the Tarai region. In recent decades, 
agricultural land areas in this region that are adjacent to the east-west highway have been 
extensively converted into built-up areas as a direct result of government policies and their 
implementation. It is very important that the government puts in place suitable land use poli-
cies and amends them based on sustainable management strategies that are linked to the 
economy and the lifestyles of the populations. This process can be aided by the adequate 
management of LUCC, especially agricultural land, both currently and into the future. 

 

Figure 9  Variations in population, agricultural land area (a), temperature and precipitation (b) over the last 100 
years in Nepal. A number of acts and government policies have been superimposed onto this figure. 

Throughout the historical period in Nepal, a number of settlement policies for land man-
agement were applied at different stages. For example, between 1769 and 1815, the gov-
ernment attempted to reclaim waste land through forced labor (Regmi, 1972). The most im-
portant of these government policies was initiated towards the end of the 18th century (Ojha, 
1983); however, between 1814 and 1816, land settlement policies came almost to a standstill 
due to the Anglo-Nepalese war and the process was not re-started until after 1920 when 
people were again encouraged to settle in the Tarai region (Ojha, 1983). After 1950, the rate 
of agricultural land reclamation rose rapidly and the government developed a series of land 
use laws and policies in an attempt to effectively manage LUCC (Sharma and Khanal, 2010). 
Examples include the ‘Birta Abolition Act 1959’, the ‘Land Survey and Measurement Act 
1963’, the ‘Land Act 1964’, the ‘Range Land Nationalization Act 1974’, the ‘Trust Corpora-
tion (Guthi) Act 1976’, the ‘Land Revenue Act 1977’, and the ‘Land Acquisition Act 1977’ 
(FAO, 2010) (Figure 9). Building on these historical developments, a new set of land use 
policies was developed in 2012 (NLUP, 2012) that emphasize the appropriate use of land 
(Paudel et al., 2016a). In addition, the government of Nepal developed a National Agricul-
tural Policy 2004, an Irrigation Policy 2004, and an Agricultural Perspective Plan 
(1995–2015) aimed at enabling the effective management of agricultural land across the 
country. However, many problems have not been solved appropriately because of the inade-
quate implementation of laws and policies (Paudel et al., 2016a). 

The reconstructions presented here show that significant areas of agricultural land sur-
rounding big cities have been converted to built-up areas over recent decades, especially in 
the Tarai region. However, the rate of agricultural land abandonment has also increased in 
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the Hill and Mountain regions of the country, due to the lack of appropriate government 
policies, implementation, and management. We argue that if the government does not take 
appropriate action with regard to the management of agricultural land. It is likely that the 
current high rate of conversion to built-up areas will continue in the future, alongside the 
abandonment of land based on its geographical location. The new national land use project 
(NLUP, 2012) aims to solve some of agricultural land management issues (Paudel et al., 
2016a) by developing integrated land use planning and zoning across major land categories 
(i.e., agricultural, residential, forest, commercial, industrial, public, and other areas). This 
land use project will also aid the effective management of agricultural land. We argue that it 
will be necessary to focus in the future on the implementation of policies aimed at increasing 
agricultural productivity, as well as enhancing commercially competitive agriculture (Paudel 
et al., 2016a) in tandem with the combined management of agricultural land, biodiversity 
conservation, and natural resources. It is also necessary to take the rapidly growing national 
population into account as part of the effective management of agricultural land in Nepal. 

4.2  Marked changes and regional variation over the last 100 years 

The results of this study reveal a series of remarkable changes in agricultural land cover 
across Nepal over the last 100 years. In particular, data show that agricultural land area in 
1910 was around three times less than in 2010. Based on our historical reconstructions of 
agricultural land cover across Nepal, three stages characterized by marked changes can be 
highlighted. Between 1950 and 1960, agricultural land cover in the country rose by 4.31 × 
103 km2. This equates to an increase of 11.59 × 103 km2 between 1960 and 1970 compared 
to the period between 1950 and 1960, and was followed by a peak of 3.12 × 103 km2 be-
tween 1970 and 1980. Several possible factors could explain these changes. 

In the first place, as discussed above, there were major problems with malaria in Nepal 
prior to 1950, especially in the Tarai region. However, from 1950 onwards, the government 
initiated an intensive program to eradicate this disease (Dhimal et al., 2014). Other political 
changes also took place at the same time, including the 1950–1951 overthrow of the Rana 
family autocracy (Whelpton, 2005), unification and the advent of modern democracy in 
1951, and the initiation of government-sponsored land settlement programs in the Tarai re-
gion (Ojha, 1983). All of these changes would have been highly conducive to agricultural 
land expansion in Nepal. Indeed, the period between 1951 and 1960 is often referred to as 
‘the Transitional Period’ in terms of national agricultural land expansion (Ojha, 1983). Fol-
lowing the initiation of Malaria eradication and the land settlement program between 1950 
and 1960, the government then strongly supported the expansion of agricultural land be-
tween 1960 and 1970, especially in the Tarai, and Hill and regions of the country. This gov-
ernment support led to the highest level of land use expansion seen in the 100 year duration 
of this study. Between 1950 and 1970, the government of Nepal freely allocated waste lands 
in the Tarai region to anyone who undertook to reclaim them for settlement, allowing the 
payment of less tax over a four- to ten-year period (Regmi, 1972). 

Turning to regional variations, results show that the over the last 100 years, the southern 
part of Nepal has experienced the highest rate of increase in agricultural land area. At the 
same time, however, the fractional spatial distribution of this change reveals that the rate of 
increase had declined by 2010. There are a number of human-induced reasons for this, in-
cluding a high rate of urbanization in the plains area, the establishment of industrial areas in 
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the southern part of the country, and an increasing trend towards population growth in the 
regions (Paudel et al., 2017). Thus, status and trends in agricultural land reconstruction 
changes varied between different administrative areas (i.e., regions, zones, and districts) 
between 1910 and 2010. Reconstructions show that far-western areas, including the Tarai 
regional districts Kailali and Kanchanpur, had less agricultural land before 1950; this was 
also the case in the Hill district of Baitadi and the Mountain district of Darchula, both of 
which were rapidly reclaimed between 1950 and 2010. In more western areas of the country, 
in regions such as Kaski, Syanja, Tanahu, and Lamjung, the reuse of land and the intensifi-
cation of agricultural areas took place at a steadier rate than in other parts of the country. In 
contrast, central and eastern districts of the Tarai region, including Morang, Sunsari, and 
Jhapa, now have more agricultural land than they did earlier, much of which has been heav-
ily reclaimed since the 1950s. These regions are amongst the most suitable in Nepal for cul-
tivating crops as they are characterized by flat slopes and fertile land. Agricultural land 
cover in these regions intensified during the later time periods of this study, while the situa-
tion in Hill and Mountain districts such as Khotang, Solukhumbu, and Sankhuwasabha 
meant that intensification of this LULC type did not occur until after 2000. Agricultural land 
in some of these regions has even been recently abandoned because of the absence of irriga-
tion, labor shortages, and reductions in income from traditional agriculture (Paudel et al., 
2016a). The area of agricultural land in the Kathmandu Valley, for example, increased until 
the 1960s but declined in recent decades due to high levels of urbanization. 

Reconstructions show that, until 2010, the lowest area of agricultural land was in the 
Karnali zone, while the largest area of agricultural land was in the Lumbini zone. These re-
sults were both expected because the latter zone encompasses a favorable area for crop cul-
tivation, while the former is characterized by harsh topographic and climatic conditions 
(Paudel et al., 2017). Finally, reconstructions over the last 100 years for different districts 
and regions of the country are significantly different from one another because of 
topographic, rapid population growth, and climatic factors. 

5  Conclusions 

The historical reconstruction study presented in this paper considered changes in spatial 
patterns of agricultural land in Nepal over the last 100 years (i.e., encompassing the period 
between 1910 and 2010). This was achieved via land suitability assessment and a land allo-
cation model and generated a series of historical datasets. Agricultural land reconstruction 
between 1910 and 1960 was based on national-level statistical data and encompassed eight 
regional-levels of population figures analyzed at both national and regional levels. In con-
trast, we used district-level statistical data for the period between 1970 and 2010, analyzing 
this at both national and different regional levels. Thus, on the basis of these models, we 
reconstructed and developed high resolution (30 m) agricultural land cover maps for Nepal, 
covering ten-year intervals between 1910 and 2010. 

The results of our reconstructions strongly suggest that agricultural land in Nepal ex-
panded significantly between 1910 and 2010. This expansion varied at different times; be-
tween 1910 and 1950, for example, less growth in agricultural land area was seen, from 
15.12 × 103 km2 to 21.13 × 103 km2, while a rapid increase was seen between 1950 and 1980, 
from 21.13 × 103 km2 to 40.15 × 103 km2, respectively. Steady growth was seen between 
1980 and 2010, from 40.15 × 103 km2 in 1980 to 43.88 × 103 km2 in 2010. The spatial dis-
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tribution of agricultural land during the initial 1910 stage showed that less area was present 
proportionally in the Tarai and Hill regions; the Jhapa, Rupandehi, and Banke districts in the 
Tarai region as well as the Ilam, Kaski, and Surkhet districts in the Hill region had less ag-
ricultural land area. However, increasing land area intensified and this trend became most 
marked in the Tarai region after the 1950s, as well as in the central Hill and Mountain re-
gions of the country. Data show that, over recent decades, especially after the 1990s, there 
has been a slight decrease in the rate of land area conversion to agricultural land, especially 
around the capital city (Kathmandu) and in other areas surrounding big cities (Biratnagar, 
Pokhara, Butwal, Kohalpur, Nepaljung). The high rate of population growth, government 
policies, and climate have all played key roles in influencing agricultural land cover over 
this period. The historical spatial dataset for the last 100 years presented in this paper will 
prove very useful for the future analysis of agricultural land impacts at local, regional, and 
national scales, as well as for analyses of carbon emissions and climatic modeling. 
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