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Abstract 
Land cover change detection and updating a land cover map is prerequisite to understand the land 
cover change dynamics and for the sustainable management of forest resources. Urbanization has 
serious effect on the forest area in capital city but such studies are limit in Nepal. Thus this study was 
objectively conducted to assess land use land cover in Kathmandu district using spatio-temporal 
technique. Imageries of Thematic Mapper of 2000, 2010 and OLI 8 of 2021 were downloaded from 
USGS earth explorer. The maximum likelihood supervised classification was performed to classify the 
imageries of 2000, 2010 and 2021. The accuracy assessment of was performed of all the classified 
map. The maps showed the status and change detection in Forest, Bareland/Road, and Settlement and 
Water bodies from 2000 to 2010, from 2010 to 2021. The classified map of Kathmandu district showed 
that the area of Forest, Bareland/Road, Settlement and Water bodies was 19087.21, 14500.09, 3597.69 
and 4160.03 ha respectively in 2000. The area of Forest, Bareland/Road, Settlement and Water bodies 
was 11489.35, 21200.51, 4390.42 and 3415.66 ha respectively in 2010. Similarly, the classified map of 
2021 showed that the area of Forest, Bareland/Road, Settlement and Water bodies was 12732.08, 
17917.47, 7034.4 and 3661.88 ha respectively in 2021. Over all accuracy of thematic was 76.47, 82.92 
and 93.16% of the classified map of Kathmandu district of 2000, of 2010 and of 2021 respectively. The 
forest area was decreased by 7597.86 ha between 2000 and 2010, this was decreased by 1242.73 ha 
between 2010 and 2021 which was over all decreased by 6355.13 between 2000 and 2021. 
Barenland/road was increased by 3417.05 ha between 2000 and 2021 and about same increasing 
pattern was recorded with 3436.71 ha between 2000 and 2021. The effect of road construction, bare 
land and new settlement was clearly recorded in 21 years period. 
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Introduction 
The encroachment is defined as intrusion on a person's territory, rights, etc. or gradual 
advance beyond usual or acceptable limits. This gradual disturbance in the forest due to 
human activities is called forest encroachment. Population pressure and poverty are the main 
two factors stimulating forestland encroachment. Forests provide new areas for agriculture 
and a range of subsistence products. With increasing population, more families search land 
for agriculture and settlement or look for fuel wood or timber. There are several reasons of 
shrinking the forest. Illegal logging, grazing, infrastructure development, fire, encroachment 
(conversion of forest into agriculture and other land), fire, natural disaster (such as land slide, 
flood, erosion, bank cutting) are the key reasons. Deforestation and forest degradation are 
consequences of the causes. The encroachment is a challenging issue in developing 
countries. Generally, people encroach the land for different purpose. Poor people encroach 
the land to live or to build house while the rich and medium family encroach the land to 
extend their business. The business may be the extension of agriculture land, industry, school 
or other structures. These are the common problem in developing countries like Nepal. The 
people buy small piece of land nearby the forest after that, they encroach the forest and 
convert into agricultural land. The process of conversion of forest into other land use is the 
slash and burn process.  
The land use pattern of a region is an outcome of natural and anthropogenic factors and their 
utilization by man in time and space. Land is becoming scarce resource due to immense 
agricultural and demographic pressure. Hence, information on land use and possibilities for 
their optimal use is essential for the selection, planning and implementation of land use 
schemes to meet the increasing demands for basic human needs and welfare. This 
information also assists in monitoring the dynamics of land use resulting out of changing 
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demands of increasing population. Deforestation is the 
conversion of forest to another land use type. Forest 
degradation is a more subtle process. In both processes 
human encroachment on forest land is a driver where forest 
land is cleared and opened for cultivation, settlement or 
other development activities. Encroachment i.e. illegal 
conversion area of the forest land into other landuse is 
another major cause of disturbance to forests and other 
wooded lands in Nepal (FAO, 2010) [8]. 
Although Encroachment is posing serious threat to forest, 
there is lack of concrete policy and plan to deal with this 
problem. Therefore, forest encroachment has become a 
chronic problem in natural resources management regime in 
Nepal’s Terai. The problem of encroachment keeps on 
escalating during the period of Political unrest and political 
fluidity in the country. Human encroachment on forestland 
gives rise to the change in another type of landuse. Further, 
Land use change by human activities i.e. encroachment has 
become a proximate factor that catalyses deforestation and 
forest degradation (Tole, 1998 [25]; Koop and Tole, 2001). 
Hence, detecting the change in landuse due to encroachment 
of the forest at different spatial and temporal scales could 

provide useful information for planning and sustainable 
management of forests. Satellite remote sensing has been 
widely used to detect forest change, assess rates of 
reforestation or deforestation, and update existing forest 
maps (Myers, 1980) [19]. This study was objectively carried 
out to assess encroached areas of forest in Kathmandu 
district and estimate the encroached areas. 
 
2. Materials and Methods 
2.1 Study Area: The study area is Kathmandu. Kathmandu 
is a district located in Kathmandu Valley, Bagmati Province 
of Nepal. It covers an area of 433.6 km² and is the most 
densely populated district of Nepal with 1,744,240 
inhabitants in 436,355 households in 2011. The district is 
located from 27°27′E to 27°49′E longitude and 85°10′N to 
85°32′N latitude. In the urban center, the temperature 
fluctuates between 32 °C in summer (June– July) to -2 °C in 
winter (December–January). The annual rainfall of district 
is 176.4ml. The dominant tree species in this zone are oak, 
elm, maple and others, with coniferous trees at higher 
altitude. 

 

 
 

Fig 1: Map Showing Study Area 
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2.2 Data Collection: Primary and secondary data were 
collected. In addition to these spatial data was also collected 
to analyze the effect of LULC on forest of Kathmandu 
district. Primary data were collected from field observation, 
key Informant Interviews and Focus Group discussion while 
the secondary data and information were collected from 
record in Division Forest Office, Kathmandu, books, 
reports, journals, and community forest operational plans to 
meet the research objectives. 
 

2.3 Data Analysis: Two Landsat 7 ETM+ and one Landsat 
8 OLI/TIRS Satellite images dated 2000, 2010 and 2021 
were used to find a change between these periods. Both 
satellite images were downloaded from the United States 
Geological Survey (USGS) official website 
(https://earthexplorer.usgs.gov/). Priority was given to the 
data with less cloud cover and sensor noise, and at the same 
time attention was made for acquiring images with smaller 
seasonal variations. Details of the Image are given in the 
Table 1. 

 
Table 1: Landsat Image Details 

 

WRS 
(Path/Row) Scene ID Sensor No. of 

Bands 
Spatial 

Resolution 
Date of 

available image 
Path = 141 
Row = 41 LE07_L1TP_141041_20000327_20170212_01_T1_ANG Enhanced 

Thematic Mapper 7 30*30 2000/03/27 

Path = 141 
Row = 41 LE07_L1TP_141041_20100510_20100911_20_T1_ANG Enhanced 

Thematic Mapper 7 30*30 2010/05/10 

Path = 141 
Row = 41 LC08_L1TP_141041_20210516_20210525_02_T1_MD5 

Operational Land 
Imager and 

Thermal Infrared 
Sensor 

11 30*30 2021/05/16 

 
Creating Composites: Landsat data were formed by 
multiple band compositions according to sensor acquire and 
multiple images of year-long were present. Here, a single 
representative image of the whole year was made by 
combining multiple bands and images for enhancement of 
the image. 
Training sample collection: First of all, four land cover 
classes which represented the total land cover of the study 
area were determined as: i. Bareland/Road, ii. Forest, iii. 
Settlement and iv. Water bodies. Maximum possible 
training samples were taken for each class. Obtained 
training points were merged into respective classes. Then 
Interactive Supervised Classification was done to obtain 
composite landsat image having four feature classes. 
Accuracy Assessment: The accuracy assessment was 
carried out to prove the completeness of image classification 
of 2000, 2010 and 2021. The accuracy was calculated using 
true earth values and total sample number obtained in Error 
Matrix. The formula used was true earth value divided by 
total sample and multiplied by hundred to get result in 
percentage form. 
Post Processing: Composite Landsat image having four 
feature classes was firstly clipped into the Boundary of 
Kathmandu district and Local bodies applying "Extraction 
by Mask" which differentiated the land cover into the 
boundary. Further, it was subjected to manipulation to 
obtain a smooth image. Finally, a layout map was created 
and extracted to obtain the final land use land cover map of 
the Kathmandu district and Local Bodies of Kathmandu 
district of year 2000, 2010 and 2021. 
Change Detection and Analysis: LULC change detection 
of Local Bodies of Kathmandu district between 2000 and 
2021 was done using Intersect of Geo-processing tool in 
ArcGIS platform. New field, Change in Class and Area 
Change were added to the attribute table in order to 
calculate area change from one class to other between the 
time period of 2000 to 2021. The numerical analysis of land 
use land cover dynamics was then done through Microsoft 
Excel. 
 
Google Earth: Google earth was used for the selection of 

the study site, including its “historical imagery” function, 
classification, and accuracy assessment of Landsat images. 
It was also used to download images of the study area and 
extract different features on the ground. 
 
3. Result and Discussion 
Result and discussion are presented based on the objectives 
of the research. Assessment of encroached areas, estimation 
of encroached areas purposes of encroachment and land use 
land cover change of Kathmandu district and Local Bodies 
respectively. 
 
3.1 Land use and Land cover Change of Kathmandu 
district (2000, 2010 and 2021) 
The image classification of 2000 showed that 19087.21ha, 
14500.09ha, 3597.69ha and 4160.03 ha was covered by 
Forest, Bareland/Road, Settlement and Water bodies 
respectively. Similarly, the image classification of 2010 
showed that 11489.35ha, 21200.51ha, 4390.42ha and 
3415.66 ha was covered by Forest, Bareland/Road, 
Settlement and Water bodies respectively. Likewise, the 
image classification of 2021 showed that 12732.08 ha, 
17917.47 ha, 7034.4 ha and 3661.88 ha was covered by 
Forest, Bareland/Road, Settlement and Water bodies 
respectively. The difference between LULC 2000 and 
LULC 2010 showed decrease in Forest and Water bodies by 
7597.86 ha and 744.37ha respectively and increase in 
Bareland/Road and Settlement by 6700.42ha and 792.73ha 
respectively. 
Similarly, the difference between LULC 2000 and LULC 
2021 showed decrease in Forest and Water bodies by 
6355.13ha and 498.15ha respectively and increase in 
Bareland/Road and Settlement by 3417.05 and 498.15ha 
respectively. Likewise, the difference between LULC 2010 
and LULC 2021 showed increase in Forest, Settlement and 
Water bodies by 1242.73ha, 2643.98ha and 246.22 
respectively and decrease in Bareland/Road by 3283.04ha 
(Table 2 & figure 2). 
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Table 2: Land use Land cover change of Kathmandu district between 2000, 2010 and 2021
 

S.N. LULC 
Classes 

LULC 
2000 (ha) 

LULC 
2010 (ha) 

Difference between 
2000 & 2010 (ha) 

LULC 
2021 (ha) 

Difference between 
2000 & 2021 (ha) 

Difference 
between 2010 & 

2021 (ha) 
1 Forest 19087.21 11489.35 Decreased- 7597.86 12732.08 Decreased- 6355.13 Increased-1242.73 
2 Bareland/Road 14500.09 21200.51 Increased- 6700.42 17917.47 Increased-3417.05 Decreased-3283.04 
3 Settlement 3597.69 4390.42 Increased- 792.73 7034.4 Increased- 3436.71 Increased-2643.98 
4 Water Bodies 4160.03 3415.66 Decreased- 744.37 3661.88 Decreased- 498.15 Increased-246.22 

 

   

Classified map of Kathmandu in 2000 Classified map of Kathmandu in 2010 Classified map of Kathmandu in 2021 
 

Fig 2: Landuse Classification of Kathmandu district (2000, 2010 & 2021) 
 

Accuracies were 76.47, 82.92 and 93.16% of the classified 
map of Kathmandu district of year 2000, 2010 and 2021 

respectively. 
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Fig 3: Population Dymnamis of Kathmandu 
 
The population has been increasing rapidly in 
Kathmandu district. It was only 398,000 in 1990 in 
Kathmandu while this is 1,521,000 in 2022. The rate of 

population of growth 6.13 % annually in 1990 but this 
growth is becoming low these days with 3.33 in 2022.  
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3.2 Discussion 
According to the result obtained, the forest area was 
decreased in large amount between 2000 and 2010 i.e. by 
7597.86 ha however the forest area was increased after 2010 
upto 2021 by 1242.73 ha which may be due to the effective 
effort from Government of Nepal in conservation and 
promotion of Forest resources through various programs and 
supportiveness to all concerned stakeholders of forest inside 
Kathmandu district. Another important reason is increasing 
forest area in Kathmandu may be effective efforts of forest 
users to manage the community forest. Another important 
reason may be the protection of forest through National 
Park. Infact, Nagarjun forest was announced as National 
Park in 2002. Another important reason of increasing forest 
area may be shifting of energy of the local people towards 
biogas from fuelwood consumption. 
Though Nepal’s policy is emphasized on to maintain the 
forest area at least 40%, land fragmentation and conversion 
agriculture area into urban area is the main problem 
(Sharma, 2015) [29]. Most of the forest land is converted into 
infrastructure development particularly The forest patches 
were handed over for different purposes such as hydropower 
generation, transmission lines, public buildings, waste 
disposal, city parks, mining for cement industries, landfill 
sites, settlements, sites for factory, drinking water supplies, 
cableway construction, construction of towers for 
communication, irrigation canals and roads. The analysis of 
the data showed that the area of forest converted to non-
forestry uses was 263.8 ha per year, on an average, ranging 
from 84.1 ha in 2010 to 518.7 ha in 2011. This is completely 
matching with this result of this research work. The study 
done by FRA, 2014 showed that the forest area of 
Kathmandu was 15,129 ha, this value was differed from the 
present research work. The reason behind this may be forest 
management practice adapted by the users. There are several 
causes of land use land cover in Nepal but one of the 
important causes is the infrastructure development and 
extension particularly in urban area. The plotting of 
agriculture land and building of road, park, water storage 
tank and other public building are generally constructed 
inside the forest. In addition, the office building of 
government supported academic institutions is made inside 
the forest. These are important reasons of conversion of 
forest land into non-forest land.  
 
4. Conclusion and recommendation  
The map was produced to show the status of Forest, 
Bareland/Road, Settlement and Water bodies of 2000, 2010 
and 2021. The classified map of Kathmandu district showed 
that the area of Forest, Bareland/Road, Settlement and 
Water bodies was changed from 2000 to 2010, 2010 to 2021 
and 2000 to 2021. The forest area was decreased between 
2000 and 2010, 2010 and 2021 and 2000 and 2021. On the 
other hand, road/baren land and settlement areas were 
increased between 2000 and 2010, 2010 and 2021 and 2000 
and 2021. the increasing areas in these thematic classes 
showed clear effect on forest area. The research will be 
useful for policy maker and scientific community especially 
to understand the change detection in urban areas.  
Further conversion of forest area must be controlled through 
management in collaboration with the local community as 
early as possible. Management policy should be 
implemented and the area should be emphasized for 
restoration of forests. Effect of land use and land cover 

change was monitored using remote sensing analysis which 
can be useful tool for forest manager and policy maker. 
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