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Introduction

Planning for sustainable economic, social, environ-
mental, and land resources are critical because of 

population growth and global climate change (Ashraf, 
2020; Matin et al., 2019). Due to the enormous bur-
den of agriculture and urbanization, various human 
activities are underway to use the earth’s natural re-

sources, which are decreasing rapidly. Therefore, re-
mote sensing satellite data are shown to be very useful 
for the analysis and mapping of land cover (Lasko et 
al., 2018; Levizzani et al., 2019). Even if the resulting 
spatial dataset has different resolutions, this change 
can be monitored using a GIS approach (Giuliani et 
al., 2020; Munsi et al., 2010). It is essential to fill in 
the literature about land use and land cover changes 
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(LULC) to control and plan resources effectively for 
sustainable future growth (Hishe et al., 2020; Man-
sour et al., 2020). 

Changes in LULC is significant to meet the current 
demand of human needs like land, water and vege-
tation (Powers et al., 2019; Nath et al., 2018; Toure 
et al., 2020). Anthropogenic activities, i.e., deforest-
ation, urbanization, agriculture build-up, and further 
land degradation, are responsible for these changes 
(Noszczyk, 2019). It may lead to a decline in biodi-
versity, natural resources, smashed food supply, severe 
political and social consequences (Purswani et al., 
2020; Sánchez-Bayo et al., 2019; Gibb et al., 2018). 
The land-use dynamics of a region reflect natural and 
human environmental characteristics (Borrelli et al., 
2017; Li et al., 2017). The physical environment varies 
from natural topography to the classification of water, 
natural resources, and land cover in an area (Aghsaei 
et al., 2020; Ngo et al., 2020).

Land cover change is influenced by social and natural 
factors, as the social factors have a significant impact 
on economies and increase in population while the 
natural factors control vegetation types by natural se-
lection and changes in climate especially precipitation 
strongly affect vegetation’s state and growth (Ahmad 
et al., 2017; Kweyu et al., 2020; Liu et al., 2020). Ac-
cording to Zou et al. (2020a; 2020B) that the leading 
cause of changing in quality of natural ecosystem is 
due to alteration in precipitation pattern. Numerous 
studies, such as Liu et al. (2019) and Ning et al. (2018), 
have shown that social, economic, and climate change 
is having a significant impact on LULC and ecosys-
tems. Accurate and up-to-date global information on 
LULC changes is important to understand and assess 
the environmental impact of such changes.(Giri et al., 
2016). LULC change is a crucial factor responsible for 
environmental transformation regionally and global-
ly (Ketema et al., 2020; Xiao et al., 2006). Changes 
in LULC can be monitored by conventional tech-
niques and satellite remote sensing (provides a large 
amount of data on a global and regional scale) (Hal-
my et al., 2020). Remote sensing and GIS are power-
ful tools for assessing spatiotemporal LULC changes 
(Kulkarni et al., 2020; Shen et al., 2020; Xiao et al., 
2006). Consistent, historical, and accurate informa-
tion about changes in LULC on the Earth’s surface 
play a vital role in the sustainable development plan 
( John et al., 2020; Mustafa, 2020).

LULC provides a basic understanding of the dy-
namics of the mountain environment based on re-
mote sensing spatio-temporal variations. Rapid 
overexploitation of natural resources and population 
increase have resulted in catastrophic global instabil-
ity. LULC must be classified and analyzed to achieve 
optimal land cover, natural resources, development 
decisions, and planning. Mountain possess complex 
ecosystems. The mountain environment in the Hindu 
Kush, Karakoram, and Himalayan (HKH) regions is 
being influenced by natural and human factors such 
as climate change, population growth, urbanization, 
economic development (Ahmad et al., 2017; Chet-
tri et al., 2020; Wang et al., 2020) and natural dis-
asters like flash floods, glacial lake floods, landslides, 
and mudslides, degrading mountainous environment 
(Ahmad et al., 2018; Gul et al., 2020; Mukherji et al., 
2019). 

It is important to have LULC changes data on a 
global and regional scale based on previous litera-
ture. In this context, the current study used MODIS 
(MCD12Q1) time series for the year 2001-2018 
to generate information about LULC to help un-
derstand the mountainous ecosystems of Pakistan’s 
northern highlands.

Materials and Methods

Study area
The study area is situated in the northern highland of 
Pakistan, with latitude and longitude of 71º, 40′-73º, 
45′, and 34º, 35′-35º, 50′ respectively. Hindu Kush, 
Karakoram and Himalayan Ranges (HKH) are sit-
uated in this region. The area is spread over an area 
of 19068 sq.km. Narrow valleys and high mountains 
dominate the topography, with an elevation range of 
448-5946 mean above seal level (m.ASL), as shown 
in Figure 1. It includes district Dir, Kohistan, Shang-
la, and Swat. The climate here in the summer season 
is warm and moderate, where the hottest temperature 
is about in between 33 and 16 degrees centigrade, re-
spectively, in June and July. The season of winter is 
harsh and severely cold. In January, the mean mini-
mum and maximum temperatures are -2 and 11 de-
grees centigrade, respectively.

Data sources and trend analysis
The spatial dataset comes from two different 
sources; “Digital Elevation Model” and “MODIS 
(MCD12Q1)” land cover type products for extraction 
and delineation of study areas (Friedl et al., 2010). 
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Figure 1: Study area.

The dataset of LUC is derived from USGS satellite 
imagery with a resolution of 500m, using MODIS 
standard grid maps, with a sinusoidal projection, for 
generating and classifying global land cover maps 
for 2001-2018 on an annual basis. They gained cov-
erage of about 1200x1200 km on the equator. Data 
sets were analyzed to apply Z-statistic and MK trend 
test on a significant level of 5%. The MK rank-based 
non-parametric and Z-statistic trend test have been 
generally used to study the importance of monoton-
ic trends in time series data (Gavrilov et al., 2016; 
Kendall et al., 1990; Mann, 1945). A MODIS time 
series were analyzed individually. After analyzing 
the data of MODIS were evaluated. Pre-and post-
change detection methodologies are used to assess a 
detailed change detection, as shown in figure 4. An 
MCD12Q1 provides a “global land cover map” from 
2001 to the present, in annual time steps and a spatial 
resolution of 500 meters. MCD12Q1 products are a 
“supervised classification of MODIS reflectance data” 
(Friedl et al., 2010; 2002; Ganguly et al., 2010). Figure 
2 depicts the data source’s comprehensive, detailed 
roadmap for the current study.
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Figure 2: Roadmap of data source.

Land cover preprocessing
Initially, image preprocessing is essential for raw data, 
which typically involves image enhancement, ter-
rain correction, and geometric correction. To make 
the data consistent, the UTM WSG-84 projection 
is assigned to it. The land cover data in Table 1 is 
generated from the MODIS Land Cover Dataset 
product MCD12Q1. NASA released the MODIS 
MCD12Q1 product, which used “annual observa-
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tions” from the “Terra and Aqua satellites” to iden-
tify different kinds of land cover. MCD12Q1 data is 
presented in a hierarchical (HDF) format with about 
10 × 10 slices utilizing a Sinusoidal grid. MCD12Q1 
data can be used in geographic projections as glob-
al mosaics (Liang et al., 2015; Sulla-Menashe et al., 
2019). 

Table 1: Product detail of MODIS MCD12Q1. 
“MCD12Q1 product information
Data Format HDF
Available Years 2001-2018
Projection Sinusoidal
Spatial resolution 500 m
Temporal resolution Yearly
Acquisition website “https://earthexplorer.usgs.gov/”

Information about MODIS and HDF can be found 
at http://www.hdfgroup.org/products/ and http://
modis-land.gsfc.nasa.gov/MODLAND_grid.html. 
The MCD12Q1 product is saved in HDF and is 
projected in a sinusoidal manner. Data preprocess-
ing is required, which includes image mosaic, format 
conversion, reprojection, resampling, and subarea 
masking. After that, the MODIS HDF data is trans-
formed to Geotiff. To finish the image mosaic and 
sub-setting, the data projection was transformed to 
WGS84/UTM.

Land cover classification
The valuable data from the multi-band raster images 
can be extracted through image classification. After 
classification, the resultant images can be utilized in 
LULC maps. In ArcGIS, reclassified options were 
used to recode the grid code based on classification, 
as shown in Table 2. The overall goal of image clas-

sification is to automatically classify all pixels as land 
cover classes (Lin et al., 2014; Lu et al., 2014; Zhang 
et al., 2017). 

The study was divided into ten significant classes; 
“evergreen forest, shrublands, savannas, grasslands, 
permanent wetlands, croplands, urban and built-up 
lands, natural vegetation, permanent snow and ice, 
and barren land”. The legends for the MCD12Q1 
product are shown in Table 2.

Results and Discussion

Spatio-temporal changes of Land cover in different years 
from 2001-2018
Spatio-temporal images of the study region from 
2001 to 2018 were classified by using GIS tech-
niques. By using supervised classification, LULC 
maps were created from satellite pictures. “Evergreen 
forest (EGF), closed shrublands (SL), savannas 
(SA), grasslands (GL), permanent wetlands (PW), 
croplands (CL), urban and built-up lands (UBUL), 
natural vegetation (NV), permanent snow, and ice 
(PSI), and barren land (BL)”. These were the ten 
significant classes identified in satellite images from 
2001 to 2018. Figure 3 depicts the overall LULC 
change for the research area from 2000 to 2018.

Land cover changes
The LULC changes were classified from the MODIS 
images of 2001 to 2018, as shown in Figure 4. A de-
tailed images of LULC change map was obtained 
and assigned codes from 1 to 10. The assigned codes 
were given to “evergreen forests, shrublands, savannas, 
grasslands, permanent wetlands, croplands, urban and 
built-up lands, natural vegetation”, permanent snow 
and ice, and barren land from 1 to 10, respectively.

Table 2: Description of different classes of land cover.
Class code Land cover classes Description
1 Evergreen Forest Evergreen conifer, deciduous needle leaf/broadleaf, or mixed forest trees
2 Shrublands Woody perennials cover 
3 Savannas Tree cover
4 Grasslands Dominated by herbaceous annuals
5 Permanent Wetlands Inundated lands with water cover and vegetated cover
6 Croplands Cultivated cropland.
7 Urban and Built-up Lands Including building asphalt, materials, and vehicles
8 Natural Vegetation Herbaceous vegetation, natural tree, or shrub 
9 Permanent Snow and Ice Snow and ice cover area
10 Barren Including rock, sand, soil with less than vegetation

https://earthexplorer.usgs.gov/
http://www.hdfgroup.org/products/
http://modis-land.gsfc.nasa.gov/MODLAND_grid.html
http://modis-land.gsfc.nasa.gov/MODLAND_grid.html
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Figure 3: Land use land cover spatio-temporal change of from 2001 to 2018.

Figure 4: Spatial pattern of LULC and types changes for the year 2001-2018.
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Table 3: Land use land cover changes in sq.km and percent.
 2001 2005 2010 2015 2018

Sq.km % Sq.km % Sq.km % Sq.km % Sq.km %
Evergreen Forest 404.9 2.1 341.1 1.8 330.9 1.7 374.6 2.0 403.3 2.1
Shrublands 63.4 0.3 51.9 0.3 29.5 0.2 31.7 0.2 32.3 0.2
Savannas 4187.6 21.9 4393.5 23.0 4423.4 23.2 4592.8 24.1 5001.5 26.2
Grasslands 8746.1 45.8 8379.2 43.9 8332.8 43.7 8268.9 43.3 7965.6 41.7
Permanent Wetlands 6.6 0.0 4.4 0.0 5.7 0.0 12.8 0.1 19.5 0.1
Croplands 2426.4 12.7 2540.0 13.3 2502.1 13.1 2222.8 11.7 1997.4 10.5
Urban and Built-up Lands 59.7 0.3 61.4 0.3 65.2 0.3 69.6 0.4 69.5 0.4
Natural vegetation 73.3 0.4 116.6 0.6 173.5 0.9 296.0 1.6 404.9 2.1
Permanent Snow and Ice 60.0 0.3 103.3 0.5 119.8 0.6 129.2 0.7 116.5 0.6
Barren 3056.0 16.0 3092.1 16.2 3100.8 16.3 3085.5 16.2 3073.0 16.1
Total 19084.0 100.0 19084.0 100.0 19084.0 100.0 19084.0 100.0 19084.0 100.0

For better cartographic representation, the produced 
change map was vectorized and used threshold. The 
results showed that SA, PW, UBUL, NV, PSI, and 
BLwere increased significantly over the entire study 
area from the last 18 years. 

The classification results (Table 3) of 2001 reveal that 
“evergreen forest, shrublands, savannas, grasslands, 
permanent wetlands, croplands, urban and built-up 
lands, natural vegetation”, permanent snow and ice, 
and barren lands occupy 404.91, 63.37, 4187.57, 
8746.11, 6.58, 2426.38, 59.69, 73.31, 59.99, and 
3056.04 km2 of area respectively (Table 3). The sat-
ellite image was categorized into the same type and 
number of classes as in 2018 (Figure 3). 

Figure 5: Annual difference of spatial pattern of the year 2001-
2018.
 
The classification imagery of 2018 shows that “ever-
green forest, shrublands, savannas, grasslands, perma-
nent wetlands, croplands, urban and built-up lands, 
natural vegetation”, permanent snow and ice, and 
barren lands occupy 403.28, 32.25, 5001.53, 7965.60, 
19.46, 1997.35, 69.50, 404.90, 116.52, 3073.03 km2 

of area respectively (Table 3). The spatial patterns on 
an annual basis from 2001 to 2018 were presented 
in Figure 5 to understand changes in the land cover 
types over the entire study area.

Real change in land cover (percent)
The results revealed that the grassland had a larg-
er area from 2001 to 2018. Still, the most signifi-
cant changes in area were found as a decrease in the 
shrublands, grassland, and croplands, from 0.33% to 
0.17%, and 45.83% to 41.74% and 12.71% to 10.47%, 
respectively (Table 3) as compared to other land cover 
types. At the same time, no changes in an evergreen 
forest from 2001 to 2018, from 2.12% to 2.11% over 
the entire study area. 

It was also found from the current study that the per-
centage of permanent wetland, build-up land, natu-
ral vegetation, permanent snow and ice, and barren 
land increased from 2001 to 2018. Table 3 indicates 
that the percentage of savannas were increased by 
4.27% over the period. The current study findings 
were similar to Liu et al. (2014) study findings. While 
on the other hand, within the Basin, Barren land de-
creased from 55.61% to 39.96% from 2001 to 2013, 
as demonstrated in Table 2. 

Land cover changes and Z-statistical analysis
The land cover types and changes observed from 
MODIS images of 2001 to 2018, as shown in Figure 
6, The natural vegetation is significantly increasing 
in Shangla and Swat areas, as compared to Dir and 
Kohistan, whereas savannas were also significant-
ly increased all over the study area. The phenomena 
of LULC changes induced by a human and natural 
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Table 4: Z-statistic of land cover types.
Land cover classes Local common names Z-Test Significant Trend M-K Value p
Evergreen Forest Sada Bahar Jungle 0.86  No Trend 0.8038
Shrublands Jharion Ka Jungle -3.29 ** Sig Decrease 0.0005
Savannas Wasee Medaan 3.92 *** Sig Increase 1.0000
Grasslands Charagah -4.91 *** Sig Decrease 0.0000
Permanent Wetlands Martoob Zameen 3.56 *** Sig Increase 0.9998
Croplands Zarayi Zameen -3.20 ** Sig Decrease 0.0007
Urban and Built-up Lands Shehri Qasba 5.36 *** Sig Increase 1.0000
Natural vegetation ------------- 5.36 *** Sig Increase 1.0000
Permanent Snow and Ice ------------- 4.01 *** Sig Increase 1.0000
Barren Banjar Zameen 2.57 * Sig Increase 0.9949

Figure 6: Area wise significance of Land cover types.

process, the spatio-temporal data were assembled for 
the last 18 years (Figure 2). The data of LULC types 
were divided into ten significant classes; EGF, SL, 
SA, GL, PW, CL, UBUL, NV, PSI, and BL. 

The results showed that LULC types were at α > 0.1 
significant level and presented no change in the ev-
ergreen forest with z-value of 0.86. The SL, SA, PW, 
UBUL, NV, PSI, and BL indicated a highly signifi-
cant increase (α > 0.001) in the entire data series with 
z-value of 3.92, 3.56, 5.36, 5.36, 4.01, and 2.57, re-
spectively. While on the other hand, SL, GL and CL, 
showed a significant decrease at α significant level 
0.05, with z-value of -3.29, -4.91, and -3.20. 

Conclusions and Recommendations

The current study provides information about LULC 
to understand and promote sustainable ecosystems 
in the fast-growing area of the northern highland of 
Pakistan. Therefore, LULC spatio-temporal changes 
information based on satellite remote sensing ap-
proaches are the most prominent regional and glob-
al scale. The result of the study based on MODIS 

(MCD12Q1) time series over 18 years (2001-2018) 
revealed that shrublands (0.33-0.17%), grasslands 
(45.83-41.74), and cropland (12.71-10.47) were 
decreased significantly. Between 2001 and 2018, the 
number of savannas, permanent wetlands, urban and 
built-up regions, natural vegetation, permanent snow 
and ice, and barren terrain rose significantly. These 
data will eventually classify limited resources and 
significant environmental areas to manage natural 
resources better. As a result, due to a lack of reliable 
ground observations, the LULC map will play a crit-
ical role in the long-term management of LULC in 
Pakistan’s Hindu Kush, Karakoram, and Himalayan 
regions. It is recommended to conduct more compre-
hensive research about these vulnerabilities locally, re-
gionally, and globally to manage these resources effec-
tively and comprehensively to maintain mountainous 
ecosystem sustainability.
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