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Abstract
Climate change and other biotic factors are causing desertification and degradation of the range resources
at an alarming rate especially in the arid and semiarid regions worldwide. The mountainous region of
Sheikh Badin National Park (SBNP) —famous for its floristic composition and biodiversity, is facing
serious consequences of climate and anthropogenic effects in Pakistan. The influential role of extreme
climate changes needs to be explored to mitigate growing risk of degradation of natural vegetation and
biological resource in this mountainous region. In the present study, relationship of the NDVI
(Normalized Difference Vegetation Index) was investigated with the seasonal LST (Land Surface
Temperature), and TRMM (Tropical Rainfall Measurement Mission rainfall) rainfall data of 2000-2018
period in the SBNP of Khyber Pakhtunkhwa province, Pakistan for sustaining the ecosystem health. The
findings of the study revealed increasing trends in the NDVI during the winter, spring, summer and
autumn seasons with corresponding increase in the rainfall in the study area. The correlation coefficient R
value between the NDVI and the LST was found -0.37 for winter, -0.72 for spring, -0.002 for summer
and -012 for autumn (significant at p<0.05). The correlation between the NDVI and the rainfall data
revealed R values 0.41, 0.79, 0.64 and 0.7 for the winter, spring, summer and autumn seasons (significant
at p<0.05), respectively. The rainfall appears to be a major determinant of vegetation health and
consequent ecosystem sustainability in the study area. However, the seasonal changes in climate and their

implications necessitate adoption of integrated management of ecosystem to conserve biological

resources on sustainable basis in this region in future.

Keywords: climate change, MODIS, rangeland, vegetation index, Khyber Pakhtunkhwa

International Journal of Environment ISSN 2091-2854 65|Page


mailto:mashr22@yahoo.com
https://orcid.org/0000-0003-0888-259X

DOI: https:/doi.org/10.3126/ije.v13i1.70633
Copyright ©2024 1JE

This work is licensed under a CC BY-NC which permits use, distribution and reproduction in any

medium provided the original work is properly cited and is not for commercial purposes

INTRODUCTION

National parks play a key role in in preserving natural resources and sustaining healthy ecosystems
worldwide (Allendorf and Yang, 2013; Aastrup et al., 2021). They provide protection to wildlife habitats,
conservation of natural resources, healthy environment, i.e., clean air and water for current and future
generations (Becken et al., 2014; Loomis et al., 2024). However, climate change coupled with unplanned
utilization of rangeland resources has given rise to approximately 20% desertification/degradation of
rangelands worldwide (\Wehrden et al., 2012; Rehman et al., 2015). The degradation and fragmentation of
natural habitat are still happening resulting in loss of healthy ecosystem and biological resource in many
areas (Steffen et al., 2015). As a result of such changes, some species of plant and animal are experiencing
succession or completely disappearing from different regions (Noss, 2001). The rangeland vegetation in
Sheikh Badin National Park (SBNP) is exposed to extensive degradation due to natural and human
factors (Marwat et al., 2012) resulting in gradual decline of several plant species such as Monathica,
Pinnus and Tamarixaphylla in the area (Attaullah et al., 2015). The studies on Karakoram National Park
in Gilgit-Baltistan and Machiara Park in Kashmir revealed that >70% of the pastures and rangelands are
affected by the anthropogenic and extreme climatic conditions (Alam, 2010; Zahoor, 2010; Khan, 2013).

Application of geographic information system (GIS) and remote sensing data products like MODIS
(Moderate-Resolution Imaging Spectro-radiometer) derived NDVI (Normalized difference vegetation
index), LST (Land surface temperature) and TRMM (Tropical Rainfall Measurement Mission) are very
effective tools to monitor changes in natural resource, vegetation growth, productivity and ecosystem
health (Roohi et al., 2004; Martinez and Gilabert, 2009). The MODIS data products updated by NASA
Administration are free of charge and have improved spatial and spectral resolutions, cloud screening, and
atmospheric correction (Friedl et al., 2002; Justice et al., 2002). Therefore, they are widely applied for
remote sensing based monitoring, such as of rangeland production (Reeves et al. 2006; Xu et al., 2007;
Yu et al., 2010), land use/land cover and evolving conditions (Tang and Zhang, 2002; Haque and Basak,
2017). Cheng (2006) studied the validation of the derived MODIS-NDVI and enhanced vegetation index
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products for a rice-planting region in southern China. NDVI is mainly used for monitoring the vegetation
health and growth useful for estimation of biomass and flora production (Ding et al., 2007; Ashraf et al.,
2016; Yang et al.,, 2019). It offers a substantial source to evaluate seasonal and inter-annual changes and
effectively monitor the vegetation in the arid foothills rangeland (Paudel and Andersen, 2010).
Monitoring natural vegetation health is crucial in wake of dynamic changes in climate and global
warming. Although relationship of vegetation dynamics and climate factors like temperature and rainfall
has been studied in different regions of the world (Yang et al., 2019; Garai et al., 2022; Usoltsev et al.,
2022; Thanabalan et al., 2023), but seasonal climate impact on protected mountain ecosystem like SBNP
in the semi-arid region has not been studied before. It is hypothesized that rapid changes in climate may
have influential role in impacting natural vegetation health in the SBNP and risk assessment of climate

influence is necessary for effective restoration of the ecosystem health in future.

In the present study, an effort has been made to investigate trends of the NDVI, LST and rainfall data and
their cross relationship in Sheikh Badin National Park of Khyber Pakhtunkhwa (KPK) province, Pakistan,
for 2000-2018 period. The understanding of relationships between these factors has advantages, for
example, for improving rangeland management, planning afforestation interventions and sustaining

ecosystem health in this mountainous region in future.

Description of the study area

The study area of Sheikh Badin National Park is located near Darra Pezu towards North of Dera Ismail
Khan (D.l.Khan) and west of Lakki Marwat district in the KPK province of Pakistan (Figure 1). It was
declared national park in 1993 by the government to preserve local flora and fauna, and is ranked 16th
largest among 26 national parks in the country (Zahoor, 2010). The park is a part of the Marwat mountain
range where elevation reaches upto 1376 m and occasional snowfall occurs during months of January and
February. The mountainous region of Sheikh Badin has significance due to its rich biological resources.
The park is accessed via a link road from Indus highway running between D.l.Khan and Laki Marwat
districts. The area is scarce of water resource and locals have to depend on rainwater which they store in
ponds for their survival. Annual rainfall in D.I.Khan is generally below 500 mm, majority of which occur
during the monsoon period, i.e., from mid of June to end of September. The mean minimum and
maximum temperatures are 25°C and 30°C during summers, and 4.2°C and 20.3°C during winters,

respectively.
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Figure 1 Location of Sheikh Badin study area in Khyber Pakhtunkhwa province
of Pakistan.

MATERIALS AND METHODS

Data used

The base map of SBNP was acquired from wildlife department of the KPK province for delineating
boundary of the study area. The satellite image of Landsat-8 OLI/TIRS (Path-Row: 151-38) of year 2018
was downloaded from Earth Explorer website (earthexplorer.usgs.gov) for land cover analysis. The MODIS
data products, e.g. NDVI and LST, and TRMM data were acquired to study seasonal trends and relationship
of the NDVI, LST and rainfall in the study area. A good portion of the MODIS data is provided in the form
of readily processed data products (NDVI and LST). We used Terra-MODIS satellite imagery downloaded
from Earth Resources Observation and Science (EROS) Center (http:/earthexplorer.usgs.gov/) taken at 16-
day interval and 250 m spatial resolution provided in a standard product (MOD13QL1, Level 3 Product) for

NDVI analysis. MOD13Q1 product is very effective for analyzing the changing trend in the vegetation
(Coppin et al., 2004) and the Terra MODIS 250 m resolution imagery for examining the rangeland
conditions over relatively large areas (Yu et al., 2010). The LST data was acquired from a standard product
MODIS (MOD11A2 images taken at 8-day interval) and rainfall data from TRMM data product (3B43) to
analyze seasonal climate and its relationship with the NDVI of the study area. LST gives an effective
method for separating light warmth transitions and in this way, surface temperature can be viewed as a

statement of changing surface soil moisture and vegetation cover (Weng et al., 2004). The monthly
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precipitation product of TRMM 3B43 with spatial resolution of 0.25° is preferred for its better accuracy in
different areas (Adeyewa and Nakamura, 2003; Chiu et al., 2006; Fleming et al., 2011; Zeng, 2011; Erazo et
al., 2018).

Image processing and analysis

The boundary of SBNP and the image data were georectified using Universal Transverse Mercator (UTM)
coordinate system (Zone 42 North) for integration and overlay analysis in ArcGIS software. The Landsat-8
image data was used to map and assess spatial variability of different land cover types in the study area
through visual and digital interpretation techniques. The former interpretation was performed for qualitative
and the later for quantitative analysis of the land cover in the study area. Image classification was performed
using supervised method following maximum likelihood rule for which training samples were collected
from representative land cover types such as forest, rangeland, bare soil in the study area. The classification
results were verified through visual analysis of respective Google earth imageries and pictures of the study
area. The NDVI data was initially used to study trends of four seasons, i.e., winter (December-February),
spring (March-May), summer (June-August) and autumn (September-November) for 2000-2018 period.
Pearson correlation R was used to determine the direction of relationship between two variables (Wessa,
2017). Generally, healthy vegetation reflects more near-infrared energy than stressed vegetation. The index

is measured using near-infrared (NIR) and red (R) band values via Equation 1 as given below.

NIR—-R

NDVI = )
NIR+R

The NDVI values range between —1 and +1, the closer to positive one values indicate higher greenness of
vegetation cover or better level of photosynthetic activity, while closer to negative one values represent
stressed vegetation or non-vegetated area. The LST or the emissivity corrected land surface temperature is
computed using Equation 2 (Stathopoulou and Cartalis, 2007).

T= BT
$ {1+[(ABT/p)]In &}

@

Where T is the LST in Celsius (°C), BT s at-sensor BT (°C), A is the wavelength of emitted radiance (for
which the peak response and the average of the limiting wavelength A =10.895), &; is the emissivity as
computed in Barsi et al. (2014).

p=h==1438x107*mK ?)
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Where ¢ is the Boltzmann constant (1.38 x 1023 J/K), h is Planck’s constant (6.626 x 10-34 Js), and c is
the velocity of light (2.998 x 108 m/s) (Weng et al., 2004). A mean drift of 2°C in the seasonal LST data was
found from the observed data. Later, relationship of the NDVI was studied with the LST and rainfall data of
the four seasons for 2000-2018 period using the linear regression model (Garai et al., 2022). The flowchart
of main steps of methodology followed in this study is shown in Figure 2. Chen et al. (2020) evaluated the
applicability of TRMM products at different time scales (1998-2016 period) for drought monitoring in the

middle and lower reaches of the Yangtze River Basin in China.
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Figure 2 Flowchart of methodology followed in the present study.

RESULTS AND DISCUSSION

Land cover and NDVI analysis

Major land cover types identified through image analysis of the study area were rangeland over 61.8% area,
forest over 20.2% area and bare soil over 18% area during the 2018 period (Figure 3). Attaullah et al. (2015)
has recognized a total of 107 plant species in the park area, among which 26 belong to trees, 20 to shrubs, 53
to herbs and 8 to grasses. The rangeland consists of shrubs like Agave sisalana, Cotoneaster nummularia,
Datura metel, Dodonaea viscosa, Echinops echinatus, Ehretia obtusifolia, herbs including Aerva javanica,
Alhagi maurorum, Allium griffithianum, Aloe vera, Amaranthus viridis, Asparagus capitatus, Cyprus
rotundus, Erodium cicutarium, and grasses like Aristida adscensionis, Bromus japonicas, Cechrus ciliaris,
Cymbopogon distance, Cymbopogon jawarncusa, Cynodon dactylon and Eragrostis minor. The dominant
tree species include Acacia modesta, Acacia nilotica, Ailanthus altissima, Calotropis procera, Capparis

decidua, Cordia myxa, Dalbergia sissoo and Eucalyptus lanceolatus. During 2018, mean NDVI was
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observed 0.19 in the winter, 0.17 in the spring, 0.2 in the summer and 0.21 in the autumn. Relatively higher
NDVI values observed during the summer and autumn seasons are likely because of favorable rainfall and
temperature conditions prevailed at the highland areas. The >0.3 NDVI values concentrated in the
northeastern elevated parts are associated with thick vegetation cover of the forest class found in the SBNK
(Figure 4). According to Wang et al. (2011), high NDVI values exhibiting better plant vigor are generally
found over mid and elevated areas in a region. The <0.2 NDVI1 values dominated in the southern and eastern
fringes represents bare soil and sparse vegetation likely because of less favorable climatic conditions and/or
anthropogenic effects in the study area. According to Zeleke and Hurni (2001), if the area of one land use
class decreases, the area of other class will increase, i.e., deforestation leads to grassland and grassland

converts to sparse vegetation which may further transform into bare soil.

[ Forest
[] Rangeland
" [ Bare soil

% Baresoil § ol g and

Figure 3 Major land cover types in the SBNP area
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Figure 4 Seasonal distribution of NDV1 in the study area (2018)

Trend analysis of the NDVI, LST and Rainfall

The time-series data of the NDVI, LST and rainfall indicated variable trends in different seasons during the
18-year period (Figure 5). The NDVI values were observed within range of 0.15 - 0.26 during winters of
2000-2018 period (the lowest in year 2000 and the highest in 2016), which exhibited a positive trend with R
value of 0.55 (Table 1). The LST values ranged within 17 - 24.4°C (the lowest in year 2005 and the highest
in 2001) and rainfall within 22 - 127 mm (the lowest in year 2000 and the highest in 2009) during the winter
season of 18-year period. The former indicated a positive trend with R=0.12 and the later arising trend with
R=0.48. During the spring season of 2000-2018, the NDVI values were observed between 0.15 and 0.26
(the lowest in 2001 and the highest in 2014), which exhibited a positive trend with R=0.48. The spring LST
ranging within 30.9-36.8°C (the lowest in year 2014 and the highest in 2010) exhibited a negative trend
(R=-0.15) and the spring rainfall ranging within 7-265 mm (the lowest in year 2000 and the highest in 2014)
indicated a rising trend (R=0.56) during the 2000-2018 period (Figure 5). The summer NDVI was observed
between 0.16 and 0.27 (the lowest in 2002 and the highest in 2015) during the 18-year period, which
exhibited a positive trend with R=0.48 (Table 1). The summer LST ranging within 31.1-37.1°C (the lowest
in year 2008 and the highest in 2009) exhibited a positive trend (R=0.1) and the summer rainfall ranging
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within 111-339 mm (the lowest in year 2002 and the highest in 2015) indicated a rising trend (R=0.22)
during the 2000-2018 period (Table 1 and Figure 5). The low rainfall value received during summer 2002 is
likely due to prevalence of an extreme drought during 1998-2003, while the high rainfall of 2015 may be
attributed to the high flooding condition prevailed during 2014-2015 period in this region (Ahmad et al.,
2016).

The NDVI of autumn (2000-2018) was found between 0.18 and 0.32 (the lowest in year 2000 and the
highest in 2011), which exhibited a positive trend with R=0.38. The LST of autumn ranging within 29.1-
33.5°C (the lowvest in year 2010 and the highest in 2013) exhibited a slightly positive trend (R=0.06). The
autumn rainfall was found within range of 22-167 mm (the lowest in year 2007 and the highest in 2015),
which indicated a rising trend (R=0.13) during the 2000-2018 period (Table 1). Overall low values of the
NDVI observed during 2000-2002 may be attributed to last major drought occurred during 1998-2003 in
this region (Ashraf et al., 2011). According to Thenkabalil et al. (2004), that major drought had affected more
than 100 million people in parts of Pakistan, western India, eastern Iran and Afghanistan.
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Figure 5 Seasonal trends of the NDVI, LST and rainfall in the SBNP
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Table 1. Summary of the seasonal NDVI, LST and rainfall data of the study area (2000-2018)

Season Parameter Minimum Maximum Mean Trend
Winter NDVI 0.15 0.26 0.2 Increasing
LST (°C) 17 244 198 Increasing
Rain (mm) 22 127 67.3 Increasing
Spring NDVI 0.15 0.26 0.2 Increasing
LST (°C) 309 36.8 34.1 Decreasing
Rain (mm) 7 265 1116 Increasing
Summer NDVI 0.16 0.27 0.2 Increasing
LST (°C) 311 37.1 34.6 Increasing
Rain (mm) 111 339 2236 Increasing
Autumn NDVI 0.18 0.32 0.2 increasing
LST (°C) 29.1 335 30.1 Increasing
Rain (mm) 22 167 73.2 Increasing

Correlation between the NDVI and climatic parameters

The NDVI had shown an inverse relationship with seasonal LST exhibiting coefficient of determination
R? value of 0.32 for winter, 0.49 for spring, 0.06 for summer and 0.05 for autumn season during the 2000-
2018 period (Figure 6). The correlation coefficient R between the NDVI and LST was found -0.37 for
winter, -0.72 for spring, -0.002 for summer and -012 for autumn (significant at p<0.05). The higher warm
temperatures generally affect photosynthesis and respiration processes of plants (Usoltsev et al., 2022;
Qasimi et al., 2023). On the other hand, a linear relationship was observed between the NDVI and
seasonal rainfall data with R? value of 0.17 for winter, 0.63 for spring, 0.41 for summer and 0.48 for
autumn season during the 2000-2018 period (Figure 6). The correlation between the NDVI and rainfall
data revealed R values 0.41, 0.79, 0.64 and 0.7 for the winter, spring, summer and autumn seasons
(significant at p<0.05), respectively. According to several studies, the NDVI had shown a positive
correlation with rainfall in different arid and semi-arid regions (Guo et al., 2006; Gessner et al., 2013;
Yang et al., 2019). The study of Abbas et al. (2105) exhibited a positive correlation between vegetation
cover and winter rainfall in the Upper Indus Basin of Pakistan. According to Usoltsev et al. (2022), the
decrease in vegetation occurred during particular years may be attributed to insufficient rains received in

the area.
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Figure 6 Relationship of the NDVI with seasonal LST and rainfall (2000-2018)

CONCLUSIONS

In the present study, relationship of the NDVI was investigated with the seasonal LST and rainfall data of
2000-2018 period for improving ecosystem health in Sheikh Badin National Park of Pakistan. The results
of the study revealed increasing trends in the NDVI during the winter (R=0.55), spring (R=0.48), summer
(R=0.48) and autumn seasons (R=0.38) in the SBNP with corresponding increase in the rainfall of winter,
spring, summer and autumn seasons of 2000-2018 period. The NDVI had shown an inverse relationship
with seasonal LST exhibiting R? value of 0.32 for the winter, 0.49 for spring, 0.06 for summer and 0.05
for autumn season. In contrast, a linear relationship was observed between the NDVI and seasonal rainfall

data with R? values of 0.17, 0.63, 0.41 and 0.48 for the winter, spring, summer and autumn during the
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2000-2018 period, respectively. The higher NDVI values observed in the SBNP may be attributed to
favorable climatic conditions (temperature & rainfall) prevailed at the elevated areas. The increasing
trends in seasonal rainfall may support in sustaining dense vegetation and promoting healthy ecosystem in
the SBNP area. Future research should be focused on application of high resolution image data coupled
with ground information to explore changes in species compositions; plant penology and increase in
intrusion/intensity of invasive species in the region. As it is difficult to isolate climate related changes from
impacts of factors like slope, aspect, elevation, vegetation types, soil degradation and land management
practices, therefore, an integrated ecosystem management approach would be beneficial for effective

conservation of the biological resources in this region in future.
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