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ABSTRACT

Climate changes have a significant impact on the blue ecosystem especially watershed's ecosystem services.
Nowadays, increasing air Temperature (Ta), Land Surface Temperature (LST) and drought are consequences of
climate change affecting the access to water sources directly. The aim of this study is to evaluate the climate
change effects on the ecosystem services such as Ta and LST regulation and drought reduction in the Tajan
watershed, Northern Iran. Landsat 8 OLI satellite images used to investigate LST and drought indices include
Vegetation Health Index (VHI), Temperature Condition Index (TCI), Vegetation Condition Index (VCI), Soil
Adjusted Vegetation Index (SAVI) and Normalized Difference Vegetation Index (NDVI) from July to September
during 2013 to 2023. The results indicated that the LST minimum and maximum value at Tajan watershed had an
upward trend from 2013 to 2022. In other words, the mean value of LST increased by 8 °C in the watershed during
the period of 10 years. Also, analyzing drought indices showed that the drought has increased significantly in the
central, eastern, and southeastern parts of Tajan watershed from 2013 to 2022. The drought indices results
demonstrated that vegetation cover and climate change have significant effects on LST trends. Therefore, it can
be said that climate change, vegetation cover destruction and also converting forests and agriculture land to
residential and barren lands increase the LST and drought in Tajan watershed, hence significantly impact on its
ecosystem services. Findings indicated that severe drought and heat islands will occur in Tajan watershed in the
future.
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INTRODUCTION

Blue ecosystems are considered one of the most obvious natural ecosystems that provide valuable services such
as water regulation and supply, flood reduction, microclimate regulation, air Temperature (Ta), Land Surface
Temperature (LST) regulation, drought reduction, aquatic habitat and other services for ecosystem residents and
beneficiaries (Ma et al. 2021; Hosseini et al. 2021; Uniyal et al. 2023; Amirnejad et al. 2025). Nowadays,
population growth, cities development, environmental pollution, climatic change, land use change, and vegetation
cover reduction have caused an increase in TA, LST, drought and water resources reduction (Zarandian et al.
2016; Jahanifar et al. 2017; Kapuka et al. 2022). So, the lack of water resources, climate change and the increase
in LST caused by inappropriate human activities are of international community concern (Ketelsen et al. 2020;
Ashrafi et al. 2022). Previous studies of the Intergovernmental Panel on Climate Change (IPCC) indicated that
the global temperature average will elevate 2.4 °C by the end of this century, and these changes will be very large
on a zonal scale (Harishnaika et al. 2022). Therefore, it has been more than a decade that LST has been studied to
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understand climate change at the global level. The LST index is used to investigate the physical attributes of
surface activities and climate changes (Kumari et al. 2021). Also, the LST has an important effect on the analysis
of ecological issues as soil moisture, and vegetation cover urban heat islands (Zaharaddeen et al. 2016). However,
due to the fact that the measurement of the LST is point-based and in principle, it cannot be obtained using
measurements on the ground in large areas. Satellite images are a suitable tool for the LST extracting and
measuring (Feng et al. 2019). Between the remote sensing (RS) thermal data, satellite images such as MODIS,
Aster, and Landsat have a special role in estimating LST due to having thermal bands (Mulugeta et al. 2019; Guha
et al. 2020). In particular, the Landsat 8 satellite thermal sensors provide a better representation of the LST and it
can be a suitable reference for measuring the temperature and checking the LST in future studies (Chang et al.
2021). Natural and human activities affect the LST and cause vegetation cover losing, local climate change and
drought phenomenon. Drought is an unfortunate climatic phenomenon that directly affects communities through
the restriction of access to water resources and brings many economic, social and environmental costs
(Xie &Fan 2021). Therefore, drought monitoring is very important. Drought can be evaluated using drought
indices (Guo et al. 2017). So far, a lot of drought indices were introduced. The common point of all drought
studies is that they use drought indices that weather elements are effective factors in their formation (Xie &Fan
2021). In the past, drought assessment was based on meteorological observations statistics, and data from
meteorological station, but the results were not sufficiently accurate due to the dispersion of meteorological
stations from the study area (Wang et al. 2018). In the last four decades, RS using satellite images with high
temporal and spatial resolution, wide coverage of the studied areas and direct investigation of vegetation status
has played an important role in drought monitoring. Also, satellite indices have provided the title of drought
monitoring tool (Elhag & Zhang 2018; Lei et al. 2019). Nowadays, many drought monitoring models performed
according to LST, vegetation index, humidity, and reflectance at the visible and infrared regions (Bayarjargal et
al. 2006). The indices including Vegetation Health Index (VHI), Vegetation Condition Index (VCI), Temperature
Condition Index (TCI) (Kogan 1995), Soil Adjusted Vegetation Index (SAVI; Zhen et al. 2021) and Normalized
Difference Vegetation Index (NDVI; Bai et al. 2012; Eze et al. 2020). Globally, drought monitoring has been
widely done through various satellites such as AVHRR (Kong et al. 2019; Xie & Fan 2021), and MODIS (Rhee
et al. 2010). However, few studies have been conducted about monitoring and investigating the climate change
effect on the LST and its correlation with vegetation changes and drought indices using Landsat satellite images.
Rongali et al. (2017) investigated the LST using Landsat 8 thermal bands and the single-window algorithm in the
Beas river basin of India. The findings indicated that there is a strong relationship between vegetation and land
surface temperature (LST). In addition, Wang et al. (2018) reported the capability of MODIS image data in
investigating spatial-temporal changes of meteorological droughts in the Yellow River basin indicating a
significant relationship among the results of the study and the indices of VVCI, MTVDI, VHI, TCI, NDVI, and
NVSWI in the years from 2001 to 2020. Also, Wang et al. (2019) studied Land Use Changes (LUC) and LST in
the Pearl River delta of China in a time series. The finding indicated that the LST has increased due to the growth
of urban areas and LUC. Sekertekin & Bonafoni (2020) investigated the LST using radiation transfer, single-
window and single-channel algorithms. Three algorithms showed results specifically for calculating the land
surface. Kloos et al. (2021) investigated agricultural drought using vegetation health indices and MODIS images
in Southeastern Germany exhibiting that LST has an effect on vegetation health indices including VCI, TCI,
NDVI, and VHI. In the case of the climate change effect on vegetation, LST and its correlation with drought
indices, the following studies have been carried out. Gidey et al. (2018) analyzed the duration, onset, frequency,
cessation, density and spatial extent of agricultural drought using drought indices including LST, VVCI, TCI, DVI,
and VHI in northern Ethiopia from 2001 to 2015 reporting that the NDVI index decreased by 3-4% during the
main rainy season in all regions of the study area, while the LST index indicated a significantly elevation of 0.52-
1.08 °C. The amount of Vegetation Health Index (\VHI) decreased significantly during the main rainy season. In
addition, Masitoh & Rusydi, (2019) examined the VHI, LST and NDVI indices from 2008 to 2017 in the dry
season of the Brantas watershed reporting that LST has a high effect on the vegetation dryness in this watershed.
Moreover, Kouroumaa et al. (2021) investigated drought indices including NDVI and VCI in the productivity of
agricultural products in Ethiopia using Landsat-8 satellite images from 2003 to 2019. Their finding revealed that
the greatest agricultural drought occurred in 2003, 2004, 2008, 2009 and 2015. Harishnaika et al. (2022) surveyed
drought indices such as LST, VCI, TCI, VHI, and NDVI using Landsat-8 satellite images and GIS technique in
the semi-arid areas of Karnataka State in 2015-2019 reporting that the highest percentage of severe agricultural



drought occurred in the northeast of Chinthamani taluk with an area of 740.20 km? (20%). Furthermore, Del-
Toro-Guerrero et al. (2022), checked drought meteorology on areas covered by natural ecosystems in the
Guadalupe Watershed of Mexico using TM, ETM* sensors of Landsat 7 and OLI/TIRS Landsat 8 and drought
indices included VHI, NDVI, LST, and NDWI. Their findings indicated that the Guadalupe region was affected
by drought more than 87% during 2001, 2006, 2013 and 2017 and also revealed that there is a relationship between
the VHI index and the LST, which helps us to predict the LST (Gidey et al. 2018). Zhang et al. (2019) stated that
seasonal and interannual drought events can be shown using VCI and TCI indices, since both indices can help
estimate VHI (Rhee et al. 2010). The purpose of the present study was to investigate the climate change effects
on the ecosystem services such as TA regulation, LST and drought reduction and assessing the spatial distribution
of Tajan watershed drought from 2013 to 2023 using Landsat 8 OLI sensor images. So, satellite indices can be
used in the absence of meteorological indices for drought monitoring studies.

MATERIALS AND METHODS
Study Area

The Tajan watershed with an area of 4015.88 Km? is located at 53° 04' 57" to 53° 18' 26" longitude and 36° 09'
17" to 36° 29' 49" latitude in North Iran (Fig. 1). The average annual temperature is 15 °C, and a mean rainfall of
630 mm per year. The Sefidroud, Chahardangeh, Zalamroud, and Tajan rivers are located in the watershed. Tajan
River is the largest river in the watershed which originates from a height of 3251 meters at the Hezar Jarib
Mountains on the northern slope of the Alborz Mountain in the south of Sari City. It shares boundaries with the
Caspian Sea in the north, the Darabkala and Nakaroud River in the east, the Semnan Province in the south, and
Siahroud and the Talar rivers in the west. The length of the main branch of the river is 172 km, which passes
through Sari City to the Caspian Sea (RWCM, 2022).
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Fig. 1. Geographical location of Tajan watershed.

In this study, Landsat 8 OLI satellite images were used to evaluate the Tajan watershed ecosystem services from
2013 to 2023. Landsat 8 OL I satellite images were downloaded from the website of the United States Geological
Survey (USGS). For choosing the period time of the satellite images, an effort was made to choose images from
one season with a short time interval between downloaded images. Also, the land cloud cover of satellite Landsat
images is close to zero (Kong et al. 2019, Del-Toro-Guerrero et al. 2022, Pourhabib et al. 2025). Since the LST
and the state of vegetation cover of the Tajan watershed reaches their maximum from July to September, Landsat
satellite images were monitored during these months. Then, the image was subset in the ENV15.3 software based
on the boundary of the Tajan watershed. In addition, for reducing the errors of images, geometric and radiometric
corrections were done in the ENVI software. Table 1 indicate the image specifications used in the research. For
investigating the climate change effects on the air Temperature (Ta) regulating, Land Surface Temperature (LST)
and drought reduction in Tajan watershed, drought indices such as LST Index, Vegetation Condition Index (VCI),



Vegetation Health Index (VHI), Temperature Condition Index (TCI), Soil Adjusted Vegetation Index (SAVI),
and Normalized Difference Vegetation Index (NDVI) were calculated as follows.

Table 1. The images specifications.
Date Path ROW  Year
2013-07-07 35 163 2013
2014-07-26 35 163 2014
2015-08-14 35 163 2015
2016-06-29 35 163 2016
2017-09-20 35 163 2017
2018-09-07 35 163 2018
2019-09-26 35 163 2019
2020-09-12 35 163 2020
2021-08-30 35 163 2021
2022-09-18 35 163 2022

Land surface temperature (LST)

LST is one of the factors that have attracted researchers' attention in drought studies. The LST is closely related
to vegetation cover, its density and soil moisture (Zaharaddeen et al. 2016; Zuhro et al. 2020). According to
previous studies, for producing the LST index map, it is necessary to have thermal bands that have low resolution
and are available to researchers for a long time (Karnieli et al. 2019b). Therefore, to estimate the LST, various
methods such as Mono-Window Algorithm (MWA), Split Window (SW), Single-Channel Method (SCM), Qian's
Split-Window Algorithm (SWA-Q), Sobrino's Split-Window Algorithm (SWA-S), and the Surface Energy
Balance Algorithm for Land (SEBAL) Algorithm, etc., were used. However, based on the results of previous
studies, the split window method is more suitable than other methods for calculating the LST. Therefore, in this
study, the split window algorithm was used to estimate the LST index. To extract the LST index, we used band
10 of the OLI sensor images. For calculating the index, the digital numbers of their images were converted to
spectral radian (LA) using Eq. 1. Then, the Brightness Temperature (TB) was calculated using Eq. 2 (Ibrahim &
Abu-Mallouh 2018).
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In EQ. 1, Lmax and Lmin indicate the maximum and minimum radiance values of the thermal bands, and Qmax and
Qmin show QUANTIZE_CAL_MAX_BAND_10 and QUANTIZE_CAL_MIN_BAND_10 values respectively,
which are equal to 65535 and 1. Furthermore at the Eq. 2, TB is the effective temperature in the satellite is based
on Kelvin; Ky and K; are satellite-specific constants; Kj is the first thermal calibration constant; K is the second
thermal calibration constant, and L\ is the spectral radiance of the pixel. For Landsat 8, the values K, and K are
1321.0789 and 774.8853, respectively. The values of these factors were extracted from the images Metadata file
(MTL,; Bastiaanssen et al. 1998).

In the algorithm, Fractional VVegetation Cover (FVC) was calculated using Eq. 3, and the Normalized Difference
Vegetation Cover Index (NDVI) was estimated using Eg. 6 (Sobrino et al. 2004).

FVC = (—RVI-NDVImin_yo 3)

NDVImax—NDVImin
Additionally, the value of Land Surface Emissivity (¢) was estimated using Eq. 4 (Markham & Barker 1985).
Finally, the Land Surface Temperature (LST) was obtained using Eq. 5 (Eze et al. 2020).
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In Eq. 5, LST is the land surface temperature based on degrees Celsius (°C), W is radiance wavelength (11.5 um),

p: constant coefficient (1.438x10-2 mk). The values of these factors are extracted from the MTL file.



Normalized Difference Vegetation Index (NDVI)

NDVI is widely used to distinguish areas with healthy vegetation from unhealthy and areas without vegetation
cover (Karnieli et al. 2019a). NDVI indicates the vegetation status on the wide surface areas (Xiao et al. 2014).
The numerical value of the NDVI varies between -1 and +1. Positive numerical values related to dense vegetation
and numerical values of zero and values close to zero correspond to areas without vegetation and the negative
values of the index (numbers close to -1) indicate water areas. NDVI was calculated according to the reflection
values of the red and near-infrared bands. NDVI was estimated using Eq. 6 (Kogan & Guo 2016). Red and NIR
(near infrared) in Eq. 6 are bands 4 and 5 of the OLI sensor.

NIR—RED
NIR+RED (6)

NDVI =

After calculating the NDVI, other drought indices including Vegetation Health Index (VHI), the Vegetation
Condition Index (VCI), Temperature Condition Index (TCI), and Soil Adjusted Vegetation Index (SAVI) were
calculated in the Tajan watershed from 2013 to 2023. Therefore, each of the mentioned indexes are calculated
using the visible and thermal bands of the Landsat, the OLI Landsat 8 sensor images, and the following equations.

Soil Adjusted Vegetation Index (SAVI)

In areas where the vegetation cover is low-density and so-called thin, the soil reflection impact affects the
vegetation reflection effect (Mollmann et al. 2019). The SAVI is the corrected NDVI. The index reduces the
effects of soil surface and soil moisture in the NDVI. SAVI was calculated using Egs. 7, 8, and 9:
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In the above equations, L is the soil effects correction factor with values between 0 and 1 (The closer this index
value is to 1, the denser the vegetation cover is more). The L factor is calculated using Eq. 8, where a=1.6 and y
is the soil line coefficient (Somvanshi & Kumari 2021).

Vegetation Status Index (VCI)

Previous studies showed that the NDVI was a suitable index to identify plant stress and damaged crops (Mishra
& Singh 2011). Since in areas with heterogeneous land cover the difference between the surface and vegetation
amount depends on factors such as the vegetation type, climate and soil type, hence the NDVI performance faces
limitations in heterogeneous areas (Huang et al. 2021). The NDVI has two components: ecology and climate (He
et al. 2021). Estimating weather effects on vegetation cover is possible only after removing effects related to
geographic parameters containing climate, soil, and topography. The climate component which shows the health
and greenness of the plant is related to parameters such as precipitation (Kloos et al. 2021). Therefore, Kogan
(1990) introduced the VCI for estimating the weather effects on vegetation. In this way, the maximum and
minimum long-term NDVI values are determined for each pixel in the month and used in the VCI equation (Eq.
10). Previous studies have shown that the VVCI provides a better performance than the NVDI in assessing drought,
particularly in geographically heterogeneous regions (Zambrano et al. 2016). The VCI was calculated using Eq.
10:

NDVIj—NDVIpin
NDV6nax—NDVIgin

Vel = (10)

In Eq. 10, NDVI;j, NDVImax, and NDV Imin are the normalized vegetation difference indexes of the study area, the
minimum and maximum value of the NDVI respectively and j is the andis of the month (Zambrano et al. 2016).
Therefore, if the VCI approaches zero, it indicates a severe drought rate in that month, and a high VVCI value shows
vegetation health (Gidey et al. 2018).

Temperature Condition Index (TCI)
TCl is similar to the VCI that was proposed by Kogan in 1995. It was introduced by normalizing the LST index
(Gidey et al. 2018). The index was estimated using Eq. 11 (Gidey et al. 2018). In this regard, LST is Land Surface



Temperature; LSTmax and LSTmin are the maximum and minimum LST in a specific period time in the long term
respectively. The TCI value changes between 0 and 1, which is close to zero under drought conditions and close
to one under wet periods (Karnieli et al. 2006).

LSTymax—LST
LSTimax—LSTmin

TCI = (11)

Notably, VCI was created according to the relationship between the actual NDVI value and the NDVI values in
the best and worst humidity conditions of the plant growing season. While the TCI is based on the correlation
between the actual LST and the temperature of potential conditions (LSTmin) and plant stress (LSTmax). According
to the drought effects on vegetation and surface temperature, VCI and TCI were created based on NDVI and LST
time series data (Gidey et al. 2018).

Vegetation Health Index (VHI)

As previously mentioned, TCI and VCI show the temperature and humidity conditions of the vegetation,
respectively. Kogan (1995) by introducing the VHI showed Vegetation Health Index is a combination of
Vegetation Status Index and Temperature Condition Index, which aims to use vegetation moisture conditions and
ground surface temperature in an index during drought stress (M6llmann et al. 2019). In the present research, the
Vegetation Health Index was calculated using Eq. 12 (Chang et al. 2021).

VHI =1, X VCI + 1, X TCI (12)

In Eq. 12, factors r1 and r; are the weight of VCI and TCI respectively. Since the contribution of humidity and
temperature during the vegetation cycle is normally uncertain, the contribution of VCI and TCI in VHI is
considered equal (Chang et al. 2021).

RESULTS AND DISCUSSION
The finding of the assessment of the climate change effect on the Tajan watershed drought using the Landsat 8
OLI satellite images and drought indices are as follows:

Land Surface Temperature (LST)

The findings of LST in the Tajan watershed indicated that the Land Surface Temperature index had an increasing
trend from 2013 to 2022 (Fig. 2). So that the minimum LST index value increased from 15.7 °C in 2013 to 24.2
°C in 2016; and then from 8.42 °C in 2017 to 17.7 °C in 2022. In other words, during the 10 years, 8 °C has been
added to the LST (Fig. 2). The result of the minimum and maximum LST index values during different years has
been indicative of climate change in Tajan watershed. The finding of the investigation of LST maps showed that
the maximum LST from 2013 to 2022 was at the central, eastern, and south eastern parts of Tajan watershed (Fig.
2). In other words, the maximum LST index value was in the classes with low vegetation cover (Minimum NDVI
value). Also, matching the LST map with the land use map of Tajan watershed showed that the highest LST value
was in residential, barren and unvegetated areas, since in residential areas, the surface of soil, asphalt and cement
heat up earlier than other surfaces and absorb heat (Wang et al. 2019). Morabito et al. (2016) and Shi et al. (2017)
stated that there is a strong correlation among the NDVI (index value and LST value changes), and the reduction
of vegetation cover and the increase of residential and barren areas causes an elevation in LST value. The findings
are consistent with the research results. Also, the lowest LST value was observed in the northern and southwestern
parts of Tajan watershed. The existence of forest lands, agriculture, and gardens in these areas has reduced the
LST in these areas. The finding indicated that vegetation cover can decrease the amount of heat stored in the soil
and land surface through transpiration. The result is consistent with the finding of Kayet et al. (2016).

Normalized Difference Vegetation Index (NDVI)

To investigate the quantitative and qualitative changes in vegetation cover, the output of the NDVI maps from
2013 to 2022 was classified into four classes. The results showed that the annual changes of NDVI of Tajan
watershed had a decreasing trend from 2013 to 2022 (Fig. 3). The maximum NDVI1 value has reached from 0.7 in
2013 to 0.5 in 2022. Also, evaluating the minimum vegetation cover classes showed that the area of these classes
has increased from 2013 to 2022 (Fig. 2). The results indicated the decreasing trend of vegetation cover. The
results are following those of Eze et al. (2020) and Wang et al. (2018).
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Fig. 2. Spatial and temporal changes of the LST in Tajan watershed.

NDVI map of Tajan watershed is shown that the minimum NDVI value was in the central, eastern, and south
eastern parts of the watershed, while the maximum in the northern and southwestern parts from 2013 to 2022 (Fig.
3). The presence of forest lands, pastures, agriculture and gardens in the northern and southwestern parts has
increased the NDVI value in these areas. Also, the presence of residential use in the central part of the watershed,
and the presence of barren lands without vegetation in the eastern and south eastern direction caused a drop in the
NDVI value. Wang et al. (2019) findings are consistent with the results of the present study. The results of other
indices of drought such as VHI, TCI, VCI, and SAVI are shown in Figs. 4 - 7.

Adjusted Vegetation Index (SAVI)

The investigation map of the SAVI value showed that the amount of the index was different in Tajan watershed
(Fig. 4). The value of SAVI depends on the condition and density of vegetation cover in the area. In other words,
given the effects of climatic factors (especially rainfall and temperature) on vegetation cover changes, the changes
in the SAVI value reflect the effects of climate on the vegetation cover of this area.

The SAVI map showed that the SAVI value has increased from west to east and southeast of Tajan watershed
(Fig. 4). The index maximum value reached from one value in 2013 to 0.8 in 2022. The finding of the SAVI value
in Tajan watershed showed that in 2017 and 2022 the largest rate of drought occurred based on SAVI due to the
elevation in temperature and drop in rainfall (Fig. 10).
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Fig. 3. Spatial and temporal changes of NDVI in Tajan watershed.

Vegetation Condition Index (VCI)

According to the classified VCI map (Fig. 5), there are many changes in the vegetation cover status of Tajan
watershed, while the NDVI value was different and had a lower degree, since the VCI map shows that more than
20% of the vegetation cover changed in the watershed (Fig. 4). Based on VVCI value from 2013 to 2022, the amount
of vegetation cover in Tajan watershed is decreasing and the amount of drought is increasing. Also, based on the
VClI value, 2013 to 2016 were the wet years in Tajan watershed.

According to the VCI, large parts of the east and southeast of Tajan watershed have experienced drought with a
higher density, and its density has decreased compared to other areas, while experiencing a higher degree of wet
in its northern, western, and southwestern areas (Fig. 5). Kouroumaa et al. (2021) investigated NDVI and VCI
indices in Ethiopia and Harishnaika et al. (2022) measured these indices in Chinthamani taluk using Landsat 8
satellite images. Their finding indicated that the highest percentage of agricultural drought in the northeast of the
studied areas was due to the drop in rainfall and land use change, which was in consistent with our results.

Temperature Condition Index (TCI)

The results of TCI showed an increasing trend of drought in Tajan watershed from 2013 to 2022 (Fig. 6). Based
on the result, large parts of the watershed experienced a higher density of drought in this period. Also, the drought
severity was increasing in the eastern, southeastern and north western areas of the watershed (Fig. 6), while the
southern and north eastern parts experienced little drought rates. In the present study, the results of TCl and VCI
values were different. Liang et al. (2017) and Khalil et al. (2013) stated that the trends of increasing TCI and VVCI
values are different once determining the severity of drought.



Vegetation Health Index (VHI)

VHI is widely used in drought monitoring and evaluation (Masitoh & Rusydi 2019). This index can show the
effects of drought on both vegetation and surface temperature (Gidey et al. 2018). The finding indicated that the
drought effects on the vegetation and LST were different. According to the classified Vegetation Health Index
(VHI) map, the drought phenomenon was increasing in Tajan watershed (Fig 7). Large parts of the centre and
eastern part of the watershed experienced more drought rate, while the severity of drought was decreasing in the
northern part (Fig. 7). The result indicated that there is a positive relationship among the VHI and LST alterations.
Also, in the central and eastern parts where the LST value was increasing, the VHI value was also elevating.
Masitoh & Rusydi (2019), Wang et al. (2018) and Kloos et al. (2021) stated that there is a correlation between
the VHI and LST alterations.
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Fig. 4. Spatial and temporal changes of SAVI in Tajan watershed.

The trends of changing in the area of drought classes in Tajan watershed from 2013 to 2023 are shown in Figs. 8-
12. According to the LST value, the area of colder classes has always decreased, while that of warmers has
elevated during 2013 to 2022 (Fig. 8). In other words, during the last ten years, the warmer classes have been
constantly growing. According to the LST index, the highest amount of drought (increasing the land surface



temperature) was observed in 2020. In other words, the area of warm classes upraised during the 10 years (Fig.
8). The trend of changing the area of the NDVI classes during the last 10 years in Tajan watershed showed that
the area of the dense vegetation classes has always decreased (Fig. 9). According to the NDVI value, the highest
area covered by drought was observed in 2020. Likewise, the highest index value of wet periods was found in
2016.
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Fig. 5. Spatial and temporal changes of VCI in the Tajan watershed.

The NDVI value from 2013 to 2022 showed that the areas with a rich and high-density vegetation experienced a
low land surface temperature value. Since when land's vegetation increases, the surface humidity will be higher
and the LST will be lower. Also, the LST value was lower in residential (urban) areas due to the use of asphalt
and lack of green space, and in barren lands due to the decrease in the area of vegetation. Much research has been
done about correlation between LST and NDVI values. Zhang et al. (2018) investigated the correlation among
land surface temperature and NDVI values in different land uses, reporting that the human activities have a
significant effect on NDVI and LST values. So, the increase in forest and agricultural land will elevate the NDVI
value and decline in the LST, since during the processes of photosynthesis and transpiration, green plants absorb



a large amount of heat and CO, from the air and causing them to cool down leading to the reduction in the TA
and LST. The results indicated a positive correlation among the NDVI value and the degree of drought. The result
is consistent with the findings of Kayet et al. (2016), who stating that the surface temperature is highly sensitive
to vegetation cover and soil moisture, since vegetation cover can reduce the amount of heat stored in the soil
through transpiration.
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Fig. 6. Spatial and temporal changes of TCI in the Tajan watershed

According to the SAVI values, the highest rate of drought in Tajan watershed occurred in 2017 and 2022, while
the highest rate of wet period occurred in 2016 due to the torrential rains in this year. In this regard, Khalil et
al. (2013) stated that the increasing trend of SAVI value indicates an elevation in the drought severity while a
decrease in vegetation cover (Fig. 10). Also, the VCI map showed that the highest rate of drought occurred in
2017 and 2022. In these years, the area under drought has covered 25% of Tajan watershed area (Fig. 11). In this
regard, Jiao et al. (2016) in the American continent, Zambrano et al. (2016) in Biobio Chile, and Pei et al. (2018)
in China stated that the increasing trend of the VCI value indicate the elevating severity of drought.



2016

VALUE
-03-056
o6 -07
=07 -08
w08 -1

o 10 20 40 S0
—

a0
Kilomators

Fig. 7. Spatial and temporal changes of VHI of the Tajan watershed
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According to the TCI value, the highest rate (24.04% of Tajan watershed) of drought occurred in 2020. In this
regard, Khalil et al. (2013) and Pei et al. (2018) stated that the increasing trend of TCI value indicates the elevating
severity of drought. The percentage of each drought class of Tajan watershed has been calculated using the VHI
value for the years from 2013 to 2022 in Fig. 12. The result showed that the highest rate of drought (23.92%) in
Tajan watershed occurred in the 0.2-0.4 class in 2022, while the lowest drought in 2016 (Fig. 12). As mentioned
earlier, the reason was related to the torrential rains occurred this year. The findings were similar to that of Du
et al. (2018) and Gidey et al. (2018).

2013 2015

15% 15% 19%

29%

36%

30%

26%

©0.001-0.3 =04-05 20.001-04 =O0.5-0.6 T 0.0005-0.4 g 05-0.6
® 0.5-0.7 mO07-1 B 06-0.8 m08-1 ® 0.6-0.7 m0.7-1



2016

36% 18%

34%

£0.0005-0.4 ®=0.5-0.6 %£0.001-04 & 0.5-06
®0.6-07 ®07-1 m06-07 m07-1
2019 2020
13%

32%

33%
L -0.0006-0.4 = 0.5-0.6 = _0.001-03 ®04-05
®0.6-07 m0.7-1 H0.5-0.6 mO0.6-1
2022

19%

34%

£ 0.0006 - 0.3
® 05-06

Fig. 12. Percentage of the TCI classes in Tajan watershed.

42%

®m0.3-05
E 0.6-0.7

™ 05-0.6
®07-1

m0.3-0.5
® 06-0.38

® 0.5-0.6
= 08-1

2018

40%

# -0.0003-0.4 & 04-05
B 0.5-07 m07-1
2021

0,
19% _—16%

34%

5 -0.0009-03 ®0.4-0.5
m 0.6-0.7

m03-05 = 05-06
m06-0.7 ®0.7-09



15%
0,
47% 15% 42% 19%
42%
22%
23%
17%
m0.3-0.5 % 0.6 -0.7
®07-08 ®08-1 m0.2-04 @ 04-05 mO0.2-0.4 & 04-05
E 05-0.6 ® 06-0.8 E 0.5-0.6 ® 0.6-0.8
22%
26% 22%
42%
20% 26%
26%
m0.2-04 @ 04-0.5
m0.2-04 ®04-05 m02-03 ®03-04
m05-06 ®0.6-0.8 m04-05 ®05-08 m05-06 m06-08
2022
29%
25%
m0.2-0.4 = 0.405
= 05-0.6 # 0.6-0.8
Fig. 13. Percentage of the VHI classes in Tajan watershed.
CONCLUSION

The study results showed that, when the amount of vegetation cover in the Tajan watershed was high, the LST in
its various regions was low, but with decreasing vegetation cover, the LST increased in the watershed. Also, the
results of the LST index in residential and barren areas of Tajan watershed indicated an increasing trend during
the ten years, exhibiting the land use changes effect on LST. In other words, the trend of increasing temperature
displays a direct relationship with the growth of these areas and a drop in the NDVI value. The transformation of
the natural landscape including water, soil and plants (factors influencing the adjustment and reduction of the land
surface temperature) into an artificial landscape including cement, asphalt, road, street, paving, chemicals and
metals creates some changes in absorption, diffusion and its reflection of solar energy. Also, simultaneously the
increase in urban areas causes an elevation in LST in these areas. The continuation of this trend will cause the
phenomenon of heat islands and severe drought in Tajan watershed. Since this watershed has always faced big
and small droughts, its geographical location and natural conditions are such that in the near future it will
experience droughts of low and high density. Therefore, for decreasing the damage caused by drought, it is
necessary to know the characteristics of drought. The results of the VVCI, VHI, TCI, and SAVI drought index maps
showed that the mentioned indices are increasing in Tajan watershed between 2013 and 2022. In future years, it
will face the highest rate of drought, indicating a wide risk in the watershed. Because of the drying up of Tajan



watershed and the abandonment of agricultural lands and water sources shortage, especially underground water
sources shortage or the lack of alternative surface water sources, the drought will increase. Therefore, the risk of
drought threatens the agricultural, environmental, social, and economic ecosystems of the watershed. If
appropriate methods are not used to deal with it, this region of Iran will face many problems. Hence, the need to
use comprehensive methods of water management in all sectors, including storage, transmission, and distribution
is very necessary. Also, monitoring the drought of the watershed using satellite images can represent the density
and extent of drought in areas with a lack of meteorological data. Therefore, the effectiveness of drought indices
based on satellite time series data helps to plan the reduction of drought risks. Finally, the process of vegetation
destruction is expected in the future. By employing the correct management methods, sustainable water
distribution, regional negotiations, principled agriculture and the creation of optimal hydrological conditions as
well as complementary studies for spatial monitoring of drought through satellite images and the ground
measurements lead to slight changes in the cover and decreasing the land surface temperature. Also, it is possible
to create drought forecasting systems by examining vegetation and climatic parameters such as temperature and
humidity to reduce the damage of this phenomenon in the future.
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