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Abstract

The wetland ecosystem is an important indicator of climate change and valuable ecosystems
for environment and human being that offer substantial services. This study detects the
changes land surface temperature in Mighan wetland in 2018 and 2023 by using Sentinel-3
SLSTR data. Two essential factors were used for detection. LST and DTR factors detect changes
in water bodies accurately and correctly. The study finds that in the eastern and southern
regions of the wetland, there is a decrease in daily LST, indicating a decrease in water
temperature. In the central and western regions, there is a decrease in land temperature. The
nightly LST trend shows variations between different regions of the wetland, with the eastern
region experiencing lesser changes compared to the central and western regions. Additionally,
the article analyzes DTR trends and finds that differences between day and night temperatures
decreased over time in the eastern and southern parts of the wetland. These findings
contribute to understanding temperature dynamics in wetland ecosystems and their potential

implications for climate change impacts.

1. Introduction

Wetlands are valuable ecosystems for both the
environment and human beings, offering substantial
services (Aghamiri et al., 2022; Alibakhshi et al., 2020).
These ecosystems play a significant role in the
hydrological cycle, carbon sequestration, ecosystem
balance, microclimate stabilization, and the prevention
of climate extremes such as droughts, floods, and
nutrient imbalances (Mafi et al., 2021; Kattel, 2022; Zhou
et al,, 2022). Additionally, wetland ecosystems serve as
important indicators of climate change and are
influenced by climatic factors. They effectively contribute
to climate change mitigation at both regional and global
scales (Kang et al., 2015).

One of the main factors influencing wetland
ecosystems is Land Surface Temperature (LST), which
exhibits an inverse relationship with wetland presence
(Wang et al., 2022; Pei et al., 2023). LST can be obtained
through ground observations, land surface modeling, and
satellite remote sensing techniques (Sheffield et al,
2018). In the study of land-atmosphere interactions,
relying solely on in situ measurements to meet utility
requirements is challenging. Satellite remote sensing
technology based on satellite imagery provides a

powerful tool for monitoring LST due to its ability to
repeatedly observe the same area over time (Hashemi et
al,, 2022; Qi et al., 2022). The diurnal temperature range
(DTR), which represents the difference between daytime
and nighttime temperatures in a particular location, is
widely used as an important meteorological indicator
related to global climate change. DTR trends and
variations vary depending on the time scale considered
(Bonacci and Purin, 2023).

Itis crucial to assess the impact of climate change on
Land Surface Temperature (LST) at both daily and annual
time scales. In a study conducted by Musyimi et al (2023),
short-term drought in Kenya's lower eastern counties
between 2019 and 2021 was analyzed using Sentinel-3
SLSTR data. The researchers derived three essential
climate variables: LST, Fractional Vegetation Cover
(FVQ), and Total Column Water Vapor (TCWV). Their
findings revealed that variations in LST were inversely
related to vegetation density and soil moisture content.
Non-vegetated areas were found to have lower moisture
content. Overall, the use of Sentinel-3 SLSTR products
proved to be an effective data source for monitoring
short-term drought, particularly in situations where in
situ measurement data are limited.
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In another study by Moisa et al (2023), the
contribution of forests and wetlands to LST in Yayo
district was examined using multi-spectral and multi-
temporal satellite Landsat images from 1986, 2003, and
2021. The results indicated that the mean LST increased
from 1986 to 2003 but declined over the past two
decades due to the protection of forest and wetland
ecosystems.

2. Method

2.1. Study area

Meighan wetland is located in 0f49°21" to50°25" east
longitude and33°47" to 34°44" north latitude. Meighan
wetland is located in 5.8 kilometers northeast of the Arak
city in the Farahan Plain and its area is about 100 up to
110 square kilometers and its height is 1660 meter from
mean sea level. This wetland is a seasonal saltwater lake
and a lowland desert area, and its marginal lands has
covered by halophyte bush and shrub plants, sand dunes,
alluvial fans and smooth plains.

SLSTR, referring to the Sea and Land Surface
Temperature Radiometer, is a dual scan temperature
radiometer operating for the ESA Sentinel-3 mission in
low Earth orbit as a part of the Copernicus Program.
SLSTR products offer highly accurate global and regional
Sea and Land Surface Temperatures (SST and LST) for
climatological and meteorological applications. In this
study, four Sentinel-3 SLSTR Level-2 LST products were
downloaded from the Copernicus Open Access Hub.
Sentinel-3 SLSTR product generates land surface
parameters with a one km spatial resolution.

2.2.Land Surface Temperature (LST)

Land Surface Temperature The radiative temperature
of the land in bare soil conditions and the effective
emitting temperature of vegetation as determined from
a top-view of a canopy determined by infrared radiation
are referred to as Land Surface Temperature (LST) (Li et
al .,2013) While local modeling relies significantly on
field data, remote sensing has become the primary
source for LST estimation at different scales (Dar et al
,2019;Meng et al,2017). The Radiative Transfer
Equation (RTE) can be applied to a given thermal IR band
to convert radiance observed at a sensor into Land
Surface Temperature using Equation (Vlassova et
al,2014)

Lsensor=t*e* LTs+Lu+t*(1-¢)*Ld (D

where Lsensor is the top-of-atmosphere radiance;
LTs is the radiance related to the surface temperature of
a black object as per Planck’s law; Ts is the LST; and Lu
and Ld are the upwelling and downwelling atmospheric
radiances, respectively. Tt is the atmospheric
transmissivity, while € is the land surface emissivity.
Radiance is expressed in W-sr -1 -m =2 -pm -1 ( Musyimi
etal, 2023).

2.3.Diurnal Temperature Range (DTR)

The daily range of the surface air temperature in a
day, i, given as DTRI, represents the difference between
the maximum, Tmax ,i, and the minimum, Tmin,i, daily
temperature of each day, i, within the analyzed period:
(Bonacci and Durin, 2023).

DTRi = Tmax,i - Tmin,i
3. Results
3.1. Land Surface Temperature (LST)
LST distribution in Meighan wetland depicted varying
spatiotemporal patterns. Figure 1 shows that daily LST

estimates ranging between 18 o C and 30 o C in May
2018 and in night LST vary between 18 > Cto 26 » C.
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Figure 1. Daily and Nightly LST in 2018

In the same time in May 2023,the daily LST estimates
between 19° C to 26° C and nightly LST estimated
ranging between 15 Cand 24 - C (Figure 2).
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Figure 2. Daily and Nightly LST in 2023

It should be noted that in this study, we aim to
monitoring the changes of LST so the LST images were
calibrated with true tempreture (Figure 3).

As shows Figure 4 the daily LST and nightly LST trend
between 2018 to 2023 is decreasing .
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Figure 3. A-real temperature in 31-05-2018
B- real temperature in 31-05-2023

In the East and South of wetland daily LST trend is
between-6° Cto-4° Cthatshows the water tempreture
is decreased.In Central and West of wetland LST trend is
between -4 ° C to -2 o C in these regions , land
tempreture decreased. The nightly LST trend between
2018 to 2023 estimated between -2.96 © Cto 0.96 ° Cin
the eastern and between -0.96° Cto 1.01° Cin western
and southern in the Central of wetland it changes
between -4 o C to -2.9° C.The LST trend is between -
9.7° Cto-6.5° Cinthe north of wetland.
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Figure 4. Daily and Nightly LST Map 2018-2023
3.2. Diurnal Temperature Range (DTR)

Figure 5,6 shows a series of DTRs observed at the
Meighan Observatory in2018 and 2023. A statistically
insignificant downward trend is observed.DTR in 2018
showes a difference between 4 Cto 8> Cin the Eastand
South of wetland and in the Central and West
,tempreture is varied between -2 - C to 4.8> C.In 2023,
DTR changes between -0.3> Cto 2.88° C In the East and
South,DTR varies between 2.88° Cto 7> Cin the Central
and West and in the North is more than 4- C.

4. Discussion

Higher daily LST differences in East and South of
wetland shows that the water body tempreture

deacresed and gets cooler.Although the Center and West
of wetland that are covererd by vegetation and land
observed few changes in LST.In the East and South
nightly LST trend is lesser than the Center and West of
wetland.
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Figure 6. DTR Map 2023

Mustafa et al (2023) showed that LST values over
West Africa varied between 20.6 ¢ C and 34.6 ° C in
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2010, 20.6 - Cto 37.6° Cin 2018, and 21.2 » C to 38.7
o C in 2020, which is relatively consistent with the
current study. Furthermore, LST increases are associated
with changes in land cover from vegetated to non-
vegetated surfaces which can be used as an indirect
drought indicator.

DTR trend in 2018 and 2023 shows that in the eastern
and southern parts the differences between day and
night decreased toward to 2023.

An increasing temperature is observed in the western
and central parts of the wetland while results show rising
temperature in 2023.

5. Conclusion

The results of LST and DTR trend show that the
stability of the weather has increased in 2023 and the air
temperature has become more moderate.

References

Aghamiri, M., Azizi, Z., & Imani, H. ]. (2022). Evaluation of
SDI, NDWI, NDMI and AWEI indices in coastline
extraction and water body area of Shadegan wetland,
Journal of Wetland Ecobiology 14 (2), 61-76.

Alibakhshi, T, Azizi, Z., Vafaeinezhad, A,
Aghamohammadi, H. (2020). Survey of Area Changes
in Water Basins of Shahid Abbaspour Dam Caused by
2019 Floods Using Google Earth Engine. Iranian
Journal of Ecohydrology, 7(2), 345-35.

Bonacci, 0., & Purin, B. (2023). The Behavior of Diurnal
Temperature Range (DTR) and Annual Temperature
Range (ATR) in the Urban Environment: A Case of
ZagrebGri'c,Croatia.Atmosphere,14,1346.https://doi
.org/ 10.3390/atmos14091346

Dar, L, Qadir, J., & Shukla, A. (2019) .Estimation of LST
from multi-sensor thermal remote sensing data and
evaluating the influence of sensor characteristics.
Ann. GIS 2019, 25, 263-281.

Mafi, M., Azizi, Z., Karimi, P, & Alemi, S. P. (2021).
Investigating the trend of water level changes in
Allahabad wetland by using temporal images. Iranian
journal of Ecohydrology, 8(2), 321-329.

Hashemi, Z., Soodaei, Z. H,, & Mokhtari, M. H. (2022).
Investigation of the Relationship between Land
Surface Temperaturewith Vegetation and Surface
Moisture in the Land Use of Zahak Area of
Sistan Plain Using Landsat Satellite Images. Iranian
Remote Sensing & GIS, 14(1), 21-42.

Kattel, G. R. ( 2022). Climate warming in the Himalayas
threatens biodiversity, ecosystem functioning and
ecosystem services in the 21st century: is there a
better solution? Biodivers Conserv. 31(8-9):2017-
2044. https://doi.org/10.1007/s10531-022-02417-
6.

Li, Z. L, Tang, B. H., Wu, H,, Ren, H,, Yan, G., Wan, Z., Trigo,
I. F, & Sobrino, J. A. (2013). Satellite-derived land
surface temperature:Current status and perspectives.
Remote Sens. Environ. 131, 14-37.

Meng, X., Cheng, |., & Liang, S. (2017). Estimating Land
Surface Temperature from Feng Yun-3C/MERSI Data
Using a New Land Surface Emissivity Scheme. Remote
Sens. 9, 1247.

Moisa, M. B., Gabissa, B. T., Wedajo, Y. N., Gurmessa, M. M.,
Deribew, K. T., Negasa, G. G., Negassa, M. D., & Gemeda,
D. 0. (2023) Analyzing the correlation of forest and
wetland with land surface temperature by using
geospatialtechnology: a case of Yayo district,
Southwestern Ethiopia. Geocartointernational, VOL.
38,N0.1, 225630.

Musyimi, P. K., Sahbeni, G., Timar, G., Weidinger, T., &
Székely, B. (2023). Analysis of Short-Term Drought
Episodes Using Sentinel-3 SLSTR Data under a Semi-
Arid Climate in Lower Eastern Kenya. Remote Sens.
15, 3041. https://doi.org/10.3390/rs15123041

Pei, Y, Qiu, H.,, Zhy, Y., Wang, ]., Yang, D., Tang, B., Wang,
F., & Cao, M. (2023). Elevation dependence of
landslide activity induced by climate change in the
eastern Pamirs. Landslides. 20(6),1115-1133.
https://doi.org/10.1007/s10346-023-02030-w.

Qi, Y, Zhong, L., Ma, Y, Fu, Y, Wang, X, & Li, P. (2023).
Estimation of Land Surface Temperature Over the
Tibetan Plateau Based on Sentinel-3 SLSTR Data. IEEE
Journal Of Selected Topics In Applied Earth
Observations And Remote Sensing, 16

Sheffield, ]J. (2018) Satellite remote sensing for water
resources management: Potential for supporting
sustainable development in data-poor regions. Water
Resour. Res. 54(12), 9724-9758. https://doi.org/
10.1029/2017wr022437

Vlassova, L., Perez-Cabello, F., Nieto, H., Martin, P., Riafo,
D., & De La Riva, ]. (2014). Assessment of Methods for
Land Surface Temperature Retrieval from Landsat-5
TM Images Applicable to Multiscale Tree-Grass
Ecosystem Modeling. Remote Sens. 2014, 6, 4345-
4368.

Wang, X, Wang, T., Xu, ], Shen, Z,, Yang, Y., Chen, A,
Wang, S., Liang, E., & Piao, S. ( 2022). Enhanced habitat
loss of the Himalayan endemic flora driven by
warming-forced upslope tree expansion. Nat Ecol
Evol. 6(7),890-899.
https://doi.org/10.1038/s41559-022-01774-3

Zhou, S, Liu, D, Zhu, M,, Tang, W,, Chi, Q,, Ye, S, Xu, S, &
Cui, Y. (2022). Temporal and spatial variation of land
surface temperature and its driving factors in
Zhengzhou City in China from 2005 to 2020. Remote
Sens. 14(17),4281.
https://doi.org/10.3390/rs14174281.

126


https://doi.org/
https://doi.org/

