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Abstract: Wetlands provide essential benefits, including flood control, water quality en-
hancement, shoreline erosion prevention, natural resource conservation, recreational oppor-
tunities, and esthetic value. However, climate change and human activities have recently
posed significant threats to these ecosystems. To address this issue, we employed an inte-
grated approach combining remote sensing and the cloud-free Google Earth Engine (GEE)
to monitor the impacts of climate change and human activities on Parishan Wetland in
Iran. In this study, various climatic and anthropogenic factors, including air temperature
(AT), precipitation, built-up area, croplands, and groundwater storage, were analyzed over
the period from 2001 to 2010 to explore their potential effects on wetland conditions. The
Pearson correlation test was used to assess the relationships between these variables and
wetland health. Also, non-parametric Mann-Kendall (MK) and Pettitt tests were employed
to identify monotonic trends and shifts in the time series. The findings suggest a com-
plex interplay of climatic and anthropogenic factors impacting the wetland’s ecosystem.
Groundwater availability emerged as the most influential factor, with a very strong positive
correlation of 0.92, highlighting the critical role of groundwater in sustaining wetland
ecosystems. Air temperature values in recent years have shown a significant increasing
trend, while precipitation exhibits a statistically significant decreasing trend. These factors,
along with the slightly increasing built-up area, which negatively impacts the natural
ecosystem, indicate an urgent need to restore the wetland.

Keywords: wetland; climate change; anthropogenic effects; Google Earth Engine
(GEE); Parishan

1. Introduction

Wetlands contribute to approximately 40% of the total value of ecosystem services,
which are the benefits provided by natural systems that enhance social welfare, including
food supply, biodiversity preservation, and flood control [1,2]. Wetlands serve as transi-
tional areas between terrestrial and aquatic ecosystems, where the water table is typically
at or near the surface or the land is covered by shallow water [3]. These ecosystems play an
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essential role in supporting the environment, providing critical habitats for many unique
species of plants and animals [4,5].

Wetlands offer numerous benefits, such as water purification, natural hazard protec-
tion, soil and water conservation, and recreational opportunities [6,7]. However, in recent
decades, both human activities and climate change have impacted ecosystems, particularly
in semi-arid and arid regions. Human-induced factors such as urban expansion and inten-
sified agriculture have led to a 35% global loss of natural wetlands since the 1970s, while
artificial wetlands have increased by 233% [8,9]. As urban areas expand, impervious sur-
faces such as roads, buildings, and parking lots multiply, preventing rainwater infiltration,
which is essential for recharging local aquifers and sustaining wetlands [10]. Moreover,
agricultural practices in these dry regions rely heavily on irrigation, often drawing water
from local sources such as rivers, aquifers, and wetlands. Given the naturally low rain-
fall, the additional demand for irrigation further exacerbates water scarcity [11]. Climate
change poses additional threats, including declining freshwater availability and rising
sea levels [12]. The warming trend associated with climate change has raised concerns
about global ecosystems, particularly wetlands, which are highly sensitive to changes in
temperature and precipitation patterns [13]. These changes affect rainfall distribution and
evaporation rates, leading to fluctuations in wetland water levels. Many wetland species
are adapted to specific environmental conditions, and variations in temperature and water
availability threaten their survival, resulting in population shifts, altered migration patterns,
and, in some cases, local extinctions [14,15]. Consequently, monitoring wetlands to assess
the effects of human activities and climate change is essential to obtain accurate, consistent,
and up-to-date data on key attributes such as changes in size, type, and condition.

Remote sensing techniques have proven invaluable in wetland identification and
monitoring, offering satellite-based data to track changes in wetland extent, vegetation
cover, and water quality [16,17]. These techniques are essential for effective wetland man-
agement and conservation, as they reduce the need for extensive fieldwork, provide broad
spatial coverage, and are both cost effective and time efficient [18]. Recent advancements in
remote sensing have significantly improved the spatial, spectral, and temporal resolution
of satellite imagery, providing a golden opportunity for the spatiotemporal monitoring
of wetlands [19,20]. However, less attention has been given to using remote sensing to
monitor the combined effects of anthropogenic and climatic factors on wetlands. Multi-
spectral satellite imagery, especially from the Landsat series, is widely used for wetland
mapping due to its extensive coverage, moderate resolution, long historical record, and
free accessibility, making it a primary resource for tracking wetland dynamics [21,22].
With advancements in big data, cloud computing, and artificial intelligence, the ability
to extract meaningful wetland-related information from remote sensing data has signifi-
cantly evolved, necessitating the development of efficient processing tools for handling
large datasets [23]. Google Earth Engine (GEE), a cloud-based geospatial data process-
ing platform developed by Google in 2010, leverages Google’s server capacity to enable
large-scale, long-term geospatial analysis [24,25]. GEE provides access to vast amounts
of global remote sensing data, including Landsat, MODIS, Sentinel, and GF-1 imagery,
along with thematic datasets covering climate, temperature, ecology, and socioeconomic
factors [26]. Additionally, GEE offers free access to anthropogenic data, such as urban
development, land use/cover, and surface water consumption, making it a powerful tool
for comprehensive, long-term monitoring of human impacts on wetlands [27].

A brief review of the literature shows that numerous studies have evaluated the effects
of climate change on wetlands [28-33]. However, despite an increasing number of studies
on the combined impacts of climate change and anthropogenic factors on wetlands, existing
research often considers a limited range of indicators, such as temperature and land cover
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changes [34-36]. In contrast, the present study intends to provide a more comprehensive
analysis by examining various climatic and anthropogenic factors, including air tempera-
ture (AT), precipitation, built-up areas, croplands, and groundwater storage. This study
focused on the Parishan Wetland in Iran and investigated environmental challenges from
2001 to 2010, a period chosen due to the near-complete drying of the wetland in 2010.
Furthermore, this study aimed to employ the cloud-based capabilities of GEE to monitor
the impacts of climate change and human activities on wetlands, offering a data-driven
approach to sustainable wetland management.

2. Location of Study Area

The Parishan Wetland, a permanent freshwater lake fed by springs and seasonal streams,
is located in Fars Province, approximately 12 km southeast of Kazeroun (Figure 1). The
wetland’s average depth fluctuates between 2 and 2.5 m, depending on annual rainfall
variations. Situated at an elevation of 820 m above sea level, Parishan Wetland experiences
warm, dry summers and mild winters [37]. It plays a crucial role as a habitat for a diverse
range of wintering waterfowl, as well as breeding waterfowl populations, especially during
wetter years. Located in an enclosed drainage basin within a broad valley, the wetland’s
water ranges from brackish to saline, with salinity levels varying according to the wetland’s
size [38].

|:| Study area

0 90,000 180,000 Km

Figure 1. Location of study: (a) in the southwest of Iran, (b) basins, and (c) Parishan Wetland
represented on the satellite image for the year 2002, when water was available.
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From a climatic perspective, Parishan Wetland lies within the warm zone of Fars
Province, specifically in the Persian precipitation zone. This zone extends from the central
region near the Persian Gulf to southern Kerman and Fars and receives approximately
60% of its precipitation during winter, making it the region with the highest winter rainfall
concentration in Iran [39]. In recent years, declining annual rainfall has caused the wetland’s
water levels to drop significantly, bringing it close to drying up. Seasonal temperature
fluctuations range from approximately 4 °C in winter to around 32 °C in summer. In
addition to climatic challenges, anthropogenic activities have significantly impacted the
wetland over the past few decades, exacerbating its environmental challenges [40].

3. Materials and Methodology
3.1. Materials

The present study investigated the relationship between wetland and various climatic
and anthropogenic factors over the period from 2001 to 2010. The analyzed variables
included AT, precipitation, built-up areas, croplands, and groundwater storage. Table 1
provides detailed information on these selected variables, while Figure 2 illustrates the
range of climatic and anthropogenic factors used to assess the impacts of climate change
and human activities on wetlands during this period.

Table 1. Further details on the various climatic and anthropogenic variables employed, including
their full names, products, and spatial resolutions, to assess their effects on Parishan Wetland.

Name Product Spatial Resolution (m) Reference
Air temperature ERA5-Land 11,132 [41]
o Global Precipitation
Precipitation Measurement (GPM) 11,132 [42]

Built-up areas

Global Human Settlement

Layer (GHSL) 100 [43]

Cropland

https://doi.org/10.5067 /
MCD12Q1 500 MODIS/MCD12Q1.061
(accessed on 1 November 2024)

Groundwater storage

NASA Global Land Data

Assimilation System 27,830 [44]

3.2. Methodology

e  To assess the impacts of climate change and human activities on wetlands, various
climatic and anthropogenic variables were analyzed within GEE. GEE supports two
geographic data structures: raster-based Images and vector-based Features. This flexi-
bility enhances the interpretation of environmental phenomena [45]. For this study,
Images were chosen to represent our datasets due to their suitability for handling
large-scale environmental data and performing extensive analyses. Features in GEE,
in contrast, consist of geometric elements such as points, lines, or polygons, each
accompanied by a property dictionary that provides detailed spatial attributes. This
dual structure in GEE provides flexibility in manipulating geographic data, making
it easier to analyze environmental changes [46]. We began by delineating both the
study area and the study period. Using QGIS Desktop version 3.30.3, we outlined
Parishan Wetland as the area of interest. The study period was set from 2001 to 2010,
covering a decade of data that reflect both climate variability and human influences.
Next, we extracted key variables from GEE that are critical for understanding the
impacts of climate and human activities on wetlands. These included AT, precipita-
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tion, built-up areas, cropland extent, and groundwater storage. Each variable was
sourced from specialized satellite products and environmental datasets, ensuring a
comprehensive analysis of the relationships between climate factors, human activity,
and wetland health. All variables were exported in GeoTIFF and CSV formats to
enable detailed analysis. The implemented code facilitated the execution operations,
including (a) spatial subset on the interested area, (b) temporal subset on the collection
datasets, (c) selecting the targeted datasets, and (d) exporting the selected datasets to
perform further analysis. Figure 3 shows an overview of the applied methodology.
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Figure 2. Examples of the climatic and anthropogenic variables employed for the years 2001, 2005,
and 2010, along with their respective ranges in different units, were used to assess their effects on
Parishan Wetland.
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Figure 3. An overview of the applied methodology for detecting the effects of climate change and
anthropogenic activities on wetlands.

Statistical Analysis

To assess the relationships between climate, anthropogenic variables, and wetlands,
we applied the Pearson correlation coefficient. Furthermore, the Mann-Kendall (MK) test
was used to detect significant long-term trends. The effect of autocorrelation was addressed
using the modified MK test proposed by Hamed and Rao [46]. The magnitude of the
trend was quantified using Sen’s slope estimator [47]. The Pettitt test [48] was employed
to identify abrupt shifts in the time series. These tests have been extensively applied in
numerous studies investigating the impacts of climate change on Earth’s natural systems
and processes [49-51]. All these statistical methods are comprehensively described in
Sadeqi et al. [52].
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Wetland (km?)
Cropland (km?)
Built-up (km?)

Temperature (°C)

4. Results

An integrated approach combining remote sensing and GEE is employed to monitor
the impacts of climate change and anthropogenic activities on wetlands in southwest Iran.
The results demonstrate significant correlations between climatic factors, namely AT and
precipitation, and wetland conditions, as shown in Figure 4. This study found that AT
negatively correlated with wetland area (—0.54) from 2001 to 2010. This suggests that
as AT increased, the wetland area decreased. These findings align with [53], which also
reported the harmful effect of rising AT on wetland health in Iran. Furthermore, a positive
correlation coefficient of 0.52 was found between precipitation and Parishan Wetland
conditions, indicating that decreased rainfall negatively impacted wetland preservation.
This result is consistent with the findings of [54], which documented a similar relationship
between precipitation and wetland sustainability. In terms of anthropogenic variables,
a negative correlation of —0.42 was identified between the expansion of built-up areas
and wetland health, highlighting the detrimental impact of urbanization on wetlands.
Groundwater availability was identified as the most influential factor, with a very high
positive correlation coefficient of 0.92 with wetland conditions, indicating that groundwater
plays a crucial role in maintaining wetland ecosystems in the Parishan Wetland ecosystem.
Previous studies showed the adverse effects of groundwater decline in water resources in
Iran [55,56].

0.54
-0.42 -0.33
-0.54 -0.50 0.19

Correlation coefficient

Precipitation (mm) 0.52 0.34 0.06 -0.62
Groundwater (mm) 0.92 0.81 -0.48 -0.61 0.60
v1
T £ £ ¢ F 7
g &£ &£ 7 £ £
]
T T 5 I 5 &
- S 5 = -g <§
S a, = @ S
< e & & ) E
) 9] O =
= g °
A O

Figure 4. Correlations between various climatic and anthropogenic variables and Parishan Wetland.
Bold values indicate statistically significant correlations (p-value < 0.05).

From 2001 to 2010, Parishan Wetland underwent significant changes due to both
climatic and human-induced factors, as illustrated in Figures 4 and 5. These influences led
to a reduction in the wetland area by 2.041 km?, with a noticeable decline beginning in
2007, signaling a dramatic shift in the region’s environmental health. Prior to this critical
year, the wetland’s average area was approximately 2.043 km?, which gradually shrank
over time, eventually decreasing drastically to just 0.002 km? by the end of the decade,
highlighting a severe loss in wetland habitat. Regarding average AT, the study found an
increase of 1.38 °C over the same period, with the highest temperature recorded in 2009.
Before this peak year, the average AT was around 20.47 °C, which subsequently rose to
21.85 °C, reflecting a clear upward shift in regional temperatures. Conversely, precipitation
data from 2001 to 2010 showed a statistically significant negative trend. Additionally, no
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significant changes were observed for the built-up areas and croplands within the study
region. In stark contrast, groundwater storage exhibited a statistically significant decrease
of 47.54 mm (p < 0.05), indicating a worrying decline in the region’s water resources.
The average groundwater storage level dropped from 637.60 mm to 590.06 mm during
this period, contributing further stress to the wetland ecosystem. Groundwater in Iran
is frequently used for agricultural and domestic purposes, highlighting the significant
anthropogenic impacts on natural resources. This comprehensive analysis highlights the
diverse and interconnected impacts of both climatic and anthropogenic factors on the
Parishan Wetland, underscoring the urgent need for integrated management strategies to
ensure its sustainability and mitigate the adverse effects of ongoing environmental changes.
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Figure 5. Time series monotonic analysis depicting the annual variations and trends in climatic and
anthropogenic variables throughout the Parishan Wetland from 2001-2010. Mu denotes the average
of the pre- and post-breakpoint sub-series.
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5. Discussion

Wetlands are recognized for the valuable benefits they provide to society, such as
enhancing food supply, preserving biodiversity, and offering flood control. Understanding
the changes in wetlands and their impacts, driven by climate change and human activities,
is, therefore, of great importance. Previous research [30-36] has typically focused on a lim-
ited number of climatic and anthropogenic variables when assessing the effects of climate
change and human activities on wetlands. Chen et al., [34] analyzed the spatiotemporal
changes in land use and land cover (LULCC), focusing particularly on the conversion of
marshland to other LULCC types (e.g., croplands) in northeast China from 1980 to 2015.
The relative impacts of human activities and climatic changes on wetland and agricultural
dynamics were quantitatively distinguished and evaluated across different periods us-
ing a seven-stage LULC dataset. Their findings indicated that human activities such as
population expansion, socioeconomic development, and institutional policies related to
wetlands and agriculture were the primary driving forces of LULCC over the past decades.
However, this study also identified an increasing contribution of climatic changes. Yan
et al., [36] also examined the impact of climatic and anthropogenic pressures on the net
primary production (NPP) of wetlands on the Zoige Plateau from 1990 to 2015. They
assessed and quantified the effects of various climatic and anthropogenic factors such as
NDVI, precipitation, temperature, and solar radiation on NPP using a simulated process
model (LPJ]_WHyMe) and a remote sensing model (CASA). Their simulations indicated
that the annual average potential net primary production (NPPp) fluctuated throughout
the study period, peaking in 2008 at 347.37 ¢ C m~2 year~!, while the total wetland NPPp
peaked in 2000 at 1.75 Tg C year~!. The results also revealed that the annual average
actual net primary production (NPPa) reached its lowest value of 206.04 g C m 2 year™!
in 2000. The total wetland NPPa ranged from 0.97 to 1.15 Tg C year! and exhibited
a continuous decline over the study period. Their research demonstrated that human
activities contributed to 22.37-36.45% of the reduction in wetland NPP. These findings
suggest that minimizing human interventions can enhance the NPP of wetlands. In con-
trast, the present study focuses on analyzing various climatic and anthropogenic indicators,
including AT, precipitation, built-up areas, croplands, and groundwater storage, to pro-
vide a comprehensive approach to examining the effects of climate change and human
activity on the Parishan Wetland and its associated environmental issues from 2001 to 2010.
Additionally, we applied an integrated approach combining remote sensing and GEE to
monitor the effects of climatic and anthropogenic variables on wetlands. This approach
provides a faster and more efficient method for analyzing the trends and impacts of these
variables on wetlands compared with previous research. Besides the applied methodology,
developing a framework that identifies key climatic and anthropogenic indicators such as
temperature, precipitation, land use changes, and groundwater storage can enhance the
efficiency of this approach, making it more applicable to various wetlands worldwide. The
results demonstrate that both climatic and human-induced factors significantly influence
wetlands, with groundwater storage emerging as a key variable impacting changes in the
Parishan Wetland. Additionally, our research highlights the effectiveness of integrating
remote sensing with GEE for long-term monitoring of climate change and wetland patterns.
The use of GEE enables access to a wide array of free datasets and provides a user-friendly,
cloud-based environment, making it an ideal platform for conducting extensive, long-term
studies across various scales.

The analysis of various climatic variables highlights their impact on the Parishan Wet-
land, revealing notable trends in precipitation over the years. Findings show a significant
upward shift in temperature values in recent years. Higher temperatures cause more water
to evaporate from the wetland’s surface. In the case of Parishan Wetland, which is already
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experiencing water stress, increased evaporation could significantly lower water levels,
worsening the drying process. This also disrupts the regional hydrological cycle. As a
result, the amount of water entering the wetland is further limited, leading to prolonged
dry periods. Higher temperatures not only accelerate evaporation but also reduce the
volume of water in wetlands, which may increase the concentration of salts and other
minerals in the remaining water. This salinization can make the wetland inhospitable
for many species of plants and animals, leading to a loss of biodiversity. Wetlands like
Parishan rely on both groundwater and surface water for replenishment. As temperatures
rise, groundwater levels may also decline due to increased evaporation and higher water
consumption, causing the wetland to dry out more quickly. As temperatures continue to
increase, the types of vegetation and animals that can survive in the wetland will change.
Species adapted to cooler, wetter conditions may no longer survive, reducing the diver-
sity of the wetland’s ecosystem and negatively affecting both local wildlife and regional
environmental health [57].

The analysis of various anthropogenic factors has revealed significant effects on the
Parishan Wetland. Among these factors, changes in cropland and groundwater storage
appear to be particularly influential. A closer look at the built-up area shows a steady
increase over time. In 2001, the built-up area comprised 9.00% of the study region. This
proportion rose gradually, reaching 10.80% by 2010. The expansion of urban areas is a
critical factor contributing to the degradation of the wetland, as urbanization typically leads
to the reduction in natural habitats and changes in water drainage patterns. The expansion
of built-up areas around the Parishan Wetland in Iran has significantly contributed to
its drying through various direct and indirect impacts. Urbanization and infrastructure
development in the surrounding region have disrupted natural hydrological and ecological
dynamics, accelerating the wetland’s degradation. This expansion reduces water inflows,
disrupts hydrological processes, introduces pollution, and increases water demand, all of
which exacerbate the drying of the wetland. Implementing sustainable urban planning,
effective water management, and robust wetland conservation policies is crucial to miti-
gating these effects and preserving the wetland’s ecological integrity [58]. Similarly, the
cropland area within the study zone also experienced significant fluctuations during the
period from 2001 to 2010. In 2001, cropland covered 8.64% of the area, and this figure
increased over the following years, reaching 11.13% by 2007. This growth can be attributed
to the intensification of agricultural practices and the expansion of irrigated lands, which
often results in a higher demand for water and contributes to the alteration of local hydro-
logical cycles. However, by 2008, the area under cropland began to decline, dropping to
9.33% by 2010. This decrease may reflect shifting agricultural priorities, land-use policies,
or environmental factors such as water scarcity, which may have affected agricultural
productivity. The most significant anthropogenic factor impacting the Parishan Wetland,
however, is the variation in groundwater storage. Groundwater is a critical resource for
the region, particularly in arid and semi-arid areas like the study zone, where it plays a
key role in maintaining both agricultural and ecological balance. The study revealed a
noticeable decline in groundwater storage from 2001 to 2010. In 2001, the mean annual
groundwater storage was 638.55 mm. This value initially increased, reaching 659.97 mm
by 2005, possibly due to enhanced recharge from precipitation or changes in water man-
agement practices. However, from 2006 onwards, groundwater storage began to decrease
sharply, dropping to 586.55 mm by 2010. This significant reduction in groundwater levels
could be linked to factors such as over-extraction for agricultural irrigation, reduced pre-
cipitation, or ineffective groundwater management practices, all of which exacerbate the
stress on the wetland ecosystem. The overall trends observed suggest that the combined
pressures of urbanization, agricultural expansion, and declining groundwater storage are
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contributing to the degradation of the Parishan Wetland. These factors not only alter the
local landscape but also disrupt the delicate ecological balance, further threatening the
sustainability of the wetland. A decrease in groundwater storage has a profound impact
on the drying of Parishan Wetland in Iran. Wetlands like Parishan depend heavily on
groundwater to maintain their hydrological balance, particularly in arid and semi-arid
regions where surface water is scarce. Groundwater contributions are especially critical
during dry seasons or periods of low rainfall. When groundwater storage declines, these
inflows are directly reduced, causing water levels in the wetland to drop. Additionally, the
regional water table lowers as groundwater storage diminishes, making it more difficult
for water to naturally seep into the wetland. This disruption to the wetland’s hydrological
balance accelerates the desiccation process [59]. In conclusion, the Parishan Wetland is
facing multiple anthropogenic challenges. The continued expansion of built-up areas and
cropland, coupled with the decline in groundwater storage, underscores the urgent need
for integrated land-use and water management policies to mitigate these negative impacts.
Effective conservation strategies are essential to ensure the long-term preservation of the
wetland ecosystem, which provides important ecological services such as biodiversity
support, water filtration, and climate regulation.

The Parishan Wetland, spanning nearly 4300 hectares at an elevation of 820 m
above sea level, is internationally recognized as a Ramsar Convention wetland (https:
/ /www.ramsar.org, accessed on 3 November 2024) and designated as a protected area.
However, in recent years, it has nearly dried up due to inadequate rainfall and the prolifer-
ation of authorized and unauthorized wells drilled for agricultural purposes. Despite its
historical resilience and self-regeneration in the absence of human interference, the wet-
land now faces significant challenges. Although seasonal rains during winter and spring
temporarily replenish it, excessive groundwater extraction, deep-well digging, year-round
agricultural activities, and high evaporation rates hinder its long-term revival. The dry bed
of the Parishan Wetland has been plagued by numerous issues, including land subsidence,
soil erosion, encroachment on national lands, unauthorized grazing, illegal wells, and water
diversion beyond its boundaries. Rising air temperatures in this arid desert region and
declining annual rainfall have exacerbated these problems. Additionally, road construction
near the wetland has caused irreparable harm to its ecosystem, further contributing to its
desiccation. Another major factor in the wetland’s decline is the operation of a combined-
cycle power plant located nearby. While plant officials claim their water sources come
from distant wells, the heat generated by the facility significantly increases evaporation
in the wetland. Furthermore, unauthorized wells drilled around the wetland to support
surrounding agriculture have intensified the crisis. These combined pressures have devas-
tated the Parishan Wetland, threatening its ecosystem and highlighting the urgent need for
comprehensive conservation efforts [60]. Therefore, recovering the Parishan Wetland in
Iran requires an integrated approach that encompasses water resource management and
land-use planning. To enhance water inflows, it is essential to identify and secure natural
water sources, such as springs and rivers. Groundwater extraction should be regulated
by implementing monitoring systems and restricting well drilling. In terms of land-use
planning, establishing protected areas around the wetland is crucial to prevent urban
encroachment and limit industrial development in its vicinity. Additionally, promoting the
use of drip irrigation and other water-saving techniques can serve as an effective strategy
for restoring the wetland ecosystem.

Despite the efficiency of the applied methodology for analyzing the effects of climatic
and anthropogenic factors on wetlands, there are two limitations. First, the spatial resolu-
tion of some applied products (e.g., groundwater storage) may not be as helpful as other
products with medium spatial resolution for understanding trends in small-scale wetland
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dynamics across various variables. Although accuracy assessments have generally been
conducted for each product, it would be better to evaluate the accuracy of the applied data
specifically for different regions worldwide before processing using ground control points.
Several factors, including spatial and temporal resolution, data collection methodology,
classification algorithms, and sensor limitations and calibration, affect data in GEE. Some
limitations, such as sensor constraints, cannot be resolved by users. However, others, like
classification algorithms, can be improved or at least mitigated by users. In general, using
ground control points is the most effective way to check and validate the accuracy of GEE
products. Future research is recommended to incorporate high-spatial-resolution data
for monitoring small-scale wetlands. Additionally, to gain a deeper understanding of the
effects of climate change and anthropogenic factors on wetlands, it is crucial to consider
a broader range of ecological and hydrological features. This approach would enhance
the efficiency of the results and provide a more comprehensive understanding of how
integrated factors impact wetland ecosystems.

6. Conclusions

We monitored the Parishan Wetland from 2001 to 2010 to explore the effects of climatic
and anthropogenic variables using an integrated approach of remote sensing and GEE. Our
findings highlight that both climatic and anthropogenic factors have a significant effect on
the wetland. Groundwater availability was identified as the most significant factor, showing
a strong positive correlation of 0.92 with wetland conditions. This highlights the critical
role of groundwater in sustaining the Parishan Wetland ecosystem. The results of this
study demonstrate the effectiveness of the cloud-free GEE platform in monitoring wetland
trends and assessing the impacts of climate change and human activities. Additionally, our
findings highlight the efficiency of this integrated approach for large-scale and long-term
wetland monitoring. This methodology offers valuable insights for researchers studying
the impacts of climate change on Earth’s features, particularly wetlands. The findings
of this research can contribute to developing effective management strategies to mitigate
the impacts of climate change and anthropogenic activities on wetlands, particularly in
semi-arid and arid regions.
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