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Abstract

Background and Objective Wetlands are habitats for
vegetation and wildlife and because of this, they have
ahigh environmental value. Also, wetlands reduce soil
erosion, restore aquifers, store rainwater in a flood
event, and provide water for agriculture or livestock.
Wetlands are vulnerable to human interventions and
changes such as drainage, urban sprawl, infrastructure
development, and over-exploitation of groundwater
resources. Prediction of the condition of wetlands in
the future requires a correct understanding of the
evolution of wetlands and identifying their trend of
change. Nowadays, Remote Sensing technology is
widely used for mapping wetlands, and its ability to
monitor the changes in wetlands regardless of the
diversity of wetlands has significantly increased the
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value of this science in this field. Remote Sensing can
be an effective means of simulating and predicting
wetland degradation processes by providing images at
different times and through dynamic spatial modeling.
In this study, the changes in the Bakhtegan wetland
have been monitored. This wetland has high
environmental and tourism importance and its drying
affects negatively the living conditions and health of
local people as well as tourism in the region. In
addition, predictions of precipitation parameters,
groundwater level, and temperature have been
conducted. For this purpose, the Google Earth Engine
platform was used to capture and process images.
Google Earth Engine is a platform that can capture
and process images in the shortest time and at high
speed. In this regard, using Google Earth Engine,
changes in the lake water area along with changes in
temperature, groundwater level, and precipitation were
extracted and monitored. Moreover, a comparison
took place between these parameters to determine the
changes that have taken place in the lake over the past
two decades. To predict the parameters, the changing
pattern was predicted and analyzed using the Prophet
model. The most important advantage of the Prophet
model is its ability to convert discrete data to
continuous data to make the best predictions. This
method automatically detects the trend of seasonal
data and displays the trend of seasonal changes.

Materials and Methods Satellite images were
acquired from the Google Earth Engine platform to
monitor the wetland. Landsat 7 and 8 images were
used for water body extraction, GRACE Data were
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used for extraction of groundwater level changes,
MODIS product was used for extraction of vegetation
and wetland surface temperature, and TRMM image
product was used to extract precipitation values. An
automated water extraction index was used to extract
the wetland body water. The groundwater level was
extracted from the GRACE sensor. MODIS sensor
product was used to obtain the surface temperature
time series for the study area. For the extraction of
precipitation time series, the monthly cumulative data
of the TRMM (3B43V7) satellite with a spatia
resolution of 0.25°C was extracted using Google Earth
Engine and the trend of changes was evaluated and
analyzed. The Mann-Kendall test is one of the most
widely used non-parametric tests for detecting
meteorological and environmental data trends, which
is used to detect a monotonic trend line since this test
is a non-parametric method, it does not need that the
data follow a normal distribution. The Prophet
predictive model is a predictive library developed by
Facebook and is available in R and Python
programming languages. This library supports
additive modeling methods and can properly predict
discrete values continuoudly. This feature is called
"Holiday". Another feature of this library is the
automatic detection of daily, weekly, seasonal and
annual trends. The mean absolute error (MAE), by
default, exists in the Prophet library. This error
represents a more natural standard than the mean error
and unlike the RM SE error, it is unambiguous.

Results and Discussion In the present study, we
monitored the Bakhtegan wetland using the Google
Earth Engine platform to observe the trend of water
level changes in this wetland from 2000 to 2020. In
addition, Parameters were also predicted using the
Prophet Prediction method which is developed and
published by Facebook. By examining this trend, it
can be observed that the water level of the wetland has
been significantly reduced during two decades. In this
regard, the trend of groundwater level, temperature,
and precipitation in the area was investigated.
Examining these factors, it was found that along with
a 58.3% decrease in the water level of the wetland,
there was a 260% decrease in the groundwater level of
the region, although the amount of rainfal in the
region has been less compared to other factors and has
been decreased about 29%. Using Mann-Kendall
statistical test, the trend of this decline was proved. To
predict the parameters, the Prophet model has been
able to make predictions for 1500 days as continuous
data using discrete data. The output of the model has
shown that for rainfall parameters and groundwater
level a downward trend is predictable over the next

1500 days which is low intensity for precipitation but
with  high intensity for groundwater level.
Temperature prediction indicated that it has a seasonal
trend, and has a high amount of fluctuation within a
year, but its annual trend indicates stability in the
coming years. The results of the model for the water
level of the wetland also show arelatively low upward
trend that has a probability of change of £12.5 Square
kilometers. Also, the error of the parameters at the
95% significant level has acceptable accuracy, which
indicates the validity of the prediction. An automated
water extraction index was used in this study to extract
the time series of the water body of the wetland. Using
the mean time series extracted, the maximum and
minimum wetland’s water body area belongs to 2006
with 629.23 square kilometers and 2014 with 156.82
square kilometers, respectively. The time series of
changes in this wetland indicates that the water
volume of the wetland has been declining in the last
two decades. According to this study, it can be
concluded that the trend of changes in the water level
of the wetland has been decreasing. The descending
changes in the lake based on the trend of changes in
groundwater levels indicates a decrease in water
volume in the area. Considering that the trend of
precipitation changes has been stable, it can have
assumed that improper management and excessive use
of groundwater may be a reason for lowering the
water level of the wetland. Due to the same decrease
in the water level of the lake, the temperature has also
decreased by about 3°C.

Conclusion According to this study, it can be
concluded that groundwater levels and precipitation
will have a downward trend in the future, which will
lead to a decrease in the water level of the wetland,
which itself has the potentia to fluctuate in the future,
and the downward trend continues. With the current
trend, the only solution is to plan properly to preserve
the wetland. If this trend continues, we will face the
destruction of the wetland. Given the monthly trend of
the wetland surface, it is suggested not to over-exploit
groundwater resources, especialy in the summer. For
further research, the Google Earth Engine platform
can be used without the need to download the images
and spend a lot of time and money, to obtain the time
series of images. Regarding the prediction, in future
studies, the Prophet model can be applied, since it uses
discrete data and at the same time provides the desired
accuracy.
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