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Monitoring of Groundwater Level Changes Using GRACE and
GLDAS Satellites in Kermanshah Province

Maryam Hafezparast*!

Abstract

Groundwater monitoring has long been considered as one of the main sources of agricultural
water supply. . In this regard, indiscriminate harvesting of this God-given resource, as well as
the construction of unauthorized wells and lack of rainfall have caused the water level to drop
in many aquifers of the country. The plains of Kermanshah province with its good climate and
fertile soil are the agricultural and horticultural hubs of Iran. Therefore, in this study,
piezometric well data in the period 1360-1397 and GRACE satellite data with a resolution of
one degree in the period 2002 to 2020 with JPL, GFZ and CSR methods were used to study the
changes in groundwater levels of aquifers in Kermanshah province. The amount of soil moisture
was extracted from Google Earth Engine cloud computing environment using GLDAS model
with a resolution of one degree. Zoning maps of all aquifers in the province for the years 1395
and 1397 were drawn by kriging method in ARC GIS software. The results showed that a
number of aquifers, including Hassanabad-Shian, Sanjabi and Dinehvar are in critical
condition. Long-term monthly and annual water level data of aquifers for different plains
according to their effective areas have also been calculated and displayed by Thissen method.
The map of changes in soil moisture, actual evapotranspiration, and cumulative precipitation in
Kermanshah province was extracted by TERRA satellite with a resolution of 0.04 degrees
equivalent to 4 km by 4 km, which shows the changes in these parameters in December 2019.
The values of TWS groundwater level changes were plotted by subtracting soil moisture values
against the aquifer observational data and the changes in groundwater level decreasing trend in
Kermanshah province indicate a decrease of -1.5 cm and -3.8 cm in the period 2002 to 2016 by
GRACE satellite and observational values respectively While from 2016 to 2020, groundwater
level changes have been increasing.

Keywords: changes in groundwater level, GRACE satellite, GLDAS model, google earth engine,
Zoning.
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Abstract

Groundwater monitoring has long been considered as one of the
main sources of agricultural water supply. . In this regard,
indiscriminate harvesting of this God-given resource, as well as the
construction of unauthorized wells and lack of rainfall have caused
the water level to drop in many aquifers of the country. The plains
of Kermanshah province with its good climate and fertile soil are
the agricultural and horticultural hubs of Iran. Therefore, in this
study, piezometric well data in the period 1360-1397 and GRACE
satellite data with a resolution of one degree in the period 2002 to
2020 with JPL, GFZ and CSR methods were used to study the
changes in groundwater levels of aquifers in Kermanshah province.
The amount of soil moisture was extracted from Google Earth
Engine cloud computing environment using GLDAS model with a
resolution of one degree. Zoning maps of all aquifers in the province
for the years 1395 and 1397 were drawn by kriging method in ARC
GIS software. The results showed that a number of aquifers,
including Hassanabad-Shian, Sanjabi and Dinehvar are in critical
condition. Long-term monthly and annual water level data of
aquifers for different plains according to their effective areas have
also been calculated and displayed by Thissen method. The map of
changes in soil moisture, actual evapotranspiration, and cumulative
precipitation in Kermanshah province was extracted by TERRA
satellite with a resolution of 0.04 degrees equivalent to 4 km by 4
km, which shows the changes in these parameters in December
2019. The values of TWS groundwater level changes were plotted
by subtracting soil moisture values against the aquifer observational
data and the changes in groundwater level decreasing trend in
Kermanshah province indicate a decrease of -1.5 cm and -3.8 cm in
the period 2002 to 2016 by GRACE satellite and observational
values respectively While from 2016 to 2020, groundwater level
changes have been increasing
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1.  Introduction

Remote sensing science which is currently used to study vegetation, surface water resources, soil type
and texture, soil moisture, rainfall, temperature and other effective parameters in agricultural,
hydrological, etc. In this way, studies in measuring changes Groundwater storage has also been
considered. There are many studies about measuring groundwater level by GRACE data. Terrestrial
water storage (TWS) changes were used to estimate the global drought index TSDI, which showed that
it is correlated with other drought indices and this index is effective for monitoring global drought (Nie
et al, 2018). Groundwater fluctuations in Indian summer monsoon were investigated using GRACE and
GLDAS model data. GRACE results show that the change in groundwater storage during the study
period in India is 15 cm. They also showed that GRACE satellite data has good flexibility for
groundwater changes (Singh et al, 2019). Bakhtegan catchment area, an important agricultural area in
southwestern Iran, has suffered from groundwater discharge in recent years. Gravity data from the
Gravity Retrieval and Climate Testing (GRACE) satellites can help determine changes in water mass
in catchments and assess changes in water volume. In this study, GRACE-derived water mass data were
plotted against the observed groundwater volume changes. The efficiency of GRACE-derived data was
evaluated in catchments smaller than 200,000 sq km of the recommended area when using GRACE.
For the study period (January 2002 to December 2011), GRACE data show an annual decrease of 7.6
cm in groundwater level and a decrease in total volume of 2.6 cubic kilometers during this period.
Monthly groundwater level measurements showed an average decrease of 10 m in groundwater aquifers
during the study period. This rate of discharge is consistent with the recorded decrease in rainfall,
especially in the post-drought period since 2007. These results indicate that GRACE can be a useful
tool for monitoring groundwater depletion in arid watersheds (Abou Zaki et al., 2019).

According to the studies and the severe reduction of groundwater reserves in Kermanshah province,
despite the two Karkheh catchment area and the western border basin of the country, the main deficit is
related to Karkheh catchment, which of course has more water potential and the western border basin
share of the deficit. The province's groundwater reservoirs are about 100 to 150 million cubic meters.
The effect of over-extraction of groundwater resources on the status of plains and study areas of the
province is such that out of 23 study areas in the province, 13 study areas are currently prohibited. The
prohibition of these study areas will continue until 1400 or 1401. Therefore, the purpose of this study
is to investigate the changes in groundwater storage in Kermanshah province as one of the agricultural
and horticultural centers of Iran. Therefore, the use of remote sensing science along with observational
data from the region can help monitor groundwater in this province.

2. Materials and Methods

Given the shortage of fresh water in the world, one of the most important issues in the world in the 21st
century will undoubtedly be water. In other words, water is the key to the development of any country.
Without sustainable water resources, planning and management of watersheds and land management is
impossible. Excessive abstraction of groundwater aquifers due to lack of proper management has led to
lower groundwater levels and since the village economy is based on agriculture and agriculture is also
dependent on water. Declining groundwater levels affect the welfare of farmers. Kermanshah province
with an area of 25045 square kilometers to the center of Kermanshah city in the middle of the western
side of the country between the geographical orbit of 33 degrees and 40 minutes to 35 degrees and 18
minutes north latitude of the equator and 45 degrees and 24 minutes to 48 degrees and 7 minutes east
longitude of the meridian Greenwich located.

GRACE satellite

Grace satellites can detect any change in the gravity of different parts of the earth. As the amount of
water in an aquifer decreases, the gravitational force of that point decreases (Moghim, 2020). Grace
satellites have found that 13 of the world's 37 largest aquifers are running out. According to researchers,
eight of these tables are no longer able to fill naturally. Extraction from groundwater aquifers is much
higher than their natural rate of filling http://www.nasa.gov/grace. The Gravity Recovery And Climate
Experiment project, or GRACE for short, is a satellite mission designed to determine the Earth's
gravitational field.

GLDAS model
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A global surface water modeling system that uses satellite observational data as well as hydrological
research to advanced climate simulation. This model is a numerical model that provides equivalent
water level data with a temporal and spatial resolution of one month and one degree. GLDAS is a joint
venture between NASA, NOAA, GSFC and NCEP scientists (Nabavi et al., 2016).

Information about the monthly groundwater level in Kermanshah province is available from 418
piezometric wells in the aquifers of this province. Because the GRACE satellite calculates groundwater
changes on a monthly basis. Groundwater changes in GW are studied in the whole study area as
Equation 1 (Abou Zaki et.al, 2019).

GW*A
AGW = 3 & (1)

GW,;Groundwater level changes in the aquifer, 4; is the area of the aquifer | and A is the total area of
the aquifer. For each period of time, the cumulative groundwater changes AGW;are equal to Equation
2.

AGW, = Y AGW

()

In this regard, AGW,; shows the changes in the volume of groundwater storage. Extracted groundwater
is mostly used for agricultural purposes so it is directly related to soil moisture. Therefore AGW,can be
compared with changes in the volume of groundwater extracted from the GRACE satellite.

There are several methods to compare the results of GRACE satellite with observational data. In some
methods, the water balance is calculated using the output of the GLDAS model and compared with the
output of the GRACE satellite. In this study, using the method (Chinnasamy and Sunde 2015; Arast
et.al, 2020) groundwater storage using GRACE and GLDAS models was estimated by Equation 3:

GW =TWS — SM
3)

Where TWS is the groundwater storage estimated using GRACE (cm), SM is the summation of soil
moisture, snow water equivalents and plant canopy surface water data derived from GLDAS (cm) and
GW is the groundwater level (cm). Monthly GRACE and GLDAS networks for estimating GW on a
monthly basis for the period 2002-2019 and observational data were collected from 418 piezometric
wells in aquifers of Kermanshah province to verify the GRACE satellite data. GRACE data has a 1
degree spatial resolution.

3. Results

In this study, by observing the observational data of piezometric wells in Kermanshah province in the
period 1367-1397 and also examining the data obtained from GRACE satellite with JPL, GFZ and CSR
algorithms in the period 2002 to 2020, the groundwater level changes in Kermanshah province were
investigated. In this regard, the observational values of piezometric wells were analyzed on a time scale
in monthly and annual intervals and on a spatial scale in each of the plains of this province.

According to the results of studies conducted to change the groundwater level in the plains of
Kermanshah province with the results of the present study can be referred to the trend of groundwater
level changes in the Sanjabi plain of Kermanshah province by (Khabazi and Safaei, 2016), 2003 and
2015 The trend of water level changes in the region by interpolation (IDW) and (Kriging) in GIS method
indicates a sharp drop in water level of wells in the region in three time periods studied. The average
drop values of 4.61 meters in 1372, 10/13 meters in 1382 and 20, 23 meters in 1394 clearly indicate
that if the current harvest situation continues in the not too distant future, this region with the water
crisis will be serious. In the present study, the zoning map shows that Sanjabi plain is one of the
supercritical areas in 2016 and with the measures taken and the ban on harvesting in this plain in 1397,
it has been removed from the supercritical state, but still to achieve stable conditions, proper
management and The specific program for resource extraction continued.

In another study in which Nikzad et al. (2015) calculated the temporal and spatial changes of the aquifer
water level of Bistoon plain of Kermanshah province by geostatistical methods, showed that the
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groundwater level data of the study plain includes 21 observation wells with different interpolation
methods including conventional kriging, distance weighting (IDW) with powers of one to five and
cokriging with auxiliary variables were used to estimate the water table.Then, spatial zoning maps were
prepared at the beginning and end of the study period and finally the groundwater level map was drawn
in Arc GIS 10.4.1 software environment and showed that there is a drop in groundwater level in most
parts of the plain. So that the maximum drop of 22 meters in the southwestern part of the plain and the
minimum drop of five meters in the central part of the plain during the period 1370-1394 was estimated.
Comparison of the results of this study with the present study shows that the southwestern part of Biston
plain reaches Dinevar plain, which is also in critical condition in the zoning map of the present study.

4. Discussion and Conclusion

According to the analysis, since from 2002 to 2016, there is a decreasing trend in groundwater changes
in the whole province, and after that, from 2016 to 2020, due to good rainfall and restrictions on
uncontrolled harvesting, and the closure of many illegal wells in the plains of the province is also
increasing. Therefore, the data trend in the declining section shows that for the output data from the
satellite from 2002 to 2016, the decrease in groundwater level is equivalent to -1.5 cm per year, while
for observational data-0.038 m per year is equivalent 3.8 cm per year in the whole province of
Kermanshah.
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