A (| a8 glaryl gl Lkl bl o0 (2l Sl 51 B 9 Cge az ()

ol o)lods g 20,6 (g

Journal of Natural Environmental Hazards, Vol [, Issue[ES- | .

Temporal-Statistical Analysis of Groundwater Change and Its
Relationship with Precipitation and Temperature Varnables in
Western Iran Using GracE-Mascon and ERA5-Land Data

Hamidreza Sadeghi, Amanollah Fathniya®

, Ehsan Shariff

1. PhD student of Climatology, Geography Department, University of Razi, Kermanshah, Iran
2. Corresponding Author, Associate Professor, Department of Physical Geography, University of Razi, Kermanshah, Iran

Email: a_fathnia@razi.ac.ir

ORCID: https://orcid.org/0000-0001-8754-1624

3. Assistant Professor, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received;

Accepted:

Published:

Keywords:

LWE, Mascon,
Precipitation, Tempe
Western Iran.

In this study, temporal variations of terrestriadter storage (LWE) in western Iran
were examined using GRACE/GRACE-FO Mascon datangaleith precipitation
and temperature from the ERA5-Land reanalysis f@0222023. Area-averaged
LWE, precipitation, and temperature were extractatj monthly anomalies were
calculated. Linear regression was used for treralyais, and Pearson correlation
with a 0.05 significance level assessed relatigssham riables. Lag
correlations with delays of zero to three monthal ed %ter response to
climatic factors. Results showed a regular sé cycle with near-zero or
slightly positive values in wmter& afly“spriramd strongly negative values in

summer and autumse L a significant decreasmgd at all scales: about
-0.8 cm w

and -0.8 to -1 cm persaeaPrecipitation and
owed no significant trends. At thatinly scale, correlations of LWE

QMUpnatlon and temperature were about @Ad@—0.38; seasonally, 0.48 and

—-0.36, respectively, all significant. Maximum cdation with precipitation occurred
at a one-month lag and with temperature at zerpifadicating a relatively rapid
groundwater response. The Mascon data showedhéaignificant LWE decline,
despite no trend in precipitation or temperatuwenainly driven by human pressures
on groundwater resources.
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EXTENDED ABSTRACT

INTRODUCTION

Groundwater is one of the most vital water resainerid and semi-arid regions, such as Iran,aand
significant decline in many aquifers has been regbin recent decades. Western Iran, heavily relian
on groundwater for drinking, industrial, and agltiotal purposes, is facing a continuous decline in
groundwater levels. The development of GRACE and\GR-FO satellites, as well as reanalysis data
such as ERA5, has made it possible to monitor tengr changes in groundwater storage. Given the
scarcity of ground stations and the lack of cordgimidata in many regions, utilizing these data is
essential. The objective of this study is to amalylze temporal trends of groundwater equivalent
thickness (LWE) changes and examine their relatipngith precipitation and temperature in western
Iran from 2002 to 2023 using GRACE-Mascon and ERA.

DATA AND METHODOLOGY

In this study, monthly LWE data from the GRACE/GRB&EO Mascon mission and precipitation and
temperature data from ERA5 with a monthly time heson were used. The study area includes five
provinces: Hamadan, Kurdistan, Kermanshah, llang baorestan. After extracting the regional
averages of the variables, monthly anomalies waleutated based on the long-term average for each
month to eliminate the seasonal cycle from the negmal. Temporal trends were analyzed at
monthly, seasonal, and annual scales using Ordioeagt Squares (OLS) linear regression. A t-test
was performed to evaluate the significance of fbpesat a 95% confidence level. To analyze the
relationship between LWE and climate change, Pe&smrrelation coefficient was calculated for
both raw data and anomalies. Additionally, lag-elation analysis at delays of 040 3 months was
conducted to assess the aquifer's response tirpeetipitation. All data prepar tio p\and processing
were done in Google Earth Engine.

0‘1/
RESULTS AND DISCUSSION ' ) /J
The results showed that LWE inwestéf gn}e}dal}altvery regular seasonal cycle, with peaks
generally observed in winter W minimdate summer and fall. Despite this natural
cycle, the long-t rWL E,/at all scaleslégreasing and statistically significant. The slope
LWE reduction at y and annual scales wasnegéd to be between -0.8 cm and -0.9 cm per
year, indicating a cumulative decrease of aboutrh7in groundwater storage over 21 years. At the
annual scale, LWE decreased from positive or ness-zalues in the early years (2003-2007) to
significantly negative values in recent years, vid@22 being the driest year with approximately 622.
cm of groundwater storage. In contrast, precigitatind temperature did not show significant linear
trends at any scale. Precipitation, despite corslide year-to-year fluctuations, had no significant
slope, and temperature did not show a consistehtediable upward trend (Figure 1).
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Figure 1: Trend chart of monthly anomalies of LWE, precipda, and temperature in western Iran
Correlation analysis revealed a moderate positoreetation (0.47) between LWE and precipitation

and a negative correlation (-0.38) between LWE #&mperature. The highest correlation with
precipitation occurred at a one-month lag, indigatihat aquifer recharge reachef its peak about one

month after precipitation. Even after removing fsasonal cycle (usi g an , the correlations
remained significant, though their strength dec&da§easona| flrysll that LWE decline
occurred in all seasons, meaning even wet seasuhd n r the aquifer (Figure 2). This

highlights that the decline in groundwater storegan%ga 2 e explained by climatic changes, and
excessive extraction, irrigated agriculture deve d poor water resource management play key
roles in the long-term decline 9.f aw
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Figure 2: Seasonal trend chart of LWE changes in westem Ira
CONCLUSION

The results of the study indicate a severe andraomis decline in groundwater storage over the past
two decades in western Iran. While precipitatiod samperature do not show significant trends, LWE
has experienced significant declines at all timees: This inconsistency suggests that non-climatic
factors, particularly over-exploitation of aquifeese the main cause of groundwater depletionén th
region. The use of new-generation GRACE-Mascon dédag with ERAS5 data can serve as an
efficient tool for continuous monitoring, early wamg, and sustainable water resource management
planning. These results emphasize the need forasseesment of water extraction patterns, the
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improvement of crop cultivation methods, and beatt@nagement of artificial recharge and water use
efficiency.
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