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Evaluation of the trend of groundwater storage decline in the Tehran aquifer
using satellite data and statistical analyses

Hamidreza Sadeghi*, Muslim Derikvandy Sirous Naderi*

Avuantitative assessment of the long-term trend of groundwater storage
changes in the Tehran aquifer was conducted using satellite data and
statistical analyses during the period 2003 to 2023. The groundwater storage
anomaly (GWSA) was calculated from the difference of the total
groundwater storage anomaly (TWSA) derived from the GRACE/GRACE-
FO mission and the surface components of the GLDAS model. For trend
analysis, least squares linear regression, the nonparametric Mankendal test to
examine the significance of the trend, and the age slope estimator to estimate
the magnitude of the trend slope were used. The results indicate a strong
downward trend with very high statistical confidence in the GWSA time
series. The linear regression analysis estimated an annual decline rate of -
2.28 cm per year and a cumulative decline of about 47.85 cm during the
study period. The Mankendall test, with a Z-statistic of -19.28 and a p-value
of zero, confirmed the existence of a uniform downward trend at a
confidence level of 0.99. The age slope estimator showed a slope of -2.26
cm/year, which is in very close agreement with the linear regression estimate
and indicates that the trend is real and structural, independent of outliers. The
findings strongly indicate the continuous and accelerated depletion of the
Tehran aquifer in the past two decades. This stable linear trend indicates an
imbalance in the hydrological balance and reveals the critical situation of
groundwater reserves in this province. This study emphasizes the urgent need
to review water resources management policies, control withdrawals, and
determine basic rights to curb this downward trend and prevent irreversible
consequences such as land subsidence.
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" Sen's Slope Trend Line for Groundwater Storage (Tehran)
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Mann-Kendall Cumulative S-Statistic Curve
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