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groundwater drought in this study. The drought situation has been assessed using
various indices (Standardized Precipitation Index (SPI), Standardized Discharge
Index (SDI), and Groundwater Resource Index (GRI)). A new index called the
Aquifer Pumping Index (API) is also introduced to investigate the impact of
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discharge, Pumping, the SPI and SDI indices were calculated at different time intervals, and their
Groundwater, Drought, | correlation with the GRI index was determined. The cluster analysis statistical
Jiroft plain method was also used to determine the relationship between different drought

indices. The results showed that anthropogenic factors (pumping from the
aquifer) play a more substantial role in the occurrence of groundwater drought
than natural factors (rainfall and river discharge). Among natural factors, the
dependence of groundwater on river discharge is greater than its dependence on
rainfall. Geological conditions, such as the Sabzevaran fault, also affect the
spatial pattern of groundwater drought.

1. Introduction

Groundwater is one of the most important components of the hydrological cycle that is affected by drought
conditions. Groundwater drought occurs as a result of reduced groundwater recharge and increased water
withdrawal from abstraction wells. Precipitation and surface water flows are the most important sources of
groundwater recharge. Surface water fluctuations are directly affected by rainfall and meteorological
drought, but groundwater is largely unaffected by short-term droughts. Reduced rainfall increases plants'
need for irrigation and leads to more pumping from water wells. This excessive withdrawal from the aquifer
causes a drop in the groundwater level. Considering the occurrence of groundwater drought in many aquifers
of the country, determining the factors affecting the occurrence of this phenomenon can play an important
role in the sustainable management of water resources. The Jiroft plain contains one of the most important
aquifers in Iran. The downward trend of the groundwater level in this plain has started in recent decades.
Investigating the factors affecting the occurrence of this declining trend is of great importance in the water
resources management of the area. This study aims to investigate the contribution of climatic, hydrological,
and human factors to groundwater drought in the Jiroft plain. Investigating the role of rainfall, surface water
flow, and pumping from exploitation wells in the occurrence of groundwater drought is the most important
goal of this research.
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2. Materials and Methods

Various data were used to determine the factors affecting groundwater drought in this study. These data
include rainfall data, river discharge data, groundwater level elevation, and pumping rate from the aquifer.
The drought situation has been assessed using various indices. The Standardized Precipitation Index (SPI)
was used to assess meteorological drought. The Standardized Discharge Index (SDI) was also used to
examine the hydrological drought situation. To assess groundwater drought, the Groundwater Resource
Index (GRI) was used. To investigate the impact of aquifer pumping on the occurrence of groundwater
drought, a new index called the Aquifer Pumping Index (API) is introduced. This index is calculated using
annual aquifer pumping data based on the following equation:

APl =- ((P1 - Pavg) / Sx)

where P; is the pumping rate from the aquifer in a given year, and P.ys and Sy are the mean and standard
deviation of groundwater pumping over a period of time, respectively.

To investigate the impact of meteorological and hydrological drought on groundwater drought, the SPI and
SDI indices were calculated at different time intervals of 1, 3, 6, 9, 12, 18, 24, and 48 months, and their
correlation with the GRI index was calculated using the Pearson correlation coefficient. The cluster analysis
statistical method was also used to determine the relationship between different drought indices.

3. Results

Rainfall does not show a specific trend over time. However, the discharge rates of the Halilroud River and
the groundwater level show a decreasing trend. This decreasing trend is more severe for the groundwater
level. The GRI index also shows a decreasing trend, confirming the increasing severity of groundwater
drought over time. As the time interval for meteorological and hydrological drought calculation increases,
their correlation coefficient with groundwater drought also increases. The highest correlation between these
indices (SPI and SDI) and the groundwater drought index (GRI) was observed in the 48-month period.
However, the correlation between the SDI and GRI indices was higher than that between the SPI and GRI.
Cluster analysis of drought indices also confirms this finding. This indicates that the reduction in river
discharge plays a more important role in the occurrence of groundwater drought than the reduction in rainfall.
The more severe downward trend of the GRI index compared to the SDI index indicates that another factor,
in addition to the decrease in river discharge, is effective in the downward trend of groundwater levels and
the severity of groundwater drought. Human factors, such as pumping from abstraction wells, can be among
the factors affecting groundwater drought severity. The temporal changes of the API and GRI indices show
a good agreement between the temporal variations of these two indices. The correlation coefficient between
the API and GRI indices is 0.71.

4. Discussion and Conclusion

The results of this study showed that anthropogenic factors (such as pumping from abstraction wells) play a
more important role in the occurrence of groundwater drought than natural factors (rainfall and river
discharge). Among natural factors, the dependence of the aquifer on river discharge is greater than its
dependence on rainfall. The hydrogeological characteristics of the Jiroft plain aquifer, such as the hydraulic
behavior of the Sabzevaran fault, also affect the response of the aquifer under drought conditions. According
to the results of this study, the most important strategy to deal with the effects of drought in the Jiroft plain
is to reduce withdrawals from the aquifer and make management decisions to prevent the decline of
groundwater levels, such as using flood management methods and implementing artificial recharge projects.
Since the agricultural sector is the most important consumer of groundwater in the region, reviewing
irrigation methods, using crops with low water requirements, and creating alternative employment
opportunities for farmers in the region (especially by developing mining activities and related industries) are
of great importance. Due to the relatively high dependence of the Jiroft plain aquifer on the Halilroud River,
it is also necessary to stop water transfer projects from the headwaters of this river and to monitor the release
of the river's environmental flow at the sites of existing dams.
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