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Drought, Groundwater Introduction

Resources Index, Hydrological Groundwater is one of the important resources that provide resilience against climate
drought management index, change and water shortage during drought. One of the advantages of using groundwa-
Standardized Well Discharge ter during a drought is that it is often less vulnerable to fluctuations in weather patterns

Index, Modified  Standad than surface water. While surface water can be affected by changes in precipitation
Electrical Conductivity Index and temperature, groundwater is insulated by the layers of rock and sediment that
surround it, which can help maintain a relatively stable water supply even during

drought. Therefore, accurate and sustainable management of groundwater resources

is important, especially during times of drought when the demand for water is high.

Received: Urmia Plain, located in the northwest of Iran, is a semi-arid region that relies heavily
30 May 2023 on groundwater for agricultural and domestic purposes. Droughts in this region have
become increasingly frequent and severe and are a significant threat to the sustaina-

Revised: bility of groundwater resources. As a result, sustainable management of groundwater
26 Jun 2023 resources during drought requires a combination of actions and decisions aimed at
reducing water demand, increasing water supply, and improving water use efficiency.

Accepted: By using the combination of quantitative indicators of drought GRI (Groundwater
03 Jul 2023 Resource Index), SDWI (Standardized Discharge Index of Exploitation Wells) and
qualitative index MSECI (Modified Standard Electrical Conductivity Index) to mul-

tivariable hydrological drought management index HDMI in Urmia plain during the
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years (2003 to 2018) was discussed and the trend of this management index was investigated using

Mann-Kendall and Sen’s Slope.

Materials and Methods

In order to carry out this study, information on quantitative and qualitative parameters of groundwa-

ter in Urmia plain was received from the Water Resources Management Organization. Quantitative

information of groundwater, including the level of underground water (water table), discharge of

observation wells, and qualitative parameters, including sampling information of observation wells,

such as electrical conductivity (EC), are used to calculate the following drought indicators
Drought indices

Groundwater Resources Index

The GRI index is used to monitor the hydrological drought of groundwater. At first, a suitable sta-

tistical distribution is fitted, which is usually used due to the flexibility of the gamma distribution.

Then, the cumulative distribution function is converted to a normal distribution using equal proba-

bilities, so that its standardized and average becomes zero for each region and each desired period

and the standard deviation becomes one. Its positive numbers indicate the absence of drought and

negative numbers indicate the existence of this phenomenon.

standardized electrical conductivity index

Electrical conductivity is one of the most important parameters in determining the quality of ground-

water. Extracting and calculating the SECI index is the same as the GRI index, with the difference

that in this index, the electrical conductivity factor is used instead of the groundwater level.

Standardized Well Discharge Index

This index uses the flow rate of production wells to evaluate the quantitative status of the aquifer, the

extraction and calculation method of the SWDI index is the same as the GRI index, and the gamma

distribution can be used, with the difference that in this index, the flow rate of production wells is

used instead of the groundwater level.

Results and Discussion

The results of the study showed that Urmia plain has experienced several hydrological droughts dur-

ing the years under study. The monitoring results of hydrological drought management index for the

entire region of Urmia Plain show that the longest observed duration is 7 years, which started from

2012 and until the end of 2018, and the most severe drought observed in 2018 was -2.2.

The results of Mann-Kendall’s test on the drought indicators of Urmia Plain are presented in the

table below (Table 1). The results show that the HDMI and GRI drought indices have a decreasing

trend with a slope of -0.144 and -0.297 respectively, which if the current situation continues, the GRI

index in 2026 will be less than -2 and the HDMI index in 2031 will reach less than -6. Therefore,

taking management decisions to prevent the consequences of the drought of groundwater resources

is a vital and necessary matter.
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Conclusion

Using the HDMI index can help decision makers to identify periods of hydrological drought and
take appropriate measures to reduce the effects of drought on groundwater resources. The findings
of this study can be used for better management of groundwater resources in Urmia plain. Also, the
suggestion of future studies on the effects of climate change and human activities on the groundwa-
ter resources of Urmia plain should be considered.

Table 1. General results of Mann-Kendall test in Urmia Plain

S (Sen's Slope) Z vk
-0.144 *.5.62 GRI
- -0.219 SDWI
- 0.276 SECI
-0.297 *.6.19 HDMI

Significance at the 0.05 level™
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