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ARTICLE INFO ABSTRACT

Introduction
Keywords: uett

Droughts cause a decrease in agricultural production, livestock losses, pasture destruction, soil erosion,
and a decrease in groundwater levels. Also, human activities, especially excessive extraction of water
resources, have a great impact on groundwater levels, which causes a great decrease in the amount of
water resources, especially in arid and semi-arid regions of Iran. Therefore, in this study, the effects of
recent droughts on the amount of extraction of groundwater resources in the Ardabil Plain have been
investigated. During the past two decades, the frequency, intensity, and duration of droughts have
increased due to climate change and the irregular distribution of precipitation. These factors have altered
the hydrological balance in many plains of Iran, leading to a critical decline in renewable water resources.
The Ardabil Plain, as one of the most important agricultural regions in the northwest of the country, has
faced severe stress on groundwater reserves because of agricultural expansion and over-irrigation
practices. Understanding the relationship between drought intensity and groundwater depletion can help
determine appropriate management strategies such as recharge enhancement, controlled abstraction, and
sustainable land and water use planning to mitigate the adverse consequences of prolonged droughts and
ensure future water security in the region.
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Materials and Methods

In order to investigate the severity of drought and the relationship between climatic and hydrological
droughts, monthly and annual precipitation and groundwater data of the Ardabil Plain were used. In other
words, in order to investigate the relationship between drought and the number of wells with groundwater
resources, annual and monthly precipitation data of the Ardabil Plain for 45 years (1961-2006) were used,
as well as annual hydrograph data for a period of 35 years (1971-2006) and monthly data for 20 years from
1986 to 2006. Also, the number of wells used in the plain from 1961 to 1981 was used. Finally, these effects
were compared with the effect of increased extraction on the decline in groundwater levels in the Ardabil
Plain. The severity and duration of droughts were calculated and investigated using conventional methods,
and based on the results obtained, the relationship between groundwater and climatic droughts was
evaluated. To study the relationship between drought and groundwater level fluctuations and perform
calculations and analyses, correlation methods, linear regression, and the graphical and computational
power of statistical softwares (Excel, SPSS) were used.
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Results and Discussion

The results showed that changes in groundwater levels have a negligible correlation with the annual rainfall
of the Ardabil Plain (R? = 0.005) and an even lower correlation with simultaneous monthly rainfall (R? =
0.16). In contrast, groundwater level fluctuations show a strong inverse correlation with time (R? = +0.90)
and a high positive correlation with the number of wells in the plain (R? = 0.93). Analysis of the 45-year
rainfall record (1961-2006; 1340—1385) indicates the onset of a prolonged drought beginning in 1983
(1362). Interestingly, despite an overall increasing rainfall trend over this 23-year period, groundwater
levels continued to decline. This persistent decline is attributed to the intensifying groundwater extraction
driven by agricultural expansion. On average, the groundwater level has dropped by approximately 43 cm
per year during the period between 1983 and 2006. These findings clearly demonstrate that human-induced
factors, particularly the uncontrolled growth in the number of deep and semi-deep wells, have outweighed
the natural variability of precipitation in controlling groundwater dynamics. The results further suggest that
even moderate rainfall recovery during certain years cannot compensate for the long-term imbalance
between recharge and abstraction. Consequently, the Ardabil Plain is moving toward a critical condition
characterized by aquifer depletion, reduced well productivity, and land subsidence risks. Sustainable
groundwater management plans, limitation of drilling new wells, promotion of water-saving irrigation
systems, and periodic monitoring are urgently required to reverse or at least mitigate this alarming
downward trend in groundwater storage.

Conclusion

According to the results of the study, human activities have increased the intensity of the impact of the
decrease in rainfall in recent years on the decline in groundwater in the Ardabil Plain. In other words, the
continuous decline in groundwater levels has been related to the amount of withdrawal, i.e., the factor of
human activities, compared to the climatic factor. Also, the correlation of groundwater with simultaneous
rainfall is lower than the correlation with rainfall a month ago, but both of these correlations are insignificant
and do not show the real relationship between groundwater resources and climatic factors well. So that
despite the relative increase in rainfall in the study area during the period in question, the groundwater level
in this period still had a decreasing trend, which is due to the groundwater level being affected by the
withdrawal of groundwater by the operators exceeding the permitted limit, as mentioned before. Therefore,
although the rainfall has increased during the period in question, the intensity of withdrawal from the aquifer
has been so high that it has neutralized the effect of the increase in groundwater level due to the increase in
rainfall.
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Figure 7. Deviation from the average monthly series of
groundwater levels during the water years (1986- 2006)

T 5.

9

- A

}l"

% f I

- | a1l it

. i“Wl ‘l‘liui

-f
>al——’(7-’.lL—’(>a¥——’{7-ql——’(7-’a¥——
z8kgZez8ksogzrsksezekooezeks
FE L AU N> < ¢ rm e r RS gL N> <L ¢ s’ &g
A AR DAARNANNKNPF 2> >332 329QQ > > > > L L LLLL
l—l-l—\-&l—l—l—l—l—zl—\—!—l—\—tl—\-l—l—l—:l—l—l—l—\—

b )l s 4k 6lale (5 g g 31 Bl youl —A S0
(IFIY-1YA0) o ol

Figure 8- Deviation from the average monthly
precipitation series of the Ardabil Plain during the wet
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Table 2. Correlation coefficients and confidence levels
between precipitation and groundwater level fluctuations
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Fig 10. Relationship between groundwater level and monthly precipitation (In order to simplify the
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