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3. Standardized Groundwater Resource Index
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1. Standardized Precipitation Index
2. Standardized Runoff Index
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Figure (1): Position of Salmas Plain in Urmia Lake Basin
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Table (1): Classification of Drought Indicators
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1. Paired-Samples T test
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Table (2): Communication between SPI Index at Different time Steps with the GRI Index in Salmas plain

SPI

R SPI-1 SPI-3 SPI-6 SPI-9 SPI-12 SPI-24 SPI-48
b R 0.044 0.017 0.023 0.043 0.068 0.075 0.177*
b ok
P-value 0.756 0.923 0.960 0.942 0.922 0.255 0.011
) R 0.038 0.011 0.015 0.033 0.059 0.068 0.181*
b U
P-value 0.936 0.991 0.968 0.963 0.998 0.309 0.015
) R 0.034 0.004 0.006 0.023 0.049 0.062 0.186*
aalogy 20
P-value 0.991 0.937 0.887 0.866 0.902 0.371 0.021
b b R 0.029 -0.004 -0.002 0.013 0.038 0.056 0.191*
- P-value 0.933 0.860 0.820 0.780 0.801 0.440 0.029
e G R 0.031 -0.009 -0.011 0.003 0.026 0.050 0.196*
aabo )l o>
P-value 0.944 0.798 0.755 0.708 0.708 0.516 0.040
) R 0.032 -0.010 -0.018 -0.006 0.016 0.045 0.200%
ul"@ ey
P-value 0.906 0.767 0.700 0.641 0.626 0.594 0.054
T R 0.032 -0.010 -0.024 -0.014 0.007 0.039 0.204*
aa WO
o P-value 0.846 0.737 0.640 0.590 0.556 0.674 0.073
o R 0.035 -0.008 -0.027 -0.020 -0.002 0.032 0.207*
aabds U
P-value 0.834 0.711 0.603 0.548 0.504 0.755 0.096
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Table (3): Communication between SRI Index at Different time Steps with GRI Index in Salmas plain

g';'l SRI-1 SRI-3 SRI-6 SRI-9 SRI-12 SRI-24 SRI-48
T oo R 0.597* 0.627* 0.650* 0.670* 0.690% 0.765*% 0.856*
T povalue 0.582 0.512 0.439 0.398 0.395 0.071 0.003
) R 0.591% 0.622% 0.645* 0.664* 0.684* 0.760* 0.854*
P-value 0.637 0.567 0.247 0.196 0.178 0.001 <0.0001
R 0.585% 0.616* 0.639* 0.657* 0.677* 0.755*% 0.852*

aalogs U
P-value 0.549 0.431 0.309 0.256 0.236 0.002 <0.0001
R 0.571* 0.601* 0.625* 0.645% 0.664* 0.745% 0.847*

anloaws ﬂ_>L.
P-value 0.625 0.514 0.384 0.328 0.306 0.005 < 0.0001
b R 0.563*% 0.593*% 0.618* 0.638* 0.656* 0.739*% 0.844*
wloles  P-value 0.719 0.604 0.468 0.405 0.388 0.010 <0.0001
e sl R 0.556* 0.584* 0.609* 0.630* 0.649* 0.733* 0.841*
&7 Povalue 0.830 0.698 0.559 0.489 0.480 0.021 <0.0001
b R 0.551* 0.578*% 0.601* 0.622* 0.642* 0.727* 0.838*
wl gz Pvalue 0.993 0.880 0.741 0.674 0.675 0.065 <0.0001
b R 0.547* 0.572*% 0.595* 0.615*% 0.635% 0.721* 0.835*
wlcas  P-value 0.926 0.961 0.825 0.762 0.768 0.104 <0.0001
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Figure (2): The trend of changes in the SPI index in the Salmas
plain basin during the statistical period of 1990-2017
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Figure (3): The trend of changes in SRI index in Salmas plain
basin in the statistical period of 1990-2017
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Figure 4: The trend of changes in the GRI index and
groundwater in the Salmas plain basin in the statistical period
of 1986-2017
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Figure (5): Salmas plain Drought Index Changes
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Extended abstract

Introduction: The occurrence of droughts in a region is closely related to water supply. Since water supply in
each region is related to the climatic regime of that area, so the definition of droughts varies according to the
conditions of each region. Drought can be attributed to a period of abnormally dry conditions that is sufficiently
long to produce an imbalance in the hydrologic state of an area. Monitoring systems play an important role in the
management of drought plans. The beginning of droughts is due to the occurrence of the meteorological drought
caused by the precipitation shortages. The hydrological droughts are usually more delayed than the
meteorological or agricultural droughts.

Materials and Methods: The purpose of this study is investigating the effects of the meteorological and
hydrological droughts of Salmas Plain on the fluctuations of the groundwater level in the period of 1986-2017.
In this study, the data synoptic stations and hydrometric stations, as well as aquifer level of Salmas plain, were
obtained from Regional Water Company of West Azerbaijan. After sorting the data, SPI, SRI and GRI drought
indices were calculated. The effects of drought on the Groundwater fluctuations are investigated with calculating
three indicators, Standardized Precipitation Index (SPI), Standardized Runoff Index (SRI) and Groundwater
Resources Index (GRI) in the case study of Salmas plain. The Pearson correlation coefficient and Paired-
Samples T Test were calculated between SPI and GRI, and SRI and GRI. These indicators are almost appropriate
indicators for investigating the effects of drought on the groundwater resources.

Results: The results showed the significant relation between SPI-12 and SRI-1 with GRI index. These results
indicate that meteorological drought has a significant relation with hydrologic drought, especially in the short-
term scale and lags occur between the hydrological and groundwater drought. According to the results from the
beginning of the statistical period of the study until 2009, the Metrological and hydrological and groundwater
droughts have a direct relations with each other; however, after 2009 despite the favorable condition of rainfall,
groundwater level is not in a favorable situation, which can because of the excessive water use of groundwater.
SPI indicates a drought with a moderate intensity during the statistical period. This index shows the drought in
the region during the years of 1998-2003 and 2008-2010. SRI was calculated only for three stations that located
upstream of dams in the Salmas plain. According the SRI, the drought has happened in the period of 2001-2017.
GRI in Salmas plain shows the groundwater drought from 2000 to 2017.
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Discussion and Conclusion: Salmas plain is a drought-sensitive region in Urmia lake basin and due to the
development of agriculture in this region and the exploitation of the groundwater resources for agricultural and
even drinking purposes. Undoubtedly, one of the reasons for Groundwater decline is the usage of these resources
to provide water for various sectors. The groundwater drought has been influenced by the other factors more
than the meteorological drought and hydrological drought. One of the reasons could be Groundwater depletion
that is primarily caused by sustained groundwater pumping. Other factors such as the geological structure of the
region and the soil permeability of the Case study also play a significant role. The results of the research in the
region showed that there is a 1-Month delay between the meteorological drought and groundwater drought and
the 6-Month delay between the hydrological drought and groundwater drought.

Keywords: Groundwater, Drought, Salmas Plain, SPI, SRI, GRI.



