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Abstract

The aim of this article was to explain and describe the
meteorological and geohydrological droughts, to quantify the
lack of rainfall at different time scales and the effect of which
on groundwater resources, and to detect the relationship
between the occurrence and time delay of meteorological and
geohydrological droughts in Kuhdasht aquifer. Groundwater
Resource Index and Standardized Precipitation Index indices
were used in this research. The SP1 index at monthly, quarterly,
and annual time scales and the GRI index during the statistical
period of 1985-2021 were used to investigate the drought
condition and its impact on groundwater resources. In addition
to the seasonal and annual scales, the mentioned indices were
also calculated on 3, 6, 9, 12, 18, 24, and 48-month basis. The
most extended drought period and frequency were obtained
using the total Drought Magnitudes criterion. Moisture status
for each period was determined with the values obtained from
SPI and GRI indices, and thus the trend of drought was
investigated. The correlation between different time scales of
the SPI index, with average groundwater level and the GRI,
was evaluated. The results showed that with increasing time
scale, the correlation coefficient of SPI rises with the average
groundwater level and GRI and meteorological droughts rate
with time delay of 48-months affects the groundwater
resources (1% level of significance). The coefficient of (R2)
showed that less than 33.1% of the variance of the groundwater
level was affected by SP1_48, more than 66.9% of which was
due to drinking water and industrial water use.
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Table 1- Location of meteorological stations in Kuhdasht study area
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3 Kuhdasht 704641 3695947 940
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Table 3- Annual moisture status of Kuhdasht plain based on SPI and GRI indices
GRI ¢ SPI s yad b (wle! j Cabangs Cubd AVl Jugby Cordg -Y Jois

Years Precipitation SPI Drought Humidity GRI Drought Humidity
(mm) Values Classes Condition Values Classes Condition

1367-68 448.7 -0.02 3 Normal 0.9 3 Normal
1368-69 435 -0.11 3 Normal 0.9 3 Normal
1369-70 449.9 -0.02 3 Normal 0.9 3 Normal
1370-71 887/2 2.21 1 Extremely Wet 1.02 2 Wet

1371-72 750.9 1.61 2 Wet 1.02 2 Wet

1372-73 433.9 -0.12 3 Normal 0.9 3 Normal
1373-74 630.5 1.03 2 Wet 0.9 3 Normal
1374-75 607 0.91 3 Normal 1.02 2 Wet

1375-76 4325 -0.13 3 Normal 1.02 2 Wet

1376-77 552.5 0.6 3 Normal 1.02 2 Wet

1377-78 257 -15 4 Drought 0.9 3 Normal
1378-79 259.1 -1.48 4 Drought 0.79 3 Normal
1379-80 552 0.6 3 Normal 0.67 3 Normal
1380-81 452 0 3 Normal 0.56 3 Normal
1381-82 412 -0.26 3 Normal 0.67 3 Normal
1382-83 589 0.81 3 Normal 0.44 3 Normal
1383-84 424 -0.18 3 Normal 0.32 3 Normal
1384-85 455 0.02 3 Normal 0.09 3 Normal
1385-86 542 0.55 3 Normal -0.62 3 Normal
1386-87 226.5 -1.81 4 Drought -0.62 3 Normal
1387-88 305.2 -1.07 4 Drought -0.77 3 Normal
1388-89 518 0.41 3 Normal -0.91 3 Normal
1389-90 282.2 -1.27 4 Drought -1.07 4 Drought
1390-91 286 -1.24 4 Drought -1.25 4 Drought
1391-92 380/5 -0.49 3 Normal -1.34 4 Drought
1392-93 4215 -0.2 3 Normal -1.34 4 Drought
1393-94 248 -1.59 4 Drought -1.55 4 Drought
1394-95 620.5 0.97 3 Normal -1/65 4 Drought
1395-96 339.5 -0.8 3 Normal -1/65 4 Drought
1396-97 468.5 0.1 3 Normal -1.65 4 Drought
1397-98 835 1.99 2 Wet -1.55 4 Drought
1398-99 526.5 0.46 3 Normal -1.34 4 Drought

Table 4- Frequency of relative occurrence of monthly water status of Kuhdasht plain based on SPI index

(percentage)

(M)D) SPI uaétw wluw‘ » w.\.«sf Cond Sl ‘:"vg]o) Cornd '5 s &559 u.?‘gl)é -¥ Jﬁ"‘?’

Humidity

Condition Oct Nov Dec Jun Feb Mar Apr May Jun  Jul Aug Sep
Extremely Wet 3 0 0 0 3 0 3 3 - - - -
Wet 16 16 16 12 12 16 9 16 - - - -
Normal 81 66 69 72 69 65 72 66 - - - -
Drought 0 12 6 13 12 16 16 15 - - - -
Extreme Drought 0 6 9 3 4 3 0 0 - - - -

Table 5- Frequency of relative occurrence of monthly water status of Kuhdasht plain based on GRI index

(percentage)
(we33) GRI ad i (wluw! 3 CududgS Cudd adildlo Jugh ) Curidy (o E939 (1ol 8 —0 Joua

Humidity

Condition Oct Nov Dec Jun Feb Mar Apr May Jun  Jul Aug Sep
Extremely Wet 0 0 0 0 0 0 0 0 0 0 0 0
Wet 31 6 3 10 0 0 10 12 19 13 25 25
Normal 38 63 66 59 69 69 59 56 50 56 41 41
Drought 31 31 31 31 31 31 31 31 31 31 34 34
Extreme Drought 0 0 0 0 0 0 0 0 0 0 0 0
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Fig. 5- Comparison of annual rainfall with annual moisture status of Kuhdasht plain based on SPI and GRI
indices
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Table 6- Correlation coefficients between SPI index with monthly delays with average level of water table
and GRI index of Koohdasht plain during the statistical period of 1988-2020
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YEEY-ATAR (g, bof 0,95 Job

SPL1 SPI3 SPIL6 SPIL9 SPI 12 SPI 18 SPI 24  SPI 48

Average water table - 0.094 0.148 0.203 0.230 0.289 0.348 0.576
GRI Values - 0.097 0.152 0.221 0.262 0.303 0.378 0.597
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Fig. 6- Comparison of average groundwater level with GRI index in corresponding years
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Table 7- Correlation coefficients of SPI index in 18- and 24-month scale with average level of water table and
GRI index of Koohdasht plain with time delay in terms of months during the statistical period of 1988-2020

Cwid GRI s Wi g (b e Jawgie 5155 b adle YF 9 YA (wlide ;3 SPI (ad Ll (Smmod <l o -V Jou>
YFEV-IYAR (5,ll 0,95 Job 15 ole o 3 Sloj ”5‘13 Jlos! b CodngS

. months
Variables
2 3 4 6 9 12 18 24 48
Water table 0.576 0.585 0.598 0.611 0.621 0.631 0.657 0.670 0.729 0.748 0.776
GRI Values 0.597 0.604 0.612 0.617 0.624 0.631 0.654 0.672 0.712 0.735 0.762
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Table 8- Results of linear regression between mean water level and SPI_48 of Kuhdasht aquifer during the
statistical period of 1988-2020

VYEY-174d d)loi 8,95 b w..\.h,f &l,ﬁqi SPI_48 g oluw!| mhw awgio 515 oo S o )5y malG —A Jooo

Coefficients P Value R (adj) R? dependent variable  independent variable

C=1176
D
SPI 48=4.73 0.0 33 33.1 yam

SPI_18

Table 9- Coefficients of correlation between seasonal SPI index with average level of water table and GRI
index of Koohdasht plain during the period 1988-2020

Job 10 CudangS Cuwid GRI o L g (ol o bawgin 5155 U (bad SPT (ad Wi o (Snod ol po - Jgos
YYEV-IYAR 5,90

Variables SPI Spring SPI Summer SPI Fall SPI Winter SPI Year
Average water table -0.029 - -0.034 0.416** 0.192
GRI Values -0.013 - -0.041 0.459*** 0.220
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Table 10- Coefficients of correlation between annual SPI index with average level of water table and GRI
index of Koohdasht plain during the period 1988-2020

Job 33 CubiadgS Culid GRI o Ll g (obiws ] zdaw auwgin 5155 b &Yl SPT (ad bl oo (Swnod ol =Y+ Jgia
YVEV-1YAR 0,92

Variables SPI Yearly with Lag time SPI Yearly
1 Year 2 Years 3Years 4 Years without Lag time
Average water table 0.275 0.398 0/436** 0.448** 0.189
GRI Values 0.285 0.404** 0.412** 0.430** 0.220
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