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Extended Abstract

Background: The Najaf-Abad region relies heavily on groundwater sources for agricultural,
drinking, and industrial purposes due to insufficient rainfall and recurrent droughts. The Najaf-
Abad aquifer is being exploited unsustainably, leading to a decline in both the quantity and quality
of groundwater resources, as well as unregulated consumption by users in the basin. One of the
primary reasons for the recent decrease in groundwater quantity and quality is the reduction in
rainfall. Recent research has shown that climatic parameters, such as temperature and
precipitation, have played a significant role, comparable to non-climatic factors, in the changes
observed in the quality and quantity of groundwater in the Najaf-Abad plain. Therefore, it is
crucial to investigate the temporal changes in groundwater quantity and quality alongside trends
in climatic variables. This study aims to analyze the temporal changes in groundwater quantity
and quality using the Mann-Kendall test and Sen's slope estimator, and to examine the relationship
between climatic parameters and groundwater quality trends.

Method: The study area is the Najaf-Abad basin, covering approximately 1,712 km?. The average
annual rainfall and temperature at the Najaf-Abad synoptic station are 149 mm and 15 °C,
respectively. According to the Ghosen classification, the region has a severe semi-desert climate.
In this study, non-parametric Mann-Kendall and Sen's slope tests were used to analyze temporal
changes in groundwater quantity and quality, as well as climatic parameters, in the Najaf-Abad
plain. Data from 15 wells were used to assess trends in groundwater quality parameters (TH, EC,
TDS, SAR, and SO+>"), while data from 30 wells were used to evaluate groundwater level changes
over the statistical period (2003-2022). The regression method was employed to address
statistical deficiencies. Monthly average precipitation and temperature data from the Najaf-Abad
synoptic station over 19 years (2003—-2022) were used to determine trends in climatic elements.
Results: The TH, EC, TDS, and SAR parameters increased in most wells during the study period.
The temporal trend of groundwater quality changes over the 21-year period showed a decline in
water quality, with the most significant upward trends observed in EC and TDS. Among the 15
wells, the largest number of increasing trends was recorded in Vilashahr, Shrodan, and Siah-
Afshar wells. The slope of the trend line is upward for most qualitative parameters in these wells,
indicating an increase in the concentration of these parameters and a decline in groundwater
quality. Among all the qualitative parameters, sulfate showed the highest number of downward
trends. The Asgharabad well experienced a decline in quality for TH, EC, and TDS, with the
steepest upward slope observed for EC in this well. The mean slope of the EC trend was positive
at 11.364 uS/cm, adding approximately 113.64 uS/cm to water salinity every decade. The steepest
downward slope was observed for TH in the East Polyacryl well. The groundwater level in 26
wells showed a decreasing trend, with the most significant decline observed in Well 22, located
in the eastern part of the region. In contrast, Well 30 in the northern part of the region showed the
most significant upward trend. The slope of the trend line for annual groundwater level changes
was negative in 26 wells, with the steepest decline in Well 22. Overall, the number of wells with
declining groundwater levels far exceeds those with increasing levels, indicating a general
downward trend in groundwater levels in the Najaf-Abad plain. The most significant downward
and upward trends in precipitation were observed in April and July, respectively. The slope of the
precipitation trend line was downward in April, November, December, January, February, and
March, while it was upward in May. The steepest and mildest downward slopes were observed in
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April and February, respectively. Given the downward trend in monthly rainfall for most months
(seven months), it can be concluded that the overall trend of monthly rainfall is decreasing in the
Najaf-Abad plain. The annual precipitation trend also shows a decline.

Conclusion: The upward trend in most qualitative parameters in the majority of wells indicates a
decline in groundwater quality in the Najaf-Abad plain over the 21-year study period.
Additionally, the groundwater level shows a general downward trend, highlighting a critical
situation in the region. Urgent measures are necessary to prevent further environmental
degradation. Both monthly and annual precipitation trends are decreasing, while monthly and
annual temperature trends are increasing significantly. The temporal changes in precipitation and
temperature align with the changes in groundwater quantity and quality, suggesting that reduced
rainfall and increased temperatures are key factors contributing to the decline in groundwater
resources, alongside management practices. Other environmental factors, such as land use
changes, geological formations, soil characteristics, and human activities, may also influence
groundwater quantity and quality, though this study focused solely on climatic factors. Given the
declining groundwater quality, future research is recommended to also consider the role of human
factors, such as agricultural activities and land use, to develop strategies for improving
groundwater resource management.
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Table 1. The Man-Kendall statistic (Z) and the trend line slope (Q) of the time series of groundwater quality variables

in the Najaf Abad plain
SO4” SAR TDS EC TH lhels 2l
g oo A Cand Jobre dels dlge IS SosIheola IS it N vaFW I
0 7 0 7 0 VA Q 7 Q 7 ames of Wells
024 367 0,018 152 6.50 1.64 2.50 0.56  -1.43 -0.51 2l
Haji abad
-0.07 -1.27 0.045 1.02 6.00 0.82 9.00 0.85 0.00 -0.23 s>
Juzdan
-0.05 -2 37H** 0.039 1.95% -1.74 -0.71 -5.00 -1.44 -4.58 -2.97%%% Syhodeld
Gale sefid
0.14 1.02 0.046 1.07 43.59 2.96%*** 62.24 2.97%** 21.39 3.99% "‘“’%5
Vilashahr
-0.06 -1.19 0.041 1.83* 124.00 5.02%** 176.00 5.02%%* 62.00 5.13%%* o aol
Asgharabad
-0.03 1.04 0.210 3.75% %% 18.11 2.68%** 21.63 2.68%** -4.44 -1.53 *—?”l)"
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-0.06 -1.22 0.006 0.31 7.14 2.03%* 10.29 2.03%* 0.00 0.00 d*)’”““.lﬁ.
Ghaleamirich
0.35 2.26%* -0.041 -0.85 45.11 3.02+%%** 64.44 3.02%* 23.53 2.57%* Sl
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A1 2680 0013 042 16.00 0.11 22.86 0.1 41833 065 LSl 558
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°}i)€‘ JL.]OA»
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-0.11 0.73 -0.079 -2.88%* 1.43 0.17 -4.21 -0.68 2.73 1.50 Ul"“’f
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-0.19 -2.20%* -0.099 -5.24%%* -8.08 -1.86* 11.46 -1.86* 1.54 0.57 20
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Jushan
e lo
-0.058 0.006 10.20 11.36 1.54 Mid slope
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The significance level is 90%. *. ** The significance level is 95%. *** The significance level is 99%.
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Table 2. Results of changes in effective parameters on groundwater quality in the Najaf Abad basin using the non-

parametric Mann-Kendall test

Ol g e Gl S Joloo del> dlge S Sl & S ol
S04 SAR TDS EC TH Variable
5 8 13 9 Sute Xy L ol Sl
Number of wells with a positive trend
10 7 5 5 stie Mgy Lol oluss
Number of wells with a negative trend
1 L9y (g oy Sl

Number of wells without a trend

720 oyluebol pdaws p3 445 4 b)'i)gi Juw.o PYASYR AR
o b oblawl oly )3 bais clilguw eyl itun loline
S sloyiehl saon ) Ladl ol 5 (1395 28hg
B9y Cp b il Slandly (LI Cute Xg) (e
Lo LS cdls o ad odalie HLidl oluw ol> 5o jlolize cuis
<l oylel (goy90 Job 5> s uejp; o CutsS daols
03,5 o (A 59 Cumody o ol 5 el 038 Ly
b (ot o 5 (1) 5 (V) JSbl iges plgis s sl
ol 5> ol (S ysdl ol jiehl 4 bgije (g3500 359, b
sl & bgye Joj 39y b (5 S)5 9 5L ol

s o5y S\l oy ol 2 ol S

€3 JS (Buw e 259y (V) 5 (V) Jgho @ 4295 L
olow 9 .)l)]):uo] ‘R(*’%ﬁ d[mol% 29 Cunl Cuio ol>4.nl>
olbe> o NHEW wlaols 3 9728 bl o Ll
sl ol )b ol s gy it Hloline 20 liuelol pdaws )
Cato olxadls VY )5 Joloee pMel clale 5 (S Sl colin
0l Lidl olw bl ol (adMig (slaols ,d 5 ol
Olbgs slaols jd 722 el o 53 ldg b RARW
e Kg) At Holime 720 (yliselol prlaws )3 4 el 4ald
P g Gl Cute obails A 0 it Cds Cuns gl
3 A laebl maw () e axls g bl mol claols
oy )3 5 A% plisabl aw )3 Glgyd 5 (2l laoky
Ol Lgy Mt jbolize A0T0 (yliselol s )3 )Ll ol
P Gl dalS g aie ols ddls Ve Glalgw yiel)b



o3ljle (sage g o3ljd e olljayd (> 9 4lih (uks Lnj

o5 VoF /Y ol [pmd3ls Jlo jsul ojsn o e acl jimg3
® Data
8000/00 -
Sen's estimate ®
6000/00 - (

99 % conf. min

4
------- 99 % conf. max 3 =~ 4000/00
28
95 % conf. min & 2000/00

— — =95 % conf. max 0/00

370 1375 1380 1385 1390 1395 1400

—><— Residual 1
-2000/00 -

Year Jl

.)u)ao‘ bl> 2 ul u_i:)._ﬁl wl.&.&:wd.}w .b?) b“““’d‘)’u‘“’_“ ngm
Figure 2. The maximum slope of the upward trend line of water electrical conductivity in Asgharabad well
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Figure 3. The maximum slope of the downward trend line lcl)f the water total hardness variable in the East Polyacryl
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Table 3. The results of the Man-Kendall test and Sen's slope to investigate the trend of annual changes in groundwater

. i JIiS= 0 0, .

Speess Qe BSOS s Qe @) S

Trend status Sen's slope Statistic the Well Trend status Sen's slope M;,lsnt;llt(i:géiau Number
Decreasing sl -1.529 -4, 12% % 16 Decreasing  .ials -0.069 -1.98%* 1
Decreasing _ialS -0.666 -3.80%** 17 Decreasing _.ialS -0.089 -1.40 2
Decreasing _.ialS -0.208 -2.56%* 18 Decreasing _ialS -0.016 -2.04%* 3
Decreasing _.ialS -0.438 -4,90%** 19 Decreasing _.ialS -0.449 -2.56%* 4
Decreasing sl -0.288 2217 20 Decreasing  .ialS -0.469 -2.95%** 5
Decreasing sl -2.078 4. 74k 21 Decreasing  .ialS -0.111 -1.59 6
Decreasing sl -2.993 -5.03%** 22 Decreasing  .ialS -0.216 -1.98%* 7
Decreasing  ialS -0.201 -0.49 23 Decreasing  ialS -0.158 -1.14 8
Decreasing  ialS -0.030 -1.46 24 Decreasing  ialS -0.084 -0.88 9
Decreasing  ialS -0.15 -0.42 25 Decreasing ialS -0.078 -1.40 10
Decreasing sl -0.02 -0.94 26 Decreasing  .ialS -0.422 2,82k 11
No trend s, 436 0.00 0.00 27 Decreasing  .ials -1.876 -2.76%%* 12
Increasing .33l 0.05 1.59 28 Decreasing  .ialS -2.357 S3.41%%% 13
Increasing .33l 0.05 0.29 29 Decreasing _.ialS -0.077 -0.29 14
Increasing  &| 33l 0.05 2.11%* 30 Decreasing  ialS -1.431 -2.56%* 15

** The significance level is 95%. sl 20)> A0 (g )bolize o e

##* The significance level is 99%. Cawl 20yd A/ (g)3lire s
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Table 4. Values of the Man-Kendall Z-statistic and the Q slope of the trend line for precipitation and monthly and

annual temperatures

Temperature L> Rain )L
gy Cands (Q) o e (2) Jss=ge o lel ) Cumds (Q) e e (2) Js= e o lel ole

Trend status Sen's slope Man-Kendall Trend status Sen's slope Man-Kendall Statistic Month
Increasing .33 0.08 Stil.t(l)slth Decreasing  .ialS -1.39 -2.43%* AT (323)5,8
Increasing _.l33! 0.08 2.04** Increasing .33l 0.02 0.00 May g,
Increasing _.l33! 0.10 2.43%* No trend .4, 186 0.00 0.17 Jun sl 5
Increasing _.l33! 0.07 1.33 No trend .4, 186 0.00 2.11%* Jul 5
Increasing )3l 0.01 0.03 No trend 4, 456 0.00 1.64 Aug s>,
Increasing 38! 0.10 2.43%* No trend Wy, 138 0.00 -0.69 Sep 5,4
Increasing )33l 0.01 0.06 No trend 4, 45 0.00 0.14 Oct jqe
Increasing 38! 0.02 0.29 Decreasing _zals -0.21 -0.32 Nov U
Increasing .33l 0.09 1.20 Decreasing  ialS -0.71 -0.68 Dec 3
Increasing .38l 0.13 1.72% Decreasing  ialS -1.14 -1.65* Jan (¢
Increasing .33l 0.08 1.46 Decreasing  ialS -0.05 -0.19 Feb ete
Increasing .33l 0.04 0.23 Decreasing  ials -0.22 -0.42 Mar il
Increasing .31 0.07 2.82%** Decreasing ol -0.31 -1.07 Annual &Yl

* The significance level is 90%.
** The significance level is 95%.

*** The significance level is 99%.
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Figure 4. The slope of the annual precipitation trend line
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Figure 5. The slope of the annual temperature trend line
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