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Extended abstract
Introduction

As one of the vital components of life, water is essential for many economic activities. The
assessment and monitoring of groundwater quality has always been a major challenge associated with
special problems. Taking into account the decline in the level of groundwater in most of Iran’s plains
including Yazd-Ardakan plain, and its effects on groundwater quality, the present study uses a non-
parametric Mann-Kendall test to investigate the trend of changes in the vriables of groundwater
quality in Yazd-Ardakan plain and to estimate the slope of trend line by Sen’s slope estimator.

Methodology

Yazd-Ardakan Plain is one of the widest plains in Iran. In this research, the statistics and information
about 25 sources including 12 wells, 12 ganats and 1 spring during a 10-year statistical period (2004-
2014) has been used. To study the trend in time series, many parametric and nonparametric statistical
methods have been developed and widely used by various researchers. Mann-Kendall method was
initially developed by Mann (1945), and then by Kendall (1970). The null hypothesis in Mann-Kendall
test implies randomness and lack of trend in data series, and confirmation of hypothesis one (rejection
of the null hypothesis) indicates the presence of a trend in the data series. A very useful index in Mann
Kendall test, Sen’s slope estimator shows the linearity of trend.

Discussion

Groundwater is considered as one of the important biological parameters; therefore, the monitoring
and evaluation of groundwater quality change is a significant issue. Overall, of all the studied
parameters, the parameters of total dissolved salts, sodium absorption ratio and electrical conductivity
had very large positive slopes compared with other parameters. This represents a significant increase
in the concentration of sch parameters during the period of investigation.

Conclusion

In this study, the trend of changes in some groundwater quality parameters in Yazd-Ardakan plain
in Yazd province was studied by using Mann-Kendall’s nonparametric test and the magnitude of this
trend was measured by Sen’s slope estimator. The results show that the quality of groundwater in this
plain has declined over the studied period. The biggest slope changes in the trend line (micromhos on
cm EC= 550) was related to the electrical conductivity indicating groundwater salinity, Moreover,
the noticeable changes in electrical conductivity in recharge and discharge months indicate drastic
changes in the groundwater quality due to precipitation. It can be argued that rainfall (total monthly
rainfall of 10.8 mm in the month of discharge and total rainfall of 76 mm in the month of recharge)
has greatly influenced the groundwater quality.
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Figure 1. Geographical location of Yazd-Ardakan plain in the country and Yazd province
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Table 1. Results of changes in cations/anions of groundwater in Yazd-Ardakan plain (2004-2014)

using non-parametric Mann-Kendall test
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Table 2. Results of changes in effective parameters on groundwater in Yazd-Ardakan plain (2004-
2014) using non-parametric Mann-Kendall test

%Na EC SAR TH TDS pH olo bl
VY v v v A 1 s Ly b s sliws
0 Vo X% 14 1 Y wlis Ce
Y VY VY A v Y alss Ly b s sliws
Y. Ve A 1 Ve VY Ll e

5 3L 53 s a3 ot A e WV s S o e gy andiS ole s VU slad s 4 a5 L
JJSJ:A\Jl_;Qle.U.\Jj)..\J)\:tM.L.a):'/'OCbﬂﬂj.s)).\ia\.o)}njw);j.lup):'/'\Ch.»).s:uw
A3t/ 0 a3 (S13) sbldass 5 s bl e ol 03 503 Cote o e WY s i ole s 3
O gy el Slslime disys o/ CL,)J,};@)J-”@@MMM\}J?,U adls Hlslas X5,
j@MJJQTM)JJ‘U_.i\;v_iz.a.A_lj)(J”_J::;l_ﬂul.c}?«.)u&udal.d).se\.l.}.&.?au):}gwl.g
J—’i})-‘—mﬂ)}'/\CL_-AJJMJQBL;A)}MJQ'/'OCE..A))G)\)’)G;)EJ'/'\CE»))-WJ[{TQJ:;&
)sdguja‘a;\;w:.als.)&”&wh)5q.l;ﬁauJJJJ&uﬁwwﬁﬁxﬂ.wuumbomd&
el axils Al Wy, e VY s 4l ol

)j_.::@)J'Ajﬁj@ﬁJl{]WﬂJﬁﬁOﬂ‘j‘éW\w‘wa})a@“\V)Jd{.@.ou)bjém.xdﬁ
.A_SJJ‘_}W\i).sd.ijjdeLo).sJ}NCBMQEL&‘.WMJ.JMJQJJWW,UjJL{M)>~/~OCE..,)>
Ly oo VA 55 s ole 53 eyl cpl ol Slsbins /0 a3 (o) shldess 5 Ol 2 55 oS axils Laals
Jb‘_‘sﬁséuﬂg;\,_ﬁ;u_@.,\_;muu)uuuxwdbu~/~~\cawﬁguwﬁ‘«swﬁ@x”
dgL;-).sSqu\w|swxj)&»A)>jg~;ﬂxj)J>w\VjaqjﬂaujaﬁMgig-g@ﬂjﬂj
J.sﬁmoﬁwx)).w\meUﬁb@x))&w\Y)_sjd&;»,ujjdm\\”ﬁq;}:ab):jgwwl
5 esls aiS fslias e digy e A s £ ole s 5 e 1) s Al ol

L
d http://dx.doi.org/10.22108/gep.2021.127620.1404 I>';.EZ|20.1001.1.20085362.1400.32.4.3.0



https://dx.doi.org/10.22108/gep.2021.127620.1404
https://gep.ui.ac.ir/article_25956.html

AF AN QL:M-‘J & AJLQ.:N AL &L_ge XY Jl g‘;k.:.’v 6,"?.)““}.‘3 Ly‘fv;- qA

95 5 Sy B ane el il 5l sy 408 5 Al ele s L e 2i s Sl S bk
el s s W s S STl Cglln e sy ol 03,5 4 |y e gy 4005 5 4l ol s La e i
il sl oy /Y 51 iy w5 Ll i 53 oS adls oo Lgy adis ole 3 Jowa 10 3 5 &S
§oame 5 Lladls alls Lo hlins cote a0y, adss 5 adis sleale 53 s s 2l 53 L0 5T Eaa
el s e s oles 3 il 5 il K, ) (Sslee Ao s Ly Ll 5318
(i Dl S Gl e ks 53 A8 sdalie Slen s 3Ll Joee 53 Slsline e g, it
Ry Sl S o el s adss gleale o 5 Slals e L) o 2l Dl S o bl ds sleals s
ﬁ_wbﬁo)_:cgwauﬁgﬁ_a:sduxgmwﬁ)bmdu@, S5bs ol atals 1 Hlsbas Ciie L
i g adsole 5o LI jholas St Mgy m e S L IS S s il S e s 1) LAl ), o 2y

Wl 038 o O 58 Com g a3 3 2l 5038 My 1 bl 655 Uob s ks s 5 Of kS

Sen .
ol s o 0l |y ctl iS5 W, (Sop a5 ol IS e 0031 55 diis Jln 2t le G e
s a e ad S e s LS e ol A (sle ke gy Bk slie 5 slad s
sl 0 03551 Ak 5 4 das ole g3 Al Llotel
O s 0 =3 cbs gl @l AS L0ssT 5 OIS Sl g g Ky b5 oo polie ¥ g
QAR /N PR WP

Table 3. Cations and anions trend line values of groundwater in Yazd-Ardakan plain (2004-2014)
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Figure 4. Annual average trend of EC in discharge time for the selected period in Yazd-Ardakan
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