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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

ool (dls sdieS glresls L s Jbe el bl SR wresls (g sl (s 2l LU SO 5a31
S onl s ks pas 0L (ool Conlu &y slaesls 4 (6 bl sla ag s OV (g el LU sla iy, o]
Sl Glag e e pizan (0 YA LS 5 ol SD ol (LG e s a5 5l s
sl azls bl Staens i o b Sl San ag e ol b 5 Lyl S S slaesls 4 by e
M’J’L o o amiler wlaesls Sy (5w 5 Hlslae M;;;‘- 3 4 cl.ao}aﬂ&i\jl oslaal b 5
e 3 O Wanesls (6 o 31 (Kot ot S 03 Sibidr i sla s, 31 esliad b Il o oY Al lsbas
. T Y Z S I . B . X NS .
O3l 3l Laesls Steceds gz S bl 51 ey fags ol 53 WIS e 4y 058 00 503) e (5w Ly, )
el ol eslazad JU.SU.A

NS o Fgy b fens s 2l mlie (&S 0L5))
o b 313 anw s 5 oy 1 01 (1970) FUIICS e 5 3,5 11 (1945) T el |y JInS— e i,
s Gio (253 25) & 53 Ghpdy 5 3003 <OV Waasls (6 53 gy 558 5 O3 dolal p JINS=cm 0 g5
O ) ey Solialia oo b Slialie 51 BVt ) 5yl 3 Cesliosls (6 3 gy 3575

il e s a5 Al bl 2 S bl 5 355 e Al

1. Pre-whitening
2. Auto-correlation
3. Mann

4, Kendall

d http://dx.doi.org/10.22108/gep.2021.127620.1404 @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

ar O)RKen 5 JIES Lol s ol e Sk Sy Ol ek Ly, o 5 42

s (%, +%,) "
S= . sgn(x; + X
k—1 j—k+lg b
a5 ol K5 ol ] slaesls 5 4 Xk 5 X 5 (6 Salie sl N alaily ) s
A ales 5 el 5 SO LS bl de B e o

m

n(n-1)(2n+5)— > t(t-1)(2t+5)
Var(S)= 18i:1 (Y)

n(n-1)(2n+5)
18
Sl ot sglhay >y )l Sl K (oS S el 53 a8 ool pladlos sldas Gyme M 5N el ol o

0 bl ) S KaS w Z bl s ol o (s S sluws) Wlis G s 0SS ol b glaesls il 2

)

Var(S) =

13 o C|J>'=:Ml
Z:—S—l forS >0 (¢)
aﬁar(s)
Z=0 forS=0
z=i for S<0
ar(S)

B I3 5 b S 3sd e By o g 03 e Bed b gy Ol Ruls 55 25 L
|Z|<Za,2 (0)
o 3 Ml Jle 5 a5 ;)\_JZOU;,_;U_Aa;,uﬁgyjé\ﬂAsk;,,,\wbuucx@z
o )z Og03l cpl ol oy p 53 sl 0 odlizad O 31 05031 O350 asls 53 w4z 55 L aS el (g lsbins
35 5 @3 Laesls (6wt il cote Z 5Ll a5 550 43 el ol 4 S 1S 4 /49 5740 slael
{(Kendall, 1970: 9; Mann, 1945: 249) s 35 » 4 8 L 3 Js5 L, O 035 e &y g0

Laosls (Siumans 5 (3 8 i 53 Dy IS o 005
3bie iy a Cod b e Sy 5 g sba Sl (6 3 e a MK L p g jo JIUS e 05531 5o
MKI & ge 3l & Lel 3 55 o aalonn SIS (e 05051 Jails) bl 2 05051 cl Glaoslal 150 oo 4yl (5
e 53 sy 33) o S e s S bl 5 i nS0le L e w1 Z 5 ke

Sad o3y Soso ol e 30, S M3 L —a/2SZ <7 a2 &S ssi e aspdy b (@ lslee

Jsl 45 0 Koons g3 j1 Bl b JINS 0 0905

iles S &l 5 Jelie wlal 5 (2009) O, 5 5L S, P CRU U U PR T

L
d http://dx.doi.org/10.22108/gep.2021.127620.1404 I>.§I|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

AFAR] dt.«.dJ & A)Lé.:ﬂ NS Aﬁlﬁ »Y Jl g‘;k.:.’u 6,"?.)4"“}.‘3 Ly‘fv;- LY

1 n- = -
2 (=X +k=X)
ro == )

1Z:(Xi - )z)z
Nz
e OF Jlsbies 0ga3T (6l 5 T oo o 0 sl 4 50 Stmans 35 o oo S Jlas K liie 0sls 1 3L LY
Db Jos
1-1645Jn-2 _  _~1+1.645Jn-2 B
n-2 -1 n—2

Vo blame s 3 Laesls 353 0 58 olSTT sl
Al IS e Osa5T el 51 iy 5 Lsls (Soeans 5 L osls Sy po i 53 tlites o Sl Jiiee Lo
Syl Gl by e Sl (6w 3l baesls  Saens s>
Kumar ) 552 oo Gl 5 alaly b baosls (g 51 s 5 anls 5 3laily 51 baesls (g s g1 p 88N o ¥
:(etal., 2009: 181
x,=x;— (Bx0) v)
35 g el ooy Ll Ayl 5l eslizal b s, 05 slaesls sl a3 0 (Soans st oy
G 3 35b g DB 3 Ay b Lss Ok slaesls (g 3HAR(L)) Jsl a0 (Saans s (glaail 3 .0
:’\'Jgfd Cewd 4 Yp laekile SL
Yi=X; —Ti X Xj_4 W)
T s (V1) oS5 e B 55 on 8L Laoilo 3L (5w 0 o5lis> g,
Yi=y;+ (B X1 )
Z 5 lal dmalons U LS ol s ey W8T 5 ) 5 9m ol Lo osls (g a0 JIAS o 0 ge3T Jlesl L
Vol 3 Laesls A, A3l V80 (13, 51 585 sl Z 8150 s pll o (5 sl SIS e
03 oA L eals W, EL VXY 5 1/AT (6,1l 58 sddannlne £ ST 5 553 0 55 lslas Ao
Laesls 53 Abgy 35y 2 (fos Ao (28 Dopo () f 53 9580 (28 lalas A3 G 5 Ao s iy e
Spd ey hide (gslslae ch.uﬁ

Sen .
Dlde s e QLA ) eSS ,uw;)ﬁéwlSen%J\Jﬁyoijjsij sels K
3 pd e 5550 5 Aty b (1966) e 5 (1950) ' L5 650 3l eslinad L Ly, oo

B = Median (35) VI <j ()

1. Theil
2. Sen

L
d http://dx.doi.org/10.22108/gep.2021.127620.1404 I>':.<§Z|20.ZI.001.1.20085362.1400.32.4.3.0



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

40

Oy e 5,128 Lo el

s ol e Sk Sy Ol ek Ly, o 5 42

ﬁf":‘:’."b'é“)‘:’ﬁ) ZMJQL&QBM;@L&A C,»w‘ r‘l ZMAMWJ\M X| j&j)b%ﬁb)jiﬁﬁdi))

ol oslat ) oy sabas SSSdad s Oldlas o S, plcl EalS W, saaslis Qidi:.aj.:sl.}in

NG

.,\_Juv_,w)fL@.:TJJJ\_U)Jchﬁ‘éuab\béﬂd‘fd‘wuﬁzSJLAT:\MWLAMQLJJG\SJjLQLAA

5 (ols m;?m@q,',;@mo,;wjﬂqua;ﬁg\o@Lﬁfg\xs&,,z;,méu&»ﬂm

el ol ol OLES Y Jgdm 5 Ol —a 5 Clds 83 gdes

S AL Dge3l b (VAT SAYAR) O1Ss 50 55 cudis (el 05 o (AS slalgsl 5 OIS Ol ks L5y s N g

IS o

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