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Abstract

Groundwater resources due to lately affected by climate
changes and precipitation fluctuations are valuable. Given that
the interaction between climate and groundwater components
are more complicated than interaction between climate and
surface waters components, therefore investigation of changes
in groundwater has an important role in planning and
sustainable water resources management In this research, trend
of groundwater, precipitation and stream flow time series in
monthly, seasonal and annual time scales and dominant
periods of trend in original time series for stations located in
Azarshahr plain, East Azerbaijan Province and part of the
watershed of Urmia Lake were found by using the hybrid
Mann-Kendall method with wavelet transform during 45
years. Results showed that, all the stations have a downward
trend for all the time scale studied. Accurately, in the results,
16 months, 6 months and 8 years periods were detected as
dominant periods for groundwater time series in monthly,
seasonally and annual scales, respectively. According to
sequential Mann-Kendall results, it can be obtained that a
decreasing trend starts from 1378 in the stations. In addition,
Sen’s method was used to confirm the proposed MK test and
its accuracy was confirmed.

Keywords: Groundwater, Trend, Mann-Kendall
Discrete Wavelet Transform, Sen’s Method.

Test,

Received: December 20, 2017
Accepted: January 13, 2020

YA Sl o) 0 ylowid e 3L Jluw
Volume 16, No. 1, Spring 2020 (IR-WRR)
Ve¥-

|

A

,l|||
s

P

b (03505 S 515 Ol pudi Wigy (ot g o)y

T 2Lied (5540 9 T (Fly95 Mg ¢ SRidg ) & pogsS

xS
lsp g ol Sl 1 P> (g8l S 4 (e o ibie
sl g o loyite oo b)) Sl & 0y L s Kadj)]
e Sl ol (o Sl Sl sy (e sloc]
Sgld caenl jl Ol plie b Cople g ity jd (uejp; o
Sogo b (S5 Gy Jledliel b Ghagh cnl > el I8
(03] o (slais o 339 (SIS =0 S el b (90] 5 AtunsS
29l 0593 (izren g AVl 5 Liad cailale (glagpulide 3 CUlg) 5 5L
b > @Bl ol sl (ol Sloj sbacspw 839) W5 > L
agog) 2l sl ojon | and 5 (5 b3l Gl o ey
Jop Uy S dg2g 5l (S ol Cawl 0dd pos Al ¥O (5050 b
Ebigls quls 55 s b gy adlllas 350 sloj (slapolio plo el
P iy 4 Gainiol Sloj slacsm > Al A g anls VY wals 1V
iz 50 a3l LI Gl gt 4 ¥l 5 Lad clale yoliio
Ly dar 4 WYA Jlo jleglallss Jlus=ge sbajlogel ol 4 a2 g5 L
S (gl peed pd Gl 0l gop WolKiw! (o (slatwey ialS
g ol (33 Kgy s gy ooty JAS— e (0] b

23,5 a0l o] ey

Soge as (JWS e ogejl gy cmipic] i gutels eilals
O gy S

A/AUYA rllie by gu s
AN IYY e by o,

1- Professor, Department of Water Resources Engineering, Faculty of Civil
Engineering, University of Tabriz. Email: kroshangar@yahoo.com.

2- Professor, Department of Water Resources Engineering, Faculty of Civil
Engineering, University of Tabriz. Email: vnourani@yahoo.com.

3- M.Sc., Graduate of Water Resources Engineering and Management, Faculty
of Civil Engineering, University of Tabriz, Tabriz, Iran and Ph.D. Student,
School of Civil Engineering, University of Tehran, Tehran, lIran. Email:

Mehri.dsh71@gmail.com.

*- Corresponding Author

yey

oy oKl ¢y 018l (T wdigea 09,3 Sliul -

o oy oyl yes 0aSLiil> P (swdige 09,5 bl =Y

il g 5y oKl ol ol Copde g (wdige :x,i;)\ (sl )S 4:5901 ol =Y
Olyte oy (ol mlie Co e 5 (wdine (68

Jgians 0iny g5 —3¢
ool ISl VWA il (LL b dlde ol 5)90 5> (Discussion) o )bl 5 cou

"llll


mailto:kroshangar@yahoo.com
mailto:vnourani@yahoo.com
mailto:Mehri.dsh71@gmail.com

bl ol 5l gy o by g GlalS bl
By JIuS= 50 (9051 5l edlazwl L Khorani and Khajeh (2014)
23,8 adllas |y Olyls sy o)y ol aaw g (S5,L el VA
ey o s g ddlaie S5k 5 oalS K, ey L gl
4 0d gy slooly (o) o o (izmen g ool iy
2 poits (53 53 (colaiigr 2 g Canl (polus (LS (Ja S5k

2l 536 sej O b

(03 23] g Syl iz 3 488 S pg0 lalllan 4 a2 g5 L
by Glojs & @pn 4 Oldlas (pl o &S 20 0 odnlin
Cal 0dd a3y y K9y Mg ke Glaogls g Sloj slag
slocgls Sl sl Jlhysy oliwa coenl I gasse
e aw Slyeis )3 g sl el ilgs oo 5 oranily

g

bl &l g oue; pole sy Gl g Ll wf, e
558 ool 2 (JH55= 30 (9T ) 555 e gt slingsges]
(b e Cunle @ dog b il o Sloj slagyw 05 L)
S g Sloj e S Sk 9 2bj Colpo pie g Cuslad puc
2 ¥y Jlod sl s)lel slagbe) ((SKeiderin Sl )
ol 4 Slalllas (gl s )3 sy o Jlas 4 JolS |
b e bgy Ly S ) JIaS= 000 oygesl 3l ealisl ((Sejglgyiem
ol aly S wle aui S K> ladi o
s ybey 5l )l 095 (McBeen and Motiee, 2008)
I kg 3,50 loj s 5 ol b biipe ple > JUiS s
oS Lol )l Soge b day gy o yiae 5l (S a5 ol a3
dl)b A))Af‘f )])B odlaswl D90 L_§>9A JJJ.A) » as ‘_g:lm&yo
o i Jlow gly it oaelB o g o)l S
Wl culie (mbge laSiwgnl 9 (SSU Ol
el o YL eds Js 4 s, opl (Nourani et al., 2015)
Ny sl 85 )18 Jame pole (pliee 4255 3)90 Yl |

ol plool sla g olaad o] 39 5 s A sy T L

J(Araghi et al., 2014; Nourani et al., 2015)

Epdiymss wyp gl |y Sse0 Julos Taghavi et al. (2012)
J8 @ dle FY d)l.oT S 0350 SOy Gl oyt o] i)
CuiSib (5090 oS! (sden a5 Wdb i mls a8 S

Aodde — Y

ot 9 ol 28les COlb Majls (e ol e oo
(seiny ) e able Sl g eslil il Jalge b
Bblie > Caio g (55,9l copd O el > bl 15
o 3L S o (Khalaj et al., 2019) w)ls suge 4 Siiddos
o glie Sblog ) bl ooz 52 29290 b Ol i
Sl oy aeddy 5 deolisS il ot o3l) puss )d e
syl s cus 4y ol g ol Sl asb e Mbe
Slo g Sp meipi) SB Cugby Jud 5 (Sjsdg)rn
2 B9y rp )35 o il 35290 ol lie 2 o] &5 4 5 Uy,
oy s 53 ol 356 Sl (Sfslarien Sloj slas
Gblie ) (Jae Ol 5 (Soidgrhn ilise sl

Al 4l asllas 550

oSy U (5 psesl s il ()bl (slasbyy 09l
sl JUS =0 (903l 5 morn (Saad oy ey ppml o)
JaS=e g3l g 03> 352 (Slej slacs e )3 N9y (g
P onl bl alex jlicanl oad wd il by, (35
pas g ool Cluslre watie (claodly & Cumlus pas 4 o o
.(Partal and Kucuk, 2006) 5,5 o,lsl jols (s bl @55 5l (s pm
Ol e 9 gy el Cqa (§)lun Ollllas 131 gladns )
olidlgn ilies (gla it b bl 3 eyl am Sl yis
Sl st Ny Slllas ol jid ol 0ad plosl (Sijgls) e

o381 olal g olee e blE ) (oej ol 5l

Ny o8l o bl gly imeh > Panda et al. (2007)
P i By 5 JLSis 3 gy reinie] g Sy
oolizl IS —iye S0l (bl pgy 5l ki L) (gilato
908 s @ O o il a8 ol LS Lo )] Gadios gl L0 ,8
P U oad el gty B 5 YU slod «Sis sla Sl j0 o)L
Ol 3 Jg 0985 ol S8l ol 35 galiwy 4 ol o oSl
Ngy p Fhe Jolos I & plS Lids a8 10,55 jasuin ddllas
1 Sl Lols 5 YU elod ¢ JuSiis wile _wnjpsj o] lppeis
Daneshvar Vousoughi et al. (2010) .col guin 34, Mg
JaiS- e g 5alll o903l b1y Joyl s (sojpsl Sl )3,
oK) yiiw ) a5 155, oanlie T 65l 13 adllas 590
Moigime g Cute Syl > K, (g ol Jlo e K, 286 (50
oyl Sl b e cdl 4 S wml s Cui g p b e
a0 b pxe Gl cde ay asly odg8 JluSis I iU

YR ,la o) 0 jlowd (o3 3L J oyl l f galio iz
Volume 16, No. 1, Spring 2020 (IR-WRR)

VoY



O o Sl b ladpe (SidsledSs)nm 5 (Sidssnn
95 3y90 0jgyel &S (oo (Jy WIABS 1B o) )90 (e
597 2 sl ol ISH ] 5 ke 5 Jole 255 e 5
oy Job yd e dSlas Gl 4 e &S Cawl Cagb
2 ooeldl Jelge g Sl Jolse (A s > 0l ) g
i bl Glallas jopl claasgs 5 odl dgng 4 lyuss
P a8 Gy slaimoh 5l ol AoME Y Jads 50 g o

el 0l gwejp; ol grdaw @l b bl

Sy byl Sloj lagspmw B9y Jedos gl ol (ol Sun
23 Otk om pglile 4 edydl s hrejpicl e
boyiel)ly W9y S 9 £y bl (el 5 N9y Mg > Sdnp
oS ge (oS 5 09y | )9l Olgie 4 adllae cpl > A3l e
2 Sllgy g gyl el iS50l 5 by p sl JlS
s Jlosl b s olizal oS s weipi ol Sl s,
o35 ol )b YL (Sl o aplas ;3 X9y (oyp OISl 290
o g oy Sl AVl 5 b ctlale slaosly o |
S g oy dlads doldl )3 .88 JI)E )y 3)50 Wodly dcgezes
s Sl JIS—ye g0l 31 ozl b e} (sl oo g

B gy 9 dlge -
2 ol bl Sl g i il gy al )3 el Baa

O eomed 5 oS Ugy ey esmei &l Cblug o)
el adlllas 3590 (Lo (Sl g M5 > e gl (g0y90

Soge Judot g 3l 255 dopd A lieb] paw Lo &Yl
ol ot cLnodls 8y sy gy lin S5
5 JAS= 00 39, (903l wuS 5 b, 5l Nalley et al. (2012)
» gl Jas—pe T poman 5 dtnS Sage hias
(S g 92 ) BUIS Cannsd (5 gie> 52 Lawsito (2 sloodly
Ol Slejcye N9y Mg 3 1) (Lol slasg p b 2535 olatul
Ol |y e g Gt slatig) I S 5 ig 501 gl a8 g
S b ol byl g Srsly cate slasg, Ll b
Solel M8 (gl ogy US> S bas g, 5l eslial
Sloygd Sl p Fse Slog Gl Wlgie JlaS—gpe wilo

il el |y (Soigle)d o (codldl slayialil

Ladgr sty 5 Sege Jad oy Lo Slllae (izen
Slodges i oYL cds Lo |y uej il 5 oo
sbeol> (auades ;1w Nikbakht and Nouri (2016)
& mas—Soge baSs l oolal b acl,e cuby Slalis
okimd ol @l by (ein ol daw Sl note
4 Adedgd sl Jie Syl 6050, L Rajaee et al. (2016)
szl gy o el Sl b 320 4S9 (e o Sl et
s Bl eis Sl 5 el s Ol gy o Slhey 8l
S 5 Jhe 5L e85 conimd (LS s b il e L Ty
2 ol B g lale (onj o Sl gt 2 ras- S

2o 03 sdimdy LSS linl aseis

claanl B a 5e) a8 cunl (astie §uins diube 4 dave 5 L

Table 1- Summaries of some important studies about groundwater level changing with Mann-Kendall
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Autor Year Study Area Methods Results
59% of the monitoring stations
Panda et al. 2007 Orissa-India Mann-Kendall experience decline in groundwater
level(17-23 cm/year)
e
. 2010 Ardebil-Iran Sen’s slope estimator groundwa - yea
Vousoughi et al. R and significant positive trend in
Van Belle and Hughe’s method .
groundwater quality
Tabari et al. 2011 Mazandaran-Iran Mann-Kendall mix of negative and positive trends
Sen’s slope estimator
; Mann-Kendall L
Khoram and 2014  Darab plain-Iran Sen’s slope estimator De_*cl_lne_ n groundwa_lter levels than
Khajeh Sp| precipitation occurs with 5 months lag.
Mann-Kendall
Tirgo et al. 2016 Africa break(Pettitt) test Groundwater level responds to rainfall

Correlation analysis

with a delay

Principle components
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Table 2- The stations’ position
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No. station Station’s name Longitude (Degree)  Latitude (Degree)
S1 Gombar chay 46.10 37.73
P1 Gombar chay 46.10 37.73
Gl Mamagan 45.94 37.86
G2 Teymourlou 45.90 37.80
G3 Qishlaq 45.88 37.76
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Fig. 2- The stations’ position
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Table 3- Lag-1 autocorrelation functions of original time series
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Station No. Monthly Seasonal Annual
S 0.58* -0.20* 0.34*
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Table 4- Mann-Kendall test values of monthly time series
Al Floj 5w JINS—pe 905 pdlio -F Jouo

Stream flow Precipitation Groundwater
S1 P1 Gl G2 G3

MK-Z Co MK-Z Co MK-Z Co MK-Z Co MK-Z Co

Original -2.51* - -1.08 - -3.10* -3.43* -6.01*
A -2.39* 0.56 -2.35* 0.79 -3.07*  0.98 -3.49*  0.91 -5.20* 0.96
D1 -0.80 0.52 0.26 -0.16 1.46 -0.61 0.25 -0.06 0.34 0.10
D2 -1.52 0.04 -1.06 -0.28 -0.30 0.70 0.31 -0.13 -1.34 0.66
D3 0.26 0.55 -0.18 0.49 0.08 -0.47 -0.08 -0.10 -0.31 0.68
D4 -0.90 0.25 -0.18 0.14 -0.30 0.27 0.57 0.61 -1.60 -0.19
D5 -0.32 0.28 -2.42 0.08 0.00 0.39 0.76 -0.04 -0.12 0.49
D6 -1.80 0.53 - - -0.07 0.40 0.49 -0.29 -0.45 -0.36
A+D1 -2.48* 0.69 -1.22 0.95 -3.07* 0.98 -3.39* 0.96 -5.24* 0.97
A+D2 -2.84* 0.60 -2.60* 0.95 -3.04* 0.99 -3.38* 0.97 -5.36* 0.97
A+D3 -1.87 0.82 -1.74 0.87 -3.07* 0.99 -3.55* 0.99 -5.75* 0.98
A+D4 -2.32* 0.69 -2.01* 0.84 -3.09* 0.98 -3.44* 0.96 -5.46* 0.97
A+D5 -2.75* 0.39 -2.12* 0.86 -3.01* 0.99 -3.63* 0.95 -5.43* 0.96
A+D6 -3.25* 0.89 - - -2.97* 0.97 -3.08* 0.91 -4.92* 0.93
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Stream flow Precipitation Groundwater
S1 P1 Gl G2 G3
MK-Z Co MK-Z Co MK-Z Co MK-Z Co MK-Z Co
Original -0.93 -0.56 -3.12* -3.33* 5.67*
A -2.38* 0.58 -2.18* 0.72 -3.04* 0.98 -3.12* 0.99 -5.44* 0.96
D1 -0.02 -0.12 0.67 -0.05 -0.05 -0.29 -0.08 0.21 0.55 -0.40
D2 0.10 0.21 -0.29 0.10 -0.13 -0.49 -1.13 -0.58 0.31 -0.04
D3 0.03 0.95 -0.69 0.20 2.06 -0.09 -1.62 -0.15 0.49 0.22
D4 -0.73 0.38 - - -0.72 -0.09 - - -0.23 0.22
A+D1 -1.90 0.53 -0.22 0.92 -3.00* 0.99 -3.07* 0.99 -5.45* 0.98
A+D2 -4.00* 0.58 -1.68 0.75 -3.15* 0.99 -3.24* 0.99 -5.70* 0.99
A+D3 -2.92* 0.66 -1.50 0.80 -2.98* 0.99 -3.10* 0.99 -5.49* 0.98
A+D4 2.72% 0.81 - - -3.05* 0.99 - - -4.98* 0.94
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Table 6- Mann-Kendall test values of annual time series
AVl (Sloj S yw JINS— (w0 903 polie —F Jgua

Stream flow Precipitation Groundwater
S1 P1 G1 G2 G3
MK-Z Co MK-Z Co MK-Z Co MK-Z Co MK-Z Co
Original -2.34% -1.14 -2.62* -3.61* -4.54*
A -2.19*  0.69 -1.20 0.54 -2.65*  0.97 -3.14*  0.90 -4.11*  0.68
D1 0.85 0.05 -1.39 0.47 -1.73 -0.31 -1.14 0.17 0.21 -0.01
D2 0.05 -0.11 0.70 0.33 -0.03 -0.20 -0.62 -0.32 -0.21 0.10
D3 0.49 0.01 -0.37 0.11 -1.12 0.62 -2.37*  0.76 0.53 0.40
D4 - - -0.72 0.26 - - - - 0.24 0.05
A+D1 -257*  0.83 -2.02*  0.63 -2.53*  0.97 -3.32*  0.89 -4.44*  0.71
A+D2 -2.17*  0.83 -1.42 0.57 -243*  0.98 -2.85*  0.96 -5.45*  0.75
A+D3 -2.93*  0.82 -3.14*  0.50 -2.54*  0.98 -3.53*  0.90 -4.46* 081
A+D4 - - -1.59 0.56 - - - - -4.87* 097
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