[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.7.0]

[ DOI: 10.29252/jwmr.10.19.58 |

-~

OA WAA Gl g 5l 1 0jledd 1o Jlo 30T 055> e doliimgy

o b plie 5 559l pole oSty
35 03 Cape aslingsy

78l 050 (55 13 (S939)9 )b 9 coulll (Sl g pw ool Mg o
o2 d g Bl glol (g g, 31 03l b yludS yluwl 39,515 ,5

° 63LT b pwdlgl o £ 59l aime ¢ udle lobw Jgws s g (6350 sty ! ilobus s

OB (B anb mlo g (5y0liS pole oKl ;d)b}:ﬁqi 5 &5 yo 0aSuil> bl d)b}:é?i GySs =¥ g0
v.shei yahoo.com : oM §) ¢ o . W 5yl o5y ¢ g )b jusu 5 yo 045D ¢ Luisly =Y
heikh@yah 9o ) (5 OB b @lie 5 55,5l pole oltily gyl § & ye 0aSiily il
OB (B b @l g (65,0liS pole olSuily oy basre g M 08Kl Lty -V
A5 oggls S oKl (g o jusul 4 & yo 038l bkl —0
ANV bl Fo )b AFIVIF bl )b
VY U OA axio

LXVCES
ol 512,95 5 029 Cuodl 1 (So9lgshn g (ol Gla031> Wig) (o) ouldl R Egd9e Cual a4y drgi L 0jg el
23 9 0%k o3 G ialyl Mgy (owyp g3 (Kmpoddgh iU Blo lisee by () (owypr iRgR I S
=30 0903) 31 odlwl yr sgle cyeliie (il il oo HLdS liwl 3955 8 sSul b3 G gD Bie Lo IKius
i 03] Wigy Jukod (61,9 MK-HSA g MK-SA MK-VCA MK-TFPW MK-PW G el ,UU (s y9051 51 ¢ Jgoze JINS
Sl JIS — o (gl 5 Cowicand )5 (wedS 31 T (ol B (alwliasd 9 Xy Bd G (e 51t comieod
Lod yioly (gl gy opal &5 W15 (g3gr0 Wy, Lol ! olod 13 Lod g (i)l o dlie a5 515 Wi gty .l s3liiw! (SQMK)
31 odlwl 3,15 Iy e Joi gy dwgS Iyl o] by (25 (Cmiseed il o YD Sme (bl g 0593 0! 43
93,15 5 3 sre Jloin! jludle oy oS MK-PW (g, ol ! o251 ,5 i Z oylwl hals casl G piol LU s yg0;l
> il 1y Jof g9 s Jlois! audlys § dwildy (6 542 3 ,Mos MK-TFPW g MK-VCA (s g, 8lpod 4 (w9, o
PSSy U5 MK-VCA g MK-PW (gl i, chwid sl 415 dxo WU g Jgl 4 po (Siunoddgs dgag & obolKiwg! 43
s il bl cuwy 000 L 398 1 (Toldie JLd, gy Bis 1 oy (Suuoddgd dawlxs Juddd MK-TFPW gy .iuild
(Ngy E9 dbdi 8138 g pod 0395 (ybely chgS Iyl Bl b Lol 3 a5 By Ll gl JINS - e (905
33 (8138 g Yero Jlw > o sllwnl 93 40 LG oS Mbua Yoed g Vool AN VAAY Foor sl coipa
ol plod )3 g il o0 Logliie Wigy (g Al ( Suled (gWolluny] 33 0l HId Jxe 70 e 3 YeoeT g Vero sbdJle

Sl awsS 31,1 o] 3 (o5 il Wgy g alkd b oo YAAY Jlw 3 bod a3 4l j ol !

.39)5@; }gb'qi 039> ¢ “_,3)1.3 lod o CM.\D' J‘JJS - ‘J‘.\S—Q«o !‘5.\.315 ‘sth)'s

sbaysie (Gloj lagsw J59) padds St 0jg el
ol (iliza slagygesl G (wlidlen o (Soiolsyien
Srel)bl g gprell dws 93 ay Wagygeil cnl &5 33,5 o0
losyw ST 48] Jdoas (VF) sible SuSi5 L5
lggeil W aiiS o cuns Jloy @ig 5 (Soidorhen
ISyl gyt )8 5l anej ool > Sl
Bl oyt " LS ge il s el b slast) e
5 S clape CElpSy Wy Jdbv sl
5 004 odlw Slusbro sy gy cpl (V) ol olisslga
oyt (sl g 23k o gl (g polie b 4 o
bosly 35008 4 09yl wiomen Bl nlio dgr
ol 0 (VY) a8 e Jee Bllasl b g 0395 (wlus L
Sl e (Hi) Jle (28 5 (Ho) oo 028 05l
bl cul Gloj sy )3 ) 3929 9 gy 3929 pie
9 Laosls o9 Jdiue Q}o)" Q:s.l 51 oalal dl).g aY by
bosly (loj (g )3 sl gne (Shumod 395 3929 pac
oy M) aBly Lol 55 88 ol o )3 ol
oobol (V0] Wdliee (Stesansgs b (Sjolssin
P b (Swendgd g3y b pll  Gldllas

doddo
Vo sl g9, o b iy o plotle S (S
,L;x)bﬁfuuuol;ldwcgwsm,lé\ﬁwf
Gl Sle pall s (VO) Adl o 350] slaojes ol
I ol oS Gloj Jgbo 2 1 g ol 2 s 45 4n
Olyedr > 5 ()b (V0) wdloe Slasl 5 (b Jelge
oiee Jlpeh (@ g oolble Slapite et
(ot Sy S5 gl Wlgie (Sofslgrrn (slo e
JJB) Lg)l.w)liwl 9 sl .(VY‘) J))Ai’ )l).‘) odlasiwl d)90
SIPern 9 (oeldl lapite Sloj slacgyw > 4138
D3t 5 ool ()5 o sl S 5 o
Che cwlio sladoly g bcwlow Mol cas ol mle
o 5 ol St ony Csllach Sl gllail 5 (Solel
Gilw i aldllas (YY) o] 5 il glac,lud Jials 4
gaw » bpste ol Cuwpy Sy (M) (g
b J1VY) Wil cuenl Bl (Sl oysd (o ) adlate
>l 3 bed g sk W9y 93b5 Sloj 9 Sl Sl
P& Cwl p3Y plpls (YY) )l deng eudBl calise
D35 B osn D90 Sl onl Wy, adate a0 plaw

1- Mann—Kendall (MK)


http://dx.doi.org/10.29252/jwmr.10.19.58
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.7.0
http://jwmr.sanru.ac.ir/article-1-795-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.7.0]

[ DOI: 10.29252/jwmr.10.19.58 |

o

g emd Oy s 5,5 o)Ll T (MK-HSA) ous oMol
S sl (Sl 5 (oadll sla gl ol
oo U J_.a.‘é P dl.mo.)].) dfdli».m Dgud o Ygy (owyyp
g (wyp AVl Ojgods odly doslis Lol o2 odaliie
lolid LB i, ol baole plos 58,5 Jlas 55 Loy
Slale b Lad & ygody oy b canl 5L cplplo it
(V) hbsSan g (b polaie (s S 58 (o) 3590
ks slaodls sl 1, AMK-SA) Las SIS e 905l
Ol Jb s (Sion 15U bl 9 lale sl
shad JS=(ye 090j (IV) )Sen g (S y (a3
ol 45 5ys by (MK-HSA) 03,5 25l 1, o1 )
odlawl b Loy (suwyp 30 ) (Siusorded 15U Wil o9
ador 5l Gl 3y G ) had JiS= e 903l
o=l HA) GhlSen 5 9Y (6095 5 (1) OhlSen 5 (ssen]
9 45 )0 Ldged odlatnl | Swed 355 Bls sl g0l
9y E9rd Jbw (Slej sl yw e > K9y Jelos
2325 9 gloj Jsb 3 Sy Bg) (e dal janseis)
Ml e ot S 355 SR St ki Lo
Js=8 2B O )b ine a1 L9, 51 el ()
b gy (SQMK) (gladlss JIs— e g5l el
UI S L) aS Cawl ol My LS"LO) dlﬁd).wlp) J.JB)
2 035uS jobodr gy (nl )5 b 1y S dal (g oo
(V8) o) San 5 5 ((F) Jas SLL 5 lilhye Sl
Gl 48,5 1,8 odlasinl 3y50 il puss £o > dlads

9 NIParke S plll L9y (ow)p Coenl 4 d2g L
9 Copde «siledie 3 N9y JboS ot B g (ol
boptagh ool ol glie 2l 5 dige g2yl
JS=ge slaggejl 5 (MK) Jlis=ge g5l 1 oslial
MKPW  Siandss gl Bis L osnd Mol
4 MK-HSA, MK-SA MK-VCA MK-TFPW
@y bl o> sbayiell Xy Jdo g ()
Ol 295858 jsul ojex By 0 oo slaolKiuy)
@l $9) 2 (Shmend P 15 oy A 4By S
R e g JNSmoe g I ekl b sl can,
b Gloj slacsr SSL Ny 9 iz bl 5 Ng) o
(SQMK) cslallss JluS=gye cigajl 9 oy s S (o5
G ) sloie iy j) sl e adllas oyl Cilanl S5
Jod > (Sturensgs Bls sl np 4 Ol
dali Gl 5 (23 9 OWL o> el lagsye X,
Gr8) sl e B ) laodly Sloj slagsw i
905 o)Ll (3955, 550l 09>

L g 9 20
Ssypw Jols oolatwl 3y50 (slaodldy adllae oyl 5o
oolidlon laolKiwl (5 5 by 4Vl 5 able b
sl oje> sy p) SIS el i Sl g S5
YOY bW bl b (kS sbel 35558

WA bl g 5ler /N 0yl /md Jlo jusul 0jgn o e dolitingy

dlﬁ’ﬁ)%ﬂ @Lu o s .>|.>u| g0 u’L‘) dl"’d)‘*’
N9y pasuis Jlatsl g (7) 3900 gy Jelod (6 pel )L
3929 bl cpl g e GLIBE (ge)l lawg I3 gne
sime Conbly 5l i (pesd Cel Cute (Siunondgs
Sy Oeen Sgdioe (e b Cute) Mgy (g
Coably 1 S (eSS el hle (Shuendgs
Ol 4 (B) 45 algd (e b Cute) gy ()l
gy (P98 g (o gel Sl e 503
03 el Yl gme |y W9y 9 453, 1) Hho (58 olidl
S 3l o (Shaneddgd alps Sl > b cplple
S o 9ol )5 3o s 89y 22 e 9 Bl o
(V) 3,5 o]
by (Stmedd @ (09 o 3l sy (e lag,
ot Laiey ool 51 (dm 50l o )] ldisce
lodls g Bl 03l (g j (Stumaddg> K9, 90 gl
By baied g 5 e (S uwmeddss 86
Sy Laasls sy 1 (AR (1)) Jg 4siye (Soaings
o523l sl J ) )8 ks ey Gh) (VA) s
O_l‘ .\u;un PW-MK Ol 4 oS 3900 dg.l)l Jl.\.’S—")a
5 LS (e Sliiee bawgs L9y (alolid e b9,
5 oslail 3)00 (VF) philSen 5 305 5 (F) oy Sen
2929 (Floj S S22 Kg) & (Fge >l 45
O3S Mt L oS 0 L (YA) gl lg cddly anslas
520 oy JaS—e gl ) (Stunendgs oy Sl
oL (F) phlSen g (oASTs ans oo (S 6y
59y ie Blg oo (PW) (35 Moo (i g & 203>
ol (Y4) ohlken g 5o aad ials |y odls j> 8l
G S AR (1) siulyd 9 L9y 2939 Cijgo ;0 L3
3 a5 (VA) gl Oly 0205 M i 9 Sle
e Ho 28 Casl (Sae cplply 9 28 (o0 Bl 1) 5,
Sl (o ) cpl g 295 &Bly Jgb 3)90 K9 929 pis p
sobaie 4 Bl Al Mgy Cul (Sao Sloj (sl gy A
9 92 sl (Swed Bl g JSode cpl (35 Bib
Mgy 59— b iy B9y () OhLSen
5 5els dlen I Sl L3905 4yl 1, (MK-TFPW)
9y o=l 31 (V0) ealj dislal g 039y (ol 9 (1Y) oy Sen
Uigy (V+) 931y g aels ainges ealaiwl A5gy Bl (4ly
slal I U (Sauondgp cupe Sl Bl lp ] %0
250903 anlyl Laodly uilylg 30 oMol b JlS™ o yg0j]
o3l 3y 03l 6y sl ey ! (MK-VCA)
i b o] (Siandgs calyd S 3,5 o )3
ol it don Iy 31 (V ) Wil b e Sl plLS
031 e Bk S gl ol 53 o ime (Stuasendgs
Sl Jas— e Slwlre (uilyly gool 5 aige
5 Ul b aden | Sliimo Lawg (bg) ol 03,5 0
S 9 9Bgilugi 5 (VW) phlSen 5 odljhex (V) oy Sen
Sshm b gy 1500 )0 Cawl 48 )5 )18 ealatwl 350 (Y5)
C)'L..o‘ JIJ_:S—O_A O%_A).T ‘M"?ﬂb OO O
—ad JWS= e pgeil 4 Glgien Bbey cnl Sl 23,5

1- Pre Whitening (PW)  2- Trend-Free Pre-Whitening (TFPW)

4- Mann—-Kendall Hirsch Seasonal Approach
6- Sequential Mann-Kendall

3- Mann-Kendall Variance Correction Approach (MK-VCA)
5- Mann—Kendall Seasonal Approach
7- Sen’s slope


http://dx.doi.org/10.29252/jwmr.10.19.58
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.7.0
http://jwmr.sanru.ac.ir/article-1-795-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.7.0]

[ DOI: 10.29252/jwmr.10.19.58 ]

7 3550555 35l 030 5y 35 (Saislsrien 5 ool laspw ey N, Jloo

ujlo)’ sl sy ooy lude iy S Xy s XJ Ky
Jaie b iy Qi N Sibo a3lo (iK) K 5
oy 5l oy o 2BL DI N ST 050 oy o (g0
dwle ¥odaly I jgoinl i 3 25d00 dule ¥

1(10) 29 oo

Q med :Q [(N+2)/2] (Y)
1
Q med 2 (Q [N/2] +Q [N +2)/2]) (¥)

9@‘?‘ Loy ey a4 (lol Cond e g Cute cdle

Ll
Dk TT T TS L]
. PSSR N PN [ Sy |

B r—led ol

awsSill ytegyien ol (2> Sloj g 5 e
Mo YOF BAVY sl Jlo (b ojo> (295 0 &y
oy g JolS o] opl Clsasl Jds bl o
SLbl 5 asg )0 39390 (sloolSiw] plo 4 cous o]
yolpr 33 Wolin] Jgud b s K6 LiiSTy o
ol 0dds 031y L dslllas 350 (sloolKinw]
Siod 49,
(SS) oo~ (o35

Bly ced Wil ansh (i K, Slej slagg e 5]
4 o 03 drwgy (gyiel)LU hgy 5l edlatel b Wlg e
Slcas N cud 559l 09 035 (pesd (YY) pw dleaws
g oo duwlo yj alaly 5l eslazwl b 1l besls

=575 fori = N \
Q ik ori =1,........., (")
o i

_ QLL..Jf oh’wl bgflf)f)mi 0j9> B ) adllas 390 L;LMKL.»,::H“ZB—\ S _
Figure 1. Map of studied stations in the Eastern Gorganrood Basin, Golestan Province
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Table 1. Results of different methods to identify the time series of rainfall, temperature and Discharge
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Figure 2. Trends of Annual rainfall in Arazkoseh, Ramian, Lazoreh, Nodeh, Tamar and Ghazaghli Stations
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Figure 6. The values of the Mann-Kendall sequential u(t) and u'(t) in annual rainfall Arazkoseh, Ramian, Lazoreh,
Nodeh, Tamar and Gazaghli Stations
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Abstarct

Given the importance of climate change issue, consideration of the climate and hydrological
data trend has become very important. This study aimed to evaluate the effectiveness of
different methods to remove the effect of autocorrelation in assessing the trend of parameters
such as temperature, precipitation and discharge of the Eastern Gorganrood Basin, Golestan
Province. For this purpose, in addition to conventional Mann-Kendall test, nonparametric tests
like MK-PW, MK-TFPW, MK-VCA, MK-SA and MK-HSA were used for trend analysis. As
well as determining the slope of the trend line and identifying the jump points, San slope
estimator and Mann-Kendall sequence (SQMK) were used. The results showed that the values
of temperature and precipitation at all stations uptrend and this was significant for temperature
in Lazoreh stations and Ramian. Also, discharge flow in Arazkuseh station had significant
descending trend. Using nonparametric tests decreased Z statistic. In most stations, MK-PW
method had the minimum significance and MK-TFPW and MK-VCA methods showed better
performance and reduced the risk of Type I error. In the station where there was no significance
in the first and higher order autocorrelation, MK-VCA and MK-PW methods provided similar
results. MK-TFPW showed a different behavior due to calculating the autocorrelation after the
removal process. Considering of turning points in Mann-Kendall sequence test indicated that at
Arazkuseh, Ramiyan, Nodeh, Tamar and Ghazaghli stations, the begining point of trend was
related to the years 2000, 1987, 1988, 2001 and 2001 and only in 2 stations including Tamar
and Ghazaghli, it was significant in thetyears 2006 and 2005 (at 5%). In all of the stations,
temperature had an abrupt change point of different trend and the time of increasing temperature
was equal to the point jump of discharge decreasing trend in 1993 in Arazkuseh station.

Keywords: Discharge, Mann-Kendall, Modified Mann-Kendall, Precipitation, Temperature,
Gorganrood Basin
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