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Extended abstract

Introduction

Investigating the climatic condition over watersheds has a decisive role in water resource management planning.
Meanwhile, changes in temperature and precipitation have a great effect on the discharge of rivers, soil erosion, and
fluctuations in the level of ground water, and the occurrence of floods. It is very necessary to carry out research related to
climate change in order to prepare as much as possible to deal with the harmful costs caused by this change. The review of
the studies conducted in Iran also shows that the scale of the study is in most cases at the local level and the study of the
mean annual discharge trend and its magnitude has not been studied especially over Iran country. Therefore, the current
research was planned with the aim of determining the mean annual discharge trend and magnitude over Iran.

Materials and methods

In the present study, the trend of mean annual discharge in Iran was determined by considering the effect of dams
using Mann-Kendall and Sen’s slope methods. First, the statistics of all the hydrometric stations located in the Iran
six major drainage watersheds were obtained from Iran Water Resources Management Company. Finally, 139
hydrometric stations with a statistical period of 17 to 65 years were selected in this study. The statistics of these
stations were compared with the data available in nearby stations and suspicious values were also controlled. The
homogeneity of the data and reconstructing the missing data was carried out using the run test and linear regression
through the station with the highest correlation coefficient for each station with incomplete station, respectively. In
the next step, non-parametric Mann-Kendall and Sen’s slope estimator tests were carried out within XLSTAT
software in order to evaluate the trend and its magnitude analyses. After determining the trend of the study
hydrometric stations, the spatial distribution map of the mean annual discharge trend in Iran six major drainage
watersheds were prepared within Arc/GIS 10.2 software.

Results and discussion

The results showed that 14 hydrometric stations were affected by the dam. However, in the hydrometric stations without
dam, 84, six and 35 hydrometric stations have a decreasing trend (60%), an increasing trend (5%), and no trend at the
95% confidence level, respectively. Examining the trend of the time series of mean annual discharge in each of Iran six
major drainage watersheds also showed that 80% of the study stations in the Persian Gulf and Oman Sea watershed have
a decreasing trend, while no trend were detected in 20%, 10% and 9% of the total study stations in the Caspian Sea, the
Central Plateau, and the Persian Gulf and Oman Sea watersheds, respectively as well as all the stations of the eastern
watershed (Hammon). In the meantime, all study hydrometric stations in Urmia Lake and Sarakhs watersheds and 68%
of the study hydrometric stations in the Caspian Sea watershed have a decreasing trend.

Conclusion
The results obtained from this research showed that the decreasing trend was detected in most of the hydrometric stations
(84 hydrometric stations). Therefore, the decreasing trend of hydrometric stations in Iran can be related to the decrease in
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rainfall, increase in temperature and the emergence of excruciating droughts caused by climate changes and also human
interference, including the excessive increase in the construction of dams and the change of unprincipled land use.
However, one of the limitations of the current research is not taking into account climate changes and land use changes
and determining the contribution of each of the mentioned factors in the decreasing and increasing trend of the mentioned
stations. The results of the present research can be very useful and important for water planners and politicians in order to
manage water resources.

Keywords: Flow discharge, Mann-Kendall, Nonparametric test, Runoff, Sen’s slope estimator

Cite this article: Vafakhah, M., Zabihi Silabi, M., Modarresi Tabatabaei, S., Sarvi Sadrabad, H.,
Shafiei Bafti, A., Ghaderi Dehkordi, N., Riahi, M., Saeid Ghiasi, S., 2023. Detection of annual
mean discharge trend over Iran. Watershed Engineering and Management 15 (2), 314-327.

© 2023, The Author(s). Published by Soil Conservation and Watershed Management Research
Institute (SCWMRI). This is an open-access article distributed under the terms of the Creative

Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).


10.22092/IJWMSE.2022.355193.1907

Watershed Engineering and Management esul S pde g (owdige
Volume 15, Issue 2, 2023, Pages 314-327 FYV-YVE Glriao AF-Y Y o)les VO ol
DOI:10.22092/1JWMSE.2022.355193.1907

Ol yo Alle lawgin 8 Wigy Judxs

T Bl (i 93,1 (6T oo (g9 (> T LD cawyko s o il (Zd hluao olgS g (g
TSl dpmains 57 (> L oo (69,500 (5508 (2
IRl 55 eyt Can i oKidls (ol pole g cambbgolio suSiiils (g o jul 09,5 coliwl !
Ol g5 eyt S i olKiils ( ol yd pole g camdbpolin saSiiils (g lojusul (6,550 bgmeiils”

VE VO Y sl f b VE YY)l

b guao 00

doddo

Sl o ol ol &l Co e sos i jasliy ;o (SlodusS s s ‘MT lrojer 1o addl Comby oy
9 i) 2l sleoyiw maw Glwg «SB Giole b dadilsog; (03 (59, 2 6ol 5l o)k g Lo Ol i a5 ol
L oallie gl piyasi» ‘;\;LJ sobiedn o L8l 5 b g e sl iagh ploul 5105 o lay aollew £434
oolie s oo (lis H5iS )0 418 plowil Wlalllae (g 2 ol (6550 Sl et (nl ) (S50 L L sloas 5o
a_sJlas )9_...5 Gb_w)é 0)494_» UT ‘;)).: 9 AUl .b.w}».a QS)Q .\35) X9 w‘ ngm c]a.w )O Q)‘}A )..5‘ )\) aJllas
W) ﬁl}u‘ )5.“5 6’4....4 )Q U] g;))" 9 asUls .‘amj...a QS") &9) u.o_a_'.’ XV La J..ol_‘> U""bﬁ)" ‘U"‘)"L"’ R PR W

g, 9 dlgo

00 ploxil a5 SIS iye g, 5l ool b o i1 Bl b 4928 a5 ailles Lavgie o3 s, (b ol o
S 8 5 5l 5588 Sy sl ojgm (i (slaadgm ) 50 99790 (5 ey e (SlrolSin] (oled Ll dazyl o]
ol el ams Clsesl JLw £0 B VY (gl 0,50 Jsb b (5 g oud ol V¥ cules ;o ad <l s 5928 O alia
ool al Uy 5 Laools (09 (Sed 0 7S 5 SsSie polie 5 dslie jslme (sloolfinl ;5 S7ge lellbl b bnolSy]
et oL L (ol ookl oy 5l (o (g3 5l eolitl b Lol w86 sl Lo 53kl 5 g5 03T 5]
ol 39 Al bsgio (0 gy (o csidm plS 0 0 plosl o ail Lol b oS o gl (Sinron
gy (e 3l ey 0 PRI XLSTAT 58l 5 a0 (s 5 50059 5 JWiS (00 S ol )l 1o sloyges]
b jo j5-i5 S5 sl 0jg (b Joniio j928 s 53l (20 gy (e 4t ¢ Slalllas (slaolSiny|
A% a3 ArcGIS10.2 38ls 5

ol AF slasd cas B0 (g0 (loolls] 10 wozg ol b a5 wilosgs v )...aL Cod oSl VF ols s yregl ol mls
0 ligebsl o )0 35 550 (0o )0 YO) ol YO g (o ys i) (sl g,y ol il (o0 £0) ials Wigy (ol )l

Ae oy (Lis 35 ja-iS Sy udul ojg> Siud 1 S5 0 0 Al o0 Sl o) (6w Wig)y (gwyp Nidgy Aig,y 3w o

vafakhah@modares.ac.ir «=Lilse s *


10.22092/IJWMSE.2022.355193.1907

\\C'Y ¢Y O)Lo.ja ‘\0 ».\.l}

e o ian a8 Jlo 0wl 0og alS aig; sl loe b yd g o)l s sl 039>y Slalllas (slaolin 5l ws o
s 5 5 s slayd 5 )b el 5 (655 po lls )55 sl e (glmo g Slalllne (gloolSiu] IS jf sy i 5 ) -
gyl azl 0 el 03 50 Silalllas (glaolKisl S orm il 50 losgs igy Blé ((gale) 5y (550 el 039> (loolSin

osgy o552 el dig 3l 535 (sby 55wl 0je 4o Slalllae ool Sl o yd A 5 us pes

5 09 (sl AF) Sldllas (slaolKiol LI (o o sixe g (p20lS Wiy, 3959 0aiasylis ¢ byl (ol 5l el Cawods =
slaJlasias jopbs g Los Grali8le o)k als @ (lgion 1) 5945 arhaw 19 (6 g 000 ool (28l W) 09 (e
SS9 laaw Slaslang, o (il dles 3l Sl glocdles fyuzres o coddl Ol s 5 006 ol cdlls

O 9 2l )l et g (onlll Dl Blod pae 2l gl lacasgaze jf (So (Jlognl b ol BLs | ool e

5 Olstlin 6l oI5 oo 2ol gl @l el jo5 e (slaolRiwsl (L2385 s2alS W) ;5 jsS3e Jelse Sl alaS 0 o

AL Sl Bl g due s O mlie Co pe Cyz 4 Ol doye ol

JIS e elilsy eyl y2 (0 (a5 eedS (Sl )l 2 503l 1 gualS el

ss->5 Us—ol (Hejazizadeh et al., 2012) ol (s L]
sl e cmslilga-ol Loy glags jw 5o g,
HIL Bl i g ok (2,08 Dl I (20
Ghasabfeiz and Eslami, ) a_sb Slusl glac s
(2017
gy Jelod gl goanie g bl (slaty, (55 b
2 Loyl oy e a5 ol o 11 ¥ oo slos oo
S ahl e g Sl Loy, (S aws 9o
(Takeuchi and Ishidaira, 2003) 55— (§oupamds
B8 90 o9l zrkae syl slasbs) onl S sl
e S B8 5 (HO) i) 3529 pas p (e o
ol Lagl g go3T 5 (H1) oy 0929 2
@ e oles o a5 ol g lel ols (98 g Lo hg,
Hejazizadeh et al., ) 59 o0 oonlive ol Js3 L 50,
) il et sliis e 251 €5l Loty (2012
aipe ol o Lapgesl ul S ol Cons Jloy 38
5 TS e 03] 1o j55 2 (5 e 0S|
ool g 5 005 Syl e e (a5
ol Gl s 5o gy 952y DLl (gl (milie

3 Time series
4 Mann-kendal
5 Sen’s slope estimator

doddlo
Sl Loty @jg 5 Sad 53 peiies 75U o lil
Loasleog, (2o 555 = 3k Sl 0s3 agiar cnl &S
ol sleoyiw g slaplwg SLe Giulw
S iyl plwl )05 go lray Jow €589 5 (e )
Sl i azym (Solol gly @eldl i b Loy
P e BT P I IS WE S LS N
(Ghasabfeiz and Eslami, 2017) ¢l 5,9,—>
a5 st (b Glol gl G e 5l bl
2 i) 5 e o gl Cusgume 4 azgi L
CarbeS W9 (o) 9 (0 ST9) (=2 Ol
5 o wopd Bilas gl b Lad]
it Co i 4 2l e g 00 Ceenl (55 )0laS
Rahimi et al., ) ool Sl oS Of e
Sl ) bl ] polie yigs e (sl (2016
Y i ol oaisS oyl elge 5 L_awilsag, oo
sl o, 3l 5 (Vafakhah et al, 2013) el
S ilislgn-oT Gles slags s Jedo (sl Jglaze
laggesl 3l eoliiul b Ty, 252 pae b 0525 (o)

" Hydrometeorology
2Trend



YN

Olpl o alls hwge oo &g, Julow

P 1y el Wy, gladlaie 5 alnl Gulide 95
9y eglailate Gulode ;50,8 0l 08 ot
95 S35 o de 2,8 Jlod Bblie )5 Jls pe LtalS
Bblie ;o Jlogime e (L2alS &g )5S 08 Coix
Bblie )0 s ma s (il oty 5 ol (8
Al odalin 35 b,y 4l g Jld
Sy, 2, 4 Ghasabfeiz and Eslami (2017)
33 b g S5 9 SIS e gy b Sk DS
ol L aiS 1 oSl BV 4 iy ol
Lol ] g )5, s ol a5 ol lad iagh
iy s olitln lamelSiny] i sl e
Sl o] 90 L g astiens Sw)L ke o sais
<Yaghmaei et al., (2018) .cwl Fos,b oo Wiy,
@l 1y 09 d seml ojem 50 (Sl g Los o0 Wi,
AU 5 ailale o) sloulie o alla TV 0,50 5
ooliiwl Ly g, Jelod g anjod aiols 18 (o) 29,550
2 oSl cielas o2 i (JIS e (59051 |
5 d=8 Slls, 5 Sk alaly 5 Sk pln o alls
ols i gl ol plowl 8l )2 V0w Sldas 1o
Ay, ewd ol g Sl slaolis! o Los oS
2 A FJRE (el oy, Lal oo ez g5 1B
sonliie s pmrly cloolSi] o o ole o S50
el ST ol o 5 sl gloelSiayl 1o b
odaliive (Sl jlade )3 (oialbl wig) U 5 2568
ol S 4 iy ,o Adab et al., (2018)
5 aSlale alyy; (Sloej uladie 4w )3 49,15 wlsog,
DBy ogdl 4 ke sla ezl eslatul b luad
ol oo cilale Gulaio o wols ol byl gl
45 Sigme 3 Sl Spiny BB 5 Slogdl alsy,
5 Bobas gl L8 (lad g alljs) sl ulide )
,o Akter et al., (2019) .ol o i JoB 2
5 0l Slesd (o Samd (3 o (slaslllae
ol i pladl o] ey alal 5 Lojpms S0y, o0
= (Sl Sy s ol sleailse 13Uy adllas
L 0y oy 010 08T alsg, (o (sla s

Abaspoor and Torabipodeh, ) s —wlileas
el 50 laieiils (fgbae Coenl o4, (2015
Sles Sl ae) 55 Silee slaieon Gl
V) ol s &g, Zhang et al., (2007) .ailosls sl
21y Gy e oSl YFY o wlslsa-ol e
Jlo 8- B Y g lel o5 Jsb b 1Ll 5usel slaojem
Seolaiwl L Laosls  Soordss 5l Bd> 5l s o
Logl gl wsols JL8 (o 9550 SIS (5o 9051
dilais )0 Loy, o,z alls Sl a5 ols olis
agy shls L a9z bl ohgts v 9)9e
LIV R P E O+

Ol yss 0y, s, » 4 Onyutha et al., (2015)
s assle 81 0 s aildog, adg> 50 Ll
b s, @lyl adlaie j3 wls (LiS Giag cnl
aS Jb o aeul 0o —iolidl gasg, sl aills
Solws! jlas,0 £ 0 (g b e S slaiy,
odalive jas 5 (ol Olog Lo yeiS 5o &Sl
J—d=s 4 Abaspoor and Torabipodeh (2015).a_
Obal (55 00n slaaliin] )5 (b > Slpass X,
oozl b aills o Lad obiie 95 10 pé olol)d]
ot 8L g sl s )lal sloags—sjl
I8 e a0 |y Glyr Olpedi W)y (Sondg>
ooleie jo aS ol i Loyl iagis aules .aiols
ok 5o Ll cre saie wig, sl oS! S aslle
5l e e Xg,y gl s S 5 wo 0 SO
2 ponl gials Silo as coul oo, mio mhw
Sl 55530 slaolKi!

a_ Nazeri Tahrudi et al., (2016) . pu—oen
Gl sl il 5, Jlade slaosls &gy gy
LAY oyl 0,90 10 ol yo oliod ¥) Sty i
335853 by adg) (g p Sz aiSlep YN
(53L8 eoiades 5l oolizul b lam glailate Ll
9 el ailate iy d aalllan 0 )90 (sLoolKin]
S 0T 51 oolitiasl Ly g 505 (61360 Lo
adhie gy 5o 55 590yl Slpeis Wy (sladlase
58 9y @B S8 I3 (o) 990 ol 504



\\C'Y ¢Y O)Lo.ja ‘\0 ».\.l}

s plogl Lo

by 9 Slge

a U‘)_" JS swﬁﬁ)_: u_?‘ asllas 990 039d0
Slaize fym aS Sl goye 2ol S YAYYA0 g
YO FF 5 Jos (o, ¥ L V0% LLSl e
() USSS) canl ouls adly Bl Jsbo

So ez b Lo ul 059> ik s ol !
3 el g az ol )8 ool oje> Yo p Jetine
L;La:oli._wl LS"[_N )l_n]h s‘ 39 Ll

Fo.

) O
S ogaS G ez slaads ) 50 39290 (5 g A
o VY slaed ¢ e ol 8l o oled gl
Slelll! nglio b aills oo oad ail,| Slelllsl 5 ks
9 48,5 513 oy 9550 solme Slaolliva] )3 9250
D gl poil &gy 5 S SeSie polie

ﬁli»_a.u." DR W I )LAT su.u.bs)_' U_“ L)
VW kel 090 Jgbo b gy &)l59 40 bogape (5 em
009 e il paen jo ok solatwl Jls FO L
s Jlw 5l o) Jlas oygesl 5l ooliiwl b lassls
Seslisl G yb 5l g S5 by, 4 el W3l
)_mé‘)_’ww)_wu.’fl_]bl_’om‘
A, 3] 6‘)4 R r:l.';u‘ uaﬁl.: )La] L: oliw‘
S (ol )lel aisi 5l aS (Gl sl
o Syl it glapgesl (SIS o, il ool
XLSTAT J38la 5 Laome 10 cyaads paadss g Jlois
Zépdy plxl

Sy St (So5x 4 bgre sloadds
2 Jeiiie )9S mha 50 bz (20 Sloy slags
ArcGIS |l58ls 5 la ot )0 (g0 a0 JIEARSITR

A 4y 10.2

" Runs test

Slllas 0,90 Jsb ;o wls Hlas s, g5 5l eolawl
alBog; oy g e e VIOY (yl5meay (Sas)b
Ebrahimzadeh and .cwl adl, malS VO ol
alls g aslale oo Wy, Jul=s 4 Malekian (2019)
Bl ol by ] s wzsls i8S Jlad Jolo s
..\J9) 9 )Ub—olf).:_»:) Oliz_uai‘ o “_,’.w.aslf ..\35) U")w
2,18 8925 9,u5lsn oyl jo Lauli8l

A gy o Souringjad (2020) « e
Lag,l QPR NS ol ojem Yo pdhauass
i Lad b9 dan Saeasls Sk wig, wls las
e (b glaols 2 e 5k 5 009
Y el ol 5eSilos ) o e Jlos Canns
Das and Banerji .c.wlazsl alS w0 -#V U
ol SLSU Ol 5 0, (gl 0 (2021)
Subarnarekha sl sd 55> o5, Lo g J—ad
I, VAYY=Y- 1Y) asds Jls ¥+ L Burhabalang o
3,9 Pettitt 3 Man-Kendall sl yg031 51 oolazal b
G 4l39,y lmosls 5l asels )18 | s g a3
Coy b 5 had 4SS Glie S0l sl Sles
P ol 0 s gme pals 5l Sl zls .o eolal
3ot oley Do jo 09 Jl Jgad ples jo cawsllly
& 3 Az P Sl i Jlo B0 (guise
oy 5l 30 stz B e 0y, g Cewd by
cos Uleinl Oy )b azgi b ol .o osalive
OB, B e i Sl slacdlad ol 50
Ll ol Jguad

W oo ol a8 F ploul la ioghy gwyp
9 039_3 Lflm @a_w )») 0)‘9_9 )_»5| o axlas qu.M
ot Al wlade )3 (20 (S5 5 Mgy s
o=l el Gae i arl suis plil o mlas
Sl Al bavgie (05 (S5 5 Mgy GuesS GiR9%
5 JosS e gymelyl e g,y 5l eslatul b ojgis S



Yyl

Olnl e alls lawgie oo &g, Judow

z 45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E 65°0'0"E
s
e L
g ) .““T‘\ 8 .mu
WA,
AU
z Z
s LS
- -
z z
s L=
g Legend g
- L]
¢ Location of hydrometric stations
‘Watershed
B sarakss
I Persian Gulf and Guif of Oman
| Cenral platean
z [B] CaspianSea z
3 B Eesterm border B
. =
& ] Lake Urmia 0 1o 220 660 Y i
T T T T T
45°0'0"E 50°0"0"E 55°0'0"E 60°0'0"E 65°0"0"E
)5....5 CJA..: ) asJlas S)90 ‘5]1.05)..&.3.413 6&0&%‘ g,u.'j}a —‘ JS..»
Fig 1. Location of studied hydrometric stations in the country
_ oyl LT KR BT [ KTy |
5= 2321 B 15gn(x77x3) M slogsesl 51 o (IS e sl i JINS o (3903

5 Sy pll 0l X (g Sllaz Slaws N oyl jo a5

N lade 4y azgi b Guilly ¢ sl (gm0 pK o0lo XK

A duwle (F) 9 (V) sloalay) 5
var (s )=n(n-1 )(2n+5)- fgmi: JUED)(2t+5) M>10) (V)
var () =010 (0<10) ()

Col olrs pw slaws M daosls slass n oyl o a5

Sleh 5 0ls 3939 5,15 eols K Jlas gyl jo a8
Z o)lel > po cpl o a5 Cenl LSS Lo, b sleosls

39 o0 gl Pl (B) 5 (0) Al 51 JMiS ye (905

s-1 .
N6 if s>0
z= 0 if s=0 ()

s+1 .
| oo 550
whpdy jho B Wil JEy () ab, axls
.o,.:asa
lzl<z ,,/2 &

wilon el Sl slac po Wgy Jelod 55 G el b e
dslio sl 53 09e3l ool wg)lol slaggesl plo
S L Ghndy Syse )0 aled 0 g o3 Su s yho 558
033l 2l She 28 Wi 6 el Gho o
loosls (5 )3 Wig) d929 pae 9 (09 (Solal poghe 4
2 Mgy 97 potde & (e (5,8 9)) S (2,8 5 039
oy Dyge 99 & JaS e a3l L cad laosls (g
Ol 0 Ogdiee koS g s (SIS ) 5 (Slele
S5 B! 0zl 5 50 0)lol dmalxa (6 «sbs,
Ay 5l G g 00l (el S00SG b (g Dlla S
518 yrelyl aelsl o a8 Wl o wsds sON Cuslle &b (V)
A 3491 (V) abal

+1 if (5, )>0
sgn= 0 ifﬁcj—xk}=0 )

-1 if(x)<0



\\C'Y ¢Y O)Louja ‘\& J.L’>

C.=Z, ,,* var(s) )
s Al 45 Sl 8,lbinl m595 0,1 Z (] jo 4

solie 303l (gl o 4z S a5 o (el o
3 ZJls gl wps oo plaisl oy 4|y el
9 VAP L ol o s e 0 A9 5 A0 licebsl molans
(Vo) 9 () loataly 5l oolai vl Ly o g .ol Y/OA
dwlxe (M2+1) LI s (ML) ol laebl sgo >

gl 50
MI="52 @)
Mzzw D)

ool sty glacas IS olaws N dog)] o a8
@55 1,8 oad o)Ll Cud g0 alald J0 Jhe e asilis>
Wosls 6y 1 Ny, 3929 pae g oad A pdy Jho (52
9 Al o yas sue ST el ad 3 I3 ol 3,90
osls 1o Kig, dg2g g 0dls Oy oo (5,805 8 Cuds
N PR 4.»3).:..\.: ‘u}‘)] S0 QLMAJG‘ C.la.m 5

Otil_.uo.).‘ \Yva » allws U»L_&o » J._.39) )y CJL.:

25988 Sy el Gl 30 s B (490 (6 ey 00

ool adS L o gyl sre mhw a ] oA
W (s osire gobs slp 398 0903l 9 el 0903 sl
ol e Z ojlal azsliz 0gd 0 bl sy A9
O ohd hte D500 5 sl (G350 Slo (5 o s
2D dely> Jg5 g,
o Obay wile i gy nl oelel o (903
odls )13 gloy gy S Slanlin o Oglas 5 JlauS
Gy 3o 030 Cl 2 s o gy Ol j0 1l 0l
gl beed (g ale g amls Jla5 550 Sloj
S @ 2l cod G e (e 9 90
S50 gy (V2 BY) slaaka,

D9l oo dloe (V) alal, 5losls Cam o o lal

Xo-X;

O=-—— )

i ol 5o slosalive ools s jay X 9 X ol e as

Soosly Cdz g3 o gl (V) all) R L
‘(Qmed) Sl J.;j) s u.....u éﬁ‘j B as OMT Cawdds
90 9 (SO &3) ‘\)5...':: w.oned ;‘ \)5....:‘59 C\......:L‘>ua
al>po o 0g walss o gy o] (ad hle Djge

A9 5 90 liebl ogamme 40 sae] Cawddy ol

35S o0 )3 o9a3l 9,90 (M) a5l eao o

9355 (5 g 0w slaolKiasl (gl s yo iy Jleil o 5o JIaiS e (90T 5l Jeols gulis =Y Jeua
Table 1. The results of the Mann-Kendall test at the five percent probability level for the country's hydrometric stations

Period of time

Station code Sen’s slope

Trend status Station code

Period of time

Sen’s slope Trend status

(Year) (Year)

11031 33 -0.0038 No trend 19043 43 -0.0052 Decreasing
11073 38 -0.2198 Decreasing 19081 41 0.0001 No trend

12005 46 -0.0056 No trend 19119 25 -0.0030 No trend

12037 65 -0.0674 No trend 19147 27 -0.0400 Decreasing
13052 32 0.0005 No trend 19914 26 0.0140 No trend

12053 47 0.0006 No trend 21053 29 -0.0036 Decreasing
12071 27 -0.0675 Decreasing 21147 57 -0.0333 Decreasing
13005 37 -0.0257 Decreasing 21157 36 -0.0117 Decreasing
13013 34 -0.0687 No trend 21185 61 -0.0733 Decreasing
13029 47 -0.1490 Decreasing 21199 67 -0.0733 Decreasing
14007 63 -0.0572 Decreasing 21215 46 -0.2560 Decreasing
15007 59 -0.2366 Decreasing 21225 49 0.0577 Increasing
15015 47 0.0421 Decreasing 21291 39 -0.0592 Decreasing
16023 59 -0.0016 No trend 21377 33 -0.0003 Decreasing
16059 58 -0.0320 No trend 21389 39 -0.0042 Decreasing
17001 41 -0.0067 Decreasing 21411 31 -0.1349 Decreasing
17007 54 -0.0068 Decreasing 21491 32 -0.0643 Decreasing
17053 41 -0.0068 Decreasing 21945 28 -0.0079 Decreasing
17057 35 -0.0221 No trend 22013 61 -0.0039 Decreasing
17083 32 -0.1160 Decreasing 22015 48 -0.0095 Decreasing
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Table 1 Continued

Period of time

Period of time

Station code Sen’s slope Trend status Station code Sen’s slope Trend status
(Year) (Year)

17133 26 0.0000 Decreasing 22027 51 -0.0418 Decreasing
17201 28 0.0000 Decreasing 22029 61 -0.0040 Decreasing
17926 29 0.0079 No trend 22037 49 -0.0129 Decreasing
18023 41 -0.0046 Decreasing 22045 56 -0.0043 Decreasing
18950 23 -0.0290 Decreasing 18029 59 -0.0185 No trend
19039 42 -0.0225 No trend 19031 52 -0.1220 Decreasing
23017 38 -0.3113 Decreasing 35001 43 -0.0012 Decreasing
23019 42 -0.0128 Decreasing 35005 60 -0.0037 Decreasing
23029 42 -0.0010 Decreasing 36011 42 -0.2817 Decreasing
26013 28 -0.0004 Decreasing 41103 69 14.8800 No trend
26015 44 -0.0312 Decreasing 42001 42 -0.0080 Decreasing
26023 19 -0.0064 Decreasing 42003 46 0.0000 Increasing
26037 34 -0.0031 Decreasing 42005 48 -0.0030 Decreasing
26201 32 -0.0046 Decreasing 42007 48 0.0010 No trend
27904 50 -0.0011 Decreasing 42009 69 0.0210 Increasing
28011 36 -0.0024 Decreasing 42011 69 -0.0020 No trend
29015 30 -0.0009 Decreasing 42025 66 -0.0010 Decreasing
31001 31 -0.0013 Decreasing 42027 37 -0.0010 Decreasing
31013 27 -0.0003 Decreasing 42029 36 -0.0010 Decreasing
31021 31 0.3300 No trend 42033 35 -0.0010 Decreasing
32005 34 0.6500 Increasing 42039 28 0.0000 No trend
32011 33 0.0005 Increasing 42047 39 -0.0004 Decreasing
33001 42 0.0000 No trend 42049 38 -0.0400 Decreasing
23043 46 -0.0006 Decreasing 42055 36 -0.0005 Decreasing
23053 46 -0.0005 Decreasing 42059 32 -0.029 Decreasing
24033 40 -0.0004 Decreasing 42061 27 0.0000 No trend
24065 42 -0.0003 Decreasing 42065 28 -0.0001 Decreasing
25001 40 -0.0006 Decreasing 46001 39 -0.0002 Decreasing
33003 42 -0.0006 Decreasing 46003 57 -0.0001 Decreasing
33037 52 -0.0024 Decreasing 46005 52 -0.0002 Decreasing
34019 51 -0.1238 Decreasing 46011 58 -0.0002 Decreasing
46013 38 -0.1772 Decreasing 46023 36 -0.0001 No trend
46051 26 -0.0010 Decreasing 46101 26 0.0000 No trend
47131 33 0.0000 No trend 62009 34 -0.0001 Decreasing
47223 26 0.0400 No trend 64003 44 -0.0005 Decreasing
51009 21 0.0300 No trend 64023 41 -0.0001 Decreasing
52005 32 0.0000 No trend 64029 66 -0.0001 Decreasing
53013 22 0.0000 No trend 64043 35 0.0000 Decreasing
53241 19 0.0000 No trend 65001 34 -0.0006 Decreasing
54903 26 0.0000 No trend 67001 45 -0.0008 Decreasing
55001 32 0.0000 No trend 67003 40 -0.0001 Decreasing
55009 35 0.0000 No trend 11027 44 -0.0196 Decreasing
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Fig 2. Spatial distribution of the trend of hydrometric stations in six large watersheds of the country
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Table 2. The results of the Mann-Kendall test at the five percent probability level for the stations affected by the dam

Name of Sen’s slope Trend status

Station code Name of station Before After Before After

watershed . - . .
construction construction construction construction
19-095 Neor 0.00000 -0.00100 Trending Decreasing
19-020 Khoda Afarin Caspian Sea -4.23900 -8.14000 Decreasing Decreasing
19-807 Jolfa -13.85000 -19.47000 Decreasing Decreasing
35-011 Urmia Dam -1.05000 -2.50000 No trend Decreasing
35-007 Yalguj Aghaj Lake Urmia -3.18000 -6.19000 Decreasing Decreasing
31-037 Ghermezigol -1.45000 -2.02000 No trend Decreasing
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Table 2 Continued

Sen’s slope Trend status

Station code Name of station Name of Before After Before After
watershed f . . .
construction construction construction construction
22-017 Gor Gor 0.00556 -0.02500 No trend Decreasing
24-019 Tang e Karezin -0.00644 0.00478 Decreasing Decreasing
26-005 Gozon -0.00235 -0.00235 Decreasing Decreasing
21-081 Eyvan Persian Gulf and -0.00043 -0.00042 Decreasing Decreasing
21-191 Pay e Pol Gulf of Oman -0.08063 -0.06782 Decreasing Decreasing
21-267 Dorod-Tire -0.00439 -0.00436 Decreasing Decreasing
21-411 Nazar Abad -0.13478 -0.14563 Decreasing Decreasing
29-011 Pirdan 0.00300 0.00100 Increasing Increasing
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