-~

) WAl g gl IV oyl /md3lh Jlo jusol 09> o pite dolidings
Sl st o g (55,98 ol oISl "‘:wﬁg;-’ J"

8l 035 Cupite asliulgly

oty a5l3g, Cuwd b g CawdVl golKiwg] 13 b o Ol pds W, oo

Togicnd Ggias 9| Sb,8 desese 3,86,5 6 aeal O SliS Lo,
(rezakanani@gmail.com :Jggus odium 95) 3255 olKuiil ¢(55y9lisS 018l el pundiges 09,5 ¢(,5> (g9l -
R oKy ‘d)'”LJ;f 0aSisly ;;'j (WA 55; sbewl -Y
RS oKl ‘d,‘”t.:s suSuishy ;;'j (WA o”f )L_....l‘.ih -y
AWAY/V oA 2y ol AR/ by g )b
S R R W Yy

bS>
BB jobay Suid oy 9 Suid Gblo 45 o319t lwdl Slolsdl g walll i ST 40 alidg, sl sdl sl 5
sf o 43 @ly oloid adgn SUlyy o ol GBCld 5 walll paasd 151 Gaios (3] 43 Conel didly LB 423
9y BN (g5 5 (SS9, | (Sl b o (ol )3 b anlllan (SQ59)g b S (g jlwand 1 o3likw! b o !
bl (asduid lp Culy Cand Cpideod (Cdy )50 JIAS 0 Cund  conldly jiumd (0315 Wg;y cpmetd (5150 i 02wl g1 9
cli::wﬁl 90 9 0393 (e Mgy gl Iy A ﬁ:lif sl s ?‘3&’ i 03w ! sonldl L puiie g AiWlw (0 pdlie &9 gawt gt
230 3 (Jo3i Kg; g lod (Glayiie )3 (oiulB1 Ny, (coulSl Jolge U alaily 53wl I3 Sxe TV ¢ )3 (59,2 Cuwdomly
e )3 @& pw Olpudi ol (R gy S Hleg Jad 3 (0,0 Sl ukio plod (uidred 315 3929 Adg (crmin
3> L5 0,9 93 43 (59,2 o] 43 (20 lawgio dmylile (Cawl 8315 F, YA A ailo 1> codlBl sl purio ST g lily,
S olod 1> Cllg, ials w coalBl g Sl Jolas sl duo)d (Cuwl &l ialS 7 ¥ Jgl 0,90 43 Cunnd pudl 8590 42

5 BB 65y 0l Oyl 2 il SCled ST ol iy 992 20255 1T-F0 5 T0-AE (3 a5y 03kl 3,90

sl o0

S i (gl (3o (poudll yund gty ¢Sl LolaBl 3 g8 slasl

ohlSer ¢ Sl ol 1o W pows 9 o)l Oy
2 Sl lacdld g @uldl o5 S o) yolatens (3)
OgeSy by aw Sl o Jled > dalagY ade
Jieo gilednd 5 (5o Cawlus Jlod alas
Sl 5 5y O Gy 025 el (Kl
9 Gy S g JUS e el cus Uy, (slalais
o3y 4 Yl TCllyy — )k cislae ress e
Ololadl YAA =Y+ A 0y90 j3 o3l il il .l ol
9 039 Juoyd A-AY ).3‘).3 A.Jl..i]j) wfblf LA“’] JALC L;sl.wl
bis Jouily 335 i g o0k Sl Sl (ol wrw
Gilo oS (ogas 1 (F) ohlSer 5 65 .Cusl o pd Y-V
S ) o Sl g 03905 adlllas agg asg> Sl Asgs
omd sl ap S SIS e cusd SiglgledS )
250 (gt g Culy Caund AVl by gldes Ol
o3y )l il cawl ead edlawl Cblgy — o)L casliae
2 ok bl s g )b e gy s> 93 o
ML.AQ- J.J?U u»l.wl X e Lol 030> C) Y44y
Ol B9y (Sjdariee Jho ilwand 5 (Sjsls)e
0dg ‘_s.:l.u.ul L;LEWJL:B 4 b%).a bies Adg> 9d 4 yl)’]ﬁ)
ol 2oyd VWU O dgas by, ials 3 ol pgw g
P oly ases Sblgy Sl Slelidl g wuldl oz <l 31
(Y‘) ul)&w 9 Li.:b ja.wy ARV R L;‘La) 0,9
slacdls o cwl o] 5l Sl .cwl osd adlae
Sl )b by Sy p @l 5l gyt Sl 5yt

Aodlo

).:)j sase 2 dodes Olyus p3) gl j»
> Balhag; (b g laclly) lie 5 485 ©)ee
oMew g8y Copods dlge (Sp 3 b g 0dd ials
lasbly) olise LlS gadge (V) ool 438l sl obys
e 5l (S lpl Swidaes 5 i 3ble > ofga
b Jolss A baes ol g2y (Sjglgyne
gl eis Jolye <l (Y1) ol 0352 G 5 (o)
9 4eg)l a2l dlox jlladal )y g (o (il o9 (o
Cooal (CUly) (ialS )3 Sge Jalge I Pl 2 waew (e
Copdo b daly 3 dngilae colie g bapleel @) 53 (oljun
S gl e Jed 3 aeg)l 2l o Ol pls
IS Olgisa g 039 Slaygls jod d2by> (5,5
> (b ogdoe adlid Gl 3 Ledyl (ol (slrolSiny
ol 4Bl3S Siis & g aLblS
by ailiagy by lonts b daly 55 (g3dxko ldllae
i)l e &S sladlae jd ] €85 Cjgo e
Sizdgy 939y by> 52 bl Slalil g ouldl s
Sgy o sly &85 pldl (VF) Sen 5 J by
ol ady S e el e gl Sl
B9y 93 38 Sllyy 2 edlil slajpite Sl L5 sl
Sl p o929 Jewill p5 5 G)b 4 by Comles
b Ll 0 ealawl ool g LYl ol om dayly
M 00 (pesd g Al Jo3 Mgy AVl by edly ol
aVlo by pials S as s AY dgis ()l 0] Slles

1- Mann-Kendall 2- Pettitt's test

3- Double mass curve of precipitation-runoff
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Table 1. Statistical parameters of the hydroclimatic annual data
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Figure 1. Location of the Lighvan basin
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Table 2. Results of the Mann-Kendall test (Z values) for the hydro-climatic variables of Lighvan basin
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Table 3. The Pettitt test results for the annual hvdro climatic variables in Lighvan basin
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Figure 2. Changes in annual discharge of the Lighvan River in upstream (Lighvan Station) and downstream of the
basin (Hervy Station)
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Table 4. Best input variables selected by three models based on statistical measures

Jse [PYVE R? RMSE
Model- forward RH, SnowW/Pspring , Pautumn A AN ¢
Model 1-1 P, Timean, RH, FD, SNOW/Pspring, Pautumn <IYA <Y
Model 1-2 P, Trmean, RH, FD, Snow/Pspring, Paytumn lay </VFA

b oo p9d 9 Jol 080 (sl i Sy 5 039 iy (yaaw S 5l Juol> Model 1-2 4 Model 1-1 gls Ji 1465



\Vd Ol Wldg) Cawd iyl g CandVl lrolSiun! 3 )b > Ol Kg, Juloo
1.4 1.6
12 (-d b
1 B 12 r “
£ 0% L 308 |
= 06 e . .
g v (o] ®
0.4 0.4
0.2 Qobs
0 ||||||||||||||||||||||||||||| O L L !
1972 1976 1980 1984 1988 1992 1996 0 0.5 1 1.5
Time(year) Qobs
1.4
12 € |
,,,,, | []
! Ay
[%) y ]
£ 08 M LA X .‘ y
5 06 WSy ad-\ '-‘-'-\------
0.4 S~
Qobs
02 rooa Qmodel
O I T T 1 P 't I TR T T T T [ T TN T T N TN 1
1972 1980 1988 1996 2004 2012
Time(year)

olel 0,95 JS g gl 0399 )9 V=) Ja b (gluaend 5 Slialiie (2 polis duglie -V IS5
Figure 3. Comparison of the observed and simulated flow values of the model1-1 in the first period (a) and the total
statistical period (c)
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Table 5. The results of contribution of climatic and human factors in river flow reduction
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Abstract

In recent years, rivers flows have significantly decreased due to regional or global climate
change and human activities especially in the arid and semi-arid regions. In this study, the effect
of climate change and human activities on the runoff responses was examined using hydrologic
model simulation in the Lighvan basin located in the northwest of Iran. For determination of
hydrologic model MLR methods (Forward and Ridge) were used. The Mann—Kendall test was
applied to identify the trends in hydro-climatic data series. Also. the Pettitt’s test was adapted to
detect chanae-points in the annual discharage values and climatic variables. The results showed
that there was negative trend in discharge data series, so that in Hervy station it significant at
10%. Examination of the climatic factors indicated that there was an increase in the temperature
values and a decrease in the relative humidity values at the basin. Also all variables related to
precipitation in spring have decrease trends. The rapid changes in runoff values and most of the
climatic variables occurred in mid-1990s. Comparison of the average discharge in the
Hervy Station in the two periods indicates 36% decrease in the recent period compared
to the natural period. The effect percentages of the human factors and climatic factors on
runoff reduction in all the models used were 65%-84% and 16%-35%, respectively. Therefore,
the impact of human activities on the river flow changes was significant.
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