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Simulation of Rainfall-Runof@{in TajaM@asin under Different Scenarios of

Change

ABSTRACT .

Determining and predicting runoffis a jal step in
the HEC-HMS model an&@mulate rainfall-

In this research, the data% duriag the
years 2010-2016 were used ¥@r the veRsbl
between observed and simulated di

e of water resources. This research aims to calibrate and validate
off for co data series in the Tajan basin based on climate change Scenarios.
s 2002-2009 were used for the calibration stage and the data recorded during the
stage. The results of model calibration showed that the correlation coefficient
ues was equal to 0.81 and the Nash-Sutcliffe coefficient was equal to 0.68, which
oned data. Also, in the verification stage, the correlation index and Nash-Sutcliffe
respectively, confirming that the model shows a good estimate for the observations. In the
e scale for the period of 2020-2049 were loaded in the model and basin runoff was simulated
that the amount of discharge in the future period compared to the base period would decrease
nd RCP 2.6 climate change scenarios, and only in the RCP 8.5 scenario, the discharge will increase
eriod in August, September, October and November. The simulation results showed that the amount
and autumn under the RCP 8.5 scenario will increase more than in the RCP 2.6 scenario.

next step, data values in
for this period. The results

a little compa
of discharge i

Keywords: Daily Discharge, Hydrologic Model, Runoff, RCP 2.6, RCP 8.5.

EVRVTY

5ol yoste 5 sipaely daailssg, 3l oSl (ol Sl (shb )3 ol cucnl 4 av g5 b aailsng, by wibe
sobatods Qllg) (o oied Cusl 0 OF (ludigs drg5 390 by I bailiagy Coguy g Gl yd S dadw il
oo 5> Clly) (i gyl jlcwl ygp0 (0 9 SB sladfow ladilobs g Juw J5S ojl5e 5l Sge ()10 00



iloand g Sutalip ly 1) g S50 cloylil 5l Ol wlio Coputo )3 Gl siledas cusl Jlay55 5 (3L Cuanl 5 5]
3 & (Siiglgpaen cilize gl Jae &y Jogi b ol 2502 & cusl Gl g 0 ol obj)l pelaieds asg> (Sojglsyaem S,
By 09d 5 e (2L Uids ol 95 9 @i bk Ol S Cage sl Moy (B il sl g,
cov |y asg O oMo loadlye o Cllg,y e &8ss Jlolge odos | awlidh poj OMSLS 3 S caaY Oluogad
5 sl cilisee (la ol odlital L o (silodend ool (sloasgs Gllyym byl AT calid (dlyy iimd e )15 80
Slalllas 5l )l > SUlyym )k (setigy (Giloand (IYAF ohlSen 5 (6p3) Cuwsl ()98 Aol @bt Lo 5 4325
0555 52 029 el Sl gl (6000005 5 M ity B9y Gl el i S sy dlox Sl ((SaSelgsne
o sl (Santen Sluslre o e 1 (So il o goimd S5 (glayiite g lnadlpe cOls gilins 0y (pl

2 oS LSS eSS les Sl 1) )l o \gla b xocunyj S3l6 (2B (55 Ol el el (Sen
w8l xSl slacdls *4 5l u_i) " ) g G 0 il slacdBy B leand b ol
Fosendy Sloj @8l S Jsbo 5 @
head slacs g | ol Gl
(0) 0)5 Cune stb)b.»\ pisio glacdld (1938l39) s (Gloa Carer GBIl (oSl )l e
Luwgie i8!3] s 0005 waldl )3 (6dghuie lyui gu Ny dinio MBI I U ol oa el
o s Ll S lapbl « 5,55 (g o julad adldl (gu> (slooyny I3l (e o) glod
o S (MM Ghlen 5 LLL) adlbie JLsSis 5 (b oo (8 9> dal )
o YV ee Jlo b ol S Sl an p VAU Joleo (olod iul38l (IS sl j8 xazs yuosds
2 s> S Nl 5o O 5> Sl p G185 L3 5 (0)k pegat s (ol (slayiall ke )3 i (WY 0l Sl
CSld )3 oo OB sorldl (gla St b o] i) s st 9y 0l 1RO (S 5 sl cutly salss T gloe 0
il Jaled gy o byl d b ablie s cuslio sl )Soly &1l g ooy ool lpss sigs

A o (ol s Logas (olyijle 50 (slopes aile Jlod (2155 052980) 98 il 3blio 5! sla Lo )3
e 5 5T el 0053)]g sblio oyl & lgld Sl 5 o slaclud g ol 039 ok Huus 4y yoxie 48 3ljle (sl

)9"4"") Cwl )UM] .))99 dslais 1 » o..\ww lJ ol lie cleMb)

L)“"m5)4 (.)’1 Pl?o‘ )‘ EXEPRT-S) wlblf ‘) u)‘.o.o‘ u])l.m} .blyuﬁ uﬁlf 9 WL.A Lo) » 0 ‘ )1 udwb ubls) Ls"‘"(.)“"" 9 (.)")L’
LT;LI” «_91)59)4.@ O g SUlgy— il (g5lwdedd )95.044 Ll 0455 quul (g Qil 9 0l 48,5 )Lu)b uLJP 5 Slaal



asg> HEC-HMS s .cuslosd o3lizul HEC-HMS o jIRCP 8.5 o RCP 2.6 (clagy i o 5 jo il ddgs (ogy>
1y Sblgy =)l ald 5 ade 6 adlge ya amd e ialed (SSdg)tn (sladile b dgnehds whum S5 Glgieds 1) 320
Oluogad 4 baye Sledbl 0,80)lg b picren A8 o (gjlwded o oo 0000l dAdg> 55 &S ddes jl Liisy 31 )0

g e g Sllgy BSg,0m g 25 00 ol llgy & S5k s el siloand ol T2l g ads>

&32 |o~:.m:

Silwwlbie sy g (pges 493,5 sla Jue jloolatwl b Yo WN=Y¥e c0y9d (gl |y oyl ((VYAY) 00l ybdles o (gdomxo g
J3e 5l ealitl b olaen S w300 adgs 53 1) Gllgy Jlaie Ly 13,5 i ALB 4 Blgy, :
P oS dl (60)93 4 Cumd (ST (5093 > Cllgy poxs il saiad i ol 3y (gjlwad Blgy=uss b

23,5 ¢jlwdwi RCP 8.5 o RCP 2.6 ,Lizil yyus (clogy ks ey CANESM o5l el
aVlo (slod uSile a5 oy lis o ol .ol pbl IHECRAS Juo b Sl : j o decd  yuunan
VIAY 5 V\¥ RCP 85 5 RCP 2.6 55,lis 95 o (VWOF-VYAY) 3.0 0,55 R R A) Wy o oaces

2 Silwdend D) )8 pod dess ;3 oaadd VIR Jlo U by (Al o (S5L ials 5l olis b oo g 4500 .85 )18
g )l duslio B> o LS Mo DAL ) s & > Ol ¢ une a0 SUST oozl b Bl s 4 (63959

sl Jow SIS 5 000 150905 03 J%o 5] sl 5 Gl il by 550l o) Ul
2 CuiS3b oy iljel b @u 2 gl 4 asgi b odd dewbre Jlo Voo 900 F¥O Ve S iL slroygd
‘(\\c Y) O ‘_5&:.> 9 039 [‘,5 L;)‘JJZ»LMA 9 W L;)L»w stbu'f') )g‘.)u.o GBS ) J)Jﬁ

b 5980 b ¢ s lgie HEC-HMS o 55 Cllg)y =)k (siloansd Bylaie (g JUS 53 0l olas

SRS Il g9y a9 nj JB 5550 pgad poluly |y alols Qllg) «B)late (g) SHUS ;45 A5 )5t

ol SO0 Wad g0 &y Cusdly p> doxl
HEC-RAS 4 MS (ola,l53le 5 5l odlatul b olesls oS 3o ol adgs 15 by (o5lwans 4 Shieh et al (2007)
Ao 90 sl J00 etal (2009) .l 634y o sime (P<0.05) zrbaws ;5 (yby> o ol lisl 156 als Lt ol azsly
Jo 9 bl Kol adee 3 OMew 7 g S0 4> 3 03l &) S A ogize)S > SeuSSe 5 JSL
Jae a5 awy a5 opl 4 g 153,8 duglio wa b 1) Jie 93 ol byl 65,8 (¢5loans ReFH g HEC-HMS G599,
oL dde> 93y D 05> (ilwaud HEC-HMS Jus oS Jboyd s o ol |y zgl by (giloduds > cudgae ReFH
S59gyid » auldl 15U« ALB Ll (g lw s ECHAMS _ogec 53,5 Jdo ;I oslizul L Steel-Dunne et al (2008) .»l>
sl .ol 8wy 3y90 Iy HBV-Light Cllgy— o)L eavbe Jdo 3l edlatul b syl jeuiS )0 ddes A aildagy oLy
LB VeV o=V o5 093 53 (oS Kg) bl ()b g (ool Bl gy Wliane ()b dmadgs (] )3 oS 3l las gl (]



259 guyis p |y SMA) S ook Mo wio o3l ¢ SO5909)00 (g5l Jio 3us ,> Fleming and Vincent (2004) . ol
L5 gl A58 )5 gy 3y50 b g bl o Wl Jao s o5 ) 3 5,5 Sy SIS g s IS
2 ool s Jao oS gysbds cmd o wlyl 1) (g pcuwlio (gilwans Wl Jio b duwlio » Sllls dod g Jad Jao o
~ S 5L Jae 3 Slas Try et al (2020) a3 o «Sid» bals 3 by 5l (gytin do i jlAde g 03y puime €5 laylyds
Ve r ) Gl ydlS @l 00l S5 b5l 3,90 00b (55031l )L jleslitl b ) S3ga pl asge 0 (S8 5 LUy,
ogMe 3> asgs opl )3 Jod B > Slae S8 Sl g Sllgym S)b Jio a8 sl olis (Yo o ¥=Y+ V) ovwcons ¢ (Voo F
TRMM 5 GSMaP (RNL) PERSIANN-CDR (GPCC APHRODITE Lol 0. (siudSed b (50313 de goro ety )
by s wlagy i (gilwdns (00 ol . eolaiwl ol oxiwly Jde 4y (63959 lgisdy YooV I -l 5l (3B42V7)
Je 5 CN 36 (¢l,, Daide et al (2021) 53,5 Jos Wodls (gdsgazxe nlu 5l yigs APHRODITE

| Qe 9 dwlre GIS lazws > Hec-GeoHms I3l 5l 1y ases  So58 ©

Dy 51 edlatwl ¢y Silalllae ol 4 a9 b
L > Wil oo (Sjelg)id slaJde SaS 4y Sl
oigk ol plsl I Ban by A8l andly (6 S50 285
| sl2gn)low olly diwgn glaodly (6w sl Sl
sl 0397 el i Gilisea slngy i o

— 00k il g loa i (e oo g baojleale 5
Mo 358 9 Ol wlie Copte caps ailio,y 00 gL 5 <
— 0k (5jloded s e s HEC-HMS Jao

ol bl:ggl gljlw O‘}:.n u,m )?E.A CYCd] ).;).»l

g3 (wlwivg

4&"&00)9&%

a3 OF SLslss o3gaoe ;D @iyeyiaghS ¥oVE/S o, colus b o0 jpl ases
ol @bly haisle bl o Jleds Sy 488> VW 5 an d ¥ L adBd OF 9 >0 Y0 5 Sy
5 sl s J1VF ol ol 0y iy g yio YVAY (ol lis)] yiSlas sl adly (55l (ol e
) &dg> & Byd O S Wlhagy adge 4 (Byb Jled 5 555 J o35 by 4 Jled jl adee ol
@) op g 29l Sl adgx 4 )5 Jlad g o)l ol rard aidlate )3 5l 098 ) Jlod slaaials 4 i
v 4Vl Lawsgio slod 5 sio o SAV/Y b OYD abgs 4Vl byl Lawgio 33,5 o Sgiome s Jy dilaie 1> Vb ades
o aBBagy sl ol anlpl Job sl o o0 43y, dsgs ol ol aldg, sl o 3,5 il ds3VSIA B VYA
(IYAY (gl 3 g0) Cunlord dusloen yioskS WY Joleo

Job 4dB> ¥V g )
gpel5 15 ol Clapais
2,8

5 oo lald




Ao ee Vevean V¥eran Vieras Vieves VAreae

s
N i
< Wf@*E é
- Y il
S
S S
DO PSP -
P s
- bl e -
R
s o
E o—— ] E
7 | yvwornr [« 7
3 3~
\Y.0 Yo 0 Yo AR
T T T T T
Ao e Veroon VY¥eron Vivran Viee oo VArveoe

(e il sl Afccﬁ sl sady
(SES phless) e :

Sl ) 4 a5 sagis o
Slose 580 (s 5 AN 5
M) o 5 (5503555 ctaled g MBI s S 05 (165 (go55)
Do oo 0313 i Lo ML L bl Wi So wehy By e pdae ol SleMbl da Jao cpl jd il o ol 5l dtwge

31 ol cuenl adhaie Lsl)l 68 5l BT olile 5L camlxe g Soxie (goyleid D)5l 13 33,5 0
(MY ) Kan

5 oS (g)lac)



odlil b g ooyl (BLS (idgr g () SB (s pddes C
s 4t S Sjglgpam 09,8 (AdE oy S

cblis yoosl SB slaog,S o)kl 4 an g b

Q

09,5 -Y Jgr

Cdgdei ylade diel
SB
(sl 50 yionkno)

SB S5y e 09,5

YIEY = \YIV-

YIAY = YIZY

VIYY = YIAY

< =YY

o|lO|w|>




- Alfisols
I:I Inceptisols
E Mollisols

- Rock Outcrops/Entisols

Rock Outcrops/Inceptisols ‘

A5 ploal ArcGIS sl




-\'0 -"\\ -V\

-\"\ _’\0 -W
-ZVD‘V\ -AY

-o- |:|v- -M.

. O . )
-‘\- -Vl - Voo b ‘

oS sl sase

asg> (31,5 e 58 syl (DEM) (068, claiml Jio Iy g e0HMS adbdl 5l oolatwl b dawl guass cpl jo

YE 455 ol

HEC-GeoHMS Jse jleslawl b o )a).»i Wog> slbddgs ) Al ) Js»;



GRS g 5

Qo g (5 3w A 51 9 HEC-HMS Jo

ol g0 b pldl osly 5 aaids d)ﬁié‘? @l qwyp Jold Cloddo ¢ o0 )J)J‘ s Cllgy = ik (gilwandd jolaioa

A3 o i 1y saddlol sladses yj g Uz»d&l);j O S &S 00l 4S9 35 ¥ s D950 (solSiun] bl p ddg> ¢ 3ui>S
Clyogad ATCGIS 38 o5 slocabls 51 odical |y 5 05 s osh) (slaeis & sp90 gl I s

A dle (a9 05 J& 55 50 g baome coliue b dbadgs 5 0390000 (s Jold) adg> (31,5550

Apd o iwles |y HEC-GEOHMS 4l Lawgs ArcGIS jl38le 5 5l ool covggmesle MLl ¥ Jgi
o ddl&.)” dog> L;l.mmép)ﬁ)' Olasin .« > ﬂ
. . o o

(7)) ao9mp13 (km) (km?) é 5
Yo/vE oy YO \
YOIVE Yoy YA YIAAYD Y
IR WIS oW R P PR WS KPR S oW ) s b (cbolSiun] ailjey (o5 (slaodld I Baiss pl jo

(e 9 35 A5 HEC-HMS Jl3dle 5 (gl (o0
Jse 5y o] slaosls 4 b,\.w‘)su 35 Sy
o) )8 dslre HEC-HMS |38l
395 (Sloj g 2945 o0 48

WS (oo dnle |y (5)%5 9y
. lion b 4 Juily 5,5 5 505 Sl smlilgh S S5 4 6 39 3l
g

SElo)le 258 Jae 3l 1L oS Jagy ol 5k sl Sler

SB eyl Ll -

o oy o) Sl g Canl gLl bulpd &) o) sl SB gl 39a8 s Sl il o
g Ol

oMb gledl sl S byl Sl -

ot Sl 2918 i ool 2 IEL Jg 055 aruslone S 13 39250 733 5 JB IS i olsl 2 2k Jeol )3 el
Sl 5 18 odliul Wil e )] 5 olS a5 Cunl (a3 S 3 39390 Ul liwe o) 3 &S (clabai) wild (S3ye e | oy,
dnloee Ll alats 4y (o 03l bl g Canl sdpus S Sl)d a4y 4586 (69 bwes Ol clls 1l 13 9 0 il (53505
9500 ol (Jole O £li5)) yio oo oy o] Sl 5 39300

S5 <l gy -



ol el yio oo sy o doly g aib glil S 4Y oS canl Slojy O S5 cae p o Ui el ol
cal gl (Sgyen colin o pd el cnl sl o) e

U395 Aoy -

Byt (03) 4o 25 51 i i 5 ol D95 By (o (e 45 sl A 105 5l g0y gosimd it szelyly el
D9 oo Joas Qlly) 4 uians yobody ()b (ooloT (3983

g b odlitul (SASiS (o)l al (23 deslre (gl 5 SCS waly Sl Sgymn (B Sl CUlgy 4 )b b sl owinen
W sl by laodls b ebilgy 4y oyl o ‘51); Jae culys 4o
@l ©ygots (5l 33 I e JUE by 9 99800 pasuiie adg> 3 (patidie )13, & Sl
Sl cal Ol gy ol 62929 sl el 95 00

Db o (Byme Jio 4 B L e vyl

U5 9,8 ol -

ab by Cund Oygody el ol sl )k glaslis ) o 4L (B b ey gormd LS iS58 b yel)l
Db e iyl oy o b gl 4 il b o

&lew! £y -

ab @ ab by bas Joe a5 opl o
(sl al gl ploa al3g) 53 39290 (b >

..‘ <o

WHEC-HMS |58ls 5 suiuwly cgidm dlspo 53 .Cuwl oads plowl Cllgy e 53 (o Yo
Iyl Slalis 4 U}’wau Bl S g)hd s OS] 0,8 dineS oxiwly jl Gun ul plol
Dy 3¢9 Shalie BLS g un 4 15 &S cpaie > Bua wb SO oplplo ded e odlitul (¢ 5lodige
so ply ol ke gl ply Jaidy50 paie ) lusloe 5 Slualis B1Sg,um lade 5148 205 0 iy Sl 4 &b
oy sbyiel)ly b Jao lal Bojb 5l Jae (priwcone a8 plonl Juo (riwcons s (MTAD (e 5 JLI3) 59
&l Sbly, (gilwams sl HEC-HMS Jl8ls 5 coles )3 8,5 slosl VWWAR-AD f (sla Sl sloodly b g (oxiwly als e 4
92yl ¢ o CaNESM2 lgic 4 w3y (5135 g5 (soges (93,5 e (yyb ool 5l ooliul b (V= +=VEYA 0)93) 5T 09

(ITAY gl 3 50) 395 s 1ya] canl 015 _olaspolidoy) SDSM Jao Lawss 45 RCP 8.5 4 RCP 2.6



OPF orwd ) (paed g SIS g 5 sleeygd (gilwand 1 38 S <l 25 g adgl 598 g, I Gimgn cpl 5
s SAeMbl g ol 5l (pired b 41854 dtuogey (65lodens Sois S 5o s (sl o Ylne (sl jial)ly g leML]

ol 0dd a3 )5 0500 (il S )d e duwle lp i

O Sl sl g Juo (o0 sLis! g oty Siloj 0,99
-0 ol gl Jls jl 5 (oxiwly slp WAV-AA T sla b dlale 5 ym5g pses g ailjgy (00 (i)l (glodly jl yimg3y oyl 5
2 &S (gysbay oud ouwly bodly Jgl (g jl oolaiol b Juo (gl yiolyly Tl .cuwl sadodliinl Jao (ruwcous cps WAL

oo (ly @l oyl Casdy glp palie cpl g A5 s Jde sl sl jliyge sla el desere (il dl> s

RCP 8.5 g RCP 2.6 (slagy liw o auly (50590 4y G (&

OidlS bl Jad ady Jauwad plod )0 dsgs lawgie (o)L e Iol)S ol 4 \/av 9 WY d‘}ﬁﬁd.g ey

) yio o Vo/AA g (duopd AR Joleo) yio Juo DA/YY

F) b (50590 4 Camns (VFo o= VEYA) T (g0)93 13 yiShis 5 Jolus (glod s ¥ Jgu

(515 (sl 42 3) Jilas (glod

RCP 8.5 RCP 2.6 ob;
yiov VAay Ol
vios ¥/-¥ Sl
\Alg AN ol
-V “V/YA b

Vav VAT LYl




W ouiounlie # RCP2.6 H RCP8.5

3 5 30
voo 25
5 § 20
3 = 15
2 9

3 10
_3 2

o wn
Jan mp,_

i

T
=

-
Q.
<

]
7
]
'
'
'
'
> c = w
T 5 2 5
> - <
(oLo)QLo)'

Qb (60)90 4 o 03] (6093 ) ddg> Silke (clod dunlio & S

[N
o
o

W ooioualice

D ®
o O

N
o O

(o shno) audg> (rSlo (43,1
S
o

0)9

o RCP2.6 # RCP8.5

P ok oSl dglie Y IS

RCP 8.5y RGP 2.6 slag b e ) 42l 50190 42 S (VF+ - VFYA) 5 (50,90 10 Ao Lawgio (slod 5 Uik lyes F Jgu
(o o) S5)4
RCP 2.6 RCP 8.5 RCP 2.6 obj
ViAo AL ¥/ Ol
Y/aA AR AN e
Yy VIAS Wt olils
-\/oy -\Ivo -Y\/oF ~YSIAY b
vy VY —Y</aA —0/VY Yl

oy sbasl



\PAM—AYAA 0,99 61 3 (6 slwams ad ol 2l

o ldges camlos 031> Ui A oyles IS5 )3 48 4365 lan i 03l inled camlods (gjloduns VWAL B AYAY o Cola JLo

0ilo 8L Cawlonds &Iyl by oxile Bl Jlages A ojles S5 10 )l oen Sleder i gilwand b sddosaline sla oo

S o SaS Sluslre g Slaalie polde ;3 BB dgng pund 3 by

[&] Graph for Sink "Sink-1* o W (3
Hydrograph Comparison

400

350

300

250
@
& 200
£
=
=
" 150

100 ‘

50 ! |
b Uy aJL“\ LT[, AN Y Ji L\
L»L‘b. L, i, AL ih‘l-\, A AR TR v o A N NAL il [ o At A
2002 2003 2004 2005 2006 2007 2008 2009

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

Legend (Compute Time: 193ul2021, 01:15:02)
Run:BASE Element:SINK-1 Result:Observed Flow Run:BASE Element:SINK-1 Result:Outflow Run:Base Element:Varand Result:Qutflow

------ Run:Base Element:Reach-1 Result:Outflow

Flow (M3/5)

‘\Y’A\—\\‘AA) o5 Qluodusd g oo

“ N\

; ybﬁ Bl gk A JSW

Sink-1
200+
100 ‘ “
. | —tt -
|
“M‘Nrml—r—w 1 .l }Yﬂﬂwﬂﬁ—,l——n ‘ ‘/‘Wmﬁ W,_,.,_[—J w—r—arr\’,, ' Y
-1004
-2004
. . . . . . . .
2002 2003 2004 2005 2008 2007 2008 2009
2001 2002 2003 2004 2005 2006 2007 2008

2009

(0aws g 5lwduns g oddodmlivo b y> AMB]) b > OS] il s A IS



o szl )ly Comlucs JJUT &) 5l g 42315 065 Jlgoh wal 0dd (siludnd 5 Shalie la)lges b o)Ll 45 465 lon
5 0 odalio yolie (65w g Jdo ol o (ool Olyuss el i )lade )0 yoxi b oS wlus (gl ol )l pusi om0yl
Lgudse 00D (g jlwdnd

Sl 6T ol

Comlus Ll g 45 plol el )b Jlade (cauoyd Yo g Ve Ve iulisl g il b e sasie slalysl Lls ol )b cawlus 3

Tyl 2 &89 Oboj S jwodad ol (23
8 5wt mé/s
NZASAN YS¥/A
AN YAY/A
WWAY 31\ Yoy - T4 +Ye
— AWAY 3N
AYAY )31 YOA/S ).
7MY AN Yy /o -Y.
NZASAN ‘ ¥Ya/o -y

450

400 - -
350 - oS~
250
200
150
100

50

(MA3/S) ol o e

-30 -20 -10 +10 +20 +30

(30,0)3 985 e s Ol s

o yolyb 3 lojel ol pausis (gl Comss gl (23 Sy Jges Y o JSWG



iy S

&y & HEC-HMS Juo wgs sadamwlxe g sddosnlin iy, (Sloj wlde ;3) by sl Sgpum A ojleds JSKo )
laylages ccawlods o3l Lis VY ojled S5 53 48 4565 e 0 031> yiuled canlond (g jlodns VWAA B AYAY o cla Jlo

S 09 Sledep 0l gjlwand b oddosalie sl oo

Graph

for Sink "Sink-1"

==k

hydrograph comparison

400

Flow (M3/5)

0

2001

3501

3004

250

2004

1504

100+

50

Il

h r |
AN R ) kaaﬁ\-'mn- Im‘k;nm\:‘, |ul [N (L l“ L. L‘l_ ‘L.. b oSN (W L\I

2002 2003 2004
| 2002 | 2003 | 2004

Legend (Compute Time: 19Jul2021, 00:44:25)

Run:CALIBRATION Elemenrt: SINK-1 Result: Observed Flow
Run:Calibration Element:Reach-1 Result: Outflow

2005 2006 2007 2008 2009
| 2005 | 2006 | 2007 | 2008 | 2009

Run:Calibration Element: SINK-1 Result: Outflow Run:Calibration Element:‘Yarand Resutt: Outflow

loanllis; ol BlSeynm I Y JSW

HEC-HMS o aasl lles VY S5 5 oS 365 lan
(R=0.81) B} (pess Joo

e Jlade 1F ) (ggire) (Ktumod cupd Sl plie Joio 4 d295 L
F oM 05 A o oyt 4] 4 dagi b g Al +/+FY Poles Verr oli] am 3 g

Ol w3l S Sy oae 4y psSde (adls 4z suixe bl bl 45 A5 asle - /2A



450

400 .
} 350

300 e

250 e

(M3/S) ouss 55k
- N
o O
o o
" o
»

[EN
o
o

.

e ©
.’
oy
0
0 100 200 300 400 500
(m3/S) oo ounlice

(WAY-A) (oiasly dls po 3 04 ¢ 5loduds 5 oddodnlie aljs)y bawgio 23y

(Sl 5 Slaalie polie ;0 BB D9 cpund 0 b

Sink-1

| T [
W, -~ e ”‘”’ﬁ"“’"

°

Flow (M3/S)

Py ‘r* W "\m

g

2005 2008 2007 2008 2000
2001 2002 | 2003 | 2004 | 2008 | 2000 | 2007 | 2008 2000

5y M) swly dls po ) by WS Sl Jloges Y JKWS

ool g (25945 (Sgwge) (imly Sl s Byl e i & Jgaer

JARCH
sy Your | ombos | 7 Syl
bt
Fogdke be . \t gl 3geaS Laslpid
Sk cud b Sl
)""’k;‘!"’ Yooo . ¥. ) - )Jo)‘s
oMb gl gl
cebe p jahe ¥ : A d985 ol £y
celo bee N ¥ 3505 oo
4#;[;){ u,&n);ﬁ Yoooos . Y 4,:_]91 &
- ) een - Ui gy el




HEC-HMS Jowo 2w ylis! gubid

sloJls sl & HEC-HMS o lawsgs oddduslne g sddonlie 4iljg) (sloj (wlidie 1) by slacdl)Se,um VF S 5
A ool yioles cuslond (gjlwdnd YYD B VYA

[&] Graph for Sink "Sink-1" oo [ [
Hydrograph Comparison

200

Flow (M3/S)

50

il

Y

2010 2011 2012 2013 2014 2015 2016
2009 | 2010 | 2011 2012 2013 2014 | 2015 2016
Legend (Compute Time: 24Jul2021, 00:57:40)
Run:VALIDATION Element:SINK-1 Result:Observed Flow
--- Run:Validation Element:Reach-1 Result:Outflow

0=t

Run:VALIDATION Element:SINK-1 Result:Outflow ——— Run:Validation Element:Varand Result:Outflow

9 dlomﬁk)} n_é|)§9)..\,,m -‘f Jﬁw

(WAR-2D) oxwwcous ds yo

(R=0.80) X3 cposs Jdo

Mo )d O (o) e daw 1O (Siuor S
Mie 3l 555 Cilye ) oMl
Jolee (NSE) oSSl il o

Cupd 8Sul 4 dogi b g bl 8V Jolao Verr (o] a2 L g
25,5 )18 20l 590 2o B prdaw 0 o (ol ime cplply cul 039 Sl yo
PSSO P S e & jeSde adls dx i pixe mlie bl 45 b dpulxe </FY
S e e 5 (lSSLm (3L g (Stsor g p) riolbss sloojlol ol Sl 4y 259 L
Ly Jae ol 51 3905 B e3yl3 (3 s Conog 45 55 52,) 4> sl |, HEC-HMS
A oslaswl

HEC-HMS Juo 39 0uiaT (50,558 51 2 bl -0 ) 5 jldmnss

Sllgy g 00d Jao 3yls Y+ e mIFYA (0563 15 uSlio slod 5 adg> ailisy iyb 5k sloosly ¢ Jbe olijyl 5 (oeisls I o
oo clogy s o 01yl 093 (gl (oorldl (gjlodnd @l Cusl 1S5 4y p5Y (V0 JS5) 0 (gl 0)9> nl e as
Silodde polaiods (63959 sloodls I (piSu (lgis 4 495 de gt )3 0ad Sl @l I oSl 3 5 0l 48,5 (WAY) o200 e
A Cand 03531 (60590 1D (23 liwe 0dd 03l LS VO IS 0 &S b yled cCuwl onds edlatwl ST )9 (sl Cllgy — 3L diwen
o2 ol gRCP 8.5 (co,luw p> Lt g cél anlgs jialS coub 4 RCP 2.6 9 RCP 8.5 wulil uss (6905w 93 1o cov bl (6090



Ol ot @l G psbar .l walss (58 Al 0)93 b Cond (03 el g ST pralipes (CusgST loole > (S e 4
Caoly anlgd RCP 2.6 (go2lw 4 s |y gy il 331 RCP 8.5 (ggs )l v jub g liasli (00 (yljue &5 220 0

—— Slalie o> RCP 8.5 gl oais (gilwdnndd (o RCP 2.6 ks 0us (g5lodnds (0
30
.
E 25
3
Jd
3 20
3
].
\é’ 15
3 10
g.;
5
0
- N .
RCP 8.5 g RCP 2.6 (slag jluw s lanlie 4l (6059 45 Coon T 3 ok gt (o5 s VO JKG

-

Iy oo ades diligy (00 oYU ol auily JRgas ol
alsye ) mu—wmw B, S oyl ol aS iyl 4 axg b winen (RP=0.66) L) e
P ddg> :\.\1)9) ol & S 3505 ol 35 3wl ade> sl |y HEC-HMS Juo o) wcons
) dse o ) 09 2blg Jde a8l ol odimd lis a8 wd eolasl VF e =VFYA (50,90
Silotind 5 2> Slgben (WAF) S b 5 Slulygen (TY) S on 5 sy
925w 93 s ot al (60,93 A Camd ST (g0y9d ) Asgs AVl 03 e &S 0l ol

j (Zowly d>ye > HEC-HMS i diwge (sjlwand gl

lnsaly 5 48 b aalys
)l Sl e (WAY) by 5 Sl glwe 5 (IYAT) (02 5

Lolgiinn g (5 35 Ao
aljey 2 YU cdd b atuly Jue a8 ol L osuwliel g (oxiwly s yo 10 HEC-HMS s atisgn (gjlo aus zols
2 asgs Vo (03 Glise a5 3 ol 5 (S @l yuis balyd 0 o0 ases (2 (ilwdnd gols X e | o0 Ases
ool 50 olais «lly, jials sladely 5l a8 cdl J.m|5> SiolS gyl 93 2 cov ab Sl ojb 4 cand T Sl o5k
ibode > GCM slaodls (55 )5 b &S Gl g2 anlgs (i il (20575 (45)5liS 25w (ol Sl (B 5 plSiney
@l @ g b amd e ) 5ol clbase ) OV ashe aes 3 1) 2 5 S50 )l S sl (S5



Oliyaely o Yoo oS 39 oo sy b Males &) oai] y oS ol gl ysio D oS Sl pioren 5 0B )
5ol bl b 6,85k g sl ials clp 1y o5 ol Soly slasdl § Coio s jlasme ol @lio «65ysliS cla jiso
S bl was oler

1308 g S
islod e 15,08 5 S Wil (o) Kan i ol pll 3 a8 laoles 5 olal Sl B sy s

"3, 3529 (B i ot g8l 5l WigS "

sl asg )3 (o Sllyy 2 aldl o5 Sl gy (VYD) e

FA-BY Lo VA oyleds ojles ¥ o ¢,
ol 535 (2155 (VWAA) )55 ¢ wgale g ol el fmo ¢l
cdrwgs g L8> dlxo ECHO-G g5 (coges (50,5 Jdo (slrodly ol qulido ol b (oMo Yo Vo=V o¥ (509 0
MONDY o N o)less

» HEC-HMS  ogpi0 Jdo 5 (Souae osn o B o) duslaa QYY) (sigotosmo 03l yboles 5 dilows ¢ sdoxoye .Y

o bwyy Jow I fol> d%’b <9 » CN T 1S < Slodw g dilie sy ¢ Jedoso (gy508

MY b dlas

HEC-HMS 1o ;I odlaz! Se (Sielg il (g5l Jde (WWAY) sduw ¢ dosl 5 (gapotoo 03]y L0
NV YY) oy iib (slo jinng

oolizl b 3, syt (VWA (yalS g5l 5 L ysms e polislis foss (LIS .5
e Yool wlio cy o

Asg> 16D ol S lbasgs 15 Ol Mo sla Jse (WWAF) Cpues cshen] g Loy puio colio Sidgn gy .Y
AAD N F) ol sl o ybe) Lid bl 5 (ol s (o pne

odlazl b M b (¢ 5lwdnd (V1AQ) digome ¢ ylosdl pl g Lo jdeoro ¢ gidald 00 yomd fhseodlius ¢ g)lgnd i (gololy LA
YAV=YAD YY(WY) ool 055 g prdo doli ying s . ybumagh g Gl liwl by j5ul (o565 3 HEC-HMS e

IHACRES _Sy5)s 0 Jdo 3,Slas i caa MusS 2355 3,8 (VFAY) 50,8 ¢ slaghs 5 B1S e canlis ¢ Juslow] eSilsgs .4
YV=AA o) o)lads FF 093 cldd g o) S8 dloo (A ol abge 16390 anlllas)

B35y (23 2 3] 68 s U gy (IYAF) daguane ¢ sobla s 5 Loy o cSgmago S e laghs 1 phamo (2 Y-
YKV NOWNY) o olol o Sing s alo (3955 WiS) juso] asgs 163,40 anlllas) HEC-HMS o 5l eslizul b

slo yingis ARC-GIS  HEC-RAS Juo jl eoliwl b i o (6548 @M (g5kodnnd (VYRD) 315,8 jos yuwes 5 Ly oy lSzely; L)Y

FAN-0F MY (olods o Sbijlw 5 Lingi) ()b iu]



b asg sl oeldl s b o (WWAF) (sie dicsySTD g demo (LIS 35 f(s300 sl o sl bl Y
o)losh XY 0,93 SB 5 ] cilis (sla singy 4yt (piadS il > SIS adgs 1050 alllas) (g3glgyam Jue U
NSO e

AIC-GIS Lagsma )3 bl glis) 5 sizcto solasd 3y5lys {I¥R0) S0l c(iSLly ool 5 59,80 ¢ loems e @ SIS (g it ¥
NOAIWVO A (go)lod «(555)98)505559) 0 - (edpSuio Gl 1o 153 )90 (saalllae)

I K Ly Syl inia 01K i o ol 4 iy (5500 (VFRY) e ol Blye 5 damo jgel 5 NF
oo T5F o)

HECHMS o aslizul b by b (ks densd (53l (cloialy (WWAR) iy ol J5 g 2L yo ¢ Ll lblingS” N0

e Ve

2 ol 59N 68 USh (o525 8L 5, (VFY) Jhe ol g Lo jtamme (b oo ulf—

(V)5 sl owdigo 5 pole (355 39y 32 4b9 15390 aalllac) HEC-HMS ;

NS

b mlio 5 (2iypliS 508 5 pale Jladuol 39, oanly Aliagy by gl s S 2 ' ilg A

» rv.lﬁ‘ pyvey] u]).sl N (\YO\Y) Ve ‘LSM 9 Juro c)B\j.) VeI, Lo g B ‘o> 4031)‘.\@‘ fb)l.ed (S ypaio AN
WYY Lo 8 opleds YA Ml o 09liS plio g pole) ST 5 O 4 do 3l ookl b dgydin 5 ases ol wlie
A
) 6N oy cmslio cpass (VYY) dcbld <o) oo Y-
(bl WEAP Jas il oolaiw] b oul8] yuss Calises
IVANEN (WY o lp/ iSas g coplol dlxo
S yb— (Kb yd gduale &WMS} 5L 1 s (VYAY) e < ypo0aily 5 dmws daws ¢ ol (gawge TY
oo YO8 ol ol Sl
5 ©hlisl dusge 10105 (sl U2) 928 S35l90am (VF4)) dooro (g9 YT

gyl o (o dlyyg, I Aoy ) o &be
0PI 0l ()l el o 9 (55)9liS pgle oSt
Pyl Adgs (3 p il el )

2. Babaia an., Najafi Nik, Zahra., Zabul Abbasi, Fatemeh., Habibi Nokhandan, Majid., Adab, Hamed., &

oltani, Saeed., Goodarzi, Masoud., & Modarres, Ali. (2017). Assessment the Impacts of
n Surface Runoff in Bazoft Watershed. Journal of Water and Soil Science 78(20): 39 — 52.

Malbousi, Sharareh. (2009). Assessment of climate change in the period of 2010-2039 using the exponential
microscale data of ECHO-G atmospheric general circulation model. Journal of Geography and Development

16: 152-135. (In Persian)

3. Daide, F., Afgane, R., Lahrach, A., Chaouni, A., Msaddek, M., & Elhasnaoui, 1. (2021). Application of the

HEC-HMS hydrological model in the Beht watershed (Morocco). E3S Web of Conferences 314, 05003.

4, Damadi, Sekineh., Dehvari, Abdulhamid., Dahmardeh Ghaleno, Mohammadreza., & Ebrahimian,
Mahbobeh. (2020). "Technical Report" Flood Hydrograph Simulation Using HEC-HMS Model in Sarbaz

River Basin of Sistan and Baluchestan Province. J Watershed Manage Res. 11(22), 287-295. (In Persian)

5. Dodange, Esmaeil., Shahedi, Kaka., & Solaimani, Karim. (2015). The application of the copula theory to
evaluate the performance of the IHACRES hydrological model (case study: Taleghan watershed). Journal of

Earth and Space Physics 44(1): 88-71. (In Persian)


https://www.magiran.com/author/p.%20almasi
https://www.magiran.com/author/p.%20almasi
https://www.magiran.com/author/m.%20goodarzi
https://www.magiran.com/author/r.%20modarres

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fleming, M., & Vincent, N. (2004). Continuous hydrologic modeling study with the hydrologic modeling
system. Journal of Hydrologic Engineering, 9(3): 175-183.

Ghafari Gilandeh, A., Sobhani, B., & Ostadi Babakandi, E. (2017). Estimation of Curve Number and Runoff
in ArcGIS (A Case Study of Meshkin Shahr City). Hydrogeomorphology, 3(9), 159-175. (In Persian)
Hamdan, A.N.A., Almuktar, S., & Scholz, M. (2021). Rainfall-Runoff Modeling Using the HEC-HMS Model
for the Al-Adhaim River Catchment, Northern Irag. Hydrology, 8(2), 58.

Hosseinzadeh, Mohammadmehdi., & Eimani, Sepideh. (2016). Modeling hydrological Ghouchak - Roodak
catchment by using HMS - HEC model. Researches in Earth Sciences, 7(1), 31-43. (In Persian)

Joo, J., Kjeldsen, T., Kim, H., & Lee, H. (2014). A comparison of two event-based flood models (ReFH-
rainfall runoff model and HEC-HMS) at two Korean catchments. KSCE Journal of Civil Engineering, 18(1):
330-343.

Karamouz, Mohammad., & Arghinejad, Shahab. (2017). Advanced Hydrology, 4
Umversny of Technology Publications, Tehran Polytechnlc Iran. 464 p. (In Per3|an)

ition, AmirKabir

Kheiry, Hoshang., Maghami Moghim, Gholamreza., & Ahma
Components in the Small-Forested Watershed (Case study: Kasi
(In Persian)

Kuhpayan Afzal, Farshad., &Qolkhani, Hossein. (2009). A practi W simulation
Mahdavi, Mohammad (2022) Applied Hy rology( , aldliiversi hrar»ublishing and
Printing Institute, 12th edition, 340 p. (In P€
Mansouri, Bahareh., Ahmadzadeh, Hojjat.,
Lotfi, Saeed. (2014). Investigating the effects of C he water resources of Zarinerood basin
using the SWAT model. Water and soil journal (agr ces and industries) 28(6):1203-1191. (In
Persian)
Massah Bavani, Alireza., & Morid, . The effect of climate change on the flow of Zayandeh
River in Isfahan. Agricultural science
Moharrampour, Elham., Nazarnejad,
height of runoff in Arc GIS environme
119, 49-41. (In PerSgy)
Mojerloo, Fatemeh. (201
in the Watershed of Taja
thesis, UniverSlly
Mojerloo, Fate
the effects of climate

A Siavash. (2017). estimation of curve number and
unoff tool in Nazlochai watershed of Urmia, No.

n of Operation and Allocation of Water Resources
limate Change Scenarios using WEAP Model. Master's
atural Resources, Sari, Iran. 123 p. (In Persian)

in., & Emadi, Alireza. (2019). The application of the model to evaluate
he discharge of the Tajen watershed. Iranian Journal of Irrigation and

und Ali, Ali Mohammad., Sharifi, Mohammad Reza., & Zarei, Haider. (2023).
the formation of the flow pattern on the outlet hydrograph of the watershed in the

hani, Seyyed. Saeed., & Danandeh Mehr, Ali. (2013). Hydrological Modeling System
). Dibagaran Cultural-Art Institute, Tehran, 296 p. (In Persian)
madi, Samaneh., & Javadianzadeh, Mohammadmehdi. (2017). Comparing the effectiveness of

artificial intelligence methods and the HEC-HMS conceptual model in estimating the increase in resources
due to cloud fertilization, the 7th National Water Resources Management Conference, Yazd 123 p. (In
Persian)

Riahi, Mohammadreza., Soleimani Karim., Mousavi Seyyed. Reza., & Bani Hashemi, Masoumeh. (2016).
Investigating the effect of land use change on river flow using the HEC-HMS model (case study: Laksha
Nekarud watershed). Iranian Water Research Journal, (11)1: 33-43. (In Persian)

Shieh, Ch.L., Guh, Y.R., & Wang, Sh.O. (2007). The application of range of variability approach to the
assessment of a check dam on riverine habitat alteration. Environ Geol. 52:427-435.

Sohrabian, Elahe., Meftah Halghi, Mehdi., Ghorbani Golian, Saeed., & Zakerinia, Mehdi. (2015).
Investigating the impact of climate change on the drainage of the basin with the intervention of the



217.

28.

29.

30.

hydrological model (case study: Galikash basin in Golestan province). Water and soil protection research
journal 22(2): 111-125. (In Persian)

Steele-Dunne, S., Lynch, P., McGrath, R., Semmler, T., Wang, S., Hanafin, J., & Nolan, P. (2008). The
impacts of climate change on hydrology in Ireland, Journal of Hydrology, 356: 28-45.

Teimuri, Mohammadali., Pirnia, Abdollah., & Soleimani, Karim. (2018). CN sensitivity analysis on flood
hydrograph by WMS model, 5th Iran National Watershed Science and Engineering Conference (sustainable
management of natural disasters), number of pages: 13. (In Persian)

Try ,S., Tanaka, S., Tanaka, K., Sayama, T., Oeurng, C., UK, S., Takara, K., Hu, M., & Han, D. (2020),
Comparison of gridded precipitation datasets for rainfall-runoff and inundation modeling in the Mekong
River Basin, PLoS ONE, 15(1): 13p.

Zeraatkar, Zahra., & Hasanpour, Farzad. (2015). Birjand urban flood simulation using HEC-RAS and ARC-
GIS model. Watershed Research (Research and Development), No. 112, 41-56. (In Pegsian)




Simulation of Rainfall-Runoff in Tajan Basin under Different Scenarios of
Climate Change

Introduction

Flood is one of the main known natural disasters in the world, which imposes a lot of damage on human societies, institutions,
industrial centers and agricultural lands, especially in the vicinity of rivers, but the worrying point is the increasing trend of flood
losses in the world in recent decades, which is mostly due to The reason is human intervention in nature and disrupting its balance.
Among the usual methods for investigating floods include regional flood analysis methods, using empirical relationships and
rainfall-runoff simulation models. The application of precipitation-runoff models as well as the development of calibration methods
using GIS is increasingly expanding. In this research, in order to simulate rainfall-runoff and determine t ow hydrograph of
Tajen catchment under RCP 2.6 and RCP 8.5 scenarios, HEC-HMS model has been used. The HEC-H
watershed as an interconnected system with hydrological and hydraulic components. Each compo i aspect of the

characteristics of the basin and its components, the simulation is done to tr he runoff
hydrograph is produced.

Materials and Methods
Tajan basin, with an approximate area of 4026.6 square meters, is located in the geogr inutes to 53

province and

In the continuous simulation method, the soil is considered i ing n the soil is saturated.

drying between two rainfalls, is calculated. SCS unit hydrograph me
method was used to simulate continuous events to simulate base flow®
determined in the basin and the channel flow reced
In this study, first the variables of precipitation al
calculated for different calibration statistical peri
parameters were compared with the observed hydrogr
was used for the calibration ang,2010 to 2016 for the v
data of the basin average and a

0 convert precipitation into runoff and drying
ying method is used when a certain behavior is
ecipitation event.

ere entered into the model, then the model parameters was
hs generated from the scenarios of the adjusted model
tion. For continuous simulation, the period 2002 to 2009
bration and evaluation of the model, daily precipitation
were generated for the basin.

Result and Discussion
The results showed that ‘ amount of di
decrease in all months exce y, Juge and J
temperature and melting of s in the
and autumn under the RCP 8.5 scendji

eriod compared to the base period under both scenarios was a
, and its increase in the mentioned three months is probably due to the increase in
. In general, the simulation results showed that the amount of discharge in summer
rease more than the RCP 2.6 scenario.

Conclusion
According to the results
officials and planners of t

also the changes in climate variables that will occur in the future, it is suggested that the
Iture, water resources, and environment, industry and economy sectors take the necessary
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