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Extended abstract

Introduction

The rapid growth of the global population has led to a significant surge in water consumption across
various sectors such as agriculture, industry, and domestic use. This heightened demand for water has
profound implications, particularly in ensuring food security, meeting industrial needs, and providing safe
drinking water. However, alongside this population growth, climate change has emerged as a critical
factor, altering precipitation patterns and exacerbating water scarcity issues. In response to these
challenges, there is a growing need to identify and manage accessible water resources effectively. This
involves understanding the complex interactions between different components of the hydrological cycle,
including surface water, groundwater, soil moisture, and atmospheric water. Hydrological models have
emerged as valuable tools in this regard, offering insights into water availability, flow patterns, and
quality assessment. These models play a crucial role in various aspects of water resource management,
including mitigating environmental impacts, managing floods, and predicting future water stress
scenarios. Additionally, they facilitate the analysis of watershed-scale dynamics and provide a basis for
informed decision-making. Global Hydrological Models (GHMs) have gained prominence due to their
ability to capture the interconnectedness of water systems across different regions. They enable
researchers to assess and predict hydrological processes on a large scale, contributing to a more
comprehensive understanding of water resource dynamics. Recent studies have focused on evaluating the
performance of hydrological models, such as the Variable Infiltration Capacity (VIC) model, in
simulating river discharge, soil moisture, and precipitation patterns. These evaluations often utilize
various data sources, including satellite imagery, to validate model outputs and improve their accuracy.
Moreover, the integration of advanced optimization algorithms, such as NSGA-II, enhances the modeling
process by optimizing model parameters and improving simulation results. In light of limited ground
station data in extensive watersheds, researchers increasingly rely on long-term weather data and
modeling techniques to bridge data gaps and improve the accuracy of hydrological predictions. Overall,
ongoing research efforts aim to refine hydrological modeling approaches, integrate diverse data sources,
and develop robust strategies for sustainable water resource management in the face of growing
population pressures and climate uncertainties.

Materials and methods

The Heblehroud Watershed, situated in the southern part of the Central Alborz mountain range, covers
approximately 326,991 hectares and lies between coordinates 52° 13' to 53° 13' East longitude and 35°
17' to 35° 58' North latitude. It spans across Tehran, Mazandaran, and Semnan provinces. Mount Sefidab,
with an elevation of 4047 meters, marks its highest point. The region features a semi-arid climate,
receiving 272 mm of annual rainfall predominantly in winter and spring. The Heblehroud River,
originating from the northern mountains, serves as the main drainage outlet. The semi-distributed
hydrological model (VIC) was employed in this study to optimize the coefficient of efficiency (KGE) in
simulating runoff on daily and monthly scales in the state of water balance. The study validated the VIC
model using data from the Bonekooh station and applied the NSGA-II optimization algorithm to calibrate
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soil parameters from 1992 to 1996, considering the impact of watershed management. Soil data were
obtained from the HWSD database available on the FAO website and categorized into 36 classes based
on physical and chemical soil properties. Land cover data were sourced from the MODIS satellite
database and classified into 17 categories according to the IGBP standard. Elevational bands are crucial in
the VIC hydrological model for assessing soil water pressure distribution and surface runoff. In the
Heblehroud basin, elevation differences can reach several thousand meters, impacting flow estimation.
Therefore, using elevation bands derived from SRTM data is essential for accurate simulation. The
accuracy of precipitation data from each database at the cell scale was evaluated using the IDW method.

Results and discussion

The results indicated that the APHRODITE database had the highest accuracy, while PERSIANN-CDR
had the lowest. Additionally, the runoff simulation results demonstrated that the VIC hydrological model
performed well in simulating daily and monthly runoff. The KGE efficiency index for simulated daily
runoff was 0.78 during the calibration period and 0.76 during the validation period. Evaluating the
simulated runoff using climatic precipitation data revealed that PERSIANN-CDR satellite precipitation
data was less accurate in detecting precipitation amounts but performed better in simulating runoff. The
KGE for this data on a daily scale was 0.64 during the calibration period and 0.77 during the validation
period. The KGE index for APHRODITE precipitation data based on ground stations ranked second, with
values of 0.62 and 0.75 during the calibration and validation periods, respectively. ERAS5-Land
precipitation data, which is reanalyzed data, ranked third with a KGE index of 0.50 during the calibration
period and 0.66 during the validation period.

Conclusions

These findings indicate that climatic precipitation data can be effectively utilized in watershed
management studies with low cost and appropriate accuracy, particularly in basins lacking a regular
network or long-term data availability.

Keywords: APHRODITE, ERAS-Land, Global precipitation data, IDW, PERSAINN-CDR, VIC
Rainfall-Runoff Model

Cite this article: Salehi, H., Gharechelou, S., Golian, S., Ranjbari, M., Mahjoobi, E., 2024. Evaluation of
VIC Hydrological Model in Runoff Simulation using Climatic Precipitation Datasets, case study:
Hableroud Watershed. Watershed Engineering and Management 16(2), 224-243.

© 2024, 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 (http://creativecommons.org/licenses/by/4.0) @
O




&

syd 7

Watershed Engineering and Management el Co pde g cwdige
Volume 16, Issue 2, 2024, Pages 224-243 YEY-YYE Glio AF-Y Y o)leds V8 ol
DOI:10.22092/1IWMSE.2023.362817.2027

03l oL 3l eoliswl b by y (g ilwasnds yo VIC S5 590900 Joo (20U )
S9yadus sl 0395 16590 axlllan (ool iyl sla

t9mmmo dlos o (6 yamiy L e LIS amas T glzro 8 s (Ao (paans
LIS g 5 eg 5 olRtlo o b 00SLtilo o5 557> (g9l |
Oyl g0l g 0l gais oAl ¢y jos pwdiges 0aSLlS (g Al 05,5 JLoliul v
LSl oo 15 SKR g o)l 3o "

Olpl cleal sl ol iils ¢ por 0aSLiils (g 5SS gzmiils ¥
Ol 09,0l w5 0l ais olKiils (o)l jee pwdige 00Sils oy jlae g ol ey 09,5 jLobiul °

VEY/UTY G gl VE-Y/ NS il s

b oo 005

doddlo

oot §) ol Sllllan sl 53 Caarsh 0,55 K sl bl (slstond i s Sl (S5
Job b 599,5 slaosls @ 5l daggluancd 5l anws cul cesl Joy55 5 smul ojem Ol mbie Ca e o (VL
ooyl glrosls s ploul LB aiiis 0ols 5908 (slls a5 jgllc s g 0ol g gblie jo a5 ojls saily 690
adlosls ylis 093 51 g0l L) 3l s g0 0 w090 Job b s 8l

o gy 9 olge

o9,b esls g ERAS-Land s PERSIANN-CDR (APHRODITE o l3l (5L ool a3l oolaiwl b ioghy opl o
V498 0,90 40 09,4l sul 059> 10 Olly, (gilwand (IDW) Log, b (o))l sloolins! oo ol yg,0
Silwaig Saa b ol Jobs > jo casdllas opl 10 (VIC) (2385 dows (So5gls,aud Jow .o aslo, 124Y
S edoke obde j3 00l oL o 3L sleesls cds L)l cga a8 1,8 eolaiul 5,50 (KGE) 1,5 o 0
a8 exliil IDW s,

rpizad ol &30S 1) &8s (s S PERSIANN-CDR 5 sy iy APHRODITE oS3y ols olis ol
Silwdnds )0 ol ollg alale g ailyg, wlie ;0 VIC Sjelg 0 Jow ols sl Qlls, (g5lwand gl
ey 0,90 50 Slaslive i)l 5l eolaiwl b alys, oad g ilwands Gllg, KGE SIS jasls ol ol Sl
ok lrools lawgs ouls (gilwand Slls, oyl b g < IVP L ply omwcons 0y90 0 9 /YA L ol p
ol Ol (il (o (6 5eS s aSyl 09> glh PERSIANN-CDR (slojlgale 5L ools wlo ylas  ooldl
0,95 4 &iljey wlde ;o 00ls pl (6l KGE l5e a5 (g sbay oo Slly,y (gilwand ;o (500 o,Slos s
ools s a5 APHRODITE 5L ools .ow] Caws a5 /Y b ol omiwiomo 0,98 40 5 +/FF L ply vl
T as 0,9 43 VO g Zuiwlg 0,90 10 PV L ply KGE ozl b cwsl comy sloolKin] bl 5 50

sgharachelo@shahroodut.ac.ir :oL5l5e Jgius *



VYL ojles 8 al>

ezl S e g (piqe [ YYV

oasls aS C3,5 )18 pguw 00, j0 Sl 0als Judoi sl cols S a5 ERAS-Land 5 )L ools (8,3 1,8 g0 00, 5o

D) (Frwlous 0,90 4 +[FF g uiwlg oy ;0 /O Ll KGE

o3lo 3l BaeoligS 0,90 Job b b plaie oSl W3l slodbg> jo cendBl 5L slaools wlo lis Giegh cnl ol
ol 0je> o pae Sldllas jo g atily e leolliws! i)l slaosls b alive 5 (cowlio o Shas aislys o oo

ERAS5-Land APHRODITE IDW L 5,0 « sl L3,k sbosls VIC Cllg,m 3l Joe iguedS ool

ol la el )l b e e glgil b agalge (o
Sleizl GloS 5 oIS Jdow Sl g 28l Consy
Gilwdoe 31 eolatwl b oosdll  (sle,eSB
Oy cmizred g S (o0 oblS 1) SalS
oty ey Bl ol 5 S bl o
Lilps 5l e BT Glp Giledae @ ks digs
Kauffeldt et al.,) o2s oo lis e 1) 39250

(Salehi et al., 2022 2016

Jedoar JGHMs Sl (Soiglg s sladoe

SRSy el Glrojex NS 5 6l
Sl odd bas lime gl ey SO o4
oo )3 (Seielg s laoe sl sslanal (ol ple
sy Sy bl o 6900 sl Sl
@i ol 0 deyee Sl ogzge Lulid
Soge 58S @B g I 5o ol slateg
Azizian and Shokouhi diges (lp Cuwl a8
Joe ol Ll 5 b3 4 (2017)
Gl gl TVIC wlide S5 (So3gds 00
At Gloy slagulide )3 (willy albog, (20
o) S el ey b L@H'T sl
5 (IAY) (ounly Sl o ol Cewddy (CadSsL
Joe a5 wioew, asas pl 4 (V) oo
Silotd Sz el Ul 5l S5
6oy, ml oje> Sl 2es b G550
0j> ;> 5, aslllae o el ls,55 0 eglle
Jae Koohietal, (2019) og, aitw ailzog, jusu

! Global Hydrology Models
*Variable Infiltration Capacity

PERSAINN-CDR

doddlo
el (st @elyr Comex Ge3ls, Rl
P 50 sl &8, cam seie slacJled dis
dd oy S 0 ol Bras (Ll izes
B35 ass jo Bk sl (slam et al, 2007) ol
Sk slagsl o pwgaie Ojgoh olll s
Lol 034 )‘Af).ul.a (SaSTy 0 a9 ol yo 4
Caz ooy JB Ol ple plulid ol
S bl sgun 4 e a5 cmilie ol L
Sroaely Oeizen 9 ((Siglsne leas
Sayama and McDonnell, ) ¢l (5,900 zuoro
SeiPeed dlugy sloadlie > 5 ejn) sl
e g baddie b o Jels S0
S S e 3 Smiihe oz ol Sl
Lewly ol 0 a5 o)y welylS 5 @ds  d>ol, «
ol dil)| (Sigls s sladae ol 4 plocsz)lx
3 eolazl (3l sla Jls o (Kumar, 2009) ol
Jo ol e Conse Caz (Sejalsynee sl
p ol s ol sl Jaorecans ) OSGe
Ol CuiS myp g Db Copae ol mlie
Dwarakish and Ganasri, 2015) cewl 054 W s

Martin et al., [Liang et al., 2020 .Li et al., 2013
Nepal et al., Mauser and Bach, 2009 2016

s o 0 9w 3l (Wangetal, 2013 2014

s HL8, (S ien g ey Ol (SS5gls 00



YYA/

w2llyy (g3lwands 13 VIC (So3edg,00e Joo b))

0t wads e Sl (Sgm 5 b0
bislen glaosls 5l oolarwl 4 3Ls il o 5 4
ol Siddaiee sladae ;o (iloand 5 Sasails
Ghoreishi GharahTikan et ) cewl juguwses MolS
o & pols Gegh elal pl ol 2022
sosls a4l VIC Jao 3l colaiwl oSl
elasl Sl ileand Cuz ool ulillsn
g9 Joo (2l (agn (al jo el axdly
Basai>  gilwaigy o, S 5l solazul L VIC
byl Jeds vg,al> sl o3> 0 'NSGA-II
s o opl e Blaal Ko 5l el oals
Sy SEMbl sl a6l o Il
@ Luly Geen )0 &5 Sl (5aS a3 ulidie
oals oL aw a8l )L sleesls b))
"ERA5- 4 °PERSIANN-CDR f APHRODITE

Al 1S ¢ g goools wluly Land

WL igy 99190
g,al> ailsog, vl oje> taxillae 5 g0 adliw
2 8l ol b5l o5z aidl o
Jsb OYO YT L AYO Y o lSe TYSAR)
oot wily Jlad Lb,e YOO OA G YAC VY 4 5,5
phsl i (6585 Dlopnds Hlas 51V IS2) el
obil 5 o Jled 5l (stewd g o)lpes gl jo (]
B Sl gl 53 ol Ggiz 5l (sted 5 il
Al s asse ol ol )] abai o ol canl w18 S
oo 5 e TPV Gllae glis) b Slaiw ogS
4 adlhie o8l .ol by mdaw 5l 56 AAY QT el )|
Sl ad m598 g 00g Sians 5 ,legs g,
TY Gl seye YA gl aoye YO Ojg0q
ez g Sl Glil woys aw g 5ul wo)o
Froshes YYY adg> IS 5o alle ¥ (Sl (5:Klee

3Non-dominated Sorting Genetic Algorithm II
Asian Precipitation - Highly-Resolved

Observational Data Integration Towards
Evaluation of Water Resources
5 PERSIANN- Climate Data Record

% ECMWF Reanalysis v5-Land

Cugb, sloylsale slaosls 5 eolaiwl L |, VIC-3L
ol o Ll aisls )3 owly 0,90 S xbaw
hedlitad b Joo (miwsly slacoje 5l (S0 oS
L oiwly By S cusb; slojlaale slaosls
oS el ol Slaslie bya glaosls 51 eslatul

gl 5o Jee slaally S Sl ply e
b .Koohietal,2019) o5 sy5lp 55 1, ads>
ol 090000 a0y, abg> 4o (Azizian et al,,
R J.J.z}')b cli:b 99 ‘5.\4)[.: é:L..c L;Lboob ‘um
S otegn cnl 5o Wil s s bl ) slejlsale
(e g ECMWE ools oSGL 5L sleosls
o ke axsl o Ll .ws,S soliiwl 'PERSIANN
Sre iS5l ECMWE 5L slacols oSl
3 el 15,95 1 PERSIANN (slools 4y Connd
) 9% 0,8dee VIC Joo b (S50l 00 55l
4d 4o PERSIANN oS Jb> 0 ccanl oolas oylis
L Gy mls 5 el gy o,8es SUly, g5le
Markert et al., 2018) iogs ;0 .Cwl 00,5 &l
A pp lp kel 58 g dilae
S Seislo e Dluogas p aey (65 Sl
o3ld 55,5 0,5 5l s 9 250 ,S colaiul VIC Juw
6‘)‘.’ qu.z)b.,.cl B HAAY-144- ‘_ngJLM.\ 6‘)‘.’ >
Co> e U g oS 4 NN -V F sl L
Markert et ) woww, bl alale (gjlwacds ;o
Sabzi etal., (2019) (5,50 aslas 4o .(al, 2018
3 Red River MP 3o LJ“")"‘“") J.JLQ u—l R R
Lol axsby Kpel sose @bl Llaglssl
Silwands gz VIC SG5edg 000 Jow 5l ol
<° )|).5 L5‘—‘ U"’J’w‘ o ddlaio L}‘J‘ L cd.o..:—‘ L
L (Sabzi et al,, 2019) xo,5 swiiem |, 9,5
‘_ngoliu.M)l uLC}UG‘ ué}u Uw).u.m) J.als 4 4>93

A arwy wiul Glaojex blE ales jo i)

! Precipitation Estimation from Remotely

Sensed Information using Artificial Neural
Networks

2 Coupled Model Intercomparison Project Phase
5



VYL ojles 8 al>

o5l smgs by Gl )0 (emegias b b, ol
Jow Zuwly lp Dang et al., (2020) lawgs
Danget) 8,5 1,3 oolawl 0,90 VIC SG5409,0.0
S el cas sl 4 oS ool (al, 2020
A Jgaz 0 a5 cwl asleyy VIC Jow 4 bgy e
oo &l 413 5 plouil aallas &g, ¥ S o g 43l
ooyl glrosls aSyl @ azgi b imgh ol jo ol
wWisgy Jol8 V1A Lo 5l el sleelSiy!
(b el QLl gsldas 0)99 sl Jlo o]
e A e &S (g lo el Gllee el Low
Olge 4 VA7 Lo g oad ailsos; (b 3,
sloosls giladane anl 3 jo al Ol o980 LG
g Wb Jae ojly ailiy) ebdie p3 (oulidlse
Jlo a5 285 ploxl ailyy) (Gloj o5 50 (s5ladae
1227-129F sla o FJow 0,5 6,5 5l 1290
Olee 4 1238 5 1290 sl Jls 5 (s sy
Goolo- g h o colawl 5)90 sl ool
P I g 2Ly S 4 baye
S a4 by bl asllas cpl jo 1 olds)l
ol 50w iws o8 SHWSD ools oL 5l ddlate
Nachtergaele) cool ails Y7 (gl ls a5 ol s 56
S Shg owlel n ganadd ol (et al., 2009
aib ol 850 00 SB oleed 5 (S5
K5, wsle S pl Glogas ssaslis
el ol g (ploord polie lyime (il LSl
ol 5l dib aw gyl wlbsg, sl o9 e
S e s S s sgrs samea
aicl )3 Jol ail a5 55500t JgmsT ) o' Slaiglsm
9 pgo alb 93 ;8 g o) Akl o S i gun
3 S sbay &,8 o 8 py) dab jo p
clin ganail ulol 5 dslas 5,00 ool 0)9>

ol 00l ools oled (V JS2) jo S

U"‘ 6|)J QSQL"? L)“'“‘?" L Jo}a}a LsLQo.)‘D

4Warm-up

5 Harmonized World Soil Database
¢ Leptosol

7Solonchak

¥Regosol

L)"‘ o LS)l') 6[.@45[5&9) )‘ as bj)d.l.? 45[5&5)
doiiz o Slho g (Jod Slelas )l g boogS 3l aog>
0397 5> Oliow)lun )5 ool ahd Gl gy g 85
Dy a5 ol wlsog) )0 5 09,4k L sl
a3ul 0395 sl 09,4l jusul oje> Lol 1Sa;
Jols ot sty e oSl &y Il 05 ,al>
Sl 0950,’ 9 »)5).04 so55)5)..3 GA:MOW aL_gl?LJé
SMbl g JolS Jdoar (iegh cpl yo oS
5 ly 05 in g ol a4 bgyye
ploul oyl cpl 5l oolul b Jow cmiwioe
S VIC Sl s Jao oSafalspaed Jao
oBisls jo 12 Jlo jo a5 wlie S5 cul
al axwgs Liang et al., (1994) lowgs ¥ o uKiil
Ol S s g anwgs 4 g0l lae (9SG g
Jolw cdle g0 jo 1y gilw e (Jaw cpl ailasts 5
Sl 3 5 amose el 55l 5 O S
lo) gl )3 (rizmen 5 ey S sladilss,
ol arwg glawl jo sl a8 318 solatul 0,40
oleedy glaalin glolliwl sleosls 31 Jas
)‘)3 u,ufwo 9 4.'.»»94 LI as \.\.w‘sn oolaw! 59959
wl.\_a.,e e s! o)bml.o s ools QYM u,d)f
69955 lrosls iy colawl o Sig, ! Sk
el 0als o loleale sboosls 5y b 5l Juwe
o8l oib leosls 4l 4 ax gl b oppizmen
o i ol Johe olail g ganasin glle
O osr e9aSed Joe cal s el I ol
Sinlor coddl sloosls L wilgs oo a5 5,5 o)Ll
aas als |y giladae 51 8 sla ity g o
.(Salehi, 1399)
Py Sl e Gl e e (il
NSGA- pb 4 "S5 o ,65! bl (5losdigs
Deb et al., Ja...oy u.:s) ‘J.Jl Lol o0l oolanl 11
» 5 (Debetal., 2002) el adbaswy (2002)
Sl 00,5 o g0l 0,5 (SSielg 0 Dlalas

!'Variable Infiltration Capacity
2University of Washington
3 Genetic Algorithm



Y-/ =2lily) lodnds ;o VIC (Sojsls e Jao b))
Description Unit Range Name J}-@-”“’ 9 \u*-%%-" °)l5-‘°l-'° oals °l§”l4 )" adlaio

- - - Y - B .
Varlabli,:f:f;zfn curve N/A 0-0.4 Binf IGBP o)|_\)L.M:| uuLM;‘ » PR 4 MCDI12Q1
Fraction of Dsmax where Fraction 0-1 Ds Sulla-Menashe ) ool oo GO diwd il VY »

non-linear baseflow begins
Maximum velocity of
baseflow
Fraction of maximum soil
moisture where non-linear N/A 0-1 Ws
baseflow occur
Exponent used in baseflow

mm/day 0-30 Dsmax

Fraction 1-4 C
curve, normally set to 2
Thickness of soil moisture m 0.05-0.25 DI
of first layer ’ i
Thickness of soil moisture m 025-2.5 D2
of second layer ’ ’
Thickness of soil moisture m 025-2.5 D3

of third layer

o e gl gbeslo- wbilblgn  slaoosls
Sl Sz G)L 00l (g Ll Sl (gl
A oolaiwl S,

Vo ade pl o i) olins] (gi,L ool
Jlo 51 as ols S92g 55 Sl (il ol
Oaed 4 Y Jaaz) wiog JolS ool glyls V¥44)
Gildae 5 2l Gloe Olsie 4 Jlo ol e
5 ok sl s bl S b b
ool Gk sleesls b iludae (rizren
Gl 2 VIC Jae oUlg bl izmed 9 (o)
Gazg b 2l Jsbe 1 5550 slp el 055>
IDW  ogSixs alold ogyar Laoliny] cungo
(Y S8 cé )8 sl

osL 31 PERSIANN-CDY  g,L oold
Sladlas 0,5 L lolgale o)L ools :CHRSA
oolaiwl 8590 DUl (gilwamds gl a5 sl oo 3l
(Ashouri et al., 2015) 8,5 |,8

2 Uk ools i :APHRODITE jb,L eols
S by s el ey gleolial Ll
Yol emlidlen e 5 Canb 5 ol Slides
Olojle pl Gl 51 Gan il oals (g3lulely

¢ Inverse Distance Weighting
7 Precipitation Estimation from Remotely

Sensed Information using Artificial Neural
Networks-Climate Data Record

8 Center for Hydrometeorology and Remote
Sensing

% Center for Humans and Nature Research and
Meteorological Center of Japan

3k & At iy s> ) o (and Friedl, 2018
dalhie (ao,0 YYIF) Al e ooy +/F)
(2,0 +/VY) (6 adlatn Qoo +/+Y) (55,laS
oy sooly 5 ls 8e2g (duo )0 YHIA) pb e g
Gandil s MCDI2Q1 Jyame 5| Sy gl
slaosls 51 9ol slmosls ags (gl .o a5 IGBP
oyl 5l eolawl L aS wose  o)lgale
oolazl (¥ i) wogs o !l "Theoretical
(Strahler et al., 1999) ..
VIC (Soigloyien Joo o ol slanil
LS mish e Sl ot Shs S Ol
oolaul b g o ooliiwl (baw b, g S o
3 el )] S b el 0B Jow daaily ol )
e Jole o Glsreds 50,50 s )0 1) e s
g oolitul z3ul 05> 50 bz (29 e ln
055 Of Jlab y 45 09,4l g jesel 059> 5o
20l 518 658 nsS ol sz 0 g 5l e
Jobo (gam o gl S Jaeo ool olul
Gl pas Ojgo )0 &5 G0 e e w4 e
3 e o 1y sk Jo Jas & ol sloal
@ o)l slawl 639)5 R az 51055 o0 Hla
5 YU gl )l BB a4y ax g5 b Lol cocnl (6,5 Jow
gy 55l 15 (53959 ol SV 3T wimen
G ol 4 sl ol 9,0 Al cnl 4o
ool SDEM  _olis)| o3, Jow Ky a5 TSRTM
(Y U)ol oo solazu!

VIC (So35lg e Joo (minsly gloyial)ly =Y Jouor
Table 1. Calibration Parameters of VIC Model

'MODIS

2 International

Programme

Geosphere—Biosphere

3 Algorithm Theoretical

4 Shuttle Radar Topographic Mission
3 Digital Elevation model



VET Y ojlad VF ul>

el S 5 puige [ YY)

w2 9 o3lwlpa Joo sl ool iy sl b s
gl by jo a8 alkls ol was JSs
s S j5id O30 4y g Cawl 00l gl (50l
odls Julow g ay5o0 (gl S 0 S5 uSTed Jele
Jol5 SleMbl 598 oo 00, JI5 4 NetCDF sl»
5o adlas cpl jo o colawl cwlidlge sbrosls

el 50 00l (gaiaSll ailyg, o)L sleosls olxy)
ools (ERAS-Land ool Jodxijlb o,L ools
Wl (Ysb gkl 0)58 Jsb Loas Jdmsl o)L
Mufioz-Sabater ) o colaw! Sy, (g3lwacds jo
Ghls Syl eols ol Sl @y azg5 b (et al,, 2021
3okl bl jiegls AXA SIS ubie
o3l (Schulzweida et al., 2006) CDO  ails LS

Inputs Preparing inputs data Modeling, Calibration and evaluation

e e
i
i
i /
] Digital Elevation Model ( DEM): <if; fComedtion ““T"‘;::‘“’ NSGA-II Algorithm
! -SRTM 7 L
i i
! 1
i
i i
: Land Cover: | Changiog moidl califivalé
i -MCD12Q1 _?' "‘“‘""f,’:‘."m:,:; reton
i : Generate inpat data fn
! ! model format
i Soil Classificartion: !
! i
i i
! 1
i
i i
H Wind speed, maximum temperature, J
! minimum temperature: —

s |
i S i
i F i
| | Resize datasets according Evaluation of simulated
! | i runo
H Climatological precipitation datasets: ]
i -APHRODITE |
] -FRAS (-
\ -PERSTANN-CDR !
i
! | Evaluation of precipitation
: ! datasets in grid scale
! 1
! 1
. |

. s
aslllae wig, =) JSCU
Fig. 1. The flowchart of the study
as 50 5 s22s w25 srs s
p — . A ; 5 .
= A o) x e
2575
35
; 18
Legend af
Iran \
3 r35.25|

0 Hablehroud Basifi

Legend
Elevation
Value | Hablehroud Basin CLASS
Figh - 5604 Soil Data L cay oty
Low :-128 - L
25
Legend

*  Ground Station
River Network
IDW Grid

3575{

[ Hablehroud Basin

Elevation =

Value

- High : 4053 -
Low : 961

2%

Legend
[ Hablehrosd Besin [l Croplancs

Land Cover [ urban and Buit-up Lands|
[ Open Shrubiands | Baren
B Grassands

Oibg o(b) S o= VIC é{)y”..\.:.a J..\.a PEREY solaul lel&)l.b‘ s 4Y (a) 39, al> )..:UT 059> Mjﬁ -y J&&

(d) Joo 9 Jobw o8 yingy0up o] ¢ meiwyl )b rolKns] oundae (glas)] o8, wledbl o(c) 2LS
Fig. 2. Geographical location of Hablehroud catchment (a), Information layers used in the VIC hydrological model, Soil type
(b), Land cover (v) , Digital Elevation Model, location of ground stations, outlet, model’s network (d)

Vgl )0 ok Sy izmen g ee) gaw

Al 35 oo Judoxi 3l ooy olSL ol 5l (g e
ol gbesly b2l b,lee
ook lrosls cds g coaS omiw gl 1 goudBl

Jskw 2 4 bosye oals Dby o)L Slej

oKyl 0529 pas Jdo 4 0L 9 Lo glaoolo
loools (iagh cpl o caxllas 0y90 jo owlidlse

aals b lgmgol (coitn 3550 5l ok Cepu g Loo
Gebie pl glp ol eolawl ERAS L)l lawgie

Sy 90 gyl jo les Sl g Les JBlas slaosls



Yy /

w2llyy (g3lwands 13 VIC (So3edg,00e Joo b))

W3 e il Sk by pled Gle jo (a8l
O > @ Blgyet SNk mly cod olidl 250
ook ool dlwgds oals osly aseis sla il ples
0l 5l ol Cuddee dlin] asli Lol el
S emS 5 a8 cwl olil F5 5 (gile o] Loz
a8 ol solayg, 9 0,0 olil (sla ) Uaz

ol (5 3 ol 225 s s

ok edls o Jolu plea 4y by e Jloy g b
S jarls anlio cpl 0 a5 o awglie o ddl
Guptaet) LS copo o (Swed oo )kl
ik, S8T Jlai] (s Gzl as o o(al., 2009
45 0 Al Codibge ailin] ey golail F 5
Dol sl ons ) F Jgaz o o] (glaala,
G 5 el Sl iy ) e sk S

Oy ol 5o ead olatul i)l (sleolKing! ledlbl Y Jgus

Table 2. Information of rain gauge stations used in this research
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Station’s name Data availability Division(mm) Average(mm) Elevation(m) Latitude Longitude
Lazoor (S1) 1360-Present 4.10 1.34 2424 35052 11" 52°34" 11"
Najafdar (S2) 1361-Present 4.12 1.06 2388 35°47" 20" 52°22" 41"
Ali Abad (S3) 1360-Present 3.44 0.94 2133 35°46' 11" 52°30" 06"
Namrood (S4) 1346-Present 3.52 0.93 1816 35°43" 16" 52°39' 39"
Chandab (S5) 1367-Present 3.95 0.95 2330 35°42" 45" 53°01" 31"
Kahanak (S6) 1360-Present 3.76 1.26 2321 35°41" 22" 52°29' 22"
Pirdeh (S7) 1360-Present 1.72 0.51 2283 35°39' 41" 52° 47" 44"
Firoozkooh (S8) 1345-Present 3.40 0.92 1965 35°45" 35" 52° 46" 22"
Simin Dasht (S9) 1351-Present 2.92 0.67 1495 35°31" 24" 52°29" 46"
Benkooh (S10) 1346-Present 2.23 0.38 1040 35°18' 19" 52°25' 54"
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Table 3. Precipitation datasets information used in this research
Dataset Temporal resolution Spatial resolution Temporal Spatial Website
coverage coverage
PERSIANN- Daily, Monthl CHRS 1
DR i;e{;ﬂy‘m‘ Y, 0.25°% 0.25° 1983-present Global porta
ERAS- Land Hourly, Monthly 9 Kmx9 Km 1950-present Global C°§;;“;f§:e°hma‘e
APHRODITE Daily 0.25°x 0.25° 2015-1951 Asia Aphrodite home page
Gy g gl 5 igloyleple gldoslo b Juwo o Sloe ob 3,
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Table 4. Statistical metrics used for evaluating of precipitation datasets and simulated runoff

Number Index Unit Description
N _p _p 18 the climatological precipitation in time step t
Stta(Po — Ro) (Pse — B) P is the climatological precipitation in i P
cC = . . ; P, is the Observation precipitation in time step t
— 2 — 2 5 _1 5 _1
\/thvz1(Po,t - FB) \/thvzl(Po,t —FR) Peo= BiaPors By =3 2t Poy
2 PBias = Tia(Pse = Poy) +100 % H: is the observed precipitation correctly detected.
N Por M: is the observed precipitation not detected.
3 POD = H/(H + M) / F: is the precipitation detected but not observed
4 FAR =F/(F+H) / N: Lingth of period
5 CSI = H/(F + H + M) ) o5 simulation time series variance, g, observation
time series variance
KGE = \/(1 —CO?+(@—-1D%+ (B —1)2 1 simulation time series average, {, observation
O Us / time series average
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Table 5. Comparison of climatological datasets with interpolated of ground station’s precipitation data

APHRODITE PERSIANN-CDR ERAS-Land

Index Min Mean Max Min Mean Max Min Mean Max

cC 0.18 0.54 0.78 0.09 0.24 0.33 0.10 0.41 0.59
PBIAS -16.29 -0.49 30.11 -12.49  19.58 76.29 12.48 66.90 208.3

KGE 0.05 0.40 0.65 -0.11 0.18 0.32 -1.26 0.05 0.54

POD 0.75 0.85 0.96 0.42 0.51 0.62 0.76 0.82 0.89

FAR 0.47 0.67 0.83 0.53 0.69 0.85 0.57 0.73 0.87

CSI 0.16 0.31 0.48 0.13 0.23 0.33 0.13 0.25 0.38
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Table 6. The results of the daily discharge of Bonekooh station with runoff simulated with different precipitation datasets in the
calibration and validation period

Calibration (1992-1994)

o B CcC KGE
Observation 0.93 0.90 0.81 0.78
APHRODITE 0.98 0.74 0.72 0.62
PERSIANN-CDR 1.01 0.73 0.76 0.64
ERAS-Land 0.90 0.67 0.64 0.50
Validation (1995-1996)
o B CcC KGE
Observation 0.93 0.92 0.79 0.76
APHRODITE 1.08 1.03 0.77 0.75
PERSIANN-CDR 1.05 1.14 0.83 0.77
ERAS5-Land 1.24 0.93 0.78 0.66
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Fig. 3. Daily hydrograph of observed and simulated runoff during calibration and validation period using: Observed rain gauge
stations (a), APHRODITE dataset (b), PERSIANN-CDR dataset (c) and ERA5-Land dataset (d)
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Fig. 4. Scatter plot of monthly observation streamflow (horizontal axis) and simulated daily streamflow using: (a) Observed rain
gauge stations (vertical axis); (B) APHRODITE dataset (vertical axis); (C) PERSIANN-CDR dataset (vertical axis); (D) ERAS-
Land (vertical axis) in calibration period
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Fig. 5. Scatter plot of monthly observation streamflow (horizontal axis) and simulated daily streamflow using: (a) Observed rain
gauge stations (vertical axis); (B) APHRODITE dataset (vertical axis); (C) PERSIANN-CDR dataset (vertical axis); (D) ERAS5-
Land (vertical axis) in validation period
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Table 7. Results of comparison monthly simulated runoff by using different datasets with Bonekooh station discharge for
calibration and validation period

Calibration (1992-1994)

o B cC KGE
Observation 0.93 0.99 0.87 0.86
APHRODITE 0.98 0.81 0.78 0.71
PERSIANN-CDR 1.01 0.82 0.83 0.76
ERAS5-Land 0.90 0.74 0.70 0.59
Validation (1995-1996)
o B cC KGE
Observation 0.93 0.98 0.84 0.83
APHRODITE 1.08 1.10 0.83 0.79
PERSIANN-CDR 1.05 1.20 0.90 0.77
ERAS-Land 1.24 0.97 0.86 0.72
Calibration Validation
30
(a) —— Observation
25 - —— VIC Observation
)
= 20
£
& 15
©
£z
2 10
a
5
o T T T T T
1992 1993 1994 1995 1996 1997
Date
30
(b) —— Observation
>5 —— VIC APHRODITE
m& 20 -
E
S 15 1
©
=
2 10
a
5]
o T T T T T
1992 1993 1994 1995 1996 1997
Date
30
(<) —— Observation
25 —— VIC PERSIANN-CDR
":g 20 H
S 15
©
i —
8104
o
5 -
o T T T T T
1992 1993 1994 1995 1996 1997
Date
30
(d) —— Observation
25 —— VIC ERA5-Land
':‘§ 20
S 15
2
2 10
a
5
o T T T T T
1992 1993 1994 1995 1996 1997
Date

Golsl i,b slvosls jlooliiwl b omiw oo 5 (mriwly 0,90 10 oads (g3lw Juw 5 Slaalie SUly, alale GBI 59,00 —F S
ERAS5- oL 5L sleosls «(c) PERSTANN-CDR ol5oL 45,L (sbeosls «(b) APHRODITE ol (j5,L svosls «(@) s (Slomlioe
(d) Land

Fig. 6. Monthly hydrograph of observed and simulated runoff during calibration and validation period using: Observed rain gauge
stations (a), APHRODITE dataset (b), PERSIANN-CDR dataset (c) and ERAS5-Land dataset (d)
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Fig. 7. Scatter plot of monthly observation streamflow (horizontal axis) and simulated monthly streamflow using: (a) Observed rain
gauge stations (vertical axis); (B) APHRODITE dataset (vertical axis); (C) PERSIANN-CDR dataset (vertical axis); (D) ERAS5-
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