YWY VAT G AYFAY (Y o led (e e)jbsw;sz.g{}:ﬁ:\lzu

HEC-HMS 5 IHARCES HBV 0 5¢is s 4w 3 Shos aglin 5 oo Julows
Sisdos sad g 55 atw gy SUlg - SHL ilwand s
(-l pp Whel ad > 163,50 () 2)

#*#Y . Al - L Z.
Sl gl Lo e 5 osin 065

Ol sl oKty oyl 3ol e ] (oiiqa 5 pole 09,5 i polio pundigo L8] oliis 5 goziils
. & 4 7 & a7
Ol it oBRtls il ol o o] (ookigeo 5 p3le 09,5 )Lt

QYNNG 5 ale Gpdy ATIBNY 2l )

oS>

L Ol g ol wlatol g 3l Ygomo ()b Ghblio ol 5 w3yl )8 Sidday 5 Sitd Caond 0 Lo ygulS I onmmg i
onl alb a0 Sis sblia (sidgynn cols o)l of plie 5 (SSdorkn S 2 b b S )b o 5 S
S e Gl Wlob Lol & Cusl (65900 o @bl Ygo Syt Cunl i 4y S (ol et g alaoms
ol >l ases > (Safgdgsie cladie cudgazme g Cull ards @l Jae QL el gile e slalnl ol
Suiddos adg> Oblsy — o)L (gilwans ;3 IHACRES § HEC-HMS HBV diusy g estbe Jdo duw 3)Slos dlie
9 (R?) o o3 (B) 5y Jolis 3,Skes (slajlns Sl baJie 3,8kes s j3 85 58 b)) 3,90 Sy las]
s Jlre /WY s o s o /VE 5 oo LHBV Jas ol ol mls .05 ooliw! RMSE 4 Bias glad slalae
0y93 3 )y oxiwly 0y93 3 1y ShIS e VY g ofe oY /FF /FY L HEC-HMS Juo 5 oyt </VYg —+/++¥
VY 9 —+/+Yc <[00 - /oY HEC-HMS J.\A dl)‘f 9 N 9 =[N0 <[5V - [5F wl)ao L)"l HBV J_\A dl)g (TR Couo
¢ el Coluns Jlos 10 )0 1) ddgs dwgn Ollg) (gilwands ;5 3,Sas 1y e HBV Jio s [asuie coles) .l
Max Soil storage (slayol) .bas obs)) (BETA 3 MAXBAS UZL) HBV Jio slayial)l (5 oles
=y ob; b & was Lasuie HEC-HMS Jao oles clajiel)b 43i0 4 Tension storage g infiltration

Wb LS Camles 395 5l LSS ke 4 JHACRES Juo gla ol )b a8 ol Jls j3 ol iyls Jde (295

Senditivity analysis and comparison of capability of three conceptual models
HEC-HMS, HBV and IHACRES in simulating continuousrainfall-runoff in
semi-arid basins

Yaghoubi, M.! and Massah Bavani, A. R.2

'M.Sc. Graduate, Department of Science and Water Engineering, Collage of Aboureihan, University of Tehran, Iran
2Associate Professor, Department of Science and Water Engineering, Collage of Aboureihan, University of Tehran, Iran

(Received: 04 Aug 2013, Accepted: 04 Feb 2014)

Summary

Arid and semi-arid regions of the world are confronted with limited water resources. A
large part of Iran is arid and semi-arid and rainfall in arid and semi-arid regions is
typically meager, irregular and highly variable. This irregularity affects the hydrological
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cycle and water resources. Investigating the hydrology of the arid and semi arid regions is
essential to know this environment and determine their vulnerability to changes. This is
obvious that effective water resource management is necessary and this needs a decision
support system that includes modeling tools. Choosing a model needs recognition of

capability and limitations of hydrological models in watershed scale. In this paper for
runoff simulation in semi-arid Azam Harat river basin, three conceptual continuous
Rainfall-Runoff models HBV, HEC-HMS and IHACRES were used. HBV
(Hydrologiska Byrans Vattenavdelning) model was firstly developed in Swedish
meteorlogical and hydrological center in 1976. Up to now, the runoff simulations of
different basins with different hydrological conditions have been evaluated by this model.
This model simulates the continous runoff as well as flood single event of a basin,
dividing the basin into several subbasins. Dividing subbasins is based on altitude and the
vegetation of the basin. In this research we used the HBV-Light version. In this version
Genetic Algorithm (GA) procedure is used to calibrate the parameters of the model. HEC-
HMS (Hydrologic Engineering Center- Hydrologic Modeling System) model is a new
version of HEC-1 model which has been used for simulation of both continous and single
event runoff of a basin. On of the main advantage of this model is simulating the snow
melt of the basin. In this research, the soil moisture algorithm was chosen, as the main
methodoly of simulating runoff base on the fluctuations of rainfall, evapotranspiration
and soil moisture losses. IHACRES model is based on non-linear loss module and linear
unit hydrograph module. The process of simulation includes converting precipitation and
temperature in each time step to effective rainfall by non-linear module, then converting
to surface runoff by unit hydrographs linear modulus at the same time step.Some criteria
of evaluation in this study are Nash coefficient (E), coefficient of determination (R?), and
the standard error of a root mean square error (RMSE) and Bias. The results show that
HBYV model with 0.76 Nash coefficient, 0.77 coefficient of determination, 0.72 RMSE
and -0.004 Bias error and HEC-HMS with 0.62 Nash coefficient, 0.64 coefficient of
determination and 1.3 RMSE and 0.007 Bias error have highest and lowest efficiencies in
the calibration period, respectively. These values are 0.66, 0.67, 0.8 and -0.15 for HBV
model and 0.55, 0.57, 1.02 and -0.03 for HEC-HMS model, respectively. Finally HBV
model has the best performance in simulating rainfall according to watershed condition in
the validation period. In parameter sensitivity analysis that was applied, the most sensitive
parameters of HBV model were UZL, mAXBAS and BETA. In HEC-HMS model,
parameters soil storage, Max infiltration and tension storage were the most sensitive
parameters with greatest effect on the model output results. The parameters of IHACRES
model demonstrate equal sensitivity.

Keywords: Conceptual rainfall, Runoff model, Azam Harat River basin, HBV, HEC-
HMS, IHACRES

Aodde

\

o ool b g el St sble gl S5
Sodarda Call syl ST el s S5 s
aeis 5 bhow ol bl wY oS bl
Copobe & Sl HET .l o 4 T (6 p i
Bllo wajli ol & Sl o560 ST mle S

el il slaslnl Jols (6,8 et Sz

T e Sysgdoms b Olgr it 5 $Ci5 Ghlin
Coaed 3 55 b 55387 1 (s Siow A 5)43)
ol bl ol 53 Lol o ily oSt ans 5 ST
5 S L Sl s e il el Ygaas
Ol ol ot (Y008 0l an 5 Slab) 5505 Sl

SN ele (2 & G 5L L e (s S5 25



100 vee ot 500 ko ds 3 Ses A s 9 Gl fulow

SFUE sy Ol -k sbdde 0556

Sl Sl ol a5 o St ans 5 &S bl gl
Sy 1) CRUM )il s (Y0V) s Jle
Santa &l CwsYL OT e Siomli 5 Sy ke
e 5 Jie opl 35 a0 g5, T Cgr s craz
o Sl Sl oy Dok (Sealus 5 s
0 o 5 sdii gl .l 0di o3l 4nw s Nahal ¢S
03,1 S5 b s Glad s (o) b s (Y1)
58 4 1) ITHACRES Jds 34 ¢Sist V':B‘ Shls &8
Bbr 3 fsn Aok ot 03 o b e s 5
Sy e ol Sl eslimel Ol cpl ol sl Cwsa
S 3l sy esls Wl bl 45 0L iy
e 5 olil Sy (gilaans ol s s mls
33 (T ALK 5 ey g leans Sl
S e ST e Bhr Gaibe ol SR
&;@,wﬁm&bm{«s;@ﬁw?ﬁ;
o) 53 3 S 03Lizwl HEC-HMS 4wy e 1 el
2 15507 Goih @ade ladis mls I G
o3lizl PERSIAN r:,_,,ijt} st aes 5 &S ool
52038 55 5 sm 5la el S (S sls o7 1T 51
Lyls gmie o)led CN g, L s byl SMA
oled S S, b @l &) ot il Je
3590 SMA gy 53 0T G:L“J 5 As ol (g
52508 (bl sbslas m 235 13 eslizl
(Y1) OKer 5 rams 315 OLES 1) s g (S5led e
Iy HBV 4t sy Clls, = 55b (oo sgie o i 53
Wi V) a8 Sl 5 Sla S 4S5
sl ol 5 dde ol oL sy @l OT
Wb slaas s 4 as s ol odd miuly gl byl
Glp e (2B gy gl Ml s ST 4 LT
Qo Vo093 53 e 5 (mimly dla ¥ o0)ss &S

GO Las s pl s awss Ollg, oL g5ledde
Sl ool Ods glaesls 1y ol 5K, il
3373 e o3l (S 3 3l3le B 5 35 s
el as o w53 Sl S s Ll s
5 o) sdiee ool O mLOLL L gete
Glede b ks e Sladss S 05 (0480 OIS
p Sistdes 5 S bl s @ Olls, i
(et 0L 5 Slal) Col Sl bty o
Llo 1 Sl JLisy g0 Jto Sy 3| oebaw 4> )
3 eslizal ¢3bla ol 53 SHb sk 6k i
b b o 1) 55 85 Loy (SS5 a0 slade
Lodes OUS a3 1) wliecSa S gladsl b
Sladde 4 Lo Lol odoes sade e 55 Jl>
A s Ol Sl s by el
y St s (Yoo A) ol an 5 a1 S aS
Ll L5 S (gilwde kineros sdowy Jdo b Oles s
o3l g S5 e K 5l Fnd 5 oS 0T 5 Shee
a5 L Tl o uinly sl p cnlio 5l Y 5
ls amialy 4 5L edie &K gla el )b ST Sl
B il oy SN 5 Gt &b e eyl sl
Canbib pute Lol mie Xl e s S 0oL
Cold oo il s Sz Dbl g 3
(e Hlstle (llyy 5 (SU,L sbeesls 3l Ll e
3 st Ak Glac ks gl s el 5l
S Gl S amle dg, (YrA) oL
Conlad ps 35,7 > Walnut Gulch slaas o 5
S el en g ok 38T 2 03 i s el e
e sh wm Sy g3 Coalab pde el S
Gble 55 (S5dasdn iledde 55 Coalsd pue odas
OB ol AL gl SKistans 5 S
Gblie 3 s oy 5 odes Sty ldalin glaesls

Yed ‘ol,&,&,ﬁﬁg) Sl 6



QY (Y oyl o U})&W}&:ﬂj;ﬁ{}}ﬂzu \as

J:..o}l.:f Y sgd= sy, opl Jsb )y o Loy
Vooas g 3 Yl bow ge los .ol 0 (6,80 5100
Y90 0T wUle Fuipl buwge 5 wpde 4y
Gk Soson LB ST 5 s ol 8 el e e
QA Sy en O s gl 53 el 5
bl (&5 05 O p e 059 b a4 L il
258 Gl i Cawy oS il sl Ol g e
sl ;8 5,8 13 S
ol oSl 5 b e sl Gl ol
(mban)  aiwlll o&iwl V &l gy glaosls (glaalate
Y s (e 5 Sk oslT wolr 03 ((5) $ «Saly Ol o
63 9dmen 33 3 50 (Ol 2 (g o) Gwl:...i:r:lﬂ oli;mi\
oo 0 wlale Kl 5l Les (g b oslizal 4 >
oUT Olgz Oladkan 3l cDlp (g po) (ol il
Sl 53 (g ) &g o8l V5 (Ol o
lrosls o Kle 5l anlsl 53, (V JK8) A oslizul 45 5
S Ol 5 g el oKl
Sl el asp s Bl 5
oKl aalsl 53 dd oslinl il s dewlows
oKy r-<>)> o (T 0 b G
L Ol as e Ollyy Sl odaliv ¢l L
03 4l sbaesls alS ol S5 ij A Jya)

Ao ags Yoo A B YAAY o LT o9

by, ¥
Sllo 31 lodd ool il 5oy sladd
4w 3 S gy 4 6 dzea (N5 (S aod
S s 0SS Glagssys 4 AS1y s
R Rl JPNC SRS P PENP PR
e &K Ol ¢z 53 Oblgy — 5oL e
Soso e pskien ab e gl cle Olls, - S0L

Rl l e ST mle Sy e s somb

3 Shes J o8 BB ul s (231 b e o 55 0L s
b pl Gl (w5 (Sewly laog s o
© ad g opl b eyl JUEIL Gioman 5 5500 oK
T st (S 58 b6 gl LT U6 slaas
a5 Al et O FLE Sl 4 a5 L
5 jsiw HBV 5 HEC-HMS JHACRES Ju
53wy Ol lead ol Ko sladue
S5 eslital sy Sitaes 5 it glaas >
Shas 53 dte 4w ol 5 Shee b5 5,8
b LS Jde Ol ys Wlg e Sasaas 5 oS
o5 1 dlis pl Soa 550 LS S o K,
o opl 3 Shes duslie 4 b Sl 55 55 0T j3 48 W5 0
wop 3 Sisaed 5 Sus gl s b
(gl ot 3l 03linal b 53 5 a1 o o o ael
Colgs 5 sh adie T b zal)l o 5 slas
e olper 4 sy DUl Aol e e
bl ;3 edige las )8 (gl Jde sl eyl
e 0005 358 b o blin o gty 3 St ans

s ade ¥
G thS VAF Sy b ool wlssg) 5 0T o)
Crr SakS O 5 Ol Gd g e S Y o
OF/V e JIOF/Fr LWl ae adsh o Sy o e
SLs ¥ N0 YR Ll gl o 5 B0
Ol 1y wlsag)y 3T s VS ol 058
3 eDbly wlsgy 5T 4 b dlad 5l 45 das o
o Loy Sl S alsay, sl wbe Lo
Slsman Dl 55U G Sy Sk 4l T
YADK o5 ol i1 ST (VFAR (55355 (o
Los gk 1 20 YVAY 550 OT Lo g2 gl 5 e
YUY @ Sl 5 Sl oS dilais (o gor oo ol



\av

B s dely S r§>,> ) ass bdde oyl :(box
zen Ollgy 5 sk SHalie glaesls (sl 54,8
CaKoT sy 4 Ol bdbe ol des
35 o il IVl sgy 5oty (Lol 8 5 0m)
b Caabs 53 Sl bloday &S Sl Jb= 55
Sl Sk ladde (s 5 S 5 63509 Slresls
(Long scale 4w g (gladie 554 VM.L Awd 93 &
ol a3 655 S 05 I opl s continuous)
e
Sk o Sas glaeygs o 3 S Lk slae g3
S5 4 (Sl ably 55 ogm alold) 5,0 3

Casby WL Ol Al Gl s

5 wlale il Ob o lwand sl Jde ol 095 0
el Sde Yok DUl e st s (b
sl

(Short scale | 5slug, L (slamslseSs sladde
U @léj Silwand ¢l 5 b -l single event)
b Sk s ol 4 as e mal s Sl L
33 om lh G5k sy e o) Y gene Ll o
Sl o OYM OIS 5 0 5mnd) 3,105 5L asdl
Jlos 5 ) S sl b lleans
s enlin (e

Sy, L (sete e 4w GBS ) o
ol Sl 535 g0 Glaesls oS 3 45 gn 03 4 IS 4 At gy

RGN PR cJ)jTV dj.b- BE) LhJ.h

...@,@dum:mejww WES)

Codgdowe 9 Sl asis 4 U (Jdbe Ol
O 5 65535) 5,05 4 s (5509 s e
Sy —b sladae by wab o Sl (W74)
5 3,8, 5 Sl 1y Sl Wy ladsl b elul
Wl o ke TY IS 53 0T s o il Les) 447

Lzeas  gladde i(deterministic) ke gladde
(s 5 adoen Jubo & (83555 23l 45 gazen clgT 55 o
AS o M5 s A polhe Oles

sy Cde 4 i(stochastic)  sYle>| gladus
Olar Jlisyse 3955 polae 4o semme Bolad 5!
A s Mgy g slresls

:(White boX «ldw ax b (6 15) S sladate
5 Gl geme 5 Ll K el bl p e
ok S G5 s S e sl DYl
ladie opl der 31,8 o s (il CanST>
.:;UL&\REWJSHEA{Q\}SG«

(Gray boxX (g zuS am>) oosgie slade
236 Ll szl (K5 ol 8 (glie oo spe sladle
S O b L (S5t sl & 5y Al
Loplas Olilabsle Sl Sl 4 5 L 28
Ayl Sl SKss gladie bl oo gl
SMARTANK  HEC-HMS Wil ol
&,8 gl 0y S opl 3 HBV ;OPMODEL

black colaw anr ladie) S5 e b g 25 (sladie

N 239 dalllne 330 gl lig] 008750 Al

—~-

el

0 35 10 20 o 40
e — —

1:700,000

omete:

- lph el wiliag

s

m i
ey

e

R

EARVES

ot

ey e

R 6\-""’\;@-11J(~]5‘-"1 Sltsgy o)y adi ) JS.JA



QY (Y oyl o a)}>5LA3j&;Jj-§1}gm’.“

A g 03 gdowe 53 L&aK;mﬂ Cf}fb A d}.\?

() Lo b 51 65| (a3) 2l o 2 o (4 3) 2l o J b ol ¢ 5 oS! ol
GAY Y4-00 0810 ol b omb
Y4 YA OY-£A ol b Olowy 0
1At Ya-v/sv 058-V/\A R Sal>
VAQY Ya—g/¥ 04-Y/YA ol b S
LH) Ya-y/YY 08—YA el ol 03
g Ya-EAV or-/ey e Kb osbl
A0+ Ty oY -0t b g
V080 ¥-Yq 08—11 Pt Sy o
(RN Y4-o1 08+ RN o
Y, YA OF-Y/¢A bl Ol
10A4 Ya-£v/) ov-o\/V i ol Ul ole
VA0 YNy or¥-\+ bl Oleddas 53k

ALTA Ya-Y4q 0¢-\o S g S g 40
V4o Y4-00 XY o=l &
s pla e g it e e
|
(Deterministic) ki {Stochastic)es s =
H |
Dipay imd | s slees E S e
(Black box) (Grey Box) (White Box)
s 3 RS ) & e

0880 3,803, 5 @l (S5 sladds glupeds Y JKS

VoA



104 vee ot 500 ko ds 3 Ses A s 9 Gl fulow

Ladde (635,55 slaesls .Y J g

S 2,0 $2005 sLresls doe

(Sl b &135,) Josly e —(&5135,) Slhalin g5 s 55k HBV
(Wlale) G 05 5 pfes —(4il39,) (Slaalia 25 od ( 35b HEC-HMS
(€35,) Fhalis oo s A5 IHACRES

YN € s 5 O as) AST 0 Sblig,y ]y ok

TT 51 S L & o 3oL sl 105, Jlsy )
(S g el o Do geos il (Los 4ilT)
AL TT 1 28 Les o 555 00 g5 (B O s
@l (V) 5 (V) Llsy) 55 —amys eole Gy, Sl s
s oo 03l OT dcloue

Melt = CFMAX(T(t) — TT) o)
Melt water = CFMAX(T — TT)(mm day~! ™)
T(t) k> skl TT Gy, — 4,5 556 CFMAX
ST slamil el g 0 CFR sy slos S0k
Ll 9 o 93

5 iy 2wl Cawd ol s oS iy, Y
ST Wl o, 5l b Dysen Al kS
e s ol (Y S s e Sleand
Flb Y Glls 5l Slils, 6,8 K xS s
(el (F el 53

Recharge _ . SM(t)\Betq
= ( — ) ")

P(t

Gw(i)u}) » o e S sl BETA
b ook e e 51 (STl Sogby 2151 L Jadll oSe
o3 b b Slae FC .S o JiS 1) oy opd
s ity o3 g SO alyl ILP STl )3 sy
5 35 0T 51 VL oS Sl STl sboy Sldis LP ol
s> D gty fabl Gl g Jodlly JHae 4 G 5
P(t) 5 ¢Sls adls 0,55 SM(t) (piomer .ol FC

Sl 439y 20 L § germe

okd dloms DUlsy 3w ol 53 i anll WS U Y

HBV Jus  \-¥

HBYV (Hydrologiska Byrans Vattenavdelning) J.s
ans ilgl 55 5 g éj))}).\:ﬁajwtilﬁ A 0 33
oslizal QG .VAVF (s 28 ) b 63l dnm 5 skia
o8l Ll 5 b el g 5l ey b (6l Je ) )
35 O gt 8l dle 305 355 0SS
Wl s Olal (b 5 LAl (sla 528
4 T bl G5l s OOl (Sleand Gy (10
Oloslous Jols 5 oo sgie Jbo &S5 Jube opl 355 0 L8
T U LT VL P PENW PP B Jppepes
b )5 dad Jie oS 53 WS e ol S
A Izl abe ) kx4 wbe el
5 b sladlsy s il a a5 L ad e )
i ph e e 4l ki 4 A iy
Jde 43l anw s HBV-Light Gusw ol 53 0dd o3lizul
B3 4 due cpl 5,8 Lcwl Yooy Jl s Ol
NGO

Chl S 0T sl Js osle Hlsle ()
b A 5 il 0FLE Slaasl & s
2yl

30T 635,55 slaosls 53,10 3L (g3l 3 SleMbl 4 (Y
NGBUW T K

315 eslimal Sl (ogline gl m s T Lol i 5 (F
<3 5 bl gl (Routine) sladly, fold Jube
S Sl Ollgy A5 5 S Cusby anls ¢ oy

sl Slly) e o3le S5y wb SaS 4 Colgys



VA (Y oLl oF e a)jbd.\éé}&;ﬂjh&}}ﬂzu \s»

35d oo oliul (ol b o 53 S Ol 5 5
o ) 03 B by Sal 4 e LLF S
P G PO JUNP O .1 PRSI FU I E
52 ol s Las Laosls s (655 5 3 55 o
o 33 48T S h ol a3 O 4|y 4 g rlas
uﬁ,ﬁ,;wjﬂ;sqwjefucudww
Gyl b lwdds gl el Lo VY 5y b s
SRS e 5 ket 35 a0 53 0
2385 5 i s S Gl 4 g bl S e
o 3 e 3 ALS 38 )5 oSt sl s
S5t 3 2 55 ot S S i Sl iy 5 b
O O v U JU-V3 U VP
TSN NN PR UL S S ST &
Sl 5 dd oslizal Sllgy a sl i gl &S,
(Recession) uf;l_:.é\})é oo Al 0L o acul
Gilwad 53 Joe Cosgdome Cle 555 0 e3lin
Oy gmodn ey (Jds H s mialg (ol atn gy

L}aﬁ-‘gw&)}—ay\.&j&bb’j&;&)y&u:

Lds Jde 5l
“Rain and Snow
T C:——dian now> o evapotranspiration
1
| E TT, CFMAX
: . SFCE.CWH | _
k] "Snow routine”
- : : CFR
D
':_! I area
E : rainfall+snowmelt
Z
FC
! FC, LP, BETA
: "Bl routine™
+
T QO=K0{SUZ-UZL)
vouzi—t
1 SUZ
i }
2 L
g, QI=K1*SUZ
2, FERC "Routing routine”
i ]
! SLZ
4 b L
"Response function”  (Q2=K2*SLZ M -ALXHAS
CC_;nTpu ted R_UEE:D

(T o) HBVE J IS sl ¥ IS5

B Y R S S SRV TS B LRI T
PF el g ar g bss kS oY 5 38
EALSE s aY @38 Kl o3 o b
5 (kT zelyb) UZL 6T 1 PERC 3,8 <l
Ko 0,53 e b OT 53l S jalos 0,003 Sl
ot b i aY 3O Solgns 5 a5 ol

J}&u’.a CJ\>K2 aal oﬁ>'.3

Q(t) = KK SUZ + K,SLZ + Kopmax (SUZ — UZL, 0) (f)

el O e 93 25 A Q) daly ol s
e 55 @b SN algns SUl, cpligbts, ls, ¥
okl deloes 0L 2 GLLy) 1 MAXBAS il
(¥ JKE) 55k r e3litul ad - s 5 53

(Genetic ¢S ‘.;{);J\ HBV e niuls 51
bl S5 aely g, ¢S oS Algorithm)
03 9de 5 Jbo (6l syl (i 03 SIS 4 Jde il

Sl 0 a:J}T“ J).\:— BE) L@.«T

HEC-HMS Ju.  Y-¥
HEC-HMS (Hydrologic Engineering Center- J.s
HEC-1 . 4> 4<.i Hydrologic Modeling System)
S sl S Sl L Slwand ¢l
G ol (nbige (S5 50mn 55 0kd ags bl ilp 5
Sl ) dod 5 psede oo Jle ol Ll VAFA s
adaz 1503 3 5 )LS diwgu 5 (Slandl oSS &) gt &S
Uiy aloes (1 gy 055 Lyls Jke ol sla ks
s gy (S5l Galid )3 el O3 093 51 AU
hmloen (61 ol 5L 5 Cel 03 51 b3l HEC-HMS &
JsLs < (Soil Moisture Accounting) %5, 31 ol
Golmand 6l 5 Sl Sl o by il r-:-ljji“

9 e e 3 el SO G ke GN}.L L)



...@,@.&od.\»m:ﬂ«.‘:wmjww WES)

S5 0N b Jie S35 il s (b 0T 03 5doee 5 ke e3linad 3,58 sla eyl ¥ J gk

05 9doe =2F Al Falsb
Snow routine
IR Los aibes] c T
v/0-¢ D85 4y ,yS mm C1d? CFMAX
/o—+/4 O el 5556 - SFCF
/o sdoms szl oy - CFR
g Clepss b b - CWH
Soil routine
\re—00 S s i ey mm FC
=) P alS Gkl - LP
\-o S fes b 5o Ed cu b - BETA
Response routine
—t onb 4 YU 4 a0 o mmd* PERC
-V ol O 3l s - i mm uzL
A=/0 (oml O YW SS9 3 s 2 d* Ko
R (2L O ) S5 5 o d! Ky
Y’ (ol Opw) SS9 3 b d* Kz
Routing routine
\-Y/0 59 @b sk bk, d MAXBAS
Precipitation Evapotranspiration

SMA (Yrr v 0 ol 25 dige Olejl) o, 80 bl 8 S




QY (Y oyl o U})&W}&:ﬂj;ﬁ{}}ﬂzu \sY

s Jsde b jisn (Sl e 53 0L (il
Ssh s el Sl 4 (A dasly) CsGOT
@ by glaubls 5 q sbulbl () daly o
s (@ & Cad 93 4 4 9> ¢~5\§ng S
£ Tw ell aw gy ol s ol (5) 48 KT
(V) 5 ®) 0) sladaly) ialS s & Jse 3l
b Jse 51 (@%@, bY) b7 eyl e 51 el 4w
Shesls by Lbi (W) dal) c2ElT

.xﬁwl)w)ﬁ :)}Aw?@jojkuum

i) sbylas T

ol 03 eode wl Ol el 4 4y L

R 2050 25 e Gapl b ladie 5 Sles Gaios
el (RY) e s 5 sl ool 8 813
ax ilwas 5 Slalin ,slas o das o Ol oS
o33 () alaily) 5,05 3 4> 5 Kials 5l gla s
g odile Ly byl ol 5035 (B) (5 ml lre
SRMSE .((Ve) adaly) s o 0Li 1y b o3 aslyls
aST((VY) (V) olgy) v Ll sLaLas Bias
slaesls o Jél.l._-» o ad s 4 L@JT OLs J;Af

3, e 5 0lis s Sl Slaline g odd (g 5luacs

...U)‘J dv\.&
1en . .12
Rz _ HZi=1(Qobs—Qobs)(QSIm—Q51m) @)
- QobsxQsim
1 .2
=y bs—
E=1— [(Q—Qj] a0
HZ?:l(QObS_QDbS)
im— 2
RMSE = iﬂﬂw a1)
Bias = Vit 1(Qsim—Qobs) (Y)

n
sl ¢ ol LS)L"“‘,‘:‘"; J @‘\ML:“ < Qsim 3 Qobs
@'\.«L&L&a L Ja.wj:.a “T";‘;‘?Qsim 4 Qobs 5 Oldalis

Aea gilwand

IHACRES Jus Y-

Ghle 53 & il 4l 5 g o iJube
oSisans 5 &S gble alaxr lciglize olgn T
dde (Yo A (oS 5 &S5 5) syl 5,8
slaol > ol cle 4 i bl 43 IHACRES
ol e 4 STy 5 Lyl sy 50855
ol Ban el Ll BB 0,8 o Dhge S
L ass Sisdsta ke, oux IHACRES Jus
T e IR O BRGSO P B R R g\ NP RN PS50
CaloT s Jsde 5 malS s e s

k@ oo Jsa b (S5b laal 53358 0 S5
S s 5 b5 TR 5 t(K) S (-lfjm I
o el ST e Sk U s Joe

IS8 35 0 ook Gl ¢ Olos 3 (e S,
ssbteas ialS a2 Jgde 53wty IS 4 Luls, (0
25 TA s 53 Fie SHb e b b

!

Up = S X T, (a)
— 1 sk-1

Se=Cxmn.+(1 +Tw(tk))

Tw(tk) — TWeO.062f(R—tk)

TW(tk)>1 (V)

Xk = aqu_l - bquk_l + aSXk_l - bsuk_l (/\)

S Ll ade msby o s Spodadal, ol o
Gladaly by Sl ad e )3 G850 5 s Sl (AL
Sae Tw(te) «V) akasly 53 58 0 Ol (V) 5 (B)
Fo ol S S&a () daly s 1y Sk esls
s S Rodaly 5l 5o S e J 28 cdas oo
b buw 5 SBT3 ad s 0l oS Sloj ol Tw
S 555 0 e G168 4 C eyl (0) dlasly 3 !

09> > é‘ML‘LA g:)\.?‘)) 9 j}a L;JJ)L! >



\5Y vee ot 500 ko ds 3 Ses A s 9 Gl fulow

S ghlabs pde el sy8T 5 4 Llg
ol a ST ESLS s HIF S |y dde s i
2GS ele IS Coles o skt
2 e S bl il (S dakes Sled
2 (62505 5 Sl gla e L b zal)l) 5 eS6 lids
Sl Jlowi Glhis)ge Jde ol (giluard el
SA Conbas pe S lals (U (Sensitivity Analysis)
o gy ol oo o eyl (slacoalsd pie 36
Coabad ooy (620 30 0 F e 556 ol ply Ll
Loyl Cal Sole Conlua o )l (g
AL OG> ok ame 55 Oda b ldie 3 ek
5 e PSS el ) e gl (B 5 el
ol als e gl 3 1y 36 o 2 Je e el
S sl 55 ES 5l Cs 1y e sla el S
Conleo o S 0 Gy 45, bl Lo o
4L (Local) asbse b (Global) JS conl S
Conlem o 55 (Y0 F O 5 &SLu8)
S 8355 bl &K s 56 local
ah e e bl )l s il 5 b L 481
Ol Jde slagsgys aen global Cowlus IR
313 g Ol &S5 55 OLi Lk e3gdowe 53 ok
s Siagn 53 (Y00 0) 0L 5 e (YorYOol)
o sbae SIHBV Jue gla el )l ol Lo (61
4 RMSE 5 NASH jlas 33 Gaim3 5 L3S sslizal
Sl Sl o el 6l On &ly Olse
LS

Ola) 3,5 o Sy st Lz 4 Conles Lo
(YooY

coly OT 51487 551> iy tags 4 5l bl plas™ (4
Sl FalS (35,5 Conlad puts

Jbe 5, 0T Ol g0 5 Sl 5B el )y plaS™ 50 (¥

Colus o O-Y
SSELE Sl Jols (S5dsodn gladits ol
ot @l S 4 ) Caaldd pde &5 Sl ol s
S Gl Glas e plie )3 b (SC5dssue
3L s s e Ll s W Gl Cwl (Jaw s
b izan 3580 3551 2 S b 5 o5 o (mtuly
5 3909 lesls lals 51 EU Sl g 05 S
K s S5 bl 814 e st files
}},&U’.A L.’:"‘“"‘-’ 03 gd>ws )‘ C)l> B JAA )‘ oslarw!
gl L35 (el (aims 53 (Yo F) 0L 5 5
S el 4203

3559 esls s wwpble L Sslar (gl
(ﬁaﬁ LLAJL‘;J\;. ..L'\.’LA)

wd) I8 a4 glaesls H3 dwpble L Sslas (glas
(c.«\fh odalive LSAV\JT) J..,\.A W‘j cg_‘.:a L w‘u.e Lgl,:

oy b S0l ol s o L

Jbs Sl Cle a s
l{j .5}.&64 oslarul L@JT )‘ Jde L§>3J’> @b QJ;
Slarl e gldsdr il SEUS sl iy,
b s ammls (Sl S$ 50 ola el )l gl ) ol
51 esliul 5 (55ludng V.:;_)}il\ 51 eslizal L L85
leu‘:"““)" LL%-Li\Js LSJLNJ-LA BE th.ﬁ‘)l-; \:‘:&E
¢-<> 23 e (Sdade Jbe 5l S (B 1 m
Aas e J‘J; J.:.}'Ugl.zﬁ c)ﬁu’.e oslatal k.’;'“fuf:‘:'f- )‘,:‘
5 oo Jdos Jlaa (PY 0L 5 o)



VA (Y oyl o U})&W}&:ﬂj;ﬁ{}}ﬂzu \s¥

JEst )l ¥ SMA Sl el ¢ uls 5 pd
i oy 3 b 28 4 by bl Y Ol
34 Sl 4 ad gl Lyl 5 )l 0 5 Sl 5 LS
Jo o3 adsl Lulyd 4 b el 0 Obe Gl
IHACRES Jie sl AT ol olm & Couleo
oeda B 3L alS g 0l ds s P b La el
("'63 3l dde 3 i 36 b (a\.tf by

3 15 1y Ll o meS byl

Cow ¥

HBV Juo baw 5 Ollgy - b @jlwans  V-F
Lol s o bl dde amiajlasl 5 axlaly ogs0
oy93 dx a5 Bl il I 0L aleasoT
os e OT 3 by, il 5 oY¥5b ledds
Voosss oSGl T o Sty (50 S 5 s
SR S - I A KR 7L VA B R S VARVAD RN Wt
590 YV )53 &5 ammls S A Ol
ol eslel ey gl (1444/4/¥4-1444/Y /)
Sl O3l olis &y g 5 A& L= (Warming up)
Sy by Sl b Sk aibte ol gl Je LT
095 o bl mtly ey I Zol eys
Jbe sl Gl (VRA/4/F 1840/ /Y)
o) Sl atia £ S 48Ty sboles L el
LS o 3551 5 e 1y 4l 0L (mtels 0)55 53 e
wly o 3 e 1 LS AL S EL oL
0593 55 Ll A (iluacs Conl arail 5 o Sl
YU oL o 385 ilwans Ol (V SKE)  aiwlons
O F 00 e s o |y b el )l ae geme Olea L
03,5 (Silwand Jlalie jldie I S 1) o3 5,050
Jde o pin 5 o5l e Hlle e 4 oyl &7 ol

Ll S o s by, a4 KL oS ol

b s Gradie® 5o fhe gy plas (¥
Eayls oS L
Tl o5 b 1y (Sores o i ba el sl 1S (F
€358 on gt a5 it 5 it s 4 O

L oS s s (Vo)) 0L 5 osljobils,
ol Okl 5 14 = 53 HEC-HMS Jute 1 oslizal
oLl s, L, & |, SMA r;win sl Jes
(e (5 7 Ol ol 2 Sl by (dls ) sty
2l 35 eslial oslmadin ol o 555
@bl ¥ 4 Cod SMA (2 5 o7 515 Ol
(soil ST 3545 & 5 5 (soil storage) &Sl o 53 Lile
O 5 g9y ol & percolationrate)
Silwand )y |y HEC-HMS oo o 3 (Y+1F)
A3 5 8 4 A > Subarnarekha 4 e~ 55 OL >
S 5l Olis 255 Oyse Olisl Lo g oS Gla o
(soil storage, ¢S o o3 il S (gla sl
i p aY e, 5 u b 5 tension zone storage)
W zel,b (groundwater 1 storage coefficient) J
Aed 45 > 1 53 0L ileand ¢l ule

B bl o f ol e g Gl ol )
(local) j5sy 3V 5)ls Jdo 25,5+ EE s ik
(i oslizal & ogote HBV Jde 53 . eslizal
adsl Hldie Ao s 70 6 b el Slkie 2alS 5 5l
wils K ool Kos o byl 45 5 g3 sl LT
3 Nash Coda b 53 3l eslizul b i ool et U o
ALY dde al sl ol o 1o 53 (2l 55| RMSE
Vs STy Jlay el 0 (S Jigy bl V) oT
a8 5> ol el (51 (s e
4 by ol St By by 058 e o
Je 53 i i 8 3 55 ol o 53 0 g3
Sl 5 el eds eslizul (g g,k HEC-HMS

s bl ady) i oy Yo bl telyl lie



150 vee ot 500 ko ds 3 Ses Ay s 9 Gl fulow

ojja)bwtﬂjg}é AJQA;L;LA‘)L:M@L:}y)J

Ld.\.ﬁﬂ\fﬁob &ir}) ijw‘}

b Gleand o Ll g e odd g sl alll

A | e e s gy | PSS 00 S
" . s e
B ohals i g Jate
(xv) =l (xi) (6 L

094Y S a8 5 0S) IHACRES Jute s Uiy, — ik 5luans 0 S

i , | N | N Y

[ _ ! - e, SELE

» QQQ § 9 R N N o & $
\;ov < Q \&o goo @'n & \w \o Y\o Vﬂ & ‘(z '\\0 \\6‘ ?sa o
v T v

HBV e U el o555 55 0l (g5laand 5 lodalie o5 Sl (5w JS.&'»

Volume balance

Observed Simulated Diffe
R? Nash-E Bias RMSE (mm.y? (mmy™ rence
el */YA %% —v/eeg VA Yo Yoo Y
S a\% o\ —+/\o s YoA v 0
—simulated observed
30
25 1
20 ——

(s L
-
w

HBV Juo U s o355 55 0l (3lwand 5 lodalin o5 Jboj 5w Y JS.&



AYFAY Y ol F v 093 cLad g ey S b Ao

Slans YoZaws 1) 0L 2 ke Ol 5 50y Juab 5o
5 ey o9 53 gLyl Gbaslas Lol s S
4 am g bl ol 03,57 O Jsdor )5 miwloms
I3 B oleand oJe (ol sbaolae ol
1 oS sl s Il ol b tl a2l s | 4
VIS 4 ey LS (Gileand Sl il
4 el el 093 53 0L leand

el 030 Cwddy ngg_,d.g..p @L’b J-LA w‘)

\s8

HEC-HMS b oblgy - sk iluans  Y-F
Sy Sl odd o351 O Jadr y3 oy =k
s & dl Gl 5 bsleand (i ol (el
Sl el (& adsl Hliie U o gd e g8 suly Jyl

Ao ¥ osn5 6 Sl aph @ 8 s ho s, s
oo Gl Al ¥ ajjségi);)v\.eu;_r;w\) sy
53 dbe das e Ol A S oS sboles s eslizal

(7)o

HEC-HMS Jus U (ol s o555 55 0l (s5loand 5 Slalie Slls, Sl e A K3

ﬁwﬂ‘j @L’. .0 J}.\?

RMSE  Bias Nash R? 059
/Y vy Y Ay (CEERVAVAL B8 EA VAVAL D) el g
\/oY oy /00 % (1Y440/4/YY-144¥/4/YY) ouwiowe
modellec observed
25
20
15
K
{‘ 10 —
o
E | I I
E l] | | ]
g = _,_JL !_-Li\__*_,l o U Alag ’.{ LYY
Do & o o o of o o> o P P P S P P
& 6,9 zgsa &P ??\9 »© \}9: & 0@ & O Qg-a 009 &P
S U AP PN S S
TN Ty P A A R A A A AR

HEC-HMS Ja L: PSP 093 ) ol LS)LNW B vﬁ.ML&A &TJL;‘)) JL") S A JS»’-"



\sv

Slobae 4 ar g b s 35T st g am O p0n
U5 Jue (8 Jsdar) aerals 0)53 55 e 5 Shes
2l 1y Shisy s b o GlaSleans Gl Y
0393 93 2 55 e VY 5V Lghdifu @tj ool
Byl ST e o gileand js S Ul
A gl o3 4 S |y (6 1S Gla g S5, sba
093 > Jg.:., Cped el 035 (Glwans  Slalie
¢S 4 e s Sl 03,5 My Ssa e (el

.@‘o.LﬁrAJJJJ‘)buiJ%féOM

vee ot 500 ko ds 3 Ses Ay s 9 Gl fulow

IHACRES koo 5 bl = oy jbodsd  ¥—§
5 e g V0 R) S 5 S0
5 S gble ys &8 gl Sl J
Sl By Sosbe Clhas s & Cous Sisans
Sl &S Sl gme O ) Lls (g8 Slsl
gy Lo a s e sl byl )3 Conlsd e 2alS
Sl b b gr eialy 0553 Jsb ¢ S5k mbs a8
Gyl polis e a8 L s gis Ses

JE}J)}A 45\5.)}) w? L§|J‘f dub: o & W\}

—Simuated Observed
50
50
3
— 4u
)
w30
=
T w
10 JI '
. A | T Y | YN
SN S R S S S N S S
¥ F I o o T P
VST R T N VT T T T N W YT

IHACRES Ju L eels 0593 3 edd (gilaand 5 Slhalie OUlsy Sloj s VY JS.&

059 R? Nash-E Bias RM SE
ol g (Yo VANY/FN=Y e e YA /Y) % YAC /A /A
(s (YAQA/N /¥ V4411 /Y ) VAN Vs /Y Yas
— Simulated Observed
30
25 |
20

e s-1) L

THACRES Jua b nioes 0555 53 odd (Siloand 5 Slalin Olls, Sl g MY JKS



QY (Y oyl oF e

a3 o OLEHBV Jde

5\ —Fc

30 \

25 \ v ——perc
20 N\ \ A i

\ \ [t ——Ko
o N\ /. —

rd
c ——MAXBAS
0 =

(NASH) Gus ol 5 i 2o

40 \ , TR
NI
HANAN vz
10 LSS \ / L

~\ = _

0 e ——MAXBAS
60 50- 40- 30- 20- 10- 0 10 20 30 40 50 60

(RMSE) Gia i 15 poots b

RMSE s stus L HBV (sl il Gl s oi Y S

Q00
200 —— MAXinfiltration
3\ -
% \ —— Soil storage
600
o \ = Tension storage
¥ s00
4 \ / soil percolation
3 400 ——GW1storage
= 300
’f’:' GW1 percolation
Z 200 \ GW1 coefficient
100 canopy storage
o 7\& L utfacestorage
20 15 10 5 ) 5 10 15 20 Storage Coefticient
syl ly juis 1o

awslis sls L HEC-HMS (cls mol )l conlas Jlsses V€ JSJ"

.Nash
300 X
'(;« \ — impervious
4 250
1 \ Soil Storage
2. 200 Tension storage
4—',- \ Soil percolation
4 150
yl \ ——GW1 storage
5}'3_ 100 GW1 percolation
= \\ / GW1 coefficient
= 5
\ canopy storage
0 ,,\— \ —— surface storage
2¢- 15 10 5> 0 5 10 15 20 Storage coefficient
ET =R

stw L HEC-HMS sl Conles Slase N0 JSJ"
RMSE <. G.

0793 (had g ) S jud dlne \S$A

ol Judow §-F
Joo 95 4 s THACRES Jie (sl )l slaas
e 3 gl 55 S sy s S Ko
Lo 2ol i b Jde Csuta slamls 53 5 IHACRES
O 03 i edalin o guoee i BS540 03 gudoes
4 RMSE ,las 4 45 L HBV Jte gla el )l
Sl sla eyl 5 MAXBAS 5 BETAUZL sl )l
S &S dmd ol bl des 51y A ules
635 Sl opl ol S o0 J 87 15 VL slalb o~
s Perc 3 K1 el 95 .63 RMSE e 4 Cood
L oopmer isd(or o pluded gla bl
7o)l MAXBAS UZL byl 53 5 jlas 4 4055
&l eyl 51 K1 5 Perc BETA (sla ol )b 5 wlas
UZL jalyl pliae (285 LT oo sled 4 olacdas
33,8 o F plemtes b e Sl Jadll S
Sn w6 4 LT 51y b I 2l 0 I
IR Eb p Sl (il 0L MEe & sl
MAXBAS el )l Camlaa (V¥4 ¢ las) 5,108
LS Iy el O 2alS 51 i oldie 2l &
SO 9 s o Au 4l yd g Ol Hldia ol
slml 6 0T gy Olej 53 5 Wb S £l
Jomein 1) 63L5 Deds Oa i Sy lgi s o7 555 0
L e b ST Ul sl eyl o S0 sd o
s o Ol (6 iy Cowlee BETA el el
wyp L b ay S usb) o S 015 bl )
G5 5 i s 53 S S Cuygby e ol
Gy 2L ol L Sh syl K 0T 4 col
Shae g3 (Vo) OLIKer 5 ) ol o sl
gl pl (LI (g s o K2 zalyl e b Coda
G S 5,1 el & AL ol 4 s e

53 byl i b 1) Ooda slamls Ol s\ 51



154 vee ot 500 ko ds 3 Ses Ay s 9 Gl fulow

Db R30S (SIS 0503 g 8) SIS
5 oKl S 5y s alie mlE ol ol el
HEC- au gy Jdo ol Jdoi 55 (Y00 F) (6,0
455 5> @l Dale Hollow 42 sl 5 HMS
ol ysle e 15 4l ;> Comberland «lss 4,

.-r\.:.’léliMQQT@J:JAJB-.}jJufJQ(Y"V)L;j

S 0
s SiPads Sbde 5 5 sl 4 s L
bdde awlin 4 5L 5 Sl Hlpds Jla o g o]
Syls dde Glusgde s LB jesis ol ,
Gl o3 g Slls, oL sladds JS7 ) sba
QLlﬁ-Ji"; b Sl o dawste S35 4 g U yls
Sy 4 bl Sistaes 5 Sas chas e o
Gt 03 Geomer (Y Y ¢ ) 3)bs AL mBs 4 e
@laesls 5 ne S i I LBl mlBy ST leas >
G35 ilwand 53 sylse opl & dmea SEL 5L
5 Shas Gaizs ol 53 S e bl s sdeee Sl
;> HEC-HMS 5 IHARCES HBV s sgie Jdbo 4
350 Dl pp ool SUsaas b Ol Sleans
Jton gl bl il 5 @38 513 b5
S sl Ol bagileand 51 ol Eb A el
((Pewlome 5 2ewly) 0y95 95 » 43 HBV Jub
e ol b Slilyy 5luand ol o5 5 Shas 1yl
St aas Gble 55 die o) 51 Sl 5 5 L6
L dde ool 8 (Y1) 0LKes 5 5N =B LS
sl i (Cdls o LTS Sisans sble o
5 UZL il o8 sl Ol Conles o mls
=5 5 Sl ol gla iyl 5IBETA s MAXBAS
Kos o b hdas e 15 Sbos Sdba ) s &
wop &y HEC-HMS wusy Sidssds Jue

b o3 S 4 SMA () Sl ol el wlss

&0
1 so -LP
DRI -
S oao o
oy \ \ beta
5 30
4 \ \ perc
7 — 7
o 20 —uzL
2 10 Sy \ Ko
= “ ﬁ - —k1
0 e ——MAXBAS
B60- 50- 40- 30- 20- 10- 0 10 20 30 40 50 &0
Felly 1 i g

RMSE «..ts st LHBV Sla bl Gl Jlsses NY JS.Z

00
, 800 ——MAXinfiltration
A 700 \ — impervious
— Soilstorage
E‘ 600 \ ©
o \ Tension storage
4 500
] \ soil percolation
3 a0 \ / —— GW1storage
o]
% 300 \ GW1 percolation
Z 200 \ GW1 coefficient
100 canopy storage
0 7\& / o surface storage
20 15 1 5 0 5 10 15 20 Storage Coefficient
b 2elly puis 2o

aslis glus L HEC-HMS (ols oyl conlem Slases N E K3

Nash
300 MaAX infiltrarion
T —impervious
4 250 \
i \ —S5oil Storage
1, 200 Tension storage

== S0il percolation

4 150 \
7 ——GW1storage
GW1 percolation

=100 \
e
= \\ / GW1 coefficient
= 5o
\ / canopy storage

surface storage

20 15 10 5 0 5 10 15 20

Storage coefficient

st b HEC-HMS b ey conlem lages N0 K3
RMSE ..l

Lo esie HEC-HMS Jub (ol 5 Conlas Jdo o
sl SMA ‘.;wijl Gl o &S
Falyly of & ws soil storage s infiltration 3 &
percolation jzel,l 5 wlus sl sl L tension zone
Ao & Cand Jo . Cnl pluaad sla el 5l rate
b o 093 i 4 @ b s SMA L

CalEOT gl e gla el 4k w3l 5,0l



QY (Y oyl o U})&W}&:ﬂj;ﬁ{}}ﬂzu \Ve

Sl OLES 56 1 el )l Ol s 4 (6L Sl
3557 5 53 s awp &S Cils a5 UL J,i_: b
B e . Lt
35 Sl gla o3 Jdo e 2 S5 Sjlews lazsls
et Olf o plpls Hles S0 2,51 oS 1) adke
Coda oS Sliiow 55 e dw ol Sl eslial 87 25
IB il as ol 53 S e o (ilwand OT
s 40
HEC-HMS Je Guims o 55 45 Codls 4 g8 AL
Oy o oS dd oslizul (Lumped) )5 8 &) seds
SMIF Dogeh Bad e | Saslr OB (2805 L
il 4 g Ll usmen, 35S eslawal (Distributed)
» Sl b 08LS sbdas 58 S
gl 5 Sles amlie 5 Ssline oSl L glaas
CRAPRR (AP KV NI PP RSt
IF o 2z S GG b bl ol
Y G ol e sk S5 b 518
2l G Al St glas
Sisans 5 $Sis Gble TS 5 U1 glaes >
o G b OT mls 5 3, D)o piS Kos

&

ool sk ladue anw g YA e (ks
S g oKl abObL (bl

w235 2 o) SIS e VAL «$50558
@i =l plael Glay; o) (D SLOL
b S s b gl S el 0L
3 o&ssls

JWS 5.y e (Sly gl v (0 g3 “p cdj)gf
S5k Jie a3 Shos i V) )

&iwans ;5 SWAT. IHACRES 5 SIMHYD

b 5 eSS sl il (38 b 5s b Jae b
5 b s IS B LB s 53 o150 b
Slolows 4 byje 02, S gla sl 51 Sl o
358 F 5 WS Gas ¢ 358 Oljee o e L) WAL
Ob ool 58U (el 25 s glxl 5 hes
5 o= Bl b bl g Lsls edd (giluacd
Sl CBESOT S 5 sl 4 Oy O 5 sl (23
5 PSSy S g4 e bl ol &)
Sie &G 35 b s (Wioslize ol 68
Jolse 51 S ads U 5o b zelyl opl (sl Lo s2e
o omeman el 0T S alS Corge s s
Ji.\;);g;,ﬂ\dg“,;,\;&)uuggﬁ,ﬁn
wils gy b T Oy, 4 0L
48 s e ] s OT 8 55 s s b STiL
5 Oke] 5 Olg Joad 53 0L oS 5,5 e Jule
Obis 5 5ub b 53 0L > Ybws (Giluass
o5 s Sis Glaeysd) D3y b andl e
s 5 S g s S Sl ok S5
Sl 3 e mlie | S bl js O O3y
(et e s dll g kil ¢Sh) Sl 4l 53 Sy,
Kb o A059 Db Jlo g laeygs Jde opl s
Cds 4 Jde 4S5 57 ol Ol Ol 5 o ol ol 51 &S
aw e ol )3 imman LS oo (Silwacs |y laeygs oyl
Max Soil storage) SMA r'iui“ 4 bye glyl
ol sla el 51 (Tension storage  infiltration
sble ;5 IHACRES L (gjleand ;3 .as L)
) 23 ol gl Gloj o6 Sisans 5 oS
.\Mrf Glaesls 515U (ileacs glalos CIel bl
or de ol el il (B, (S b
S 3gh oo bl i 5 Sl o b sl
o3liial SUls) gw tm 5 Gileand 53 O 1 Ol5 o

S ooyl gogdees e bl slaw Jus sl 5 S



W vee ot 500 ko ds 3 Ses A s 9 Gl fulow

Hydrologic Engineering Center (HEC), 2000,
Hydrologic modeling system HEC-HMS:
technical reference manual, U.S. Army Corps
of Engineers, Hydrologic Engineering Center,
Davis, Calif.

Jin, X., Xu, C. U., Zhang, O. and Chen, Y. D.,
2009, Regionalization study of a conceptual
hydrological model in Dongjiang basin, south
china. Quaternary International, 129-137.

Jakeman, A. J. and Hornberger, G. M., 1993,
How much complexity is warranted in a
rainfall-Runoff model?, Water resources
research., 29(8), 2637-2649

Love, D., Uhlenbrook, S., Corzo-Perez, G.,
Twomlow, S. and van der Zaag, P., 2010,
Rainfall interception—evaporation—runoff
relationships in a semi-arid mesocatchment,
northern Limpopo Basin, Zimbabwe. Hydrol.,
Sci. J., 55(5), 687-703.

Masih, 1., Uhlenbrook, S., Maskey, S. and
Ahmad, M. D., 2010, Regionalization of a
conceptual rainfall-runoff model based on
similarity of the flow duration curve: a case
study from the semi-arid Karkheh basin, Iran,
Journal of Hydrology, 391, 188-201.

MclIntyre, N. and Al-Quarashi, A., 2009,
Performance of ten rainfall-runoff models
applied to an arid catchment in Oman,
Environmental Modelling & Software, 24,
726-738.

Pilgrim, D. H., Chapman, T. G. and Doran, D. G.,
2009, Problems of rainfall-runoff modeling in
arid and semiarid regions, Hydrological
Sciences Journal, 33(4), 379-400.

Rahimi, M., Saghafian, B., Azadi, M. and Sedghi,
H., 2010, Flood forecasting in arid and semi
arid region using continuous hydrological
modeling, World applied science journal,
10(6), 645-654.

Rezaeian Zadeh, M., Hosseinpour, Z., Abghari,
H., Nikian, A., Shaeri Karimi, S. and Morad
Zade Azar., F., 2010, Geophysical Research
Abstracts, 12, EGU2010-6313-1.

Roy, D., Begam, S., Ghosh. S. and Jana, S., 2013,
Calibration and validation of HEC-HMS
model for a river basin in eastern India, ARPN
Journal of Engineering and Applied Sciences,
8(1),40-56.

Shamir, E., Meko, D. M., Graham, N. E. and
Georgakakos, K. P., 2007, Hydrologic model
framework for water resources planning in the
Santa Cruz River, southern Arizona, Journal
of the American Water Resources
Association, 43(5), 1155-1170.

Seibert, J., 2000, Multi-criteria calibration of a

Y (sl s_aT o ke . gwe B 4 o> bl g,
¥f-v0

Abushandi, E, and Merkel, B., 2011, Rainfall
estimation over the Wadi Dhuliel arid
Catchment, Hydrol. Earth Syst. Sci. Discuss.,
8, 1665-1704.

Al-Qurashi, A., McIntyre, N., Wheater, H. and
Unkrich, C., 2008, Application of the
Kineros2 rainfall-runoff model to an arid
catchment in Oman, Journal of Hydrology,
355(1-4), 91-105.

Abebe, N., Ogden, F. L. and Pradhan, N. R.,
2010, Sensitivity and uncertainty analysis of
the conceptual HBV rainfall-runoff model:
Implications for parameter estimation, Journal
of Hydrology, 389, 301-310.

Bahat, Y. and Grodek, T., Lekach, J. and Morin,
E., 2009, Rainfall-runoff modeling in a small
hyper-arid catchment, Journal of Hydrology,
373, 204-217.

Bashar, K. E. and Zaki, A. F., 2007, SMA Based
continuous hydrologic simulation of the Blue
Nile, Reports published on internate.

Bergstrom, S., 1976. Development and
application of a conceptual runoff model for
Scandinavian catchments, SMHI Report RHO
7, Norrkoping, 134 pp.

Butts, B. M., Payne, T. J., Kristensen, M. and
Madsen, H., 2004, An evaluation of the
impact of model structure on hydrological
modeling uncertainty for stream flow
simulation, Jornal of Hydrology, 298, 242-
266.

Croke, B. F. M. and Jakeman, A. J., 2008, Use of
the IHACRES rainfall-runoff model in arid
and semi-arid regions.

Cunderlik, M. J. and Siminovic, S. P., 2004,
Calibration, verification and sensitivity
analysis of the HEC-HMS hydrologic model,
Water resource research report.department of
civil and environmental engineering, the
university of Wester Ontario, Canada.

Faures, J. M., Goodrich, D. C., Woolhiser, D. A.
and Sorooshian, S., 1995, Impact of small
scale spatial rainfall variability on runoff
modelin, Journal of Hydrology, 173(1-4), 309-
326.

Fleming, M. and Neary, V., 2004, Continuous
hydrologic modeling study with the
hydrologic modeling system, Jornal of
Hydrology. Eng., 9(3), 175-183.

Haan, C. T., 2002, Statistical methods in
hydrology, Second edition, Iowa state press,
496p.-90.



VA (Y oLl oF e a)}bﬂ.\éﬁ}&:djug{};:azu \vy

Unkrich, C., Goodrich, D., Schaffner, M. and
Stewart, A., 2008, Understanding uncertainty
in distributed flash flood forecasting for
semiarid regions, Water Resources Research,
44(5), 1-2.

Wheater, H. S., 2002, Hydrological processes in
arid and semi arid areas, Hydrology of Wadi
Systems, UNESCO, Paris.

conceptual runoff model using agenetic
algorithm. Hydrol. Earth Syst. Sci. 4(2), 215-
224,

Siebert, J. and Vis, M. I. P., 2012,
Teachinghydrological modeling with a user-
friendly catchment runoff-model software
package, Earth Syst. Sci., 16, 3315-3325.

Yatheendradas, S., Wagener, T., Gupta, H.,



