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Extended abstract

Introduction

Flood estimation in ungauged watersheds is crucial for designing hydraulic structures. The total flood flow
in watersheds consists of surface and subsurface flows. In highly permeable watersheds, subsurface flow
significantly contributes to total runoff, yet limited studies have addressed this aspect. Runoff mechanisms
in watersheds generally follow two models: the Hortonian mechanism, where the soil saturates from the
top, and the Dunne mechanism, where saturation occurs from below. This study adopts the Dunne
mechanism for runoff generation.

Materials and methods

One method for predicting surface and subsurface hydrographs in ungauged watersheds is the
Geomorphologic Instantaneous Unit Hydrograph (GIUH), which utilizes geomorphological data. These
data were derived using ArcGIS and hydrological extensions. The GIUH model can separate surface and
subsurface flow components. While previous studies have primarily used GIUH for surface flow
estimation, the model equations were expanded in this study to estimate the total watershed subsurface
hydrograph. The GIUH model was applied to estimate surface and subsurface runoff in two watersheds:
Kasillian in Iran and Gagas in India.

Results and discussion

The proposed GIUH model was used to analyze surface and subsurface flows in the Kasillian (Iran) and
Gagas (India) watersheds. Simulation results for four rainfall-runoff events in each watershed demonstrated
that the model effectively estimated total hydrographs and their components. A comparison of estimated
and observed peak discharges in the Kasillian watershed showed that the simulated peak discharge on May
10, 1992, was 10.1 m3/s, whereas the observed value was 11.8 m3/s. The error margin across different events
ranged from 3% to 16%, indicating an acceptable model accuracy in runoff estimation. In the Gagas
watershed, total peak discharge varied between 44 and 110 md/s, with subsurface flow contributing
approximately 5%-6% of the total flow. In the Kasillian watershed, total discharge ranged from 1.6 to 12
m3/s, while peak subsurface discharge was estimated between 35 and 60 L/s. The relationship between
rainfall and subsurface peak discharge revealed that lower rainfall led to reduced subsurface peak discharge.
Sensitivity analysis showed that hydraulic conductivity was one of the most influential parameters in
subsurface flow simulation. In soils with high hydraulic conductivity, subsurface flow accounted for a
larger portion of total flow, and the hydrograph lag time increased. For example, reducing the hydraulic
conductivity in the Kasillian watershed from 0.0025 to 0.0009 m/s increased subsurface peak discharge
from 0.35 to 1.3 m%/s. Additionally, reducing the Manning’s roughness coefficient from 0.2 to 0.4 resulted
in a 31% decrease in flood peak discharge. These findings highlight the importance of hydrological and
geomorphological characteristics in accurate runoff estimation and flood control structure design.

Conclusion

This study evaluated the GIUH model for estimating surface and subsurface runoff in the Kasillian (Iran)
and Gagas (India) watersheds. Results showed that the model provided accurate peak discharge estimates,
with estimation errors ranging from 3% to 16% in Kasillian and 1.6% to 12% in Gagas. The subsurface
flow played a significant role in highly permeable watersheds, contributing 5%-6% of total runoff in the
Gagas watershed. Sensitivity analysis revealed that increasing hydraulic conductivity led to higher
subsurface peak discharge, whereas reducing the Manning’s coefficient increased flood peaks. These
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findings confirm the importance of geomorphological and hydrological characteristics in runoff modeling.
Ultimately, the GIUH model can serve as a useful tool for flood management and watershed hydrological
response assessment.
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Fig. 1. a: Location of the Kasilian Watershed in Mazandaran Province and Iran and b: Kesilian stream networks
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Table 1. Geomorphological characteristics of the Kasilian and Gajas Watersheds

Watershed i N; Ai(km?) Li(km) A;(km?) L;(km) Sci Soi POA;
1 42 38.43 67.26 0.915 1.60 0.241 0.345 0.569

Kasilian 2 11 52.94 19.70 4.813 1.76 0.069 0.297 0.215
3 3 62.25 7.40 20.75 2.45 0.047 0.263 0.138

4 1 67.80 4.65 67.89 4.65 0.008 0.261 0.077

1 121 365.42 210 3.02 1.74 0.17 0.81 0.722

. 2 23 427.34 69.8 18.58 3.03 0.14 0.655 0.122
Gajas 3 6 475.32 8.45 79.22 7.63 0.04 0.172 0.095

4 1 5.60 40.23 5.60 23.40 0.017 0.065 0.061
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Table 2. Stream drainage information and their probability of occurrence
Number of streams drained into other streams Pxixj
Watershed i 1 2 3 4 1 2 3 4
1 42 37 2 3 1 0.88 0.05 0.70
2 - 11 9 2 - 1 0.82 18
Kasilian 3 - - 3 3 - - 1 1
4 - - - 1 - - - 1
1 121 88 22 11 1 0.73 0.18 0.09
2 - 23 20 3 - 1 0.87 0.13
Gajas 3 - - 6 6 - - 1 1
4 - - - 1 - - - 1
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Fig. 2. Stream networks of the Gajas Basin in India
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Fig. 4. Surface (in saturated zone) and subsurface (over the entire overland) flow path in a basin (Lee et al., 2005)

effective rainfall i,

D saturased zone

[] unsaturated zome
surface-Nlow region —N K surface-flow region < surface flow
K~ subsurfoce-flow region —H M= subsurface-(low region =3 o= subauface flow

(Lee et al., 2005)

Fig. 5. Separation of surface flow region and subsurface flow region in overland
(Lee et al., 2005)




VW /

o lae ea abai n) g aba Gha (e

ds 4z S b ade> Sy (gl |, by, oS >

5 rhe ol S5 e wase olad ],
Sl Sy b

@ e 0byzr ln QB e SO W S

53 e Ol Sl Jleat il (F) alal, &) 90

o b (1) dolae oy 0,5 )13 s9050 ne
(Lee etal., 2005) s4

XoimXi—Xj—...—Xp )

P(Ws): ﬂPOAi’ani.xi’Pxixj"" ’karQ
Tws=T, +Txl+ij++T‘cQ

Xot

b by Jsl Jles! P, x; ool je a8
ol Jesl Jlasl Pxixy pli JUK a4 pli axas
Lol ol JUB @ ol JUIS oxlas
Goidz ;o b baisls g b g 09> Jlaix! yolde
aS o, 5 baly Glasie el 5 iz sl
0 ale GIS Las 0 ARC/GIS asliy lawss
i (F) abal; 5o (@) glesl wo)s cupo 05d
Pl Wy e 5 Gislew oloj Jlade ols u>_..;L..)I
ol i g asals islos le; Egoro
Obyr S5 e Wap ST Gk e @
Sl Jleixl il py Ojgods asels oy
bwgi 05 )8 Wap e 55 (v b~
(Lee etal., 2005) o4 co dplne (Q) alasl,
XoupimXi—X—..—Xp @)
P(Wsub): (]'g)POAi'szubiAxPPxixj'"' 'kaxQ
Twsub:szubiJrTriJrTvg‘er+TxQ
B Sl a9 labaxd axly SISg 0
ladaxd Ja-‘j dl)fs)d.ﬁ_ﬂb Egozmo )" dog>
ol () g (el 0l S5 SC3el98) 90953

& Doge (F) ably bawgs ol (i &5 39400
(Leeetal., 2005) »,.5

(?)u(t):us(t)—’_usub(t):

N1, 0%, 0%, (0%, 0], plw) +
wg EW
[];sub ® *];i ® *];/ ()*... *];g ] Wub
Weub €W sub ‘

iz SR S 4 () bl jo w e
Gaaz ;o polel p (8) dal; alre o> ol
el laibly ooz del p SO 4 Lo ase>
ygods |y (L yes) b JUlSy eaiels g 51
aly BSp0n wsd Sk s s e

Ol &5 s dalys d9d azxgi B S5 4 S
43,8 Hlas o aiels ol yo gludldalais o) xlaw
2 el g ddlaie ol (b Bl g S9d o
ke la> c> Lee et al., (2005) .ol axé 5 Lo
oslainl sole (5,055 o 5l glidl e g glidl adlais
3w by bogladl dalaie Job g csl 005G
S azis 5 b 1 (@) gas,o | aman S
L.cd,S s ol /o0 plpd jlade g cunl a8 ,F
Al (V) dlal 5l eldl mlaws Jobo ¥ S0 4y az g5
g s
Z’oi :(Dz’sub[ M)

Lsub; «pli axio glosl aikaio Job Loj oy y0 a5
5 ool ol amio b ol bt Job
oo o b ol bausie Job (axio JS
oo Cawday (V) abayl 5l sl Sl Jobo awgie
.(Lee et al., 2005)
D)

= _APoy;
subi ™ 5 N; zCi

L JUS slaws Nj g JS corloe A o] o a8
aS ol pli a0 b U Jawgie Job L pli a0
shlo 49> S5 1 GIS 8l 5 Loy la el ]
2 50 Colue Cod Pyl ailns L8 DEM
Sl 4y axgi bl ddg> IS Colus 4 pli axy0
oL s Sy pdul Gleojex o Slxio Slass
a0 e 0 Slxbs 5 b s Jeb lawgie 1A el
D50 105 Slowbre x> U 09l o colaiul

&le 1, (¥) all, Sabzevari et al., (2013)
Sged Sl elil e sl gLl adhaie glolos

¢=1—%

L S Sdgyoud colan e k ol jo a8
s S S lawgis Cuwlbs D wmis JS Jsb
Job 10 S 4Y 4 435 Sud bwgie N g axio
Calbies 255 L o L (1) alal, ol Sk
5 et (S Ay 4 Sl s ool S
2B axbo Jsb o S (Sgyae olbe e
0gh dlos | glotl dilaia Jsb wenl

™

loassls (oebaw 5 9 (el b > 51 (26 Sy,

(Xi..) 233 Ol e 5> Blizee (slad 2]y (1)
o 4 Sy, onl by gamaz e bl g
iz Gloyras F S5 0900 Jiie adg>



\f’f 6\ O)Lo.:; AV AL’>

Sloxio (el ) Galesy Oloy W 09l oo 35 543
gai oslital (V1) alal, 51 olss oo |,
oolitsl (V1)) abayl, 5l adsm JS o,z el (6l
D950
0=y [us(t=L,(0)+u_, (-)N(D)]de 0N
ol le ( S)b adss Lol N (1) ol jo oS
@labax axly SISg 000 i Fa Usib 5 Us lile
el 00l delre (s § g e
Slly, S50 mls SEss okl ¢l
b pe 5l W g (LS 429> g0 s
(\Y) akl, &,e04a Nash and Sutcliffe (1970)
A eolatuwl

J0 [060-0,0)
S 100(1-0,]°

L§>l..\.:oL....a &S e Ay Qs(t) 5 Qo(t) ‘QT 4 as

sl os buge Qy gt ploy j0 00l (i (299

CE=1- AayY)

32 Jdowe @5 oo CE lase el Slasliv
S 20 4 4z 8 oS Cenl DM BT 008 (0055
ol Jao canlin o5 onsms lis ail 5 SGoy
Shalie slys; Sz sl AU @D cuye s
o, gllas lade .Cwl ¥ Jguz gillae ddg> g0 40

D9 ss dmnlne (VT) abl 51 55 M Sy

9,/ -(Q
£0,00- 00 -
P/ rec
Slhe 35 peSle (20 oyl sl lade

glalx) o zly BlS g0 JaoiJow gl
pr g Ghagh nl )0 0l &l (So59093 9005
35 (ro, g el oa b (o ngi 05 e 18
Ol tha b 2) ade> 5 oL S5 0
by () bz SS9, g ()
15 Slily, S5l slagsy ez sl Szl el
25,5 )15 a0l )50 1 Sl &5 Ll 530l 039>
Pl s & S5 oL w8 S ey g 00
ol | ade> sy, Sl sl slile ()L 5 Sk

ol 5 Notleny oloj 5l (al el o (glalad
bl p oy g baasels (o s g (xbaw by
Al (V) oles alal, L&JT (Ty) sielom oo
D9l 5
=L -t
ka_ Txk exp (Txk> (V)
sl 1ol (b 2 5 oy ploj dsloxo
sz ge ozl (g y0u slahy) 4 Glolan oo
soba ol aulbee B 580 Ojgoa  Soleiw
10 G5lae 5 Blo Glamas &hgod |y als 51 Jle
o ho by Jols gl wed a8 S i
gl J5b) ko Jsb 50 (Sail Sad jl oub
M) alal, 5l a8 sl Soile o po 5 ok (gl
(Henderson et al., 1964) 5.5 oo awlxs
oLy, M

r,= () w

Lsgie ool SqeSile cuyo g ool o a5
ol LS Tl s i gl aels
Lee et Jow ,o:ld s 50 pwlowy ybo) d—wlxo

Gk 3 i 3 b ales ol al. (2005)
Dgud g0 dwlze (V4) 9 1) ‘513-[9)%" 6L‘°“~Ja-.‘|)

B B 1/m
B; 2igheLgyp.Le;
Tx>: . = hzno-+ — -AIM/ZI = 'hca- (%)
! ZleLsub[ ! BiSC[ !

_ 1/m
~ [ienc(MAi—APOA,.)

NBSy

Ly oyt By s JS corlus A o] o a5
G POAepli JUIS yo O caslses heo; d a0
Sej aog> gl dilaio JS o & pli gl o
sl g Sl pi e el JUIS s
Lee et al., :xbowp) b o Gwlow b )
o dmsloms Cag syl alaly Lol 3 (2005)
gei ooliel (V) ala 51 ilens

fis'ubi
Lo = 75, AR
i

o Arial et al., (2005) wlogss  wlol
5o hsd by oL > Sabzevari et al., (2010)

e Oz (89 9 90,0 d9zg glidl i ddlais

" Travel time



Y'Y/

gl Slrojex (a5 (rlaw by (edS

sle 1y Tasem U5 Slls, 1S5 00 YIS

sl 423 5 ool SCS-CN 3585 Joto polusl

69 10MAY1992 @ Rainfall Intensity 10 24MAY1991
54 B Excess Rainfall B Rainfall Intensity
8
1 6
ttmm/br) 34 1{mm/hr)
4
24
2
14
0
04
1 2 3 4 5 [}
ow  (hr)
220071954
7 25 AMAY193 B Rainfall Intensity
6 ' B ExcessRainfall
5 2
4
I{mm/hr) I(mm/hr) 1.5
3 1
2
1 05
0 0
123 456 7 8 91011121314 1 T2 3 4 5 6 7 8 9 10 11 12
ol hr) o 1)
Ol adg gy, sl dlile o5k 5 (Swisl SIS snle —F S
Fig. 6. Rainfal hytograph and excess rainfall hyetograph of 4 events in the Kassilian basin
14 T T T T T T T T 1
Model
12 |- Observed hydrograph
10 —~ -
=y 8 — -
3
E
= 6 — -
a4 — —
2 —|
o
o 5 10 s 20 25 30 35 40 a4s 50
timeChr)
24 MAY 1991 (a)
= :r R T T T T T T reia

— - - Obsened hydogaph

- 25
timethe)

10 MAY 1992 (b)
Shusy ez @l QlkenS adg> IS rlins Slils, 159000 -V S

Fig. 7. Direct runoff hydrograph

of the Kassilian basin for 4 events

' Direct runoff



\f’f 6\ O)Lo..':; AV AL’>

18 . L L - . . . .
Model
16l o~ e Observed hydrograph | -
1.4
1.2
g i~
5}
E
S 0.8
0.6 -
0.4
0.2
ot
o 5 10 15 20 25 30 35 40 45 so
time(hr)
4 MAY 1993 (c)
14 - v v E = -
Model
7777777777777 Obsenved hydrograph
12~ ]
10— )
= 8 |
D
k%
=
=
S 6 i
.L 4
L 4
. =

S Slaggy (pl jo o Jals Lol cde .l 004
ass> y Sk polie fals LS glaslyg, «
Sake VA aSTYY &b 0 el @ S0 b
oas sadlice S (20 9 VYA s 0505 Sy oo
el 00 4l CaSo 0 VYN

Py ol GBS 00 °)91)% oA S
Sl olasg, ez ol

007 T T T T T T T T T
0.0 |-,
.

oosf

D(mG.I'sec)
o
o
B

o
o
5]
T

onzp

i
oo1f

L L L L L
280 200 380 400 460
timechr)

24 MAY 1991 (a)

L L
160 200

00

70

time(hr)

22 OCT 1994 (d)
Y USCs aold!

Fig. 7. Continued

2Hm S =]

03 0)5—|ﬁ S @0 Hlaie @Y S il

0391 il 3 caxSiayio )+ /8 0 odmlice o 5 1 VIO
Ll F Jaax b Joo 25 oo polis ol
0as 3,90 S (20 i VAAY o Ve Al o
4l s xS e V VA o omline Sy 55 ) +))
Syslp S (20,1080 VAAY o ¥ )b yo .l ooy

ML:)Ju:.ia).uo VIOA 00 ooslice &9 VY ools

0.07

0.06 —
0.05 1
0.04 1
0.03 T
0.0z 1

0.01 &

D: .
1} =0

L L L L L
250 300 350 400 450
timeht)

10 MAY 1992 (b)

L L L
00 1500 200 s00

Ol 05 (a5 0l S5 5 000 A S
Fig. 8. Subsurface flow hydrograph of the Kassilian basin



\Ye/ eyl Glooje> (a9 (b by eSS

gooq .. —W*;
%a s 100 150 200 mfzcom 300 350 400 450 500 ® £ ) w B o 0 w0 w [
4 MAY 1993 (c) 22 OCT 1994 (d)
AN Sl aolsl
Fig. 8. Continued
ol Ko b hwpy by S polie W, Saie VY o Y &b j0 a-A IS las
.o)bg;gs.gua.nol.\”))LQ.?)asﬂaw Aﬁjljﬁ);c.l?()omoﬁb@bﬁ}dlﬁgdﬂ@¢
GIUH J.\A wl.w‘); wl?lf M5> gu?) é)jiﬁ a_i:..) «® )‘AE.A Y44y ° ) G’)L’ L oW 009y
g_)la‘j) dl)f;)m 1 Lim ‘MB; ral?u‘ U’“‘bﬁ)" u)‘).b Y44y (56‘: G:)L‘).b el ML)JJ.MJ?‘ IR \3)51);
ULA-AA) M}} calises J‘A:s) )LQ‘} 6‘;} |) Mﬁ" JS aS Cewl MLv):).\.J YO ool .))31)) g_iu ‘5»& )‘A.M
&l ol Jae oLl o polis Y Jsax VAGE ST YY sl Lo (P JSE) cal Sl
L)L'“" ‘) u.:l}lfg ULALMS d..o? d‘;s)m M | o.)y ML})}).»..J?& W) o)jif&g @é)d.a.n
ER=0.257cm/hr -June 25, 1978 | .’: I"; ER=0.208cm/hr- June 4, 1977 |

4 June 1977 (a) 25 June 1978 (b)

: _ T - 2.5 ; : : : : . : :
. ER=0.136cm/hr - June 20, 1981 | ER=0.111cm/hr - July 31, 1982
o 1.5 E
G B
05 4
% > ® % = w W ® ® L
Him= DU 10 20 30 40 ) ED_ &80 70 80 20 100
20 June 1981 (c) 31 July 1982 (d)

B asgm (b p 5 (aw) S5 Sy, SIS 00 -1 5
Fig. 9. Total runoff hydrograph (surface and subsurface) of the Gajas basin



\f’f 6\ O)Lo.:; AV AL’>

ER=0.208cm/hr- June 4,

5 ]
. .
] 10 20 30 0 =) &0 70 20 20 100
time{hr)
ER=0.136cm/hr - June 20, 1981
é 1.5
A
0.8

Hmisec)

ER=0.257cm/hr -June 25, 1978

W
T

=]
T

100

)

aim?sec)

ER=0.111cm/hr - July 31, 1982

10 20 30 40 50 60 70 an 90
timefhr}

PlS abs mla 5 Sl B0 -V IS
Fig. 10. Subsurface flow hydrograph of the Gajas basin

B g GllenS 53ul o5 O ew S GBS 5 00 ress Sz Joe b5 po polie —Y Jgue
Table 3. Model efficiency coefficient values for estimating the total flood hydrograph of the Kasilian and Gajas watersheds

Date 10 May 1992 24 May 1991 4 May 1993 22 Oct 1994
CE(Kasilian) 0.85 0.8 0.87 0.6
EQp(%)(Kasilian) 12.7% 155 % 32% 35%
Date 4 June 1977 25 June 1978 20 June 1981 31 July 1982
CE(Gagas) 0.88 0.88 0.89 81
EQp(%)(Gagas) 9% 1/6 % 8/6 % 12 %

Om aos ol o by IS oo pSTas ool a4l
Ol S8 Ol Sl Lz nl olulp g
S GBS g0 wo)s 28 By 399 (v
VIF G ade> US 00 ySTas LS ase> 0

) Ol Sy g Gl Al CaSe g VY G

5 S Gl juz g olS ids 4 (ol y)
S, bl dsg> S Slasin

g diZwd owlin polass /A 5l 35,5 CE olis

laolig; (slod ;0 odd oy Sl S g 0
lie eSSl WE ) (LS ads> o
a5 O S e sllas e aSlosgy 1o o5
» Lol Sy gleojls (b e Ygane
30 g Cewl 00y Qo VU A o LS b
il 0lie 45 0o )3 VY B VS y olol8 4>
FoS (SNb e azya N e S gl bl

adly a5 55 b Glyr S el oad
oy ;S (hawn; ol SShe jlhde ool



\AR Wi

gl Slrojex (a5 (rlaw by (edS

)L*-““ );“‘)li S S g_g“.t-'j)“-\-.t-“ RV o po

Slooje> xhwpy ol Gledae o oS
Colie s b leass> 5l g)len jo .l sl
G by by Ses Yo S (Slgjue
5 3l ) (e e SS5 00 50 bl
SIS R S W A PRI WA
e 5 sladasd axlg B1,S g joe caslice L.cuils
Jade a5 sg4i 0 codlive (LlenS sul oje>
B0 B YO dg0> g oS ke Wil ST
a5 Cawl ol el ol e cinl adl p caSh e
2y YD adg S Ss s Colas g
ol 5 d el il a0 5l S 5 sl o 4l
A Cannd LgJJYLg KONy )’l c_s}“‘a“‘ UL‘P dog>
Zal 13,95 0 (a5 Gl
Can o BN USE Jie ol
ey ol S50 son ) Sdoe

SIS0 Juo b polily Comlus Julo
Gldasd axly Bl S g 0 Jow glabad wslg
wile 3 Gheghy cnl o oad &l (Su3sl8 505
ean 4 Sl m Sl gladae 5k
Joe (599)9 slayally el ule 395 sl il )y
ol Sle SG5els8) 50535 (slabamd wxly SIS 00
i 5 s a5 lork Sie b ]
Solaa cups g JHR (g p albog, o5e
Slasie 3 S cwubrs 5 Sdgyaee
Sile apd el il e (Susslshysesss
Ot adg> Dlxiao (LS idgy bl p Slriao
bolayg) 5l (stand Do I (g5l ;0 9 950 00
33 bl gl 9955 0l ez 1) Sllg - (St
Joe 09,5 byl als S jsboas 05 o L
i 500 e 4 e Syl psul ege> o
ee3S p0 e ol el aad (pl 5 wlei e
Ol 0 Dse s 50 sl e D SlTg 0
009 Joo & (Fyme sl DALl bansgio Jhgl

14 T T T ' I I I I
—— k=0 0000%ms
L= k=0 000Gy
g —
I k=0 0MIms
|
Y
o |
Lo
. i
T |
i '
T A
=] | *
08l 5 |
| .
X M
oafl N |
! .
oz, - |
T e -
; S T .
ol T T ; ; k= : I :
0 10 200 00 %0 500 700 =00 900 1000

b5 O U5 BT 3000 59,0 S (S poed Cylan po 3l -1 IS
4MAY 1993 ol

Fig. 11. The effect of soil hydraulic conductivity on the subsurface hydrograph
Event 4 MAY 1993

0k 4l p oS VP 2STas 4 a8 a0
Dy se SQ3 Adg>

Siilo s Sl b e Sl S 0
S sy 3590 ad9> IS SBI)T 9,000 (59, 5 Dlxio
el VY S Bl o) azis aS c8 8

Colae o po 4z e eh o oalie & jshiles

SIS gy0ep Sy Jlade webioe S5 (Slyyue
4 Sadls wal> ooy (mll s (v n; Ol
Wy Sk Sgpae colis oy STl b
L I e ]

4l oS e VT 4 (oxbans o5 0l 2 BI85 00



\f’f 6\ O)Lo..':; AV AL’>

uﬁ&uwﬁsdl}w@u@uﬁ‘)b
a8 el pzl jlaw 4o IS O (59,

Ol sl eS Slbo Siile o 4z e
S A al wlgs eS 3948 4S5 Cewl ol caimo
B /Y 5l Saatile capd yuesd g0 YL Ol

wﬁls Qo 40 A\ Sgd> ‘) u)L...u ;iu )L.\.M /¥

2.5 T T T T T T T T
————————— nO=0.<
no=0.3
—-—--n0=02
21 -
1.5F -
=y
[ak]
R
o3
£
=] 1L |
o5 -
o L 1 L L L - - - T
o S 10 15 20 25 30 a5 20 45 S0
timelhr)

4 MAY 1993 &b - JS G550 59,5 |, ads> Slrio Kidle cu o b 1Y S
Fig. 12. The effect of the Manning coefficient of the overlands on the total flood hydrograph - Date 4 MAY 1993
k=0.025m/s, ny=0.4,D=2m

S Uy, eSSl saepe Joe Girgly ol 5o

adg> g0 BlSg0ee Ojgody (hwp; ol g
ad,5 )5 4w o w8 ade 5 oty olbens
S S e gl Jlade mls elulp b
20,0V 7 B der G OllenS 49> 50 ads> (>
Qo 3 \Y B V/E o w8 dbem 10 9 Canl 00
U5 o morsSle ol oomslin pyolie a5 it
s esSeyie Ve B Y W8 ads> 50 (L
Logio jsba a5 0l aulre sy, ez ¢l 45l
oy o g ohugy Skxr ol by
S ST g0 wo)ps 28 By 399 (v
S 20 oSl pllaS ads> o ol b
Sas 5 sl 4l s cxSayze VY B VS oy ads>
el 4l I P BYD adgx xb ) ol
core b GIUH Jos conles ol L

2 Olxas il ey o S Ssjue colas
bl 285 1B o) 2 0590 Glm S (20 )
OLid 09 yiaS Slho Sisile (o po 4z im0 @l
S U al dales eS dga5 aS Cewl pl caims
G oIV 5l Seatile cuypd jetd 0900 FYL O
0 oealS a0 T sgas |y O Sy lais ¢ /F
Cala gy sl alimdlo LB Bl i ol 45 a0

& S Ao

@labd axly SIS 000 Jos 5l Gieghy cnl 5o
SS9 0ed et Sgzr (GIUH) (S55d58 90555
O GBS gue 5 ade> IS et U,
» by Gy b esliul adgs (o
3 ot B YL 6 pdided b (ISx laasse
S Sazmn bazrg bgo)ls (v y; ol > obxl
ol e glasysly 5l (o S S bz ol
Oz (oS g GIUH g, sl eslitul oyl
] dS g 1 5

5 e ol gl ol 4 GIUH Jus
Ol 500yl bli e s 5 ade> slaaisls oxdaw
gldlne 5 gldl aihie giluba ln oo
ooy s eolatwl s pdieldl Jow Gl baasals
el 25 5l nb (xbaw ) Gl Glen
] S Slasiin g loaiels o g Jobo dmaiels
ool by Gl e basdy aley ol
905 debre (oulo Wslre 5 Sileiw o0 (6595
Al ad S S Jae o

bl tagh cpl 4o eals &lyl GIUH  Jos
Sl g,0m o> J5 Slly, S5 0 aule
I3 1y (edan y Sllgy SI,S5 000 5 (elan SU,



\YA/

gl Slrojex (a5 (rlaw by (edS

5 g, sz lr g AT YL GLkenS 4l
oolin polie aS 540 /AL /YA o slol ase>
Pllyy Sz Gres Sz Joe sl e diin
Logio 09 AUV B OY o oLl abg>  xhaw
Sl VIA GlaT asg> olagg, Sk 0 S slhs
Ol o dbee Sy 20 polas &5 cll 4y LB

Syls sl Lol egh b axdllas

‘53|.>).\§ 9 ,&w y

PO YRR O U R VK (S WPV
y8az;e a8 Cul (e Gl SIS 000 9,
i ol ol e wil pals e Sk
D9 50
M Jumily  ol5e  Derakhshan (2010)
A e 9,59 HEC-HMS Joo b (LS adg>
W b b slapem g as ols lis s ols
ol 65 Jom iy 9 QU Oliee (708 sl
erass> g 5 Sllsy adg Jewily (nyide g

LS 5,0 g sl arws o51,] sl a5 ol
NECSERE AN SO o) JE N RN
5 3585 (YL Caranl 0aimd i ol ol okius 3gis
ool (S sloadg> ) )3 (daw iy 0L >
Uvg, oolazwl L Keshtkaran et al., (2018)

5,50 SleMb] dgs gz olagial axly of5T elSils
el e S5 g o2 3L

&L (ol
b (pl g 0l 092 (dlio olas dllie (pl jo asg> by, 2bs,l 4 (b slabaxd axlg GBSy 00

53 ol i8S L )3 sl Jle 5l olwg, 4w sl

] GBS 5 der 0l 050

oolaiwl 0,90 slo

Amini, A., Hosseini, M., Mohammad khan, S., Moghimi, E., Yamani, A., 2021. Evaluation of methods
estimating overland/streamflow travel-times for predicting flood hydrograph based on PGIUH model
(case study: Amameh Watershed, Tehran Province). Quantit. Geomorphol. Res (in Persian).

Aryal, S.K., O’Loughlin, E.M., Mein, R.G., 2005. A similarity approach to determine response times to
steady-state saturation in landscapes. Adv. Water Resour. 28, 99-115.

Chang, C.H., Lee, K.T., 2008. Analysis of geomorphologic and hydrological characteristics in watershed
saturated areas using topographic-index threshold and geomorphology-based runoff model. Hydrol.
Process. 22, 802-812.

Derakhshan. 2010. Study of flood potential of Kasilian watershed using geographic information system. J.
Applied Res. Geograph. Sci. (in Persian), 16(13), 51-63.

Gupta, V.K., Waymire, E., Wang, C.T., 1980. A representation of an instantaneous unit hydrograph from
geomorphology. Water Resour. Res. 16(5), 863-870.

Henderson, F.M., Wooding, R.A., 1964. Overland flow and ground water flow from a steady rainfall of
finite duration, J. Geophys. Res., 69(7), 1531-1540.

Jabbari, 1., Asadi, M., Hesadi, H., 2023. Evaluation and comparison of GIUH model hydrograph simulation
results in different rainfall seasons. Geograph. Environ. Hazards 12(3), 241-254 (in Persian).

Keshtkaran, P., Sabzevari, T., Karami Moghadam, M., 2018. Estimation of runoff in ungauged catchments
using the Nash non-dimensional unit hydrograph (case study: Ajay and Kasilian Catchments). Water
Resource. Eng. 11(36), 1-10 (in Persian).

Kumar, A., Kumar, D., 2008. Predicting direct runoff from hilly watershed using geomorphology and
stream-order law ratios: case study. Hydrol. Eng. 13(7), 570-576.

Lee, K.T., Chang, C.H., 2005. Incorporating subsurface-flow mechanism into geomorphology-based IUH
modeling. J. Hydrol. 311(1-4), 91-105.

Lee, K.T., Yen, B.C., 1997. Geomorphology and kinematic-wave based hydrograph derivation. J. Hydrol.
Eng. 123(1),73-80.

Mahmudi, F., Yamani, M., Bahrami, S., 2007. Evaluation of Geomorphological Instantaneous Unit
Hydrograph Model (GIUH) in Kheez Kangir Watershed (Ivan Gharb). Geograph. Res. 60(39), 1-14
(in Persian).

Najafi, M., Behbahani, S.M.R., Abdollahi, J., Hosseini, S.M., 2009. Comparative study of
geomorphologic artificial intelligent model and GIUH For direct runoff computations. Iran-Water
Resour. Res. 5(2), 10-9 (in Persian).



VECF D ol Y ol el S ppke g oo | 1R

Rodriguez- Iturbe, 1., Gonzéalez- Sanabria, M., Bras, R.L., 1982. A geomorphoclimatic theory of the
instantaneous unit hydrograph. Water Resour. Res. 18(4), 877-886.

Rodriguez-Iturbe, 1., Valdes, J.B., 1979. The geomorphologic structure of hydrologic response. Water
Resour. Res. 15(6), 1409-1420.

Sabzevari, T., Fattahi, M.H., Mohammadpour, R., Noroozpour, Sh., 2013. Prediction of surface and
subsurface flow in catchments using the GIUH, under publication. J. Flood Risk Manage. 6(2), 135-
145,

Sabzevari, T., Rezaeian, M., 2011. Flood estimation of ungauged catchments by GIUH model. Research
Project of Islamic Azad University, Estehban Branch and Fars Regional Water Company (in Persian).

Sabzevari, T., Talebi, A., Ardakanian, R., Shamsai A., 2010. A steady-state saturation model to determine
the subsurface travel time (STT) in complex hillslopes, Hydrol. Earth Syst. Sci. 14, 891-900.

Sallary jazi, M., Adib, A., Mamudian Shushtari, M., Akhunali, M.A., 2009. Evaluation of GIUH-NASH
and GCIUH-CLARK models in Kesilian Basin. 8th International Congress of Civil Engineering (in
Persian).

Shokoohi, A., Azizian, A., Jemaat, R., Singh, V., 2017. Sensitivity analysis of KW-GIUH rainfall runoff
model with respect to infiltration methods and roughness coefficients. Manage. Engineer. Watershed
J. 9(3), 162-175 (in Persian).

Tarahi, M., Sabzevari, T., Fattahi, M.H., Derikvand, T., 2022. Estimating runoff in ungauged catchments
by Nash-GIUH model using image processing and fractal analysis. Stochas. Environ. Res. Risk
Assess. 36(1), 51-66.

Troch, P.A., van Loon, A.H., Hilberts, A.G.J., 2002. Analytical solutions to a hillslope storage kinematic
wave equation for subsurface flow. Adv. Water Resour. 25(6), 637-649.



