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Article Info ABSTRACT

Article type: Research Article Considering the importance of knowing and awareness of the watersheds water balance status,

and analyzing the hydrological behavior of watersheds for planning and implementing water-
related projects, the need to use new technologies in predicting water balance components is
more evident than ever. Based on this, in the Kashkan basin by utilizing the TOPKAPI-X
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Accepted: Apr. 4, 2024 time step are the main inputs of the model. The model in each cell network balances the water
. . balance of the entire period. Model calibration was done for the 15 years of the statistical
Published online: June. 2024 period (1999 to 2014) and model validation for the 6-year period (2014 to 2020). The results
showed that 27.02 and 28.43 percent of the total precipitation of the Kashkan basin was

discharged from the basin as total runoff (respectively for calibration and validation periods),
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Symbol Parameter in Kashkan watershed Ranges
L(m) Thickness of the upper soil layer 0.3-0.4
Ksh(m/s) Horizontal hydraulic conductivity of soil 1.81E-03-3.5E-4
Ksv(m/s) Vertical hydraulic conductivity of soil 1.81E-06-3.51E-08
Theta S Saturated soil moisture content 0.3885-0.4326
Theta R Residual soil moisture conten 0.0413-0.0762
Exp H The power of the horizontal flow equation 25
Exp V Power law of vertical penetration 12 20
Psi (m) Soil suction height 0.062-0.32
n(s/m~Ye) The Manning coefficient of landuse 0.01-0.35
Kc Plant coefficient of landuse 0)AYN 5
Channel Level(m) Channel depth 0.065-1.2
Moisture. Initial soil moisture 055-0.8
T(°c) Average monthly temperature of the stations 1.8-28.51
- Channel section Triangular-rectangular
Q(m%s) Maximum channel capacity 20000
- Channel connection angle 2.8
n(s/m~Ye) Channel coverage Manning factor 0.03-0.06
T(oc) Threshold temperature of snow formation or melting 13
W(m) Minimum and maximum channel width 5-150
H(m) The height of the meteorological station 710-1629
X-Y Weather station coordinates 484000 - 1113000~

(NS) (56 (MB) ()l Jlade yial )y dw gor Juol> a8 Casl AM g, (6565 )0 (b)) sl g 51 S5 (S 1 xed o
Silwdads g duolxe jlzo cpl (V) Jgdo o & oledd alasly 3. . (Safari et al., 2009) sl (RMod) oids gl Sod oy g
85 518 Dbyl 5590 slre opl )b 5l Jse

AM = (Rmod + NS+ (1- MB))/3 (5 o)

2T G pb e (g alb Y g
DD) AM )LN

S > +[AD




€0 okl b of W (sladige (g5 ludmmd 10,802 g (silowd

(ig3s — sole)

e LS
e

< /YO— +[AD
NI RN

AR IRYINA

< /¥

(5o — (g5 st | oolitsl LTOPKAPI-X Jao s ol oMt s 5 ligy ol (gilosnnd pslato 4y Gedows ol o
Glgy By g ol 5 (ol (M sloadlge (oolod 0 2l et (g )lel 0)93 )3 (Sloj (slas w5 Sejslgyien (slo ol
9> by, allis) (3 (ol (2bbsy jan D il and (Bes 39 g (P Ol (3%~ (@O (e
(i lize] 15 do (g lol 0,93 15 e () Jgaz) (omisly Al s | alols (sl ol ly b ashsl 3 aal sty &l Sloj plS 53 g
dali (paiz 3 Gilwdnd pbxl g ome yob 4 (xiuwyliiel g (xiwly Sl g (98 slayiebl Mg Jue sba 295 5l (S B
OS5l o (dlp ol 01 (iluand 5 Shalie (Gl S5 0n wises (gl sl Juo ol slacyse ) a5 e2g; elgsd
sl ol oM el oud (giluoannd (ool jalio I it izmen ol oud ) (V) US55 (omisly 0y90 51 Lo 93 b

ol 015 03,1 (8) 5 (¥) ¥) Jghi o (omisly 093 ) SS ddge (29,5

400
50

5 =
3 A
i 300 3
i s k]

) E]
= — \f"__bll_:._z 100 =
= 200 -

7L A E—

Jld ol

TOPKAPI-X Juo 31 5likw! b S8 susl 0595 ouiwly 495 il 00wd (6 jbwenand 9 (Sl liie (o3 415900 — VIS

GBS adg> JS S TOPKAPIX Jubo owd (§5lwdd o oMt (Sloj g 5l (ol ¥ g

s o By Sl pd s 3gi S Cugb, Jse oWl OB g, sl Jlw
AT f[eNY ARRS «10AY INTARTA ERVAYAIA VAV SRR Yo \ AR
\RYa'%4 A4 AV fa-0 OFIAN AY A YIVVA YaNFO YP ) ARAN
Y/AA¥ NAN'AY < IVEV \/IfY$ ANIXY -YIYZA YIigYy /AN Yv \ ARARY
AFIYARS <AYF ARIA VAR ba/-y =Y/#YN fieaY /e YA ) RN
\ANOY o[+ #Y <\YA <IAYY¥ DAY —+/OFY¥ AR RS 444 Y4 ) RN
YIY¥Eo < IYYS <IYYY YIYOA ZVIYYY —+/YAY O/-YY £/AAQ Y. \ Yo
VY/AYA AR <Y /0 IAVAK /ANy INEYZEERVZAVS AR \ Yoy
YIVEY ARE AR YAYY FYIVAAN -+/9414 f/IARY  V/A¥Y EA] \ RN
VA RN «[-Y¥ V/Y#Q FYIZOOVY ANYFH AR RYAR M IR ¢ \ RN
«[+qY AN 4 FNIOOYY NI =YIYeE O/0AY Y \ RN

ANAY IATAR RN -0/fYF ¥ Y AR




(onidos — oole) VE+F olo i o€ 5 )lows 00 8,93 o)yl SB 9 Of lidios €1

(585 3590 8593 33 (2 Wy 53 8 (G 5lwannd 9 (6399 i pdlie —€ Jouo

Cllyycups  JSOUly, 3 Gig e il () sl
Yv/oY yar-/A SAYY/N Yy AR Z YA olas

<l M glia! S 0 gilwand 9 Flaalin palio -0 Jouo

ol & Cund doyd ol (g lwdand oyl Comd doyd 2w ol . )
. ) oW alge 259 o
(%) (mm) (%) (mm)
Voo \RZWA Voo \RZIA ok
Yvioy Ya¥./A YAV YA-0 Js Sl oS

2 Cugby Bos i rlaw SB Cugb) 4l L jl ade (So5b it Cluogad jladdl g9 cpir W bls Je ol

e Dl 2 el ks ol o o 1) o 25 0l g (Bl e By Jolee O el JUT Ol Bos g 00 S
(o S Cogby 10)3) My ot | wges o3 g A oS 0 leie wald |y adgs o M sladilse Slo
s Casb) 4t ) Cogb) (e STy G ol 00 03,5l TOPKAPIX Juo 58l o3 L 3 (lSaS s> (ol
S g ase £l Sl @l egumme )3 g s (5l b gble o (JK] )3 o) (ol 5)) Caglo) ©d odas Wb pasite
Gy 093 50 SIS g s auslio zoli .l bl oyl ) pSiw céb b Baes S Cugby Laas g iaS s D939 odind L
g o (Silodund Bl gyn (gpar dulie (pizmen Cunl b Gilo dd Sl Jo g3 2D oain (L5 (IKES adgs
SIS g0n 93 32 ) g9l (2 4 ey loj & (Fge & w3 oo LI ) BlSg)0m 93 52 3 2l B plej (99 laSs ¢ laalia
i 4y e lel g (ool 0y93 93 50 Gl (2 25l 50 Jae LS «adSSlo = U Jlas bl el Gl 5, S 0
Ol b (@ Silodnd ) 2o 5 Shes s (AM) (2055 Jlome slisop (izmed -l adlllas 3)50 49> 13 Lo 3 FAV 9 SV
odol IS sl 0jg> 50 Slalllas 0y93 50 Gl (Siloand 3 Jso 25 @l (7) Jgie 0 250 )5 wsd (oM 3 ase

Cows)

2079 STy ole (2019 ) obe

B (%100) cysh; e B (%%100) cusb; s
%0 ) Cogb) a0 [ (o) cuyaap

Suid b 3 o ST Cugby dao > antidl - JSud Dby Jud 43 e SB Cagby aaoyd il A Sl

0)93 3 @l jl Jhems i b Jao (rijliie] 0593 15 ol a5 oy (Ui (F g (oriw)lisl g (el 5l ol b
wrisy ) ( ISyl )l s cisllas Rwasoka et al., (2014) 4 Croke et al., (2005) (slaadl b guls -l a8 0dgy 2xiwlg
@ byye g e ol > ol odg Chmd (gilodnd B9, 35 olboygd 10 g 03 idu cold, Jae mls o)lol 6y93 Jgb 5
dy90 Jdo (ol sl & bgyye slad 4 (Croke et al., (2005) :\YAQ «,San 9 (2)l5) (oxiwly 0)50 Jobo & Jbo Camlus
.335L (Mouelhi et al., 2006) oslaxl



NEY ol b of W (sadige (65 ludumd 10,802 g (silowd (i3 — (sole)

Obya Gilwams 13 Jao (o1, (b, @b -1 Jgse

oSS
byl sl

o) ot ylis !

Ty ST
RN I3V Sl i jlne
A .15 JEYCC I P
-Is5 -IFY ol PNl Sinnod oy o
VIS oIy-5 KGE L=
o/A ann Je o)l

ol o Slgeo (Jho 2L b5y slalne Billas) 20> 1 (Vb (lacds & (ay (e (mjg ladde

anlSe slade | 5l S Cous 39 o0 Bl bagiludund cpl 3 oS Sloj 5 (S0 85 4SS (WP )] )3 g (i) ML i
BlS93d 93 o @l (23 4 ey Oloj 9 Sy e cldand Sy (3 Wle SIS0 e Slhuogad 3)50 ) el
Sllg) 0> WY o 25 (o0 Oygo 2950 YU (b slaad (jlodnd Ll 3) 392y (oulio bl ade (pl
Sl 1y ol oMo > bl adge (gilwans 13 Jao YL cubls 4SS 059 ) Slamlie Gllgy chuoyd VEIY lie ,d (359l
Livetal, ssleas Sliisw guls b aS o)b by (gilodws o Jod BB SLK Jao cplaS 58 Hlo ol oo coles o amd 0
(Ww28) o, Ken 5 Sless,l ¢ Janabi etal., (2021) 4 Sinclair et al., (2013) «Coccia et al., (2009) #Vischel et al., (2008) {(2009)

S Slgen

S 5 4
3 odlizal ool wlio 51 Jgol (5050 00 slogiytalipe b bLi) o of sl Lo (5 ol lsie & (SH)k Coanl 4 255
Ml «(sy30 e ol cslmol 31 (S )l lglyd o)) aSits Ao g SiS 3blie 5 0 41 )5S slaisul > (3Bl Casi
2ROl g5 = (S5 easnm oo il odlial L ore cnl 29l 52 05yl sl ol My s (slailhe s oligS i
o alie Copde g0me 13 5 (s 4o b dlisl (gl (ke slaprend 3561 )3 et (1B (l (Mo il Asmilre a2l o0
53 o) el ol slaaija b g bl o135 b @liguss 3908 Jud 4 olpl sblie j (g)laus )3 e 3yl adlaio S5 )
» e Gl b gl el jol pl o s pune (lidlyn 5 (Soislgyin slaoshs & ol ugmos oSl (gblie dw
lse ekl pue b 5o o oMo sladue calps g o jiell s &Sl e 9de 3o ol ¢l M Amsloo
b oy = o)k Jhe S plgin TOPKAPIX Jie bawgs (SUS adg> ailie) CUlg) 5 (o) oMo (ilwannd Budos cplp> sl
oM lipl g (Haw Sy, 85 Ojg0 (2] = (08) 5 (AL Wby (SB CBl loadd 3ul g odldl slrosl (55,
23,5 gl Uy adgl GBS g)am g sol Cunty (lio 3 b ailig) (Sloj o3 Jae 53 Jge sl pielily bl p adg>
pladl Jae ) Sgo (sl o)l (oriwly & G (il g (Shaalie (23 (o it Bl 9 (Gjlodend g0 yolatods (Frily Ao
o 4 Jhe o)l (ile g Cute plie (imen Midg Cglite S Elgil 5 goite (2] (62 > adllae 3)50 adlate 43S
Croke et al., ) cul Slialie bya jlde 4 Cund Jdo bwg o0ads (gjlwdend by bawgio jlade 135 sl 9 yieS odimd L
Cold) Oygo a4 Jao & Cunl cplosimd (i (xiuwyliiel g (oxiwly 093 93 2 (I NS 5 (reod (a3l S (izmen (2005
oo 808 mggy o6 sl o3 (i)l Sl 393 o0 0anliio 45 3o le . Cul 03,5 (3l | dilaie dilale CUlyy i
5 o ol 5 (e Dlly; S 4y ] 40> YVIB 290> 098 o0 el 3y By 5 e bl Gk Sl tew &S sl
bales &5 3igmoe (o O s sl 0jh 1 b g (S oY )3 Gk (ile g 39iee 3y Lol ] & lasitus 225
3y L 3¢5 jl addllas 590 ddhaio (gl |y g5 biws 5,Slas TOPKAPI-X Jao IS job dy .08 o ool |y a5l339, a0l b ys
; Eini et al., (2020); Ghodousi et al., (2014) Wei et al., (2018); Farokhnia et al., (2018); wile  gsladoe wliiss gl b o

Jolejolea et al., (2018); Anand et al., (2018) ; Naschen et al., (2019) Mo et al., (2020); Patil and Nataraja (2020); Amini

Iy ojes (SS5edgyiad My shadss plo 5 (daw by Sl ()8 Sl 5 Sloj Clyess 1l oed 4 1)l s



(u"”@s)"_ @J&) V€Y bLex; & b)w ©0 2,90 ‘G‘).ﬂ Jlégui oludss €A

i3 Cpl 2ol pomen )5 olaiil sl bl plw 4 paesd jslaieds Jio cpl 2ols 51 oles o (Rajaetal., 2023) \iS” wyp
S ilwdnds CulslB TOPKAPI-X o a8 sl o] 51 (Sl 30850 gl ggemme 50 0,8 odltwl ¢ y2 5l (S5 b g o)) cp)l8
cEd b 609y slo ooy S0l by @y andl )by 1) Cwlio cB b Rl 5 0duzey bl L S5 LMM JIEABPIINSIN u.ﬂ oMo
0je> (28ly Lyl b Bymo iy d>yp Jao U35 Cjan Jdo  Sriwwly )0 (B a5 5 8D 50 9 Laud odlatwl (gilw Jdo ;0 cunlio
P ol O Ol €8l (ol OIS (nl Ao 5l baygaS ) (gl > Sl b dog b sl 185 bLS L sl
5 Sistebyp opte @l orzen g Gblie cpl ) cilisee Slidlls (gl Wlgi o oS ) @B @) Sz sl (slaoje
e ) jin liebl g Cunsts uaess jolate 4y 098 485 IS 4 Of mlie § G Lo b @lie dine] 3 (65 waenas
5 5l glise Sluoguad (gl a5 5guiS Caenl p ol slaojen 5l (odlax 1D Jde ) ol ol ¢ 3uios ol ) ol 43,3 IS
&l gle p oo U055 58 adlae 5 Jalefl 350 wiSlie (Soslgrin 5 SB (LS Sy oonldl (IS 9058 (IS s

dge3 Bl 5 gl 598 el slaojer > ol M sleadlie (giludnd lp IS Jodd] jg0d ol

"3l 392y Mg o g8l 2l digS e

&b

A_JLwLolf )...701 059> L_J UM"’ LSL(MUJ}Q Oy pd SWAT J-\A LE’L’))I (\\Nﬂ;) ).wl.» :)yw]@@‘b 9 (> (g (o) f6IRe Jee cu.:Lo.»J)i
S¥-0V (V) Y b S gl (slodilol dlxo

WetSpa 054)919)).& JAA uT uMw dL&’d&]}A LE’L’))I (\\%ka) LSLC co.)‘)' u.n.'> 9 )J.ol.s ‘)?WL"-@‘L’ S (g (o) {8 Jome cu_’Le.u)T
(Y ;ubb/u.f»/rabw slodilols dlbxo . CluwlelS )...>o\ 0jg> 5O

Sleslawl b lSis” ailsog, )ou] ase> 50 Jow st Cawlus (sdbding (VWAR) L peud ¢ olodd g 03uko (639548 £y (5oduo fdostd ‘d"}i
Fe=¥0 (WA (oo ofiblso 4 L/ [EBFy WOE Jas 43

1890 addllas) GIS las > WetSpa  Jus 1 eslasl b Oi 95 2 Sy Ol Jdow g aldgy b (gilwdnd (VWAR) 8L by
oSl ¢ g e o1l L oLl yie SleMb i g 593 5l o byl wlid IS 46l bL (olisle,S il «Syo 30T 059
N AW (WD oo Cy o g pwligo iing = cole 4y puiti Dolgo

VYY) ol oMo sl Jde 3 (gy950 (VW) dllsllas ((g909> 5 dobld ( b ¢ gm0 gaald £)lolS ((gyold Ol dpw ¢ S9eirS (£5:)
AVOWYE (YO) VY o lo) O g dlxe ddgs (sl cogpio (b slo e
VWPV F () Y (55l sl 5 pole) STy o i Aligy ol st i

sl o jloslil b o555 B39 lig) by 2 (oSl 6008 s Sl gy (IYRY) iy (52 5 o ol {08 3 el (ol
IV (W ool g o g wligo . WetSpa 4 Clue-s
N-Y-20
ool gxiwo o8l (o) bisu] wdigo g pole (Ao Lislan yeaiin GIS g xj9 — So5909,n

A (oolid 3y sla iy dolilad 53 .5 ol slaJae sl SIS 0 520l 05> Ul g5 (s3ldie (YY) (sie eraiisis
M (P

sl 0j> 105390 adllhs) 4d 9> Ol (M sloadlie (e 3 SWAT o (oDl (e (VYIA) praliosme cgisl 5 (o« b 1305 065
NEYNYY (YN ¢/ o polio clidiz (p prows 3,5 oo

sl oz ju5ol 0905 WELSpa (x50 — (Sojolgyuds Jo 5l ool b 65539, b > (s 5lodnnsd (VWA ) Lo Jliue cdio op0 g cdobold ¢ giins



A ol b of W (sladige (65 ludumd 10,802 g (Silowd (i3 — (sole)
.(Y’)\O ‘(J’K)fu"?ﬁ"é (_g[:,a; ‘;));MDK@'/) ;JE} u[;«b[a} ‘;[‘bwb}/ alsxo .Ow ‘_‘)L’Lwl

REFERENCES

Amini, MA., Torkan, GH., Eslamian, SS., Zareian, MJ., & Besalatpour, AA. (2019) Assessment of SWAT
hydrological model in catchments' water balance simulation located in semi-arid regions (Case study:
Zayandeh-Rud River Basin). Journal of Water and Soil, 32(5), 849-863. (In persian).

Anand, J., Gosain, AK., & Khosa, R. (2018) Prediction of land use changes based on land change modeler and
attribution of changes in the water balance of Ganga basin to land use change using the SWAT model. Science
of the Total Environment, 644, 503- 519.

Andres, E.O., & Coccia, G. (2013). Towards a better representation of the hydrological processes The model
TOPKAPI - X. International Symposium on Distributed Hydrological Modelling, University of Bologna, 5-7
June 2013, Napoli — Italia.

Artimani M, Zeinivand H, Tahmasebi N, & Haghizadeh, A. (2017). SWAT model Assessment to determine
determination of water balance components of Gamasiab basin. Journal of Rainwater Catchment Systems,
5(2), 51-64. (In Persian).

Artimani M, Zeinivand H, & Tahmasebi, N. (2016). Assessment and determination of water balance components
of the Gamasiab Basin. Journal of Rainwater Catchment Systems, 4 (4), 57-66. (In Persian).

Azadi, F., Sadough, S. H., Ghahroudi, M., & Shahabi, H. (2020). Zoning of Flood Risk in Kashkan River basin
using Two Models WOE and EBF. Journal of Geography and Environmental Hazards, 9(1), 45-60. (In
Persian).

Batelaan, O., Chormanski, J., Van de Voorde, T., & Canters, F. (2007). Improved distributed runoff modelling of
urbanised catchments by integration of multi-resolution remote sensing. Geoscience and remote sensing
symposium, 5021-5024.

Ciarapica, L., & Todini, E. (2002). TOPKAPI: A model for the representation of the rainfall-runoff process at
different scales. Hydrol. Process, 16, 207-229.

Coccia, G., Mazzetti, C., Ortiz, E., & Todini, E. (2009). Application of the Topkapi Model within the Dmip 2
Project. In Proceedings of the 23rd Conference on Hydrology, San Antonio, TX, USA, 10-12.

Croke, BM., Andrews, W., Spate, F., & Cuddy, J. (2005). IHACRES user guide. Technical Report 2005/19. Second
ed. ICAM, School of Resources. Environment and Society. The Australian National University. Canberra.

Eini, M.R., Javadi, S., Delavar, M., Gassman, P.W., & Jarihani, B. (2020). Development of alternative SWAT-
based models for simulating water budget components and streamflow for a Kkarstic-influenced watershed.
Catena, 195, 104801.

Ghasemiamin, N., Arman, N., & Zeinivand, H. (2018). Investigation of land use changes effects on daily stream
flow in Nojian Watershed by Clue-s and WetSpa models. Watershed Engineering and Management, 10(1),
14-27. (In Persian).

Ghodousi, M., Delavar, M. & Morid, S. (2014). Impact of land use changes on hydrology of Ajichai Basin and its
input to Urmia Lake. Iranian Journal of Soil and Water Research, 45(2), 123-133. (in Persian).

Farokhnia, A., Morid, S., Delavar, M., & Abbaspour, K., (2018) Development of SWAT-LU model for simulation
of urmia lake water level decrease and assessment of the proposed actions for its restoration (Role of
anthropogenic and climatic factors on hydrological change of the basin and lake). Iranian Journal of Irrigation
& Drainage, 12(5), 1041- 1058. (In persian).

Janabi, F., Ongdas, N., Bernhofer, C., Benisch, J., & Krebs, P. (2021). Assessment of TOPKAPI-X Applicability
for Flood Events Simulation in Two Small Catchments in Saxony. Hydrology, 8, 109. https://doi.org/
10.3390/hydrology8030109.

Jolejolea, ME., Kimb, BJ., Jeonb, DJ., Cayetanoa, M., & Kimb, JH., (2018) Scenario study of the effect of different
land use to a sub-basin in Yeongsan River basin using SWAT model. Desalination and Water Treatment, 120,
198-204.

Kling, H., Fuchs, M., & Paulin, M. (2012). Runoff conditions in the upper Danube basin under an ensemble of
climate change scenarios. Journal of Hydrology, 424, 264-277.

Liu, J., Chen, X., Zhang, J., & Flury, M. (2009). Coupling the Xinanjiang model to a kinematic flow model based
on digital drainage networks for flood forecasting. Hydrol. Process, 23, 1337-1348.

Liu, Z., & Todini, E. (2005). Assessing the TOPKAPI non-linear reservoir cascade approximation by means of a
characteristic lines solution. Hydrol. Process, 19, 1983-2006.

Liu, Z., Martina, MLV., & Todini, E. (2005). Flood forecasting using a fully distributed model: Application of the
TOPKAPI model to the Upper Xixian Catchment. Hydrol. Earth Syst. Sci. 9, 347-364.

Mehdi nasab, M., tavousi, T., tavousi, T., & Negaresh, H. (2015). Modeling of Rainfall - Runoff Kashkan River
Catchment Based on Statistical Models. Geography and Environmental Planning, 26(2), 67-84. (In Persian).

Mimiko, MA., Hadjisiavva, PS., Kouvopoulos, YS., & Afrataos, H. (1992). Regional climate change impacts.


https://doi.org/

(uaw.hs).!—‘;ol&) V€Y bLeﬁ; & b)w ©0 2,90 ‘&b.:‘ Jlégui oludss o

hydrological sciences journal, 95-108.

Mo, G., Zhang, Y., Huang, Y., Mo, C., & Yang, Q., (2020) Evaluation and hydrological impact of land-use changes
in the Longtan basin. Journal of Earth System Science, 129(1), 1-11.

Mouelhi, S., Michel, C., Perrin, C., & Andréassian, V. (2006). Linking stream flow to rainfall at the annual time
step: the Manabe bucket model revisited. Journal of Hydrology, 328 (1), 283-296.

Nash, J.E., & Sutcliffe, J.V. (1970). River flow forecasting through conceptual models part I. A discussion of
principles. Journal of Hydrology, 10(3), 282-290.

Néaschen, K., Diekkriger, B., Leemhuis, C., Seregina, L.S., & van der Linden, R. (2019). Impact of climate change
on water resources in the Kilombero Catchment in Tanzania. Journal of Water 2019, 11(859),1-28.

Nguyen, H., Recknagel, F., Meyer, W., Frizenschaf, J., Ying, H., & Gibbsd, M. (2019). Comparison of the
alternative models SOURCE and SWAT for predicting catchment streamflow, sediment and nutrient loads
under the effect of land use changes. Science of The Total Environment, 662 (3): 254-265.

Nouri, Z., Talebi, A., & Asadi, M. A. (2019). Investigation of the SWAT Model Efficiency to Determine Water
Balance Components (Case Study: Semirom Mehrgerd Watershed), Iran-Water Resources Research, 15(3),
133-143. (In Persian).

Oliveira Serrdo, E.A., Tavares Silva, M., Rocha Ferreira, T., Paulo Rodrigues, V., Salviano Sousa, F., Meiguins
Lima, A.M., Paiva Ataide, L.C., & Sobrinho Wanzeler, RT., (2020). Land use change scenarios and their
effects on hydropower energy in the Amazon, Journal Of Science of The Total Environment, 744, 140981.

Patil, NS., & Nataraja, M., (2020) Effect of land use land cover changes on runoff using hydrological model: A case
study in Hiranyakeshi watershed. Modeling Earth Systems and Environment, 6(4), 2345-2357.

Peng D, Zhijia L, & Zhiyu L. (2008). Numerical algorithm of distributed TOPKAPI model and its application.
Water Sci Eng, 1, 14-21.

Raja, O., Parsinejad, M., & Tajrishy, M. (2023). Estimation and evaluation of water balance components by
calibrated SWAT Model, case study: Mahabad Plain. Watershed Engineering and Management, 15(1), 109-
129. (In Persian).

Razavi, S., davary, K., Shahedi, M., talebi, F., & Joodavi, A. (2019). An overview on water balance models:
mathematical-conceptual water balance models for watershed. Iranian Water Researches Journal, 13(4), 125-
136. (In Persian).

Rwasoka, DT., Madamombe, CE., Gumindoga, W., & Kabobah, A. (2013). Calibration, validation, parameter
indentifiability and uncertainty analysis of a 2—-2-parameter parsimonious monthly rainfall-runoff model in
two catchments in Zimbabwe. Physics and Chemistry of the Earth, 67 (3): 36-46.

Safari, A., De Smedt, F. & Moreda, F. (2009). WetSpa model application in the Distributed Model Intercomparison
Project (DMIP2). Journal of Hydrology.

Shafiei, M., & Gharari, S. (2018). A Review on Hydrological Modelling Concepts: Part 1 - Introduction of
Modelling Process. Journal of Water and Sustainable Development, 4(2), 95-102. (In Persian).

Sinclair, S., & Pegram, G.G.S. (2010). A comparison of ASCAT and modelled soil moisture over South Africa,
using TOPKAPI in land surface mode. Hydrol. Earth Syst. Sci. 14, 613-626.

Sinclair, S., & Pegram, G.G.S. (2013). A sensitivity assessment of the TOPKAPI model with an added infiltration
module. J. Hydrol. 479, 100-112.

Vischel, T., Pegram, G., Sinclair, S., & Parak M. (2008). Implementation of the TOPKAPI model in South Africa:
Initial results from the Liebenbergsvlei catchment. Water Sa, 34, 331-342.

Viviroli, D., Zappa, M., Gurtz, J., & Weingartner R. (2009). An introduction to the hydrological modelling system
PREVAH and its pre- and post-processing tools. Environ. Model. Softw. 24, 1209-1222.

Wegehenkel, M., & Kersebaum, K.C. (2004). The validation of a modeling system to calculating water balance and
catchment discharge using simple techniques based field data and remote sensing data, physics, and chemistry
of earth, 30, 171-179.

Wei, X., Bailey, R.T., & Tasdigh, A. (2018). Using the SWAT Model in Intensively Managed Irrigated Watersheds:
Model Modification and Application. Journal of Hydrologic Engineering, 23(10), 04018044, 1-17.

Yaghobi, F., & Bahremand, A. (2012). Streamflow Simulation using Spatially Distributed Hydrologic Model,
WetSpa in Chehel-Chai Watershed in Golestan Province. Journal of Water and Soil Conservation, 18(3), 185-
207. (In Persian).

Zeinivand, H., & De Smedt, F. (2009). Hydrological Modeling of Snow Accumulation and Melting on  River
Basin Scale, Water Resource Manage. 32, 252-267.


https://www.sciencedirect.com/science/article/pii/S2214581822002695#bbib40
https://www.sciencedirect.com/science/article/pii/S0048969719303298#!
https://www.sciencedirect.com/science/article/pii/S0048969719303298#!
https://www.sciencedirect.com/science/article/pii/S0048969719303298#!
https://www.sciencedirect.com/science/article/pii/S0048969719303298#!
https://www.sciencedirect.com/science/article/pii/S0048969719303298#!
https://www.sciencedirect.com/science/article/pii/S0048969719303298#!
https://www.sciencedirect.com/science/journal/00489697

oY okl b o W (sladige (g5 ludamd 10,802 g (silowd (i3 — (sole)

Simulation of water balance components using TOPKAPI-X distributed
hydrological model (Case study: Kashkan basin)

EXTENDED ABSTRACT

Introduction

Hydrological models are a simplified representation of the real hydrological system, which help to study
the functioning of the basin in response to various inputs and to better understand the hydrological processes.
The use of models to estimate the annual runoff of watersheds in arid and semi-arid areas without hydrometry
stations has been of interest to hydrology researchers for a long time. For this purpose, in this research, after
introducing the capabilities of TOPKAPI-X as a hydraulic-hydrological model (which has not been applied by
the researchers in Iran so far), the precipitation-runoff processes of Kashkan basin in the environment
TOPKAPI-X has been modeled to simulate the flood flow process. According to the review of scientific
sources, it was found that the TOPKAPI-X is a model with a high capability for simulating the flow rate and
water balance, and the efficiency of this model has not been evaluated in the Kashkan basin.

Material and methods

The studied area of this research is the Kashkan subbasin of the Karkhe river basin. The TOPKAPI-X
model is a type of continuous and distributed runoff precipitation model that has been successfully
implemented as a research and operational hydrological model in many basins in the world (Liu and Todini,
2002). This model consists of five main modules that simulate hydrological processes including subsurface
flow, underground flow, channel flow, evaporation and transpiration, and snow. This model can simulate in

minute, hourly, or daily time steps.

In this model, continuous time series data were considered in daily time step. The time series of daily
precipitation during the statistical period, including the daily rainfall of 19 stations, during the statistical period
of 1999 to 2020 was used to simulate the flow. After running the model several times, the general parameters
of the model were manually changed each time, until their optimal values were obtained by considering the
appropriate values of the evaluation criteria (NS and Bias). Finally, after the calibration of the model, a six-
year period (2014-2020) has been considered as the model validation.

Results

In this research, to simulate the daily flow and determine the water balance of the basin, all the
components of the water balance such as precipitation, snowmelt, surface runoff, infiltration,
evapotranspiration, deep infiltration, and subsurface flow were simulated.

The results of the comparison of hydrographs during the peak flows show the good efficiency of the
model. Also, visual comparison of the observed and simulated hydrographs show that the time to peak in two
hydrographs is the same, and have occurred in one day. According to the Nash-Sutcliffe criterion, the
efficiency of the model in estimating the flow rate in the two periods of calibration and validation is 61.9%
and 61.7%, respectively, in the Kashkan basin. The results of calibration and validation showed that the
validation results of the model were somewhat weaker than the calibration results, which are consistent with
the findings of Crook et al. (2005) and Ravasuka et al. (2014). In general, in some parts of the statistical period,
the results of the model were satisfactory, and in some periods, the simulation process was weak. This issue
can be related to the sensitivity of the model to the length of the calibration period (Zarei et al. 2012; Crook et
al. 2005) and the error related to the mathematical structure of the model (Molehi et al. 2006). The effectiveness
of this model in simulating the flow is consistent with the results of Liu et al. (2009), Vischel et al. (2008),
Kasia et al. (2009), Sinclari et al. (2013), and Janabi et al. (2015).

Conclusion

Today, it is possible to estimate the various components of the water balance using distributed
hydrological models. In this research, the surface runoff and water balance components of the basin were
obtained based on model effective parameters in the daily time step with appropriate accuracy, and the initial
hydrograph of the runoff was extracted. In the calibration stage, to improve the simulation and better match
between the observed and simulated discharges, the model's effective parameters were calibrated. The studied
area had different land use and soil types. In general, the TOPKAPI-X model showed relatively good
performance for the studied basin. Also, the results of this research can be used for studies, especially
hydrology studies, natural resources management and planning, environment and water resources.

Keywords: Spatially Distributed Model, Flow Simulation, Karkheh Basin, TOPKAPI-X.



