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1- Water and Energy Transfer between soil,
Plants and Atmosphere
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Figure 1. Location plan showing the study area, the Ziarat watershed.
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Figure 2. Land use map of Ziarat Watershed.
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4- Groundwater recession coefficient
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Figure 5. Graphical comparison between observed and calculated hourly flow for the year 2007 from the
calibration period.
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Table 1. Evaluation criteria for the assessment of model performancein the calibration and validation.

ke P (1) e
validation Calibration Criteria
Jde Gl il
-8.72 -2.80
(Model bias for water balance)
Sl - 5 slas
0.748 0.689
(Nash-Sutcliffe efficiency)
oS SOl iSOl = 5 e
0.724 0.635
(Nash-Sutcliffe efficiency for low flow)
3 Lol STl = 35 e
0.752 0.705
(Nash-Sutcliffe efficiency for high flow)
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73.85 66.74
(Modified Correlation Coefficient)
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Figure 7. Water balance components of simulated flow.
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Table 2. Components volume and percentage of the flood flow for the year 2007.

e Ok SR e Sl Ol slande
(Ground water flow) (Interflow) (Rounoff) (components of the flow)
(1) Ao ys
65.60 31.41 2.99
(Percentage)
m*)
1,278,407 610,117 50,137
(Volume)

s e 0L 8 50 Gl K2 s S )50 v /PA]
33 el 5 Silatd bt il
N U B U N R ey e
S das e 0L ilward 5o 1 die VL LS
2010) OlSen 5 S 5 (2006) s g 5 L
WetSpa Jus 5l eslecal b 0L > (giluand 4«

YLy

Gl g 5 S5 Jde S WetSpa Jos

Sl O 5 i 5 Sl (Aol gl &
Jdos Ao o oo 5 oy 5 o3l e 2150
(e ol dle jle glaesls Lol o5 o
S A S el edalie 5 e 5 sl 5
33 CdSSlu = 5 s il 4y Joe ol



200 0 Lo laas g laggle (o8 55

0 A8 Sl Sl B 4 S S,
03 a3l Oledbl Wl g e 5 conl (g5lulas
ol Ol SO Sl s Sl g 3,50
Do) 0% e a8 A adeise aallles ) s S
g ol by pe 0L o e S0 o S LS
Wujbugﬁj)ﬁ&dqﬁjw‘
53 ol ikl ST 4 bgpe OF 51 8500w
Ol sla by 3l esler ol Lo w548 s
Loy cadetee Gbls 5o Al jasle olacds i
Slacl (AR 5 by bl 53 o pa sy
PSS e e ST 4 s e 5
Slrten s ol @ul.fﬂts.)\.;)‘b by, Wy
il 53 02005) OLLSKan 5 5 poman 550
Jie ol osls ol OF Uy S5l 350 Lowiaiod
5 =il Ol ey 5 oo |, WetSpa
Sl s S Cd cilises slas )8 s LS,
s 55 S e laslas ) 5l sb s
SLa S Sl AU slac s, b anslis 55 (6 ¢
)sjazﬁ;ﬁfriqﬁzdbmd@)\dsu
Sl b o o SR M b
sl luans OS5 0 53 .l 03 g (583 3
O o el CUs S s o a0l G 6l 2
AIENANVA Y NN VR IPS U5 S P RP-Jt SV
anly S 534S a g e i 3 550 5
Sr2555 Ol famame Jold S il O g i
534S ail e SPY ssds Sl s ol
ol 03 el Gk (e (b DU, L gl
assly S s WetSpa Jus 31 eslanal U (i,
SUlss a5 55 L ol 5418 o g o
s 5 Ah SIS (¢ 08 55 0L 5 (edan
S5 O M5 55 Fote (Ko o8 LS
l_zdtg;.w\j“vs&z]a.ﬂ ;.;L}\))v,@_w) 3,y &

SEVISIPTRNLE DV I S| LI FE N S P @L:j

yey

Ol slaad o K& Lo ls Sl e (s
PIPEI PR A N S
Ol e adly s s i ol (a0
PR ORIV K-t PR NN WS AU
sl adl e ol SIS p AL Al
adse 93 5l ol eS el sl 5 el
Ole o adlie 5l St @805 5 (b OL
Gaf) diy Ges g d SRl Sl e 5
ol e ALS iy U e s (St
Ol dmlms Cgor o oslital J g 3 b ullas
S g (23 e 2 et 5 S G (5505
laaals 53 Vol wls e 56 0L > ol
Ol sl ady) Gae 5 by 2 b IS
e A L) el S (623 5
(5) 355 0 33381 M bl 53 5 Ol
YV osgd > aS &)l esee Al glasys> 58
Ly of Comluee 5 (A5 A 550>) kS
Gl o asdly S5 s s o LSS5 K
PREENE R CSE
b S 0l 5l Son s b Ol S s
OSon 5 Jys aalllas sl b oS 553 00 Jul
2 wbed slac sy sl eslacal L oS (2008)
4 3L s am pl 4 LIEL LUSG sl o5
035 b 3 Ollgy 4 by e o5 5l Ls 540
Sl g il Jhan sile 3L o J 53
5 o35S czman )l Sl e Coul o
S b b ol e sla s, (2009) OLKes
sl ol dssdes O3y esle (5 ,Se3ll G3s
Slay (5P sl b, ol eslanal by L5 S
(JS 3 5l s A sl AS Wl 00 e
dws s Ve Ja_i_éjc,_.ﬂ\&_;tﬂjﬁng«_gJoﬁf
ol @l Ans e JSES 1y e il sl L
Sl wb Ok S8 gl sl 0L s



VYAE (0) )lows dTY) s S 5 f cilis gla g}y s puls

S 5 Jse 2006 (s g 2005 Ol San
Sholis K 2009 Ol ,\Sas 5 il 58 2008
sl 5 MK laes s 53 Oz b5 pgr
altsy, b OL > 5o S A, 3,08 gedls
SOl o 3 o 5 albtogy b OL = 55 0o
Cbse slaailisg, B 4 g ess sl Slab
Al e o b il g S 3
2k Ol sl e Sl a5 L
(8350 (ol (st x5 sl
5o o 5 ol Ol Jials (JLSlas oy e
Ll i ol @l lnls ol 652
31 0L15 e g 5 O e 5 O psael s eskizal 550
ailes WetSpa Jis 5 04 3,5 15 O e
O30 O35 Gy bl s o
L3l Ut U ol am Ul e (e b 5 e
osls 533 sla oy b s pl Sl il 2l
JA Sl e ml S Uspd anlie s,
e 5 @350 s s a5 L e 2,
(Sreadn 5 —wlllsa sLaesls L5'<;—‘”J'~"i pe
SlaalSiasl o (g St a5 25d e ity
Sl ws 3l LaolKa sl 53 5 ails L) 4>

g eslinal Sl (g Se 3l

Oen 0 S8 i S ey 5 5 skieas (2006)
WetSpa Jos ¢ fw OIS 5508 5 b CUl,
o Sl 53 53U, = SlS b sl o35 o |y
Ul deo s TV Sl candllas ool o3 s s0s | |
3 S5 Ol gaeme Ao Y8 Ly i (S
Ol Gl e 55l (s Ol
s ol @l b Laol s 5 S (5 Sums
sl ey ol J_ﬁ«__»(aﬂl Syl lan
Ghlis 5 Gl sS Gblus ol b5l JLS L
aSGosba Lk e Db ei At Sl IS
5 Sl s ol Colace 51700 550>
blie 5o ol by s o LS5 K 15 (U 50
Sl Oz ol edlie AR 5 s b s

& 5 4o

Sy g gele osls Jlu Sl 5 candllae ol s

o3 Jlie jybas iS5l oysn b GloslllG s
SCSE o 0155 oo 5 ol e3lais GUS1 YL & I
535 Sl S S o |y sl iash s el
Sl i ol oo badlie g 5 oS5 ol Basls
ol @l s Ml S s ks 5SSl o
35 e 5l 805 samie slatasn 5 Stk

1.Bahremand, A. 2006. Simulation the effects of reforestation on floods using spatially
distributed hydrologic modelling and GIS. Ph.D. Thesis. Brussel Belgium: Vrij Universiteit,

150p.

2.De Smedt, F., Liu, Y.B., and Gebermeskel, S. 2000. Hydrological modelling a catchment
scale using GIS and remote sensed land use information, P 295-304. In: Brebbia, C.A. (Ed.),

Risk Analysis I, WTI. Press, Boston.

3.Fortin, J.P., Turcotte, R., Massicotte, S., Moussa, R., Fitzback, J., and Villeneuve, J.P. 2001.
A distributed watershed model compatible with remote sensing and GIS data, I: Description

of model. J. Hydrol. Engin. 6: 2. 91-99.

4.Ghanbarpour, M., Teimouri, M., and Gholami, S. 2008. Comparison of base flow estimation
methods based on hydrograph separation (Case study: Karun Basin). JWSS - Isfahan
University of Technology. 12: 44. 1-13. (In Persian)



200 0 Lo laas g laggle (o8 55

5.Gonzales, A.L., Nonner, J., Heijkers, J., and Uhlenbrook, S. 2009. Comparison of different
base flow separation methods in a lowlandcatchment. Hydrology and Earth System Sciences.
13: 2055-2068.

6.Hoffmann, L., Elidrissi, A., Pfister, L., Hingray, B., Guex, F., Musy, A., Humbert, J., Drogue,
G., and Leviandier, T. 2004. Development of regionalized hydrological models in an area
with short hydrological observation series. River Research and Applications. 20: 3. 243-254.

7.Kabir, A., Mahdavi, M., Bahremand, A., and Noora, N. 2010. Application of the distributed
hydrological WetSpa model for runoff simulation in Gorganrood river basin, Iran. Sixth
National Conference on Watershed Management Science and Engineering, Department of
Watershed Management Engineering, College of Natural Resources and Marine Sciences,
Tarbiat Modarres University, 8p.

8.Liu, Y.B., and De Smedt, F. 2004. WetSpa extension, documentation and user manual,
Department of Hydrology and Hydraulic Engineering, Vrije Universiteit Brussel, Belgium.

9.Liu, Y.B., Gebremeskel, S., De Smedt, F., Hoffmann, L., and Pfister, L. 2005.Predicting
storm runoff from different land-use classes using Geographical Information System-based
distributed model. J. Hydrol. Proc. 20: 533-548.DOI: 10.1002/hyp.5920.

10.Mul, M.L., Mutiibwa, R.K., Uhelnbrook, S., and Savenije, H.H.G. 2008. Hydrograph
separation using hyrochemical tracers in the Makanya catchment. Tanzania. Physic and
Chemistry of the Earth. 33: 151-156.

11.Munyaneza, O., Wenninger, J., and Uhlenbrook, S. 2012. Identification of runoff generation
processes using hydrometric and tracer methods in a meso-scale catchment in Rwanda.
Hydrol. Hydrolology Earth System Science Discuss. 9: 671-705.

12.Tamaskani, A. 2012. Compare of hydrograph separation methods in Gorganrood catchment.
M.Sc Thesis. Gorgan University of agricultural science and natural resources. Faculty of
water and soil engineering. 80p.

13.Wang, Z., Batelaan, O., and De Smedt, F. 1997. Adistributed model for water and energy
transfer between soil, plants and atmosphere (WetSpa). Physics and chemistry of the earth.
21: 189-193.

y¢o



ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 22(5), 2016
http://jwsc.gau.ac.ir

Separate components of the flood flow using the distributed
hydrological WetSpa model in Ziarat-Gorgan watershed

*N, Javidan' and A.R. Bahremand’

'Ph.D. Student, Dept. of Watershed Management, Sari University of Agricultural Sciences
and Natural Resources, “Associate Prof., Dept. of Watershed Management, Gorgan University
of Agricultural Sciences and Natural Resources
Received: 10/26/2014; Accepted: 06/15/2015

Abstract

Background and Objectives: There are many ways for flow hydrograph separation. Base
flow as a component of river flow, which reacts to precipitation, includes interflow and ground
water flow. The spatially distributed hydrological WetSpa model calculates discharges and
hydrograph at any point of the basin and gives 3 components of flow groundwater. In this study,
the WetSpa model has been applied for flow simulation and hydrograph separation in the Ziarat
river basin.

Materials and Methods: In order to apply the model, hourly hydrometeorological data for
a period of four years (2007-2010) including rainfall, evapotranspiration, temperature and
discharge were used as inputs. Additionally, three main maps of the digital elevation model, soil
map (texture) and landuse were also applied and converted to digital formats.

Results: The result of the simulation shows a good agreement between the simulated
hydrograph and the observed one. The water balance components for the entire simulation
period is given as well as for a flood event. In this mountainous forested watershed, the basflow
forms the major part of the flow. As for the studied flood, it has formed 97% of the flood
volume. Forest and vegetation affect each of these components differently.

Keywords: Distributed hydrological WetSpa model, Separation of flow components, Base flow,
Interflow, Surface runoff
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