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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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Figure 4. Digital Elevation Model of Ziarat Watershed(m)
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Table 1. Performance ratings for NSE and Accumulation criteria
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Figure 7. Graphical comparison between observed and calculated hourly flow for the year 2009 from the calibration period
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Table 2. Water balance components of simulated flow

&t Jao byl sadamlne of (W 5 Jols s
S jLwds 0,93
Vode p Jae (oxiwly dlsye 3 dnsbre gl
Jb ) dols ] ol mls el or))
ool 3l Mo WYY wad e i sje> > WetSpa

Jo siloand albsyo 1> T My sboadze palie = Y Joun

oS (1) %o (Focke) co Sl iy cadle
NETY Voo VeYV/¥ loaalio u")l’ p
ofee¥ WYY A By clals I
o/-¥¥ AVIva a-\/g Sgi laly F
ofoxe AR YA¥/A G5 g S E
YVI5¥ —IvY -VA iy ol 0D GD
ofeeey -/0) oly o by, SR
¥/-¥ VA a5 Clily, IR
Yy/ay ys e o ol GR
VISV YAYIY Js by, R

ol 3 Jhe ol (sla el e (355 9 s o 556
S L by yuelly ool Sepl 4 dag LIl ojes
sl 03,8 s Vb Cnbad |y T PEST 5 el 1))
Gl Y comlus WetSpa Jue & ciS lgie cnlpl
slaadlie g9y p 2l G e Gl I ow)p
b1y ol oM
lisce (gLags U Cod O My (grailgo yus gl

Jlosl clogy s 4 55 ol My sloailg b aba, o
P @l cplS s i S gl 4 G 01
9 oin) ) Ol hawnj g (e (b jlde cadlaie
el aly_jzal33 S LUl

2 gl (ly w5 Al 395 L
Ol @l ol & b o Rl Jousily Qlly) oo ke
J.J.)d.) Cwol oJJbL..mJ.;lB u] QM.:J 2D s 9 U.><Ja.w uLv‘9) »
b 26 Ol 9 o) v 55 (028 Sl > S
o3 oje (B clali Lials o Jloday cuwl aidly ials

S Felyl Coxlad pas uad 9 Comla LT
PEST I8l 5 lawgs WetSpa Juo
33,5 030l Lo sl ol 30T s
G5 g 358 e y38 g nein ol Cdl oy oS
oud She g guejp ol Sl 55l Calue op i
pie G5 onl 3wl JIygd e eSSl )L
il 5l oolizel b WeLSPA Jue ciliske sl yiolyly Copalad
S Soyp cualad pae edgie cé)S 18 bl 5y PEST
A Slueb! aaw 3 @bj ejes > WeLSpa Jue (sla el )y
Pl g i ol Sl e oS o ol bl .ol
S Sl g Canl Cuslad pae oy b )b 5L cus
aaly pyieS iy ey ol Cdl Cops al Joygd g
a5 b Cal )00 5 2V ol 5l domiiyy 5 039y s
3 G5 5 15 9 WS o S 03 0 ol M o2l s
U ol 1 2b e ] o e > 50 (b
Kep jally PEST ey bug coreh pis 5 Coleo


http://dx.doi.org/10.29252/jwmr.9.17.168
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.10.2
https://jwmr.sanru.ac.ir/article-1-620-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.22516174.1397.9.17.10.2 ]

[ DOI: 10.29252/jwmr.9.17.168 |

\\2d

WetSpa Jue jl esliol b ol M sboddlge 55y 2 o3yl 30y e lgy sl il g

ol O sleadie Spte bge awlie cwl owds e bl SO Gy Gl qepe bl Groren 29d

P 2hl @l dgrge ulpd g gl ) ead (loand w2l el s gyl & d g b )] ke & ol s
Sl)S )WV KD (pizmen ol aiS SLIWY LA sla JSS (F) ) Jsia 3 b (il poes aomys 5 aidl ials

..\ADL;o uLu.u |) alises dLﬁby)Lw L ]oy).c dil)‘ Lfby)l.m: o.\.»f:d)l.wdtw LEJ UM"’ Lgl.bw}o M).) 9 ):.)La.o

(csbed Ll ) S goylios b o Jlosl o3l (608 55 (slogaylins )3 onisilotenss soadlgo g o] (s sloailie -V S
Table 3. Water balance and calculated flow components for the present and the third landuse change scenario
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Table 4. Percentages of Water balance for the present and the third landuse change scenario
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Figure 9. Compare the components of the water balance simulated for the present and two scenarios
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Figure 10. Compare the components of the water balance simulated for the present and three scenarios
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Figure 11. Compare the components of the water balance simulated for the present and four scenarios
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Abstract

Every year, due to population growth and economy development, land uses and land covers
are changing. The various types of land uses have significant roles on components of water
balance of a watershed. The simulation modeling has the capability to predict floods, to evaluate
land use impacts on floods, and to make decision in watershed management. In this research,
the effects of land use change scenarios such as current state, deforestation, 100-percent growth
of urbanization and the combination of two scenarios (i.e. deforestation+ urbanization) have
been evaluated on the water balance using the WetSpa model in the Ziarat watershed, which
covers an area of 95.15 km” and located in Golestan province. In order to execute the WetSpa
model, the hourly hydro meteorological data including rainfall, evapotranspiration, temperature,
and discharge are used as inputs for a four-year period (from 2007 to 2011). The result of the
simulation shows a good agreement between the simulated hydrograph and the observed one.
Then, the scenarios of deforestation, urbanization development and the combined scenario of
deforestation with urbanization have been designed in GIS environment, and the simulation was
performed using the calibrated model. The finding showed there were increases in surface
runoff and subsurface flow, groundwater and total flow rates; the maximum change was for
runoff rate that increased 5.2 in first scenario to 18 mm in fourth scenario. The decrease of land
surface roughness and vegetation canopy lead to decrease in evapotranspiration and leaf
interception In the study area.
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