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Figure 1. Location plan showing the study area, the Ziarat watershed
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Figure 3. Soil type map of 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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Figure 6. The components of the hydrological system in the WetSpa model

s oy cups clbais Sy Lol cuna
Jobe 2 53 by bwgle G g o i 9 (Sg)de
oy i b awle Sile dblee l eslazwl b
Sasd oS 5 il i@Vl 03D cud)l g iy Uy,
b e o a3 Jols (B 608 5 SB £yt
odlawl b g sbey il ol gl ¢ badss -yl jl eolal
Ol a2y 9 35 9 e (b sl Sloj sy
S ng e Jsb 3 Sllyy aljmae by 00 12
o9 2j 3l b 4 (eeini 2l Ol dy9ln g oAb s
Ol ggeoe Sl Cwsl Ojle U (03 9 935 0 Jols
Gl 5l g (i 2l Gl g (A Gl e
D8 o S S )2 29290 Slagl S by Ely
T G lwaing 9 Jao (2xiwly

lacaakd pac S ials 5 Jie 5,Sles eMol jolaied
Gogrs Jro (miwly aul el wilisee Lylyd (ol
Jio 0 (I8 el WY Jae ol cdagus (gl
95 4 Suwly Aol ool 4315 eslauls, 90 WetSpa
(PEST l8ley ) 393 5 (ad 5 () (iwd ©yp0
Ghay 9l pel B & dpdye el
ol iz a5 blss 1 g, ol & el 03 o0litl
slp 6)lley PEST (V1) cunl (lio B9y )15 392
Silodie 5 e glayell oLyl ileaire
(1) ol (ome o bl

s cads ) oslizl b Jus el e
5 b¥yy Sl Jeols s 5 (Sidgrhe clayll Sl
)3 9 3y 9 55 bl Fele Gloj gyl edlitul L
pbol Jao  smiwly VARV Ul Gl o)l
ly gl WASTWWAL dlodw (gl 0)gd g 0
Ldg el Sloj al (s aedly alS ab Clesl Jue
& obly 9 slre Sldl (1o Sl ( JBlas i
oY oy o Shalie Sy s S (lp Shalie
Lol [N o [Y o NAY ¥/-A
S jlwdnd 85 (25

(e slayiehly (35 ae lp Jae el 5l e
—O8 e ps l pslaie nl Slp D gy silwdnd <8
U155 oy ol D ool ¥ e, bl Sl
PN S @il gl S5 il

YN 1 (Qsi—Q01)?
NS=1- [z’iill(czoi—mz (*)

Sl o5 slaodls 4 5L WetSpa Jue sblse I (S
5 wliSB (Sl (6,8 DEM aid cowl (gjlwand
Srsdg)g y3s 9 ik ded 4 paie Slaodly (izen
e omimly glys 50 Sllgy sboodls g el Jao Lo
(F) 29 o0 odlaul
CilNS 3 LSy ppete adsy 4l o bl )
p oSS (Ao ool 1pj 28 00 oguome O
9 (2 By% 9 5 e Oy, ¢ rdaw Uy,
» ol oMo WetSpa Juo 0 (V) cal dwejpj &
duwloes V dlasl) 4 25 b (Joho 4SS o (gl ady) 4ol
(Y0) 2,5 o
0)

DAG/AT=P—-1—-R—-V-—F

ogby @l AB(LLY) iy, ges D(L) o] p &
(LT I=1atDa o)L pLT?) < Sloj 8 AY(T) S
p1a) Yl 6,35 o (D) LBy 0pd Lol clils
R(LT™) oljle o)k b (e Sllgy VILTY) ¢ Sboj o
ob &5 LT 5 ady) anl 5l des 85 ¢
ol sl B8 g s E(LTY) 5 ploj ) (e
s ondg Mol JVazal bey il eslinal b slile 3k Jie
S g5 w58 b Jobi 4u o Sloguas (slio
(V) 22,5 (o0 dlona SB iy Cashoy 5 (B i

V=C(P-01)(6 - 8,)" (v)

Sy oyt €SB gy S fpe 05 o] 9 oS
2 S ors 8l sanle oS cal oy a g bl
i ol Ol pEapes Adbie dlile )L Gl
Solois gge CWolao g () g (plel p 58
@ omd Sl e ole gy () 2350 dlxe
Nge SesS Sbojep) e » wein ol
by, WetSpa Juo 3 .(Y0) 2,5 0 )8 oolatul
dblre i, 5 eolawl b 4.m|ﬁT obyy 9 bw by
by Ll Gy ol 2xSe Cage i e S

(1)) sl orlizal (GIS) Sle leMb] wloles Jsa
W) 098y Jo adl | ) Eoyd > @Syl
5 b odlatul o Yex g0 Yo Sy ojlul b oyl oje
Oy oy g cod bbb (Soidgine laShy
452 3ble g anlpl &b (b Jsb by g
Ssle ) upd o) (Gos dl.a:m&b’.& Am)f Ao
TS - R T S A )


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 2025-11-15]

[ DOR: 20.1001.1.22516174.1397.9.17.10.2 ]

[ DOI: 10.29252/jwmr.9.17.168 ]

Wy

25 bl o Sidastieg)he Ll oMeay elis)|
Silwded ojo> (295 ol BlS gy dod jls @50
obhaSs cob b oleMbl pl ded w5 9 0
S o) oon)lS A g e ons omily S sl yial
Ol i ool )8 aid Jlosl b 25800 Jao
g Jgep > ol Gl g (LS Gidy 4 ay
g Lanld ool 4 (b5 )3 2l jeds dlsye cpaiz 3 Jie
Dy oo 0Ll il ooy &5 (b yel )l
S, S5 L bLI, > WetSpa Jao 3,Sdos
oaud Jlos!

g osly plai Sl S LB ) Gl
S8 adss ks g 39 Coll Jao jd osd edlaiwl sladids
Sl L ooy gl (g ol il Jae 3)ly 5l
Sl (o bl (ot 1) (oS

Sl oM salp o sege ool 5 syl b i8]
Al ojg Al s b oS 03 (LSl ) L Lasie
oy 2 035,55 slagally 5 anlp (ol LSl 5
s e o oM b &y 58wl s Liles
() dhlao) 3,5 mlgs 15 55 (b > SIS0
» U.glf).g o)#&:) 9 u.,\jl> o),.,">5 :(I) 4.3)9' ol 4\9.!;0
5 sl 035 S5 Ol oD gy 3 adyl lil B
LS’YB D)A.>.) AL & dol)l Lgf)lf d9>g90 m9
B was sl el sl b oS 098 0 Juols
2o e b cwlite S )8 s slag e
J.ol> U_:\fl> o)ob d‘).» L Ais S u..ol)l LS)'.’)K
S e b ol jlade oS sl el (dne 4l g 298
alhe )0yl Col pus ool Wlaio 5 03)5 o ()
P e el Caleg)d o 2950 O Moy gl lils
Py (29 BlS gy
I,=1I,+D, (v)
L?’Yb 0”5..) ZDa 9 u.:lf)_v Dﬁﬁ..) :Ia
Jseys )3 &S jsblen Hvas) o Olly, adlie
C ool sl alasdo LB (¥ alaly) Lodaw bl
Al b 53 g e Sy ol ol
P Ol b qlite gl 2w ol @n)
b gy cnl Bk nlpll S o dsle (S 6018
S5 o dolmo 1) Jrilty Gllyy oy e 68
UM“J DO O 9 u.’x_‘a.w ;.)Ug) » UT CJl»J c\.L\olSMA &S
Lol D-ML\JM‘JJIB (_s.>9)> d])fﬁ).h.m 9 ui
Cv Gy copd el oo daily )3 H(E) ybes adlgo
s 4 455 b 0] e oS Cd 55 1 e il S
oM 3 e ol ol 38 ke s Sl o)
uol osalio JB L Bl)So)0m o o
S &y Wy adyy Gas el D) addyy Gos ol
ol Al 2l )l s b &S 0390 (2l o p)8
alyy Gos e ) oS b el )5 Jalgd s ol

WAY Gl g 5lee /VY ojloud /prs Jlo 550l 059> Cu e dalitingy

5 hoaalio > iy & Qu 5 Qo ol p &
Gl i gloj pB8 13 0ads (g 5lwdunds

€8s b5l 35 (AM) T e S pimen
5 U wile calisee Wl 3l 1) Bl,S g0 45 il aolatl
'\‘5(5" L;’L))] sU ¥ bg‘9) ()"L“’])" b)‘l.).ll

T"mod+NS+(1—|MB
AM = (1-|MB|

= et "
— Zlivzl(Qsi_Qoi)]
MB N [ Z{\lzl Qoi (a)
__ [ min(gy,05) ]
"mod = [max(cro,crs) *r (;)

Sl Taylkel Glpsl Oy 5 Op YU Ly,
I Cops amd o ol Iy loanlie 5 0 (&3lwdend

5 ol (Gilwawd S  Siwed o
Canl (gilwdud 050 ;0 Glialie dla N 5 (slosalin

.(YY)
I (Sow lie!

majlislJae oyl omwly Gl
0y90 S lp Jbo ulpl b osnd  sxwly sla el
g oddodalie glaodd b s awlie o Jaiwe
oo Sltel ey WYARS PR WSy 0)p0 5,5 o
o] b 3,85 ol (a8 alsye oyl o sl e
2l el 3560 )3 L o plowl oxiwly 45 395 ol
sl yrine (Sloj yo sl g 0398 o
1l el o35 3 Cuslos

IS e kel Jold el colias
A6 oms Cap LS & olies jshie oyl
P el (333 g dbml > byull IS
OlipeSy oly g (abaB (639)9 S uabad pae o)
UL Gaisg ol 0 il dalgs wsly g (shd gy
WetSpa Jio slayiol )l Cozled pie o)y g Comwlus
1335 deuolno PEST l33l.5 5l oslial L
GIS laseo 3 Wrgy )law iy po5

5l dogy )l (Sl o) 4dd ans Cax 4
JUsl oen 9 a9 Colus Gl S s )8
o 0jg> oxnl 3 )8 JlS g diej ol 53 p3ye
Aoy pl 38 (phb (058 Slag )l (e g 23
S ab agd GIS e 3 )5 s ol sla
©jp> )3 dgrge (Sl S Cundy Jol gl Jols
(S9Swe dilate Colus (gpte Ve 3L dbml b pgd g5l
O Sz ) IS pgw gl p3 Bl Ral3E TN -
gl 9> ggeme | o) sl 2 9 M5 58 b
ORI+ 235 ) G sblie Gl g (o) S
5 ozl ool (igSame Gblio
e sl g,

5 2 Gl see s Jold dope
bl ol (lagyyliw Jlosl) (ol 6,8 51 (2,8 Ll
95y Jho S Cdl (Bl p)8 asd (3535 L

1- Nash-Sutcliff

2- Aggregation Measure

3- Standard Deviations


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 2025-11-15]

[ DOR: 20.1001.1.22516174.1397.9.17.10.2 ]

[ DOI: 10.29252/jwmr.9.17.168 ]

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

bl Jae o sl gl YWAR= V¥R allucS, 090
6 jlodens ol WELSPA Jsa bl byl slaieds 05
odd duslie (SIS g0ty csloanlin slacdlSo,um |
4 baye loodldy iy (S8lS les jshaie 4wl
g0 g ol AL o il ola (5l g8 o} agd
S amd e QL (S5 (V) S5 05 ey ol 4 bgae
) 29 Gl ordigjluand 5 Shalis SIS
Jae 2l (2020 Jlre 9wl — (5 Jlae 4 v g b
el 00 39l VVIYY 4+ /EA

5 OguSoyn bwyg oud &l clasylulivl b mls
A gy (V) plSen g gepil 5 (V) GilSen
b aib ) (Gl Jae <B lag] el oS (V o)
85 )8 oot

5 :..j UM" PIR\PSS CM)]) Cows yd ;.j u)'b dl.:adé.]‘}o )iL»
Pk @ S ol g 08l Al 4l
Dy daled sdalin B 55 by GBS g0

Loyl > 5 cupe ) Sisle 05 cupo yal,b
S g ol guoj by €95 9 (2] S L e
ool by BT 5500 3 S50 5 wre sloyialily

Cou g
sl yiehb e = s sladdd | eslaiel L Jae
il ol b g 2bxig) J Jolbs gls 5 (Sujsls)ie
sladlo Syl 423 9 55 9 w5 AL el Slo
oleMb| Srolaes 3l o Jde Il YWAS-YYA. !
Jto (Prisly alspe 3y axy Alspe )3 g 0dd (ygejl s
5 xwly (6l WASYAR dlodw (o bl 0,93 3¢ 00

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
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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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