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1- Water and Energy Transfer between Soil, Plants and Atmosphere under quasi-Steady State
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1- Modular three dimensional finite- difference groundwater flow

3- Integrated Land and Water Information System

2- Digital Elevation Model
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Figure 1. The location of the Vanak watershed, stations within watershed and the stream network
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Table 1. General specifications of the stations inside and outside the Vanak watershed

il g5 () ¢ e e 5z
) 44,5 ) 48>

SR SN YYSA o) -4 ! o) oS
SR SN AT o) VF ! YA e
ESWRA RN YYAA o) VF ! \t2 elsa S
ool / i e YYA« . oy ) of OBl
coliidpals] yWys o) Y ! WY a5l
eSS VASD oy -y ) Y Sl
ESWRA RN VFoY o- YA ! vy e

(P e | iy Yfo- o) vy ! v 555 o0
STy SR YYV- o A% ) A&} ol )3 K
soliblon YYVE o) ¥y ! -4 o
Stygims [ lidlon YA o- o) Y WY 3,8 s
Setygiann [ wlislon VOA- o- A ! i o8y
Stygims [ polidlon AARNY o) YA ! 3% o
Sty gigao [ wlisslgn YYAD B % \at \td SypgS
o9 wa. o) \Y ! ¥y o 08 s

ol ol M ol laeilie silodud cobls
4 Jae ol Bas @S (V) ol a8l dawg dlale Sl
—ox! ol 4 5 ArCView Slley 5l Jiue ©)90
do g Suis bl ;0 ool cubld 5 ol dtbyr yenl
s & Joe ol S gl (V) 3 1) Sas
s ol S e Jie bubd le 2R
Gble » Jao cpl jl edlasl (gly ((F) ol oids il
‘fo‘l)l S8 ol C)'Lol L;‘Ax}l).o J9|.\? B JEeN) ﬂ,..ls\ L
sk Jsbo S0 5 Jae i (F) s5500m oéital Jas

WetSpass-M adllles oyl ;3 oolaiwl 3y50 (2595 Jde

Sgphen 9 GGdgrid (e plojlo > &5 2Bl
om @ipl g el Jl Gegie Glp ey oSt
Caol a4 B0k as b cod g 5 oS S
e (SYeb Ol gilwand obls Jae opl (YFNY)
bl @lE 5 5 5 s e gbol W
Slagys g S 8l e Yy 6 oS ) (e
a ArcView )l58lsy > cJao Lol asws (YO) 3l o>
slp AVlo g (Labd Sloj i 3 g 48lodl S @90
b Jdo (gim aows Dy odd dildy Gobye Jaize bl



¥4

O} ghaw s Sp (530 dlali ) SB- e Cagb,
e aw glapjy Wi 9 Wo Wi who)d sy
Aimp ¢ Jowily SUlgy copd (59 Cup Cper odins JSis
0Bl 0ske Pag g JuSy 52 53 il 3985 daw oy
dibte Jlgia (Siis gaw RCD (ionen a3l o0 4y,
Ol Gln) Voedgie o )lEe b e cus
2 Sgte Shlisey Ve J G g Lol Jio b g 065w sl
V3l S G jo) ol g o8 Sk ad) Ve g (olo ya
G VY alaly o Cal odd (i ym Jde (slp (olo o 40 s,
oo o> Dby, Q) (2 g ko o) 535 Jale X
A goad ddlal gyl olo @ olo )3 GuSopio G 1S
51 WetSpass-M - Jao .asl o @iyoyio o p Colu
Dby wlp g dlale Sloj wlde ) Jeusly s
2 S o ol (HBly 35 g g 39l p Slp (2L
Oleis 4 ole jd e des caws Ry ailale i ¢ Jao oy
lalo ol ol (V) 29800 dmslone o M osile 3L,
Ol ads g U olo gluoydd el Jobo o sy
dpuloee VY dlaly 3do ol 4B )5 a3 ole 0 uejpj

(V) 298
Ry = P — SRy, — ETpp, (\V)

Qb = BQpt-1) + 0.001N,, (1 — B)OR, (W)

1.154

== (V¥)
Jak gl Qoen (S 5 o o) silwopdd 2l B
cwlo §e dl.m)’” 3135 Ny <olo 9 ua.in)m o> J.ﬁ ol
2k el ol Glr w3 enses)lie yull @
Eresie ey JuSy Colue A Go) )3 @pesie cuns

(A) 28k oo 9y a2 (SaSis paslik g
8l ccad W] 098 add L Ll Jae sl 4l
hled gbadd Gl sy (Sl sl s SK
35 g3k Cop Gline or Al (Jouily pied doden
3y90 adg> & bl Jl.00)S ans ddate (uejpj ol Ges
36 Sy g 0ad @Bly SliwnsS s (sladlate ;> aslllas
s b coadi ol Coan] Pl sl By )
Soedlatwl boadlae cpl 0wl Y 8 Ay
g Glp g M A ySde sbeadd ILWIS Jljsle
@ o lodea b ) 5l By e by sbasds
slp 358 okl (()h 2929 @90 ) S kS lgie
Sy moani 5 (wein) &l Bes 5 Bk slaadd ans
Sz S hey il o Colue 4 oK) o (slabd
daly jl Jeesly j55 5 Lo sbaid g sl 5 ool
23,5 oolatwl glayl g pond g gl 5 Loy o (Siuson
oy I 55 ol Cepw i o lbadd ans
e dy ol Cepu Gl 2505 g b ol 45, olKis]
S a8 )S s 1 Kb gldai slaosld g e pd
Colw JJHDF b b Sy aw jadls pslad (pioren
0a3ls 4t S olo b (gl & L b IS udse

5 03905 duwle wlls oo @ |y O My pibdeds
9 g s yol (pl S o e o b JuSy S sl
5 g ke a3 (2] )8 (BlgSe e &S
Sl g (xaw Olly) (585 g s (VY) 298 485

D9d oo dule j laily) g0 a4 ol 2 )3 (e
ETraster = avETy + agETs + aET, + a;ET; (V)

SrasTER = aySy +asSs + 2,5, + a;5;

(v)

(v)
W)’ a Rraster 9 Sraster ‘ETraster YL L”.‘?) 2 «
Ol ads g oo Cllyy (35 5 e JS sdimd L
Wit ol e g (2Olad Joho So 53 ()
O wad Sb(alS by ol So e oS
8 980 d@s Ay L ol 4 &5 )0 1) Aol Soi e g
Sygo 4 Jde 5 ol D dblee (V) wloas odls ol
bl oo 0 daly

P=1+Sy+Ty+Ry (¥)
TV ‘u_ﬁ.law g'.vus) SV “TJK){ | ‘L):’)lf )I..\.'o;o P UT » as
Jado (V) ksl (oj ol 45 Ry g 5y 5 s
23,5 o0 dulne pj Oygo & Jae (pl 3 (Haw Sy,

Rraster = ayRy +asRs +a,R, + iRy

SRm = CsrCh (P — Im) (a)
P .
Cp=——2—— if ET, > P, (%)
LP(P& + ET%)<
C,=1 if ET, <P,
0.02 By Sp
- it Y
Cper Wl(n )+W2(1—ew)+w3<1o+sp> v)
_ AImp AImp A
Cwp = (1 "~ 100 ) Coer + 700 Cimp )
W, + W, + W, =1 (*)
CupPos
Co = wpf24 (\ ')

* CwpP2s — RCD X C,, + RCD

Q(t) = XQ(t—l) + 0001(1 - X)ASRm

(")
Im 9 O")L Pm s‘_sPL]a.w UUB) )1).&0 SRm s\ﬂ) Ja)b) » &S
9 Bly Sl cupd Cor yiadee cons py alale OB
Cugb) Candg oL dne cops Gy dn
Cogy slaodly (3 CheS 4 a2y L 1) cusl S
Sloj polide ) (V) g5 5l ond (Wbl 29y & (S
g youd oxd L 35 ET (M) Wl oo cawd 4 silalo
wly cops L wole )3 ploiden cans  Jouily 305
9 355 o pd U o Sllyy 2 35 9 pes Sl
cupd Cimp ek 3985 3ble CUlyy copd Cper o3y



\LE S el asgs 3 IS lyr 50l bbb (b oo e gy g ailale OT M L))

_ (1 - BFlmax)a X e + (1 — Q)BFImaXQt

VY
e 1— aBFl., ()

S G & plo o ond b al ol Gl o &S
el glej > JS bz Quatl (loj 3 oad yibd 4y
BFlnax 9 9,2 (v Colf 0 dli o canSopio canss
bk opl il b gl padld lde Sl
Al ase g ol Sjdssie oSy o5
Sl g s el 93 Bb gyl )2 (V) 3,5 o0
Mae gSlas gl ool ddes 4 bosye aS 39,8 Lo
Bkl b Jy cus pSojlul B &S a0l by a3ls
G5 ol 5> sl 0sd gilwaiy K03 bl @l
cbl /¥ 5 IO L ply i 4 BFlnax g 0 yolio

IRV

Ol ¥ S5 JS v el by S8 e
sl Baiss oyl codie d,LJ 0y9d (gl &S ol odl>
YAV G Y VVYIYY Gl bl bl o YV F B Yoo
0 Jy syt oSl Sl & pyiod pie b 4,
bl g Jde oxiwly 03,8 Gl gylel 6ygd 5l ¢
Sy (0 cerd) GyF g w5 (@) Sy byl
Sygo & (MF) Gy 0> 5956 5 (LP o) (o
Olye 4 AldSSle (5 oy ()5 S o Ly e
S oolazol b L yiol )by dishy poolio (o plos] Gun &b
23le (303 s b & 0k ) A8 e U g (a0 D)
glie &S Wb adbl Sl U e ! dayl)l
Ol 3 g S0P 053 dingg ydlie 4 Adg> (sl yialil
N0 sy 4 MF g LP g0 @ colyps digy polae 5uiss
ol Cawd &y [+Y g Y/A oA

230
200
150 4

100 -+

(4l 3 Siagial ol

- B o B B o B ot B I o I o B B It B o o B o

[aligs) oles

o B B ot B B B B ot B N B o B o

ol g3 03l 3 Jae (639)9 Ay 5 g 4ns S gl
Dby i By 09>l BB Ollgy 3500 )3 iagk
g I3l )3 ole o gly loden ald 5 gl
yobaie 4 13,8 4w ILWIS (4o g o gols cleMbl
—0B @ copdy e cups jl Jae 3Sles oy
uu)‘)) @b]y s oo A5 eolaswl (\V) ub.li:[w
o i Iy o Silwdanig U.:L\.mlm.a soolie oo Jad
o BlSSle = cup S (0 plo 2o Soge g
03 &S'w Shalie ooy (aws BB sxad lis
ol o Glyuss 03gaome 9 sl 0dds (gilwdnd polio 4
Jbe caslio 3,Sles S e a5 il o SO U ol o
(V) ams o s )

_ . 2

ENS=1— Z (Qobs Qmm)Z

x 100 (Vo)
Z (Qobs - Qobs)

_2 —_— 2
— (Z(Qobs B Qobs) - Z(Qsim - Qsim) (\;)

R? ——
E(Qobs - Qobs)

4 Qobs 9 Qsm Qsim Qobs R* ENS 598 Ly, ,
copo wblSSl - bl oo sdmd L
oSSle ond (ilwand Gl Slelie Gbp s
Adbge (Shalie by (1SShe g 00l (gilwand ol
JL6 ey s WHAT l38la s 5l ekl b e sioss ol o
aljey (20 codly I al by Slade Sl Jows
Sl s alaly o hgy ol dolee b S8 Slialie

(V) ol 003

2

ol 5l liey al by SSE SS90 -V IS
Figure 2. Separating daily base flow from the total flow

1- Web-based Hydrograph Analysis Tool

2- Melt Factor
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Table 2. Fitness statistical criteria for calibration and validation periods
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Figure 3. The observation and simulation of total flow hydrograph (2000-2014)
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Figure 4. The observation and simulation of base flow hydrograph (2000-2014)
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Figure 5. Distribution of observation points for monthly total flow against simulated values during in (a) calibration
period (2000-2009) (b) validation period (2010-2014)
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Figure 6. Distribution of observation points for monthly base flow against simulated values during in(a) calibration
period (2000-2009) (b) validation period (2010-2014)
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Table 3. Percentage of water balance components relative to annual Rainfallin the studied watershed
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Abstract

Base-flow can be considered as a part of stream-flow which is connected to discharged flow
from aguifers. Due to high variations in rainfall values and other hydrological components in
arid and semi-arid areas, watershed scale simulation of the flow is very important. Hydrological
models are generally emplogled as an appropriate tool in this field of study. This work makes
uses of use a distributed model called WetSpass-M to investigate water balance and estimate the
total flow for Vanak watershed. This model was developed with the aim of simulating water
balance in arid and semi-arid regions. Since the model focuses on spatial variations of
hydrological components for a desired watershed, all inputs of this model are in the form of
raster maps with an ascii format. The temporal resolution for grid inputs was set on a monthly
scale except the number of rainy days. The performance of the model for total flow was
measured with the Nash-Sutcliff coefficient, the values of 0.57 and 0.56 in both calibration and
validation Berlods were obtained respectively. It also shows an efficiency coefficient of 0.52 for
simulated baseflow in both periods. Thus the model result could be regard as an acceptable
accuracy for both total flow and base-flow for VVanak watershed. Also a visual comparison of
observed and simulated hydrogralla_h demonstrated that model performed better in the case of
total flow than filtered base-flow. The other conclusion that we draw from this visualization was
low flows simulation were simulated slightly better than high flows. Additionally the results of
simulation of water balance components in the study area has demonstrated that the highest
porﬁion of annual rainfall in water balance components of the watershed belongs to groundwater
recharge.
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