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Article Info ABSTRACT
Avrticle type: Background and Objectives: The wind, as one of the most effective
Research Full Paper factors on evaporation from the surface of water sources, such as reservoirs

of dams, plays a significant role in estimating the volume of losses due to
Article history: evaporat!on anq thys protecting water resources. However, _in m_ost
Received: 12.31.2023 evaporat!on estimation methods, such as experimental relatlonshlps,
Revised: 02.02.2024 evaporation pans, and even new methods such as the use of satellite
Accepted: 02.24.2024 images, wind is considered as a constant parameter. The wind parameter
has a spatial distribution under the influence of the elevations overlooking
the lake and water levels. On the other hand, simulating the spatial changes

Keywords: of the wind and investigating its effect on evaporation, as one of the factors
CE-QUAL-W2 Model, affecting the water cycle, is time-consuming and difficult due to the
Evaporation, complexity of the calculations. Failure to apply wind location changes will
Eﬂa;t'ﬁoin(eégég;’dga reduce the accuracy of the calculated evaporation and as a result, it will be
Wind, ' difficult to access the exact amount of evaporation losses.

Wind Shelter (Sx
%) Materials and Methods: In this study, to calculate the effect of spatial

changes of wind on evaporation losses from the Dez Dam reservoir located
in Khuzestan province and the southwest of Iran, the combination of the
CE-QUAL-W2 model and Bowen Ratio Energy Budget (BREB) method
was used. The wind shelter coefficient (WSC) as one of the input
parameters to the CE-QUAL-W2 model, makes it possible for the model to
consider the wind shelter condition in different segments of water bodies
differently. However, due to the lack of access to a suitable criterion to
show the wind shelter condition in different segments, before this research,
the value of WSC was considered constant in all or large parts of the water
body. In this study, CE-QUAL-W2 model capability was used for reservoir
segmentation, and wind shelter condition was determined in each segment,
using the wind shelter index (Sx). Therefore, it was possible to assign
different WSC values in each segment. In this way, the thermal profiles in
each of these segments, under the influence of two conditions of constant
and variable wind (constant and variable WSC), were extracted and entered
into the BREB method to calculate evaporation.

Results: The results showed that the application of spatial wind changes
compared to constant wind conditions, improved the performance of the
CE-QUAL-W2 model by 45% in the temperature calibration stage. Also,
the monthly evaporation from the lake increased by 13%.
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Conclusion: This study, introduced a standardized method for simulating
the effect of spatial wind changes on evaporation from water surfaces. So
that, it was possible to quantify the effect of wind on evaporation and as a
result water losses from the lake, by comparing two conditions of variable
and constant wind, in different segments of the studied lake.

Cite this article: Shahi, Zahra, Sharifi, Mohammad Reza, Zakermoshfegh, Mohammad. 2024.
Simulating the effect of spatial wind changes on evaporation with CE-QUAL-W?2 integrated
model and Bowen's ratio. Journal of Water and Soil Conservation, 31 (1), 133-152.

© Ol © The Author(s). DOI: 10.22069/jwsc.2024.22049.3704
Publisher: Gorgan University of Agricultural Sciences and Natural Resources

e



TYYY-Youd gl LLS ) ' %
e S g of cblis ol yingls ds i
YYYY-FVAL o3l LU A SROARYR

L 2t s, (kR

CE-QUAL-W2 (il Joo b s 33 81 (S0 f g yaili (g j v

9 S g

Y

LA . L. \ . .
Gt S13 dasa ¢ e Lo ydesee T all | ja)
Ol Glsal Glaal Oer dgd oKl sl 5 Ol odige oSl (O e 5 3ok 055 6585 il )
zahra94shahi@gmail.com :«.LLI,
Q\JL‘ ‘)‘}A‘ ;)l),ds‘ Q\Ja;; J:..@,.:: alf\.:.i‘é ng;.-...v_).)a.?u E) g_JT J».L,@.d LG z;_JI CL.« B sz_,jj)u\?h °JJ§ )L;.«i.‘v\) Ld":.....a AJ;.M«.]JJ Y
msharifi@scu.ac.ir :sLLl,

moshfegh@jsu.ac.ir :asbll, .ol «J 555 (Js835 s plighor s oKLl Ol s wdige 03,5 SLokal ¥

oS> Alas SleMbl

b Sl Cblis amps 5 5 S0 O o 3550 M 3 et S dade Rk T el JuS
G5 oo Jalsy Al s 3yl gl i, el s oS el Sl s ol als O

B s b ol ele cslolsale lasdimn 1 eslinal wibe s GlaBs, g 5 o5
_ L X = . L 'Y/\'/\'ZQL‘{)A@)U

s bl C—’Ja'“ saxbos poie Slelal Libcew ol il ssd e 4 S

_ . _ ~T/H/H‘:u:.llﬂ‘,'@ﬂ

) y YN0 pdy )

)lj';‘éjjdL‘)‘d‘jVSl" j@“j)g)}".v oJ\:e.r.ﬁ. 4.]4.#\}4; ‘u\ 4"]’: Jﬁlﬁ)‘é‘d‘}&b

phe amlos o S AJ}YJ;. 53 by malS caw ol GG ol s Jlesl ps el

A sl of ) b olis 5385 e 4 o 2

SIS glaells
‘JLg

O s Gl GAU Ol 553s an o acule Hikeay ol aadllee s il g, g Sl ge
«(8X) byl
Sltd 88 e bl o o e s Sl Ol s Jls 5 A O .
s

oslizsl (BREB) 0 g5 v (65 51 455 55, 5 CE-QUAL-W2 e 540 5 ol Sl e i s
CE-QUAL-W2 Joe 45 35,5 sl eyl 51 S Olgeas WSC) 3L 56 o, s S (BREB) 0
Slae Sy e glaton 55 alysl Conds oS 351 0 gm0 Je sl L OBGL CE-QUAL-W2 Ju
Ol gl sl Jlas S o ps pde ot o0l S s gl |
slais bopled s WSC jlide opl3l g Ol cilimee blis 55 alusl Cunds 05l
Jbe Sl Sl ol G s A e 488 B 53 i Osk s Sl O S s
OX) alosl jasls LUls 5 58 S Glaisn 4 O oS 33 CE-QUAL-W?2

VYo


mailto:zahra94shahi@gmail.com
mailto:msharifi@scu.ac.ir
mailto:moshfegh@jsu.ac.ir
https://orcid.org/0000-0003-0421-3049
https://orcid.org/0000-0001-6870-2023
https://orcid.org/0000-0002-8131-9050

Sslae polie aeass OG5 eslatal s e 03 oa5ob b bl Caady s s
A ol s a5 e s S sl ax s i 5SS 5 WSC
GBS s e 5 ) sl Do e 5 el S s iboew da il 51K
(BREB) 05 ol 550 o Soas 2)ls o sl jlien 5 gl ol (WSC

NI

gl &S Al acslie s sl s Clzm 03 ok S ol pss Jlesl ol LS @Lﬁ HEYIN
d> o ;s CE-QUAL-W2 Jus 5 Sles 55 ot olaosl ol ap § L3 g Ol s
)' [ eé)jTﬁ MLALAJ_.?QJ 6M)> 'Y U’:'i‘}'a‘ e oy 2] u‘]:a “ g&lx.} Q):...ulj.:ﬂs

el 0o S al s Clz.ﬂ

S Dl i luand Gl Osde s Sl 5 B b ol g i S A
ol G Ol i dlasl Opk 5 b DIl 53 alie G b 5l cndls (T 2l 555 5L
3ol Wi)>}ﬁﬂslf&a5;l4w&»>)yMa;;l.lﬁclzm;il:&udu&;éu.ﬁ

JiLA.: ‘G‘)‘)’)}T}!b 4;;1.!‘).}

Al Jae b s ool e Sli il gileans O0F) ez (ate S Lo juame iy dpng o ol bl
AVEDNOY () WY ST 5 o cbiliz sl jtas3y (o3 o s CE-QUAL-W2
DOI: 10.22069/jwsc.2024.22049.3704

[SNOIEN sy © 55 s e 5 5 gl Al 30

Al



Ol Son g (AU 125/ s yued 2 (o Ol g U (g jluodanad

cae ok IS Sl s b oy
oS b opar s Jy sl OLE | axl
Lol ) (lamgt e ey S i
Sl 5 by Conle 4 x5 L oplple ((OA)
33,5 o0 S G Dl a4 e oS 0L GG
s Tl 03 S ale la i) Ol eslinl
Srom sl b bazls 5 b Ojbke Ll
(18) ool el an

5 Bl e Je S CE-QUAL-W2 o
3 Selosyods (sl Goleand Glp g0
e S ledte 4 3B S cud O cuis
bde O3 5 baa=l o (Gues gladbisy, b
A 3 S WSCT sl 3t g (Y)
Candy Sholed 4 o8 &S ol Je 0l slagso s
Tobe Sl e glaisy 5o pasl b alusls
YN 5 Yo YE LYY XY XYY Y el &_J
Jbe pllg V.é)&l.a S A e 0L @u BES%
i 4 ] g SSE s CE-QUAL-W2
(o 03 e WSC S 5 s s 5 iy
Ol Ol gl sl S a e e o
S Vpeme ool oo sl SIS Sk Conss
asllaes ; 40 Cb.« ele 2 WSC ¢l ol i K
Foo YA YA TV YT OYY (Y)Y oY) 3 g oo oslind]
Yo 5 YL XYY X

(BREB) s i 350 wrip s
PSP e s bl sy S Olpe
IV I 5o et O3l 5 el s e
Sladlae s a5 das o OLES @L'..a oo (Y4 5 YA
5 Como s p oshua BREB ) Sl (ool
Gl Gl spmse s, ple ol
3p0p ol (oS G, ensn S
WJiadl ey (LY 5 870 £0 £ Y &Y ) &)

2- Wind Shelter Coefficient
3- The Bowen ratio energy budget

wy

EVRU

Sl s DA Jelge 5 Rge 5 S s

Sl oslitulsj 0 Ly, sld 53 (0 58 7Y )
(S il ol ole (T el 5 35500
AN A AV Q) cl eddan S ks ool
S S id 8 el Sl s ol 08 5T Y
O3l 4zl il s ol s 3 o354 sL
CL’ Wead Olgea sl sdw, Ul @
b (TeV) OLs 5 deaxdlle sl a3,
23 s Sl O Sl e 5488 53 ol
Sl 50 slacand Sl 50wzl 4l
I s 5 58 (0 Jesband 5 e L(V0)
L3S sys0 e el adls B oaxlys b
Ol etd (i 55 (Y00 ) LK 5 55 .(01)
5 S S e B8 s Gl s S
Kb altsgy ppl 4 53 1 s O35 oo
Scepl e Lsls 0L O g0 oy 2 4
ol e i Sl e Sy
Sosbs 5ol S b 55 e 5 LG Ol
5 or Slsiasy @ OV) sl 3 atlte s
O Jold o 53 lad s 53 (T4VV) Ol
I R N R I R
() on HalS Ly, bl ass= ol o
o2l 5oL sl gl (YY) el s
Ol is O3l OLES gl golme a5 (SX) alisl
o S saeny ol ol gl 3 5l SIS
ol Lls b ol le 4 5 de b
s b G ) 0T S i sl
ol o il BB 55 oaloal polis ()
FeS axbs S5 s sl 8w S e
SS s ol Gladl lacand

x5 WO Ll S5 s (5 e 05 Sk

1- Gorges



V€Y ) D)Loa:? AR 0,92 “5&5 ui cblis duwef

g 9 dlge
0 Calew hls O e 55 50 dw el

4 VYO Vo' iOH uil':"f"' U‘PJ'O DL C)"):"}‘L’:s
EAC WA 0V Wi Jb 5 JLes TYO 57 YA
Slgsas 48 Oliw s Okl 53 3,8 EAC T Y G
Mbvﬁ dL&; Lﬁ_\ﬁjuTJﬂg_bﬂL L;.»_)J.f.&:».w\ ol
CQL:'M»JU LSLAJ.)) g_ALG‘ B cM.SUaﬂb_)}A 63 gl>es aS
IR R S e a2 | b °C YL s>
- UK s ey Slbl slels ) 31 S s
AVY B XYY 5 Slels )l s awls a5 das o 0L
bla o0l 5 alosl cundy coyonbil ol e
s S el Slces Wi e il

k:».w\ ﬁ&u cd;;l.ijb

Lo oo VY (YY) Ol 5 (Son
gl = gl g By, 5 awslis BREB s,
Olgeas L du S =B 5 5 - oSS
G 3 s el Sy b o tie
(8Y) L35 labs oLl 55 a5 5 dw axlys
ssee BREB i) 5l s (YY) Lojla 5 Ll
Shestiad b e 35l i palie il
SRR L80) L3 85 eslanad (gloylgale 5 glias
ST O 5 plas AL 65 Slallas
5 mae 4SS gladue e LBREB 5y, Gl
oolitel o 35l 255 GRS sk S S5
(EA) 4 S
w5 A o ses o lagh s
SX SaS b s 3l 80 Slds Ol ol SIS
BREB , CE-QUAL-W2 Juo _idb is, s

S0 Bl 53 A ax s Sl s YR el

L3800l
ad b 3
Al g0l 4! Sl s 2w e .
Iran-Khozestan -+— Khazestan-Study Area
NTAvIs”
e
Coanplan Sea
o v
ST 1 el g M) "4 §
Ahozestan Hessclnich synoptic & =
statiea s »
* :
- g S Study Area
Perstan Gull Has S 3 g -
Owsan Sen Value ‘ -
High : 873 m
32° 3548
® 208 & s +.27% 1700 .
- HALTeery
Low : 331 m

012 4 6 B
- —— — e ters

(M) el ys SbI B1E 555 (0) 5 b8 Okl 5 Olal 55 (CBI) andllans  go ailaio Condge -\ S5

Figure 1. The locations of the study areas: (a) In Iran and Khuzestan Province, (b) elevations overlooking
the lake (m).
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Figure 3. Simulated and observed thermal profiles in days and sampling stations, where the wind shelter
in the segments was not variable.
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Figure 4. Simulated thermal profiles and observations in days and sampling stations, in variable wind conditions.
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Table 3. The changes of evaporation from each segment, in the condition of variable wind compared to
constant condition.
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