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Figure 1- The Location of River and Dam Lake of Zayande Rood
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Table 1- Corresponding Satellite images of the study

8, Lo (o 3, Mo 2,6 e 59,
Number Persian Calendar Georgian Calendar Date  Julian day
1 WA b5 22-May-2017 142
2 WYAF sl 5 NV 7-June-2017 158
3 WAS Y 23-June-2017 174
4 WA 55 VA 9-July-2017 190
5 WAg obye ¥ 25-july-2017 206
6 A5 slsye VA 10-August-2017 222
7 WA yo 500 ¥ 26-August-2017 238
8 WA o500 ¥ 11-September-2017 254

223518 (bl 090 1) 3900l s Sl e duloe ) a2 e
il s 51 3 a o el i 5l e o 0 a2 b
Gl gl olo y o (glys dS 00 s o i 0 HL sl
S 3o slmvolo b Bollas jlai )90 pglas sl clple
S ) i i el oIV g VY VY VS e VE

(V) ol o 48,3 a5 3151 w31 s

Lasals 5, 91a 8

olo s bopyo A sl o)lgale gl il yole gl 5
9 2,0 ) Jodo .l o odlawl VWAF Jlo joy 5005 B 2l y5 sl
ol 0305 L5 gl 1 Sy el Ty o 5 5o 0plesd

Caepw Sl puoed dod ol (650l glaodld pizcan
29 @b ) Bly o9 )0alj der (s e oKl 3 )k g 0L
P9y loednr U Cusl 00 (5)5laex 015 5 (slage b (gl s



AN LT - o oF ojlod FY ulo (S g0l 4,25 OF e

Oleyz Do SB g o) (5 p)5 s gy Jsb )3 b yet
Cad b wyly s anyd Gl s 4y (SB G e slesl 4 olo)S
A aiwis T LS sla ad L 5 oslimal b 1y el )l o
d)l.e(_w.u Llagl) &pr}_geb_wd9wigw}éhwdba

(0) 3909 dpwlomo (Vo v +) Cpuilitily

()

S ol oo s 53 (RIS (551 51 b (e s slod

9 by b (SkaS (o) o 4 0dewy (551 e 4

oS lojlgale ysluai )3 (F) )l (S jiaail (g (b2

Slodgize 13 Alg5 o F g yd slrodioriu Wyl Syl slasil

Ojgmo do g CBbd |y pej a6 Ol e (A
(A) 28 0 ploxs (o) 4 g 03D (098 bt

=== (00038u+ 0.00740) (1~ NDVI'

- K!
3l
La((E, /L)1) )

g YWEIA il s an Ve 00l o Ko g Ky slis
g S WWOVVFEY o FAJAA ol VY 00l (gl o VFYV/oTY
sl lS 42 )3 sy (e e glod
Ly =My Qey Ay v)
2 aere Sy ey b CU3L L 158 dlaly
coxigd s o i Joole My (g Sim 1y o3l
ol 03595 8| wldie yuss Jole sAy g 435590 5L :Q ey
Gk 5l S5l il Slils Gliee (H) oguone loyS L3
- ol 5 e mle saled GBS a5 il a] 8 g b jan
slod ylai g pazr 4 gl el nl il 2 Y
L e g (slod M) 5 s (525 0 oy 5 e

() 39800 s oy alaily Gojbo jl g (o) o SlbI (glgn
H= {pxCpxdT)
B (A)
. _ Eg _ .
o325 sloS (CP (L 3) G lon Jo P 1598 el o
o T 5 Zy glis) 93 e Led> GO AT @LK Verf ol lon

G 2 o) Jl plyp> (Seolidgl Cunglio Tap (K) s
S Sl QLS (s peguone (lo)S LS (i )
GBI (g (glo,S L5 dpslona (slys sl b s pos 5 s
D9 patidie (Gl JaS o sl (e) e S35 (sl

3- Vegetation Index
4- Surface Roughness

Sl 35581

Bly 5y S ol s il g S S

adsleo 0SS o dubre (g5l paal floj 0 JuSy o sl )
1wl 5 ©ypot 5551 oM wiayeSl K

Rn=G+HrIET o)
AET (0) oy palls (L Rl ol
H (1% ) ey 0jlgnle joue dad )5 Gles ple)S LS lade
=SB als)ls G ‘(%) o 2 g oguina oS 5L
s ol 6 lons Al LS ol () o

Job ol il e w5l (295 (3L 9 (395 o b
il zge Job (b g aw s9adl 5l (b gt 4 obsS zga
(V) Ll ge vy (29,5 5 639)9 1ib 9o Jobo (le Jol&S
R,=
(1-aRy tRy- Ry~ (-5 )Ry ")
G 2 53939 oU5S 9o U Ry el a)ls Ry,
oy Sly e g1 0399 5k ge (U R1L @y o 2 g
i iy oy Oly sy (295 2l e (b Ryr iy
odl gl I (d 85 (o (gl 10 5 (o (Sl
o 033l 9 03,8 3,55 1 (e gl &) &S Sl (G g3 003
o) e 3)ly (allS O jgod &S Cunl Wl ygd b 5 i
(V) 995 g0 dpwbors y5 aball) illas 2 oyl 5945 o0
R, =G, Xeoshxd X1, v)
:cosB ‘[w"fm‘:] Gy el G, 139 alal 5
oopSan Uy (bdly Cans  dudysd (BB (9399 4uglj ogienS
A4S (6 yammodl JL.?wl CoblB T, by gB g (o) (g alold
(V) 2905 00 drmole yy5 dlaly Billao
T, =075 +2x 1075 % Z )
oS g) £li5 ) Joleo Ygane 45 13 o by gdaus 51 £lis) :Z
Dy e 48)S Jlai )3 wlidlgn
Lo SV S u)l_é)f D)_a>) u‘)_m (G) S ‘_s.:La)f)L.»

1- Net Radiation Flux
2- Sensible Heat Flux to the Air
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Table 2- Empirical Methods of Evaporation Estimation from Free Water Surface

The name of Empirical Methods The Equation of Empirical Methods
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1- Root Mean Square Error

2- Mean Absolute Error

3- Modelling efficiency

4- Coefficient of Residual Mass
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Table 3- Albedo, Surface Temperature and Average of Net Radiation Flux Values for Each Satellite images

ryai @)U S e i
e LA (o) oo cbam glod b G9!
Date of
Images Average of Net Land Surface Temperature (k) Surface Albedo
Radiation Flux
( llri ) oSbe LIReS Jragies oSbe Jole Jragies
" Average Minimum Maximum Average Minimum Maximum
22/05/2017 491.55 296.45 294.2 316.7 0.291 0.205 0.295
07/06/2017 489.2 298.65 294.8 3173 0.288 0.201 0.298
23/06/2017 486 299.8 297.8 321 0.292 0.207 0.308
09/07/2017 480.3 301.6 298.45 3223 0.287 0.206 0.303
25/07/2017 497 299.5 2975 319.2 0.279 0.211 0.291
10/08/2017 476.3 298.9 2975 318.75 0.295 0.224 0.321
26/08/2017 494.7 299.95 297.45 317.8 0.282 0.184 0.311
11/09/2017 505.2 2985 295.85 3157 0.272 0.198 0.291
Table 4- Evaporation Values by SEBAL, Empirical Methods and Corresponding Pan
o =228 SRy,
L e 3 Jlw Empirical methods
ﬂ;;eégf,b Corre;ggndmg SEBAL (mm/day)
- . day 3o jLw
images  evaporation  (™m/day) ol Gooyd iyl HEa opeald gyl gl
(mm/day) l‘jé’;; Tikhomirov  Ivanov  Henfer  Shahtin Marciano Mayer
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Figure 2- a: Maximum Evaporation in 25 July, 2017, b: Minimum Evaporation in 11 September, 2017
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Table 5- Evaluation parameters for Evaporation Estimation Models

230 8L Olys plojlw By yaogae ilgy! S L 9l ylo »b Jlw
o USBR Tikhomirov  Ivanov  Henfer Shahtin Marciano Mayer SEBAL

(rrI?n'\:/Ic?aEy) 0.98 0.27 0.55 1 1 1 0.5 0.28

(mvnﬁjiy) 0.98 0.42 0.56 1 0.98 1 0.51 0.31

R? 0.26 0.17 0.18 0.05 0.14 0.05 0.22 0.88

EF 0.01 0.26 0.17 0.01 0.09 0.011 0.18 0.76

CRM 0.2 -0.05 0.20 0.75 0.72 0.73 0.17 -0.05

5 Jols b o drgi b blo S 5050 o et (glaosls
Jbw g plo gpmogs slasbyy Jaa (b)) slooylol (pizeen
A8 Al e a8 (slacs Sl 4 1y gl oy 3Sads
039 byl (63598 B @mls Jhew (s, b9y 4w ool Ole
0 Uy polie coyd V8 (gilo Jao ol 5L Jlw g, ol
4 Cl 03903 359l y o (e ol pdlie 4 Cod Moy
ol 3151 s )y 35l 5 e ol o LB s §) i

Dyl CB Cpinad g 4SS ol o) b Jae I S gun

5 ol S 48 il ) Sl padse ol ) ssslio
bulyd an dag b (oiwly diajls (025 sbby) slayialil
JaYo il (SO s a8 clily an gy b andl sl ddlaio o8l
B9y Ol Sl dnlre 3550 (loodld oS Sl ¢y G pb 2RI
el dan w010l 3Ly 03al ool cprizman sl 032
42 G 1y Ol s | e poollo by o gy 2 o sby,



OYD  yo s g ) b dumglio g Jlow I oLl b 59500515 duw a2l 50 3131 zebaws 1 s 990

29 oialy s aarlyyd 3 Aldlw puded poxs 390, =1 Jgua
Table 6- Estimation of monthy evaporation volume from dam lake of Zayande rood
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images Monthy evaporation volume by SEBAL Monthy evaporation volume using corresponding Pan
(MCM) (MCM)
22/05/2017 20.8 19.76
07/06/2017 19.34 17
23/06/2017 19.78 19.1
09/07/2017 21.9 22.68
25/07/2017 22.88 21.22
10/08/2017 21.6 21.22
26/08/2017 18.86 17.64
11/09/2017 16.84 14.9
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Estimation of Evaporation from Zayandeh Rood Dam Lake Using SEBAL
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Introduction: Agriculture management practice plays a vital role in reducing the use of limited water
resources in arid and semi-arid regions which could result in their sustainability. Proper management of these
resources requires accurate information of component of the water budget. Recently, due to the problems of
water deficit and drought in most parts of the country, evaporation of reservoirs of dams, lakes and other water
bodies as one of the water losses has been considered and therefore, a more accurate estimation of evaporation
rate from these water bodies and its reduction strategies have become very important. Evaporation which is the
most important water output from terminal lakes plays a significant role in the lakes water balance. It can also
vary chemical compositions of lakes. Conventional techniques of Evaporation Estimation likely entail substantial
observation errors during bad weather and other conditions. These methods, therefore, cannot represent large-
scale terrestrial evaporation. Remote sensing methods for calculating evaporation were used. However, remote
sensing data combined with some meteorological data provide a means to estimate regional evaporation, given
the advances in remote sensing technology. Some land surface variables, such as surface albedo, surface
emissivity, and land surface temperature, can be estimated directly by remote sensing data. Then Evaporation
can be estimated by a set of equations hierarchically, which converts spectral radiances derived from satellites or
airplanes images. One of the models based on remotely sensed data is the Surface Energy Balance Algorithm for
Land (SEBAL) model, in which the land surface temperature, albedo, emissivity, and normalized difference
vegetation index (NDVI1) are of significance to estimating Evaporation.

Materials and Methods: In the present research, Zayandeh Rood dam reservoir and its lake with area of 54
square kilometer were selected to estimate the evaporation from this reservoir. Various empirical methods
including Mayer, Marciano, Shahtin, Henfer, lvanov, Tikhomirov and USBR were used. Also Surface Energy
Balance Algorithm for Land (SEBAL) was implemented on 8 satellite images of Landsat 8 from June to
September 2017. For this purpose, the main components of the energy balance equation, including net radiation
flux, soil heat flux and sensible heat flux to the air for each image, have been calculated and the instantaneous
evapotranspiration flux for each pixel is estimated as the residual energy balance equation. To improve the non-
dependency on ground data, a general equation was therefore used. The Net Radiation is the electromagnetic
balance of all incoming and outgoing fluxes reaching and leaving a flat surface. The amount of shortwave
radiation (RS]) that remains available at the surface is a function of the surface albedo (o). Surface albedo is a
reflection coefficient defined as the ratio of the reflected radiant flux to the incident radiant flux over the solar
spectrum. It was calculated using satellite image information on spectral radiance for each satellite and the
incoming shortwave radiation (RS|) was computed using the solar constant, the solar incidence angle, a relative
earth-sun distance, and a computed atmospheric transmissivity. The incoming long wave radiation (RL]) was
computed using a modified Stefan-Boltzmann equation with atmospheric transmissivity and a selected surface
reference temperature. Outgoing long wave radiation (RL1) was computed using the Stefan-Boltzmann equation
with a calculated surface emissivity and surface temperature. Surface temperatures were computed from satellite
image information on thermal radiance. The surface emissivity is the ratio of the actual radiation emitted by a
surface to that emitted by a black body at the same surface temperature. Soil heat flux was empirically calculated
using vegetation indices, surface temperature, and surface albedo. Sensible heat flux was computed using wind
speed observations, estimated surface roughness, and surface to air temperature differences. Sensible heat flux is
the part of internal energy of a substance that is proportional to the substance’s temperature.

Results and Discussion: Accordingly, the SEBAL model in the study area has the maximum and minimum
daily evapotranspiration in the pictures of June 25 and September 11, equal to 14.13 and 10.4 mm/day. The
results evaluate with the corresponding pan evaporate measurements on reservoir bank. The results showed that
none of the empirical methods including Mayer, Marciano, Shahtin, Henfer, Ivanov, Tikhomirov and USBR
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have been able to have acceptable correlation with the reference method. In contrast, SEBAL method in addition
to display spatial distribution of evaporation in the reservoir has an R-square coefficient of 0.88, RMSE and
MAE with 0.28 and 0.31 respectively, which shows high accuracy of the results of modeling rather than
empirical methods. Also according to the high error percent of empirical methods, it would be necessary to
calibrate coefficients and parameters relative to different climatic conditions. Alternatively, this algorithm can be
used to replace time-consuming and costly methods of calculating evapotranspiration at different surfaces.
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