\ , Irrigation Sciences and Engineering (JISE)
L\ | Vol. 45, No. 3, Fall 2022, p. 31-45
Shahid Chamran

Unbversily of Avas Journal homepage: https://jise.scu.ac.ir

EXTENDED ABSTRACT

Investigation and Sensitivity analysis of experimental methods for
estimating evaporation from free surface of Choghakhor lake

M. Salami!, B. Ghorbani?, M. Radfar®” and H .Samadi-Boroujeni*

1- PhD Student. Department of Water Engineering, Shahrekord University, Shahrekord, Iran.

2- Associated Professor , Department. of Water Engineering, Shahrekord University, Shahrekord , Iran.

3" Corresponding Author, Assistant Professor, Department of Water Engineering, Shahrekord University, Shahrekord, Iran
(radfar@sku.ac.ir).

4- Associated Professor , Department. of Water Engineering, Shahrekord University, Shahrekord , Iran.

ARTICLE INFO TO CITE THIS ARTICLE:

Artlcle history: Salami, M., Ghorbani, B., Radfar, M., Samadi Borojeni, H.
Received: 17 December 2019 (2022). 'Investigation and Sensitivity analysis of
Revised: 17 September 2021 experimental methods for estimating evaporation from free
Accepted: 18 September 2021 surface of Choghakhor lake', Irrigation Sciences and

Engineering, 45(3), pp. 31-45.
Keywords:

Sensitivity analysis, evaporation, free water

surface, Choghakhor lake

Introduction

Evaporation losses from free surface water in reservoir dams are one of the important processes in
meteorology and hydrology. Each experimental methods estimates the evaporation based on the
climatic conditions of each region. For this reason, calibration of the relationship between evaporation
estimates in different regions are required (Vanzyl et al., 1989). experimental methods are common in
engineering sciences. Most scholars, by modifying experimental methods and discovering new
relationships, try to find a simple and high-level relationship to replace with the field methods. More
than 50 experimental relationships have been proposed for estimating evapotranspiration by various
researchers (Naorem and Devi, 2014). Despite the importance of evaporation in hydrology, less
attention has been paid to it. However, with the correct estimation, it can be applied in water resource
planning with fewer errors (Saadatkhah et al., 2002).

In this research, the experimental methods of Mayer, Marciano, Shahthin, Henfer, Ivanov and
USBR have been used to study the evaporation from the free surface of the Choghakhor lake, located
in Chaharmahal and Bakhtiari province of Iran. The results have been compared with actual
evaporation values from the free surface.

Methodology
Experimental methods for calculating evaporation from the water surface

By analyzing different sources, the following experimental equations have been selected in this
research :

E= (1 + 11]—;) .C.(es—ey) Mayer ()]

E = 0.03.U,. (es — €g) Marciano 2
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E = (0.116 + 0.017.U,). (e5 — e5) Shahthin 3)
E =0.028.U,.(es — e,) Henfer (4)
E = 0.0018. (T + 25)2. (100 — RH) Ivanov (5)
E = 0.833.(4.57T + 43.3) USBR (6)

Comparison of methods for calculating evaporation from the water surface
Cross-validation method has been used to evaluate different methods of calculating evaporation from
the water surface. In this method, the comparison is performed by comparing the correlation coefficient
between the data, the root mean square error (RMSE) and the MBE.

Sensitivity analysis

In the methods for calculating evaporation from the water surface, parameters of wind speed,
relative humidity, temperature, and deficit of air vapor pressure are involved. On the other hand, the
removal and recording of the above parameters are subject to human and systematic errors. Therefore,
it is considered necessary to study the effect of changes in these factors in the calculation of evaporation
from the water surface. With changing + 50 + 40 + 30 + 20 + 10% in wind speed, temperature,
saturation vapor pressure and relative humidity, sensitivity of the above relationships have been
evaluated.

Results and Discusion
Monthly evaporation calculating methods from the water surface

According to the regression and statistical results presented in Table (1) and also by comparing the
results of different methods with the actual values, it shows that the mean lIvanov and USBR methods
simulate the evaporation of the surface water with better accuracy in comparison with the USBR and
Ivanov methods.

Sensitivity analysis of methods for calculating monthly evaporation from the water surface

The Ivanov and USBR methods have almost the same sensitivity to temperature parameter
variations, but the Ivanov method showes higher sensitivity to temperature rising. The Ivanov method
has a reverse relationship with the humidity parameter, in which, evaporation decreases with increasing
in moisture content and evaporation increases with decreasing in moisture content.

Table 1- Statistical Results Comparison of lvanov, USBR and mean Ivanov and USBR methods
Statistical parameter

Calculation
Mean actual E MBE RMSE R? method
eveporation
154.9 -35.2 443 0.86 Ivanov
11977 85.3 34.4 49.7 0.91 USBR
120.1 -0.4 21.6 0.89 Mean USBR-Ivanov

Daily evaporation calculating methods from the water surface

According to the regression and statistical results presented in Table (2) and also by comparing the
results of different methods with the actual values, it shows that the mean Mayer- Shahthin method
simulate the evaporation of the surface water with better accuracy in comparison with other methods.
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Sensitivity analysis of methods for calculating daily evaporation from the water surface

the results showed that the Marciano and Henfer methods have the most sensitivity to the wind
speed parameter and the Mayer method is less sensitive to the wind speed parameter than the Shahthin
method.

Table 2- Statistical Results Comparison of Mayer, Marciano, Shahthin, Henfer and mean Mayer and
Shahthin methods
Statistical parameters

Mean Calculating method
actual E MBE RMSE R?
evaporation
6.41 -2.14 2.7 0.67 Mayer
1.8 2.46 2.68 0.65 Shahthin
0.98 3.29 3.56 0.24 Marciano
4/47
0.91 3.36 3.62 0 Henfer
Mean Mayer-
411 0.16 1.01 0.67 Shahtiin
Conclusions

Using the statistical parameters, the mean lvanov- USBR method were used to calculate monthly
evaporation with a correlation coefficient, RMSE and MBE equals to 0.89, 21.6 and -0.4
respectively. The Mayer Shahthine mean method for daily evaporation calculating with a correlation
coefficient, RMSE and MBE equals to 0.67, 1/01 and 0.16 were selected as the best method for
estimating evaporation, which had an acceptable correlation with the amount of evaporation from the
Chaghakhor Lake . The results of sensitivity analysis shows that methods with less sensitivity to the
wind speed provide better evaporation estimat.
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Table 1- Choghakhor dam characteristics

Dam type soil Construction year 1369
Using time 1371 Location Charmahal & Bkhtiary
. Dam foundation
Dam height(m) 6 height (m) 13
Length of crest 192 Witdth of crest 10
Volume (MCM) 42 Usable 40
volume(MCM)

Choghakhor dam
4
»
!

/

3

¥
A

Fig. 1- Choghakhor dam
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Table 2- Statistical characteristics of climatological parameters of overghan station

Statistical characteristics

Climatological Standard
paremeters Mean Max Min Domain de\?iatiaon cVv
Mean yearly

temperature 10.7 11.4 9.6 1.8 0.5 4.5
(centigrad)

Mean yearly

hiumidity (%) 46.5 52.1 40.1 12 34 7.4
Mean ~  yearly 539.4 744.9 335.4 409.5 131.9 24.5
precipitation(mm)

Mean wind speed .

(km/hr) 3.2 43 3.1 Ya 0.3 9.3
Mean yearly pan 599/ 1812.1 1293.1 519 128.7 8

evaporation (mm)
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Fig. 3- case comparison of the results of different methods of calculating monthly evaporation from the
free surface of water with real values

519 93ln b OT 35T a3 ke el dulne Ciliske S 595 b (53390 dwylio -1 K5

Camss |y (6 i Gl bod o33l 1> (il Jde &S cgles oyl
byl ilg) Jao cpomen .l 03l lis 38 5 Loy yialS &
Ol Cusky Gl L &S lasgSa )0y cugh) yialil b (woSe
A3l ol plesds s (ljee Cugloy (1L g RIS s

Ll e

ST 35T w3 woed dawlme SO 9 Culus o
Sl O yg04
& i |y USBR Jie ol Lot ol () U502
Oeomad g lod oyl (gho)d Dot g Fek Ve LY Vo il s
Ol Cagloy g Loy el il &y o 1y cislgy) Jdo Canlins
5 Wlpl gla Jio Cunl dgpuiie (F) UK 50 &S jobojlon > oo
by SlSS Gl Lo, o yielyl &l yoss 4y cuws USBR



DOI: 10.22055/JISE.2018.24278.1720

£,

gﬁ&lﬁ&})%ﬂb&’rj}w}, Q‘)&a}h}@yﬂ'

z 40
2
&
s
-

e ®
o 30 o 0
= o” e
— < o
Do X ¢
= 20 " .
” °
&
E k=)
g o
M

{
8% 10
a —
= D
~E 0
: -
-
s
22 10
s —
25
o &
= E 20
L)
=
S 30
D
;
z
2 40
v
-
E_

USBR
sensitivity
to T (C)

Ivanove
- @ senativity
to (RH%)

®, Ivanove
sensifivity
to(T)

oo

Percentage changes of temperature and hunudity parameters

Fig. 4- The results of sensitivity analysis of methods for calculating evaporation from the free surface of
water on a monthly basis with respect to temperature and humidity parameters
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Table 4- Statistical results of comparing the methods of Mayer, Marciano, Shahthin, Henfer and the
average of Mayer and Shahthin

Statistical parameters

Mean Calculating method
actual E MBE RMSE R?
evaporation
6.41 -2.14 2.7 0.67 Mayer
1.8 2.46 2.68 0.65 Shahthin
0.98 3.29 3.56 0.24 Marciano
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0.91 3.36 3.62 0 Henfer
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Fig. 6- Case comparison of the results of different methods of calculating daily evaporation from the free
surface of water with real values
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Fig. 7- The results of sensitivity analysis of methods for calculating evaporation from the free surface of
water on a daily basis with respect to the parameters of wind speed and air vapor pressure deficiency
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