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Abstract Evaporation, as the main source of water loss
from closed lakes, makes a significant contribution to
the water balance equation of the lake and can lead to
changes in the chemical composition thereof. The ob-
jective of the study was to develop an equation for
estimation of evaporation from the water surface with
different depths and concentrations. To that end, 48
barrels were used to model evaporation at 6 different
depths and 8 different concentrations of salinity. The
experiments have been conducted in the same meteoro-
logical condition for all the barrels near the Urmia Lake.
Data were collected in March 1, 2019, to Aug 31, 2019.
Different equations fitted to data for each concentrations
of salinity separately with different depths, and the
equations with the least errors were selected. A model
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was then developed for the estimation of evaporation,
considering the effect of salinity and depth, and the
results were compared with daily measurements. The
results were evaluated using the root mean square error
(RMSE), correlation coefficient (CC), and Nash-
Sutcliffe efficiency coefficient (NS). The results indicat-
ed that evaporation (Horizontal row) from water surface
with high concentrations of salinity to low concentra-
tions of salinity in different depths had an incremental
trend. However, it can be seen in the vertical row that
evaporation increased from low depth to high depth, and
then decreased at a certain depth (120 cm) while the
maximum evaporation rate belonged to 90-cm barrels
for each concentration of salinity (in the vertical and
horizontal row). At the end, the comparison of evapora-
tion computed from the model and measured data
showed that the model estimated evaporation at differ-
ent depths and concentrations of salinity satisfactorily.

Keywords Evaporation - Equation - Different depth -
Different Concentration - Saline water

Introduction

Many of the world’s saline lakes are shrinking, with the
result that bird habitats are being undermined, people
living around the lake are suffering from economic
losses, and dusty winds are increasing which are threat-
ening people’s health (Wurtsbaugh et al. 2017;
Dinpashoh et al. 2019; Khaledian et al. 2020; Biazar
et al. 2020a).
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Observations have shown that a significant portion of
lake water in arid and semiarid areas is lost through
evaporation, and evaporation from water bodies strongly
depends on surface water salinity (Biazar et al. 2019; Mor
et al. 2018). Direct measurement of evaporation is expen-
sive, cumbersome, and has different sources of error, and
becomes even more difficult for evaporation from saline
water with different concentrations of salinity. Climatic
parameters, influencing saline water evaporation, not only
vary from station to station but also vary based on the
degree of salinity (Asmar and Ergenzinger 1999; Mor
et al. 2018; Hamdani et al. 2018). The rate of evaporation
from saline water surface is usually less than that from
fresh water (Asmar and Ergenzinger 1999). Therefore,
different models have been derived for saline water evap-
oration. Although mainly studied at the pan evaporation
scale, the effect of surface water salinity on evaporation
has not yet been investigated by means of direct measure-
ment at the scale of natural water bodies (Mor et al. 2018).

Many investigators have estimated evaporation from
lake water surfaces (Gianniou and Antonopoulos 2007).
The mechanics of evaporation from saline water are some-
what different from those from fresh water. The complex-
ity of the process of evaporation from water bodies (e.g.,
lakes, ponds, dams, and natural reservoirs) and the lack of
sufficient and reliable measured data have been the main
obstacles (Lin and Sandler 1999; Hamdani et al. 2018).

Lee (1927) compared evaporation from pure water
and from Brine Lake in Nevada, USA, for different
water densities and found that brine water evaporation
in comparison with pure water reduced by 0.01% for a
1% increase in the specific weight of water. Young
(1947) compared evaporation from saline water (with
different concentrations of sodium chloride) and that
from fresh water, and their results did not significant-
ly differ from the findings of Lee (1927). Kokya and
Kokya (2008) analyzed the effect of salinity of water
on evaporation rate from a water pan in an experi-
mental study near the Urmia Lake. They proposed a
formula for evaporation measurement from salt water.
Results are compared with Meyer and Harbeck
methods. The results showed that have been proposed
methods could estimate evaporation with higher ac-
curacy than classical methods. AL-Khlaifat (2008)
reported that the average volume of evaporation loss
from the Dead Sea was between 2 and 4 billion m*/
year during 1800-2000. He also showed that the
decrease in lake level over time had resulted in re-
duced evaporation. Furthermore, the evaporation rate
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had decreased due to increased salinity with signifi-
cantly lower lake water level. Kisi et al. (2015) pre-
dicted the Urmia Lake water level with the support
vector machine (SVM) model, and compared the out-
put of the SVM—firefly algorithm (FA) model with
that of genetic programming (GP) and artificial neural
networks (ANNs) models, and showed that the SVM-
FA model was superior to others. Shiri et al. (2016)
predicted the water level in the Urmia Lake using the
extreme learning machine (ELM) method and com-
pared it with ANN and GP and found the ELM meth-
od to be better. Ma et al. 2016 conducted a research
about evaporation variability of Nam Co Lake in the
Tibetan Plateau and its role in recent rapid lake ex-
pansion. At this study, evaporation of Nam Co Lake
was investigated within the 1979-2012 period at a
monthly time-scale using the complementary rela-
tionship lake evaporation model which does not re-
quire wind speed data. Validations by in situ obser-
vations of E601B pan evaporation rates at the shore of
Nam Co Lake as well as measured evaporation over
an adjacent small lake using eddy covariance tech-
nique suggested that complementary relationship lake
evaporation is capable of simulating evaporation well
since it implicitly considered wind effects on evapo-
ration via its vapor transfer coefficient. Hamdani et al.
(2018) assessed seasonal and daily evaporation of the
deep and brine Dead Sea. They found that the peak
evaporation rate occurring in summer was related to
solar radiation, and the winter peak evaporation was
related to the thermal storage of the lake and high
vapor pressure combined with wind and resulted in
thermal instability. They compared several models of
evaporation with direct measurements, and showed
that the mass transfer model was more reliable than
the others. Mor et al. (2018) investigated the effect of
water surface salinity on evaporation in case of dilut-
ed buoyant plume over the Dead Sea. They measured
surface heat fluxes, micrometeorological variables,
and water temperature and salinity profiles, simulta-
neously and directly over the salty lake, and over a
region of diluted buoyant plume. The results showed
that the evaporation rate from the diluted plume was
occasionally 3 times larger than that of the main salty
lake. In the open lake, where salinity was uniform
with depth, increased wind speed resulted in in-
creased evaporation rate. However, in the buoyant
plume where diluted brine floats over the hyper saline
brine, wind speed above a threshold value (~ 4 m s h
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caused a sharp decrease in evaporation probably due
to mixing the stratified plume with a consequent in-
crease in the surface water salinity. Wang et al. 2018
carried out a research about global lake evaporation
accelerated by changes in surface energy allocation in
a warmer climate. Here, they reported simulations
with a numerical model of lake surface fluxes, with
input data based on a high-emission climate change
scenario (Representative concentration of salinity
Pathway 8.5). In their simulations, the global annual
lake evaporation increased by 16% by the end of the
century, despite little change in incoming solar radi-
ation at the surface. Nozari and Azadi (2019) predict-
ed the salinity of drainage and groundwater at various
drain depths and spaces and showed that ANN had a
reasonable accuracy in the simulation of temporal
shallow groundwater and drainage of water salinities
at different drain depths and drain spaces. Vaheddoost
and Kocak (2019) have investigated temporal dynam-
ics of monthly evaporation in Lake Urmia using chaos
theory. Since evaporation at each station was mea-
sured by means of class A evaporation pan, time
series at each station was multiplied by a pan coeffi-
cient to incorporate the effect of saline water and free
water surface environment simultaneously. Measure-
ment errors arising from assumption of zero evapora-
tion in winter were removed from the time series
using locally weighted scatterplot smoothing method
after which the unification of time series into a single
time series was achieved. Results of the data transfor-
mation and information loss were monitored by
means of auto-correlation, partial-auto-correlation,
mutual information, power spectrum, false nearest
neighbor, and correlation dimension. A local predic-
tion method was then used to capture the temporal
dynamics of the evaporation with consideration of an
appropriate time delay and embedding dimension.
Finally, the representative model was projected on a
3-dimensional phase space to evaluate the temporal
dynamics of the evaporation. Results indicated that
the chaotic approach showed accurate predictions in
advance. Guo et al. (2019) conducted a research on
long-term changes in evaporation over Siling Co Lake
on the Tibetan Plateau and its impact on recent rapid
lake expansion. In this study, long-term evaporation
over Lake Siling Co was simulated using a single-
layer lake evaporation model, and the simulated result
was verified by observation from an eddy covariance
system in the lake. The results showed that the single-

layer lake evaporation model was capable of accu-
rately simulating the lake evaporation on a daily scale.

The main objective of this study therefore was to de-
velop an equation for estimating evaporation from saline
water with different depths and concentrations of salinity.

Materials and methods
Study area

Lake Urmia is one of the most significant saline lakes of
the world and Iran’s largest saline lake, which is at risk
of drying up because of excessive agricultural develop-
ment, climate change, and irrational construction of
dams. Various reports have been presented regarding
evaporation from the lake surface, with the values gen-
erally estimated to be in the range of 890 to 1360 mm
per year (more than 50% difference). However, just
1 cm of error in estimating the evaporation height leads
to 30 million cubic meters of error in calculating the lake
water balance, considering the average lake area of 3000
k2. This shows the necessity of accurately estimating the
evaporation rate from Lake Urmia using physically
based approaches and accurate observed data.

Method and experiments

First, a place closest to Lake Urmia where a station
could be built was selected for the study. Then, the
station was equipped (Fig. 1). Plastic barrels of different
heights were prepared, and waters with different con-
centrations of salinity were monitored to measure the
evaporation. Urmia lake salt and distilled water were
used for conducting this experiment because the dis-
tilled water concentration of salinity has been known,
and it was possible to easily control the concentration of
salinity of barrels with electrical conductivity meter. The
water level in all barrels was kept near the barrel surface.
A separate scale was prepared for each barrel, and the
numbers on them were read every day. Distilled water
was added to the barrels every few days to reach the
initial level of water and salinity (El-Dessouky et al.
2002; Lide 2005). After adding water to the barrels,
they were stirred with separate plastic tubes designed
for each barrel, and then the tubes were washed using
distilled water and the water used to wash them was
poured into the barrels again, because it was intended to
control the barrel concentrations of salinity (On the days
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Fig. 1 Study area, (a) barrels, (b) thermometer, (¢) weighbridge )
to measure the salt weight of the barrels), (d) scale (to measure the
water sample), (e) electrical conductivity (EC), total dissolved
solids (TDS) meter (f) on the left-hand side; rain gauge and on

when distilled water was added to the barrels, the scales
were read once before adding the water and once after
adding the water and stirring).

Measurements at a daily scale were made for the
evaporation rate of saline water with different concen-
tration of salinity levels. Forty-eight different samples

@ Springer

the right-hand side; meteorological parameters measuring devices)
wind speed, air temperature, air humidity, barometer, sunshine
hours, etc.) and (g) geographical coordinates of study area

(with salt and water) were made with different concen-
trations of salinity and different depths. The sample
concentrations of salinity were 0.2 g/l (as a fresh water),
5gr/l, 10 g/1, 20 g/1, 50 g/1, 100 g/1, 300 g/1, and 500 g/1,
exposed to free evaporation in the field. The sample
depths were 10 cm, 25 cm, 50 cm, 75 ¢cm, 90 ¢cm, and
120 cm.
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Data

The barrels were arranged in two rows of vertical and
horizontal. In the horizontal row, there were 8 barrels,
and in the vertical row, there were 6 barrels. In the
horizontal row, the depth was constant and the concen-
tration of salinity was varied, while in the vertical row,
the concentration of salinity was constant and the depth
was varied. The evaporation rate was measured daily
from March 1, 2019, to Aug 31, 2019. In order to keep
the water surface clear from algae and other thin films,
the water surface was cleaned from time to time, since
any dust precipitation over the water surface would
retard evaporation (El-Dessouky et al. 2002). The data
were divided into two parts: winter and spring and
summer, because the winter evaporation rate was very
different from spring and summer.

Modeling

The observed data was analyzed using MATLAB
software and its applications and curve fitting op-
tion, and different equations were fitted to the data
in two steps as follows.

Step 1: In order to derive an evaporation equation,
evaporation data were used for various depths and
concentrations. Depth and concentrations of salinity
were used as input variables and evaporation as an
output variable. Different equations (Interpolant, Ex-
ponential, Fourier, Gaussian, Linear fitting, Polyno-
mial, Power, Rational, Smoothing Spline, Sum of
sine, Weibull, etc.) were fitted to data for each con-
centration of salinity separately with different depths,
and the equations with the least errors were selected.
It was noted that for the same evaporation rate, the
same model had different parameters (coefficients)
for different concentrations of salinity (each model
had different parameters or coefficients) so it was
needed to carry out step 2.

Step 2: To derive a general equation, parameters (the
coefficients that obtained in the step 1) of the selected
model were reinvestigated and by fitting different equa-
tions (Interpolant, Exponential, Fourier, Gaussian, Lin-
ear fitting, Polynomial, Power, Rational, Smoothing
Spline, Sum of sine, Weibull, etc.) to the values of
parameters (coefficients) obtained in the previous step
(step 1), an optimal parameter set for the final model
(equation) was obtained (by trial and error). These steps
were used for the first two steps of winter and spring and
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summer, and separate equations were obtained for both.
So for achieving an equation that can estimate evapora-
tion with different depth and concentrations of salinity
(as input variables), two steps were needed. Step 1 for
achieving a base equation for evaporation estimated,
and step 2 for achieving a base equation for coefficients
(obtained from step 1) estimated.

Model performance

Three metrics were applied to assess model perfor-
mance, including the (i) coefficient of correlation
(CC), (ii) root mean square error (RMSE), and (iii)
Nash-Sutcliffe model efficiency coefficient (NS) (Nash
and Sutcliffe 1970; Isazadeh et al. 2017; Ashrafzadeh
et al. 2018; Deo et al. 2018; Aghelpour et al. 2019):

(£ () ()

G T 0 N

RMSE =

where x; is the i-th observed value, X is the mean of
observations, y; is the i-th value estimated from the
model, y is the mean of the estimated values, and N is
the number of observations (Naganna et al.
2019; Ashrafzadeh et al. 2019; Ashrafzadeh et al.
2020; Biazar et al. 2020b).

Results

Step 1

Tables 1 and 2 indicate the best fitted equations given
for the observed data (step 1). In these tables, the
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Table 1 Evaporation equations for saline water with different depths and concentration of salinity in winter period

Concentration (g/l) Equations a by ¢ a b, e RMSE
Fresh water (b1) (o) 0.664 8839 2322 1.667 9844 165.1 0.02118
X X
5 f(x) = a.exp (—( o )) >+ az.exp(—( Z)) ® 1091 824 4048 1767 1149 1604 0.06047
10 1.103  84.01 4549 1208 —228 759.6 0.1051
20 0.5717 88.48 18.12 1.501 80.58 111.7 0.03053
50 0.36 9255 135 1.715 96.07 132.8 0.04433
100 0.3489 92.05 11.49 1.746 103 135.1 0.06888
300 0.3845 91.1 1201 1.5 82.79 118.1 0.06707
500 0.5495 9035 151 1.185 70.72 115 0.05596
(x is the depth value)
equation was observed for each concentration of salin- Step 2

ity. However, the equations were the same for all con-
centrations of salinity, but the coefficients of equations
were different. As mentioned before, the equations for
the two periods of winter and summer and spring, which
were continuously measured, were obtained. Therefore,
the equation selected was

s =aen(-("5))
even(-())

where f(x) is a function (evaporation value that will be
estimated); x is the depth value (10 cm, 25 cm, 50 cm, 75
cm, 90 cm, and 120 cm); and a; , by, ¢4, a», b,, and ¢, are
the coefficients obtained from step 1.

(4)

Tables 3 and 4 show the equations for estimating the
coefficients of Eq. 4 of Tables 1 and 2 (step 1). As in
Tables 1 and 2, all the coefficients were used for the
same equation which differed only in the coefficients. In
this section, a trial and error method was used for
selecting the optimal coefficients for the original equa-
tion that the domain of coefficients of variation and their
optimal values have been presented for different con-
centrations of salinity in Tables 3 and 4. Equation (5)
was selected as the coefficient equation:

Z(t) = (pl't3 +pyt +1’93-f‘H’74)/(t2 +q,.t+ qz)
(5)

where Z(f) is a function (coefficient value that will be
estimated); ¢ is the concentration of salinity value (fresh

water, 5 (g/1), 10 (g/), 20 (g/1), 50 (g/1), 100 (g/1), 300 (g/1),

Table 2 Evaporation equations for saline water with different depths and concentration of salinity in spring-summer period

Concentration Equations a; by c a b, ¢ RMSE
(g (mm/
day)
Fresh water - ey 1751 9471 1571 1092 88.2 139.6 0.1942
5 f(x)=al~eXP(*<7’c,'>>2+a2-€xP<*( cf>) 1,589 90.91 15.18 10.62 9209  149.6 0.1831
10 2 1.692 89.06 15.67 10.3 9502 1562 0.174
20 1.715 89.67 14.86 10.11 9602 1584 0.1577
50 1473 90.19 1458 9958 9777 1587 0215
100 1461 91.02 1362 9579 9599 1553 0211
300 2.687 84.05 34.92 9.50E+00 9.40E+01 152  0.2616
500 2284 8485 3424 945 90 148 02223

(x is the depth value)
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Fig. 2 Comparison of observational and computational values for all depths and concentrations of salinity (winter period)

and 500 (g/)); ay, by, ¢1, as, b>, and ¢, are the coefficients
for the last equation (Eq. 4); and p1, p», ps, p4, 41, and ¢
are the coefficients obtained from step 2.

Computational and observation graphs have been
compared in Figs. 2 and 3. As can be seen, the proposed
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equation was able to estimate the value of evaporation at
different concentrations of salinity and depths. Table 5
also shows that the present equation estimated evapora-
tion from saline water well for all depths and each
separate concentration. Further, Figs. 2 and 3 reveal that
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Fig. 3 Comparison of observational and computational values for all depths and concentrations of salinity (spring-summer period)

the maximum evaporation value had occurred in sum- According to the results, it can be seen that the
mer (Hamdani et al. 2018). However, the 90-cm barrels evaporation from the water with high concentration of
had the maximum evaporation rate during the entire salinity is increasing toward low concentration of salin-
recording period. ity (Figs. 4 and 5). The evaporation also increases from
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Table5 Average modeling results of all depths and concentration
of salinity

Period Concentration (g/l) RMSE NS CC

Spring-Summer  Fresh water 0235 0975 0.988
5 0226 0976 0.989
10 0201 0981 0.978
20 0.183  0.983 0.992
50 0254  0.968 0.989
100 0210 0976 0.989
300 0456  0.882 0.985
500 0470  0.824 0.977

Winter Fresh water 0.033  0.993 0.987
5 0.179  0.813 0.948
10 0.114  0.897 0.957
20 0.121  0.887 0.996
50 0.130  0.890 0.996
100 0235 0903 0.930
300 0.081 0.921 0.965
500 0.056  0.963 0.995

low (10 and 25 c¢m) to high depths (50, 75, and 90 cm)
and then decreases again at specific depths (120 cm)
(Fig. 6). During the winter measurement period, water is

sometimes disturbed due to freezing at low
concentrations.

According to Tables 6 and 8, the water surface tem-
perature has an upward trend from barrels with high
depth to less depth and from low to high concentration
of salinity. That is, the higher concentration of salinity
leads to an increase of more water surface temperature in
barrels with the same height, and if we consider the
concentration of salinity to be the same, the lower height
of the barrel leads to an increase of more water surface
temperature than the high barrel. The bottom water
temperature shows an upward trend from high to lower
depth barrels and from low to high concentration of
salinity (Tables 7 and 9). The measurement of water
temperature shows that water temperature generally de-
creases from the surface to the bottom (except for 25-
and 10-cm barrels).

The amount of evaporation of saline water will be
reduced. Still, the mechanism is the same because
the molecules-cations interaction will be more sig-
nificant, and this will reduce the evaporation rate in
saline water. Also, layering is done with high con-
centration of salinity in saline, and the lower part
will have the highest possible concentration of sa-
linity in which the release of water molecules will be
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Fig. 4 Evaporation for various depths at each concentration of salinity
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Fig. 5 Evaporation for various concentrations of salinity at each depth

less. It should be noted that as a result of layering,
the surface part of the water has the lowest concen-
tration. However, it tends to prevent evaporation
compared with freshwater. In general, these will
reduce evaporation compared with freshwater.
Figure 7 shows a schematic of barrel layering. The
barrels are divided into three layers UCZ (Upper

Convective Zone), NCZ (No-Convective Zone), and
LCZ (Low Convective Zone). The first layer has the
lowest concentration of salinity, is in contact with the
air surface, and the second layer is located below this
layer. The second layer acts as insulation for the third
layer. The third layer is formed at the lowest depth of
the tank and has the highest concentration of
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Fig. 6 Winter season and spring-summer season evaporation for each depth
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Table 6 The average of surface temperature(C®) of barrels (winter period)

Concentrations of salinity Depths (cm)

120 90 75 50 25 10
500 11.02 12.83 13.90 13.92 14.53 15.29
300 9.87 12.42 13.84 13.90 14.31 14.93
100 9.31 12.58 13.76 13.85 14.26 14.69
50 8.63 12.06 13.65 13.71 14.06 14.64
20 8.52 11.86 13.36 13.38 13.87 14.57
10 8.44 11.45 13.52 13.52 13.69 14.20
5 8.39 11.34 13.41 13.45 13.64 14.13
2 8.19 11.30 13.34 13.40 13.56 14.11
Table 7 The average of bottom temperature(C°) of barrels (winter period)
Concentrations of salinity Depths (cm)

120 90 75 50 25 10
500 9.38 11.31 13.02 13.50 19.63 19.77
300 8.71 11.06 12.92 13.10 19.46 19.64
100 8.46 10.99 12.57 12.96 16.46 16.53
50 8.32 10.22 12.25 12.87 15.45 16.42
20 8.24 10.42 11.95 12.59 14.77 16.33
10 8.12 10.31 11.82 12.35 14.54 16.17

8.04 9.95 11.73 12.15 14.22 16.02

8.04 9.93 11.62 12.09 13.95 15.88

a b

Evaporative lofﬁs Reflect Radiation

Upper Convective Zone
None- Convective Zone
Lower Convective Zone

Evaporative losses

- Useful heat

Evaporative

1

Upper Convective Zone

None- Convective Zone

e

@)

Fig. 7 Schematic of a concentration-gradient in barrels; a 10- and 25-cm depths; b over 50-cm depths
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Table 8 The average of surface temperature(C®) of barrels (spring-summer period)

Concentrations of salinity Depth (cm)

120 90 75 50 25 10
500 20.1 22.02 22.03 22.96 25.7 26.3
300 19.5 21 21.04 21.91 25.5 26
100 19.3 20.8 20.8 21.32 22.63 24
50 19.3 20.5 20.6 21.11 22.1 23.87
20 19.2 20.5 20.6 20.93 21.9 23.43
10 19.2 20.13 20.13 20.92 21.83 23.31
5 19.2 20.06 20.07 209 21.54 22.75

19.2 20.06 20.06 20.9 21 2223

salinity (Biazar et al. 2020c). Also, as the height of the
barrels increases, the height of the layers increases.

It should be noted that sunlight will penetrate the
initial layers inside the barrel (Giestas et al. 1996;
Mansour et al. 2006). In barrels with low height (10
and 25 cm), sunlight passes through the first and second
layers and is trapped in the third layer by high concen-
trations of salinity due to lack of water height, so the
temperature is very high (Kurt et al. 2000; Suarez et al.
2010; Ruskowitz et al. 2014.). The temperature of saline
water at the bottom of the barrel is very high in tanks
with depths of 10 and 25 cm, and this difference is
minimized in water with lower concentrations and bar-
rels of similar height, especially in freshwater (Fig. 7
and Tables 6, 7, 8, and 9). As mentioned above, this
action is neutralized with increasing depth, and the
penetration of sunlight will be up to the initial layers,

so the temperature in the bottom of the barrels will be
lower (Rabl and Nielsen 1975; Hull et al. 1988; El-
Sebaii et al. 2011)

At low depths, a large amount of energy is reflected
for given energy input because there is not enough water
mass to absorb energy; this reduces the amount of
energy used to evaporate and lowers the evaporation
rate. As the depth increases, the water and the absorption
of energy increase, a high altitude of water is energized,
and the chemical bond between the water molecule and
salt molecule becomes weaker, which causes the total
amount of evaporation to increase. This process will
continue to a certain depth. From depth onward (120
cm), we see a decrease in evaporation rate; however, the
120-cm barrel has more water mass than other barrels.
According to Tables 6 and 8, it is observed that the water
surface temperature shows a downward trend with

Table 9 The average of bottom temperature(C®) of barrels (spring-summer period)

Concentrations of salinity Depths (cm)

120 90 75 50 25 10
500 18.36 19.71 20.8 22.66 26.97 29
300 18.29 19.43 1991 21.83 26.49 27.66
100 15.97 19.09 19.31 21.2 23.17 24.37
50 15.77 19.06 19.29 21.06 22.71 24.14
20 15.77 19 19.2 20.86 22.14 23.89
10 15.77 18.86 19.11 20.86 22.11 23.83

15.63 18.8 18.94 20.83 21.97 23.49

15.6 18.71 18.91 20.83 21.74 23.14
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increasing the height of the barrels. Also, Fig. 6 has
shown an upward trend for the evaporation rate by
increasing the height of the barrels. As you know, for
the evaporation process to be continuous, it must always
be added to the surrounding temperature because the
water loses some of its heat as a result of the evaporation
process. On the other hand, the vapor pressure also
increases with increasing surrounding temperature. In-
creasing the vapor pressure will also reduce evaporation
(Allen et al. 1998; Estévez et al. 2009; Biazar et al.
2019). Therefore, it can be said that the vapor pressure
of the barrel surface has improved so much that it has
reduced evaporation in the 120-cm barrel.

Conclusion

In this study, 48 barrels were used to derive an equation
to estimate evaporation from saline water with different
depths and concentrations of salinity (6 depths and 8
different concentrations of salinity). Comparison with
the observed values of evaporation values showed that
evaporation computed with the derived equation was in
a good agreement. At low depth, a large amount of
energy received was reflected back, because there was
not enough water mass to absorb the energy which
caused the amount of energy consumed to become
lower for evaporation and reduced the evaporation rate.
As the depth increased, the water mass and the energy
absorption increased, and a large depth of water was
placed under the energy, and the chemical bond between
the water molecule and salt molecule was weakened,
which increased the amount of evaporation, and the
process continued to a certain depth (120 cm). Evapo-
ration rate would start to decrease in this depth. The
maximum evaporation rate belonged to 90-cm barrels
for the whole period. In saline water, the evaporation
value decreased, but the mechanism was identical. The
involvement of molecules with cations was higher, and
reduced the rate of evaporation in saline water. The
maximum evaporation values occurred in summer.
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