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Abstract: One method of estimating the evaporation rate (ER) is to use a variety of evaporation pans,
such as the Class A standard evaporation pan (CASEP) and the Colorado Sanken standard evapo-
ration pan (CSSEP). In this study, the rate of evaporation of CASEP and CSSEP have been investi-
gated and compared with each other. This study was conducted in Semnan, Iran. CSSEP was used
as a test pan, which was performed in an open space around the Faculty of Civil Engineering, Sem-
nan University. Evaporation was recorded daily for 123 days. The evaporation of the CASEP pan
was obtained from the synoptic station of Semnan, which is located at a distance of 2.39 km from
the test site. Meteorological data were also obtained from the synoptic station of Semnan and com-
pared with experimental evaporation data. The results of this study showed that the daily ER from
CASEP and CSSEP in the tested time periods were not significantly different. Based on the
Klomogorov-Sminrov method, the best statistical distributions for CASEP and CSSEP were calcu-
lated as Error and Gamma, respectively. The coefficient of determination (R?) between the two pans
was estimated to be about 93%. Also, by examining the ER with other meteorological data, it was
observed that the ER has the highest correlation with the average daily air temperature.

Keywords: Evaporation; Class A standard evaporation pan; Colorado Sanken standard evaporation
pan; Semnan

1-. Introduction

In many hot and dry areas, large volumes of water stored behind dams, agricultural
ponds, and water storage tanks are wasted by evaporation (Torres and Calera, 2010).
Evaporation plays an important role in the management of water resources, climate
change and agriculture (Wang et al., 2017; Ghazvinian et al., 2020b, 2020c). Given the
global climate change, researchers have conducted many studies on evaporation world-
wide and its evaluation for identification in the hydrological cycle (Miralles et al., 2015).
The development of methods for calculating evaporation from water storage ponds, dam
reservoirs and even lakes has been of interest to researchers in recent decades, due to the
complexity of its nature and measurement as an important challenge has been raised
(McMabhon et al., 2013). Accuracy in estimating the rate of evaporation in global environ-
mental change research programs, watershed management in basins, as well as in sustain-
able agricultural development (Jia et al., 2012) is important. Therefore, evaporation of res-
ervoirs, lakes and pools is very effective in water management (Wurbs and Ayala, 2014).
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Evaporation and its estimation have many applications in engineering sciences, hydrol-
ogy, agriculture, and other studies. Numerous studies have been conducted to estimate
different evaporation methods (Piri et al., 2009; Guven and Kisi, 2011; Nourani and Say-
yah Fard, 2012; Malik and Kumar, 2015; Ghorbani et al., 2018; Alsumaiei, 2020; Ashrafza-
deh et al., 2020; Patle et al., 2020). One of the most common methods for measuring evap-
oration is the use of an evaporation pan (Epan) (Ghazvinian et al., 2020d; Karami et al.,
2021), which is used in many different organizations (Stanhill, 2002). Numerous studies
have also been conducted to compare evaporation field measurements.

Jia-lian et al. (1996) placed evaporation pans in the soil and exposed the pans to the
air at Lake Nancy Station to investigate the rate of evaporation. The results showed that
buried devices (such as E601 and GGI-3000) had a higher ER than devices that were ex-
posed to air (such as CASEP and ¢20). Another study includes Fu et al. (2004) who com-
pared 15 types of evaporators with an evaporation tank of 20 square meters and found
that the values of the correction coefficient for the evaporation pan 20 could be changed
by 0.6 and for the evaporation pan E601B by 1.07.

Masoner et al. (2008) compared the ER in a floating evaporation pan with the ER in a
CASEP. The results showed that the use of a floating evaporation pan could have a better
simulator for estimating water surface evaporation than a CASEP.

Liu et al., (2009) compared the rate of pan evaporation and actual evaporation with
the Land surface model in the Xinjing region of China from 1960 to 2005. By examining
climatic parameters, pan evaporation and actual evaporation can complement each other.
Also, the results from the evaporation pan and the real evaporation have a high correla-
tion with daily temperature, wind speed and relative humidity, which is in line with the
results of several research studies (Moghaddamnia et al., 2009; Traore et al., 2010, 2016;
Nourani and Sayyah Fard, 2012; Simba and Matorevhu, 2013; Wang et al., 2017).

Chu et al. (2016) compared two CASEPs, one in completely standard condition with
a galvanized main color and the other with white. All meteorological parameters were the
same for the two pans. The results of this study showed that the ER in the white CASEP
was 75% of the standard evaporation pan. Another study by Li et al. (2016) compared two
types of evaporation pans in eight regions in China using the coefficient of determination
(R?). They also studied the spatial distribution and conversion ratio of the pans in the tar-
get areas. The studied pans were E601B and ¢20, which are commonly used in meteoro-
logical stations in China. The results showed that, in the warm seasons of the year, the Kp
values in the southwestern regions are higher than one and the Kp values in the north-
eastern regions are less than one, while in general, the Kp values in the warm seasons are
less than the cold seasons. In addition, pure radiation is the predominant climatic factor
affecting Kp changes, relative humidity, and lack of vapor pressure.

Ghazvinian et al. (2020b) investigated and compared evaporation from CSSEP and
CSSEP containing MDF sheets. The results showed that the ER from the MDF-containing
pan was 91% lower than that of the CSSEP. Ghazvinian et al. (2021) went on to place var-
ious coatings such as polystyrene, wood, and synthetic honey wax on the CSSEP, where
they measured the evaporation and compared the ER from the control pan with the pan
containing the coatings. The results showed that the rate of evaporation in the pan con-
taining polystyrene was less than the evaporation in other pans and the control pan.

According to these studies that have been done in the field using different methods
of estimating evaporation and comparing these methods, in our study we try to compare
the evaporation data of two standard CASEP and CSSEP, which are the most common
pans used to measure the rate of evaporation in the world.

The present study examines the following:

1. Present a method for achieving the daily ER using the CSSEP.

2. Compare the ER measured by the CSSEP with the CASEP of a nearby synoptic sta-
tion.

3. Review of factors, such as: temperature, wind speed, sunlight hours, air pressure and
relative humidity on evaporation, that have been studied.
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4.  Show how the amount of evaporation in the CSSEP that has been tested is different
from the CASEP of the synoptic station and whether is there a significant difference
between the two pans.

2-. Materials and methods
2-1. Study place

Evaporation was measured in the city of Semnan, which is located in the northeast
of Iran. Evaporation measurement for the CSSEP was performed on the north side of the
Faculty of Civil Engineering, Semnan University and in a completely open space behind
the faculty building. The geographical information of the Faculty of Civil Engineering is
equal to a longitude of 53 degrees and 26 minutes east and the latitude of 35 degrees and
36 minutes north and a height of 1149 meters above mean sea level.

The CSAEP data was obtained from the Semnan Synoptic Station, which is the closest
station to the test site (2.39 km from the test site). The Semnan Synoptic Station has a lon-
gitude of 53 degrees and 25 minutes and a latitude of 35 degrees and 36 minutes and a
height of 1127 meters above mean sea level. Also, all data such as temperature (T), wind
speed (WS), sunlight hours (SH), air pressure (PA) and relative humidity (RH) were ob-
tained from the Semnan synoptic station (Dehghanipour et al., 2021). Figure 1 shows a
map of the studied area.

In order to classify the synoptic station of Semnan city, the Dumarten method was
used and according to this method, the value of the drought index was calculated using
Equation 1.

T +10 (1)

In the above relation, Equation 1, P represents the average annual rainfall in millime-
ters, T represents the average annual temperature in degrees Celsius and I represents the
drought coefficient (Dumarten coefficient). Based on Equation 1 and Table 1, the
Dumarton method divides the regions into six groups: dry, semi-arid, Mediterranean,
semi-humid, wet and very humid. According to the observational data in the studied syn-
optic station and using Domarten method, the type of climate in Semnan is dry.

Table 1: Climatic classification based on the Dumarten method.

Climate name Domarton drought coefficient range
Dry Less than 10
Semi-Dry 10t0 19.9
Mediterranean 20t023.9
Semi-wet 24t027.9
wet 2810 34.9

Very wet More than 35
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Figure 1: Aerial photo of Semnan research area and synoptic station.

2.2. Evaporation pans under study

Evaporation pans come in a variety of shapes and sizes. CASEP is one of the most
common pans (Karamouz et al., 2012; Alsumaiei, 2020). This evaporation pan is made of
galvanized iron and has a diameter of 4 feet (120.7 cm) and a depth of 10 inches (25 cm).
The pan is placed on a wooden plate (Chu et al., 2010). Other standard evaporation pans
include CSSEP (Brutsaert, 1982). The CSSEP is square, 3 feet (92 cm) long and 18 inches
(46 cm) deep. This pan is made of 3 mm thick iron and is placed in the soil in such a way
that its edge is located at a distance of 2 inches (5 cm) above the soil surface (Kohler, 1954).
The outer surface of the pan is covered with bitumen. The water of the pan is kept at or
slightly below the soil surface, i.e. at a height of 5 to 5.7 cm from the edge of the pan
(Subramanya, 2013). Figure 2 shows a CASEP and a CSSEP.

- 4 EX LER I .
Figure 2: Dimensions of the studied pans, a) CSSEP and b) CASEP.
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2-3. Steps of testing

The tests of this research were performed from May 23, 2018 to September 22, 2018
for 4 months. Data related to CSSEP were read daily at the same time as the CASEP of
Semnan Synoptic Station. The readings were read simultaneously at 10:30 a.m. local time
and daily. According to the manufacture’s specifications, the CSSEP (Subramanya, 2013)
is made of galvanized stainless steel.

Figure 3 shows the CSSEP that was built for testing. To increase the accuracy of the
test, three CSSEPs were constructed, which are the three test treatments. As mentioned,
CASEP data were also received daily for analysis and compared with the SCCEP. Figure
4 shows the CASEP in the Semnan Synoptic Station.

igure 4: ASE of the Semnan synoptic station.

Evaporation data for the CSSEP and CASEP are from May 23, 2018 to September 22,
2018. The reason for conducting this field study and measuring the evaporation, during
these days, is that the rate of evaporation is high at the end of spring and summer.
The city of Semnan is a hot and dry region, so the rainy days during the test period were limited to June 3,
June 12, August 8, September 19 and September 20, with a rainfall of 1/3, 2.2, 0.1, 0.3 and 1 mm, respectively.
These five rainfall events are considered in the evaporation measurements.
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2-4. Statistical analysis

For statistical analysis, after recording the measurement results of the coating data,
the ER values were analyzed using SPSS521 software. Statistical correlation between de-
pendent variable and independent variable was analyzed using Pearson bivariate corre-
lation. The Pearson test is used when the levels of measurement of both independent and
dependent variables are distant or quantitative. In this study, the correlation between min-
imum temperature, maximum temperature, minimum humidity, maximum humidity,
pressure, sunlight, wind speed and data of the CASEP and CSSEP was investigated. Fig-
ure 5 shows a histogram of the data for the CASEP and CSSEP.
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Figure 5: Evaporation data histogram a) CSSEP (left panel, red) and b) CASEP (right panel, blue).

2-5. HEC-SSP

HEC-SSP software, in 2008, was presented by U.S. Army Corps of Engineers for sta-
tistical analysis of hydrological data (Brunner and Fleming, 2010). This software has dif-
ferent parts such as data definition and analysis (Harris et al., 2008; Root and Papakos,
2010). In the present study, in the data definition section, the evaporation data of the
CSSEP and CASEP were entered. Then, in the Distribution Fitting Analysis section, dif-
ferent statistical distributions were fitted to the data. As a result, the best distribution was
selected.

The Kolmogorov-Smirnov test is then used to measure the adherence of samples to a
specific distribution (Massey Jr, 1951; Wilks, 1995; Simolo et al., 2010).

The statistics of this test is the largest difference between the expected and actual
frequencies (as an absolute value) measured in different categories (Equation 2). Table 2
presents the parameters and relationships of the superior distributions examined in the
Results section.

D, (x) =max|F,(x)-S,(x)| (2)

Fn(x) is the actual cumulative relative frequency and Sn(x) is the expected cumulative
relative frequency (Jahan et al., 2019).
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Table 2: Statistical distributions

Distribution Formulas Parameters
Error _ - v
f () =00 exp | oo~ | | r(sj -
where ¢, = —‘1 and ¢, = 01
) =)
1% 14
4 € Mean
o’ >0 =Variance
v>0
Pearson 6 . (%)arl where B(a;,, ) is a Beta function
( )‘ﬂswl,az)[l X j 0,50, @50, f>0
B
Log normal 1 —(Inx —,u)2 1€ Mean
f(x)= ex .
09 X o2 P 20° o’ >0 =Variance
Weibull « ) a>0, >0
f (x)=aBf “x“"exp _[Ej
Kumaraswamy f(x)=apfx " (1_X @ )/H a>0, >0
Gamma g exp(—XJ a>0, >0
f(x)= @) P
Generalized 1 1 —t(x -1
Extreme Value F o) =—t) e @+ 1Y) 5 £ 20
t(x)= o
—(x=u)
e ° if&=0
1 € Location
o >0=_Scale
£ e Shape
Burr —
f (X):b M(lCd e where z :(—Xb aj
z +2

a>x,b>0,¢>0,d>0

2-6. Evaluation Criteria

Evaluation of the performance of two evaporation pans should be calculated by sev-
eral criteria (Naderpour et al., 2018; Ghazvinian et al., 2019). In the present study, accord-
ing to Equations 3 to 5, the criteria of the Mean Absolute Error (MAE) (Karami et al,,
2021), Root Mean Square Error (RMSE) (Ghazvinian et al., 2020a) and coefficient of deter-
mination (R?) were used for the evaluation of the results. The closer the R? index is to one,
the greater the correspondence is between the data of the two pans (Ferdowsi et al., 2021).
The MAE and RMSE indices also show the test error rate, so the closer they are to zero,
the more accurate the data matching (Khademi et al., 2021).
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3. Results and Discussion:
3-1. Statistical results

Table 3 shows the results of the statistical analysis of the evaporation of CASEP and
CSSEP in millimeters. As can be seen, the average evaporation height of CASEP and the
observed evaporation height of CSSEP are close to each other.

Its of Statistical Analysis of Evaporation Height of CASEP and CSSEP in millimeters.

Pan Mean Standard Median Mode Standard Variance Kurtosis Skewness Number

Error deviation

CSAEP
CSSEP

12.4 0.26 12.60 10.6 2.95 8.71 -0.24 -0.14 123
12.55 0.28 13.00 15.0 3.17 10.07 -0.20 -0.10 123

Statistical analysis of the evaporation data of the CASEP and CSSEP shows that there
was not a significant difference between CASEP and CSSEP for the four time periods, May
22 to June 21, June 22 to July 22, July 23 to August 22, and August 23 to September 22. It
also shows that there was not a significant difference between the results of two pans for
the total daily evaporation data(P >0.05). Table 4 shows the statistical analysis of

CSSEP and CASEP evaporation using the t-test method for these four time periods tested
and the total data. The reason for the lack of significant differences between the data of
the two pans may be due to the proximity of the location of the two pans to each other,
which would collect the same meteorological data such as daily average air temperature,
average daily relative humidity, average daily wind speed, sunlight hours and air pres-
sure. Table 5 shows the results of the statistical distribution fitting test for evaporation
from the CASEP and CSSEP at the synoptic station of Semnan. In Table 5, the top five
distributions based on the Kolmogorov-Smirnov test for each of the two pans are shown.
The Error and Gamma distributions were the best for CASEP and CSSEP, respectively.
Figure 6 shows the Probability Density Function, Cumulative Distribution Function, Sur-
vival Function, P-P Plot, Q-Q Plot, and Probability Difference diagrams for superior dis-
tribution in CASEP and CSSEP.

Probability Density Function Probability Density Function

281 EHistogram—Error

| o B Histogram

/ 024 —Gamma
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Figure 6: Prediction with selected daily evaporation distributions of the Semnan station for CASEP
and CSSEP, respectively, a and b: Probability Density Function diagram, ¢ and d: Cumulative Distribu-
tion Function diagram, e and f: Survival Function, g and h: P-P Plot, | and j: Probability Difference, k

and I: Q-Q plot.

Table 4: Output of statistical analysis of the CSSEP and CASEP evaporation by the t-test method.

Period t-Statistic df p-Value

22May to 21June 0.3 58 0.7678
22June to 22July -0.88 60 0.3841
23July to 22Aguest -0.57 60 0.5719
23Aguest to 22September 0.18 60 0.8556
Total -0.26 244 0.7918

Table 5: Superior distributions of evaporation data of the studied pans.

Pan name Rank Distribution k-s
CASEP 1 Error 0.05019
2 Pearson 6 0.05286
3 Log normal 0.0538
4 Weibull 0.0539
5 Kumaraswamy 0.05431
CSSEP 1 Gamma 0.05552
2 Kumaraswamy 0.05776
3 Weibull 0.05807
4 Burr 0.05829
5 Generalized Extreme Value 0.05852

3.2. Results of Evaporation Values of CASEP and CSSEP

Figure 7 shows the average ER of the CASEP and CSSEP for four different time peri-
ods. In general, this diagram shows that the results of the two pans are close to each other
and their difference is less than 1 mm. In the first period, from May 22 to June 21, and in
the fourth period, from August 23 to September 22, the ER of the CSSEP was lower than
that of the CASEP, and in the second and third periods, from 22 June to July 22, and July
23 to August 22, the ER of the CSSEP is higher than that of the CASEP, respectively.
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Figure 7: Comparison of the average ER of the CASEP and CSSEP for four time periods.

Figure 8 compares the ER in the CASEP and CSSEP, on all measured days. This dia-
gram shows that the maximum ER in both pans is during the period approximately from
the 30th to the 70th day. Also, during the measurement days, on some of these days, the
ER of the CASEP is higher than the ER of the CSSEP and on some days the CASEP is lower
than the ER of the CSSEP. The results from Masoner et al. (2008) showed that the differ-
ence between the ER in a floating pan and the evaporation pan of class A on the ground
at night is less than during the day. In general, the results of this study showed that the
floating evaporation pan in the free surface of water can be better in determining the ER.
The similarity ratio of a floating pan with a pan placed on the ground varies during the
measurement period and varies from 0.69 to 0.87.

Chu et al. (2016) who compared two CASEPs, one painted galvanized and the other
white, concluded that the ER of the white pan was lower in all months of measurement.
The average annual evaporation values in galvanized and white sheet pans were 1.392
and 1.041, respectively.
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Figure 8: Comparison of daily evaporation of the CSSEP and CASEP.

Figure 9 shows the cumulative diagram ER of the CASEP and CSSEP. Figure 9, like
Figure 8, shows the approximate daily ER in the two studied pans. The diagram also
shows that the ER in the CSSEP at the end of the experiment is slightly higher than the ER
in the CASEP.
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Figure 9: Comparison of cumulative evaporation of the CASEP and CSSEP.

3.3. Investigation of parameters

In order to correlate the evaporation of the CASEP and CSSEP with the station data,
which includes minimum temperature (C), maximum temperature (C), minimum humid-
ity (%), maximum humidity (%), wind speed (m / s), sunlight hours (hr) and pressure
(hPa), the Pearson correlation test was used. Table 4 shows the mean and standard devi-
ation of meteorological parameters. Table 5 shows the correlation of evaporation of the
pans with minimum and maximum temperature, minimum and maximum humidity,
wind speed, pressure and hours of sunlight. In other words, evaporation increases if the
temperature and sunlight hours increase. The correlation between evaporation and wind
speed is positive. However, the wind parameter, with the evaporation of the pans, is not
significant, as it has no effect on the process of evaporation of the pans. Also in Table 5,
the correlations of minimum humidity, maximum humidity, and pressure are negative.
This indicates that evaporation decreases if humidity and pressure increase. It should be
noted that all parameters, except wind speed, are at a significance level of less than 5%.

Table 4: Mean and standard deviation of meteorological parameters affecting evaporation.
PA(hpa) SH(h r) WS(m/s) RHmin(%) RHmax(%) Tmin (C) Tmax (OC)

Number 123 123 123 123 123 123 123

Mean 884.110 11.191 7.553 11.106 28.992 25.037 37.052

Standard 9.8758 1.5495 2.4199 5.2679 9.9568 3.4044 3.3354
deviation

Table 5: Pearson correlation test and significance level of data for the CASEP and CSSEP.
PA(hpa) SH(hr) WS(@m/s) RHmin(%) RHmax(%0) Tmin(€) Tmax ()

CASEP Pearson -0.221 0.369 0.158 -0.314 -0.303 0.513 0.623
correlation
Two sided Sig 0.014 0.000 0.0081 0.000 0.001 0.000 0.000

number 123 123 123 123 123 123 123
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Pearson 0233 0399 0126 0.320 0336 0552 0647

correlation
CSSEP  Twosided sig  0.010 0000  0.166 0.000 0.000 0000  0.000
number 123 123 123 123 123 123 123

Figure 10 compares the changes of the parameters received from Semnan meteoro-
logical station including minimum temperature (Celsius), maximum temperature (Cel-
sius), maximum humidity (percentage), minimum humidity (percentage), sunlight hours,
pressure (hectopascal) and wind speed (meters per second) on test days; it also shows the
rate of evaporation from the CASEP and CSSEP (mm) (Ghazvinian et al., 2021). From the
obtained results, it can be deduced that wind speed and temperature are at their lowest
correlation with the ER. Therefore, comparing the results of these two parameters with
other parameters, it can be assumed that wind speed at a height of 2 meters above the
ground has the least effect on evaporation.

3-4. Results of evaluation criteria

Statistical indices related to the fitting of the evaporation data of CASEP and CSSEP
shows that there is a high correlation between the data of these two pans. Estimates are
made for the whole data. The values of R2, RMSE and MAE are 0.933, 0.835 and 0.702,

respectively.
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Figure 10: Comparison of changes in the CASEP and CSSEP with meteorological parameters, a) mini-
mum and maximum relative humidity, b) minimum and maximum temperature, ¢) sunlight hours, d)
wind speed and e) air pressure.
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Taylor diagrams were plotted to investigate the values of standard deviation, corre-
lation coefficient, and root mean square error between the CASEP and CSSEP data (Figure
11). It should be noted that in the Taylor diagram, the longitudinal distance from the origin
of the coordinates represents the correlation coefficient and the segmental lines represent
the square root values of the mean squares of the error. As the circle segment increases,
the value of this parameter increases. In other words, each point on the Taylor diagram
represents, simultaneously, three parameters of standard deviation, correlation coeffi-
cient, and the root mean square error (Taylor, 2001).
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Figure 11: Taylor diagram between the CASEP and CSSEP.

4-. Conclusion

In this paper, the daily evaporation of Semnan city was measured for 123 days (4
months) in the CSSEP and then compared with the CASEP of the synoptic station of Sem-
nan city. Due to the fact that the city of Semnan is one of the hottest and driest areas in the
region, the test days were from the end of spring through the entire summer, when evap-
oration is highest. In this study, the relationship between the evaporation of the pan with
the meteorological data of Semnan Synoptic Station was investigated. There is no signifi-
cant difference between the CSSEP and CASEP and the coefficient of determination be-
tween the amounts of evaporation in two pans is equal to 93.3%, which shows a high
correlation between evaporation of pans. The best statistical distributions based on the
Klomogorov-Sminrov method for the CASEP and CSSEP were Error and Gamma, respec-
tively. Minimum temperature, maximum temperature and sunlight data have a signifi-
cant positive correlation with the CSSEP and CASEP pans and minimum humidity, max-
imum humidity and pressure have a significant negative correlation with these two pans.
Also, wind speed data in the CSSEP and CASEP showed a significant lack of correlation.
This can be due to the constant and relatively low wind speed during the test period. The
highest correlation is with the minimum temperature and the lowest is with pressure. Fi-
nally, we suggest studying the effect of wind during cold seasons on evaporation pans in
hot and dry areas.
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