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. The challenge of reducing fresh water resources is more serious due to the hot and
parameters,  Analysis  of

. . dry climate in Iran, and requires the optimal use of available water resources. Most
variance, Interaction effects

of the losses in the reservoirs of dams are due to evaporation. Considering the num-
ber of dams in the country, every year a huge amount of the dams’ reservoirs is lost
due to evaporation. Changes in evaporation rates due to climate change can greatly
affect hydrological parameters such as soil water content and runoff. Therefore, the
investigation of the effects of different meteorological parameters on the evaporation
rate provides insights into new ways of evaporation suppression methods. In addition

to this, evaporation is considered the main factor in the loss of water resources in

Rece;\;e;ilin 2023 hot and dry regions. Based on this, investigating the rate of evaporation from these
reservoirs under the climate change can help to understand this phenomenon and deal
with it. By knowing the effective parameters on the evaporation and the mutual effects

Revised: of different parameters, it is possible to take more effective measures in choosing

16 Aug 2023 the appropriate evaporation reduction methods and increasing their efficiency under
different conditions. In this research, the main and interaction effects of different me-

Accepted: teorological parameters such as temperature, relative humidity, wind speed, radiation

17 Aug 2023 and average vapor pressure on the evaporation rate from the free surface of water were

investigated using variance analysis.
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Investigating the interaction effects of meteorological

Methodology

In this study, the information from Ahvaz weather station during 1991 to 2019 was analyzed. Ah-
vaz airport’s weather station is at 31°32° latitude, 48°66° longitude and 16 meters above sea level.
Class A evaporation pans are used at this station to measure the evaporation rate. The Mann-Kendall
test was used in this study at four significance levels of 0.001, 0.01, 0.05 and 0.1. To perform the
Mann-Kendall test, the MAKESENS application developed by the Meteorological Institute of Fin-
land was applied. In this study, one-way and two-way variance analyses were used to compare and
investigate the effect of evaporation reduction methods and different meteorological parameters. In
this study, a two-way analysis of variance was used to check the effect of different meteorological
parameters on the performance of different methods. Analysis of variance requires all parameters to
follow normal distribution to some extent. In addition, the independent variables must have a nomi-
nal or ordinal scale. Accordingly, all meteorological parameters were divided into three levels: high,
medium and low. For this purpose, first, different meteorological parameters were modified based on
the average of each parameter. In this way, the average of each parameter was reduced from all the
data of that parameter. In such a case, the average data of that parameter will be equal to zero. After
that, according to the standard deviation (Sd) of each parameter, the data of that parameter were
divided into three parts. Values less than -1Sd were considered as low (level 1), values greater than
+1Sd as high (level 3) and values between -1Sd and +1Sd as intermediate (level 2). All calculations
were done in SPSS environment. The statistical characteristics of different meteorological parame-

ters during the investigated period are presented in Table 1.

Table 1. Statistical characteristics of different meteorological parameters during the studied period

Parameter Minimum Maximum Average Standard deviation  Bond 1 Bond 2 Bond 3
Temperature (C) 3.4 443 26.7 10.3 <16.4 16.4-36.9 >36.9
Humidity (%) 4.4 94.62 30.9 20.2 <10.7 10.7-51.1 >51.1
Surface Pressure (kPa) 98.6 102.42 100.5 0.8 <99.6 99.6-101.3 >101.3
Wind Speed (m/s) 0.6 8.33 22 0.9 <l.3 1.3-3.2 >3.2
Solar Irradiance (MJ/m?/day) 0.5 32.03 19.8 7.1 <12.7 12.7-26.9 >26.9

Discussion and Results

At first, only the main effects of different parameters on the rate of evaporation were calculated using
analysis of variance, and then the interaction effects of different meteorological parameters on the
rate of evaporation were investigated. In Table 2, the main effects of temperature parameters, relative

humidity, surface pressure, wind speed and the amount of radiation on evaporation are presented.
Table 2. Results of ANOVA based on the main effects

Source df Mean Square F Sig. Partial Eta Squared
Temperature P 2095.521 187.417 .000 .036
Humidity 2 3979.157 355.883 1000 066
Surface Pressure 5 7765.179 694.493 000 122
Wind Speed 2 3113.505 278.462 .000 053
Solar Irradiance 5 8253.249 738.144 000 129
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A Investigating the interaction effects of meteorological

Based on the analysis, all the mentioned parameters had a significant effect on the evaporation rate. The
results of the Bonferroni test, which is used to observe the effects within the group, show that there is a
significant difference in all meteorological parameters between the different levels of these parameters
on the evaporation rate. The calculated explanation coefficient for the main effects is equal to 0.69,
which shows that the main effects can estimate 0.69 of the output variance. Considering that only the
main effects are used in this section, the Eta squared parameter can show the percentage of influence of
each parameter on the output. Based on this parameter, solar radiation has the greatest effect on evap-
oration. Surface pressure and relative air humidity are also placed in the next place.

Conclusion

Based on the analysis, all the mentioned parameters had a significant effect on the evaporation rate.
According to Eta squared, the main effects could estimate 69% of the output variance. Based on
this parameter, solar radiation had the most significant effect on the evaporation rate. The results of
variance analysis showed that all the interactive effects had a significant effect on the evaporation
rate, and only the interactive effect of wind speed and radiation was not significantly different. The
interactive effect of surface pressure on temperature and radiation had the most significant effect
on the rate of evaporation, followed by the interactive effect of temperature and relative humidity.
Investigation of the effect of various meteorological parameters on the rate of evaporation from the
water surface and their interactive effects can be used to investigate the efficiency of various meth-

ods to reduce evaporation.
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Fig 5. The effect of wind speed on the rate of evaporation in the studied period
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Fig 8. Effect of meteorological parameters on evaporation based on the main effects
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