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Abstract

In this study, daily simulation models of pan evaporation were
developed using a multilayer perceptron neural network, a
radial basis function, and an optimized experimental
relationship based on the genetic algorithm with 13 input
combinations of climate variables, i.e., average daily
temperature, maximum and minimum temperature, relative
humidity, sunshine hours and wind speed. These models were
applied to simulate evaporation in Semnan, Shahrud, and
Rasht stations with dry, semi-dry, and very wet climatic
conditions, respectively. The best input combination for
simulation models was selected based on the quantitative
evaluation results; i.e temperature, relative humidity, sunshine,
and wind speed which had a correlation coefficient between
0.56 to 0.85, root mean square error between 1.1 to 2.6 mm,
and the PBIS coefficient between 1 to 29.5%. The results of
the developed models' sensitivity analysis showed that
temperature and then relative humidity are sensitive
parameters for evaporation simulation. The optimized
experimental relationship with the best input combination
among the evaporation simulation models had a greater ability
to simulate the mean and standard deviation of evaporation,
and the model was selected as the best model. Finally, the
ability of the best model with the best input combination was
confirmed by its application to simulate the evaporation pan in
three stations Garmsar (dry), Damghan (semi-dry), and
Ramsar (very wet), resulted in correlation coefficients of 0.6 to
0.84, root mean square errors of 1.29 to 3.16 mm and PBIS
coefficients of 2.1 to 9.2%.
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Table 1- Different combinations of used climatic variables: mean temperature (Tavg), minimum
temperature (Tmin), maximum temperature (Tmax), wind speed (WS), relative humidity (RH), and
sunshine hours (SSH)
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Composition Input parameters Composition
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1 Tmin - Tmax - WS - SSH - RH 8 Tavg - SSH

2 Tavg - WS - SSH - RH 9 Tmin - Tmax

3 Tmin - WS - SSH - RH 10 Tavg

4 Tmax - WS - SSH - RH 11 WS

5 WS - SSH - RH 12 RH

6 Tavg - WS 13 SSH

7 Tavg - RH - -
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Table 2- Quantitative evaluation results of MLP, RBF models, experimental relationships optimized using
genetic algorithm in 13 different input combinations in Semnan, Shahrud and Rasht stations (2000-2005)
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Combination of input variables

Station Coefficient 1 2 3 4 5 6 7 8 9 10 11 12 13
MLP model
Semnan R? 0.8106  0.8011 0.82* 0.7613 0.5864 0.8022 0.7898 0.8067 0.7833 0.7915 0.1283  0.5097 0.415
(Dry) RMSE 2.66 2.6 2.6 2.96 3.7 2.66 2.75 2.68 2.8 2.7 5.39 4.02 4.50
PBIS -15 -13.4 -14.9 -15.67 -3.5 -12.26 -12.9 -13.8 -14.2 -13.4 7.97 -4.18 -13.2
Shahrud R? 0.8453  0.8359 0.85 0.6988 0.5744 0.8119 0.8076 0.8308 0.8055 0.8068 0.1246 0.3914 0.463
(Semi- RMSE 1.8 2.06 1.8 2.6 2.8 2.32 2.2 1.9 2.24 2.2 4.30 3.3 3.13
Dry) PBIS -17.2 -21.9 -15.8 -26.6 -15.46 -26.31 -22 -18.34 -24.26 -22.9 -29.8 -8.08 -0.71
Rasht R? 0.5827  0.5571 0.58 0.4969 0.3424 0.5071 0.5589 0.5343 0.5036 0.4948 0.0027 0.3004 0.283
(Very RMSE 1.09 1.13 11 12 13 11 112 1.14 1.2 1.2 1.7 14 1.42
wet) PBIS -6 -3.8 -3.1 1.33 -4.5 -8.95 1.8 1.8 154 1.8 -16.8 5.5 5
RBF model
Semnan R? 0.7938 0.79 0.7966  0.7789 0.5467 0.7982 0.7953 0.7903 0.7358 0.7956  0.1146  0.5055 0.389
(Dry) RMSE 2.74 2.7 2.74 2.8 3.85 2.7 2.75 2.79 3.09 2.74 5.48 4.04 4.63
PBIS -14.18 -13 -14.9 -16.37 1.13 -16.5 -14.8 -15.43 -15.03 -13.82 3.50 -4.29 -15.8
Shahrud R? 0.8177  0.8157 0.83 0.796 0.4754 0.8152 0.8081 0.8081 0.8123 0.8087 0.1437 0.3647 0.424
(Semi- RMSE 2.57 2.61 2.41 2.74 35 2.54 2.53 2.4 243 2.46 4.5 3.7 3.3
Dry) PBIS -32 -33.2 -29.5 -35.45 -33.19 -31.8 -31.2 -29.82 -28.9 -29 -40.6 -30.3 -13
Rasht R? 0.5554 0.56 05592 0.5223 0.2608 0.5163 0.5639 05179 0.4763 0.4979 0.0022 0.2631 0.267
(Very RMSE 1.12 1.1 111 1.1 1.45 117 1.1 1.16 1.22 1.2 1.7 1.44 14
wet) PBIS -6.8 -1 -3.76 -0.63 2.08 -7.65 2.81 1.42 2.42 2.22 -7 4.04 4.4
Optimized experimental relationship with using Genetic Algorithm(GA)
Semnan R? 0.7812 0.79 0.7789 0.7816 0.4706  0.7866 0.786 0.791 0.7843 0.8307 0.0849 0.372 0.365
(Dry) RMSE 2.7318 2.6 2.7 2.71 4.2 2.6 2.67 2.64 2.6 0.7852 5.61 4.57 4.6
PBIS 7.7 6.9 6 7.1 10 6.34 4.75 5.456 5.02 2.6 13.2 2.99 9.32
Shahrud R? 0.7924 0.79 0.7921 0.7878 0.478 0.8 0.7976  0.8072  0.7955 5.098 0.0711 0.0518 0.4015
(Semi- RMSE 2.13 2 2.15 2.2 3.2 2.16 2.2 2.19 2.26 0.7966 4.1 7.06 3.38
Dry) PBIS 9.57 8.74 12.7 154 11.8 144 19.2 17.19 17.98 2.25 7.21 112.9 134
Rasht R? 0.5623  0.5612 0.56 0.5268 0.2683 0.5124 0.5468 0.5265 0.504 18.14 0.0052  0.2476 0.246
(Very RMSE 1.14 1.1 1.14 1.2 1.52 1.20 1.16 1.20 1.2 0.4912 1.73 15 15
wep) PBIS 13.1 136 114 151 1977 1324 12 154 144 123 1934 157 20
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Table 3- Values of optimized decision parameters of experimental relationships optimized using genetic
algorithm in 13 different input combinations in three stations of Semnan, Shahrud and Rasht (2005-2018)
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a 0013 0012 0016 0009 0029 001 0013 0013 0006 0013 0047 -2E-3 0.076
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Fig. 4- Sensitivity analysis results. (a) Semnan station, (b) Shahrud station, (c) Rasht station. (1) RBF model,
(2) MLP model, (3) experimental relationship
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Fig. 5- Time series of observational and estimated values using the selected superior model (experimental
relationships) along with superior input combinations in stations with similar climate (2009-2018). (a)
Damghan station, (b) Garmsar station and (c) Ramsar station
S 5 oy a1 (2,25 sl ) 8l QLT 5 1 Jote 1 03likewl Uy 0 39152 9 (SFlaalibio 3lie (Sloj (g pmr —0 SO
gl y 8] () 9 sl 35 81Kkt ! () cyliold Runs] (A1) LY+ YA-T ¢+ Q) asliiio (gL palBl b WolKins] )3 45 31 (63959

Table 4- Evaluation of the selected best models for modeling of the evaporation pan of stations with similar
climate (Garmsar, Damghan and Ramsar)
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