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Table 1- Details of Rasht meteorological station

Station name  City Name Station type este;t;l;hed Instlz;{/I:It on Longitude (E) Latitude (N)
Synoptic Rasht International Section 1330 8.6 49°37'25.8" 37°19'21.9"
G 53 ouu ooliswl ooy g bl saasin -Y Jeus
Table 2 - Statistical indicators of the data used in the research
variatio mean Middle Sta'?d?“’ Minimum Maximum Coeffl_me_nt skewness Kurtosis
deviation of variation
T 16.3500 16.6000 7.5843 -5.6500 30.8250 36.4750 -0.0600 -1.2060
Tmin 12.6513 12.6000 7.3621 -12.0000 28.2000 40.2000 -0.1320 -1.0850
Tmax 20.9910 21.5000 8.3656 -1.4000 38.6000 40.0000 -0.1280 -1.0890
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Figure 3- Cross-correlation analysis of data: Temperature (T) autocorrelation function, cross-correlation between
minimum temperature and temperature (Tmin With T), cross-correlation between maximum temperature and
temperature (Tmax with T)
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Table 3 - The values of the parameters used in the GEP

model
Parameter Value
Chromosomes 30
Number of Genes 3
Head size 8
Linking Function Addition (+)
Mutation Rate 0.044
Inversion Rate 0.01
Two-point Recombination Rate 0.3
Gene Recombination Rate 0.2
One-point Recombination Rate 0.2
Gene Transposition Rate 0.1
IS Transposition Rate 0.1
RIS transposition Rate 0.1
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Figure 4 - Data cross-correlation analysis: Minimum temperature autocorrelation function (Tmin), cross-correlation
between mean temperature and minimum temperature (T with Tmin), cross-correlation between maximum
temperature and minimum temperature (Tmin With Tmax)
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Figure 5 - Data correlation analysis: Maximum temperature autocorrelation function (Tmax), cross-correlation between
medium temperature and maximum temperature (Tmax With T), cross-correlation between minimum temperature and
maximum temperature (Tmin With Tmax)
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Table 4 - Statistical indicators for different models in the training phase

Tmax Tmin T
Model Input RMSE RMSE RMSE
R ) sl R Q) Sl R Q) sl
Ti 0.91 3.57 0.31 0.95 2.10 0.16 0.96 2.02 0.16
ANN Ti, Tia 0.91 3.57 0.31 0.96 197 0.15 0.96 2.01 0.16
Ti, Tia, Tiz 091 3.45 0.30 0.97 1.93 0.14 0.97 1.94 0.15
Ti 0.91 3.57 0.31 0.95 1.99 0.15 0.96 2.00 0.16

ANFIS Ti, Tia 0.91 3.57 0.31 0.96 1.99 0.15 0.97 2.00 0.16
Ti, Tia, Tiz 091 3.43 0.30 0.97 1.92 0.14 0.97 1.93 0.15

Ti 0.91 3.57 0.33 0.95 1.99 0.15 0.96 2.00 0.16

GEP Ti, Tia 0.91 3.57 0.31 0.96 1.99 0.15 0.96 2.01 0.16
Ti, Tia, Tiz 091 3.57 0.31 0.97 1.99 0.15 0.96 2.01 0.16
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Table 5- Statistical indicators for different models in the test stage
Tmax Tmin T
Model Input RMSE RMSE RMSE
R N Sl R N Si R o Sl
Q) Q) ¢C)
Tia 0.90 3.57 0.31 0.96 2.03 0.15 0.96 213 357
ANN Ti1, Tiz 0.90 3.56 0.31 0.96 2.02 0.15 0.97 189 357
Ti1, Tiz, Tiz 091 3.45 0.30 0.96 1.92 0.14 0.97 182 345
Tia 0.91 3.57 0.31 0.96 1.99 0.15 0.96 1.88  3.57
ANFIS Tia, Ti2 0.91 3.57 0.31 0.96 1.99 0.15 0.97 188  3.57
Tia, Tiz, Tizs 093 3.44 0.30 0.97 1.92 0.14 0.97 181 343
Tia 0.91 3.57 0.32 0.96 1.99 0.15 0.96 189 357
GEP Ti1, Tiz 0.90 3.57 0.31 0.96 1.99 0.15 0.97 189 357
Ti1, Tiz, Tiz 091 3.57 0.31 0.96 1.99 0.15 0.97 189 357
CB 50y 5y 3l okel Cawd 4 Laulyy —F Jgux
Table 6- Relationships obtained from each sub-tree to predict the temperature of Rasht
input #Relationships derived from each subtree R
Tia,
Tiz, T, =2.388-+ tan™ (tan™ (-4.7837)) + ((T,_, ) —tan™ (((T;_,) — tan™ (T;_,) + (T,_,))))) 0.97
Tis
Tia,
Tiz, T, =—4.7697 +tan™((((2.5129—(T,_,))+((T,_;) + 2.3107))—tan ™ ((-9.886+ (T_,)))+ (T._,) 0.96
Tis
Tia,

Tiz, T = (T + ((T_) +6.8077) = ((T,_,) + (T, ) — (tan™ (T,_,)) — (T,_,)x 2.1384))) + (((T,_,) + 0.95) — 1.7648) 0.91
Tis3
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Figure 9- The observational and estimated values of minimum temperature (°C) for different models in the training
stage
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Application of artificial intelligent models for prediction of daily air
temperature in Rasht station
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Abstract

Estimation of air temperature is importan in environmental and agricultural sciences. The aim of this study is
prediction of daily air temperature (mean, maximum and minimum) using several types of Al models, in Rasht station
north of Iran. According to the results, the adaptive neural-fuzzy inference system, artificial neural network, and gene
expression programming were ranked first, second and third, respectively, despite of a slight difference in prediction
accuracy of the selected models. Besides, the developed mathematical equation between the input and output variables
using the gene expression programming model showed the superiority of this approach to the other two models. Based
on the Sl index for the minimum and mean daily temperature in training period is varied in range of 0.1 to 0.2, i.e
acceptable in terms of model accuracy. For the maximum temperature it ranged 0.2 to 0.3 which is considered as
average accuracy. The findings revelead the best performance can be obtained using inputs in one to three days lead
time.

Keywords: Air temperature, ANN, Fuzzy neural inference system, Gene expression programming
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