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Tablel- Details of synoptic stations of Alborz province
station Elev. Lat. Lon. Climate*
Karaj 1293 3580 50.93 Semi-arid

Eshtehard 1191 35.72 50.37 Arid

MeshkinDasht 1200 35.76 50.96 Arid

Hashtgerd 1613 36.00 50.74 Semi-arid

Taleghan 1857 36.18 50.77  Semi-arid
**Elev: Elevation (m), Lat: Latitude (°N), Lon: (°E), Climate based
on De Martonne aridity index
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Table 2 - Statistical factors of the studied variables

Standard

Station factors Minimum  Maximum Mean Deviati CV()  Skewness
eviation

Trmean 9.6 333 145 9.3 64.3 0.07
Hashtgerd RHimean 9 100 48.09 0.32 4249 042
(he4018) w 0.22 4.48 155 0.51 33.00 0.61
S 0.00 14.45 9.09 3.48 3824 087
ETo 0.39 9.12 3.68 2.16 5884 0.25
Tomean 76 35.9 16.0 9.3 58.3 0.09
Karai RHimean 85 100 49.07 0.28 3567 042
(n=4018) w 0.22 5.45 154 0.56 3617 081
s 0.00 13.50 8.42 3.54 4205  -1.00
ETo 0.33 9.08 3.77 2.15 5710 0.4
Tomean 109 313 12,0 9.0 74.8 0.07
Taleghan RHmean 5.00 97 53.73 0.25 2062 026
(h24018) w 0.00 4.03 1.46 0.50 3457 030
s 0.00 14.45 9.73 3.36 3456  -129
ETo 0.41 8.51 3.51 2.10 59.73 0.1
Trmean 76 359 159 9.3 58.3 -0.09
: RHmean 0.00 100 49.24 0.27 3534 040
M orsy W 0.00 418 1.49 053 3524 042
s 0.00 13.50 8.38 353 4214 -098
ETo 0.36 8.98 3.72 2.12 5691 0.3
Tomean 75 36.0 15.9 95 59.7 0.10
RHmean 0.00 100 48.19 0.30 39.38 0.27
E(ih:tjgi‘g;j w 0.00 4.58 1.58 0.62 39.50 0.52
S 0.00 13.84 8.59 3.43 3090  -128
ETo 0.41 10.74 3.88 2.23 5767 0.23
Tomean 109 36.0 14.9 9.4 633 0.07
Alborz RHmean 0.00 100 49.66 0.13 3670 031
province w 0.00 5.45 153 0.55 3595 057
(n=20090) s 0.00 14.45 8.84 351 3965  -1.05
ETo 0.33 10.74 3.71 2.16 5812 0.4

** Tmean: Mean temperature (°C), RHmean: Mean relative humidity (%), W: Wind Speed (ms™), S: Sunshine (h), ETo (mm day™)

ETo jlado b cwlillesr sl Jole (oo (Siwaod abuly - Jouo
Table3- Correlation between meteorological factors and ETo

Stations Mean Mean_ r_elative Wind Speed Sunshine
Temperature (°C)  Humidity (%) (ms?) (h)

Eshtehard ETo 0.92" -0.75™ 0.22* 0.57"
Taleghan ETo 0.93" -0.59™ 0.54™ 0.53"
Karaj ETo 0.93" -0.70™ 0.054™ 0.70™
MeshkinDasht  ETo 0.93" -0.70™ 0.04™ 0.70™
Hashtgerd ETo 0.93" -0.70™" 0.24™ 0.66™"
Alborz province ET, 0.92" -0.69™ 0.25" 0.61™

L2 o L 1) wwo)8 ) 9 O zabuw jo o S (Sowed Cay )i & FF*
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Figure 1- Comparison the NRMSE of three methods
for estimating of ETo in the test steps
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Table 4 - Characteristics of the ANNs method used in this research

Stations Eshtehard Karaj Taleghan Hashtgerd MeshkinDasht pﬁcl)?/?rll’ée

Network type MLP 41 46 44 43 47 49
RBF 9 4 6 7 3 1

Number of hidden cells Range 3-30 3-27 3-30 3-30 3-28 3-28
Tanh 9 10 10 11 6 9
Identity 19 15 13 20 9 15
Output layer function Sine 5 8 4 8 11 7
Exponential 10 9 15 7 14 10
Logistic 7 8 8 4 10 9
Gaussian 9 4 6 7 3 1
ldentity 4 3 6 8 3 2
. . Sine 11 9 1 5 8 7
Hidden layer function o 1 ential 10 14 14 8 11 11
Tanh 7 12 9 13 15 15
Logistic 9 8 14 9 10 14

o293 cpl 58 0ad 00y )l SVM g, wlaskin -0 Jeua
Table 5 - Characteristics of the SVM method used in this research

v* nu C  Number of support vectors Cross-validation error
Eshtehard 025 02 9 352 0.011
Karaj 025 0.1 2 804 0.012
Taleghan 025 021 2 876 0.061
Hashtgerd 027 03 10 393 0.016
MeshkinDasht 024 02 10 410 0.013
Alborz province 0.2 0.1 2 969 0.011

Journal of Agricultural Meteorology

Wil oo SVM gy 50 i 00siS i syl )by C g mu (3

$29LeS (uliblgh & 5t

Vol. 11, No. 2, Autumn & Winter 2023, pp. 16-28

VE-Y Ao NF+Y (ylou) 9 s ¥ olocs o)) ol


https://doi.org/10.22125/agmj.2023.336962.1134

DOI: 10.22125/agmj.2023.336962.1134 o) es g cdlows

Yy
RF g, b ool cawddy Jole coodl —F Jgu
Table 6- Importance of the factor obtained by RF method
factor Mean Sunshine ~ Mean relative  Wind Speed
Temperature (°°) (h) humidity (%) (ms™)
Eshtehard 1 0.51 0.59 0.20
Karaj 1 0.74 0.60 0.13
Taleghan 0.75 0.97 1 0.91
Hashtgerd 1 0.67 0.63 0.16
MeshkinDasht 1 0.60 0.55 0.12
Alborz province 1 0.60 0.58 0.18
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Figure 2- Mean NRMSE of different stations in the three methods used in this study
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Table 7 - The results of different methods used for estimating of ETo in the meteorological stations

NRMSE (mm day) R? RMSE (mm day™) d EF MBE
Train (n=2680)
Karaj RF 0.12 0.96 0.43 0.98 0.96 -0.002
ANNs 0.11 0.96 0.42 0.99 0.96 -0.0004
SVM 0.13 0.95 0.47 0.97 0.95 0.02
Eshtehard RF 0.13 0.95 0.50 0.99 0.95 0.0005
ANNs 0.12 0.96 0.45 0.99 0.96 0.003
SVM 0.15 0.95 0.58 0.98 0.93 0.151
Taleghan RF 0.24 0.85 0.84 0.95 0.85 -0.01
ANNs 0.26 0.81 0.92 0.94 0.81 -0.005
SVM 0.28 0.79 0.98 0.93 0.79 0.02
MeshkinDasht RF 0.11 0.96 0.42 0.99 0.96 -0.001
ANNs 0.11 0.96 0.41 0.99 0.96 -0.0002
SVM 0.14 0.94 0.50 0.984 0.94 -0.005
Hashtgerd RF 0.14 0.95 0.51 0.98 0.95 0.0009
ANNs 0.13 0.95 0.48 0.99 0.95 -0.001
SVM 0.14 0.94 0.52 0.98 0.94 0.080
Alborz province RF 0.14 0.94 0.51 0.98 0.94 -0.002
ANNs 0.13 0.95 0.48 0.99 0.95 0.003
SVM 0.15 0.94 0.56 0.98 0.93 0.002
Test (n=1338)
Karaj RF 0.13 0.95 0.47 0.97 0.95 0.01
ANNs 0.12 0.95 0.44 0.99 0.95 0.01
SVM 0.13 0.94 0.49 0.97 0.94 0.03
Eshtehard RF 0.14 0.94 0.55 0.98 0.94 0.007
ANNs 0.12 0.96 0.46 0.99 0.96 0.009
SVM 0.15 0.94 0.58 0.98 0.93 0.153
Taleghan RF 0.26 0.80 0.92 0.94 0.80 0.04
ANNs 0.27 0.79 0.94 0.94 0.80 0.043
SVM 0.29 0.76 1.00 0.93 0.77 0.07
MeshkinDasht RF 0.12 0.95 0.45 0.99 0.95 0.019
ANNs 0.11 0.96 0.42 0.99 0.96 0.017
SVM 0.14 0.94 0.51 0.98 0.94 0.005
Hashtgerd RF 0.14 0.94 0.55 0.98 0.93 -0.0124
ANNs 0.13 0.95 0.48 0.98 0.95 -0.010
SVM 0.14 0.94 0.52 0.98 0.94 0.069
Alborz province RF 0.13 0.95 0.50 0.98 0.95 0.08
ANNs 0.13 0.95 0.48 0.98 0.95 0.09
SVM 0.14 0.95 0.54 0.98 0.94 0.08
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Comparison of the reference evapotranspiration estimations by data mining
methods and Crop Water Requirement System project in Alborz province
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Abstract

The reference evapotranspiration (ETO) is an important factor for determining the plant water requirements and
irrigation scheduling, which is usually estimated by widely accepted equation of Penman Monteith FAO-56 method.
The aim of this study was to evaluate the performance of artificial neural networks (ANNS), random forest (RF) and
support vector machine (SVM) methods for estimating the daily ETO in Alborz province. A ten- year-data (2010-
2020) of five meteorological synoptic stations of namely MeshkinDasht, Hashtgerd, Eshtehard, Taleghan and Karaj
were used for estimation of ETo. The obtained values were compared with the provided data of a national project
entitled Crop Water Requirement System. According to the results, the best agreement was found in Meshkin Dasht
and Karaj stations. Besides, among the applied approaches, the ANNs method had the highest accuracy comparing to
other methods. The values of EF and NRMSE in the ANNs method were determined 0.96 and 0.11, respectively for
both training and testing steps in Meshkin Dasht station. While, these values for the RF method were determined 0.96
and 0.11, for training stage and 0.95 and 0.12 for testing stage, respectively. The obtained results in the Karaj station
showed that EF and NRMSE in the ANNs method were 0.96 and 0.11, respectively for the training and 0.95 and 0.12
for the testing stage. These values for the RF method were 0.96 and 0.12 for the training stage respectively and 0.95
and 0.13 for the testing. Considering the higher accuracy of the ANNs and RF methods, these approaches can be
recommended for estimating the daily ETO across Alborz province.

Keywords: Data Mining, Penman Monteith FAO-56 method, Reference Evapotranspiration, Water requirement
system
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