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Table 2- Transfer functions used in thisstudy o
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poslin Positive linear transfer function e s S A =
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satlins y fUnetion i &2 CE @ ~30Calyy /A CRwM a4l «
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softmax Soft max transfer function ~ ' R R o
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2 Hidden layer
8 Multilayer perceptron ! Artificial neural networks
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Table 3- Calculation of frost indicators at the studied station

ApswOu ! %BAU alwowHE Bwiy okveop{, & Ccwa
Year FF Mon LF Mon DF DR F
2000 42 Nov 198 Apr 156 209 82
20012002 20 Oct 182 Mar 162 203 82
20022003 49 Nov 183 Apr 134 231 68
20032004 35 Nov 200 Apr 165 200 84
20042005 51 Nov 190 Apr 139 226 89
20052006 21 Oct 174 Mar 153 212 78
20062007 39 Nov 187 Apr 148 217 84
20072008 33 Nov 169 Mar 136 229 93
20082009 47 Nov 202 Apr 155 210 75
20092010 20 Oct 173 Mar 153 212 49
20102011 43 Nov 196 Apr 153 212 100
20112012 23 Oct 183 Apr 160 205 110
20122013 48 Nov 178 Mar 130 235 78
20132014 7 Oct 183 Apr 176 189 93
20142015 36 Nov 206 Apr 170 195 90
20152016 34 Nov 185 Apr 151 214 81
20162017 35 Nov 183 Apr 148 217 93
20172018 19 Oct 206 Apr 187 178 90
20182019 49 Nov 185 Apr 136 229 81
20192020 39 Nov 185 Apr 146 219 81
Avg. 34.50 Nov 187.40 Apr 152.90 212.10 84.05
Max 51.00 Nov 206.00 Apr 187.00 235.00 110.00
Min 7.00 Oct 169.00 Mar 130.00 178.00 49.00

Y= Year, Mon=Month, FF= the occurrence of the first frost day, LF= the occurrence of the last frost day, DF= Duration of th&ost season,DR=
Duration of the growing seasopn F= annual number of frost days, Apr=April, Oct=October, Nov=November, Mar=March,
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Figure 2- The RMSE of models in the training (A) and testing (B) stages
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Table 4- The bestRMSE for transfer functions in April and October
%{ oi Qv ajwio &%y ja 6 GCIwAll ¢ () RMIES %WY Bl 6 ¢ e Az

ad v\ Ml CweEW 3 wh z(¥1 EE CoywCu

Mon Hr Hardlims Logsig  Poslin Radbas Satlins Satlin Softmax Tansig Tribas
Apr. 3 2.02 1.17 1.38 1.40 1.30 1.28 1.18 1.52 1.42
Apr. 6 2.42 1.90 1.75 1.79 2.13 1.78 1.81 1.61 1.81
Apr. 9 2.45 1.92 1.88 2.09 2.36 1.94 2.39 2.06 1.90
Apr. 12 2.66 2.35 2.41 2.57 2.00 2.06 2.08 2.38 2.12
Oct. 3 2.19 1.87 1.79 1.60 1.94 2.08 1.77 1.84 1.89
Oct. 6 2.44 2.06 1.96 2.05 241 2.28 2.09 2.04 2.12
Oct. 9 3.00 2.17 1.99 2.03 237 243 2.59 2.65 2.43
Oct. 12 2.89 2.87 2.72 2.92 248 253 2.77 2.67 2.36

Mon=Month, Hr= Hour, Apr = April, Oct = October
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Table 5 Choose the best number of hidden neurons for different functions in April and October

%{ ei Qv ajwuod 4%y ja o covAal ¢ [ 2 vB PRI BB (Y %y (DVEIPE« UE %o Az
Hardlims  Logsig Poslin Radbas Satlins Satlin Softmax  Tansig  Tribas

11 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2

Mon Hr

Apr. 3 10 3 9 5 9 4 10 5 10 1 10 1 6 1 9 5 8 5
Apr. 6 9 6 9 3 7 6 10 8 9 3 8 4 10 8 10 8 9 8
Apr. 9 9 2 7 4 7 8 10 5 8 9 10 7 10 10 8 5 7 6
Apr. 12 9 10 8 10 8 10 8 5 7 9 10 4 8 5 9 3 10 1
Ot 3 9 8 9 8 8 3 8 7 9 7 9 2 10 2 10 2 10 2
Oct. 6 7 5 9 1 10 9 6 7 9 4 10 1 10 10 10 2 9 7
Oct. 9 10 4 9 4 6 1 10 7 10 4 9 7 10 10 9 5 10 6
Oct. 12 10 7 6 2 8 8 10 2 7 1 9 6 9 3 7 7 8 8

Mon=Month, Hr= Hour, Apr = April, Oct = October, L: hidden layer
| O AU ¢RMSEA %V fbadinis Yowe el y v CUVZAvpA UATG{B Y% wdwéonyv Uz
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Figure 3- Evaluation of pTrgqui((::k;Jgta with actual data in the training and testing stag;?;en“x;;zl and October at 21:30
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Figure 4- Evaluation of predict data with actual data in the training and testing stages in April and October at 00:30
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Figure 5- Evaluation of predict data with actual data in the training and testing stages in April and October at 03:30
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