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Table . Areas examined in this study sorted by increase in the average production during 1989-2009

Rows s, 1 2 3 4 5 6 7
4>l sobaes olzs pl <oy o8 g e oy sLls
Area Neyshabour  Qochan Torbat Jam  Kashmar Sabzevar Torbat Gonabad
Heidarieh
Ol o Shee (:Siks
OESe » 55L5) 2.53 2.92 3.2 3.29 3.38 3.77 4.39
Saffron mean yield
(kg/ha)
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10 - Classification tree

11 - Regression tree

12 - Random Forest

13 - Support Vector Machine (svm)
14 - Svm-linear
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1 - Linear

2 - Purequadratic

3 - Interaction

4 - Quadratic

5 - Neural Network (ANNS)

15 - Svm-poly 6 - K Nearest Neighbor
16 - Svm-rbf 7 - Group Method of Data Handling (GMDH)
17 - Svm-L2 8 - Pattern Recognition

18 - k-Fold Cross-Validation

9 - Discriminant analysis (class discriminant)
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1 - Stepwise Regression
2 - Coefficient of Determination
3 - Mean Squared Error
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Table 2. Pearson's correlation coefficients and p-Value of annual yield of saffron and 76 different factors (P_Value <0.05 indicates significant correlation
coefficients)

152 glos S0ka
Mean temperature
O S| ols,z » ol e S5 s okl A ey oo Sl
AprilApril May jun Jul Aug Sep Oct Nov Decem Jan Feb March
Jele o las 1 2 3 4 5 6 7 8 9 10 11 12
Factor number
i
P s 0.01 0.17 0.98 0.31 0.16 0.67 0.32 0.02 0.82 0.00 0.00 0.28
P value
w).o -0.25 -0.13 0.00 0.09 0.13 0.04 -0.09 0.23 -0.02 0.31 0.38 -0.10
Coefficient
90 sbes Sl sles Sls > sles 5 sles oo e gles 599 e gled
April April temperature May temperature june temperature July temperature August temperature September temperature
Sl Sla> Sl Sla> Sl Sla> Sl Sla> Sl Sla> Sl Sla>
Max Min Max Min Max Min Max Min Max Min Max Min
ke ojlos 13 14 15 16 17 18 19 20 21 22 23 24
Factor number
P lade 0.00 0.10 0.03 0.84 0.49 0.62 0.72 0.14 0.37 0.05 0.83 0.39
P value
s -0.32 -0.16 -0.20 -0.02 -0.06 0.05 0.03 0.14 0.09 0.18 -0.02 0.08
Coefficient
o sleo bl sles ST sles & sles oot sles il sles
October temperature November temperature ~ December temperature JanuaryJanuary FebruaryFebruary March temperature
temperature temperature
Sl Sla> Sl Sla> Sl Sla> Sl Sla> Sl Sla> Sl Sla>
Max Min Max Min Max Min Max Min Max Min Max Min
Jele o jles 25 26 27 28 29 30 31 32 33 34 35 36
Factor number
P lade 0.28 0.45 0.00 0.15 0.57 0.34 0.01 0.00 0.00 0.00 0.03 0.78
P value
s -0.10 -0.07 0.28 0.14 0.05 -0.09 0.25 0.35 0.36 0.38 -0.20 0.03
Coefficient
Lod Ol s asals
Temperature variation range
- 31
9P Cedegend)| ols > = ols e IR e ob! De)cem e Ol —
AprilApril May jun Jul Aug Sep Oct Nov ber Jan Feb March




Veis 638 0sls (o sy 5l eslizal b 0l jie s Shas s i 10 Kes 5 Yl

le o jleis 37 38 39 40 41 42 43 44 45 46 47 48
Factor number
i
P s 0.00 0.26 0.02 0.03 0.12 0.06 0.86 0.08 0.04 0.11 0.20 0.00
P value
e -0.27 -0.11 -0.22 -0.20 -0.14 -0.18 -0.02 0.17 0.20 -0.15 -0.12 -0.27
Coefficient
had sles Sl sles ol sles b sbes Ol sbes
Seasonal temperature Spring temperature Summer temperature Autumn temperature Winter temperature
Sl ol b Ol Sl Sla> Sl Sla> Sl Sla> Sl Sla>
Spring Summer Autumn Winter Max Min Max Min Max Min Max Min
Jole ojlos 49 50 51 52 53 54 55 56 57 58 59 60
Factor number
P e
0.21 0.30 0.74 0.00 0.01 0.53 0.76 0.14 0.26 0.91 0.02 0.00
P value
e -0.12 0.10 0.03 0.29 -0.25 -0.06 0.03 0.14 0.11 -0.01 0.21 0.34
Coefficient
(s Zusb, asl‘j u*')b asl“as «5’1‘3]
Relative humidity Seasonal rainfall Seasonal sunhour
Sl RES b Olie; Sk Ol =k R 3 Sl Obals =k
Spring Summer Autumn Winter Spring Summer Autumn Winter SUL Spring Summer AutumnAutumn
Jle o leis 61 62 63 64 65 66 67 68 69 70 71 72
Factor number
i
P s 0.74 0.46 0.00 0.20 0.01 0.29 0.06 0.07 0.04 0.81 0.48 0.03
P value
w).o 0.03 -0.07 -0.35 -0.12 0.25 0.10 -0.17 0.17 0.19 -0.02 -0.07 0.20
Coefficient
Lt bl s Ju 4>l o Slee
obias; s Year Area Al
Winter Year Annual
sunhour sunhour Yield
73 74 75 76 77
0.85 0.42 0.00 0 0

0.02 0.08 -0.33 0.34 1.00
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Table 3. The relationship between climate and saffron producing region
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I3 glos :S0ka
Mean temperature

2595 el
April May
Jole o)l 1 2
Factor number
P Jlaie 0.00 0.00
P value
s 0.26 0.35
Coefficient
05958 gled
April temperature
S5l ol
Max Min
Jole o lats 13 14
Factor number
P lade 0.04 0.00
P value
s 0.19 0.31
Coefficient
e slod
October temperature
S5l ol
Max Min
Jole o)las 25 26
Factor number
P Jlaie 0.07 0.00
P value
s 0.17 0.37
Coefficient
RIEIIC g
April May

ols > b
jun Jul
3 4
0.00 0.00
0.45 0.42
Sl gleo

May temperature

Sl Sla>
Max Min
15 16
0.01 0.00
0.24 0.45
bl sles
Novamber
temperature
Sl Sla>
Max Min
27 28
0.01 0.00
0.24 0.33
Sls > g%
jun Jul

ols e IR AD
Aug Sep
5 6
0.00 0.00
0.36 0.38
ols 5 gles

jun temperature

Sl Sla>
Max Min
17 18
0.00 0.00
0.29 0.54

).S] slos
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temperature
Sl Sla>
Max Min

29 30
0.06 0.01
0.18 0.23

e okl
Oct Nov
7 8
0.00 0.00
0.31 0.31
75 sles

Jul temperature

Sl Sla>
Max Min
19 20
0.01 0.00
0.23 0.54
& sles
January
temperature
Sl Sla>
Max Min
31 32
0.66 0.13
0.04 0.14
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Temperature variation range
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5 o
December Jan
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0.02 0.33
0.22 0.09
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August temperature

Sl Sla>
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et sbed

February temperature

Sl Sla>
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0.22 0.10
0.12 0.16
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December Jan
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0.13 0.01
0.14 0.23
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September temperature

Sl Sla>
Max Min
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March temperature
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Jole o les 37 38 39 40 41 42 43 44 45 46 47 48
Factor number
i
P s 0.08 0.21 0.00 0.00 0.00 0.00 0.00 0.23 0.62 0.04 0.24 0.34
P value
w).o -0.16 -0.12 -0.61 -0.61 -0.57 -0.56 -0.38 -0.11 -0.05 -0.19 -0.11 -0.09
Coefficient
had sles Sl sles ol sles b sbes Ol sbes
Seasonal temperature Spring temperature Summer Autumn temperature Winter temperature
Sl ol b Ol Sl Sla> ),SL» ‘ Sla> Sl Sla> Sl Sla>
Spring Summer Autumn Winter Max Min Max Min Max Min Max Min
Jole o lets 49 50 51 52 53 54 55 56 57 58 59 60
Factor number
P lade 0.00 0.00 0.00 0.04 0.01 0.00 0.03 0.00 0.00 0.00 0.18 0.01
P value
s 0.37 0.42 0.36 0.19 0.23 0.45 0.20 0.55 0.27 0.36 0.13 0.23
Coefficient
s Sosb kb ol e il
Relative humidity Seasonal rainfall Seasonal sunhour
Sl RES b Olie; Sl RES b Olws; Al AL e Obals b
Spring Summer Autumn Winter  Spring  Summer  Autumn  Winter Spring Summer Autumn
Jole o)las 61 62 63 64 65 66 67 68 69 70 71 72
Factor number
P lade 0.00 0.00 0.00 0.00 0.01 0.17 0.01 0.34 0.00 0.00 0.56 0.00
P value
s -0.50 -0.53 -0.60 -0.29 -0.24 -0.13 -0.23 -0.09 -0.28 0.33 0.05 0.41
Coefficient
(Lt k_5_51135! ] Ju a>b o Sles
obias; s Year Area slle
Winter Year Annua
sunhour sunhour 1Yield
73 74 75 76 77
0.00 0.00 0.07 0 0.00
0.49 0.54 -0.17 1 0.34
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Table 4. Influence of selecting different factors from factors affecting the level of annual yield of saffron as the model input

S J5i 3 Jolina sla Jols ann Sl Sy 3 5 fobies sla el s Sren Jgo2 5l 5 fobies sloule Sl
Jse Selecting all significant factors from Following the selection of meaningful Following the selection of meaningful correlation
Model correlation table correlation table table
{1113 63676972} {152536367697276}

R? R? MSE  MSE R? R? MSE MSE R? R? MSE MSE

el e el e el e el e el e 3t .

Training Test Training Test Training Test Training Test Training Test Training Test

Reg-Linear 0.23 0.18 0.29 0.61 0.20 0.20 0.36 0.40 0.21 0.20 0.36 0.37

puljfclguad 0.25 0.14 0.20 0.73 0.21 0.18 0.34 0.45 0.23 0.21 0.35 0.41

irizrgac 0.52 0.09 0.04 1.91 0.24 0.18 0.26 0.54 0.27 0.21 0.28 0.41

Reg-Linear 0.46 0.06 0.05 1.95 0.24 0.18 0.23 0.62 0.28 0.18 0.26 0.47

Neur-Net 0.23 0.2 0.35 0.51 0.23 0.21 0.37 0.41 0.21 0.20 0.37 0.49

pattern 0.22 0.21 0.37 0.47 0.20 0.19 0.41 0.48 0.20 0.20 0.42 0.42

ClassDiscr 0.64 0.22 0.22 0.56 0.39 0.20 0.46 0.67 0.37 0.22 0.48 0.61

ClassTree 0.70 0.19 0.26 0.67 0.63 0.20 0.33 0.67 0.62 0.21 0.35 0.61

Regtree 0.43 0.13 0.10 0.81 0.41 0.19 0.12 0.59 0.39 0.17 0.13 0.77

Forest 0.56 0.18 0.43 0.59 0.51 0.14 0.42 0.62 0.53 0.18 0.41 0.54

KNN 0.95 0.22 0.00 0.53 0.95 0.14 0.00 0.63 0.95 0.14 0.00 0.75

Svm-linear 0.13 0.12 0.67 1.43 0.13 0.12 1.12 1.38 0.14 0.14 1.04 1.20

Svm -poly 0.14 0.13 0.97 1.42 0.13 0.10 1.14 1.35 0.14 0.14 1.05 1.32

Svm -rbf 0.12 0.12 0.56 1.28 0.13 0.12 0.89 1.14 0.15 0.15 0.86 1.26

Svm -L2 0.13 0.13 0.54 0.56 0.10 0.10 0.56 0.61 0.10 0.09 0.57 0.59

Multi Svm 0.12 0.11 0.56 1.60 0.16 0.20 0.47 091 0.16 0.17 0.50 0.92

GMDH 0.21 0.15 0.34 0.47 0.20 0.17 0.36 0.53 0.20 0.18 0.39 0.69
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Table 5. The results of applying neural network hidden layer neurons, the number of neurons in each layer
and teaching methods with the best performance

Azc))ii lm trainscg trainbr traingda trainlm
Jol ¥ Ggy dlaai pgo Y (598 laas
The first layer  The second layer ~ R? MSE R? MSE R? MSE R? MSE
neurons neurons
b 0 0.11 0.81 0.13 0.78 0.13 0.81 0.15 0.76
) 3 0.15 0.75 0.12 0.73 0.14 0.72 0.17 0.68
b 5 0.16 0.71 0.17 0.71 0.17 0.68 0.18 0.65
4 0 0.14 0.77 0.11 0.75 0.14 0.73 0.16 0.67
4 2 0.Y: 0.38 0.17 0.51 0.18 0.45 0.20 0.30
4 4 0.18 0.48 0.13 0.63 0.15 0.63 0.19 0.45
4 5 0.16 0.59 0.12 0.52 0.13 0.69 0.18 0.51
6 0 0.11 0.81 0.11 0.75 0.11 0.85 0.15 0.72
6 3 0.15 0.75 0.15 0.73 0.15 0.78 0.17 0.68
6 5 0.18 0.38 0.20 0.41 0.19 0.44 0.20 0.30
8 0 0.14 0.83 0.12 0.75 0.13 0.81 0.16 0.71
8 1 0.13 0.85 0.15 0.77 0.14 0.73 0.16 0.69
8 4 0.17 0.63 0.18 0.56 0.16 0.74 0.19 0.51
8 5 0.16 0.66 0.17 0.57 0.17 0.67 0.18 0.55
10 0 0.18 0.72 0.17 0.58 0.18 0.63 0.19 0.54
10 ) 0.14 0.56 0.18 0.47 0.17 0.56 0.20 0.42
10 3 0.16 0.53 0.17 0.52 0.18 0.53 0.19 0.47
10 5 0.17 0.64 0.18 0.58 0.17 0.58 0.19 0.51
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Table 6. Common influencing factors between the counties (area) after examining the correlation of each
factor in each county on the annual yield of saffron with p-value <0.05

oSl oShe gShe BB Sl e Sl oles ol ol
sles sles sles sles sles sles Los sles b glos = sles sles sles oo
D058 Oelr Oty Seldmd)l Cdgmo)l el Goped Syl Gl e e Ot il
April Feb April May May Feb April May Winter Spring Spr}ng Winter  yearly
temp  temp max min max max Temp Temp Seasonal ~ Scasonal min Seasonal  painfall
mean  mean  temp temp temp temp  domain  domain temp temp temp temp
Jale ojlas
Factor 1 11 13 14 15 33 37 38 52 53 54 60 69
number
ol
T -0.63 0.55 -0.72 -0.62 -0.53 0.58 -0.57 -0.65 0.52 -0.69 -0.59 0.51 0.55
Corolation
coeficient
p-value<0.05 U e 5 aildlu 5 ,Shos oyl im0 g1 Jlw 2 )0 Jolge 10 Siwmod Jlos! 1 gy I yiiio ygo Jolge .V Jgu
Table 7. Common influencing factors of solidarity actions in each year on the annual yield of saffron with p-
value <0.05
sloo Sl gles Ol slos Sl s o b s el Sl el
als > g als e RS AL St Olbias) Al odl cels
Sep temp Autumn ) Yearl h
Jun terpp Jul terpp August t'emp domain sunhour Winter early sunhour
domain domain domain sunhour
le o,los
e 39 40 41 42 72 73 74
Factor number
o S
Corolation -0.59 -0.63 -0.68 -0.72 +0.65 +0.68 +0.62

coeficient
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Table 8. The results of testing various methods to predict the saffron producing regions based on

climatic conditions

O3l et oy S CpnS a p = CJ}AJM‘BM o> goye Lagio

o495 Training Test oy s

method coefficient of coefficient of Training Test Mean

determination determination Mean Square Square Error
Error
Reg-Linear 0.40 0.21 0.09 0.36
purequad 0.57 0.21 0.04 0.78
reg-interac 0.54 0.25 0.05 0.44
Reg-Linear 0.56 0.28 0.04 0.40
Neur-Net 0.33 0.28 0.20 0.22
pattern 0.43 0.38 0.10 0.16
ClassDiscr 1.00 0.84 0.00 0.18
ClassTree 0.98 0.76 0.02 0.25
Regtree 0.91 0.69 0.01 0.17
Forest 0.97 0.68 0.02 0.24
KNN 1.00 0.66 0.00 0.26
Svm-linear 1.00 0.95 0.00 0.02
svm-poly 1.00 0.78 0.00 0.15
Svm-rbf 1.00 0.93 0.00 0.03
svm-L2 0.71 0.54 0.21 0.36
MultSvm 1.00 0.84 0.00 0.11
GMDH 0.42 0.38 0.13 0.21
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Abstract

Saffron is the world's most expensive plant and plays a significiant role in economic and social conditions
in arid and semi-arid areas, thus annual yield prediction of saffron is very important. In this study, the
prediction of saffron annual yield and identification of suitable areas of culture based on climatic
parameters and climatic parameters affecting the saffron yield using data mining in the province of
Khorasan Razavi is introduced. The results showed that by increasing the average temperature of the cold
months and decreasing the average temperature of warmer months, the crop yield increased. Increased
rainfall and sunshine hours during the growing season resulted in enhanced yield. Saffron yield had the
greatest negative correlation with maximum temperature of April, the lowest negative correlation with the
maximum temperature in May and the greatest positive correlation with maximum temperature of
February and the lowest correlation with the minimum winter temperature. The results showed that
various data mining techniques predicted suitable areas for cultivation better than annual yield. Among
the models used, linear support vector machine (SVM-linear), radial basis functions SVM (SVM-rbf) and
classification discriminant models had a better performance than others and their determination
coefficient were 0.95, 0.93 and 0.84, respectively. Moreover, a good correlation was obtained between the
area of cultivation and the saffron yield.
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