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Figure 1 - Geographic location of the study station.
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Table 1- Statistical characteristics of the parameters used
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Parameter Minimum Maximum Average Standard deviation Coefficient of variation
(C) Jl> slos ggans 2680.80 340140  3151.59 210.20 0.07
Total minimum temperature
C) )ﬁ%‘» sle> ggacne 8381.50 9554.20 8986.77 290.04 0.03
Total maximum temperature
(2] o %’b) &M 1900.28 2323.28 2089.24 97.12 0.05
Total relative humidity
(M) (53, ggae 71.40 22000 14625 42.44 0.29
Total rainfall
(mm.d7) 5 % &w’u 1351.55 1889.77 1580.49 173.36 0.11
Total Evapotranspiration
BN
(kgha™) e 2,ae gyacne 1.93 7.06 448 1.09 0.24

Total yield of saffron
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Table 2- Input parameters in different scenarios
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Scenario

$39,9 Syl
Input parameters

a

b

~»n ".0T OB B A= ~Z 0

Tminbahan Tmimabestam Tminpaeiza Tminzemestam Tmaxbahara Tmaxtabeslam Tmaxpaeib Tmaxzemestana Pbahan Ptabestam Ppaeiz; Pzemestam ETbahara

ETtabestam ETpaeiz: ETZemestan: RHbahar: RHtabestany RHpaeiz: RHzemestany Yleld

Tmimabestau: Tminpaeiz: Tminzemestam Tmaxbahar: Tmaxtabeslam Tmaxpaeiz: Tmaxzemestany P bahars P tabestans P paeizs P zemestans ETbahar: ETtabestana

ETpaeiza ETzemestam RHbahan RHtabeslam RHDaeiza RHzemestana Yield

Tminpaeiz: Tminzemestan: Tmaxbahar: Tmaxtabestan: Tmaxpaeiz: Tmaxzemestam P bahars P tabestans P paeizs P zemestans ETbahar: ETtabestam ETpaeiz:

ETzemestam RHbahan RHtabeslam RHpaeiza RHzemestana Yield
Tminzemestan: Tmaxbahar: Tmaxtabestan: Tmaxpaeiz: Tmaxzemestan: P bahar> P tabestan> P paeizs P zemestan» ETbahar: ETlabestan: ETpaeiz: ETzemestan:
RHbahan RHlabestana RHpaeiza RHzemestana Yield
P bahars Py P paeizs P ETbahar: ETtabestam ETpaeiz: ETzemeslau: RHbahar:
RHlabestana RHuaeiD RHzemestam Yield

Tmaxtabestan: Tmaxpaeiz: Tmaxzemestam P bahars P tabestan» P paeizs P zemestans ETbahar: ETtabestam ETpaeiz: ETzemestana RHbahar: RHtabestam
RHDaeiza RHzemeslam Yield
Tmaxpaeiz: Tmaxzemestam P bahar» P tabestan» P paeizs P zemestans ETbahar: ETtabestau: ETpaeiz: ETzemeslam RHbahar: RHtabestam RHpaeiz:
RHzemestam Yleld
Tmaxzemestam Pbahar: Ptabestany Ppaeiz: Pzemeslan: ETbahar: ETtabestany ETpaeiz: ETzemeslam RHbahar: RHtabestam RHpaeizy RHzemestany Yield
Pbahar: Ptabeslany Pnaeiz: Pzemestan: ETbahar: ET[abestan: ETnaeiz: ETzemeslau: RHbahar: RHtabestam RHnaeizy RHzemesIany Yield
Plabestam Puaeiz; Pzemestan; ETbahara ETtabeslaﬂ; ETDaeiza ETzemestam RHbahara RHlabestam RHuaeiD RHzemestana Yield
Pnaeiz; Pzemestam ETbahara ETtabestam ETnaeiza ETzemestam RHbahar; RHtabestam RHnaeiza RHzemestam Yleld
P zemestans ETbahar: ETtabestany ETpaeiz: ETzemeslany RHbahar: RHtabestam RHpaeiz: RHzemestam Yield
ETbahar: ETtabeslana ETnaeiz: ETzemeslan: RHbahar: RHtabestam RHnaeizy RHzemeslam Yield
ETtabeslaﬂ; ETpaeiza ETzemestam RHbahara RHlabestana RHuaeiD RHzemestana Yield
ETnaeiz: ETzemeslan: RHbahar: RHtabestam RHnaeizy RHzemesIany Yleld
ETzemestam RHbahan RHtabeslam RHpaeiza RHzemestana Yield
R-Hbahan RHlabestam RHDaeiz: RHzemestan: Yield
RHlabestana RHuaeiD RHzemestam Yield

RHDaeizy RHzemeslau: Yield

RHzemestam Yleld

Tmaxbahar: Tmaxlabestan: Tmaxpaeiz: THM
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Table 3- Results of KStar model for determining optimal models for saffron performance prediction
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Scenario Input parameters
a Tminbahar: Tmimabestam Tminpaeizv Tminzemestam Tmaxbahar: Tmaxtabeslam Tmaxpaeiz: Tmaxzemestam P bahars P Iab.estau: P paeizs P zemestans ETbaharv
ETtabeslan: ETDaeizv ETZemestan: RHbaharv RHlabestana RHuaeiz: RHzemestam Yield
c Tminpaeizs Tminzemestans Tmaxbahars Tmaxtabestana Tmaxpaeizs Tmaxzemestans Pbahara Ptabestans Ppaeizs. Pzemestans ETbahars ETtabestans ETpaeiza
ETzemestana RHbahara RHlabestana RHuaeizs RHzemestans Yield
d Tminzemestan: Tmaxbaharv Tmaxtabeslan: Tmaxpaeizv Tmaxzemestam P bahars P tabestans P paeizs P zert}eslanv ETbahar: ETIabestanv ETpaeiz: ETzemeslanv
RHbahars RHlabestana RHpaeiza RHzemeslana Yield
e Tmaxbahars Tmaxtabestana Tmaxpaeiza Tmaxzemestana Pbahara Ptabestaus Ppaeizs Pzemeslana ETbahars ETIabestana ETpaeiza ETzemestam RHbahara

B r— =55 =

RHlabestana RHuaeiza RHzemestam Yield
Tmaxtabestanv Tmaxpaeiz: Tmaxzemestam P bahars P tabestan» P paeizs P zemestans ETbahar: ETtabestanv ETpaeiz: ETzemeslam RHbahar: RHtabestam
RHDaeiza RHzemestans Yield
Tmaxzemestam Pbahar: Ptabestana Pnaeiz: Pzemestam ETbaharv ETIabestan: ETnaeizv ETzemestam RHbaharv RHIabestanv RHnaeiz: RHzemestam Yield
Pbahars Ptabestana Puaeiza Pzemestans ETbahars ETlabestana ETpaeizs ETzemestans RHbahars RHlabestan’ RHDaeiza RHzemeslana Yield
Plabestan: Puaeiz: Pzemestan: ETbaharv ETtabeslan: ETDaeizv ETZemestan: RHbaharv RHlabestana RHuaeiz: RHzemestam Yield
Pvaeizs Pzemestans ETbahara ETtabeslans ETuaeiza ETzemestans RHbahars RHlabestan’ RHDaeiza RHzemeslana Yield
ETbahar: ETtabestanv ETnaeiz: ETzemeslanv RHbaharv RHIabestanv RHnaeiz: RHzemestam Yield
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Table 4- Results of LWL model for determining optimal models for saffron performance prediction
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Scenario Input parameters
a Tminbahar: Tmimabestam Tminpaeizv Tminzemestam Tmaxbahar: Tmaxtabeslam Tmaxpaeiz: Tmaxzemestam P bahars P tabestans P paeizs P zemestans ETbaharv
ETtabeslans ETpaeiza ETzemestans RHbahara RHlabestans RHuaeizs RHzemestana Yield
b Tmimabeslam Tminpaeiz: Tminzemeslan: Tmaxbahar: Tmaxtabestanv Tmaxpaeizv Tmaxzemestan: P bahars P tabestan» P paeizs P zemestans ETbaharv ETtabeslanv
ETnaeiz: ETzemeslanv RHbaharv R—Htabestam RHnaeiz: RHzemestam Yield
c Tminpaeizs Tminzemestans Tmaxbahars Tmaxtabestana Tmaxpaeizs Tmaxzemestans Pbahara Ptabestans Ppaeizs Pzemestans ETbahars ETtabestans ETpaeiza
ETzemestam RHbahara RHIabestana RHnaeizs RHzemestans Yield
d Tminzemestan: Tmaxbaharv Tmaxtabeslan: Tmaxpaeizv Tmaxzemestam P bahars P tabestans P paeizs P zemestans ETbahar: ETIabestanv ETpaeiz: ETzemeslanv
RHbahar: RHIabestanv RHnaeizv RHzemestam Yield
e Tmaxbahars Tmaxtabestana Tmaxpaeiza Tmaxzemeslana Pbahara Plabestans Ppaeizs Pzemestana ETbahars ETlabestana ETpaeiza ETzemestana RHbahara
RHIabestam RHnaeiz: RHzemestam Yield
f Tmaxtabestana Tmaxpaeizs Tmaxzemestana Pbahara Ptabestana Ppaeiza Pzemestans ETbahars ETtabestana ETpaeizs ETzemestans RHbahars RHtabeslans

RHDaeizv RHZemestan: Yield
Tmaxpaeizs Tmaxzemestana Pbahara Plabestana Ppaeizs Pzemestana ETbahars ETlabestans ETpaeizs ETzemestana RHbahara RHtabestans RHpaeizs

e =5 09

RH_emestans Yield
Tmaxzemestana Pbahars Plabestans Puaeizs Pzemestana ETbahara ETlabestans ETpaeiza ETzemestana RHbahara RHlabestan’ RHuaeizs RHzemestans Yield
Pbahars Ptabestana Puaeiza Pzemestans ETbahars ETlabestana ETpaeizs ETzemestans RHbahars RHlabestan’ RHDaeiza RHzemeslana Yield
RHbahars RHIabestana RHDaeiza RHzemestam Yield
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Table 5- Results of KStar model in prediction of saffron yield

It olbejl

4, 92yl Training Testing
Rating  Scenario R? MAE RMSE 2 MAE RMSE

(Kg.ha') (Kg.ha') (Kg.ha') (Kg.ha')
1 e 1.0000  0.0000 0.0000  0.9888 1.3990 2.1036
2 m 1.0000  0.0000 0.0000  0.9791 1.0274 1.4841
3 k 1.0000  0.0000 0.0000  0.9781 1.3754 2.0895
4 f 1.0000  0.0000 0.0000  0.9588 1.5623 2.1330
5 d 1.0000  0.0000 0.0000  0.9415 1.4927 2.1246
6 h 1.0000  0.0000 0.0000  0.9409  1.3307 2.0876
7 j 1.0000  0.0000 0.0000  0.9361 1.3292 2.0872
8 i 1.0000  0.0000 0.0000  0.9262 1.3178 2.0871
9 c 1.0000  0.0000 0.0000  0.9251 1.5180 2.1350
10 a 1.0000  0.0000 0.0000  0.9033 1.5450 2.1481
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Table 6- Results of LWL model in prediction of saffron yield
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P 925U Training Testing
Rating Scenario R? MAE RMSE 2 MAE RMSE

(Kg.ha')  (Kg.ha') (Kg.ha')  (Kg.ha™)

1 a 0.9168  0.2497 0.2784  0.4755 1.0964 1.9128
2 b 09105  0.2674 0.2901  0.3541 0.6974 1.1212
3 f 0.9044  0.2690 0.2940  0.3217  0.7142 1.1336
4 e 0.9019  0.2724 0.2974  0.3483  0.6984 1.1175
5 d 0.9004  0.2751 0.2990  0.3307  0.7026 1.1255
6 g 0.8976  0.2745 0.3027  0.0087  0.7599 1.1500
7 c 0.8921 0.2924 0.3120  0.0821 0.7527 1.1390
8 h 0.8904  0.2836 0.3130  0.0136  0.7536 1.1500
9 q 0.8902  0.2785 0.3176  0.8279  0.7979 1.1612
10 i 0.8870  0.2906 0.3235  0.3048  0.7002 1.1265
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Figure (2b)- The scenario e of the KStar model at the testing stage.
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Figure (2a)- KStar model scenario in the training phase
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Figure 2- The results of the scenario e in the KStar model for predicting the yield of saffron.
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Abstract

Saffron as the most precise agricultural and pharmaceutical product of the world has a specific place in
industrial and export products of Iran. Nowadays, Iran is the largest producer and exporter of saffron in world
and up to 93.7% of production of this valuable commodity belongs to Iran. Despite the antiquity of saffron
cultivation and added value of this product compared to other current crops of Iran, fewer shares of new
technologies are dedicated to saffron and its production is mainly based on indigenous knowledge. In this
paper, multiple models are employed to evaluate and develop the performance of KStar and LWL in order to
get an estimate on production yield of saffron based on climate parameters. The calibration and evaluation of
models are obtained from the statistics of crop yield and climate factors between years 1988-2017. In order to
evaluate the employed models, the following statistical criteria were used: Coefficient of Determination (R?),
Mean Absolute Error (MAE), Root Mean Square Error (RMSE) and Nash- Sutcliffe (NSE). From among the
proposed models, the KStar model is in the e-scenario with an R? of 1.00, MAE and RMSE of 0.00 and NSE
of 1.00, which has good accuracy in estimating production yield of the saffron plant. This precision of the
KStar model has made it easy to estimate performance of saffron in different areas of the country based on the
data available at different stations.
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