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ABSTRACT

This study develops a forecasting model for bulb weight of median-late variety
onion to alleviate supply-demand imbalance. The actual measurement data in
2020/2021 are from the Korea Rural Economic Institute (KREI). A multilevel
model is applied to reflect the hierarchical data characteristics consisting of
growth indicators in individual units and meteorological factors in parcel units.

The results are as the following:

The harvest timing should be considered when constructing the forecasting model
since the weights vary depending on that. The growth indicators, especially the
number of leaves, at the early bulb enlargement period and the number of opti-
mum temperature days during the bulb enlargement period show the positive ef-
fects on the bulb weight at the harvest. It is possible to forecast the growth in-
dicators at the early bulb enlargement period using those at the early leaf elonga-
tion period. When applying the estimation results for 2020 and 2021 data, the
growth indicators at the early bulb enlargement period can be explained as much

as about 90% based on those at the early leaf elongation period.
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(A1%)
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A X712(°C) 11.80 0.94 9.13 13.41
A7 242 (D) 4.61 2.22 2.00 20.00
T24(d) 11.38 6.50 0.00 24.00
2ugy) | FRGAREM] /) 630.62 112.57 444.30 877.61
(782D | A ARRZHARY) 192.81 35.81 131.07 264.18
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4 (%) 6.15 1.83 3.00 9.00
28 A Pk 7.41 9.48 0.00 31.85
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M1 27.995 0.055 108.52 0.0000 0.186 0.398
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ol M4zt AatAnt. Mo A AR AT A, £ dyelMs dHaRE 7R 714 akle) i
52 Lokt webA 7k waeo) WA EARHE M4 B S HT mE 02 HAstg] o, T

W A2 0% 1RE Y] B4 Ak ofe) < 7>3} Lk,

B7. 75 0S2YE =4 24
M1 M2 M3 M4
Fixed Effects
Intercent 313.295" 241.137" -196.071"* -217.694"
P (8.849) (26.334) (47.094) (46.509)
D10 78.134™ 78.712™" 83.188 ™"
(28.329) (26.250) (23.360)
D11 82.715" 86.415"" 116.608 ™"
(30.127) (27.750) (29.134)
1.021™ 0.943"
Z X
Z%(cm) (0.433) (0.421)
o 2(f) 17717 18.702*
=T (3.225) (3.190)
° 2.063" 1.886"
A2 &%) (1.013) (0.998)
6.910""" 6.838"""
oAxA
8573 (mm) (1.082) (1.060)
5.320™
AR7129(2) (2.699)
-11.274"
124Y) (4.721)
Error Variance
Level-1 7078.801 """ 7077.233™" 5317.634™ 5318.974"
(438.574) (438.380) (330.517) (330.534)
Level-2 Intercent 2752.212"" 2212.908 " 1901.996 1407.654""
P (718.225) (598.932) (523.670) (410.710)
ICC 27.995 23.820 26.345 20.927
Model Fit
AlCc 6671.079 6667.439 6519.106 6513.101
BIC 6676.078 6689.105 6558.106 6560.767
2t xxx:0 p<0.01, **: p<0.05, *: p<0.1
A% wHQI Mao) 24 Ak v R T 2 94 97 2AL AR -8 el 7

2 7)202 B WsEe grol Barol AT ), 103 113 24 A7) £:348 ok 22}
61

83.19g, 116.61g H=2] F

A7 E b Ao =

2 EAE ol B AT 5
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61.904,
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0.000
0.000
0.000
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T HIt 271

0.50mm Z7}5l= Ao 2 B

7gol 159 S7Fd o) 2424 0.05mm, 0.45mm,

5] AL Fbe T HY 27] A=A
o +(-)8 9&F& F= A= Uehth o= G4 &% ool A aLol o3 Al 7} dAsto] A
ol EAT= 7€ A7 Aot LA 74|
oA 2ok HEH 71 allol

1%

E 0. FH| 27| 4] XZ S28 HY A| D28 £FH MyHL
Fixed Effects Z&(cm) s R AETH| (%) H=F(mm)
Intercent 21.996"* 3.745 6.490 5.878""
P (6.857) (0.983) (1.837) (1.940)
25t cm) 0.558 " 0.042" 0.051"*
=6 (0.039) (0.016) (0.019)
0.928" 0.312"" 0.451""
- aAaA
Level-1 A(Th) (0.272) (0.048) (0.131)
-0.219" -0.047"" 0.565
o X AH|S
BRI &(%) (0.105) (0.017) (0.046)
0.091*** 0.495"**
%A
4273 (mm) (0.017) (0.051)
0.673. 0.089"
Q,
Ha712(C) (0.344) (0.050)
2.567""
ATDEIC) 0799)
Level-2 0.255" 0.150
d7] Q@ 01A(0] . .
BA712d (D) (0.101) (0.113)
-0.819"
124(Y) (0.189)
Error Variance Estimate Estimate Estimate Estimate
Lovel-1 36.944"" 0.952"** 7.168"" 7.099"**
(2.292) (0.059) (0.445) (0.441)
Lovel-2 Intercent 20.933"" 0.447"" 3.406""" 4.271°
P (5.255) (0.115) (0.889) (1.071)

2 %1 p<0.01, **: p<0.05, *:

p<0.1
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4.2.2.2020/2021 ¥4 A3} v]a © = HF= HA

20219 6€ 21€ 71 KREIGA= 102} Ag2AF 25702 F708kaL QLo B2, 20201 A+
ZAARE RO R FAE Tt 27 K AF S RY S 2021'd AF2A AR TR
243 5= ik o]ofl - = 202019 AEFA ARE o] &3l =& T vl 27] S A
F SEF SAATd T EFE 2021d AKRA AR IR A EH S vl 2HEEE
3| AA T Atolol] BAIA FAM S EA T & B0, T HIY 27](73 24 G5 ASEH o=
<} 10>} o] § AA7I(53F 2Ah 9] G, G2, Q2A 0l F5-19 AR AHEE ]
o} & Aol A= A7IRE T HIY 27] Aol 9] 713 AR RARE 3-SR o) &
A eYste] G A7) 2710 T vt 7] 27] AR FA 0] 7t ER Sk, ol $A AAIEE T
T ASEF M39} AR FEjoltt,

A& 2T FLH 42 A5 A Sl A By 28] Bdde A5l on,

E29 100 3 BF 1% FEA FALOE 493 20 Yeht EEE 280 ey e

= ICC Std. Err. Chisq Prob [95% Conf. Interval]
EN 55.583 0.078 173.92 0.000 0.402 0.700
P 27.869 0.075 51.82 0.000 0.156 0.446
PN E=S 40.682 0.083 160.26 0.000 0.259 0.573
P 40.682 0.083 86.32 0.000 0.259 0.573

S

Tho] <3 12~15>9F <17 2>=2020'A 7 Pt 27] A5 A &£ S 2Y 9| &4 2} s
B23E 202113 A0 IhE H838151S 752 #4 AIE vehdt 20201, 202139 37
A Bla A, B S| AA T F57F FY8H 1 37 B8 5% ool BAH R F4)
B3 A 0.2 vhebgth Tk 202113 9] G2GUE-E 5% oA BAIA fro) L Bsk) Ba
ERAOR BAHUTE G A7)0 24, A, QAR &o] FE- 19 AR AFRE T
2719 2% 1SRG ] A9 A A S AAIGTE 5% frolFEolM SAH o2 FApER

Aoz EHAT ot 2021'd ot G2HEo] 7 Hid) 2719 24 vA= 9F 5%
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AA718 243 Q7m0 19 AR AN, 2020, 20213 9] 3 FAIS

v A, BE 3AAGY B3 9 377} 5% Folsol A FAEs 02 Yeldth Eo2

H A7 2%, A, AR 19 AT E AR T I 27] 924 SR A

T ARHTE A= 73| AATES] Fo7 Tt 11 A7) T8 5% fro] ol A FapE A
AR

ok ok 2021 7 HIT) 2719] G270l G A7) G PRl SEFE 5% 2

rl

2)
ded 4 2928 Tt vt 2th G A7 S ARE R ez FAE 7 HY 27]
I SEF 2] 2020197 2021139 IAATEL 5% Fro|FEolA FAA R FApEd

i
o
2
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d SFAAI 1 2717} vl FARE 202 el s AR s oSl 285k o] B

H12.2020/2021 7 H|f X=7| P+ I EEYE =M Zut

2020 2021

Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 5.340™ 0.397 52817 0.489
A4(h) 0.323™ 0.047 0.323" 0.068

Level-1 -

A2 E(%) -0.046™" 0.017 -0.014 0.022
HE7(mm) 0.089 ™ 0.017 0.060 " 0.024

Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 0.952™ 0.059 0.795™ 0.067
Level-2 Intercept 0.482"" 0.123 0.245™ 0.098

2% p<0.01, **: p<0.05, *: p<0.1
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H13.2020/2021 L HICf =7| =& | E2H &M 21}
2020 2021
Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 39.916" 3.133 45,6927 0.053
Z7Hcm) 0.574" 0.039 0.513™ 4.075
Level-1
A4(Th) 0.952*" 0.274 0.444 0.492
A2 &(%) -0.186" 0.106 -0.163 0.162
Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 36.949" 2.292 42.9337" 3.606
Level-2 Intercept 28.846 """ 7.009 21.438™* 7.641
Z2 %% p<0.01, **: p<0.05, *: p<0.1
H 14.2020/2021 T H|ch =7| F=HH|E 52 =AM Ao}
2020 2021
Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 9.824"" 1.230 11.680 " 1.299
Level-1 Z7%Hcm) 0.043™ 0.016 0.048™ 0.015
BER]2(%) 0.556 " 0.046 0.408 " 0.054
Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 7.168"" 0.445 4,838 0.404
Level-2 Intercept 4.010™ 1.025 2.899" 0.952
%% p<0.01, **: p<0.05, *: p<0.1
H 15.2020/2021 F H|tf 7| = 652 2A 2}
2020 2021
Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 6.864 " 1.300 7.2307" 1.277
Z7Hcm) 0.037" 0.019 0.055"" 0.019
Level-] B2 () 0371" 0.131 0.273 0.177
AE7(mm) 0.524™ 0.051 0.392" 0.061
Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 7.106" 0.441 4531 0.381
Level-2 Intercept 6.423"" 1.567 48927 1.588

Zen xxx: p<0.01, **: p<0.05, *: p<0.1
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7X G4 I E=
0.500 2.000

O 5% 2122020 [ 5xt %2020
0400 N 1500

0 5% 2132021 O s =%12021
0300 1.000
0.200 O st 2736182020 N == O sxt 222020
0.100 O 5%t 3=3EI§2021 ’ O s 222021
= - =
0100 El 5Kt HZ242020 0500 [ sxp 2 =%H| 82020

5Xt SZH2021 O s 23| §2021
0200 -1.000
7A SxFEHI g 7R G=F
0.700 0.700
0.600 0.600 O sxt %2020
. O st %2021
0.500 O sz =%2020 0500
4

[ 5%t Z%2021 0400
0400 0300 [ sxt 242020
0.300 0.200 [ sxt S5=2021

O 5x Q=% 82020 0100 T
0200 O 5% 2882021 ‘ BaEd

0000 Xt SE22020
0.100
| —— -0.100 s 2E22021

0.000 - -0.200

npA e & - H|Y] 27] A5 AR dSRE Y A s g2l 218 2020 AATE ©]
g3t 2021 FAXE &30, o]F 2021'd AZX]9} vlwste] HHdoH]-& 2 X Mean
Absolute Percentage Error: MAPE)E AWt TIH 3>, B4 23, 24, |5, d240lE&
Azl 3 MAPEE 22} 6.65%, 8.36%, 8.41%, 11.36%2 UER} A2 02 %2 o= A
St 5 Hol= 210 ' BAE T o) ¢ A7) S AEE o] &t 7 HIt) 27 A

[e)
Tﬁ'
WA 5 o1 2T 5 Tk A ulse] T3 o3 A7) 8 BT E T 9D 5 ok

10 20209 ARE vieo 2 A4S 20219 F WY 27] AF AR FHAE 029 42 w2 AEHATh V= 200,20
+ Z ~ 1Yoq.200 Wo(i).20m Zp 1750,2020X pij, 2021+ 4714 &t A (subscript) 2020, 2021-2 AHE-H A9 ZAF AEE ofn|git)
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