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Abstract

Onions are grown in a few specific regions of Korea that depend on the climate and the regional characteristic
of the production area. Therefore, when onion yields are to be estimated, it is reasonable to use a statistical
model in which both the climate and the region are considered simultaneously. In this paper, using a spatial
panel regression model, we predicted onion yields with the different weather conditions of the regions. We
used the spatial auto regressive (SAR) model that reflects the spatial lag, and panel data of several climate
variables for 13 main onion production areas from 2006 to 2015. The spatial weight matrix was considered
for the model by the threshold value method and the nearest neighbor method, respectively. Autocorrelation
was detected to be significant for the best fitted model using the nearest neighbor method. The random
effects model was chosen by the Hausman test, and the significant climate variables of the model were the
cumulative duration time of sunshine (January), the average relative humidity (April), the average minimum
temperature (June), and the cumulative precipitation (November).
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HAAQ J&ge njx+= ZloezZ Yegth. Namd} Choe (2015)E A}7]3]# Al X} (autoregressive and
distributed lags) 2oz AujdA I} s oS3, FuF E3A)7] 27t dS Atk A4k
2 wjAEE 2] 729 e uEP Y g A3} gy, ARES ASEAS 1E s A W

7 maslo} beZbg o3 Eel 49 etk o714 200695 E 20159744 1329 o
1 B85 ALHARGE FHo4] sl e A

sh F4A9] B4 (100 A4 (ke)) %
FAE S ek olsh vl FAAS) HA AL A, A A% 5 PEAR] 9550 2
o] ASY BAe) AT AcIel AYo] STAYRYE 2B BAE AU, & 22 A
Yol B LR R vl A%, A 3FAAE B4 AHSE A5 ABAT A 4FAHE
2AATE AN, A 5L 22 D %WMI ohsh Al e

ot 5ot Aol Ak MR ddso] = ARE AAL A (time series data) il
3}, ‘”Wi 573 /\] ”01] 0431 A Aot EA E= < A A5 (cross sectional

So FdHARE stUE FAF2 A5 oItk
theat 2ol Aol wd ﬁ'éilﬂ_‘iﬁéoﬂfﬂ,
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2.2. 37UIEUY2|?| 2% (spatial autoregressive model; SAR)
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FHUS T SPuce] Y F540) Yk A 54 SPAs] AR Wske YA 5
SHpolA FFL v AW ope} ohE A o] FHASAE IS 0 £ ek wEkA ol
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SR A W HAFE ARSE ZERE 2006 FE 2015 74 SA A AlFshe 137 Al
9] 10a% %5} AAkFo|t} (Table 3.1). % A2 A= v} 22 x| o|n, AZtin] Fu} 53hH =
HE-2 (20109 FHAAZRAL 71, BAF) T4 19.97%, Ak 9.35%, F3T 6.76%, 3l
6.53%, AFA 6.17%, AT 5.48%, THT 5.45%, 1T 2.82%, @om 2.60%, =T 1.24%, T
AT 1.11%, 9787 1.09%, A 1.01%S Hstal vk dWHsEs 5E35% (RDA, 2013)9]
ARE Fxote] Fub AFel FFE VA= F8 7VINFEA i‘:, rE, w5, A 5 19
sttt Z1dAEE 71 lA Al et 2006135 20153712 9 V)G AEE A}%v}‘ﬁu} (Table
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Table 3.1. Onion yield(kg/10a) in major planting regions

A= AF 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006
2ok 6,017 6,051 5713 5500 6,977 6,787 7,949 7,090 7,646 5,759
Aok 5978 6,152 5,785 5570 6,669 7,047 8284 6,633 6,965 5727

A B%W 5562 6,975 6,283 5,567 5926 5,788 6,817 5936 6,521 5,978
g 4,909 5,600 5148 4,182 5796 6,074 7,209 6,815 6,224 5,551
uE 6,808 6,638 5862 5419 6,964 6,509 6,542 6,168 6,247 5,016

AFE AF 6412 7,213 6,580 6,338 7,032 5078 5,790 6,147 6,231 5,918
A3 6,711 7,086 7,716 5088 7,827 7,264 8,548 6,882 7,255 6,042

A @eF 6,645 7,577 8317 7,588 8611 7,911 7,982 6915 6,860 6,577
W 5685 7,519 8,321 6,012 7,060 6,941 8581 6,701 7,014 5787
gAd 5329 6,894 7,585 7,410 7,350 6,094 6,744 6,657 6,837 6,208

- o4 5270 6,075 7,363 5,709 7,381 7,529 6,487 7,416 6,824 6,306
29 5921 7,647 7,448 6,250 7,484 6,038 6,395 6,539 6,060 6,059
A% 6,552 7,523 7,975 6,992 7,608 7,492 8,727 7,560 8,447 7,979

Table 3.2. Variables of the panel regression model

kil Al F2L R
y o Ak (kg/10a) 20062015, |98 10a %} A48
4 F#712(°C)
4 FFHA72(°0)
2 PFH17)L(°C) 2006-2015, A1 9E 24 7144 o] ¥
x 9 2742 (mm) (79-129: RAE 7AAE,
4 FFNE=E (%) 19-69: sIAd= 713A%)
4 FA YR A2k (hr)
4 FgAHLE(°C)
A5 S0 2015 3% o} T Akl v X 71448 AEL 2014 TERE 2015 6971R|9] A}
E7F ARSETE 7143EI7 Sl A Aol 7P A e A Z13AEE dAls
ok
A AEe AR 8479 714 olEE &85t the A dAAEY WS S8 Rt
WERES MESgith (FoleE: Y 0.05, AlA 0.1). tHE3ARS-HAAH S St 19 +
AARAZE, 49 BaAUNEE, 62 BEIA 72, 69 FH7|2, 89 FdH A7, 119 T84l
A=t ASE D 714REY 7128 A kel Table 3.3 2] o] Ut
2890 AgAL olFfolA AR 7]F(Akaike information criterion; AIC), B o] 2| ¢F AW 7]Z(Bayesi-

an information criterion; BIC) Zt2 &-83lo] 237t AT S nwslay AA AH8E A3 At
oluf N*& #HEx9] 4, k*= 349 8459 4 likelihood= H )L T2 o u]sic}.

AIC = -2 x In(likelihood) + 2 x k¥,
BIC = —2 x In(likelihood) + In(N™) x k*.

S (R BRAY] st} AYWSE AT theh FUAI AT AR pge] WelE
of £ 0T 5 ok o RA] MWL 5ghe
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Table 3.3. Simple statistics

Sungchun Choi, Jangsun Baek

4 FAT #Hle B9IAV Hedure FAATE 3eddss FALRAR FEAE2E
Mean 0.29 —4.57 5.92 21.14 62.81 159.74 0.92
19 Std. Dev 2.50 3.50 2.16 21.94 9.03 38.43 2.01
= Min —7.02 —14.94 —1.81 0.00 42.25 33.90 —5.19
Max 7.41 5.05 10.16 156.80 83.46 239.70 6.23
Mean 2.60 —2.56 8.46 43.94 62.53 156.94 3.59
99 Std. Dev 2.21 2.88 2.22 30.91 8.57 32.35 1.95
= Min —2.61 —10.90 2.36 0.30 43.76 59.60 —0.68
Max 9.09 5.91 13.34 137.50 81.27 225.10 9.00
Mean 6.91 1.09 13.17 67.05 60.43 200.45 8.83
39 Std. Dev 1.46 2.15 1.89 39.57 8.25 39.53 1.43
= Min 2.96 —4.45 8.53 7.00 42.35 109.30 5.25
Max 10.78 7.52 17.30 171.90 80.17 263.20 12.36
Mean 12.09 5.99 18.53 96.99 61.83 200.82 14.86
19 Std. Dev 1.40 1.95 1.94 55.34 6.87 25.38 1.65
= Min 7.98 1.47 13.38 20.00 50.81 150.30 10.66
Max 15.08 11.95 22.75 311.10 83.30 247.10 18.39
Mean 17.76 11.87 24.25 113.20 65.50 225.28 21.55
59 Std. Dev 0.97 1.42 1.94 55.45 6.74 38.37 1.66
= Min 14.82 8.41 19.83 22.50 53.20 66.40 17.39
Max 19.83 15.85 27.98 297.00 82.43 298.70 25.74
Mean 21.60 17.34 26.81 125.23 74.01 156.67 25.56
69 Std. Dev 1.13 1.21 1.84 83.09 6.98 32.83 1.85
= Min 17.20 14.73 21.72 23.60 58.09 71.00 20.57
Max 23.66 20.28 30.52 431.10 91.13 244.80 30.42
Mean 25.12 21.87 29.38 280.29 80.68 133.22 27.97
79 Std. Dev 1.37 1.33 1.77 152.54 6.31 33.54 2.00
= Min 21.37 18.89 24.66 14.70 70.69 39.30 23.59
Max 28.66 25.73 32.99 738.50 95.02 247.10 34.02
Mean 25.84 22.40 30.49 262.85 79.23 162.23 28.95
82l Std. Dev 1.52 1.59 1.95 150.52 6.37 50.20 2.14
= Min 21.47 18.92 24.81 48.10 65.38 66.10 24.40
Max 29.14 26.35 34.75 656.10 96.29 280.00 33.85
Mean 21.36 17.25 26.73 146.21 76.92 157.81 24.36
99l Std. Dev 1.34 1.92 1.27 149.97 5.26 30.88 1.61
= Min 18.32 13.03 23.33 9.00 61.50 61.40 20.86
Max 25.07 22.81 29.46 880.00 93.33 219.00 29.99
Mean 15.40 9.98 22.21 51.03 71.45 198.92 17.68
109 Std. Dev 1.59 2.57 1.34 34.18 5.11 26.66 1.50
= Min 11.94 4.57 19.09 4.00 55.17 131.90 14.53
Max 19.86 16.67 25.45 167.50 87.79 244.20 22.01
Mean 8.64 3.40 14.93 48.02 67.58 157.71 9.24
19 Std. Dev 2.21 3.34 1.41 43.56 6.48 29.82 2.01
= Min 4.16 —3.38 11.23 0.00 51.33 67.20 5.20
Max 15.69 13.42 18.38 231.30 85.67 220.30 14.91
Mean 1.80 —2.94 7.33 30.33 65.13 147.98 2.20
129 Std. Dev 2.55 3.40 2.05 25.68 8.19 35.20 2.09
= Min —4.85 —12.02 2.25 0.10 48.56 25.70 —2.57
Max 9.57 7.46 11.77 131.00 84.36 207.30 8.48
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Table 3.4. Minimum threshold method
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Table 3.5. Maximum threshold method

=

kS ¥ A 39 o4 AF B9 A= ¥F ¥4 @A A9

0

0.0510 0.1215

o o X 10 0@ > 0 {4 kI

T

0.0309
0.0782
0.0681
0.0351
0.0337
0.1136
0.0479
0.0407

0
0.0275
0.0304
0.2371
0.3536
0.0527
0.0930
0.1273

0.0777 0.0785

0.0258
0
0.2616
0.0283
0.0291
0.1192
0.0341
0.0306
0.0595

0.0950
0.0257
0.2348
0
0.0279
0.0292
0.1055
0.0327
0.0297
0.0578

0.0501
0.2051
0.0260
0.0285
0
0.1571
0.0523
0.1001
0.1775
0.0697

0.0473
0.3010
0.0264
0.0295
0.1546
0
0.0507
0.0729
0.0923
0.0703

0.0589
0.0165
0.0397
0.0392
0.0190
0.0187
0
0.0214
0.0202
0.0295

0.0737
0.0866
0.0338
0.0360
0.1078
0.0797
0.0634

0.2231
0.1211

0.0603
0.1145
0.0293
0.0316
0.1845
0.0975
0.0578
0.2154
0
0.0872

0.0978
0.0598
0.0482
0.0522
0.0615
0.0630
0.0717
0.0992
0.0739
0

0.1189
0.0288
0.2216
0.2606
0.0312
0.0325
0.1015
0.0379
0.0337
0.0717

0.0825
0.0807
0.0388
0.0417
0.0858
0.0784
0.0663
0.2122
0.1212
0.2227

0.1434
0.0245
0.1959
0.1206
0.0273
0.0275
0.1453
0.0332
0.0298
0.0543

0.0620 0 0.0474 0.1179
0.1852 0.0456 0 0.0378
0.0569 0.1429 0.0475 0

0.0814 0.0327 0.2364
0.0545 0.0880 0.0398
0.1193 0.0337 0.2533

0.2496
0.0384
0.1399

0.0306
0.0809
0.0324

0.0314
0.0727
0.0321

0.0361
0.0227
0.0626

0.0400
0.2155
0.0425

0.0343
0.1189
0.0368

ok o

o

ol 2 o o0 H1 ol 4N ox ¢ r2 S o oot

ol

2 corr?(Y,Y)

o

A A Al Aty AR =

]

=2 AHEekT

=
I
=~

=
I

574 2 M50 A
7

A Fehe= &l

=}

25 o] o1z] . A,
14 gk, A7 Aelg
ﬂﬂ”@ﬂwﬁAﬂﬂﬂ

Shsteh. A1)
TR,



880 Sungchun Choi, Jangsun Baek

Table 3.6. Closest distance method m = 2
9w A% 94 94 Ax B9 A=

=1
ofot

ot
o2
%
&
o
X
o
=
T

LN i=4
% 0 0 0458 0 0 0 0 0 0 0 0 0 05414
29 0 0 0 0  0.4052 0.5948 0 0 0 0 0 0 0
Fok 0 0 0 05145 0 0 0 0 0 0 0485 0 0
Al 0 0 0.5010 0 0 0 0 0 0 0 0.4990 0 0
d9xd 0 0.5624 0 0 0 0 0 0 0.4376 0 0 0 0
o4 0 06925 0 0 03075 0 0 0 0 0 0 0 0
AZF 0 0 04506 0 0 0 0 0 0 0 0 0  0.5494
23 0 0 0 0 0 0 0 0 0.5038 0 0 0.4962 0
A= 0 0 0 0  0.4431 0 0 05569 0 0 0 0 0
F 0 0 0 0 0 0 0 03523 0 0 0 06477 0
a9 0 0 04864 05136 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 05378 0 04622 0 0 0
Ad 0 0 06393 0 0 0 0 0 0 0 03607 O 0
Table 3.7. Closest distance method m = 3
IgE Y F AR g9d 94 AF B3 1= ¥ W A s
% 0 0 03168 0 0 0 0 0 0 0 03092 0 0.3740
29 0 0 0 0 0.3305 0.4851 0 0 01844 0 0 0 0
For 0 0 0 03600 0 0 0 0 0 0 03397 0  0.3003
A0 0 04070 0 0 0 0 0 0 0 04054 0 0.1876
Rl 0 04115 0 0 0 02683 0 0 03202 0 0 0 0
4 0 05815 0 0 02582 0 0 0 01603 0 0 0 0
A= 03005 0 03152 0 0 0 0 0 0 0 0 0  0.3843
O] 0 0 0 0 01897 0 0 0 04082 0 0 04021 0
AT 0 02412 0 0 03362 0 0 04226 0 0 0 0 0
g% 0 0 0 0 0 0 0 0.2811 0.2023 0 0 05166 0
3} 0 0 0.3915 0.4133 0 0 0 0 0 0 0 0 0.1953
gl 0 0 0 0 0 0 0 0.4148 0.2288 0.3564 0 0 0
A 0 0 04725 02610 0 0 0 0 0 0 02655 0 0

T 2|7 54 dAXE Ve 7]'77]'% BE AR A7FBA 0] EA 8t
al - BROF A AT A7t GAAEY 77k A BEe] A AAZE ARl o
F(wi; = dist(AFi, A95) " E AHE, A2 A7 AR He] B FeE ¢ i94 &
L 022 (w;; = 0)AFR3IT) A G7F 27| AARA o] HA4A% 132 oA A2 HA s 9
9} sldzre] A 141,900mE HAYAXZE AR YT, BE Aol A= A7) H
317] 8l 424,037TmE LA Z A= HS ARSSFATE (Table 3.4, Table 3.5). aeﬂa] A
A ERAGE 7SR 7P 7R mAA 7R A2 A= A7) G/ o] EAgka ddkst
= 22 m =39 AF AF} 7PF Fk 1, S slde] 2w
AF} FHARJA 7] FBES 7HAA Aok B8 dAgke 9 TAA AR ol EAS
BT AT A A4 (wiy; = dist(A Fs, Z]O—d. ) DNE ARREY T2 9 Y40 e 022 (w; = 0)

m =2 m =3, m =4 % 37[4 34L& AL3It) (Table 3.6, Table 3.7,
3= GeoDaJElaW(http //geodacenter asu.edu)S &3] 7}
71EL 2 ZF3 AIA Fda] Fol 1o] HEE st
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Table 3.8. Closest distance method m = 4

1% we we Ae 94 64 Ax A9 A= 9% @9 a4 a9
1% 0 0 0.2524 0 0 0 0 0 0 0.2032 0.2464 0 0.2980
9 0 0 0 0 0.2900 0.4257 0 0.1224 0.1619 0 0 0 0
F<2F 0.1070 0 0 0.3215 0 0 0 0 0 0 0.3033 0 0.2682
Aot 0.0958 0 0.3680 0 0 0 0 0 0 0 0.3666 0 0.1696
Rl 0 0.3467 0 0 0 0.2260 0 0.1575 0.2697 0 0 0 0
94 0 0.5141 0 0 0.2283 0 0 0.1159 0.1417 0 0 0 0
A 0.2349 0 0.2464 0.2182 0 0 0 0 0 0 0 0 0.3005
] 0 0 0 0 0.1597 0 0 0 0.3436 0.1582 0 0.3385 0
A= 0 0.1961 0 0 0.2734 0 0 0.3437 0 0 0 0.1867 0
ek 0 0.1540 0 0 0 0 0 0.2378 0.1711 0 0 0.4371 0
33 0.1188 0 0.3450 0.3642 0 0 0 0 0 0 0 0 0.1721
A 0 0.1449 0 0 0 0 0 0.3547 0.1956 0.3048 0 0 0
3d 0.1820 0 0.3865 0.2135 0 0 0 0 0 0 0.2180 0 0

Table 4.1. Estimated regression coefficients by threshold methods

W HAAA A o AA A
= Estimate pat Estimate pat
19 F8d=2=A 3.3824 0.0599° 3.4981 0.0512°
419 FFANE= —43.6638 0.0000*** —40.8556 0.0001***
69 FHA 7 173.0204 0.0050** 143.3902 0.0202*
119 ¥ 8 70% —6.0565 0.0000*** —5.5035 0.0000***
) 0.2643 0.0827 0.2949 0.0787
p 0.1990 0.0552' 0.3056 0.0134*
Hausman 0.9976 0.9372
AIC 2052.3790 2050.3530
BIC 2066.7170 2064.6900
corr? 0.4520 0.4500

(*#%): p-values between 0.000 and 0.001, (#*): between 0.001 and 0.01, (*): between 0.01 and 0.05,
(+): between 0.05 and 0.1; AIC = Akaike information criterion, BIC = Bayesian information criterion.

4. A2t

I AE AR W NI an Ry FH A= 47 Table 4.13% Table 4.2} 2t}
2y FAA SAATTE oA o2 M BT A9 dE e Wes AANSE oAl =45}
= S wHEste] 649 Hw7)2, 89 FFH ALl Ao, HF °94?3‘F Aiss dds
1149 A7, gefd= 14 17—]—1" ZAZ, FldE 49 Hadviss, FeldE 69 HaFH A7
2ol A=t sheant A AN BE RN AFTHIE AEHEHA Hol FERARFeR 4
stk B AR YIS po] A9 m = 3, m = 49] oA §24F 0.0013}]
frelstlen, AWAAA, m = 2 WA fFe 4%— 053} 2] 57| ‘/]'E‘r‘sz:]' FEE0 24
¢ = 02 Jo= BE F A7 vtk corr? = 0.4648 7P =40

AIC, BIC #& vjud =
m =39 A% ACEE JUEAY ARAAE 22oel 29T AT Tibl 455} A, ATE
19 BRAEE 2
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Table 4.2. Estimated regression coefficients by closest distance methods

. m =2 m=3 m =4
T Estimate iy Estimate 3k Estimate Ik
19 AR 3.8077  0.0303* 3.7264 0.0334* 3.4728 0.0491*
49 FFAUE= —42.2541 0.0000*** —38.7214 0.0001*** —38.8506 0.0001***
69 BT A7 162.3443 0.0069** 159.1240 0.0080** 155.9772 0.0100**
119 A7 —5.8942 0.0000*** —5.4603 0.0000*** —5.5797 0.0000***
10} 0.2341 0.0936" 0.2561 0.0844" 0.2643 0.0818"
p 0.2071 0.0124* 0.2644 0.0031** 0.2672 0.0057**
Hausman 0.996 0.9997 0.9991
AIC 2049.975 2047.9180 2048.9280
BIC 2064.313 2062.2560 2063.2650
corr? 0.457 0.4640 0.4610

(*#%): p-values between 0.000 and 0.001, (#*): between 0.001 and 0.01, (*): between 0.01 and 0.05,
(-): between 0.05 and 0.1; AIC = Akaike information criterion, BIC = Bayesian information criterion.

Table 4.3. Marginal effects of the estimated model

W Direct Indirect Total
19 FAA=A7H 3.814243 1.251190 5.065433*
49 FgANEE —39.634390 —13.001309 —52.635699***
69 FaHA7 162.876038 53.428394 216.304432**
119 + 3743 —5.589036 —1.833377 —7.422413%**

(**x): p-values between 0.000 and 0.001, (**): between 0.001 and 0.01, (*): between 0.01 and 0.05,
(+): between 0.05 and 0.1; AIC = Akaike information criterion, BIC = Bayesian information criterion.

ok A7t vgith ol 49 FRAUFETH 1% S71E A &5k 10ad 52.635kg B AbeFo] 7t
ashs 27t drke Ae uisty, siF A gols —39.63kg, AHAFol= ~13.00kge] FF= vl
AA Aot & 49 FIEUSETE F9b Al viAs dFEL 30A A A vl & 23
5% sigAHel, 25%= ARA Gl dFHo] wAA Ak m =3

d FoPdES A4 AgEE FASke] A AR vaet 237t Figure 4.10] Yeh Qo ®2E
Aol A= FALS] Fol7h Al BT dAte & Jlon wEhA AldE SR
Fol 2 Ad S &<

= 3 +
aupgel wet 7 AR AAART FIT A
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Figure 4.1. Comparison between the yield and the estimate in 13 major onion planting regions.
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