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Abstract

Onions show severe volatility in production and price because crop conditions highly depend on the weather. The
government has designated onions as a sensitive agricultural product, and prepared various measures to stabilize
the supply and demand. First of all, preemptive and reliable information on predicting onion production is essential
to implement appropriate and effective measures. This study aims to contribute to improving the accuracy of
production forecasting by developing a model to estimate the final weight of onions bulb. For the analysis, multi-
level model is used to reflect the hierarchical data characteristics consisting of above-ground growth data in
individual units and meteorological data in parcel units. The result shows that as the number of leaf, stem diameter,
and plant height in early May increase, the bulb weight increases. The amount of precipitation as well as the
number of days beyond a certain temperature inhibiting carbon assimilation have negative effects on bulb weight,
However, the daily range of temperature and more precipitation near the harvest season are statistically significant
as positive effects. Also, it is confirmed that the fitness and explanatory power of the model is improved by
considering the interaction terms between level-1 and level-2 variables.

Keywords: multi-level model, onion bulb weight, interaction effect, above-ground growth factor, meteorological factor
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Table 2.1. Elementary statistics of growth data by lot

Time Growth factor Mean Std Min Max
ZZH(cm) 81.99 10.89 48.14 99.36
59 = A1) 8.86 1.02 6.20 11.13
(73] 2} A} 2% (cm) 16.67 3.07 7.59 22.05
A 27 (mm) 21.94 3.28 16.03 29.54

8]
- A TFE A (g) 319.59 75.56 186.29 577.50

Table 2.2. Agricultural climate detailing method based on ASOS

Weather factor Detailed description Resolution(m)
o, BEAY A BEgS DW THoE 20 At 5 5 A
#aL 1 HA AAanE Z8
al g, 9 = 43
7] & 27 Oed HATE A50S IDW M oR aket & 4 s 30

= TN 5
T B4 EA QAT U By WIIR B e
B Hased AL B

B5F PRISM 23 & °/§
EN: AR SRS ol g5l 573 270
. TEaW TANANT HEGS DW U0 E 330 ) A8 ¥ 58

HEAF A E HAX A FHLANFA 4 & =5 0|83t HA

2 Zgstelet 2AF A7) 20209 29 154 5E] 69 11L7HA] & 1135 A Ao, 2Ak= 159 7]
82 ste] 423F ol Alofl= 10 7HA o2 AAISHTh ALt E7Fe] thaE EA] 135S 37l RAFES S
B2 RS $ ZF ARG A 5 A A FRe} A kY] SR E

FEWA, YA, FH 7, SHETL 5E AT BE A FAA AL SRE FA 2 FHA 5]
B A7 A EE o]} sl Iy Fut YAFS] 80% 22 AR Bk SUAE FohE B4 o
o g Agkon, 24 2219 w7t JalEE Al AlQstact & Aol F 1067] A F 41
N B 56470 WA S A2 e ARl 5 (T3]3} AN A5 B EL} 2F 42817] 9]
AT FA ARE AHESHTE ] T SR ] 7] 25 A 2 Table 213 2oy, 4=2817] Y7 FA 9]
Bt 319.59g, FEHA= 75.56g 0 &2 59 2 AAFE Ao vlgf A RiEst=s A& E 5 Ut
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Table 2.3. Display weather derived variable

Derived variable Define Formula
- o ET. = 0408A(Rn—6)+y%uz(es—ea)
SR SARFO] F39h & A Hol A 0 A+y(1+0.34U5)
7] 2 Zuket 2227)2ka) A120] o) Rn = SEARF(MIm-2day-1), 6 = EFE S =(MIm-2day-1)
Zukaber EHOA 7] FAME 80 %Sy = AHAASE(kPaoC — 1), T = 2m &0]2] 4B H#712(T)
3+t A (FAO Penman-Monteith 252 U2 =2m £0]9] Ha F4(ms-l), e, = E3H4F7] 2 (kPa)
Ab ) ea = 44| 5714 (kPa),
o =720 & 235719 71871
5= (GDD) 3%@2&43 CPHAEEA (B ¢ ax(0, %, - 4), X, = BE/1 &
HAZ7I A A0l 15T ~ 26T GE9 4 ¥ (15 < X" < 25), X" = 7|2
o w2} H 7] - A7) 9] Ht E[x[rax — xmin] ymax — 2317, XM = 2 %7
T2Ads FHI7]20] 30T oA EES X [(X = 30), X" = 7]
Aeds Ao bmm oI FEO = N I(Y; 25), Y =L
oA A8 AEFI Fol s0mm ool X, ¥, v = A dgy<afvhe] ge] S0mm o] 4ol
He g ddsE T HE g A e
EhAaEslA s A 2 7]20] 25°C o]l FES] Xl = 25),X{““: 2 a7]
ALY U A o|E7Y wF T Xa-1+ Xq_p, Xg = FHTLF
Table 2.4. Elementary statistics of weather data by lot
Weather factor Mean Std Min Max
Ht712(C) 18.09 0.43 17.31 19.28
171 (T) 23.99 1.01 21.91 25.50
A 71-2(C) 12.19 0.86 9.94 13.62
U 2 A ZHAIZD 6.15 0.21 5.68 6.54
Sk 3.70 0.26 3.29 4.48
AW ZH(T) 11.80 1.67 8.55 14.74
27 4 (mm) 4.93 8.50 0.00 31.84
791 3l A 4= (mm) 20.51 26.48 0.00 105.72
JAFF(MJ/m?) 665.87 34.05 573.28 707.17
74 (mm) 110.43 34.00 72.19 188.48
GDD(TC) 596.92 14.06 571.15 636.22
A7 =L (d) 4.15 1.46 2.00 8.00
A= (Y) 1.07 1.01 0.00 3.00
2FA AL (Y) 12.68 5.22 2.00 21.00
L (d) 5.56 1.47 3.00 8.00

GDD = growing degree days.

A aho] Aol 48k 21THTable 2.3). TS ZFHFH BE /A RE 7 4
A7191 59 23 25 5817191 68 271 °F 402 Fore] 7

s7] Sistol 714padel 4ol uel = EE WRghe s WAt dF Bol AR BA7I2
o Ao R AHEeeTt o2 E8] Table 245 WA 29 7%
Aol A AHEE AEAtm 9 7)Ao S AS AL BEE AT W8S F
(OASIS)ol| A 18 4= QL th(http://oasis.kreire kr/index.do).
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Figure 2.1. Diagram of hierarchical multilevel data structure
o] Qlo] K ool Bzt g = Figure 217} 22 YA F t}& A} & (hierarchical multi-level data) 7+2& 2zt
=tk YT A = G AAES 25, A, A T RS 714 8dS SR ER, o]52
FF T2 AR FFS T & Y A | AAEY 2F 5 SHYOIA G o= AE A
& 2h= Wh, o8 A0 gl ot A5 SY Aotk DAV HEY FEo] dFE vAl= 714
o 7ol Afolsto] thE Ao Q= Fupebs S 24 geth Wl dut 52 FEE 2A W
N = HZ LS ZAT DAL dhEd S9A4S Zeth ol AA AR x4 E4L
2 ARRde A SET /140 BA £3S BF BH TR wol5 4 ik 2 AHo] 2
{3}
3. 292X Y MY

3.1. C}3 2 ¥ (multi-level model)

ARHo| AP AR FRE HETRE Shie £
AR 142 A @9le] YA 2529
A3 BA W P AAE S FAT 7ol U

o} 31718 4ol AN AE 2 BBl B
4 @91 et shAR 2 A4 AL
A W) AR GAY RS 2T B
A 7k Ay magol AR AEHe HARARG R A el ARE BosE B4 71y
Hjat e g o apEAlo] WA A E AL 159 F(type I error) 7} Z718le] 7 A o] Bl o] 9FS
¢} (Burstein, 1980; Cooley &, 1981; Cronbach, 1976; Cronbach®} webb, 1975). ®td 7§ A|E AL 4=
£ A BRG] 25 TN LA 24 ) 52D A G ofng o
zﬂa}q o= ZA7F itk 2y of g 7k B A AE 2 Hed A, 2A @2
12 5lH EEF 7|7 B3 41709 AFR ARE AL o] BE FA ko) mlrg} rol A1 B
A E7h Gopth B4, &S TR O 2 Q15to] B o LFete EguiSo] =7t AlghE 1, we
Yuiss waehd wgo] AYASRY) ABENI GeRdeh AR, BA o] $A mRolnz )
she A8 AR Mol A8 b5 e AAH 0% Aeteh myolth WA, B4 4
qol ALgFIEE BE So] BAle] SAE Afole] AR 45l olof s,
gt WA FEo 2 A5k AYEfsFE 2 F(ecological fallacy)S HE 4= At} (Robinson, 1950). & LFsHH
T& By A AT A= HASY Al (aggregation effect) 2 &) A & BP0 2 2H
prct 2 Hjof, o] A WA SFol A AR AL AGeo} Ak B AT AL AR B
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(3.4)

o

>~ I

oy £ 402 48 5 e A8 AEE Jd W Ao eatargo] itk A
A4 (intraclass correlation coefficient; ICC)+&= 9Fu}2] & JL320) IS v A& 105 Hp (X
)9 2-F W (714) 9 92 o] AL FIst= gholth 4 (3.5)9F 2ol =y W AA|
A 224 TR0 IR 7F BAbo] AHA|gt= H[EE AlEE T

o

g
p

0
oZ

A

il

=

Siid

Var(B;) T Cov(Y;, ,-rj)
== = Corr(Y;;, ir-)=—,
Var(Y;;) o2+t v JVar(¥;)Var(¥;: )
E3 ICCE 7P 95 Ak ol &Y IR Woll Q= ot A 7] AdatAl4=2 A e]d ot wheba] ICC
= 7 7HA s o] Z7he R, A Ao A BA] ZF Aol AA| sk Hlg T FY DA W HAE 7
o ATASS SJojgiet
@ A}k A )& (proportional reduction in error; PRE)2 TS g o A 15 M=, 225 W I

7hRt oA EARe] Wt QO] sto] 3 o) 7| HreE gelst= 2| o|th PREG-S
o ma7} ol ol A WA, 7 £EAR oL HEe] Haf 275 27 BAo| Tl
WAS A (36)7 2o] 71 2 dul e mg el Ato] oht el

@=j. (3.5)

A RY Y 1-E BARE 0repious A F B O] 1-552 BALE 0f,y, 0] 3 WM& 7= A2 o}
2-p20] BARS o] gt PREjeyerq & -5 24| A PREgperp > 2-575 B4 A 18] 3 PREorq

A AT A AT vlES on|jith

oe e = 2 R oo

2 _ 2
Upreviaus Onext

PRE eper1 = 2 )
Uprevious
_ (oo + T11 + T10)previous — (Too + T11 + T10)next
PRElevel-Z - ( + + ) )
Too T11 T10 previous (3 6)
2 2 .
_ Jprevious + (TOO + T11 + Tlo)previous — Opext + (TOO + T11 + Tlo)next
PREtotal - »

2
Oprevious + (tgo + 711 + Tlo)previous

where, €;; ~ N(0,07) , (Uo]) ( [0] [TOO 1'01]) .

Tio T11
oy nedlo] mE mygY HAPe NAE FAAE 7IFHeE F1sH7]
(likelihood ratio test; LRT)2 AME-3} Attt vlal B 1) 7|5 g 9] 2] =3+ 4h
Aol whdsls BAFE ol fojol AFES Wit SENEAAE AT AREATE 4 (37),
4 (38)2} 2rom, =1 WEkelo] Felet 4] (39)2} ol YREC] AHEATL 1A LRTE Fojol 2
Heo) Ay Aol BANeR olakal AR

Hy:0 =6y  Hi:0=0,, (3.7
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Table 3.1. Definition for variables by the level

Factor Variable
G de x2 A27 3 92% x4 2%
wl ZF=%F w2 g4 w3 7138 2| 4= w4 LY
Weather factor w5 PRt w6 LAt w7 2 AR w8 dEAIZE
(level-2) w9 Zuribek wl0 #i7]& wil A 7]L wi2 714
w13 ©rag A s 4
L(6¢lx1, X3, vy Xp)
Alxy, Xgy vy X)) = ——— (3.8)
n L(91|x1, X2, ...,xn)
Ar = —2In(A(xy, Xp, o, X)) = —2(In(L(Bg|x1, Xz, o, X)) = In(L(Oy |21, X5, -ov, X)) - (3.9)

-5 2%, S A-g-0] Ay Ao whet thofst L E o] A 5}=1| (Akaike information criterion;
AIC)¢} (Bayesian information criterion; BIC) 3t 7|& 2 2 AL v slo] 2|2 2y A5t
At 9L 2 (3.10)7 2o, L(0) = L(O]xy, X, o, Xp) = f(Xq, X2, e, X0 |0), K= BF O A 24T
9] 740l nd FE F7]ojtt.

AIC = —21og(L(0)) + 2K,

BIC = -2 log(L(B)) + Klog(n). (3.10)
AAA A=) 2AF AES FA5H7] el 2S5 ¥ (maximum likelihood; ML)& AH8-8} %1t} ML
o mRo| NS EE Hujsleln wEo) WET mYo] 62 7 Ao B HAaspAY|E HAlow v
£ e oIt theba A4 AjRe ol AFre] B EAl tja) A-§290, wie| 2717
252 14 gho] £YsHE 54 QAT 2RY JHLEAE Bako] AL EAQ AR Zith E
gHAFS R HA REFTHAUNE A A 97] dize] e &t st 24 ¥ =7t R} (Finch 3,

2014; Snijders®} Bosker, 2011).

A 9] A LAt Eel IR e 7| AR E 43t H Ao tEng S ety $5te], o)
2o AL Bo) mPe Aeslgirh. my A€ AIC, BIC, LRTY] R A EE 7|20 2 dahsig o
o, 7HEE 4 e HeEl BE 23 F AIC S 7|28 2 7P 22 57 XE-& YEhd Table 3.1
& 2 Aol aEF s el 7144al Mot
(Stepl) 1-=3& 211 A A& HpThS ggs5to] F 155 FHst= AR RPY S Adsi, 4
ap A Wl HEET} 2§ o R & go] 113t Table 3.201 A -3 W4nke 13t
A2 G2 AR A, d2F, 28 M Y GL 2g e A9l
L& ByoA J8E By GlS 7|eo s g ano 48 ofs 93 #As et 42732 WY
aatE AT R1Y Agert 7 okt 1A ol A A e R1 g2 4] (3.11)3} 2ot
Yij = Boj+Brj(Xuij — Xu.j) + Boj(Xaij — X)) + Baj(Xaij — Xaj) + €, €5 ~ N(0,0%),
Boj = Yoo + Voj (3.11)

B2j = V20 +V2j,
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Table 3.2. Level-1 model selection process

BIC Model selection

6673.2

AIC
6647.2

Level-1 model selection process

N

ﬁo
_Z‘.ﬂ
3o

<
MH

Gl

6677.7

6647.4

G2

Gl

6686.4

6660.4

N

G3

6684.7

6663.0

N

T
N

G4

6689.2

6663.2

Table 3.3. Random effect model selection process

BIC Model selection

6656.9

AIC

6622.2

Level-1 + Random effect model

T
N

Gl1,

R1

6689.2

6641.5

™
<+
3o

Gl1,

R2

R1

6672.3

6637.6

<
3o

Gl,

R3

6678.7

6644.0

~

N

Gl,

R4

6672.1

6624.4

_Z‘.ﬂ

T
N
3o

Gl,

R5

Table 3.4. Level-2 model selection process

BIC Model selection

AIC

Level-1 4+ Level-2 model

6615.8 6672.1

6616.3 6672.7
6616.5 6664.2

b, ARA7E 6616.7  6674.6

GW1

6616.7 6675.0

Table 3.5. Interaction model selection result

Model
BIC selection

AIC

Level-1 + Level-2 + Interaction model

6607.4 6676.8

GWIL GW1, ¢

6607.9 6677.3
A= 6608.0 6681.7 GWI1

6608.2 6677.6
6608.2 6677.6

(Step2) 24 o] 1522

ol

Boj + Brj(X1ij — X1.j) + Boj(Xaij — X2.) + Baj(Xaij — Xaj) + €, €15 ~ N(0,02),

Y =

(3.12)

Yoo + Yor(Waj — W1.) + You(Waj — Wa.) + vos(Wsj — Ws.) + vos(Wej — Wo.)

+Yo13(Wasj — Wi3.) + vg;
Y20 t V25,

Boj

Bzj
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Table 4.1. Results of final multi-level model analysis

Fixed effect Estimate Std. error t-value Pr(> |t])
A (yg0) 312.79 8.85 35.338 0.000%***
Lewery | B0 14.79 3.20 4619 0.000%**
A2 (y20) 6.58 1.70 3.882 0.000%%*
24 (Vao) 1.89 0.48 3.953 0.000%%*
%P:‘,:Eok(ym) -2.12 0.72 -2.947 0.006**
A% (Yes) -39.54 19.00 2082 0.044*
Level2  ~opgpaak(yy,) 4.55 1.78 2.554 0.015*
A2 (o) 22.97 12.78 1.796 0.081.
B 2514 3 L 22 (os) 12.26 412 2973 0.005%*
A g () 0.26 0.10 2.537 0.011
Interaction 2 1+ 1.2 0142 () -1.20 0.60 -2.011 0.045*
Z AR5 (1,5) -0.17 0.08 -2.254 0.025*
Random effect Variance Variance
Level-1 9 218} (0?) 5533.3 51.48
22 ¥ (100) 2650.2 7.00
Level-2
AN 7]127) (x11) 50.2 74.39

sexxp < 0.001, % p < 0.01, *p < 0.05, .p < .0.1

SAGY GrBAEAAN UL, 2T LUS, 2GS To] FYH QW BHS HF B
o At A (313)7 2ok

Yij = Boj+Brj(Xaij — Xu.j) + Boj(Xaij — Xa2.j) + Baj(Xaij — Xaj) + €1, €; ~ N(0,02),
Boj = Yoo + Yor (Wij — W1.) + voa(Waj — Wa.) + vos(Wsj — Ws.) + vos (We; — W)
+Yo13(Whszj — Wiz.) + vgj,
Bij = v10 + vin(Wyj — W),
B2j = V20 T2,
Baj = Va0 + Yas(Waj = W4.) + vas(Wsj — W5).
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Table 4.2. Comparison of multi-level models by level-1, level-2, and interaction

M1 M2 M3 M4 M5
e A 7 (o) 3830.0 43207 2807.0 2649.8 2650.2
AN 7] 7] (1) 61.3 203.9 60.5 50.2
Random effect 5 11 1.(7,)) 0.35 0.42 0.30 0.27
$2}5Ho?) 9109.0 5637.0 6066.5 5645.3 5533.3
A 316.68%FF  3I7.53%FF  208.44%FF  31281FFF  312.79%
Fixed effect o 4=(}) 14.20%% 14.21%9F  14,79%k
(Level-1) =27 (mm) 7.09%FF* 7.7 6.58%F*
27 (cm) 1716 1.69%* 1.89%#
7+ (mm) —2.23%* —2.20** —2.12%*

_ EXIENE) -37.63. -37.97. -39.54*
Fixed effect 25170 72~ 2F (um) 477 473 4.55%
(Level-2) o LXH°C) 22.76. 22.92. 22.97.

B s ahA 8 2 2 (2) S1236%F Z12.36%F —12.26%*

_ Qg 0.26"
Fixed efffect ZApx T2 0) 2 -1.20%
(Interaction) 2 A daslA] 7p ek 0.17*

1CC 29.60 42.36 29.89 31.26 31.80
Explanatory PRE(Based on M2) 0.169 0.195
power PRE(Based on M1) 0.212 0.281 0.345 0.362
AIC 6826.3 6622.2 6678.4 6615.8 6607.9
BIC 6839.3 6656.9 6721.8 6672.1 6677.3
sk 1 p<(0.001; #x: p<0.01; *: p<0.05; -1 p<0.1
&A% (ypy) 2 BEEB AN LG (vs) Q) DAY 24 AL 2H2F 395, -1230.2 H17]20] EH 7]
25 de 47t ol E FF AT e sAALE FoHA Haste Aoz A ESI gt
= 2ol A vl A ofgt AE R A 30°C o] ko Al= o] Wk En 25°C ol Lo A= Slo] &
253} 58S o o] FAAQ FFE vA= AR deA e} (Lee, 2015). 4274
F(os)0l BTF a2 yes) 7t AL SF 227 A FA= AALE Fo8H F7kshe A=
BE AT 2 G A7o] WE A= Q) Gk o] i Sl WobA HF 5ol SRR A
o2 gebEch ®3, byt 29 nhsa o) Yo A FRY anvt Aol dAor W ot
= AR ¢ s Aoz deE o] I A S AA Y Aolekal Btk WH A2 25 Wl whet
-3 9 0] G MSN 7= atE ouletth A AT} oo 24 o] A FAlo) v = FFS
B, LA, ATl o 2 E = 242t 5% ol A FAIR SR §-o5HA UEb T A
ol 1] S7kekd 7t 2% 5ol vA = Ak (yyy)e 0.26WHE 5716k Ao AU =
B HE Tl 2.1g9 FAA IS M AA T G wFAE oz Qs B FThol 5784
¢l FFE A= Ao® A P 12 U450 e ewko] 1dhe] S7ketH 240 ATy,
Yas)= 22 1.20, 0.17REF sk Ao = A E QI
TSR O] WA P Aol mE 5 A 1Y 9 E4] A Ti= Table 4.29} Table 4.30] 7 2]stql o, &
3 APE 9 A9 M-S AT 4 ok AEHeE A 2HshA] g2 712 R P (M1)Q) ICC+
29.6%% AA| EAtoll A A 2k Aol 70.4% = s AA Uetdth & 2E 159 d58S &l
A gt AAAE R 2E0 Qs 540 7] 409 A AR WS ok gtk AS o 4 ok A%
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Table 4.3. Result of likelihood ratio test and random effect test about M5

Chisq Df Pr(> Chisq)
LR test(Based on M1) 244.41 13 0.000%**
LR test(Based on M2) 30.29 8 0.000%**
LR test(Based on M3) 82.52 6 0.000%**
LR test(Based on M4) 13.89 3 0.003**
Random effect test(F37) 21.53 2 0.000%**

sk 1 p<(0.001; #x: p<0.01; *: p<0.05; -: p<0.1

S 1t Y (M2)9] ICCE 424% % 7NA| b #A4F vlSo] & Fo2 dopglon, WA a4k
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H] 34.5%, M2 tH] 16.9%)at5o.m, S =n] AL ) M29} M3K T} B4 402 AFest fAE AL
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