


Key words
13 A]HiZ(highland chinese cabbage), ¥2]9] A|AF¥H<(arbitrary-time lag), 52 AI7t
Q= (dynamic time warping), 7 A&} A #A (Variable-lag Granger causality)

ABSTRACT

The study analyzes dynamic time effects between weight of highland chinese
cabbage and growth environmental variables and suggests an alternative ap-
proach to modelling in order to improve the existing production models. The
weight of agricultural products is affected by arbitrary-time lags of growth and
weather conditions in a growth period. However, general regression models
used in most studies about cabbage production modelling assume fixed and
constant time lags. The study applies for dynamic time warping algorithm to
find arbitrary-time lags between weight and growth environmental variables.
Based on the findings, we compare with well-known Granger causality and vari-
able-lag Granger causality. The growth environmental variables are collected
from the public data system operated by Rural Development Administration
(wds.agdem.kr). The daily data start from May 1, 2019 to September 31, 2019
and May 1, 2020 to September 31, 2020. We find the existence of arbitrary-time
lags between weight and growth and weather variables. Based on the existence
of arbitray-time lags, we find variable-lag Granger causality analysis perform
better than Granger causality.
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8 A% 2v57] ghizo] QP A ikt gFo] WS- FR% Aholthel WG 5 2017). A
24 AaQ) MiFE A5 7158 Fotsly] o] 7]Lo] kA oEHolE 1A of
9)9] Ao A= Au7} ol FTHolSE 5 2014; W71 5 2015). TP MRS o2 7]
Ao 2Yne %a8 9 A5 YA, 120 okt S40] o] 30T ol4e] 7L}
7HEo] 25 o4 A& W Yol Wolx 1, ATNEF, 42 AWF, Y 59 Ay 0
AEE olHIThY) | TeSR 15k ulsh 7| FHsh BA TR u)o] Bebdst 4%
S op/|3HI k0] 25RAR olofth. 719 A57kAL thA] S LA 0] Ay
WA} AL gao] GRS v AT AR A AX Y Y F7HE DAl
AT 2ol AR AT et

1) A7 HIE0| 0 HOZ HXMM S2H £0| E= MEE USHEX: https://www.korea.kr/news/press
ReleaseView.do?newsld=155971079).
2) X sAIE 0AX|HE = M7 |[&(http://www.nongsaro.go.kr/portal/ps/psv/psvr/psvre/curationDtl.
mo?menuld=PS03352&srchCurationNo=1313)
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52 1% 5 E 2 A7 499 Al (arbitrary-time lags)oll A Yehb= A5
{40l 714 QR0 21 E TS dreth w39 KIS G4 (oFF417]) o] FRE A+
7b A AR 9 717HS A5, AT A o] S RE 3 [M7XE A7) sttt
(ZA138] 5 2015). WiE7F A9 FEHE Eo7|7HA] = F4] o] i 30U H=7t 4225
1, AT PAE BAR BS 27]00l= 20~22°CollA A5l é‘:—éﬂﬂ A7) 7~89=

O

’ E

7]

15~16°CollA A& SAEHRAE
&0l HAAR] FFE PlA= 2+ T2 27185 AT Aol ot oy
oF v o] AT 2 2219 FAR] BAE AHs] A= 71EY AAIE ZACIA &
BHIL A= AR RS AR
2 Aol A= LA F] AFA ()} 7HA A AR EAE <
9H—T'—(Dynamic time warping) &18]&o] HF9H FAE 4 (Similarity measure)S 5
FSFALL, o] AIE HIF O 2 A5 B s Abo] 9] F2IQ1 ARF HAIE 4517 A3 7+
H AR} Q ﬂ'ﬂ'ﬂ (Variable-lag Granger causality) W& &89t} FALE 24 &
o v =] FAI} A Afolofli= ZHAZA At o3t FA Q1 BAE EAREE AlAA o0&
AABEF AL, FAHE 4 23S vigo 2 HE2Ql I:MA QA3TA|(Granger causality)

AT} 7haA A QakgA A4 Ma s BHAE TAA e A A8 B B
= A

2L

3.1.1. $AHED FA(Similarity measure)

AAE ElolEls 4Rt AR THA o= iR E <A E 7HAIE HlolEE Qultitt. w4k

4) = H|0|E{ AlO|9| H|=5t MEE LIEH = ME2 QANE(similarity)= nXt A9 ZZH0|IM & HIE{ Al0]2] 7{2|S 9
0|E(EA: Wikipedia).
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7
71 Y15l &A1= (Dynamic Time Warping, DT
= At
ST
o =3 ‘f‘__-.:‘ T
9% 52

tH(Batista et al.
WIS H| 1 dl= g E]Zo|tH(Coelho 2012). DTW &
7 O g AERe] S &3S 440 A

of
ol

I=(AZE =4 &
0] =
207 e drie]3Hd S 2020). 1L} H o= XX} Alo]of 7 A 9
SLI=
2k 2] 19 D

o
S

371 190 chaFet Hokol A BES

=9
2 24
U]_Q.
o=

TZE5to] A Al H
2dl-g Aottt Franses et al.(2020)2} Wang et
£ 54
Csillik et al.(2019)= 7| S HS}of| & AR A =5 +
7] £19] 1A

1 E
=

011)
™ &

17] 9l5ke] DTW L8] &S A]

S8L =
go] Q= AlAIE ol E
= AZAGOIA 22 9] ujjuf eto]
P& Bt Eglo|g A& oA
al.(2012) A[x}F 719] 7HAAdo] =2 S84 JEE
AG 2dof 2-835to] £33
%5171 913 BAA] 9143 ol ulA] Ak et 7144291 M40 BAE RA5H] 915 DTW €aLe
= 4835t
2 A= DTW 1 gjEo] BHgE FAIE(A D) 4 H-Z AF&sto] ALy x| uf 9] 48
A G FA| Aol A i} 7+o] 7HHA Q1 IA 7 EA 5t AS EAIkaA} Rt o] 4]
£ 50112 3229t A8 =4 (Euclidean distance measure)¥ DTW ¢ &<
H| W Sko] = A|AE Y] ¥HEA Y E £ shlvh. 1 23 DTW €algjE&< 483t A9 &
g "ol f2EHet A &4 T ET Z7PHZARI AL BAE B A-EsH 24T A
= HoJFUth (I8 1) 7HHA AIRHY] EA S 2= AAl AAIL dlolE o] 23t A
g 74 WHY DTW S8 &S 283 Z43 A& B It} = ® < Atolof] 71
2 AL EA ol e EFotal AR YR =Aof oEshs AF AAE HES AMESE
A Ard 23E =T S AHGiorgino et al. 2009)

4
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H13| 25 052 103 R+=88 ey
M)
I 1. AAIE OB AR 2 H| WY
Euclidean distance measure Dynamic time warping
1) DTW ILEH&‘; 20199 59 14 7E 64 302 <49 7] LA Gt FA A HolHE 283

2) SAS =2 132 A}85H

3.1.2. 7} A&} Q13 BA|(Variable-lag Granger causality)

I3 A A3HA(Granger causality) 2412 4= Alo] & o] IpAL}e] YA} Ax}
AE BT off ety o 2 ARREHI Q= 71240 AAIE 24 W o]t (Granger 1969).

TI1Ey &5] ARSE AL Sl A QIIHA AL A5 gE A 2H(fixed-1ag)E 7]
HFo & W 7Ho] QINTAAE RA I HMcCrorie et al. 2000). L4 o] #{ g 13 A] <1}

7 E AAFAL 7HHAR] A TAE EA 5] FHAZL
Aol A= DTW Lale|E2 7I8Ee. 2 9]9]9] A)Zt &pol & "ot 7Hi AR} ol
T (Variable-lag Granger causality) £4& &8sttt £ A7olA& ol&et &4 3

< AAE 3l i AT oS ZEE ARbs] YA 7 A AR REEA] A E o

4%
flo

AFA A A A o 7HA A AR} AatiA A4 2] Aol & AHst] f3 X(D= &
e s 9 @R, Y FAR 7PYsIAth WA ARty o ARREE 1A AR}

346 « Chapter 2 XQuHH|



X FAH L S0 THAN ARt HAEA

==

dmax

(2) vy (t)= Z a; Y(t—1i)+ bX(t—1i))

i=

o smaxis Ho) A1F, = YO 871419] B, 4,0 X9 Y] 81749 24, 0,9} b
A AN RS HASIH g ofulgith (1)3} (2) AL RHE 4,,9] EAkglo]
r, 0 Bakgt Brt 2o Xe} i 1A Qg st 2Aent e mAs & Qo

X2 Y(1) AFol9] 7haA A7} QATHEAS E4317] A9 ofelel 2e 3|74l e 183t

dma

(3) Yyx(t) = Z a; Y(t—i) + b,X(t—i)+ ¢, X (t—1)),

Xt—i)=X{t—i+1—A,_,,)

ot A, > 0.

(1), ()2 (3) A O.ZHE ) (1)) BARgIo] r, T, Z12b0] BAKgE Bk 2o X} Y
= 7baA A2} QAL EAathe B8 4 9l

3.2. 24 K=

2 Ao A= LA Y] Aol mhE 54 BA 245171 flste] &8 (Rural
Development Administration, RDA)OA] &G ol= v, uhs FAHA] ASHE A|AH
(wds.agdem.kr)o] Al&3h= #iF2] A= 2 71JHEE Z-85IAH

S5 AR A7 5AHSEA A AE(Outlook & Agricultural Statistics Information
System, OASIS)?NA Al &dt= 20l ASHH = A9 W F5EE FFAH BT A E35}= o
N0l FtAtm = SES] AT EIL AN, T2 A7t o] 5o IE S &

= AA G = B, LAWY A w70 Tt 253 &2 35 Ao HlolEHE

1%
ol
ol
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M1zl stE a5 HERY 33z R+=28E g

AFIL Qo KT A Alzke] THE B WSkS BT 5 9 W) AAD Aust
S5 QoITh SEAEH) Wi, v FA) AR ARG AE AT A8
BE g

3 it A8 HE7} 1
uj30] S0l ALHstE 24517 o Agstelrt
2 AT FUE GUF AT EA] kb 7] X o] LA Hf] A8 A w0}
AR ALHAL, JARE 23717445 Tefste] 20199 59 195 9% 30,
0al

20209 59¥ 195E 99 3097H4] 4 ARE AMEolltt. RS9 ARA (g/27]

D= BARFS iAot AFEo A, FA] TS vlX= BSRFRE d4H), 7149W
$EE HA71L(0), F1712(0), 5 (mm), LAFM]/m), L2AIZHh)E AH83HA.
4719 5(2015)7 0]X1F 5(2017)2 2=E Hi59] itoll 323 FFE vA= 7148
Q1o 7HFot L, QPAE 5(2014)7} 0115 5(2018)2 B 7|2, H A7, H17|L,
T 52 LA E] o] F AT FFS X

= 718 RA2E ARSI & Aol A= HlolE o] H2/de atefste] APAFoIA AR

J_:"_
B A= 202040] uiam A 147122 201940] ¥ £, B H1s]eL
20204e] B Giokeh. A4S 202010] | WO, AAFRTE EAKHE 20205t
Worch. QhtE|7] o] 49 A% ARAL 20199 4 e
Qo 201940] n}o*c} W HA47123 B H17120) ol B3| eloret. 9
T %L 202080] o BoITh B WA W AR ol

N
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DAX|HGFO| FH 2t MFeHH0| 7HAK ARt 2AEM
H 1 DAXHF 45 2 2E3HR0 7 X SAH
ez 11E4H2019)
o S UEX| $ = oy HEMRL 2% Z|CHzk
PNI=pr 153 o/271Y 1758.4 901.7 0.9 2432.6
B 153 o 45.4 14.5 35 56.6
K72 153 ? 12.3 4.0 0.0 213
7|2 153 20.0 36 9.9 26.8
U2 153 mm 6.9 17.4 0.0 114.5
AR 153 MJ/ 17.5 8.3 5.5 29.7
UTAIZE 153 h 5.6 2.9 1.1 9.7
HET 0iE4H2020)
PNI=pr 153 o/=71Y 2151.9 1160.9 1.1 3024.2
e 153 o 52.4 18.1 38 65.9
2K 153 ? 13.2 37 1.1 22.0
7|2 153 18.6 38 7.2 26.4
U2 153 mm 10.3 20.4 0.0 126.9
AR 153 MJ/ 16.2 8.9 5.4 29.8
UTAIZE 153 h 49 3.2 1.1 9.6
LS A| ot 71(2019)
PNI=pr 153 o/27Y 2151.8 1160.8 1.1 3024.1
e 153 o 52.4 18.1 38 65.9
2K/ 153 ‘ 13.2 37 1.1 22.0
7|2 153 18.6 3.8 7.2 26.4
U2 153 mm 10.3 20.4 0.0 126.9
AR 153 MJ/ 16.2 8.9 5.4 29.8
UTAIZE 153 h 49 3.2 1.1 9.6
LS A| QHt|71(2020)
PNI=pr 153 o/271Y 1719.9 897.8 1.1 2385.6
e 153 ot 45.6 14.7 38 57.1
AX7I2 153 ? 13.2 4.0 0.6 20.9
7|2 153 18.4 4.0 85 27.0
U2 153 mm 11.8 26.2 0.0 150.6
AR 153 MJ/ 16.1 8.9 5.2 30.0
UTAIZE 153 h 5.0 33 1.1 10.1

Ag: viEE, ubs AR S B A A8 (wds. agdem.kr)
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Obs

F 1) pE FA, vE EFE 9gvigh
2) B A] w54t A oA 20199 5€ 14RE 99 30Y7HA] 3 dlole Y.
g HiEE, uls AR S BA| A8 (wds. agdem.kr)

(0% 397 (28 4 HA7)L, #7123 FA Ao]o] A%} 7HHo] uiH oz wal
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13 3. DTWE HEst ZM7 |21t 2AHt| 2A|(FEZ S

Scaled Sequences
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150

pe A, Itz FA7122 ek
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i
k)

83 217|210 FA Lt HA(S L tHSLh

Scaled Sequences

ht

F pe 7, hte Falee vk

(2% 5yt TR E0] BASE 345 Alolol = /b 3] BAE LRI 9182
Holxn gleh. 4% A9 B27], A7), 48 WA DA FA] B
o] G PR AS B % 9L,
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Scaled Sequences

F pe 74, he QFRAE ouleh

20201 59 1958 99 308 299 FLT HEAF TAA R AR A% FAL S
37494 Apolol 7hAH A1%ke] Exo] EAsteltt. LA 20199 fAHE Akt fALSH

(2% 8y 7}5A itl7] A9 TBAMF AEE Agte] fAY FHT A4S b
BRI Ik, Qhetel7] SRR EiS A B B S0t FA) Apolo] Fhul Axte] 4

1% 8. DTWES XEtt F-2t 2H|2| ZA(ZEAl A7)

Fpe A, ve 35S uleh
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Scaled Sequences

pe A, Ite A7 e

1 10. DTWE X8t 2|17| 210t FA Q| 2AH(ZSA| 7))

Scaled Sequences

T
150

ht

% pt $7, hits 207182 ol
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ZF FA, ARAZ A Afolol| A Q1A EA 0= 7 AlRF ATHEATE o HE
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M 2|12 He
A B+ E|X712 Z|07|2 a5 Uz UTAIZE
2019 A False True True True True True True
2020 A False True True True True True True

1) True: A¥40} B3 Alo|of&= variable-lag Granger cause’t 22 ojujsgt,
2) Falset:= Ag¥H 40} W3- ¥4~ Alo]ofl &= fixed-lag Granger cause”} 23} oJu|3g}
3) R Z2 WS AR85h

A& &, vhs 34 AJL.A B A A8 (wds.agdem. kr)

H 3. 0% MRIQE 7HH AR} QLA | (ZEA| QT 7])

FEEEEED

A H+ E|X7I2 2 de UxZ UTAZE
2019 A False True True True True True True
2020 A False True True True True True True
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FaEd

AT, (AR =8 Al E.

AR5, Auig, S48, HI9+. 2006 HiF ALE SEEF . A=A AATd

R3], . 2015, “2EARE 71HR) i e 2.7 R H7 IR EA 16(4): 333-339.
gk, Bk, 249, 2017, "AVER Hlo|EE o817t ErtE & QQxto] w3t A" [Rt=H| ol

B35S 2] 28(6): 1427-1435.

X187, 2007. "HiE 71 ol

A A, w2013, MHjS- R oSy 1S} k. OE%—T':_‘J‘ZH"*?°

Q , 1719, o] g H. 2014. "I A 0] A" Rt md7]/4deE] Al 16(4): 309-315.

, 273 2011, “AEAIEY AIA”R Eo]g oA 524 A7ketY OE]—J—a‘E:"é‘ o]-§-3F 2| A ufjuf

W1 o] gAY gl Ao 7" TRl=d o] ¥ H a3l A]y 22(2): 255-267.

, 81919, 2018. 7157} YA Ef S YAt v A= G FHEE AR ThEHA| 2 a3 A,

53(3): 265-282.

o]A g, o]3]F, AR, oA, o135, FA. 2017, “AHiA 7], HALof| whE vl 3o] AL md At
W AR ol WAL AL Al REA 26(4): 235241,

Amornbunchornvej, C., E. Zheleva and T. Y. Berger-Wolf. “Variable-lag Granger Causality and
Transfer Entropy for Time Series Analysis.” ACM Trans. Knowl. Discov. Data. 1(1): 1-30.

Batista, G. E., D. Gada and V. Puttagunta. 2001. “Distance Measures for Effective Clustering
of ARIMA time-series.” Proceedings 2001 IEEE International Conference on Data Mining.

Csillik, O., M. Belgiu, G. P. Asner and M. Kelly. 2019. “Object-Based Time-Constraned
Dynamic TIme Warping Classification of Crops Using Sentinel-2.” Remote Sensing.
11:1257-1283.

Franses, H. P. and T. Wiemann. 2020. “Intertemporal Similarity of Economic Time Series:

2
AN ol

S,
o>
}01'

An Application of Dynamic Time Warping.” Computational Fconomics. 56: 59-75.

Giorgino, T. 2009. “Computing and Visualizing Dynamic Time Warping Alignment in R:
the dtw package.” Journal of Statistical Software. 31(7): 1-24.

Granger, C. W. J. 1969. “Investigating Causal Relations by Econometric Models and Cross-
Spectral Methods.” Econometrica. 37(3): 424-438.

McCrorie, J. R. and M. J. Chambers. 2006. “Granger Causality and the Sampling of Economic
Processes.” Journal of Econometrics. 132: 311-336.

Wang, G. J., C. Xie, F. Han and B. Sun. 2012. “Similarity Measure and Topology Evolution
of Foreign Exchange Markets Using Dynamic Time Warping Method: Evidence

from Minimal Spanning Tree.” Statistical Mechanics and its Applications. 391(16):
4136-4146.

359



