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ABSTRACT

Analysis of the Hanwoo Cattle Cycle in Response to

Changes in Macroeconomic Indicators

Purpose of Research

O The current Hanwoo outlook system projects the cow slaughter rate
under the assumption that past patterns, trends, and dynamics of
breeding farmers' decision-making in response to price fluctuations
will persist in the future. That is, the outlook assumes that the
historical tendency for the cow slaughter rate to rise (fall) when cattle

prices decline (increase) will continue to hold.

O This study aims to contribute to the advancement of the outlook system
by examining how the cow slaughter rate is related to major
macroeconomic variables, based on an understanding of the supply
structure and the beef cycle of the Hanwoo industry, and thereby

improving the accuracy of supply and demand projections.

Research Method

O The cattle production cycles of Korea, the United States, Australia, and
Japan were comparatively analyzed. To test the hypothesis that the
moderation of the beef cycle is linked to the trend toward larger-scale

operations in the Hanwoo industry, spectral analysis and the



coefficient of variation(CV) were employed for the period 1980—-2025.

O When the number of candidate variables affecting the cow slaughter

rate is large, the degrees of freedom of the model decline sharply and
estimation becomes unstable. To mitigate this problem, permutation
importance analysis based on Random Forest (RF) was conducted. RF
is an ensemble learning model composed of multiple decision trees,
which flexibly captures nonlinear relationships and interactions

among variables.

Main Findings

vi

O The results confirm a structural change in which the Hanwoo

production cycle has been gradually flattening. In the past, price
increases led to expanded breeding and subsequent oversupply,
resulting in large fluctuations in both cattle inventory and prices.
More recently, however, the amplitude of the beef cycle has tended to
narrow, reflecting the scaling-up of farms, the decline in specialized
breeding farms, improvements in information delivery systems, and

the expansion of policy interventions.

Macroeconomic variables complemented farmers' decision-making,
which cannot be fully explained by price variables alone. The
permutation importance analysis showed that international oil prices

and the exchange rate ranked high in importance, while the Random



Forest analysis additionally identified the effects of real GDP, real
GNI, and international grain prices. These findings indicate that
farmers' breeding and culling decisions are influenced not only by
Hanwoo and calf prices but also by a complex set of macroeconomic
factors, including production costs, financing costs, and overall

economic conditions.

Policy Suggestions

O Although the Hanwoo inventory has passed its peak and entered a
downward phase, the industry's scaling-up and improved information
systems suggest that the adjustment of the beef cycle is likely to be
more moderate than in the past, implying the potential formation of a

more stable supply structure in the Hanwoo industry.

O Using the cow slaughter rate estimated with macroeconomic variables
as an input to the existing outlook model would allow changes in the
breeding base to be reflected at an earlier stage, thereby enhancing the

accuracy of projections for cattle inventory and slaughter volume.

Researchers: LEE Hyungwoo, KIM Chunghyeon, KANG Jiseok, KWON Osung
Research period: 2026. 2. - 2026. 7.
E-mail address: lhw0906@krei.re.kr
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2) Rosen et al.(1994), “Cattle Cycles”, Journal of Political Economy, 102(3): 468-492.
3) Griffith(2002), “The US Cattle Cycle and its Influence on the Australian Beef Industry”,
Agribusiness Review, 10.
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O (Id9 3-5)°0A4 Yettxo] & AR 7HE- <=+ 1980t = <F 1009t 71+
204 20244 OF 109 7HE 207 X &H 07 THA =jg]
2] o]} ARS: 7HtE o= AE0] F7Foke] FTollE oF 19 5 T ol =
o2

Zo|A i+t Ahs T4 2= A

32 7Y 4718 AXNEA GH HA
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ol
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o 2
o,

B
Y
!
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off

olx
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riok

93 9482 ol 9}
ol o] h43tel viel TR ke ASH 0% SIISHAL, ol Ak
T2 WSHe A OAFAA ) A% AT A 13 S B AR
Hajol2o] AR RotAYIE 89108 A8 HOR 24T

(A8 3-5) Atg 717t 4= 0

7= 7h3

1,200,000 16,000
1985-1989

o T ! 505 0f% 14,000
1,000,000 i

i 12,000
800,000 i

: 10,000

600,000 (P 1997-2003 011-2014 8,000

6,000
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Az F7HlHA@ %), 75 AL

O HAIE Fo|E AHEH, 1980 80% F8t F=FolA AL 60% S =5
7HA A& o2 shEfshe 418 UL 312 27]0e &7 R 4=
57t A AR AR SotA] BA7IREe 2 sf =2 0]
A E o, &ghe)7] o] & A FREAT - AASF AP A A
AR A7 ekt
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65.0 oo )
LALEALY 235300
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A& =7l A(Z Ak), SAEBAI8I AL

1.4. 57} 729 ALSZT| 2

O 5715 At Ths] LS 0] WS} o2} AL8 57| (u] mAfo] 2)e] 2

SHA7E S8t 724 204,
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5ol AA=7] W&

i)

O 1 23t $okA 714 44 A 4] B} FA0] o 2ol A| L, o] F FF 57}
9} 717 shefo] Whalshs FAo] WHEE R A AFS lelse} 7HA o) W Zof
s 542 1Y,

- 7 A + AFY RS = AFYFE HIKStructural Change) = &
B 8§84 Z7Hinformation Efficiency) = WA - =& JAFEAA 74
(Breeding/Culling Decision) = 35 3% 3 P (Supply
Adjustment) = AR thslS 2 714 M54 A (Volatility Reduction)

= H|ZAlo]F ASHBeef Cycle Dampening)

O AHEY Fr= Fukp(DolA ] AHMEY Uk(Spectral Density) S(O= 57

F2lof] H¥HFourier Transform)

X(f) — ixte—ﬂnft
x = ¢ AR BEES AL o)

4) Matthews et al.(1999), U.S. Beef Industry: Cattle Cycles, Price Spreads, and Packer
Concentration, ERS Report(No. 787).
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f = F34(Frequency)

P = HRA(/1)

e P = ARQlutel FARQIN;
- A29EH ZE(Power)d = P(f) = | X(f)|?

P(f*)
Y P(f)

- #7119 3% (Cycle Strength Index: CSI) = CSI/=

(& 3-3) 7172 HSATL A=F7| B

o e glen B G | o
1t 1981~1989 9 1,892,977 | 441,454 0.233 0.973
2t 1989~2001 13 2,085,126 | 484,210 0.232 0.922
3xt 2001~2015 15 2,323,372 642,161 0.276 0.588
4R} 2015~2025 11 3,314,558 | 286,894 0.087 0.610

Ag: AR A4

O 3~4A12] - 571 e}, F= ALAA

A 7H4 9 24 7] 5ol ufe} 74 41
oie 33 ¥hgo] eotelmAl HlaAjol2e)]

F1~27 Al7| 5T} % okl

Zx g*zhtf/

=1

°' O7IM 1(H)7t 719 2=E 2ojg.

n

29 & A8F7 Ha 24 | 43



- 1~2Z} AFo]2(1981~2001)2 733t H]ZLARO] S, 32} ALR]E(2001~2015)
2 S, 43 A1EH(2015~A)2 A H o2 ¥5 A7} Zo} eks}
% H]ZAlo]EH(weakening beef cycle)Z ©|3E.

AbE EEElE S (VOL)OE S54SR 3l 57He8 BN st

AARE 23 s7heE AR uHlE MEA 7Rt A IF
= 210 2 Ueht3(8=0.551, p<0.01). °1%& &7H7t 1% 5718 7
S AR sl fEgo] oF 0.55% S7tehe Ao R 744 1
H|ZAfo]F o] 2ol tho] &t A7 EAE - 7h
it 55 2ol A A= AL Aol FdH o2 o] FoiA]
Aol Frjs= ARz ojoif]. £ A A= o]t o] &3 IA|5HH,
= 7k st qtEete] A et g 24 St PAHUA ¢
H|ZAfo|Zo] T Hot AtatE Qa2 AR

Hoh oF 71.6% T4 oH, 2003~2004 00l F--18 Atejel &A17] 4
Y Fdol wE AFFHoZ WEAo] 9F 105.2% S7IeI¥S. W
2008~2010990= AaTFAA T et AH 9 FFoE ¥iF/do] oF
80.5% 74T 2o & BAEGS AA By A8 A vehgon,

Durbin-Watson #f%= 1.782 7|4 BAl= A &2 A0z HY.



(& 3-4) M= O13g HEY0 S714-210] 2|

Variable Coefficient Std. Error t-Statistic Prob.
C -9.5093 1.1089 -8.5754 0.0000
LOG(S714) 0.5513 0.0874 6.3058 0.0000
D94+D95+D96 -1.2579 0.2050 -6.1357 0.0000
D03+D04 0.7189 0.2446 2.9384 0.0067
D08+D09+D10 -1.6348 0.2065 -7.9172 0.0000
R-squared 0.8550 Mean dependent var =2.7771
Adjusted R-squared 0.8335 S.D. dependent var 0.8009
S.E. of regression 0.3268 Akaike info criterion 0.7436
Sum squared resid 2.8834 Schwarz criterion 0.9726
Log likelihood -6.8978 Hannan—Quinn criter. 0.8195
F-statistic 39.8012 Durbin-Watson stat 1.7832

2 24 717k 1985~2016W( 1553 712, ol2iA] oA 1), BEi 32,
A A 24,

1.4.2. W84 GA4 Wt A8 vhsis WEA0] Fe w3

O H]8- Y A|4(Fattening Management Index)= ‘A 109t8]E &35loA &
oF X B olelg 4 S YTV E ofulstol, ul% 3] Sol ALY, v G

AAAG7} £ e4E 5710 A4l 9 WA ofgo] A WA AHS Z7hE
o7 ZYst= AoF HJ,
- M8 BRIS(EM) = S 7HA /ot 7

- 1.5 94 ¥E, 2.0 EF, 3.0 Wi &=

O HISAGASE AR Th3l% HE Ao %% ¥ FFE HAE AoE
B (1.552, pC0.01). ol HISATARA 190 B A% AL
S WOl o 1 55% S7HeIC Ao 4

O MISYASRE 24 74 oyl $olA] 71 e] 4h 4 S el e

9] & Ak wm B4 | 45



B ARZA, A% F5L 5719 G4 Shet AL vk F71E GEste]

uzAfo] 29] [EL BefA)7E Aow o3,

(& 3-5) At O34 HEY HISZYX|-2t0] 2

Variable Coefficient Std. Error t-Statistic Prob.
C -4.1738 0.2417 -17.2656 0.0000
LOGH[SAZYX|%) 1.5623 0.2625 59131 0.0000
D94+D95+D96 -0.7270 0.3080 -2.3603 0.0238
DO3+D04 1.3668 0.3860 3.5410 0.0011
D08+D09+D10 -1.5929 0.3079 -5.1730 0.0000
R-squared 0.6685 Mean dependent var -2.9763
Adjusted R—-squared 0.6317 S.D. dependent var 0.8411
S.E. of regression 0.5104 Akaike info criterion 1.6068
Sum squared resid 9.3801 Schwarz criterion 1.8158
Log likelihood -27.9393 Hannan-Quinn criter. 1.6829
F-statistic 18.1509 Durbin-Watson stat 1.0476

F B4 7172 1985~20259, #ESE=41.
Az AR A,

O AI7IH 0 & 1994~1996@ %} 2008~2010¢0ll= ¥MBAlo] Z+z+ °F 52%,
80% 743t HHd, 2003~2004 0= F-2-1 Abeel 59 %%Oﬂ o2 A%
FH0E HBAo] 9F 292% S7Ie AR YEE. o= HSH FAFTt
39 H|IApo|Z9] 8 HAA 8RIQ1 AR HY.

O u|=9] AA| A-Eo}A] A% ul3l4(All Cattle and Calves)= A7|& 02
A

ol R E= AR5 (cattle cycle)®] E4& BoFaL 9= ol
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AEF71E A FoMA(heifer) FARLS] o, 71520 53 22
A 8= o8 2%
O BAIAS] o)/ SRl A = &9 7140 A5 A%, A= AL E =
2 A PR E Sfiek. ShA| ool A A0 R o dE 4, =Y A
S ZHISHL, U SoMA ER-E &0 A FEE 4%
O ERF 7Tha2 24 AHE AsA7IH, Alr WS AaA7le 5 28 A
551710 ofgle 42 2] wel 7159 JFOE & AT Y
] 7|Zto] MAE & QU=
T2 dut o g 8~129 7|2 vrehe,

578171 AlAsh= AsiiE, 27100

O 1% 49} Hobd AHS ngis
A AR 350 FaFAE At

A Aol B2 1 gASELT) A F71E AREE S
(1 3-7)2 1980958 202697HA9] B3 AR 2-Ho] ALS Hhgl4:
stgom, oF 404 B X84

o] ¥sks HolE A714R FAI= 1980 H oF 19 2347t upe =FofA
Q =4

NET LR
@)
202590] OF 8T the] $EO R A
sheF 550 ek
i SEE AYA %1, 9 A7) B gt
AL B9, AYA & A&7 (cattle cy-

O 2-olA] A% Th51%]
47
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2.1.1. 12} A}0]2(1980~1990)

O Z71=+H(1980~1982)

- 19809 24t v]=9] & AR wlElSE S7HRAIE Holw, 19824 19
1,544 vpe| 2 7P 2 RS 7159 0E. ol 19709H R £117]
714 gsoll wet Sale7hel WA g o] g s .

- 2 AT B AAE AT ol F SobA] A AR whElS S
74 2~3 9] ARR7E AR wEbA 1980~1982 0= ©1 A 2719
FHFLE Abs vpBlrt SV A o= Kl

O ZA=H(1982~1990)

- 12} Aol = q1 A ARG uHEIG0] rAFHE 5Y Y7o 2 xR o
2 AFEAS. 19829 19 1,544% uhg] 9] & ARS vl 19904
9,580%t U}ﬂi w2 oHA| ZAaskE.

- 19809 A7|MA = Qs =2 =2 57 £ Sk A2t 4 9

71 2. B3 54| 7H40| stEhekal S4Hs7) of o] ©
Al AR o] g wet F AR b7 A ASH S

- TS Ul ABRE] AH|R HSIE A 4117] 8

o}, 2117] 7}AT} FAks7H] 4]/ 0] AfSFEHA ¥4
o 547 4SS Gl

—]o olN
HN'
S~
IE
=4

2.1.2. 22} A}0]2(1990~2005)

O Z7FEH(1990~1996)

- 19904l 29| AR} FEEWEA 277] $87}F Z7H0] Wt & ARS
HhEet S/ AR AL 19909 95828 thEle] 4 AR mhalst
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19964 19 3555k ul2|7kA] S7FotwA] A2k Aol &9 FH< 7159

- SobA] 712 A3k HAVE7EY 54 AHOE WS Y4jo] B9

o, o]of] W ForA| WA F7151 A+

O Z+A=1(1996~2005)
2 WA 5 7HE, Am

- 2%} Aol 29 & ALS T 37} 71700] Sl E Bl Al Eohew
A £317] 742o] St ool uhE Z4Rs71] 4014 ofah 4 ARS uh

Sl A daFAlE AdghE o] 20059 9,502% vkE|71A] A4t

- 20009 2RF AR FARS] H= 7HA Ao SAFs7RY AlwH|
X

(& 3-7) 0|= HH| A-SO0LX| At Df4

o
120,000
OON

10000 7 \
100,000 \wfﬂ‘\“
90,000

80,000

El e

70,000

60,000

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Z+&: USDA NASS Quick Stats(https://quickstats.nass.usda.gov/). AA4L: 2026. 5. 2.
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2.1.3. 32} A10]2(2005~2014)

O Z71=+4(2005~2007)

d

I & AbS wFle= 20054 ©1F &5 F7Fste] 20079 9,660% 1=
T 7155t9lew, o= 22k Afol 2ol ASEIHE AulAlFo] sEatd
A &317] 7443t g7k S=e)/do] A Al olof wek SitsTE
o A& HFlE 5271 93 WAl Aol = 92

- 97129 4% olF, 20074 W 4 AR uEISRE 20141 8,853%4t Ul
oF 8004t ule] 7} AT Ao g 7|5 ots}
o} APAtu] Z71= Q8| A vslS o] A,

- B3t AR YRRl &5, gF 59 I= 7HE0] F50tHA S4ks7HY
AEH| Bgo] 34| F71etRa. £9] vl W Aol A] FZ o) mE o
B A doivt S 8 E FTHAA AARTHE S-S 2EE

2.1.4. 4% Ao]2(2014~2026)

O Z7F=4w(2014~2019)
- 029 20144 A& ARS tlElgE 8,853% ttE]ofA SR HEkE o]
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gl
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- 5@0uﬁhﬁ%wﬂ&ﬂ%%@a@ﬁaixy%&%%%ﬂﬂ
47202 ulo]u A(-)E Urehf i g, 13 W & ARS uksiSo] A

g1ol A3 melal ) 712 o182 A 571% AR

o
7] 93l Livestock Forage Disaster Program(LFP)< AA|5l1l, 54 =
al

=4 ddiet A 52 30 AR IEE Bt 71 bR 4Gt

O

(H 3-6) O|= &-S0tX| AIO|2 H|wH

2 1%} AlO[Z 27t 012 3t MOIZ 4%t AOZ
= (1980~1990) (1990~2005) (2005~2014) (2014~2026)
&7=d 1980~1982 1990~1996 2005~2007 2014~2019
ZA=H 1982~1990 1996~2005 2007~2014 2019~2026
XNE
(@t of2)) 9,580 9,582 8,863 8,616
48 [&:] (o]
(ot 0f2) 191,544 194355 9,660 9,481
sty
=i -1.48%/¢ -0.07%/¢ -0.78%/% -0.23%/%
ooE
7| 40| °f 104 of 15 of od w3
sopmx | JEEE-GM L @RdIlES AR | AT ES, 1% 2A3 TS,
- Al 34 A AL
F2 2WN7HAES | BlEls S0 | g s s, | Jhs sk Mt
§529 AP = M ¢S +E 8= gt
=2 S8 71, 88 87 7ol | 2011-133 OPkS, | 37|71, 2219,
oleel | dge| FA St 8?8 M=t 55 ==/H8s
Ex 371EA 3 97 U2 7t 7t=HIE
° ~ 45 SH(E?EtE) - 54 —~ 4= X

A+ USDA NASS Quick Stats(https://quickstats.nass.usda.gov/). A4 L: 2026. 5. 2.

22. 25

O 3349 X(cattle) AFS FEISE 1980 7|2 2,620t ua]ol A 74
o} F71E HhEs)] gkoH, 2024490+ 3,037% & Hol4lS. ol= A
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Ao g A AR ulsl4r) StsHA E715ks 588 HolFglon E7to=
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=2
of
ol
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juial

O £79] £ A% Bl UHT 771 T Aol Zo] ekt gonz,

97V 5 715 AT $E AR WSl 2 20 AFS vlEls 2AE F
Al O

2.2.1. 12} ¥ 0] #(1980~1984)

O 19804 2,620%F whe} a0l 0E T5-9] & AR A= 1984 2,216
R ukE7EA] asto] oF 15.41% F45 2. 1982~1983 0] 'HAYRH Hi+f
B7FEORE % FH tiFE o] 24| i) AstE A Alm B=o] B

SFRLT, 71 A3 B B9 579 & AHg7Io] o1,

2.2.2. 12 ¥1%(1984~2003)

O 1984\ 2,216%F whe|9ld 259] & ARS: wislse= 20021 2,787% vt
7HA S7Fsto] oF 25.8% 3211‘4154 . 1980dH] FHF o] % -2 o7 AL
2 2A] BAHol PEE I Ae Aol SHiEglon, = A& S of

el 4 AgF7 vl 24 53



Ao} X|29] £717] 420 719} %% S ALS BFEIS: Z7b0] 7]oigt

O 20024 o]F fitE 7Reo 2 - e AH2 24| AYiHdo] ofsl=HA
2003¥ 4 *}% n}El4= 2, 66659 THE] & oF 4.3% A5 o]% 27|27k Z

(O3 3-8) 5 A A5 O

oy
33,000

31,000

29,000 1X} O™ o N/
27,000 lji ﬂ\(/"("x//)\ \/\/ >\\
25,000 \\\ J/ S \
N
23,000 \ L_(/,/ 7 // _
- A%

19.000

O

17,000

15,000

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

A} FAOSTAT(https://www.fao.org/faostat/en/#data/QCL). AMY: 2026. 5. 2.

2.2.3. 2% ¥5(2003~2020)

O 20034 2,6665 M T5-9] 4 ARS vlSlge= o] & ANHARl S7HAIE
Holm 20149 2,910%F uk71A] F 9.1% el = . 2000t &Kt 7
o] stE|H A 22| AJatdo] S EE|Q L, o]of whet AP B Sfe} A
J2lo] ZEsHA o] FoH o] AR HlElSg F710] 18 8Rlo & AHg3t
O E3 =3t Eof o]o] F9] AT17] =] 871 Wk A Z7lshEA 55
Al ZZo] FE gl oy, 24| £317] 714 ASE 2AHs719] 204
A ot 53] 20119 o] F S5 A1) =8 g 259 £117] 5
3 A7IRE s JERstlen, ofof wat ARS mhElg= 20139
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2,920%t v}E|7HA] F7het.

O 1214 20149 o]Fofl= ARG uhE L7 AN 2 A= o] 20204 2,350%¢
a2 7kA] 9F 19.2% SAE YL, 2014~2016H0E & £ 523} HA
- TA7F AR vl 40 IS v1HoH, o]F 2017~20199 A7|7H

&3 F53 7hgo] ASEWEA 24| A4tgdol 34 A5,

AbE B3 HHE o) A ofstol| tf-g-5to] &5t
%9:1% w24 2003~20208 9] M5 A=
Eof| wha} ALS: w7} 571t o
o Eo] U AR & 5 %1%.

ﬂ
O
i
5
N
i
[
o

HN'

2.2.4. 37} 52020~ 3A)

O 2020 °]F 59| & AH n}3I4 Bz A S7Hske] 2024 3,0375 vl
£ 712 slgon, o]k 20204 ] oF 20.2% S/ 4590, o] F7He
7he o1 9ol BEEMA 2 Aol ANEL, HARs7He] WAL

QLT G B Bt BAHOR o] Roj7l B }E A0 B % 9IS,

ASHES FARFLHYL & F8 & ARAIgS THeR
J SoHA| A7 HE §A]S- Abs7]Hbo] W= A S5 H s E
A 2317] 87 g H 0 R FAIEHEA Ths 713t S4EAE AN
oHEIE 8jE57] 99t S A (Herd rebuilding)o] 2sHA 2

O olo]| whet 539] 4 AR ul8l4 20244 3,0374F ] 7k Z7}sto] A7) 4
=

= FES 715 ole A% % 24 o AT A a7t 2

Y9l & g7 vlm BE | 55



A 7hro 2 SAEE Bibr]Hie] wi2A] SlEE AV 2 371 5 A

E3-7) M€ &F A Mg HE HuE

B 1t OFH 1} S 2%} S 3%t S
= (1980~1984) (1984~2003) (2003~2020) (2020~34xH)
=J7=H - 1984~2002 2003~2014 2020~4XH
LA™ 1980~1984 2002~2003 2014~2020 -
Rt
0f2)) 2,216 2,185 2,350 2,350
Ines((a}
of2)) 2,620 2,787 2,929 3,037
o7
e -4.11%/% +0.98%/% -0.74%/% +6.61%/%1
ooE
dopmz | BEBHOIBE | wssa, EZ44E1 | N UMM
CET ZMel 1x SENY 4 —~ NSt 3=
pliel 0:1?_1 T ozt 57} HAIO
;QPL oT - X ATIT oTOo o_ =T
Aol B — =X 25 if.';; rl THRUA], ZX| ALY
S THRUA ¢ o sl=
1982~19834 -
xQ = =7 AU o NS, 52 EEE
smao | W AR MY | sigeonw) | B EEEEE -
b X-Iﬁl' T o
sy | anozess | wlamawm | T ,E t'f*g FE | S A MS e
45 712

2.3. €=

O YEO] AA| & AR ulEl4t 19804 424.8%F ula]ojl A Z71sto] 19934
502.49t npe] 2 JH-E 7|53 o|F A7 Ao, 20179 o] %o+
ATt S EAE Ho|l 2.
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rir
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)
S
N,
ol
o
|
ol
o

2O TEQL AR 7]§to] AFo g uatE&

FoF Z2 diqt i 5 AAAA R sty o2 25 7L 3=

O T 19919 £717] %% A§3} ol F Y 4277192 Zol Hef=|eA]
FU H41571) 748 B Rol AROR, o]t 371 Hel AR Hel
39

T2 8910 ZgRt o]F 20179S AH LR AR vhElp7} A S715

O wetq Qe st AL Aol Rrke 47]49] 57 580 Uehie Zoe

TEm, £ oAz ol LR & AR vl AR FLEete] AT E.

3,500

3,000

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022
Z+&@: FAOSTAT(https://www.fao.org/faostat/en/#data/QCL). A L: 2026. 5. 2.

2.3.1. 12 ¥5(1980~1993)

O 1980 29 A 4 AR5 vFSl= 424,84 vl2|of A F71sto] 1986
47429 nERIZHA] S EQlE. ol Wl £317] #8 SV Y S8-5

A S, O FA9 TS AAA A2 5o 71905 B3] 59 %

29 & AFSFE7 vlm 241 57
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2017} A

-

93} o) 4| At A 02 BeE AR Ta} U 18] of
S7H AIEE S A FH AR 28T,

I~
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O 19934 502.4%F vE|2 FHE 715 A2 & A5 vhElaeE olF 7]

#Ql zaZAlo] Adsted 200149 453,19 tke}7%] oF 0.8% HATAL.
19919 4:317] 59 433} o] 5 59 A37]9ke] B4 B, T S4H5 7]
of Par] B 37k 2 571 g ol AT EF 20019 THT 4

HAES(BSE)2 £117] AH|QF §-FAISS ASAI7|HA =W ARS8
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E5F9S(MAFF, 2012). ©] oA 7t 7h4asts v 71 AR
TFEE SEE 2225 A3E(MAFF, 2019).

O 20094 o]Ffl= HaAl7E B4 e} 20179 AR mESl7F 382.29F
T} 7HA] £ 0.2™, 2009 HHH] oF 13.6% #4535 USDA(0264
7190 W2H, s Al7]ole Sibs ko) A stet SAR} B, Fotx] A
APZIRE oFs), Al H] A 5ol wAE 7 20119 S dAAE 45
A9 Sit AA7IEre] A FF2 A, TEkA 1993~2017d2 &

K29 AA|Z o] YSAAIE, AU 0 E AB & A0 TEA ZA A%

2.3.3. 3% ¥-35(2017~3A)

O 20179 382.2%F upgj7tA] ZFAPE EO] HA| & ARS tlSifE= o] ¢
kst 3|1 EAE Hol 20234 404.39F nfg]7HA] £71619S. ol 2017¢
tfu] oF 22,19k kg, oF 5.8% 5713t +=4.

O 2017 o] %-9] Ak WSl 3] 52§49 8hE o1 S4]9] g5 8 &
A, &7V AR TR g 8l
Iz &5 U 59 57 4
© Fryl s EEA AH BA7]dlo] 9B 3E R &S HOl(MAFF,
2019).

RA7|EE 9 2] A

O ot 571 1 E3te} e 5d H5 w2 A 5 F24 Aok oA 3] A
31 QL. o]of whe} H Lol ICT A58 5 =540 71& =Y A
3 F3Y S840l AR AZHMAFF, 2024). whebA 2017 o] $-2] #3}
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o ZUE +1.30%/% -1.13%/% +0.94%/¢
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o} H 3 Ty g s
AMATRE ZL AL |t Sty ol | o s
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- EHAI & ol AQD
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201 A7) Sy, s
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2ASHX| 2 US
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- 12 374 22 94.7%, 22} 85.1%, 33+ 117.6%, 47F: 28.1%

O o]z vl=
ot &

oA =9]=&= A "S5 3KHindustrialization)of| T H|ZALo| S
Tt FALE.
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O St*S7F AFSF7|71 BOX|D JUCHD 214, 2012 fEstz £

O B2 &7F A A, ¢ AR5F7](beef cycle)oll T LAl rh= SH2
46.5%, BETH= SE2 53.5%% UEHY, §9 57H] Ayt o7t ¢ AL

A= ACE AME. BT ARSFVIE 2L 9

59 = = o1~ =
G S B7HE Ao A4 9 72 Fuo] i Q14S 2Alshl

O ¥ AR FUE SO A SR LR 271" 4.2%, S

e F9F 2,1%2 YERT. ol AR S7lo] 4 u Aol Zo] @A) o] o
3t Q14]0] Wk AW, B71421 74 %_1%4#271*04 el wiste

T 15.5%% 3% A7)
£ ¢ AT ST 57 HollM = dA = g Aolrt e Aew

H 3-11) AlRZ7| Q1K Ofs 2 7} 281 01

T= &= S+ HIZ(%)

AEZE7|(beef cycle) o 146 46.5

QIX| & o 168 53.5

5= x| 70 49.3
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SiX BFR T+ =T mo Si=H X7 6 4.2
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O H| LA 22 QAT 571 o2 2T ARS-F7] Walo] s 2AH 2
T, AS717} ZotHths 3L 44.2%2 LERd, #9182 26.5%, 2
0]7L 19.0%, BHEASL 10.2%% ZAMH.

O AF2-Z7]71 ottt 93t 718 gjato 2 1 o] 98 zAs AT,
O] FRSI7} 28.4%2 7MY == N W2 14.9%, U
AL Z}7F 11.9%% UEFd. o= s7HE0] ARSF7] Hsho] Y191S

T2 e, Aol WE A st 9% 37 33 29 So| 2gH

o|N
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1o
o ox off
2 Hr 3
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(H 3-12) HIZAO|2 HH3} Q14 3 ALSR7|7H O 0%

= = 3= HIZ(%)
i OrE 1 0.7
ASZ7|(beef cycle) Eri_ 08 o4 435
15} Ol 3t Qs 39 26.5
4o 28 19.0
2E2AS 15 10.2
FE HIY 80| 2 3.0
S/t st 19 28.4
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ALZ=7|7} =UF 57t 8 11.9
Ol 01} HE M 8 11.9
7|E} 5 7.5
HENZ 4 6.0
=39 11 16.4
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Zo] w9 i thas FoMHTIAL $H 57 7159, DAY EYIA 269, 459 5 271 o) B
YeE Al B4goR HE KR,
A AR 2,

O T AR mlElSE 202449 A H11 $22 AFH o R ZastHo] 2Y s

=
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7153, o]% AH 0.2 Stek ot thl 4% FA1S Kol 3 9om, 2026
928 BRE 1440902 A FE917] 0% M B 4.

O (F9)) A7|H o2 7|&F 8 of FAIE Eogton, 200097} 20084
7] A71el w2 52 7153 o|F HA} Woly]. o]F 202149 427 5H
FSAIE Al om, 20254 o]F stEbA|E AeE o] 20261 29 &
= 2.5%= A =] 0.25%p St

(O8 4-1) 21 32

/g2 %
1,600 30
1,400 ¢ ?
\ I g ds
1,200 “ s /“
» [ N / h, == S
\ ot T 20
1,000 J o /
o / -~
800 y/ AL s e 15
/’4 Q o/%
600 |C
10
400
=28
5
200
0
1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022 2025

A& $H23(https://www.bok.or.kr/), A L: 2026. 5. 3.

(]

O (EAE7D 1980 ) 24t A7 =2 522 B
o, 53] 19864ll= & £2.= FojA 1990
sZol A S uEF 1990d Y] FulRE A S
A= glom, 200349 °lF Ao &7t wekd. 53] 2007~2008W0l=

R 8 BT UAYA Y B 5] JFOE FEte] PA T 5EL
=
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~
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=
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O 20094l 22 3891719 GO FAR7P A seetgont, of
3 A7 A7) S8} 7 THA Aeted 2011~20144 B9 B $ES

ARg719 AXNAA B A 21 6

O



A8t 2015~20164 0= A7 &5 el Al

Af7E 2 Eoz Sslgon, oF 94 £ BBt BES BY.

0 202080l= F2HO BAT0 2 ofyix] 87} BelA FAI7} ThA)
37 skt oy 20214 o]3 AlA 47| 3BT 2 EQto g = A

rE
o[l
e}

O 2022 fl= BJAlo-f-Aetoly AT oA 35 B¢ g IAR7T B
Al &5t eH, 2023~2024 89 A AI7E A = EA HA sheole B
&< B9l

O (FAIZFE 714) 1980 tff Z{HHE FH7HA] &gt A& B o, o]

T 19909H 2R WA @2 SRl Al S5 UER.
1994~1996W0l= =A% 7HAo] Wi & £O & Agsotglont, ofF
o7 M4 59 FFo& thA] setete] 2000 2EHA] W2

2 §A.
(O3 4-2) SHK7Iet FH=E 7H4

gal/E ECILE]
600 120

500 100

400 f'f\ / \ , 80

300 2HBE} j AN \ 5

200 /w\ 40
(\a.(% W

100 20
ARt

0 0
1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022 2025

Z}&: BlA(https://www.eia.gov/), AAQ: 2026. 5. 2.; INVESTING.COM(https://www.investing.co
m/), BAL: 2026. 5. 2.

70



0 200049+ =A 289712 8 =352 F& 7140] stEotiony,
2010~2012¥90= =9 A0 714 ofgtet 5 BEQFO 2 ThA] AF5olo]
=2 ££5 7|1E% 20134 o|Fo= A 719} ZA| AL B0 7 =

A& 7H4 o] stEhAlE B3l o, 2016~2020 0= tHAI = A =

O 20219 °o]Fols Z2H19 0|32 &7 A, =4 2 A 3 F2 44t

30| 4% BHlo g FATE o] w2 A A4t

O 20229 ZAlop-¢-Aetolu A= B3R 9 =5 5+ =1to] &
HHA AlS= 7Ho] 2A sshilen, 2023~202440l= 55 o4

Adoz stetstgont o s A PRur B S22 FAT.

O &g, 59, FAIR7E =AIS= 7H 5 ZAABA Waee i) oS &5
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O 3td, wl=9] ¢ 2022 2% A4, 20234 vl= W 7He2& AbmH] 4
ol mE 4G FEol M EHEA A 7 SAHA g B H[Fo

Z7F8-S(USDA, ERS, 2023).

O ¥4 E5E9 v|A= AABA 2290 RASHLA ARG o34 &
=:|
=

A2 B4R AZSH(ordinary least squares: OLS)E ©]-8-510]
31, 71 A7) A (parameter)S A 22X Q91 njotslar
APA 07 4Ah T2ET Q0 TH AXNAA] HS4E 79 AIE njots
, HQ, FPE?) 5 AKX 7|Z o= HA A= HHs= VAR
(Lag Order Selection) £4-& AAst¥ o, 9 ﬂA]7§
AE(Random Forest: RF) 7|9k <=

ol

o
>,
24
R U:J
glu} o

7) Akaike Information Criterion(AIC), Bayesian Information Criterion(BIC), Hannan—Quinn
Information Criterion(HQ), Final Prediction Error(FPE).
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(B 4-1) Y2 E580| FYS DIF|= S5 ANZH H4 22

Ha ]2 X
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= tEa2 g2
= H/E B 2t el
GDP / A5 A GDP, ZUIEAS Rl
A7 Y =718 AN7| YU M
7t HAR, =Mt SrEMRIAL
IEMEH A7t S, TR MEJHA Investing.com

A AR A,

3.1.RF 7|8t =8 ZQEE 0|88 221 MY

O B4 SH5HP(YAL EE58) dFS v = Q= QQH7T B2 34+ 1

Ol A7t F49] TrAastal 4 U0l AL = AL Eo] €E O

olH 9] 3| A4 9] He= ¥ tu|et FxHS} o] 5-& 3ol thEE
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2] 9L o]0 & EA oA o]t EAE &s)st] QI8 RF 7|4 <« F
QT B4 A%

3.1.1. RF9] EA

RF= th=9] QA2 UH (Decision Tree)E 28 Y&
W 7H A BA QF B A AE-S f-AdsHA AT S ok Aol
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- A7|A Y= QA A Y S5, X 7] A AR, = AR L

v =

O A4 e AIC, BIC, HQS% 2-& 1 715 B-g5}o] F8o] 7hsale,
7|E2 29 APl BERLEE Ao Agolh= A EY. dutHo =

H
71zgte] Ae4E o A% ngow By,

AIC=—2In(L)+2q
BIC=—2In(L)+¢Iln(7)
HQ=—2In(L)+2¢In(In(7))

- o714 2 BYY RE, g 24 840 £, T BEA 59

O AICE AZEe iAo FAste] o 21 NS Heshe BFo] AU,
o

BICE 54 4o tig WHo] A o 1128 232 Aasks Agol

O AeE ARL F AT 13| SJeiAE B3 Aol BRF. B AZFY
]

ol Aehe, Bgo] AA RS e T2E F5 W

O A71A4T A4 W2 2= Durbin-Watson 7%, Breusch-Godfrey A%

So] glow, 23} A7|Ao] oIsHA| Lk 9o AXHE Z7bsAL

A7 S AAZHAR)E Edto] 34 & 4 . 2EFH 22 27 AlAke 5t

A z7\9k ANAA g A 241 7T



Uo] 7 zto 2 ATt ofd 715S SUH R Baste] A4sH A
o] Wl
3.3. 7|57

O B4jo] B8 EAREE 201149 1935 20269 797149 9 Aag
_9_
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ZNLOR S8, R AXFA WAL B AE7} obd 2718 4E2E A
FHOE o5 WY AR NPT B} Y. B8 AEE T 9

=
2 HET F9 5L £7] Y ¥ go] 53 17 A FEHIE YEE
A7 EAE 4= Q1. olof] & AFoA+= Denton(1971)9] AIAIE E71HH
O

AAN
Zgalo] E7|E ARE 9 A unZ A S

A2 E €8 AXNAA HS4E X35 TR H5LE9] 7|2 B4 BAS AASH

A} 7| 2B A (F 4-2)9 TS

- 2EHP A EEEO FAFL 47.4%, LS 33.1%, AL
58.6%, BEHAE 4.3%% Uebd. T3 =& 0.07, == 2.952 &

27t AR R 7k FHIE B,
- A4 GDPY H2 502% 7,5509 9, 2472 405% 509 ¥, HA
£599% 1,6809 ¥, FZHAE= 57X 6,440 Fo 2 Uehd, e -
0.08% ¢ qAf 7I7H-U, A xx 1.78% F-EEH T a9
- AZ GNIQ| H2 502% 6,190 9, 72 390% 3309 ¥, ZHAgt
2 658% 5,830 Y, ERHA= 62% 8,340 Yoz Uehd dr =
0.04, AT 2.7201Y, JAFE7} AFExo) 717k FE .

- 299 B 4.1%, TUEZ 4.0%, 22 2.6%, R 5.9%, *



ZHAE 0.9%% UEFE. T3 = 0.3302 BExyl 9207 24
91, AT 2. 1002 HFEZH T} uksh

SAF7HWTDE Ha2 71.322/MiE, a2 16.789, A2
114.389, 22HA= 211992 e, == 00 7H7HY 25 diA
olU AL 2.098 AFEch sk

A 58 7HE 9] Hah2 360.68 3 /MT, 2432 259.3E8, A%
254719, BRHEAE 64.39 82 e Jr=0.65 FEE 2.50
o2 Uehd.

A L55 714 9] 2 484.2E ] /MT, 432 301.598/MT, F
A 818.3FE/MT, EEHAE 137.7€98/MTE Uetd. =
0.7982 $-Z0 =2 FJo] A1, = 2.272 YER,

259 P2 1,1969/USD, 442 1,019¢, FHHAG2 1,4909,
FHAR= 122902 YEY == 0.942 =03 A A9A
HArE= 2.79% YER.

H

R

AHZHE7HAS=(CPL, 2020=100)2] B2 101.3, gk 88.3, A
2 119.9, EEHAE= 8.72 UEh. == 0.68, M 2.2002
Ehd.

AAAFE7HA]4=(PPL, 2020=100)2] B2 106.1, 382 94.6, H Ak
2 129.8, EFHAE 9.1 YEHd. = 0.85, At 2.422 VERd.

LU HAS(ER) 7HE ] HHL 752.19/8E, 432 245.99/2
gk 1,424.69/8H, B2HAE= 241.99/8HZ YErd. =
0.24, Ax= 26302 Yyehton AFER0 7718 IS 1.

AeZz7Iok ANAA W pA B 79



80

(B 4-2) M B 7| X B 24 Z}
7= EE4| 2 | YA | iy | HE | BEMA YE | AH:

AN EZE(%) 187 474 475 58.6 33.1 4.3 0.07 2.95

AR GDP(NY ¥ 187 | 502,755 | 507,164 | 599,168 | 405,005 | 57,644 | -0.08 | 1.78

AR GNI(AY 2) 187 |502,619 | 515,041 | 658,583 | 390,033 | 62,834 | 0.04 2.72

=22/(%) 187 4.1 4.0 5.9 2.6 0.9 0.33 2.10

2RIQIL

WTI(USD/tHZ) 187 71 70 114 17 21 0.00 | 2.09

2| CHYt 7124

(USD/MT) 187 361 342 547 259 64 0.65 2.50

2R 244 712

(USD/MT) 187 484 433 818 302 138 0.79 2.27

SE(|”/USD) 187 1,196 1,148 1,490 1,019 122 0.94 2.79

PNIPN=YIONES

(2020=100) 187 101 99 120 88 9 0.68 2.20

MAKISTR|

(2020=100) 187 106 102 130 95 9 0.85 2.42

2L HAIR 712

187 752 7 1,42 24 242 24 2.

(=9, 2l/2lH) 8 [9) 85 425 6 0 63

Ap: AR A,

3.4.RF 7|9t =8 QT Q0 24 A1}

O A TZ2E0| st =9 991 9% BHAO RF Y1823 £ 29T 7]
HE 55 E4o&= RF E1EE5T 8 FAE 7|HE &80, ZAF
E 7HEL g5 2545 714 9] HoS A8olo] B4 EARFPO R
= 0.9542 et} 2 A9 8-S Hof A EFE9] oF 95.4%2] ¥i5d<
Ade = Q= Ao 7 Yed

O £4 23} ¢4 $85= FAR7HWTD7F 0.01322 7 =4 YeFE A,
o]o] E-8(0.0098), A& GDP(0.0056) <=2 2 Ve, that =4 -7HWTI)
o] AL £ FZHA(std)7} 0.0186L.2 &9 % ZH0.0132)Ect =4 YeH



U, B &8 oM S8k FHA[ 0] M Fo] JHHem 2 Aoz Y
e, ¥hH | 382 F3 %(0.0098) thH] ZE=HAH0.004)7F 2o}, A4 &
A% 9= 2oy 9Rl19] oA SHoA+= AT Ao E YEr.

O A4 GDPYO RF £2%7}0.2121% A 891 & 7F &4 Yehgtoy, &

FRE+= 0.0056° 213 oH, AL T3 0.0048= AHAE 00l 717t
Ao & Yetd. ol B¢k 7|5 RF $8=71 d&#oln, Bito] &
Aol ol FHH 0 &2 A A2 E = AT vy, AR A5 7o E
ol £ A= THoA = FIFEo] ATHA £ U=

417 GNI(RF 0.1765), ZA15E 7FE(RF 0.1736) GA] RF 8= A¢Ho]
U $25E 209 IS Hol, T A3 2t 340l Zol7t 3l = U
S FATE 7HE2 ABASTE0.24772 WA 821 F 7P 920l 4
S8 T+ -0.00422 Ve om, WAR FA] AAIS(0.2276)= =24 &
3 58EE ()R ASHE AF, AT Mt e Al =4
7}, BAAE7HA G B9 B SEE O] A 7]t W2 Z o0& njobd,

H

A

2
o

AR A ] 9= AdB/ATTE0.17458 Sa =58 AV FH
sttt 58 %7F-0.00530] 3L, <& std7} 0.00212 <8 &7 ¢ &
of ¥laA Aot Ao whd. ¥ A= =¥ S8%= -0.0054=2



© FARZHWTIS} hgoln], 37 SRR AR/ %, WAS7HA 1

= 29 =P EQE | &Ysud RF 32 JEAH gy
1 MR WTI 0.0132 0.0186 0.0991 0.2233 t(+)
2 etE 0.0098 0.004 0.0527 0.1247 t(+)
3 A& GDP 0.0056 0.0059 0.2121 0.0048 t+)
4 ABIAE7 K5 -0.0001 0.0001 0.0892 0.1138 t
5 AHEGNI -0.0007 0.0029 0.1765 -0.0334 1)
6 =HE= 7t -0.0042 0.0226 0.1736 0.2477 t(+)
7 MAURZE T K| -0.0053 0.0021 0.0788 0.1745 t(+)
8 = -0.0054 0.0116 0.0686 0.1602 t(+)
9 HMIF 7t -0.0276 0.0078 0.0494 0.2276 t(+)

A AR A,

O 95712 o 4Y 2ol G X E 28 XS 5 A
2 2ARE A AR BF B4 437HOE A A e ol
A7 3G Wk oI AR RS g A PH 220 A4
SH 922 HolE.

O ANAA W% FoIME FAZE 7170 4284, Tgol 4.268, A7
4,047 2.2 7 AV, %xﬂz—% VAT S-S AR AEe 9 AR
7423} DA AA L Mgolul, §7h 4] Sulsh i) Bfo] 3T
2 02 4 itk HoIA 7] Bl Q4] wroiE A oF ek,

O m]A] HQl 9k 7HA 3 5ot 7}7—5‘794 fﬁ A= 247 4.014, 3.89%8 2
O

253, S0k 7H4e
57b9) A% T oJAk2 ol

82



O 599 B+ d4+= 3.358 2= t& A x|
okt Fell A9 R, JAAF 0l 0%

¥ I HEI G S U

ulef oAl o= A Lherd,
A5 T4 A8 Sof et 7k

M. wEbA %E] FF2 A B = 8

A7) Bt AYs7t BE FAAF o] 857te FH0E RS AET

271 S+
(B 4-4) 1B 29 OMAY 28 HT(68 M)
= 2= SE= T H Eaal
SR 714 312 4.01 2
QA= SOHK| 714 313 3.89 3
A=27H4 313 4.37 1
=HEE 7t 313 4.28 1
It 313 4.04 3
22
AL = | 31 3.35 6
= 31 4.26 2
AHIXF27HCPI) 312 3.63 4
217| pUY 312 3.54 5
F 182 A9 9F 8l 52 S FF = U 5 A EFoIA Er SER Al B A
Azl A A<t

g AR; 2.

O AId B F5E FUHY, 5710 49 JAHEHL 9 7Hn Soly
M 5 EANE 7 ASE ohet ARAH, SATE M, 88, 971 5
HE o H50] 92 A e Ao R YEd.,

B8 A=A, BATLE 714, T B A5TL EA et e e
717t AXNZGA ke A SeT Adste] Q1AL 9lee AARE whet
A Uk EEHEI AL TR ASHE EAY 1) 9714, oK) 13 2
a7V, FAFE 7, & 5 A B AxHSE e A g9lo

2 AT et 9L

7719k AR A g B B4

83



3.5. MY Azt 24

O YA FLEA £ 248 A, BE WA
A5 AXAA W] w377 ©] 7}
T 19(1274D) 0.8 HAsto] Bl

9,]. ol A o

E

obd 371 ol

- ZA L7 AA ARF= AIC 7)1

4
2 AR 24
wgd A 7

%O Criterion gto] 7F ¥&

- AR5 59, A A

72, AR EAA

o AIC 7|Z0.7 TAA= Henst,

%= AIC 71&

O

7A3E, SC 3414, HQ 341%h2 vek

7412k, SC 3A12E HQ 7A]

A& Yeg o U Criterion %ol 7 W2 AIC 7|2 & 7TAIAHE AT

- 3}8-9] FA Aat= AIC 7]&
Criterion %ol 7}
- WAS 7HA o] AA A|RF= AIC 7|&
ERg Ot Criterion gko] 7

- F2 AAEA

7AIZ}, SC 3412} HQ 3
LEO AIC 7]Z0 8 TAXE et

AR

4N L A AR 7AE B4

7A1ZE, SC 3A1RF, HQ 3AIAZ YRt oL
2O AIC 7|20 TAAE AT

!

(H 4-5) Y4 EEEN HAIHSE MY ARF 24 At
ARt Ha AIC SC HQ
0 3.467469 3.5604659 3.482563
1 -3.40433 -3.29276 -3.35905
2 -3.76827 -3.58232 -3.6928
3 -3.95762 -3.697286* -3.856196
4 AHAERE -3.96401 -3.6293 -3.82817
5 =ZNES -3.96511 -3.55602 -3.79908
6 -4.04368 -3.566021 -3.84746
7 -4.121844* -3.56399 -3.895441*
8 -4.0884 -3.45617 -3.83181
9 -4.0454 -3.33879 -3.75862
0 5.092646 5.129836 5.107739
1 1.459976 1.571546 1.505256
2HS7}
2 1.398993 1.584943 1.474461
3 1.255697 1.516027* 1.361351*

84



(&7 AX)

Alxf H AIC SC HQ

4 1.263528 1.598239 1.39937
5 1.294353 1.703444 1.460382
6 2Ri97} 1.284391 1.767862 1.480607
7 1.230913* 1.788764 1.457316
8 1.253262 1.885493 1.509852
9 1.285597 1.992208 1.572374
0 8.656065 8.693255 8.671159
1 4.209706 4.321276 4.254986
2 4.091271 4.277221 4.166739
3 3.920516 4.180846* 4.026170*
4 sis 3.916253 4.250964 4.052095
5 - 3.930303 4.339393 4.096331
6 3.92929 4.412761 4.125506
7 3.883478* 4.441329 4.109881
8 3.898006 4.530236 4.154596
9 3.942941 4.649552 4.229718
0 9.882106 9.919296 9.8972
1 5.927706 6.039276 5.972986
2 5.839092 6.025042 5.914559
3 5.685163 5.945493* 5.790817*
4 Bi|S 71 5.681539 6.01625 5.817381
5 5.701514 6.110605 5.867543
6 5.696075 6.179546 5.892291
7 5.643174* 6.201024 5.869577
8 5.669136 6.301367 5.925726
9 5.706134 6.412745 5.992911

AFZ719F AXAA W A 241 85



Asto] A7) glo] =45H= 7]1¥ 9l HAC(heteroskedasticity and au-

tocorrelation consistent)E ©]-&3t.

O T3 AN AA L PR Bl rol7] gz shie] R3lo% 17 of

e 4 g =580 vAE 92 FAS

5 QAEE AESEFE AT A5 AFEE whofsh= Al oty
HeE QRIS wesr] 913t Aol 7] wiZof E2 ﬂ Aol otd EE U 2
25 RMSPE(Root Mean Squared Percent Error), MAPE(Mean Absolute
Percent Error), Theil's U ©]-&5t0] B715 42 ofgfjet 2.

MAPE=(— Zu) x 100

Y,
" Y7,
RMSPE:\/lZ(t £)2 % 100
ny=1 t
1 n
=1

Theil’s inequality coef ficient =

O P& EEBO) ARSI nHE FFS L7 8] ARHS
AN B}, T8 AR RTINS Agho] 0,242 trepgon,

86



1% s=ol|lA BAHOZ Fogt Aoz E44. &, 7/1E A HAEA

o
57} 1% A5 Qe ERES oF 0.24% 716l A 0.2 BAE, ol A
RABIA G2 Q% AUA) Gk 5717 5710 49 oA ofshalA

A4S AT e Y+ U A0 HNY. FF PR T G AL
T

Aok 94 Eoit

Y
o
X
).
r
N
N,
N

OF ROt AOR FHH. oS U AL, T Uk AF B4} 1%

Z7VoHE Yk EEEL

of & 7t AR & A4 EFELS 9F 0.02% HAa% Ao w EAH.

36% WS, A w7 1% A% Al

0
552 0.15% g4aste g2 VIR TH Z2U19 A7) 78 Wl 48] S7F

=

(B 4-6) L4 TZE-MMRIETIX|S 5 Z1K2018. 2.~2026. 6.)
29 A HEZQX} t-statistics P-value
ha -6.7560 2.1222 -3.1835 0.0015
MMREI K |2=(=7) 0.2375 0.0856 2.7758 0.0055
312 AA AR 0I5 0.3604 0.0979 3.6824 0.0002
A i+ -0.1535 0.0327 -4.6895 0.0000
F2LM9 -0.0227 0.0082 -2.7622 0.0057
Adjusted R? 0.9175
RMSPE 2.5279
MAPE 2.0349
Theil's U 0.0124

Tracking Power

s AN A VY VAV i PV, SN

Vo V\/\\N\/VAV

205 2026

018 219 2020 2021 222 2023

A=

EEET]

85719 ANAA g DA £

1

87



O FAR7F WTI(West Texas Intermediate)E ©
71 Ag= 0.032.=2 5% ol A SAZ =
TNE A ZAR7EE 1% 450H da =552 °F0.03% 455t
SiAE. ol FAR7L g5l A=A, 51| 5 BAH| FES o 5719
HALALS QS B57] fiEQl Ao = Wb, 55 dHeel ok A
AR uESleRet A i 7hA O] Al 0.39, -0.08% 242 1%, 5% %
ANA AR FoTt Aom 44,

= do o
10
ot
o)
lo
f
<
o
ot
N

- 23 oxg AE AT, RMSPEE 2.5%, MAPE: 2.1%, Theil's U=
0.0122 YEl} 8|8 QFg A Q] Ao 2 ehd,

(B 4-7) L4 EZE-IHKR7LWTI £4 ZA2K2020. 1.~2026. 6.)

290l A= BZQx} t-statistics P-value

A -5.7562 1.8594 -3.0957 0.0020
ZHKQILWTI(-7) 0.0307 0.0125 2.4633 0.0138
3R AA AL OIS 0.3876 0.1109 3.4956 0.0005
AE T+ -0.0806 0.0358 -2.2484 0.0245
T2LN9 -0.0345 0.0097 -3.5633 0.0004
Adjusted R? 0.9105

RMSPE 2.5265

MAPE 2.0785

Theil's U 0.0124

Tracking Power

—— Actual
— — Fitted

-0.6 1
Residual

0.7+

-0.8 1

Actual / Fitted
Residual

-0.9 A

7 A/\ f/\ A A AN ...
V vv WV\/ VIS VY

2020 2021 2022 2023 2024 2025 2026

At AR A,

88



O &-&2 o]gsto] F4T A, 2771 AZH Y Al 0.30°22 1% &
AN SAHLE Fogt Ao Yetd. &, 770 A a0l 1% Jsotd &
& EHES 4 0.30% d5che A2z BAE. ole €8 45l o I=
2 AR A& 7}21% 0] B BEe 7RSAI7IAL, s7e HAA
TS FFE=ZoE JME. 5 4
A Erj714 9] 741 = 271 0.32, -0.082 212} 1%, 5% <ol SAA
E ot Aes BAY. &, - A2 A

252 9F0.32% A5otal, A TujrtZo] 1% *J%ﬁ}?i °¢ 0.08% 3tets

- A& AE ZAI, RMSPE= 2.7%, MAPEE= 2.1%, Theil's U=
0.0132 ekt lA g el 37 Avkg 2.

(H 4-8) &2 =XE-88 £ Z1K2017. 11.~2026. 6.)

291 A BEZQX} t—statistics P-value

A -6.7594 1.3265 -5.0956 0.0000
&2(-7) 0.2997 0.0653 45934 0.0000

SHR QA AR OF2i 0.3200 0.0815 3.9261 0.0001
A COf71 -0.0830 0.0343 -2.4223 0.0154
F2LH9 -0.0150 0.0091 -1.6474 0.0995
Adjusted R? 0.9050

RMSPE 2.6907

MAPE 2.1433

Theil's U 0.0133

Tracking Power

. /\ /\«/\v A/\ /\/J\vf\ ﬂv /’/\ A N A A

2018 219 220 01 22 223 024 225 2%

Apzz A A,

10

Agz7\ek AN A W 1A 21 89



O 771 H A WA 4ol B7] g EEEo] WAL A4t 0.042 1%
q 7 A A WA 7o)
= 22 oJuR ol WAl 7}

& A3}, RMSPE: 2.5%, MAPEE 2.0%, Theil's U
0122 Lk} ]34 Qg alQl 3 ATke B9,

(H 4-9) Y4 T=E-HMNKQ 714 =™ Z1H2017. 10.~2026. 6.)

9l A BEZEQX} t-statistics P-value

Ae -2.6457 1.3037 -2.0294 0.0424

AE HAR 7H4(-7) 0.0390 0.0132 2.9559 0.0031
SR UL AR OIS 0.2145 0.0792 2.7075 0.0068
AE i+ -0.1599 0.0376 -4.2484 0.0000
F2LH9 -0.0296 0.0125 -2.3675 0.0179
Adjusted R? 0.9197

RMSPE 2.5194

MAPE 1.9921

Theil's U 0.0123

Tracking Power

-0.6

-0.7 4

-0.8 4

Actual / Fitted
=]
&
Residual

-0.9 4

“he] /\/\ A A /\/\ /\/\f\f/\/\/\ n /\/\/\/\ -o:oo
R AelVAY R AR ANy~ A A VT

2018 2019 2020 2021 2022 2023 2024 2025 2026

A AR A,
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(H 4-10) At -4 =58 7t 313EM Zat

0l A= OERX} t-statistics P-value

o 16.0920 0.6948 23.1592 0.0000

AL EZRE -0.4489 0.1846 -2.4323 0.0240
Adjusted R? 0.9039

RMSPE 0.6596

MAPE 0.4801

Theil's U 0.0033
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