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Abstract

A genetic improvement program in Korea was implemented to improve the performance of
Hanwoo cattle by generating livestock with genetically desirable economic characteristics. In
particular, in response to external changes, such as the expansion of Free Trade Agreement
(FTA), the livestock genetic improvement program has increased farm income by improving
the productivity and quality of Hanwoo cattle. Using production cost data from Statistics
Korea, the total input and output indices of Hanwoo feeding cattle from 2008 - 2021 were
estimated and the growth and productivity changes were analyzed. The productivity change
measures results were used to estimate the cumulative effects of the Hanwoo genetic
improvement program on quality improvement, another purpose of the program, using
a finite distributed lag model. The average annual increase in output (market weight) of
Hanwoo was 0.9%. However, total input increased by 1.6%, resulting in a 0.6% decline in
total factor productivity. In contrast, the Hanwoo genetic improvement program contributed
significantly to the production of high quality beef, rather than contributing to improved
productivity of the cattle. Hanwoo carcass weight, which is used as a performance indicator
for the livestock genetic improvement program, has significantly improved and is projected
to increase at a slower rate. The collective findings indicate the need for new performance
indicators that can comprehensively indicate the performance of the genetic improvement of
Hanwoo.

Keywords: animal genetic improvement program, finite distributed lag model,
Hanwoo, total factor productivity

Introduction

A productivityy S AT 3] EUSHE YA LS Aol A2 S DY
A=A HERH = Z] E O Th(Kwon and Kim, 2000). THebA] 554t o] AJatd-2 A4kl &
/golut Alzko] A LHA] Tl & H]-G- tiju] Ax}r} of BA| WMokl Ql=A] 714 %1
oFe 4=l T8 A HEA Q] TS St £, AFR-F F Y (free trade agreement, FTA)
A 2ol w2 AN Sl SEollA Y sFAHETRe] A o] E7Hg S-2luet BS54
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Ao A FHE QfsiM = AEAQ 8 a8 Alart Z s, o & flsiA A 2 &' 717
e gt ot IR LS ST F2 A FE) ol¢- Fasith

olof| w2t 2 4t AX=53+2] FTA A2 Sijol whe the] oz Htol] tig-sto] ulf Sk o] gat/d
P E F2 15SE SO A AL E FR 2 VISINRANY S AISA 0= URYs] @41 Qlok 7S NEAY
2 T 7SR T A g2 =Ul SAbs7el 49 AduE ekl F%o] FArg e 2As] At =
o|E e mie F2Rt fnlE 7RIt e yete] IS Haks S8 SR 5 SR E AR
1o, 1960 tholl A 202 3h-9-2] QIF47 7|0l /g3 5L, 1970 Tt E] SHe7HRFeA] /g Akl o] A2
g5 244 Rl ARE .

S

o|2{ gt e NEFAFE S B3 17 2 = of 2000 tHol| EIAHA EAF-S FH SR 7HA A1 7HeF a3t
7F R AJRFeEQITt SR 7ReF O 2 19981 319 kgl AT AA2-2] Al F0] 2010 0ll+= 415.3 kg, 20211 d0ll+=
455.1 kgZ7HA A&2 02 F7ketdnt 22w, 20001t FSH7FA] 2.5 -2.9% 2] ABT S-S V1S5t =
A2 A2 F7He0] steslr] Al&Fste] 2010 thofl= A $-9-2] 72 0.7%, AA-= 0.8%2] DB+ S7H:
S 7|23l TA|F0] F7He-2 FokE 11 Ql= A 0 & LheRLEAT Q) Ch(Statistics Korea, 2023).

She-E IO B SN T SV e AV et 34 E A o] she-11 7| A4S B2 0 = gt
NegFe 55t ehar]e] 154 ik S 4530 §F53S et 582 BHsh= 417 s5A419 9%
o2 6L & a5 7HAA Hoh 1998 154%0] 226t H $h-11719] 155 o[ &2 20070l A2
2 51.0%Z 7| 23519 50%= FojAl o]F RE3| Z7F5ko] 2021101 74.9%= 7125131t 1998 0|5 20217}
A Hea719] 153 o) EFES] SV AT 7.6%S 7S SIATHKAPE, 2023). o725 S 2t
o7} SIS A HA] 714 PSS FXI5to] She-at}l o] A ol 3A] 7|53t

ARb 0 2 FE4kdo] aks SaliAl e s, BEA AHE Al 5 S 9] Y84t Hesi, w54

(o]
UL Aol HalE B = V5= Z 2 ARYAF(total factor productivity, TFP)2] HISHE 7|

o] 34bd Wsk= ol & & S
5% 4= Qloh dRby o = B9 2 40| SHAIYAMI o] 84 TR F7ltol| et Haehs R 9 i F
A 240] A2 sttty wlol] B2 AR S QnlohA] gt ok /i Rl A kg2 =4
84 FS7tel| a3HE 1T 4= glo] HEbE Rl 5873 mhetoll= A7 it

SEAIA O] Aatd mhete] 594 vhdsto] AJAkd wistol oieh BA-2 S| AlmE] o] g} e-2luet &
A AA = iAfo 2 YA HSHE B ASH A= Yoo (1993), Hwang (1998), Kwon} Kim (2000), Kwon (2010) 52
S 4 loH, AlE E50 tigt A Wsks AlSS A2 = fEluet S0l ZAlehs S 2402 Q18
/Yol S = A 21, Sagong (1998), An 5(1999), Kwon} Kang (1999) 5-°] 1t} o] HEsl], Sk AJ1Hd
HILS BASH A= ol A|$HA O 2 Jeong} Lee (2008)2] A7 3L sttt

2 A7= FTA Zojjol] 2 g ebefo] Qdgho 2 Algis]o] @ 11 Q1= 75 NgA| YAt el A4 B7ts
B9 ARG &t BAStaA} gtk E5] Bale ZHENERe] 7P ealjE 1 oA Q) Q1 she-E o R
FTA W 2t d o] dgho 2 435 7ME57H A Al el aatE RA5HITt o] & flal WA S 24843 9]
HSHE B3] 7L N FA AR 0] S AJAtg ’iStol| o] 2] &= G35 AlESIelth T 2 S| & ot
2 5421 4 g3z IR gANE o] njH S-S of] 7|7t B9t A o] IS v|A= AEe &
/38 Hrgd5to] R-SFAIXFE & (finite distributed lag model)yS ©]-85t0] B3ttt o] 5 S5 H-2 thido 2 S 7k
NFA LA 29 &THE SARRES] it vigtel F4 g3l njd JF ASE Sl A o & grtst
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Materials and Methods

EQAMAM

L-O

THENGFA AL S - 02 4351 BAZ A S 7H A E vHE1L Adets A0 4718571414,

AR NFAY, aARAN A 0 2 A H et 7GR AANE S A5k AlIRAFEE oAt Bl ES A

HEH 20224 7] F7HSSINFALAFA O] 86.0% = 2HA|ote] 71 H|Fo] M, o] 72| -7l A o]
31,83184%F 1 0 2 7P okt

A, 2 B0 = 7SR EARE S ETHE U SAEd oA ] Agat o i) F 55 defsto]

FAA S A28 1 aiE AISstAL siitt. SR g A Al o] Ak S71HE 7H Y = a1, & ¢

=

WA LALA Q] Q)] AT AlSsta, AJatd ¥sto]] 7] o8l Y =5 otelstaz} shot 2 B4 525 Q5
FTA U Eettizio] Ad3to 2 771k YAG-S 435 2008 2] 20211 Ato] Q] HQ-AR] o] AYAHA] WS}
= Bt ook Skl A o 2 nEA o] M) Aateks F7HA|17]7] Yl FRIE o] & AS 7Rt
A B2 5H 1895 i o 2 S3ith
AJatd HsHE B35 sl §he- 1 S-9-2] EAFFA| et 7HA R4, e A et AFEE O] 7R E

st g Q7 qleh B BXAoM= A &S T sk XﬂO‘-“} | &= BT B AE(Tomgqyist) A4S 0|50 A=
I EJR 45 FEZ5IQ L) TH H] S APAES Q5] FIE BE BRI AQ FRUS X, H| S HHEES yet
118 49, 2L ANAY(TFP)yE= T2} o] B34~ %‘ﬂr

- O
2] & 4= QU THKwon, 2023).

N
TFP:y—X_%—;ridl;% @)
7| rie UL 4 (9] H|-gof|xo] H|F o2 7+ £l @ 40| 50| 1Rl X = TJH| X|o} F9]EA|4(Divisia
input index)°| o}, whehA], A4t g ¥ ske-2 A2 570l A TH|X|ot £ & A|4=E wl & gro|tt.

9] At g2 AlRHE AEAR1 AR Bl eSS ARl tsl n] 2 sHA| Eck. 22U, £40f o]
Sohs A2 ARt = Y7 59 o|4tA - (discrete time) 2= HAIE B & o] & o] A X EE2 9| o] &
9o, 5= 1A s} eato] o] YA RASHE-2 thgak o] ZAFSto] LrERE 4= Qlot

N rt + 7
TFP = (Iny — Iny®) — Zl (%) (Inx! — Inz}) (3)

olelgt YAHHEI o] BT AE YAHASE, 7 £ 240 S7182 1ETN] 2R F7HeS T
sjo, = Aol Qlof £l & Ro] B /HEA 2 A e,

919] H3)2 B3l LAY MEHE-S E25] FoIME FEY X, AEE yot 7HER S Sol Bast
BN AHEE-L 1|95 E9 H9. 17| YAIRFO 2 Tl A2 Bolck. ojefat u| 399 AE R H|§ %)
3} o] 79 AFol ate} golshet. ofefat A= olat v §7I7He 1 0.2 Fratstel AT AEFS ]
uefof ghck fep), v} 90 HEE ALS £ A0 BAYE 71202 T Ag FaASc, olok

L

_

B
UHIOR RS NBEL VRSS9 oITE B (3G 452 Bl
F20] 49, 39 9 At EYH £YRAER U5 AT SobH2l 7, e, AHE, FHEYA
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(AF)= 7RI ALR O] B ZAFR, 5 FAHE, TMR (otal mixed ration) ALE 2 F-RE|P, =52 A7} 2 18
w5 AR FEAET} Ao 2 ST,

QS XIRH
H

2 Aol A= 2008 2021'E7FA] Q] 14710l Thgh 7HE /A HAY & &8 T8 A A At 9 H
Az B Z2 QAR S, E5E B3 SHTE AR AAG AR E o] &3t Al
A2 F AT 4 @of| I A 2P 43 (lagged variable)= 2] §7HE- T2 sfjof Sht.

7R EAE Q] Bk AR Do) ke H]S-9-0] AbEERo|U S E o E BdE = FA il IS
= 4 Ao, A e] a7 A AlRFE FaL a7t sk Alo] dAA
9] 772 St A YA S AIFYSHITHY, o] &2 QIS 3he-o] AJAiteFolut 52 o] st 7440 =
UERS = gloh M ea b 7l 52 &l L &b Sjol] Ha x| A =] 2L A 2 efojd SobA| & |55}
Sh-1171 & AJAESH= HI7EA] AlRto] A Q HTh, wheba] FA |t A Q1 A7} UrEb = &3kt obd kAol 4] Bl 2o
B F= a7 E S A Yehe Zlo] Bt ghe| A oot

o|FA| AxFE T a7t Yehbe 495 2AI5H7] Qo 2 AoM = R3S o] &3ttt &, 7+
4 breeding®] 5717 H(breeding)2 20|11 17] S (breeding,.,), 27| F(breeding, ,) 5 AAHE FiL
&= PIx|= 2ol ol Al@)ellA ZF SdvleEo] ot E 52 ©7] EkE ojn|ot= 54
oj, 7| &35 o] 23t mhetH| el 52 o 2 A7 E thWoo and Kim, 2020). ©] T breeding< 2+ & Lol
7HENFA AN 02 e FgAt A do|th FEH Sy S5 R o 7SR YArd Q] A
HpR 2 Aol|M= A BaE 9o ESskAls SAHE&S ol &stlen, 54 Wl autE 9l 532t af
£ A4E ARSI

A&} Zolo] el thefst 7]o] 484 4= o, ARFA 0 & A3 (goodness of fit) 7]l 7|9 &
o] AFE-Ht} B B o] 4= AIC (Akaike information criterion)2} SIC (Schwarz information criterion)S- ©|-&5}0
St AIRF ol & AdEdd 4= }lot.

Yy = ag + Pobreeding; + Bibreeding, | + PBabreeding; o+ -+ + &
n
=ap+ Z Bibreeding,_; + € @

7|83k 24 Al 7_(}77;7‘]09«] FAIE9] AF AT toll tisl + A= 3 4= ATt ol & 501, 2717HA] 7}
folle SHHE, S AW 7HENFA LA A dado] SE5/40] BE nj2igh
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2008'd -6 2021'd7kA] 2] £47|3F 57t H]5-9-2] ot £ ZSIAT 2 45643 keo| ™, FF At SAF2

28657 kg0.2 Uehstch, oleleh AH2. olstol AGyS £ 59 8189 A1EA 2, 3 219 15 2.5 IS

g ESHAIF, 73 ASAROl thet FAH|AE Aot T JGE, 2 FULAE Apd /AR 5 25D 5

AL

Table 1. Summary statistics on Hanwoo output and inputs.

Variable Mean Std. Dev. Min Max

Quantity Output Market weight per head (kg) 45643 17.38 434.16 489.69
Yearly weight growth per head (kg) 286.57 9.08 275.63 301.76

Input  Calf weight (kg) 169.86 13.60 151.00 194.00

Feed (kg) 406847 33590 3,461.63 4,527.04
Labor (day, hour) 26.09 3.04 22.88 3192
Current capital (won) 840,242.37 74,753.83 721,515.52  1,004,987.25
Land capital (won) 537,289.51 154,755.79 381,447.21 830,287.42
Fixed capital (won) 2,194,815.13 455,797.18 1,696,14893  3,107085.03

Price’ Output  Price of feeder cattle (won/kg) 9,973.06 1,609.13 7.913.29 13,062.66

Input  Price of calf (won/kg) 15,790.72 3,616.90 11,116.34 22,848.44

Price of feed (won/kg) 355.79 16.07 331.53 391.70
Unit price of wage (won/day) 13,979.83 4.837.25 6,679.75 20,305.00
Interest rate on current capital (%)” 10.72 17.67 0.00 41.50
Interest rate on land capital (%) 3.68 0.99 145 4.65
Interest rate on fixed capital (%) 1.76 292 0.00 7.11
Interest rate on capital (%)’ 7.52 5.81 235 17.22

Std. Dev., standard deviation.

¥ Price data are collected in current prices and converted into constant prices using GDP deflators.

“ Since 2012, interest on current and fixed capitals has been declared as capital service cost without distinction, so the minimum value of
interest rate on current and fixed capital is expressed as 0, and the capital interest rate is the interest rate including current and fixed
capitals.

Adapted from Statistics Korea (2023).

# B E AT ALY O 2 Q18 89 11599 A bt ZsHFOIL SHF o) o7
57t aakEgto] oflet ZUAE 52 9152 B e 53 288 571 a5 I whefshr] flste] £4
7125 obel §U5FT T 28-S WA TE5l0] R4l ol 333tk

A1 71741 2008 - 20211 37F §-9-0] S FF W e AR 9] W Hae 32574 o™ AAI = 3.5797 0]
lom, JLHXIHPE ?é.*#% oJ Q- ZA|2] W1t 475,064 ) WA, AM| = 55937 O 2 T o} §he-o] A4
=
=

Variable Mean Std. Dev. Min Max

Quality grade’ Hanwoo total 3257 0.160 3.0 3.6
Steer 3.579 0.193 33 39

Marbling” Hanwoo total 5.064 0.270 4.6 5.6
Steer 5.593 0.327 5.1 6.1

Std. Dev., standard deviation.

¥ Quality grade is calculated by 1++ grade =5, 1+ grade =4, 1 grade =3, 2 grade =2, 3 grade = 1.
“Marbling score is calculated by 1++ grade =7 - 9 points, 1+ grade = 6 points, 1 grade =4 - 5 points.
Adapted from KAPE (2023).
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o[zl EEE AV A\40k RS Aok 2008 ARE XS NHENHA AN 02 AU F§A Yy
oho] A A2 ol &kl 7HE A AARI0] B9 vl §-20] B BAA S0 BA WSS AET, ZUAY
S)ol ) FkE BRI

200835 E] FTa S ghtalo] dgko 2 Aael 71 a7l il e Eol dasl S84 Aol A4 Ate
£ ol g3jo] A N ZHo] Whe ofele] Fig 13} 2tk 7HE A ANIS] oAt BEAl T Ao R
FRE|] AE 2 o tola atele] xfol7h WAYE 797t 9ol £ EAoIAE AR K Aol Hes
%A} 2008 - 2021 Apolo] Bz} 0 2 AT F1ETHRA UARele] Wi Aitole 41799 Yo 2 15k oh

2 SojLbs 2412 0|1 9o, 20184 o] $2 Fo{= i 24|12 Rolw glrk

Budget execution (billion KRW)
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Fig. 1. Annual execution of the budget for animal improvement program.

ol 7S A AL 0] I B9 1] 8-90) ZEPHIF i SH) S7F, o)1 FR o) st
L9 EA L ojulshe 3853 4o vl A ek F ol mhetd 4 e,

Results and Discussion

e H| 599 £ SoiAlET At £ SAFOE B2 HAHAE 4 %X]—/Fg]' BEE oF
ettt 59 SAF S6kAE 25 201097H4] S715E o] % 20110 ZAadh o] & SAF-S 2 Ha7t gl
7120181 o] % TA] F7tE] = FAIE Holal ok E5kAlE Al 2012000 A% F715E o] F AA|E] o] §
7} 201556 ThA] Z7FEl = A4S Hol i gtk 2008 - 2021 59 T S AFEX| 4] e A
0.5%3121 20174 o] Foll= 1.4% R 2H, ESHAIF AE A 49] JFE2 A 0.9%°]H 2017 o] o] A
BEES 1.6%E 7153130t

e Hl&9] £ SAHE S5HAF 59 A2 FUREol dHiFor WE £F0 2 o] A 5001
A& = o] 2 SHe- 7AYo & ls] §h- 770l o|n] Y4 2 SR tlE o= wike 4= Stk TEE,
S NFE 1717 F71 Qo= FHAEE A 08 3 53 59 B ol Fo3t 5Ho]7] wiiE
= ek
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Fig. 2. Output and output growth rate of Hanwoo feeding cattle (2008 = 1.00).

2008 - 20211 2] 7|7+ HOF 5hQ H|S-Q ZEQ2 917} 1 ,63%2] FS ZTHA|E 7|25 ch ZEUTFS 20081
E] 201897HA] 23] Z7FeHt7H 20206 714] A2 7hA4sH] o™ 20210l ThA] Z71st 202 LPE}kkEP(Flg 3).
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Fig. 3. Total input and total input growth rate of Hanwoo feeding cattle (2008 = 1.00).

= 7t 1.98%0] A8 2Ol vhe AR R A7 34%2) SIS
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Change rate
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Fig. 4. Input changes of Hanwoo feeding cattle (2008 = 1.00).
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o] 714 gho] Sofubs AHEAYAS L 71 A At 9l om, AlRet 7FE A = AksHA| Zhastal
10 2 et

NEES ST oE 1T F99 74 £U 240 A Al ks g ol sl F7tehes e s £
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Fig. 5. Input partial productivity per head for Hanwoo feeding cattle (2008 = 1.00).
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OlA B ISP ALES BB FLT] YAS 918 7 YR 4] B WS Fels FYR 4 LS

¥ Wgsto] RAMR Chreh W £49S Bol 1 Yot

or Ko
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x]-’;&}:ug%%% Lol A otz 2] Table 3, Fig. 61 2T} A, 2008 - 2021E7F A7F
5 A2 ABET 09% 371650l el FFU-2 1.6% 5715t A 0.6%2] F LA 4H3
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nE o
AN
ol
-

QAN o] Z7E(EAF 7|2 7|1 2 LS| B, 2008 - 2011 7FA] 9] A+ 3.7% 7HASHITH
3% Z7}51%17] wjolt}. 0] 2012 - 20211 9] 7ol = A F &
F=o] A 09%4 Z71stet FFYol 11%4 o &7 Z718)

),UJ

-

Table 3. Growth rate of output, total input, and total factor productivity (TFP) for Hanwoo feeding cattle.

Period Qutput growth @te Total input growth rate TFP growth rate.
Market weight Weight growth Market weight Weight growth
2008 - 09 0.034 0.045 0.031 0.003 0.014
2009 - 10 0.019 0.019 0.006 0.014 0.014
2010-11 -0.035 -0.087 0.062 -0.091 -0.140
2011-12 0.009 0.014 0.004 0.005 0.011
2012-13 -0.006 0.009 -0.021 0.015 0.030
2013- 14 0.006 -0.005 0.012 -0.006 -0.016
2014-15 -0.011 -0.011 -0.012 0.001 0.002
2015-16 0.028 0.008 0.041 -0.012 -0.031
2016-17 0.008 0.013 0.007 0.001 0.006
2017-18 0.041 -0.007 0.085 -0.040 -0.085
2018-19 0.004 0.035 -0.022 0.026 0.058
2019-20 0.007 0.028 -0.011 0.017 0.039
2020 -21 0.019 0.001 0.032 -0.012 -0.030
Average 2008 - 21 0.009 0.005 0.016 -0.006 -0.010
Average 2012 - 21 0.010 0.009 0.011 0.000 -0.002
Average 2017 -21 0.016 0.014 0.018 -0.002 -0.002
Average 2008 - 11 0.006 -0.007 0.033 -0.025 -0.037
201142 %‘—ﬂi*é*&*é o] sfeiet o] = AR L7 (6580l HIsh 127¢ = IA| S7kste] £ Azt

daAA FEEFA7E 27 sH=R7] wizelth oh, 201813 9] F 244 d o]
AEEAIg] el vl 7HsH] o AbR T2l FAE T A7 del Hlsl o 2A| S715H17] wiEolH.
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Fig. 6. Total factor productivity (TFP) and growth rate (2008 = 1.00).

Tho = 7 A dARRI o] AR RS Fal B 4= Qe RRMAIAE R 9] 2A]0] RlofA] Zhri4et S5
o 5 240 YRS FHoto] BAlste] A0l ©Edor siAlE 4 AR '8}911:} 5_ 95kA R}
Ragoll A A o] AlxFE A5H7] 9Ioh AIC} SICE | A8lohe AXFE Ak 2s 2agol A A2} 27](2')
7} 7]-1]— AAst Ao 7 1:1/\—]5]0-11:]-

HA 7FE70 A DAG 0] §He- v 8-9-0] E5F Z7}F aatol n] 3l avtof thsh Ry 27 AutS A EH,

AS-E 27 MR, SAHTE 5712 27] AlxF 7 F a3k n] x| = A o2 UEbgtth a2, FHHEW%*P‘”
SR H]5-9-9] §haLY] AL St n|A= 7| 'iks EAIK SR folohA] gh= Ao A EIT &

H 71 ante] A4 782 A5 A Aol tish WePdH (delta method) S ©]-8-5H0] EELAME T
378 0= T 4= QU
H, 2550l tisiA= 271 AlxP7E A=l tisiA= G712k 17] Ak v47t f-o] gt 932 nlxl=

A AT}, 5, AR Al Q) 7HEIN 2 A ok BlS--o] S5 H T FUAIR = Rk ofu 2} n) 2]
Aol F714 02 P2 X Br 7| arte] gt fold A4S AvE ek ok 4539 B4
71 &3 G R)= 01352, A 7HE7NSA EAD T A AAEdo] 1% 5ot 4714 0= o] 455
O] 0.135% S7FotH, A o2 Folgh Zl o= ekttt WA E A A7 e 4|7} 0.1410]H A4
Z o3t Zloz B

1960 AT E] AJ2HE SRe7lEF AFd = ol The-0] ESkAIF-2 o|n] &3] F7lsto] & EATA 71t B¢t
7FENFA DA o] EotA| S oy ST S7tolle= BAIA o= RofshA| I HIAA| 2
J8u, FUAEY S2453 59 FEFdols o113 felstAl A = Pl R
Atk E5], 77N A Y] £/874 @7 Etkes A71dom s nlAl= 74_5 Uepton, 2 13312
5o SAET ] Y A LE BHE F eReARdoll= ol ETHH Q) AFY 0 2 THHEI Th(Table 4).
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Table 4. Estimation results from finite distributed lag model.

Variable Market weight Weight growth Quality grade Marbling
Constant -0.315 (0.240y 0.222 (0.249) 0480 (0.209) 0.895" (0.203)
B, 0079 (0.073) 0.151"(0.076) -0.088 (0.063) 0.1317(0.062)
B 0.011 (0.072) 0003 (0.074) 0.112 (0.063) 0.194" (0.060)
B 0.131° (0.061) 0.1217 (0.063) 0.111° (0.053) 0.078 (0.051)
Adj. R 0450 0216 0.766 0.814
Long-run effect’ 0.063 (0.039) -0.033 (0.041) 0.135" (0.034) 0.1417 (0.033)
™" represent statistical significance at the 1, 5, and 10% levels, respectively.

¥ Standard error of the mean.

“ Significance test of the long-run effect is the result of a t-test for the linear combination of the estimated coefficients.

Al 24 ¥ Atsol tis] 2471/ (autocorrelation)©] £ SH=A] Breush-Godfrey LM (Lagrange multiplier) 73
= AASHAa) BE RYo|A] 2P| dto] EAlloHA| b Ao 2 Yeh 9lo] 24 AufE2 Bidst Ao E
E]"fl'f‘]'(Table 5).

> °“

o|¥
PN

r°"

Table 5. Test results of Breush-Godfrey LM (Lagrange multiplier) autocorrelation.

Item Market weight Weight growth Quality grade Marbling
2 (df) 21,064 (1) 1,112 (1) 1,102 (1) 0.006 (1)
p-value 0.1508 0.2915 0.2937 0.9392
d.f, degree of freedom.

The null hypothesis is that there is no autocorrelation.

Conclusion
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e FFW TElo] ZFE AFANE AEestel LT PR ol OB, YAk st ul x| @ Et
St Et0] 7S iR AAIRIS) EAHE HASHE A 98 4 e
= A7 B4 Axk, WA /1SR GAIIS) A B BEH D Y S EAFY B ofn] 4 L

¢
r

A o] F71Eo] EohE 1 Qle Zlo 2 Ul 474 o 2= ke lze] Aohs @A o 2 vehd 4
Q= Az o] HhEe 1e et Qe Ao g wotEnh Lol ZAklol| Ao etAaZEY AHS oJHE 4
Q= A o] A T Esto] Aeha AH S 95t 71E0] ARSHIAl 0 2 o] LS HE Sl 4= Q)= 7= TlEA
AAIA o] WHgE A of| tigk 1 7lo] ™ e 5l
Footnote
1) 9 A HF = (H S E5HF - o] YU Al A5 / AFL 4
T A EAF =LA ST X 365Y
T A ZFA|F = SokR] T A AF + A7 SHF
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