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Abstract

Korea and Japan rely on imports for most of the grain except rice, and the U.S. has maintained the
highest shares of wheat, corn, and soybean import markets in both countries. This study aims to
analyze the existence of asymmetric price transmission and market power that could occur in the
U.S. grain export process targeting Korea and Japan. The results of asymmetric price transmission
analysis using a nonlinear ARDL model show that, in the long run, when domestic prices (received
by farmers) of wheat, corn, and soybeans in the U.S. increase, the impact on export prices to Korea
and Japan is greater than when they decrease. Through the long-run asymmetry test, it was
confirmed that there was statistically significant positive asymmetry in the domestic and export
price transmissions of wheat, corn, and soybeans in the U.S. Also, in the short run, it was found that
there is a positive asymmetry in the domestic and export prices of wheat and corn. Therefore, it is
necessary to strengthen the monitoring of domestic and export prices of the U.S. to eliminate
asymmetric price transmission. According to the result of the residual demand model estimation,
residual demand elasticity was negative and statistically significant only in the case of corn and
soybeans of Japan. In other words, it was found that the U.S. has market power in the corn and
soybean import market of Japan, which is highly dependent on imports compared to Korea, but
does not have market power in the Korean market. This suggests that, unlike Japan, in Korea's grain
import market, there is a competitive structure between the U.S. and other exporting countries.

* This study is a revision and expansion of part of the lead author's doctoral dissertation.
** Research Associate, Korea Rural Economic Institute

** Professor, Department of Agricultural Economics, Hokkaido University, corresponding author, e-mail: kondot@agecon.agr.hokudai.ac.jp
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71NN ¢y iidE TEE A, piE U= Mol diF &= B9 &7 M 53} 7]
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W72 | 2 wopeztA o /E 312 307.1 107.1 150.3 595.2
o gt d &YVt g8/ 312 217.3 75.8 89.8 570.4

o gk K¢ =297 gel/E 312 179.1 80.7 77.5 548.7

(uéig b g 3 &9t gd/E 312 374.0 149.5 161.0 837.1
szoz) | W EREFERT ge/E 312 229.9 79.7 124.6 597.2
o Q& S5 FEUTL ge/E 312 167.0 63.3 80.9 348.0

o A2 F 297 gel/E 312 367.8 122.4 190.1 657.1

F 5% @7 FOB /129
Z+&=: USDA NASS; USDA FAS GATS.
18 2. 017 389 SIRHIHT £571

g4/ al gej/e S dej/e
00 600 900

=
=

800
600 0
00
500
400 600
400 500
300
00 400
200 300
200

a0

m 7
100 0

0 P S S S S S S S R S S SR 0 PO S S S S S A S SR SR S 0 P S R R R RS SR S S S S S S S R SR
1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020

SARAAE —4EARED) - SEARER)

Z+&=: USDA NASS; USDA FAS GATS.

7 SeUets Wol 19824 9 A53kEl ol % 92 Tol LT Folo] O8] S50k Fol 19959 E 49 A3 L.



12 SEZH HALHE H3s

3.2. AIEX|ue 24 1tz

(E 29 (E 3)2 247 =3 929 8 JE Y79 H3&S vehd Zojth. #£4 7|2t
(1995~20209) &<t =9 &, &5, F FU0NA F9 47159 Hf-80] 85% olF 2= Leht
o, 22 717 22 A9 3709 HR-&0] 96% oldoltt. dh=rol W =92 ml=t, 5, Ayt ¢
Aol 47152 Ff-gol A9 85%F WA FrAskL JeH, A= vl=, Auth, 5 370=
S 2RH £ HRE0] 100%°0 7T E3], F= BF v=2 @ £ Afgol 7P A UEh
O}, 12 19959 o] F w=tal 124 H]Fo] ZhAd] @31 9lom YR O] n=t 4=Q] H|F-2 20104

OlF T FAIE Hol1L it} S5k Ui vRIVIAIZ 5 B n5 o2 RE 9] RlFo] 7 ¢
=Y wlSh Al S4=4r 29) B2 1995~2000 68%14 2016~20201 41%71A] 7453t
125 22 712 v]=9] Ffgo] Aastd o, o ds] A S54 A% 75% oldS H=ol 9
A Q29 F Aol vs, B, v, $59 A2 90% ool g
o] F YoM AAISH= w4t HIF2 2000 H 0 A5 7HE A5 ©1F Aastlon, 4
o534t g 9 v 2 HEkE HolA & 9l

i)

e

2517 9

LL
p:

H2 o=o| 3718 £=

IIQ

HIZ(A] 47432)

0
120wz s o G Gh 0w oz omem JR Ao s oz o S
95~00 | 44.1 254 11.0 86 89.0 | 67.8 27.8 0.0 3.2 9891910 7.2 1.2 0.1 99.5
01~05 | 36.4 284 113 7.1 83.2 | 263 552 11.6 52 983|776 178 43 0.0 99.7
06~10 | 37.2 243 9.2 17.0 87.7 | 75.7 122 65 1.7  96.1 | 448 437 11.0 0.5 99.9
11~15 | 31.4 307 123 7.2 81.7 | 402 00 230 102 734|459 389 6.4 1.0 922
16~20 | 33.1 269 6.8 198 865 | 414 00 195 17.8 788 | 56.4 337 32 13 947
A7 | 364 271 101 119 856|503 19.0 121 76 89.1 | 63.1 283 52 06 97.2

A5 B

H 3. 2=29| 71 & £ HIS(EH 371=)

=9l %

oty

7| 2 Aro| A9l

02 oAut s S | 0R e g 5% | 03 e oaun SR
95~00 | 54.6 25.7 19.6 100.0 94.6 0.0 2.8 97.4 79.1 10.8 2.5 92.4
01~05 | 55.6 23.0 21.0 99.6 91.7 1.5 1.4 94.7 74.6 15.8 5.1 95.4
06~10 | 60.1 20.6 18.8 99.5 94.9 0.9 2.0 97.8 75.2 13.3 8.9 97.4
11~15 53.3 26.6 18.0 97.9 74.7 14.5 4.2 93.5 65.8 19.8 12.7 98.3
16~20 | 493 32.4 16.1 97.9 75.3 21.7 0.4 97.5 72.9 16.1 10.1 99.2
A77E | 54.6 25.7 18.7 99.0 86.2 7.7 2.2 96.2 73.5 15.2 7.9 96.5

A Q8 AR,

(E 4y AR A0 AL H W] 7|2 BARE ekt n]2o] 8, 845, 29 25
7FA(Pf;, )& USDA GATSS 5% w7tol] 2o tu] $-2-2 2§31, @} QRO 2uAA 5



0j2 22 $EAIRQ| HIHAX 712H0|9t ARX|HE 2

1x
el
H
=]
e
r
mjo
o
0z
|0
u
—
w

(20109=100)5 o]&3to] AAsstgict. v|=o] W, &4, F $EH(Q)), ) USDA FASS] GATS
A5 E ARSI A=) =8 HE 221(2,,)2 =t =] &7 A4 GDPE o]-&staL, &
AI(TREND)E &85ttt A4 GDP= A3 d& W HolHE ol &5ttt A &2
= A2 o HIS=S AEote] e o, Ut S Bep, of23E Y, T2 Bk,
AUtk A5 AA &9 v HE (W), )2 =3 QB Z& SAF oA b=
¥} BAsHs 29 PPIL} oid A 29 T3 AME-SHAIT. PPI9 $-&-2 IMF IFSY] H|o]E
£ o]-&5H3itt®)

2, 2 Q7)Y WABAE ZAIE et T E BE S A it &= v 8 |
5 810 =X |5 PPI E &2 tiH]| g2 48519

B4 7172 vdiA A 7tA7o0] £A43} AR gh=ro] W) &4 Fo] R L9 AR5tE
19954 187155 20204 45717HA 2 A5t

&

H 4. MR 24 Xjz2| 71= SAE

A =c L ENES A MR 2|22t Z|cHZt

o 3= 9 &7 AY/=E 104 239.2 83.5 114.7 477.4

o = S5 EVHE AY/E 104 194.3 89.8 87.3 565.0

z | O 3=FEEHE A Y/E 104 410.0 163.5 173.2 846.5
Pan ey gm o 52014 A= 104 242 71 13.6 58.9
o Q& S5 FE7HE HAd/E 104 17.5 5.1 9.3 30.9

o 48 T $£E7H HAA/E 104 38.7 10.5 19.7 63.2

o 3= U ETF AE 104 348.1 83.8 196.3 728.0

o = S S EF AE 104 1,089.5 735.7 5.1 2,757.1

OF 3= T F==F HE 104 215.8 127.9 1.8 499.4
Mo QB W Tk AE 104 767.8 133.2 520.7 1,250.4
o & S SEF AE 104 3,406.6 773.7 1,172.5 4,457.0

o & FFEF qE 104 721.9 233.1 207.2 1,190.5

Zs 3= A4 GDP 109 9 104 320,676.5 | 94,392.5 | 156,877.7 | 489,418.0
M| 9E 44 GDhP 109 <l 104 127,219.5 7,695.0 | 110,520.9 | 141,933.0
7Rutct PPI 2010=100 104 99.5 11.4 83.0 119.1

32 PPl 2010=100 104 91.9 17.2 67.7 119.7
Bzkd PPl 2010=100 104 94.7 56.0 23.8 282.7
o2 3l €Y} PPI 2010=100 104 166.9 237.3 22.4 1,216.9
/e & 9/CAD 104 886.2 151.1 556.6 1,140.2

o %/z‘z%%_* 38 2A/AUD 104 838.3 156.9 555.5 1,193.8
M Q1 /Hg Bk ¥/BRL 104 541.9 221.1 207.4 1,430.2
/A e A/ARS 104 459.5 414.5 14.0 1,612.5
d/Aucre s & 9ll/CAD 104 85.7 9.8 61.6 115.2
d/s3gd & oAl/AUD 104 81.1 10.2 58.5 100.6
oa/#g &8 9ll/BRL 104 54.0 26.0 19.4 119.5
ol/H 4 sk dl/ARS 104 46.8 433 13 140.1

o]= PPl 2010=100 103 91.4 17.5 66.8 116.5

wr | 9/gd & A/USD 104 1,108.6 148.8 763.3 1,611.7
A/ ol/USD 104 108.0 13.2 77.4 140.0

Z}i: USDA FAS GATS; IMF IFS; Statistics Canada; National Institute of Statistics and Census of Argentina; SA%;
A= .

8) ot2 Al Lt} 7utti= 2+ National Institute of Statistics and Census of Argentina®} Statistics Canada®] At=& o]-&3}
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.’F_
o=

38 mMAbHE 3=

4. 4 2%

4.1. HICHEA 71H4H0|
4.1.1. 492 AA

23}

B0l 94 WS HAT AYS AN

H| A3 ARDLEZ S

o] &ot= BE HETHI(0) B 1(1) T A& ERldfof 31t 9) 1(2) o]4d9] M= 13} XH&of| o5
A A A D W57} =4 7] W&o 7HAJ 3] A(spurious regression)?] 24174 A3 4= Qo).

E Ao A+ ADF(Augmented Dickey-Fuller)d ¥} PP(Phillips-Perron)d < AA|5IAtt
(E 5). A4 AA= A=5t7] 918l SBIC(Schwarz Bayesian Information Criterion) 7|15 &
stolct. S A A3, B40) AgH BE WGTfolSE 1%014 1) THHE Has Ao
ehge}.

5. S92 2% Ay
WA AxtE 1t XHE2

- T ADFZH PP ADFZY PP
z, 4 573714 -2.412 -2.095 -10.910** -11.587***
@29 | &5 5737 -2.361 -2.062 -9.514%* -11.143%*
FU7HE) | F 575 -2.412 -2.119 -0.861* -11.284™**
o g g 2t -2.170 -2.680 -13.429% -23.830"**
o g S =297 -3.162* -3.137* -13.957*** -20.323***
N e Bl iy -2.901 -5.341%* -18.976*** -34.666+**

P I TR =) -2.140 -2.492 -12.602** -20.321"

) .

O QB 25 SE507] -2.461 -2.115 -9.225™ -13.638"*
9 g8 5 FEU7 -2.282 -2.371 -12.916%* -18.521"
TR R ZVZE10%, 5%, 1% ool SAR SR £o%hS YER.
4.1.2. ¥]A9 ARDL 29 % 23}

B9 714 Ho) AElg 24517 i8] A9AAE dest] (@) Fsta eAo] MARte

IS GE2=A izt A4S AAlsHTh & AolA= JPAAE Aestr] /I8 AIC(Akaike

L ZorH (general-to-specific
12704, @71 &k

& AAHQ= 71 E= F

Information Criterion), SBIC 59| 7|2 Z&3dl=

approach)E 0|83} t}.10 Z}7] 3] FEO] AlxHp)=

QlS(Shin et al., 2014).
F 4 S AlAFeEAL, &

9 H]41¥ ARDLEFL 1(0) E= 1(1) P mas
2% 2845
FilH (general-to-specific

10) Shin et al.(2014)2 2](8)9] A|A= 2 A35] A4

7 EAEo] Ui AT 488 4 9= g0l
473 7
9 A1, g 77 127192 283 ol 57

©24 AAE dolelel 48 4
2 2517 L AR E A7

W
Skeixe]
o —
Z
A0



0= S8 +EAEY HItHEH 71AT0[2t AIgAE 24 o= g2s S42=2- 15

VY (H5ZE 10% 712)0] G A2 ¥52 A A theo 2 YAAS
223t 2](8)9] #F A E ¥ O R Portmanteau Q-AHS AAISH A3, ZE S
AFgo] MRS S WEE A0 SRIFQIT ojde] IS AA 7Rl e £40 AT
HIt A4 34 E A4, 47 2 ©7] 718 A 0] 9 vt HA 5= HAAISHATHKE 6).
W 7hof 71291 3 TA7F 2A5H=R]of| 8|4 Pesaran et al.(2001)9] F— A (Frgs)
7} Banerjee et al.(1998)9] ¢ — A7 (t ppr)= AAISHAT. AA A}, e FHA N Fo+E 1%
A3 QAR S 23teto] FHE WAL Gk ARIHA0| 7124 0] 3714 FYTA T EAfehe Ho)
g Ak W) 71 AT 2712 9] FHE TAS el skt , 67, 07 9 34
L RE 1% Ro5EdA SAH0R Gojuig Ao eht,

M09 47| g QJulshs L (3T =—07/p)9} L, (57 =— 07 /p)= DO A v 57143
A3 $271H01A 22 0.867, 0.834, U1F B715RHA7IA~AR $27140014 22 0.829,
0.799% F4 =t ol= vl=9] ¥ 573740l 1% A5t et= 57142 0.87% LEA|T
B71RF710] 1% stetohe 3 5571242 0.83% stetehs A ojujaict v A 2 YR 55
THE $71537HE0] 45t 490 JFol 2 e L S ek 3, 55 Mg Aol Brla
e L], L, 7t o= 577 A 570l A 47 0.967, 0.918, HF 57t E Y
2 £E7H00A 247} 0.847, 0.8132.2 S o] 57FH7HE A5 A9 o] ATt 3 L,
L; 9 2AAE 02 5It5A A~ £274H0] 242} 0.936, 0.884, W] H71R7HA AR
$&714 04 22+ 0.865, 0.833 2.2 LENIT]

ojfe] Ait= =2 ¥, {5, Y w7k F7HE 0l A5 A stk Ao vl =t dE
E7H4 0 vA&= G| Aths AL ugitt &, L, L, oA AAE 712 A o]9] vt H o] FA
Ao = foju|etx] gelgt "art ek 714 A ARS A 23w, BE 3744
57370 A Ak sket Al 52710 vlAk ol Stk HRHA(H, : 57 = 5)o]
714 AJe. ol= v ¥, S, T 57T 271 AoloA Ao Bl Aol AT

Z, =9 &A= WA st Al ] A Aol & FO08 E7HAE 245k 2
ol F= A US= AARIT

©7] 7HA Aol AN, = Xizn . S5, = Risgm )E BH, B2 0= 57 F7E = 27
Ao\A S, S, 7t 247k 1.044, -0.318 A, v 5737 E-L8 27149 B9 5=
& Q3. ol vl 9 Bl

AL e, 1D 571537149 B7] 49l

>,
ft
iy
oo
o
o,
o
o

1.64602 FAE|oY, S &= BAHoz fogt &

H7kzjo] stergols BTt 8 $3714L 455

oZi

g A

rir
o

ek

approach)2 ©|-8&3} Enders(2014)2} Fousekis & Trachanas(2016)% o] WrHof oJs] H]Aqg ARDLESE 374 219 H&
=5 =9 4 Qo AJARH
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Stehio] Q& &7 A0 VYA e ouldith. 559 AL 5, 9, o FHA &= V= 57
HA7H a3t &7H40] 42 0.822, -0.396, vl= 577 —4& +E7H40A 242 1.395,
0.479% Yttt 3 7Aoo @ a5, 8, 7h vl 737 3= 270 A 242
0.506, 0.603% F7= o] 7435t Al o] ZaL, vx s/l Ha—-de +&7HL 44
0.597, 0.284= A=At

dHogr S, 5, 9 34 ATt A Uepd vt o] BAZHOE FolgtA] g Wart 9l

ok ©14 Bl A AT, B AL RE SR 55 4% Mgk st A
S27140] ulA: o] FUshthe ARAE(H, : 0 jn) = £02 0w )o] Z12slo] Ff vl
o] 25K A 0% WAtk B 7140 9] Mol A9 W 52714 QB 52714 mE AR

e 7)215hA) Sol ket wlth o] EASHA 9 Ao LeRde.

H 6. HMIH ARDL 2 &4 Ant

o 0= S7I5714—5t= 5714 0= s7t¢3714—-Y=2 &7t
T = o) EPUN = o) 244 =
2418 2.350% 4,884 1.89G*** 1.135%+ 4.105%*
constant
0.251) (0.229) (0.310) 0.197) (0.184) 0.277)
, -0.483** | -0.516™* | -0.909™* | -0.375"% | -0.248"* | -0.753*
ZHE o 0.050) (0.049) 0.058) (0.038) (0.040) 0.051)
7 . 0.419%* 0.499™* 0.851%* 0.31 1% 0.210%* 0.651%*
T,
ot (0.045) (0.051) (0.060) (0.034) (0.036) (0.044)
B 0.403** 0.474% 0.804%** 0.300%** 0.201% 0.627%*
X, _
=t (0.045) (0.050) (0.059) (0.034) (0.035) (0.043)
-0.205%* -0.2971%** -0.126**
Ay, 4
(0.050) (0.053) (0.056)
-0.123**
Ay,
Yime (0.051)
0.097** -0.070*
At (0.046) (0.040)
AR%} : :
-0.160%**
Ay, g
(0.049)
-0.100"*
Ay,
Vim0 (0.045)
-0.080*
Ay,
Yien (0.044)

1D Bailey & Brorsen(1989)& & 49| 72 Qligo] o=l %9 7 ZA(H2 Qo] gt el 2317t Astel 7] whize
% 8ol bl gole A9 VA 7h dleke AR TR O S 51 Bahes 57 dhete
Hete A $ER9 $27H4L §2 59 4900 23 7o) Rohl A9 vlFe] 22URE £ ANT S 9L



0= H2 +EAI2| HIEH 714H0|9f AIFX[HE 24 —ot=i YEs Sal=-

A=)
o 0= s7t=F718—st= &7t 0|2 s7tF7t4—-2U2 =574
T = o 244 2 o 244 2
’ 0.119) (0.202) (0.306) (0.092) (0.072) (0.101)
Aat 0.527*
(0.079)
Aat, 0.508 0.394
(0.106) (0.078)
Aut 0.330 0.497
' (0.129) (0.108)
' (0.126) (0.105)
NE N 0.603** 0.224™* 0.330%*
Bug v (0.268) (0.065) (0.091)
R -0.318* 0.386™*
X,
o (0.168) (0.074)
) -0.131*
Az,
i (0.070)
N 0.244%+
X,
-3 (0.082)
R -0.396**
X,
= (0.175)
-0.290""
A, -
i (0.082)
471 Lt 0.867*** 0.967*** 0.936*** 0.829™** 0.847%* 0.865**
a3t L 0.834** 0.918"* 0.884** 0.799** 0.813%* 0.833***
o S 1,044 0.822%+ 0.506*** 1.646™ 1.395% | 0.597%
at S -0.318* -0.396** 0.603** - 0479+ 0.284*
2An toom 297017 | -10.442% | -15.693** | -9.845"* | -6.262%* | -14.823**
4% F,, 31,3024 | 36457 | 82.251%** | 32.811%%* | 14.655"* | 73.968"*
A Wk 28.570% | 29.880"** | 50.370% | 21.990™* | 29.120™* | 116.600***
4% W | 26760 | 21320%% | 0.041 | 67.180"* | 33.580* |  2.430
A7 Q-5A% 37.10 51.44 23.12 35.90 31.25 38.73
SA% (p-7) (0.602) (0.106) (0.985) (0.655) (0.838) (0.527)
FDtgpue Hy:p=0, H,: p <0 AAHSE= t —EAFoIH, $I5F 10%, 5%, 1%2] YAAE 22+ [-2.57, -2.91],

[-2.86, -3.22], [-3.43, -3.821%. Fpgg= H, :
AA = 242} [4.04, 4.78], [4.94, 5.73], [6.84, 7 8419

) L L e A% Hy: f7=, Hy s Dz gm

=0 =02 Ak FEASo|H, $94% 10%

23* ()Trz =
3) Q-BAIFS A7 o] WA T2 AT AEIHEE HA5h= Portmanteau Q-5
4) () 2 EFEQAE oo, * = ZEZE 10%, 5%,

1% <9

= A5t

Wald BAHFS

Ureh,
e vhehd.
SzoH BAHOR fogS ek,

5%, 1%01 412
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4.2. A|EEK|HE =

4.2.1. 9 Fo] 9 B

o,

23

1

G 7)2 B3 Qo] W $Agol A v]Fe] AR BT TS Uehdich 2518 3%
& WA A (Hausman 778y AAG A3}, Ao A E @f 7t 94 Mdats 7% 7H4o] 5% 4.9
S50l 4 7| A YA, QR A F1Ho] 7)2k5)A) gkgket. WA gk 251Se] 4 ATE of

£3t1, QB2 OLS 4 2= vlgto 2 HESI.

mlo

fijr

o] -0 wrel4o] ORT 28 A9 W] $0 TAL 434o] on 712718 23 42
Al o] EASHE 2L olulgih. Aol S0 TH(,)S Ul of o ASE B AR BE
ORC} A4S Ao FAHYOY, FF B EALOR §oskA] elottt. ol = AR W 5
AOIA B]o] AR HjRE 2] ek R AAR

AR 52T 1§ WE 2012 WY A9 TF PPIO) ASk FAHCE §OI5HK) oA 245
glouh, 7juieke] PRI BAMOR GofstA #3Eoich. Qo] 24 Aol At 0T 4 £
sl jueiel 550] PPl 24 AL WE BA K 02 Golu|algd, ALtthe) PPl 24 ALE 55
of 8] Wegro] & Ao Uehiith, B e 55 e ofu] 88, YRS et 22 o] Bhe
o A%7t EAR R folulsA 249t

oligol 27 Ae T | Y SYAFOIA Aot 57/ AR EFORA w4

A2 S AL G8-E AIARRIEE B8, Aubrhit W T2ate] wla) v]Hak Wof ke A
2 4% 4 ek AR FRA DRl 2R F2 Aol Fabuio] A8H 1 9o
o, TR IR )] 28 ST Aol o AEFeloMHES )Y FH SEL SFolr)

("4, 2021).

H
i)
>
o



0= D2 S HIHEN 74470(2t AIZX Y 24 -5t=1t Y28 F4e=2- 19

H7.2%30 213

ogr
i
o
Y
[

o 5= =

TE OLS 25LS OLS 28LS

-0.143* -1.235 -0.014 -0.430*

£ o] o] Axak

G | PR E ST (0.075) (0.763) (0.095) (0.259)
-0.425 -1.167 -0.767* -1.320™

P cbr (0.300) (0.735) (0.458) (0.559)
Mt TREND -0.009* -0.010* -0.008™* -0.010™
(0.005) (0.006) (0.003) (0.004)

1.654 3.656*"* 1.842* 2.152%*

7t PPI (1.529) (1.222) (1.010) 0.864)

. 0.945* 0.818 1.104*** 1.319%**

- = PPI (0.529) (0.787) ©0.377) (0.509)
ML gk e o) 0.160 -0.323 0.750™ 0.852**
ke (0.314) (0.362) (0.290) (0.365)

SF gy oy 0.662** 1,373 0.451 0.518*

e (0.332) (0.432) (0.288) (0.282)

stant -1.904 11.302 -3.686 5.420

con 6.511) (14.560) (6.268) (5.664)

DW— statistic 0.456 0.567
6.251 1.358
1 %)
Hausman 578 [0.014] [0.247]
R? 0.501 0.734 0.678

ZF 1) ( )= NeweyWest 5 22}, [ 1= p3h2 YeRd.
2) 2SLSFA 0| A =des BE S gy ojv] 3k 9 )= PPIE o83t
3) Hausman AR AFE7HLS Q7 YA RIgolH, 7Hd2 7 WA=,
4) *, o e ZEZE 10%, 5%, 1% F-sSolA SAZHOE F-og-S e,

422 &5 Ao 29 1

ofl

2% 2%

(B 82 A=t 429 S5 FUAEONA v=2] AGAHEE 24 235 HEpdn
Hausman7d 23, =12 1% Fos20lA @7 edset= F1F7Hdo] 714 ou, 22
Q7t AEtE FAF7HC] 714 A] okt wWEkA =2 2SS 4 AHE ol
OLS &7 2¥H& o]-&sto] HEIAH.

=2 o] =2 'Y Ao] OET Ail SAH SR FOJSHA| oA S E AT 2y A& &
o 8 &HG2-0.161Z F2+E 5% EAH L2 Fou|otA FH = At WA o= gk
o] S FUAONA AR 2 2EA] AT, D22 S SAAT oA =] A

o] EAshz ALz Al ol di9] S FAAFONA vl= H &0l 86%((EA171t B =
=l Blsf vj=At QEE7E 7] e A= sfAE .

A &= vE HE 1104 =2 of2AE LS PPI A7 1.6252 A M 2.2 f2u|s)

A FHEAARL, oEt H]E HE 81219 FPAT= SAH LR FoloHA] Gt o= =9 S
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1. Introduction

There are two major cattle purchase methods for beef processors to acquire cattle in
the U.S. cattle market. One is cash market purchase, and the other is captive supply. The
cash market supply is a traditional type of cattle purchase and represented a major part
of the fed cattle market over past decades. The cattle buyer inspects cattle at feed-yard
and suggests price bids with negotiation based on a live weight basis. Procured cattle are
usually delivered to processor plant within one week of purchase contracts. Captive
supply includes forward contracts, marketing agreements, and packer-feeding (Schoreter
and Azzam 2003). Cash market purchases include auction sales, sales through dealers and
brokers, and direct trade through negotiation between a producer and a packer. Forward
contract agreement is a way for producers and packers to price cattle ahead of an
expected sale date to reduce price risk. Many producers use a basis forward contracting,
where packers provide basis bid at producers’ requests. The producers decide when to
price the cattle prior to delivery of cattle to the packer. Delivery timing is determined by
the agreement between packer and producer. Cattle quality is specified in the contract,
and premiums and discounts are determined based on the specification after delivery.
For the marketing agreements, a feeder and a packer agree on a specified number of
cattle for some specified time period, and price is typically determined as a base price
plus premiums and discounts calculated based on cattle quality. Packer-feeding cattle
typically transferred to the packing plant directly from a packer-owned feedlot when
cattle need to be harvested.

Recently as the proportion of captive cattle supplies greatly increased from 42.9% in
2003 to 82.2% in 2019 in the U.S. cattle procurement market (USDA-GIPSA), many
researchers and cattle producers have been concerned about the impact of captive
supplies on fed cattle prices, particularly, cash prices. For many years, cattle producers
have argued that packers’ captive cattle supply harms the fed cattle industry by reducing
cash prices. They claim that as beef packers procure increased proportion of cattle from
the captive supply market, their cattle demand from the cash market decreases and as a
result, the cash price decreases. In other words, beef packers use captive supply as a tool
to lower cash price and as a result, cattle producer’s profit is decreased. This problem has

intensified as the captive supply ratio increases (Zhang and Sexton 2000; Crespi, Saitone
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and Sexton 2012). As the cash price is used as the basis for captive supply market prices
under the current price discovery system, the lower cash price would lead to lower overall
cattle price, and the cash market will be further shrunk and thinned. The cash market is
already thin, and in some regions, the cash trade is less than 10 percent, which is not
significant enough to provide an accurate base price for fed cattle.

The Cattle Price Discovery and Transparency Act recently proposed by the U.S.
Congress also recognizes the importance of studying the impact of captive supply on cash
prices. The proposed Act requires packers to establish minimum levels of fed cattle
purchases through approved pricing mechanisms such as cash market and would
penalize any large packer (i.e. any packer that has slaughtered five percent or more of
cattle nationally in the past five years) that did not abide (Henderson 2022). The purpose
of the Act is, in general, to limit large packers’ potential market power exertion through
the captive market, which can lower overall fed cattle prices.

The interaction between captive and cash markets can be represented by the ratio of
captive market purchase to total procurement. Figure 1 shows change in ratios of captive
supply and cash market purchase from 2003 to 2019. The ratio of captive market
purchase increased year by year, while the ratio of cash market purchase continuously
decreased. Specifically, the ratio of captive supply increased from 42.9% in 2003 to
82.2%, while the corresponding cash market supply decreased from 58.1% to 17.8% in
2019.

Figure 1. Ratio of Captive and Cash Market Purchases
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Source: National Direct Slaughter Cattle Reports. USDA.
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Prior studies suggest that when the extent of reduced demand in cash market is greater
than supply decrease, the cash price decreases (Azzam 1998; Love and Burton 1999;
Schroeter and Azzam 1999; Zhang and Sexton 2000). Other studies claim that the
relationship between captive supply and cash prices should be neutral, as curtailed
packer demand in cash market keeps in balance with its diminished supply (U.S. General
Accounting Office 1987; USDA-AMS 1996). For example, a USDA report states that “If 20%
of the demand of fed cattle is removed, so is 20% of the supply, then, the net effect on the
market is zero” (USDA-AMS 1996, p.30). Overall, the relationship between captive supply
and cash market prices has not been clearly determined in the literature.?

Many previous studies in the literature might have reached the inconclusive ambiguous
results because the results are mostly based on static models that do not consider
dynamic interactions between captive and cash supplies. However, in reality, beef
packers are likely to determine their cattle procurement quantity from captive market
first and then fill their need from cash market. Therefore, the cattle procurement from
cash market is likely to be affected by the choice of captive market quantity. This
dynamic process should be repeated consecutively, which is very similar to ‘repeated
game’ in dynamic analysis. Therefore, so-called “new empirical industrial organization
(NEIO)” static framework used in earlier studies is not appropriate to simulate dynamic
interactions between beef processors and rival firm'’s reaction to each other’s quantity or
price strategies (Dockner 1992).

Corts (1999) points out that if firm's optimization process has dynamics, estimates of
market power parameters are sensitive to discount factor and persistency of demand.
Therefore, a static model is useful only if firms can modify their strategies
instantaneously. However, firms cannot change input quantities that they process rapidly
without cost and therefore need large modification costs for their inventory, capital
input, and production (Karp and Perloff 1993a, 1993b; Slade 1995). Demand and supply
shifts caused by captive supply are not explicit in static models as interactions between
captive and cash markets continue through multi-periods. Therefore, the static model is
difficult to capture shifts of demand and supply in cash market induced by captive supply
change (Azzam 1998; Katchova, Sheldon and Miranda 2005; Kutu and Sickles 2012).

Among three ways of captive supply, i.e., marketing agreement, forward contract, and

1) Findings from previous studies are summarized in Appendix A.
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packer-owned cattle, in 2019 (Livestock Monitor of LMIC), marketing agreement and
forward contract have reached 74.9% and 7.3% of packers total captive supply
procurement. The cattle price from marketing agreements is calculated by base price
plus premium or discount from yield grade, quality grade and carcass weight range. The
base price is decided by cash market price paid the week before delivery of the cattle
procured from marketing agreement. Cattle delivery takes usually one week. However, it
can take more days than one week in some cases.? Therefore, the cattle price from
marketing agreement can be tied up to one- or two-week prior cash market price. In case
of forward contract supply, delivery of exact cattle heads in the designated month is
determined with a specified price ahead of an expected sale date. The forward contract
allows packers (buyers) to reduce price risk by locking in a price ahead of the expected
sale date (Ward, Koontz and Schroeder 1996).

Our study estimates the impact of captive supply on cash price in the U.S. cattle
procurement market using a dynamic modelling approach. First, a conceptual illustration
is provided to show that captive supply could either negatively or positively affect cash
prices depending upon the discount factor and the proportion of packers beef
procurement through captive supply market. Then, an empirical dynamic model is
developed to incorporate multi-period interactions between captive and cash market
supplies and is estimated using the Kalman filter estimation procedure.

In the next section, we provide a brief literature review on the relationship between
captive supply and cash prices in the U.S. beef industry. The following section provides
conceptual discussions on the importance of using dynamic models for the analysis of the
impact of captive supply and cash prices. Then, development of empirical models and
estimation results are discussed. The final section presents a brief summary of findings

and conclusions of this study.

2. Literature Review and Data

There are a limited number of studies in the literature that discuss the impact of captive

supply on cash prices in the U.S. cattle procurement market. A few studies find a negative

2) The average delivery date is 6.98 and the standard deviation is 3.28 (Schroeter and Azzam 2004).
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relationship between captive supply and cash prices, but no causal link is examined in
these studies (Hayenga and O’Brien 1990, 1991; Elam 1992; Schroeder et al. 1993). Azzam
(1998) uses an equilibrium displacement model and finds that captive supply causes a
negative effect on cash market price. Love and Burton (1999) argue that a superior
downstream firm has an incentive to integrate upstream firms to increase the efficiency
of its procurement market, which could affect the open market price. Burton’s study
points out that the open market price can increase or decrease depending on the effect
of integration on the supply elasticity of cattle. Zhang and Sexton (2000) consider high
transportation cost as an important key factor in the cattle procurement market and
conduct a spatial analysis using a non-cooperative game approach. The study suggests
that the captive supply provides geographic buffers that reduce competition among
packers but is less effective in reducing packers’ competition in markets where the
spatial dimension is less important.

Some studies suggest a neutral relationship between captive supply and cash prices, but
causal link is not analyzed in these studies (e.g., U.S. General Accounting Office 1987;
USDA-AMS 1996). The other studies show incoherent relationship depending on type of
captive procurement (Ward, Koontz and Schroeder 1998; Schroeter and Azzam 2004) or
model form (Wohlgenant 2013). Ward, Koontz and Schroeder (1998) examine the
interdependent nature between pre-committed captive supplies and fed cattle prices
from the cash market and find a negative relationship with marketing agreement and
packer-fed, on the other side, a positive relation with forward contract. Schroeter and
Azzam (2004) claim that the delivery timing incentive is a crucial point in explaining the
captive supply-cash price relationship, and also find a negative relationship between
quantities of captive deliveries and cash market prices using marketing agreement.
However, their model shows an insignificant relationship if the forward market contract
is considered.

Most previous studies on captive supplies in the beef packing industry have employed
either the structure-conduct-performance paradigm or various econometric structural
models associated with the NEIO. Both approaches have faced challenges representing
dynamic interactions between captive supplies and cash prices. The empirical findings
about impacts of captive supplies on cash prices are not consistent in the literature.

Weekly cattle procurement price and quantity from captive and cash markets and
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wholesale beef price are obtained from the Livestock Marketing Information Center from
the 1st week of 2003 to 52nd week of 2019 (Livestock Monitor of LMIC). Descriptive
statistics of key variables are reported in Table 1. The average cattle procurement from
captive supply market per week is 170 million lbs. and has 59.4% of total cattle
procurement. The average cash market procurement is 117 million pounds, which is
40.6% of total cattle procurement for the study. Average cattle prices of captive and cash
markets are $173.2/cwt and $172.2/cwt, respectively. Average wholesale beef price is

$180.8/cwt.

Table 1. Descriptive Statistics of Key Variables

Unit Mean St.Dev Maximum Minimum
Captive Supply Procurement 1,0001bs 170,431 45,207 293,100 21,417
Cash Market Procurement 1,0001bs 116,664 47,727 265,239 26,682
Captive Supply Price $/cwt 173.2 36.2 266.9 114.7
Cash Market Price $/cwt 172.2 36.6 270.8 117.3
Wholesale Beef Price $/cwt 180.8 36.5 263.2 121.7

3. Conceptual Discussion

An analytical illustration is provided in this section to demonstrate the importance of
considering dynamic interactions between captive and cash markets. The illustration
focuses on the role of dynamic factors such as expectations of discount factor and the
ratio of captive market purchase to total cattle purchase. The captive supply ratio has
increased over time, while cattle procurement from cash market has been increasingly
affected by the expanded captive market. The interaction between captive and cash
markets, represented by the ratio of captive purchase, is an important component of
repeated games over time in the dynamic model. In addition, the firm’s decision-making
process for the multi-period is represented by a packer’s maximization problem of the
current and discounted expected future profit for each period.

Our conceptual framework draws on Allaz and Vila (1993) and Adilov (2010). For the
purpose of illustration, only two period models are constructed in this study to analyze

the interactions between captive and cash markets.? It is assumed that all processors can

3) Our conceptual illustration here is limited to periods of ¢ and ¢+ 1. However, the empirical model is constructed
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participate in captive market, but processors buy only a proportion of their cattle
procurement from the captive supply market. In this framework, change in a beef
processor's captive supply affects a rival processor’s strategy in cash market depending
upon the ratio of captive market purchase (r) out of total cattle procurement and
discount factor (9).

Suppose that a closed form of demand function at time ¢ is @=a- 7 (a ) 0) and a is
intercept of demand function. Here, for simplification, a linear demand function is
assumed following Allaz and Villa (1993) and Adilov (2010).

A processor purchases only proportion (r) of its cattle procurement from the captive

market. Then the captive market demand is given by:

Qca]nt = T(a’ - P(:ap., t) (1)

where Q. and P.,p: are quantity-demanded and price in captive supply market at
week t, respectively.

Then, the inverse residual demand function in cash market is:

Pcash.,t =a— Q(:ash.t - T(ai Pcap.,t) (2)

where Q.usn,: and P..sn: are quantity-demanded and price in cash market at week t.

The marketing agreement price is used as captive market price because the cattle
purchase quantity through marketing agreement is almost 90% of captive market. The
base price of marketing management is decided by cash market prices paid the week
before the delivery of the cattle procured in marketing agreement. In most cases, the
delivery takes usually one week for marketing agreement.?

Therefore, the captive market price (£.,.+) usually ties with the previous week’s cash
market price and we assume Puyp.i+1 = Puasn,e for simplicity (Schroeter and Azzam 2004).
It is also assumed that the processor incurs only fixed cost (¢;) with zero marginal cost
following Adilov (2010). Then, the processor decides captive and cash supplies in current
period ¢ maximize its discounted stream of profit in the optimization problem. In this

case, the profit function of processor i at week ¢ is:
i bee f 7 bee f q i
T = Ma$<Pt — Pcap.,t)'q(:ap.t + (Pf /- Pcash.t)'qcash,t Y + 57Tt+1v (3)

as a recursive model.

4 The average delivery date is 6.98 and the standard deviation is 3.28 (Schroeter and Azzam 2004).



36 SEZH HN4ALHE H3E

s.t. P(:(LSILJ =a— Q{:ash.t - r(a— Pcapﬁt) and Pcap.t + 1= P(:ash.t,

where P/ is beef price received by the processor, § is discount factor, 0 < 6 < 1, qf;(,,p,t is
processor i s cattle procurement quantity from captive market at time ¢, quash,t is cattle
procurement quantity from cash market, and ¢ is fixed cost of processor i at time ¢.

A two-step process is involved in solution formation. In step 1, beef processor i
chooses captive market quantity (., ), and captive market price (£.,.;) is determined. In
step 2, the beef processor chooses its cash market quantity (¢.,,;.,), and cash market price
(Puusn.t), and as a result, the processor’s profit is also determined.

Profit maximizing prices of captive and cash markets can be derived from the first

order condition of equation (3). Then, assuming the steady state price solution, i.e.,

P{:a,sh,,t = P{:a,p,t fOI‘ aH t, we ObtaiHS)
P _p alrPB—2rs+r—1)— oplheet @
costt = T copt r5—2r6+r—3 '

The corresponding demand quantities from captive and cash markets are:

2<Pt}’“f— a)r

) | ®)

Qeap r25—2rf+r—3

0 - 2(Pre/—a)(1—r) ©)
cash 7"257 218 +r—3 ’

When v =0, equations (4) — (6) become the Cournot-Nash equilibrium solution without
considering captive supply.

The cash price without considering captive market is equal to price under Cournot
equilibrium (Adilov 2010) and can be labeled as P.urnor. Then, Peowrnot is derived from

equation (4) by setting r=0 as follows:

Py = ~(at+2P7). (7)

cournot 3

To see the effect of packers’ captive supply on the steady state cash price in the cattle
procurement market, we calculate the price difference between the cash price, Psn,t, of

equation (4) and the price without considering captive supply, Peournot of equation (7), as

5) Detailed derivation is presented in Appendix B.
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follows:

2r(a— Ptb“f){l +(r—2)6}
Pcash,t - Pcournot = 2 . (8)
3(7" 6—2r5+r—3)

If the equation (8) is negative, we can conclude that there exists the price-reducing
effect of captive supply on cash price, while the positive equation (8) would imply that
captive supply increases cash price. Equation (8) shows that the sign of the equation is
dictated by captive supply purchase ratio (r), discount factor (§) and sign of a— P/,
Figures 2 and 3 show the sign of equation (8) as 6 and r change under assumptions of

a_Ptbeef > 0 and a_Ptbeef <0

Figure 2. Comparison of Prss and Proumoras & and rChange under a-P%') 0
7
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

0 0102030405060702309 1 4
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In Figure 2 under the assumption of a— P*/ ) 0, equation (8) is always negative when 0

<6<0.5 with the full range of . However, when 0.5(6<1, equation (8) becomes less likely

to be negative as r increases. Figure 3 shows an opposite result due to the change in sign
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of a— P/**/. Equation (8) and figures 2 and 3 clearly illustrate the possibility of the mixed
results on the relationship between captive supply and cash price from previous studies.
The illustration also indicates that static models may not be well suited to analyze the
dynamic relationship between captive supply and cash price in the cattle procurement
market.

Our study estimates a dynamic model consecutively to incorporate packers changing
behavior of optimization over time using the Kalman filter procedure (Kalman 1960). The
Kalman filtering is an efficient recursive estimation procedure that combines a series of
measurements using a joint probability distribution of the variables over time; adjusting
and updating are done by comparing measurement values with predicted values (Rhudy,

Salguero and Holappa 2017).

4. Derivation of Empirical Dynamic Model

A generalized Leontief cost function® of beef packing firm i for week ¢ is written as:
¢ = Qizzkjﬁj,k(f’j,tpk,t>o'5, 9)
%

where 0;,; represent parameters of cost function j, k=cap, cash indicates captive and cash
markets, ¢’ is processor i's total cattle procurement from captive and cash markets, i.e.,

Q/=d.,+d.,. Then, a profit function of processor i at time ¢ is given by:
i bee i ) ) i i 0.5
T = Pt f(qcap,t + q(;ash.,t)_ Pcap.,tqcap.t - P{:ash,tqcash,t - qtz;ﬂj,k’(Pj,th.t) . (10)
%

From the first order condition of maximizing equation (10) with respect to ¢, ,, we have:?)
P>

P g )
. _ cap,tdcap,t 0.5
marglncup,l - 92 un Q +)‘qinsh,t - {Bmp., camep‘l +2Baup.,cash(Paup.,LPmsh,L) +/Hmsh,mshpmsh,L} ’ (1 1)
cap,t

where margin,, = P/~ P,,, , is packer i’s margin from the captive supply market,

anap,t

od =0, is packer i's market conduct parameter in the captive supply market,
q(;ap.t

6) The cost function used in this study is a simplified form of the generalized Leontief function.

7) The detailed derivation of equation (11) is presented in Appendix C.
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Ohcupt Doyt _ n, is the inverse price elasticity for captive supply OPoustt_ Meant Oleaps
=1 , = =
0 Q(:a,p,t P cap,t 0 Q(:a,p,t 6P cap,t 0 Q{:a,p,t

represents the relationship between captive supply and cash market price.
For an industry level analysis, equation (11) is summed over N firms and divided by &~

after imposing a symmetry assumption, 6'=6 (for all i), which gives us:

. 0 5
marglnmp,t = Tv(npcap,t + /\Qms]m )7 {/jcup‘ mppcup‘t + 2ﬂoap.,msh(Pcap,tPcash,t)& + ﬁcush,cashpcash,t} . (1 2)

Following Kutlu and Sickles (2012), we incorporate a dynamic parameter, y, in our
empirical model. Assuming that the dynamic factor is linearly correlated with captive

market shock (ds.,,:) and cash market shock (ds..,1) leads to:

e = Hy + ,UJstcap.t + /U‘Sdscash,t’ (13)

where captive and cash market shocks are defined as:

ds _ Q{:a,p,t mean Q{:a,p,t ) * ds o Q{:(LSILJ mean( Q{:(},s h,t )
cap,t - ’ cash,t — - .
“r Qcap.,t+ 1 Qcap,t+1 ot Qcash,t+1 Qcash.,t+ 1
Combining equations (12) and (13) gives:
. 0 05 .
ma’rgznmp}t = W(npmp,t +A Q{‘ash,f, )_ {/Bmp, m,pf)mp,f, + QB(*apfash(Pmpf,f)m,sh«,t) °+ /Bm,sh«,(‘a,shf)msh}t}+ Hy . (14)

Equation (14) is similar to traditional NEIO models equation (12) except the dynamic

parameter, . The processor plays a static game if j; is zero for each time period in the

equation. However, in the dynamic setting with non-zero p;, processors can play

repeated games consecutively, and A is expected to be statistically significant as long as
dynamic interactions exist between captive supply and cash price. Our study allows the
varying nature of the relationship between captive supply and cash price, represented by
A over time. We construct the time-varying state, 1 whose evolution is generated by AR(1)
process following Kutlu and Sickles (2012). Then, observation equation (14) becomes as

equation (15) and state equation is as (16):

. 0, 0 .
ma’rgzncap,t = TPcap.,t, - atﬁ Qcash.,t + /\tﬁ Q(:ash.t - 260(110.(:ash(Pcap.,tPcash,t>Ow (15)

- ﬂcash,(zashpcash,t + Hq + :[I“stc,t + NSdSs,t + €4

Qpq = pay vy (16)
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0

where 7= N7~ Beap.can’ A= E[At], and a; = At-A, p is a transition parameter, ¢ and ¥ are

standard error terms with &t ~N(0,1), v ~N(O, 1).

cash,t

50, reflects the relationship between captive supply and cash
cap,t

In equation (15), A=

market price. If the captive market quantity increases and the cash price decreases, A will
have a negative sign. The negative and significant A indicates that cash market price
decreases as beef packers increase captive supply, which is consistent with our
discussion in figures 2 and 3. If A is positive and significant or A is insignificant, the
empirical result should be inconsistent with findings from figures 2 and 3. Equations (15)
and (16) reflect a dynamic interaction between captive and cash markets.

Equations (15) and (16) are a measurement equation and a transition equation,
respectively, and are estimated using a Kalman filter procedure. The Kalman filter
procedure used in this study has a two-step calculation process of prediction and
updating. In the prediction stage, estimates of parameters from (15) are calculated using
given information from a based period. After margin,,,, is predicted from the prediction
stage, the prediction error can be calculated by comparing the predicted value and
observed values in the updating process. Then using the calculated prediction error,
stated parameters in (15) are recursively modified. The Kalman filter procedure allows
one to estimate the dynamic linear model specified in (15) and (16), which reflect the
dynamic interaction between captive market volume at time ¢ and cash market price at
time t+1.

The static form of equation (15) without dynamic consideration is:

0

. 0.5
margwn 7_P(‘ap,t + )‘W Qcash,,t - 2ﬂcap,cash,(P(‘ap,tPcash.t) - Bcash,cashpcash.t . (17)

cap,t =

Both dynamic and static equations, (15) and (16), are estimated for the purpose of
comparison in this study. For a sensitivity analysis, we also estimate the models with two

other functional forms of cost function: trans-log and quadratic cost functions.®

8) Derivation of empirical models with trans-log and quadratic cost functions is presented in Appendix D and E.
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5. Estimation Results

Equations (15) and (16) are estimated using the Kalman filter procedure. The Kalman
filter model typically includes two component equations: 1) observation equation and 2)
state transition equation. The relationship between Y; and «: is modeled in the
observation equation, and the relationship between #; and o, is represented in the

state transition model as:

Y, =a,te,e ~ (O,H), (18)
at+1:at+utaut”N(OvQ)§ al”N(@17P1) (19

where & and wu; are noise terms of observation equation and state equation and
independent mutually, @, is initial state value and its mean and variance are a; and 7.
Consider @;+1=Fla; 41| Y;], which means that ;1 is the prediction of @;+; conditional
on Y; at time t and 7+ 1=var[a;+1 | Yi]is the conditional variance of @;+ ;. The one step
ahead forecast error, v; is calculated as vy = y; —a; and its variance, var(v¢)=F} is one of
components to calculate the Kalman gain. Given @ and £, a,+1 and #;+1 can be

calculated as follows:

o, = oy + Ky, (20)
Pt+1:Pt(1_](f,)+Q,. (21)

where K, = P,/F, and defined as Kalman gain, @ is process noise covariance matrix.
Then, @; can be predicted by Y;-1, and a; (prediction value of @;) can be updated by
using additional information, Y with equations (18) and (19). The a;+: (prediction value
of a;;1) has the same value with @, at time t(ay; = Ela, | Y;]). Therefore, X; term in the
equation (19) is optimal weight between a; and v,. The new observation is more weighted
if P; (conditional variance of «;) has larger value. In the same way, new observation is not
reliable and has smaller weight if #; (variance of forecasting error) has larger value. The
P, value can be updated by using equation (21) and identical logic can be applied in
equation (21). The system parameters and initial values can be estimated by the
maximum likelihood estimation method (Kutlu and Sickles 2012).

Three alternative cost functions, generalized Leontief, trans-log and quadratic cost
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functions are considered for sensitivity of model. Table 2 presents estimation results from
static and dynamic models with three types of cost functions. The estimate of A is
negative and statistically significant at the 1% level from the dynamic model with all three
types of cost functions. The statistically significant and negative value of A indicates that
the cash market price decreases as captive supply increases, which is consistent with
findings from some of previous studies (Schroeder et al. 1993; Azzam 1998; Love and
Burton 1999; Schroeter and Azzam 1999; Zhang and Sexton 2000; Schroeter and Azzam
2003; Schroeter and Azzam 2004; Wohlgenant 2013). The estimate of A9 ranges from
-0.0007 to -0.0009, which implies that as captive market quantity increases by one

thousand pounds, cash price decreases by $0.0007/cwt to $0.0009/cwt.

Table 2. Estimates from Dynamic and Static Models with Alternative Cost Functions

Generalized Leontief Cost Function Trans—log Cost Function Quadratic Cost Function
Dynamic Model | Static Model | Dynamic Model | Static Model | Dynamic Model | Static Model
T 0.6670™** 3.5092*** -4.0700™** 2.9211%** 0.5260™** 0.3883™**
A -0.0007*** 0.0002*** -0.0008™** -0.0003*** -0.0009*** -0.0007***
Beap.cash -0.4830 -2.2255%*
Beash,cash 0.2810 2.6405™*
B, -4.4400* 6.7263%**

Beap.q 1.5700™* 0.4468"**

Beash.q -2.0900*** 0.4913%** -0.1700 0.4318™**
B, 0.9710%** -0.8543*** 0.0007*** 0.0009***
Hy 321.00%** 240.00™** 176.000%**

Ho -12.500* -22.900™** -24.800™**
I 35.000%** 15.000%** 16.000***

Note: It is assumed that #=0.1, N=20 for simplicity following Azzam (1997).
* e indicate significant at the 10%, 5% and 1% level.

Estimates of #» and p3, from the dynamic parameter specification are all statistically
significant at least at the 10% level, regardless of types of cost function. The statistically
significant estimates of dynamic factors show the importance of using dynamic models
over static models. Overall, estimates of A1 from static models are also statistically
significant at the 1% level. However, the static model with the generalized Leontief cost
function estimates a positive coefficient for A. Positive relations were also estimated by
Hayenga and O'Brien (1990), Schroeder et al. (1993), and Ward, Koontz and Schroeder
(1998).

9 A, is a time varying parameter and A is the mean of A, as indicated in equation (15) (A = E[AJ]).
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The dynamic model found a negative relationship between captive market quantity and
cash market prices regardless of different types of cost functions. However, results from
static models show that the sign of A estimate is sensitive to assumptions on the
functional form of cost function. Findings from our empirical analysis indicate that
dynamic models could be more appropriate than static models in examining the impact

of captive supply on cash price in the cattle procurement market.

6. Conclusions

In this study, the impact of captive supply on cash price in the U.S. cattle procurement
market is estimated using a dynamic modelling approach. First, the conceptual
illustration showed how packers price-reducing behavior through captive supply
depended upon assumptions on dynamic factors such as expectations of discount factor
and ratio of captive market purchase to cash market procurement. In this illustration,
captive supply could either negatively or positively affect cash prices, depending upon
the discount factor and the proportion of packers’ beef procurement through captive
supply market. Then, our study developed a dynamic model by incorporating
multi-period interactions between captive and cash market supplies, while three
different types of cost functions (generalized Leontief, trans-log, and quadratic cost
function forms) were considered for a sensitivity analysis. Finally, both dynamic and
static models were estimated for the purpose of comparison. The dynamic model was
estimated using the Kalman filter procedure iteratively to address the dynamic
interactions between captive and cash supplies.

Dynamic estimation results found a statistically significant and negative relationship
between captive market quantity and cash market prices regardless of cost function
types. However, results of static models showed that the captive market quantity - cash
market price relationship was sensitive to assumptions on functional forms of cost
function. Findings from our empirical analysis suggest that dynamic models could be
more appropriate than static models in examining the impact of captive supply on cash
price in the cattle procurement market.

Our findings provide important implications to the U.S. cattle market. First, cash price

could be formed at a lower price than it is supposed to be as a majority of cattle
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procurement is obtained through AMA. In particular, this problem could harm
small-scale farms more than large farms as it is difficult for small farms to meet the
proper amount of supply for AMA. Second, overall cattle price received by farmers should
decrease continuously as the cash price is used as the base price for AMA. This is because
when the cash price decreases, the cattle price from AMA should also decrease. Lastly, if
the current cash price continues to decline, cattle quantity traded in cash market is highly
likely to decline as well. In 2019, the ratio of cash market purchases was only 17.8%. If
this ratio continues to fall, the cash price can no longer be able to be used as the base
price.

The Korean Ministry of Agriculture, Food and Rural Affairs has continuously supported
large pork processors to increase efficiency of distribution of pork products. As a result,
large pork processors had about 17% of market share in the Korean pork retail market in
2021. Establishing large processors has some advantages such as product standardization,
reduction of price fluctuations, and securing distribution channels. However, if these
large processors further extend their market share to the higher level, e.g., 80 to 90
percent, in the future, the high concentration of market share could affect the market
negatively, which would hurt both consumers and producers as we can see in the U.S.
beef market. As shown in this paper, large processors and packers could use their market
power to lower producer prices of pigs and beef cattle, leading to lower producer profits.
Market power exertion of large processors and packers could also increase pork and beef
retail prices. Findings from our study could help one to better understand current
problems caused by large packers in the U.S. and could also help establish a better

Korean packer system.
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Appendix

A. Previous Studies on Relationship between Captive Supply and Spot Market Price

Data

Relationship between captive

Sy Pt Period g Vit supply and spot market price
Hayenga and . P (Colorado)
1 O’Brien (1990) Beef processing N (Texas)
Hayenga and . _ . N (Kansas)
2 O’Brien (1991) Daily, State | 1973-89 | Beef processing I (Colorado, Texas, Nebraska)
Monthl N (national data, Kansas,
3 Elam (1992) <t teyy 1988-91 | Beef processing | Colorado)
a I (Nebraska, Texas)
4 Ward (1992) Beef processing | I
. N
5 Schroeder et al. Transaction, 1990 Beef processing | P (some packers and time
(1993) Local ¢
periods)
6 Azzam (1998) Beef processing | N
. P (forward contract)
Ward, Koontz and | Transaction, B . .
7 Schroeder (1998) U.s. 1992-93 | Beef processing | N (marketing agreement and
packer-fed)
Love and Burton .
8 (1999) Beef processing | N
Schroeter and Transaction, _ .
9 Azzam (1999) Regional 1995-96 | Beef processing | N
10 Zhang(;(r)l(c)loiexton Beef processing | N
Schroeter and Transaction, _ . .
11 Azzam (2003) Regional 1995-96 | Beef processing | N (small magnitude)
Schroeter and Transaction, ~ . N (marketing agreement)
12 Azzam (2004) Regional 1995-96 | Beef processing I (forward contract)
Wohlgenant Transaction, _ . N
13 (2013) Weekly 2001-05 | Pork processing I (reduced form model)

Note: P and N indicate positive and negative relationship, respectively, and I refers to statistically insignificant

relationship.
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B: Derivation of Equation (4)

ﬂ—i = (Pf,bee'f_ P{:a,p,t) 'qf:u.p.,t + (Pf,beef_ P(:a,sh,.,f,).qia,sh,t + 671—3‘ +1 (B_ ]-)

The first order condition of equation (B-1) can be written as

67‘-; ce i —1q 87Ti+1

i = Ptb - a+ 2Qéash,t + Q(za;h,t + T(a’i Pcap,t)+ 4 i =0 (B_ 2)
aqcashi aq(;ash,t
The equation (B-2) is simplified as!®

b i —i i i —
Pt eef— a + 2qj:ash,t + qca;h,t + r(a— Pcapat)+ 5<qzwpvt+ 1 + r.qza‘Sh"tJr 1)_ 0 (B_ 3)

The other processor —i's first order condition can be calculated in the same way

Ptbeef_ a-+ foﬁsh,t + 2q;agh,,t + r(a— P(:(Lp,t>+ 6<q;a]i3,t+1 + T'q:a;h,w 1)2 0 (B‘ 4)

The equation (B-3) with (B-4) is as follows:

2<Ptbeef_ a>+ 3(qiash,t + qgaih,t)+ 27"(‘1_ Pcap,zs)+ 5<qiap.t+ 1t q;l;,t+ 1)
_ _ (B-5)
+ 5T(qf:(1,sll,,t+ 1 + q(;,ih,t-F 1): 0

The simple equation (B-5) is as follows!! under assumption that analysis is restricted to
steady state price solution, i.e., Lesnt = LPegpr = P for all ¢.
Then, assuming the steady state price solution, i.e., Prusn,t = Peap,: for all ¢, we obtain (6)

as follows:

. . a(rQ,B*QT(H— r— 1)* oplees
Pcash,t = P(:ap,t = 9 ! . (B_ 6)
réd—2v6+r—3
C: Derivation Process of Equation (11)
The equation (11) is as follows:
7Ti = Ptbedf(QZap,t + qiash.,t)i Pcap,tQiap,t - Pcash,tQiash,t - qu;ﬂj,k(f)jwtpk,ty)ﬁ‘ (C—l)
J

f = cef .d beef . i _
10) M1 = <Plbjr] fZap.z+1> qitap,[+] + (E,J:l P(ta.sh.l,+1> ‘fpa_,»)HJrl +57rl+2 and Pcash,f 7Pcap7t Then
L o i p
oMy _ My Ol b
~ P ' =apr+1 T 0Gaant+1
3%(15};,[ cash,t ali’ash,t
) P o B B - B
Y (iash,l +qcash,l - Qcash,t =a Pcash,t T(CL ‘Pmsh.ﬁ_a P T‘(CL P)’
: o e B o K " ! K
oyt 1 o= Bags 1 =0 Py ) 14 P, )= rla= P
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From the first order condition of maximizing equation (C-1) with respect to g.,,;, we

have:

o oP,, oP
b bee cap,t cash,t
i - Pt el — ( i q:ap t + P(ap t qzash

8qi?ap t aqz:ap t qcap t (C_Z)
0.5 —
+ {ﬂcap, cachap.t + 2Bcap.cash(‘Pmp tpcaeh,t) + ﬂcash,cashpcash.t}_ 0
The equation (C-2) can be rewritten as (C-3):
aQ{‘(}'} 8P(’(I’) Q(’H')A P(’(I'). 3 8P(’(19 1, P((I )y .
Pb‘“(’f P(apf Z‘H[,t ( e e ! qz:a,p,t Lot . q::a,sh,t
aqwm 8Qcap.,t Pcap.,t Q(:ap,t 6P(:ap,t 6Qcap,t (C‘3)
0.5
- {ﬁcap.,cappcap,t + 2ﬂcap,cash(Pcap tPcash,t> + ﬁcash,cashPcash,t}
The equation (C-3) can be written as simple form as the equation below:
Poapt i
ma’rgzn(ap t 9(77 Q ' q(;(zp,t + Aq(/:(zshA,t
cap,t (C‘4)
- {60{1]}, cap‘Pcap,t + Qﬂcap,cash(Pcap 7,‘})(:ash,t)0‘5 =+ ﬂcash.cashpcash,t}7
i i aQC(IP~t aP{’a t Q('(L’ t aP{’a«sh t aP{’a}f
where margin.,, , = P*/'—p, , 0 =——— p=—2 " \= 00 !
cart ! cort aqlcap.t anap,t Pcap,t apcap.t anap,t
D: Trans-log Cost Function Approach
Trans-log cost function form is given as:
loge, = By + Z pjlogP;, + 2 2 BilogP;log Py,
j= cap,cash ]— ca}z]} k= cc;p
cash
2 (0-1)
+ 3 BjlogglogP;, +Blogg +5,,(logg,)*.
P eash
where ¢ is firm i’s total cattle procurement.
The price equation with marginal cost function of (D-1) can be written as:
8
margzncap_t - W(ﬂcashpcap t + )‘Qcash.t)
(D-2)

Qt (ﬁq + ﬁ(ap qugP(:u.p.,t + ﬂ(:a,sh,.,qugPr:a,sh,t + 25(1,(110th)‘

Then, the model is as follows:
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. 0 0
marglncapi = atﬁ Q{;ash,t + TP(:(Lp,t + WAf Qcash,,t

(D-3)
C *
+ a(ﬂq + ﬂcap,quchap.,t + Bcash,qIOchash.,t + 26q,q10g Q)+ My s
where 7= iﬁ
N cash *
E: The Quadratic Cost Function Form
_ 1 >
Ci — j:za]w.ﬁjpj,t + ﬁqqqi + B 7_:2(;”) k;;w ﬁjk;Pj,th,f, + ﬁqqqi + 7_:%) ﬁq,jpj,tqi’ (E-l)
" cash ' ca:sh,ﬁ (:(Lsh. ’ ca:sh,ﬁ

where ¢ is firm ¢’s total cattle procured in both captive and cash market, j, k is captive or
cash market.

The price equation with marginal cost function of (E-1) can be written as:

. 0
marglncapi = W(ﬁcashpcap,t + )‘qcash,,t>+ (ﬁq,qQ—i_ ﬁcap,ch(zp,t + ﬁcas}z,qp(:(zsiut>- (E_Z)

The dynamic model is as follows:

mm’gin i + 7P + i)‘tqcash,t

cap,t = atﬁQcash,t cap,t N

(E-3)
+ (/quq’/‘ + ﬁcap,qpcap,t + ﬁcash,qpcash,t)+ /”L:

0
where 7= Wﬂmsh.
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The Subsurface Drainage Facility
Project: Performance Evaluation and
Economic Feasibility

Min, Sunhyung®, Yi, Hyangmi™, Kim, Kwansoo™"

Keywords

drainage improvement project, subsurface drainage facilities, performance evaluation, difference in
differences (DiD), equilibrium displacement model, equilibrium displacement model (EDM)

Abstract

This study aimed to find an effective and efficient direction for future projects through the
performance evaluation of the drainage improvement project. To achieve the goal, it analyzed the
effects on rice production and welfare after the drainage improvement project was administered by
the Korea Rural Community Corporation (KRC) by applying the difference in differences (DID)
estimation method and an equilibrium displacement model (EDM). Primarily, this study focused on
subsurface drainage facilities’ effects on production, which consisted of an increase in yields and a
decrease in the time of operating agricultural machines. The analysis result showed that the
amount of vields increased by 18.75kg/10a, while machine operation decreased by 6.61 min./10a
after the implementation of the project. We found that these effects were reduced when the slope
of a field increased or a drainage grade deteriorated. We also discovered that the producer surplus
increased by 3,129.9 million won due to a change in the equilibrium of regional rice market affected
by the project for 30 years. We calculated the net benefit to be 279.9 million won. The net profit
increased when project target areas were selected in consideration of a drainage class and a slope
degree. The level of increase in net profit was higher when considering the drainage class than the
slope. The results implied that the drainage class is relatively more significant than the slope among
the criteria for selecting project target areas to improve project effectiveness.

* Research Associate, Korea Rural Economic Institute
** Associate Researcher, Rural Research Institute, Korea Rural community Corporation

*** Professor, Department of Agricultural Economics and Rural Development, Seoul National University. Corresponding author.
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2 ATl &2 AAEelRke AstolM AATFT SALES] A A3 o] -(20169 =

P

3

(i
o
[‘l[‘
mlo
o
rO
o
o 4
x0
32,
oy L
OE d
o

5 11 9 =9 EF 9 AP EAo] e} 7ATFAL] FFE £ 5 Ao, EFT AP D717 Wl E/go] M| gt
olE et & e BT FA| 0|9 Z2 At 2Asto] il 7341713t glo] EA| o] S HSH A Z S 7} F A o HsA Tt

19 $7]2 A2AE I QIet, & A9 BA A QAR FFA AT 2A4H717H2016~20199 )Eo}gx] olg Hsr} glglo
BT B &/ W37} Avha thdsA] Qokal, o|oF 22 AHEH 8452 TH AT BA(A 5) F2)S B3 BAE 5 o u
2 3 A= At

0 o] 7P AR AB)7F AR AS-, AANDED BALEFS A ol AR Al AT 2 H|S3 FAIE BAE Aot ek
7Hgolth. Al 2] Aol AR 253 SALFC] AZ HHE FAIE 7L ATHE, AR & AR TF0IA Uk A 3pEso) Wt
7t AR L Qlsf AR ARIA], AA] Mo o] A5z FA4l(pre-existing trend)2] Aol HEJAA] FHEE 4= QA k(2
A, 2016).

7= 54 9 sl 9 v ¢ e 571 AT (A, 957
HE3} g2 0olh. EE3E Apo](standardized difference)”} 0.1t} Zeh#
olo|eh(FEE 9, 2021).
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B AIE ERIARL HIHE7L R FHE 24 B

2} 20179 )9 T8} 7| AlFE AT AT EGLT, & TFARo]of] BE A5 BRlvks A& 14
o2 golst 4= QUAUTHKE 1) FR). AATFY 20169 =9} 20179 % @4 723.28ke/10aE 5L
SR, BAIEY T 242 726.09kg/10a, 726.96kg/10aZ F7Fok1 sFR ATt 11 H =7} of
ojufstint. 20168 =0t 20178 E AALEFY SAIFY 7IAFSAIS 2442 44.032/10a%t
37.53%/10a% TLsHA e, & 159 714 AI S B3PS FAE 7H I A= Eelstaieh

H 1. MY AR B3 Hx| Y SHISC B2 o4 U TS

@49: kg/10a, ¥/10a

H 7|ATSAIZE
i JEEAF NG Al & Al A Al &

2016 | 20174 | 20184 | 20194 | 2016% | 20174 | 20184 | 20194

A71% Bt 723.28 | 723.28 | 743.43 | 753.75 44.03 44.03 37.34 37.34

HEEHA | 61.16 61.16 73.37 74.95 17.16 17.16 14.94 14.94

EAas Bt 726.09 | 726.96 | 731.71 | 735.46 37.53 37.53 37.53 37.53

REEHA | 73.66 72.68 72.16 75.76 14.88 14.88 14.88 14.88

&7 32 32 32 32

AAAL(D,)° @S £ 5= U= =Y AIZHEH(time invariant) &4 B4E AL =585

HOE dfl4dt7] Aot g ad} B3P (fixed effect model)S L85}

£).8) 0714 =0] AIZHEH EAolft B, RREA 592 Yu|ct= A0E o]23t 30152 EYIY
AR Bd7|Eo] HH(@W 9, 2008), A4t &2 v = 3

F 5 G AR HERA o0 AL 3, AJEIE 9n]she ol FAEAGE a,0lt

Yy = g T Pyt ay (Gv‘,*P/Zt ) +a;,+e,
A1 (5)

=qapta Py +a,D,+a;+e;,

Z7b40 8 B AT A AR T 0] S4o] ket ALl o] A7 oA LA Al 7] 9
o, 712 2449 4 ()] AATo] G Z 4 Uk =0 F4 EHSEF L AAE) W
AFQ) AR WD) 9] AR o] LshoAth. = B4 WLl oS R Al 17k WS
4,10 7} 7Pz dulese 2y £t 4 ()] AAHo] i BYL BE o it Bt
A IS 24517] e Lol T, AN\ M0 = EA HuHdo] WA FUHE mES At

[¢]

8) AAZ 4 (42 B4 24 F(Ordinary Least Squares: OLS)S 2-&3t0] 243t A3}, AJaHE e e 5,71 SAZ o=
FYoHA] LA vrerstT BHA, 1 53k A-8oto] BAT AT, Ro5E 5% FEollA FAZLE {5t Atde] Aot 9
Fe A= Ao EAEIT

9 B2 EGE A5k /HAAAS 271E st
2 AEE A2 5l olglgo] ot E3 {= E’x‘:

10 ieEF2 W IS, FE, I FR, dh

2 29

II‘

A0z B9 Fapol W AHES| A9 o] AW E7] 49w, Est g
13, AZo] Aot WRd 24 2& B39 golg oJulgih.
FCEF, NS BF 0T FRHT, FAEE 052%, 2-7%, T~15%

o T

e



b8 S=ZH H4GHE H3E

Yiu = g+ a1 Py + ay D+ ay (DX 5 5 L) + ay (DX 5 5 IIL) + b, + 7 21 (6)

iS5 2ol BAE B3 7IARY G&AT A9 Aot9] B el B0l Qi 8Q10EA

(AAS <, 2002; @A 9, 2017) AHFATl FFE & 5= ek whebA 4] ()0 AX <} HAE

7Veto 2, FAEE R ALY At 2 A UEhteA] o R A Eektt

1TSAI0~2%), 22A2~7%), 3FA(T~15%)Z F-E=H,12) HALE 13AS 3

2 W2 A5t BAE Qs A9 B9, Aokt Eal 49 Al B =& w527 ¢ &0t

CHRahardjo et al., 2005; A&7 9], 2017). WbA 7 M= Alojo]] EAsH= 4248 aE 112s)
7] 9ol w5 g FAME 9] WA S o] 2okl

_b
=
P
19
3
_>|4_5
]
o
e

Vi = g+ Py + oD+ oy (DN 55 L) + oy (DX 555 IIL) + oy (D* B AV 1)

+ g (DF AAVEIL) + o (DF 5T L AANEL) + ag (DX 5 SF X AA ST 4 (7)

+ oo (D} 5 F I B AV L) + oy (D W 75 3 L 73 AV IIL) 4 b, + 7

o] B, £A1FL vieswol 29 Aol HA HALE7F 0~2%%1 =o ek

AVEIL, AV 7 B 07, A (7)OA a9t o= A EATEFY Wi E 194 B 39
= 509 43 AolE ougitt. ofnff H|w1F9 BAEE FAILEY HRHAIZE 0~2%

(AAVE1L=0 and AAVEIL=0)0]th. 0,9} aps 22 27223 AAETL 2~7%9] 1E, 7~15%9]

IE%Y] Aol Ye, ojuff HIIFEY Hi&sgS IERIFH "RIVIAZE 29A ot

(M55 L=0and TS H L =0). a;-a,,< 553 FAIES] 1528 oJu|gitt,

Tul, WS aII

o,
k1
rlr

O

l

A £l Hi5Hol 158011 71&717F 2~7%R1 =9 AT, + ay + a5 + ) FRTIFO] AL

AT ,)% a; + a5+ a; TF A7k, 01714 ;9 agt= 242 iS5 AAE Afo] afEo] HA

1) 2 ARJo] AE = 7] iSFo] e ke st B EA5HA ekgket

12) Beff AAEE 0~2%(FE B EBR), 2~7%(H-F- 2 BAD, T~15%(F3t AAY', “15~30%((H T A, 30~60%(H T
AL, '60% oI/l ATt FA B TRE AT, & AR Al E = bR BAHETF o AAF & 2ot BEZ EA5HA
o]—o]-r;].'



YAl EXIAG St E7E 3 A

0x

=4 B9

o
r
ox,
i)
b
o)
e
=
g >
ir
=
Y
olrt
s

i
oM,

Apo] 45Ag.ow Qls) washs At Aololt. 244] (7))

FAE T8 U =2 S9E & AT (B 29 2R 1)

T BAEL BANELL, BAVE I,
LR o=y a,tay (y2+&3+a +oy oy ooy
Ll =g/ o a+a o +a
o=/ ata, 0y o+ oy a0, +ag+ay,

e
i

B AT A AJ Q] A 3R WSS 24517 A8l o dAolA S
o A-85to] AFJoZ Qe AT A F 2] A o3 Hshe ZATIT FHNALFS AFY 9 ZY
At Z2 QRFAOF QT A FF-S THetolal o]of W AS|SAY HSHE AlSoH= ot
(Lusk et al., 2011; o]AIY €], 2011; PHL-FH A, 2014; F97 £, 2019). 2| A GH PG
ofgfe} o] ol thgt T 9 =8 FAM, 7HAR SR A" 14 o714 P AR 7}

A7V, 8.9k Spe A7 B TEFAAT e _FAAE ol AYIE 8L vt

(¢

ah
N
rlo
B>
=

Q= Q(PsS,) : FFTA A (8)
Q= Q(P;S,) : Fa7A 4 (9)
P, =Pyt m o] qigt 712 B 4 (10)

4Q _ 0Q Py dby 9 5, 5,
Q P, Q P, 955 Q S,

A (11)

P. dP, S, dS
dQ_ 2Q _ 96 Pa @2 4 (12)
Q oP. Q P 35 Q5

P,

. Py P, m P,

r r

4] (13)

133 Q7Y BA A2 B9, (NFETLAAEL) Yol thE TAEAS VESE Eito] EA5HA ghot 7 W] 4B g
Het w38 254 Fteick
19 Lusk et al.2011) p.295% SH3Y-HAAQ014)2] APYPUEL Fistol, B Ao A A4,



60 S=ZH M45HE MRS

ol Al 4] (14)~4] (167} 22 By Wates 748 g0 EAF 4 Atk of7]A]
BQ. EP. ES,. ES;, Pme 55 35 94:0] Wal&2 ofulsel, B e, , . , n,s 47 B3
500 JiAged, BRRAT 58240 o5l et B ojujgith. wat wetulE 45
27] FHAHNA Aoh7h2 ] Zoj7ba o) v&(P,/ P,)S ek,

EQ=¢,EP;— ¢ ES, 2] (14)
EQ=n,EP, —1,ES, 4] (15)
EP, =yEP;+(1—~)Em 4] (16)

£ Q157.0} Zo] B Ao shte] Bt 27 A9, FAYARGY ¢, = —¢, I E

Ut 2 (Lusk et al., 2011),15 4] (14)9}F 4] (15)% ZH2F 4] (17)3 4] (18)2 Wk = Slct.

rok
O
&
N
N
ox
rok

EQ=¢,EP;—¢,ES, 241 (17)
EQ = anpr - an‘Sd /‘q (18)

ohet, 2 Atel o] o] opd AFYA 9] & Aot w3tste] Y HSHE ASE -, s A
Ao & rkgol o] & it FEol A AA|sh= H]E-2 w|v]stE R X[ Ho & ik F7he Al
7H0 ¥FE vIAA e AR 7P & ATH(WAE 2, 2020). webA AFJC2 QIgH AFY
o] APR) 4] A okE AAANSAY HokE RS Qfn|ohaL, 8 A1 MelEd A RSE2 00] HER

9 WBHL ol e 4 (19)2} Zo] Bakd 4 Utk

EQ=—c,BS, 4 (19)
EGHE AT AL T40] S} B ol et 7| AFEAIRE o] e At A BRI ol
A7 QQ10F g3l ol FAlo] HENTT] SI5hA T ATEAN A XUF BAE

(@)l & Eck /PR, 4 (1S 4 (20)3 o] AT & ATHPEL-HAH, 2014). ol
A A A7)l s, & Q1 2 % 9k

dQ_ 9Q P,(deJr X) aQ 9, dS;
Q BPfQ P/ Pf B‘SSQ‘SS

4] (20)
EQ=¢,(EP;+ X/ P;)—¢,ES, 41 (21)
Al (21)0ll A (19)2 v HA] 2 7SR ‘0 0l2he 71 A5, B 3712} 7| AlFsAIZE
19 olg} 2 SAL AW ok AR A9 A7 FPE. A4St 9 4, BQES, ¢ A, o714

ES, =(P,—P,)/ P, 7 o] 7}4 W5}e-2 oJulstng | e = A3 /M4 sl i 3352 Uehs /e 4L 9
njgich ok, £y < By o|ER €, =— €, 2 BAHT



YAl EXIAG St E7E 3 A

0x
Hr
1=
(o))
—

AR e Y 57 o= 4 22)F ol8sto Al = Sl
EQ=¢,X/P;—¢,ES, 4] (22)

SpR|uko 2, Aabele] BEHE(A PS=BA B)E 9 THOIA T8 £Q 9 £5,9] G ot 4
(2334 2ol AN 5 Yrk.10

APS=—ES.Py(Q,+0.5AQ)=—ES,P,Q,(1+0.5EQ)

P,— P, A
where ES; = (OTOO), EQ= Q? 4] (23)

2.3. 7=Ix-||A _E_ M

X
i
-0,
T
%
ol
m
2
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1o _L
i
=)
19
o
(el
)
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ol
38,
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>
1A
1o
=
-4
o
flo
E‘j—l;‘
off
2
rhu
of
>
e}
N

B2} BB Fsle] 30902 APYRAL, ABE BALL AR £ A5875 ofulet

B, G, NB: 247k 3} A9 Aol Ak W), ulg, 2@l oulat), 2 AL3lA Bl

o UEH, 7= ARSI 282 f7iA] 28 5= AL

N
=
4
)
ot
o
1o
=)
s
i)

16) Bl AR} 3K Wsh= APS= (AP—ES F)(Q,+05AQ)=F,Q,(EP— ES )(1+05EQ)E 53 AA=EATHLusk et al.,
2011), & A7 7MY SR Qs APe} EP7L 0’0l n2 Akkalo] 4] (23)7h o] wigkEt.

1) % H0)9] WAZHA L ARle] Ve B wAishe Bole] AA7hA] Fool A Hl8-0] AAFEA Sohe Wl xjoh e ojulati, A
A A B9 A7 e w H8E B 7 5H B)stolA FAL A7 e Ao W 4 ok,
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3. &4

N,
il

£ AGs B4 An 2 AAMNGSAE AJHAG18) o] 57HE thd o2 Foj&d+-do] AAsH A
ERAARES GEAT 78 ZA L (I 3)T 20w 19 ZAA 427] 571 5 BN §
Foll 277} gAY BE Ao AFAE AT 57HE AQISh 327 s 7to|t.20)

H 3.2 ALY
ENEE L
© SHAEA 4d, 99, 95 49 5
@ AFY A = 9] At BIAEY =9 9%
® QA A3 A AF S8R 717 FEAE B4
@ AA FAH) E =] A FAE A3 B8 S (fErE)v]-&
A2 1A A )3 BATFEY 1AY )l tdt is5E € AAES 2457 A9 =

9] YA HHet 52T Al e e EGE FEE g8l ARE 15012 52X H &
FEPA e o d, A, HE R BE 54 52 A Hyo|efH|o] A2 A Alo] ES
A Bl AS AASHAY, GISE=3e &-85to] EAo] diet B AHEE AT = Aot A A4
H7F Qe A%, e85 FEH Ao|EoA AHS At sig w=of diet si-sE3 FAE
HEE SESIT AW YHE A AF5HA] 952 =2 B¢, =0l AXT n=(E)2 B+t viesF
(AR 2 A= HASIAY. Bt M-S H(BAE)S $EUTHNM AEdhe EFE2 Hies
H(BAE) A=t FEATFAA AEshs AEAAEE GISE &3 53 sto] #5351

871 & AA =51 AR H SATES i3 AAEE 22 (B HeH Ao AR IE
A 7P & H52 AA ok vl a2 Ui aI(ett F5 /7 £ (53.13%)01™, BAES] 4
§ AAREI0~2%)'(65.63%) 7ol 2ol AFHO] AT, FATLES B, viesas Hiesd
(7 F=/oB £7) (71.88%), BAE= 2~7%(43.75%) 1 =2 BlFo| 7HE & A S 2 et

ok
ol
—
rr
%
O_u

18) ATIARA AT AAEE A AU QEHA W 5 2)9] gdog %l*éﬂfﬂ o, AY 5 W A2 55.6haoltt.
o] A|FL =o] LEjAFA] "of XL o] BAA (e A G54 F23 BAE AL Ak

19) A1} Bl A1 1=9] QA& EFLollA BALEY 453 € AAE JRE Zﬂo}ﬂ Q1 2AFFATE Al RAM] W Sl
TSt A A, FAHE 9] 71 02 4 B H8-S A-8517] Yo AT SHA T SR B R obd Al EF
Aol gnt AuA] ot f22jul-go] WASSHA] korrhal SEeto] BAlof &86k4] Kottt

20 SHE ARSIAY £RT HE =0 A S AP 571 B9, A DFol thul =l BALES AT 5 glo] 401 A9
stalct.

2D & TN TEolEFAE Bl Aol AIYE =9 AW RS 5 ‘—}‘ﬂi |53 =9 9] FHE dERARE 5ol

FAsth B AR HIA S =0 S FEs] mEE 73 , Ql =9 7] T =0 YA nhe ()] 4

BE ggoto] 55 9 A= JEE FEI Al YA E tﬂ‘ﬁz 57k 739l At A% 1=9] ¥H4 300m ©]

), EF=S] AZEHEA 752 Z8ste] 93] 24 J She =9 Wi EF AR S BALEY Wi F(EAE) e

AISHATE =9 9148 H o] RaT e =9] ikl X5 o 5 AE} 2 9IAEY FH =5 fAR HEE

AL 7147 QloBE o2 ALY WA 0] WjLESF(AAE)RE R B3 4 9]

rE -10 2:2
)
=3
=
FL
2 S
=
_|>4



HAAlE ERIAG S| JuHE7H 3 FRIE

HI
1=
(o))
w

B4 MX| X SHAES i+ X A HAE E

49 %
Hi+Sa N
T= HMX2E | SHNIE T= XMX|1E SHIE
Wlesgl (WS FE/FD) 15.62 12.49 AAZET  (0~7%) 65.63 43.75
i (R 5/ E9D) 53.13 71.88 AAEIL  2~7%) 25.00 31.25
Hj=sFI &/ 31.25 15.63 AAREIT  (7~15%) 9.38 25.00
A 100.0 100.0 AA 100.0 100.0
X0 Z8H WSEC 712 BAE GE 59 Zon], BARA 57327 572 A A9 =3t
A FIATE o] 242 AN 1ET BAIFY FREDE, 7 IEY A0 471 32742 FYsi

H 5. 0|3A2Y 240 283 Ho 712 SAl

I My I SD
a5 78 BATERYE vlgdl =)=0, AATFALY 59 =)=1 0.50 0.50
At ol 7 A H(2016~20179)=0, AFY 3(2018~20194)=1 0.50 0.50
Hi455 1 ‘Okz‘z’ol 34L=1 1?*11 %S B9=0 0.14 0.34
Hi$53 111 , RS- EeF ol A9=1 1¥8A] &S AHL=0 0.23 0.42
BAE 11 %4 7-&*}57} 2~7%%1 739-=1 18X g H-=0 0.36 0.48
AT 111 =9 BAAET} 7~15%%) A9-=1 1% A &= A9-=0 0.19 0.39
REES 256703257215 4714)

A81 58 WSk S o] ARSE AR B vt A 7H 2 371 A=(2016~20181)9) A
A 27 & 714 9] Hatghe AREerlt & 59 7H=E A2 KREI-KASMO 20161 23 fA
A G 83ttt <8 Alidol a3 ARIHI 82 FolEdTdS B3 sk, & A
Ao AFdH A2 55.6hai ofof izt F ArhH]-8-2 289 Yot

At A AT 71 AT S A2 A B3R 9] 2016~20179% Bt AYAFH723ke/ha) Tt Bat
7| ATEA 4258/ ha)S B-&te] FEEIUT AHY & AkFa) 7| AE AR © Bt adth
ETE A8 B 5), @ vig5HEol 22 =t Aol AIFEPE B4 (6), ® i

S0l 2801 ®A BALESE 2% 0l5te] =0 ARlo] ABEIRS B (7)2 Tk} RHE|CY,
AR 2218 MaA QAL A AY T RS Al A Aol BE T

(188ke/ha?3)E Bt AFY & ©(7.418kg/ha)2t AL

iy
o
e
oo
_O|L
2
,
2
B}
o
=
¥
ol
]
o
[
)

22) 7| AFZA 7 AR QIst A A7t it 7 A 7HEA 7 70 & 015} oY X] AR A, A e EH] A, A AR AT
H T4 52 53] Uehdth shATE 2 5 HlolE 59 A|oFo 2 Qlsto] & Ao A= o]l tigt tite g 7| AGXtE &
2w 71A7FEAIZEe] EolE0] EAR ’%"ﬂ"ﬂ] AR 2 (proxy) & -85t

23) 1ha=100a°1 22, 102 A5 Uetdls 44150l 102 58 gh2 had a7 & < itk
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sfo] uledel 7} eIzt O /ok7t EEHEle S 25k 9l =0l ARlo] AlSE A9, A1) T AL
W5 2k ol R S RIHOF 278kg/ha)h A Al AR Fsto] AATE 5 ek v
T BN B TS 491 AL R R /R B o] 3 HAHETF 0~2%31 =] AR
2 792 oJulaith, waavte] 49, AAES AQAT Ffo]7t S ulskA] gro.nE, 5
g 24 BEsHs 0] thamaks WSS 20 =9 gpnse SUshA A4t
71A YAE AUE-S TG NSHo] 3] SIS A 1kg BASH=T] A AE I ADRE
7wt A A stobsloRaict. 20 Saalqle] RE Y140 A7k AR 20169 SAHEA
A 2AR9S 85t0] 20,91690.2 EEHQIT). oS BToR Shakstol(oF 3409/%), ARl AT
714 FEAIZ FhEORM, A AT hatd 7| AYAZE ARG 4 k. A AT ke 7]
AR AR hat 1 AAARE hatd B2 UrlE02A AskEr,

O

e EE A3
712V 2016~20184 AX] B/} A B4 1,986%/kg

e,” g3l 7} s 0.1
AF A A4 A 55.6ha x @4 7,230kg/ha 401.988kg
3 Bt w3} A1 55.6ha x T 7.418ke/ha 412.413kg
o A & HEEF Ad® A 55.6ha x T4 7,508kg/ha 417,467kg
Ui E+ A AMA® A 55.6ha x @4 7,508kg/ha 417,467kg
ARG A 4258 /ha x 3499/& + @<= 7,230kg/ha 20.499¥/kg
714 Bt A2t 359+%/ha x 3499/& + &4 7,418kg/ha 16.87¥/kg
AR NG F 5 357%/ha x 3499/% + @4 7,608kg/ha 16.599/kg
Ui E+ A 3428 /ha x 349¥/& + T4 7,527kg/ha 15.859/kg
ArgH]-& AFY HH 55.6hacl Higt & AFH]& 28.59 ¥

1) 584 EE(2019). FHAR 2019.
2) 484, 15320169 HIRE AR KREI-KASMO 2016 & g Ao A Al5ste e A4S X125t

29 EQ=e,X/P,—c,BS, o1 P, = kgd 7}20| D&, 7| ATEAT AR Qs A7E YA X/kgg wolsof gt}

2) B AT ARG Bl 79 /1A F5 7 AZES RARICOR $817](9~109) 58 2lo] gt 714 YAtE o}
B siey. shAR 2017 ERE 717 YRpu]-go] YR AFE|A] glot i Foo] ofwl 2Jo gt Yaz1A] Thefo] Bl
StEE 20164 AEE B89t



HAAlE ERIAG S| JuHE7H 3 FRIE

HI
1=
(@)
ol

2 A7) 248%E dranet 7IAFEAEY FYANE FEEHCR DI (7 )FR). F
4Ae] 3709 BY o= FEEM, 42 4 (5), 4] (6), A(7)S F7g 7 Aato|th.20) TIF(H A /AN
A/ )RS BT By I AT, SAX LR o5t B/l dANY o =2 QIR & AFY A T

BY [ B [0 viee3E SR S713 BP0 24 w55 & §lo] ZE =cf tigt
YWt AE ST Y I 2 BE 1= AGETE =9 i3 EE Bofet A2 s
At BA4E3 AR TFY = 5 viesFol Rt G5/t E3F Ql =(EA1E W53 1=0 and
W53 [11=0)9] 4= AFYETHa,)= 27.84kg/10a, Hi4&S
FIH o, + ) -2.07kg/10aQ] AO2 Hebdet,
&, vi5aol B/ EF A =0l et ARl A= ()2 & Yehg o, ofo] thet P45
SAHCR Foigt Ao BAEQIT 2 A1 BA il AA A A5t49] A5t
Ot E¥E0] HAI AAC 1 FHo] 9lom, Al X & FA] Y B o5 LAYAIZITE.27) o] 23t
EY ols0] /g3t A7t A= A AT EAE 4= 9l o™ 28 ulj=5go] ‘Ut B ol
4] 2 =2 2 Hie53Y =Rt B oFg3S} o]F0]7] oY) AldE I (-) o0& YEhd
o= AFE}29)

‘B e 2y o AR T3 WSS 2715t B0z AR 428 = 5 wis5Fo] "2t ¥/
OF7F BeF 0|1l AAFET} 2% o511 *(EA1E: ¥i$53, [11=0 and AAEIL 111=0)9] ¢ AYE T}
()& 29.69kg/10a2 2 BAE A EAIFT AR E 5UsHA T Bi5-Fo] 3UA(EF/ WS- &
R =9] A, EATFEY SAH R FootA ARFEIT 31.75kg/10a(a,)¥HE THAsto], A

T 935]3 97t 2.60kg/10a(a, + o)V FadHs 202 Lehygth

EIJ
FSL
)
[
&
=
o
e
&
rO
i
1o
i
>
i)
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