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Comparative Analysis on the Forecasting Power among Frozen

Mackerel Retail Price Determination Models using DM test
Tae Hyun Kim

Department of Applied Economics, The Graduate School,

Pukyong National University

Abstract

Forecasting has a key role in economics and especially in fishing
management policies. Thus, this study firstly aims to estimate which model is
superior to predict frozen mackerel prices using statistical approaches, and
secondly aims to provide policy implications of frozen retail mackerel market.

The study used daily frozen mackerel prices of the retail market from
2006 to 2015, the prices were estimated and predicted by ARMA model,
GARCH model and VAR model. The two ARMA models are selected according
to the information criteria standard, and one of them is estimated as a
GARCH model because it does not satisfy homoskedasticity assumption. Also,
VAR model is estimated to include other related variables such as frozen
wholesale, fresh wholesale and retail prices. In addition, the predictive
accuracies of each models are tested through Diebold & Mariano test (1995)
by comparing actual prices and predicted prices for the next year.

The summary of the study is as follows. Firstly, ARMA(4,3), ARMA(2,1)
models are selected by AIC, SC and HQ information criteria, and ARMA(2,1)
model is estimated as GARCH(1,1). Secondly, the restricted VAR model of
selected t-2 lag is estimated to forecast the frozen mackerel retail prices.
Thirdly these models are used to compare prediction accuracy among models.
According to prediction accuracy test, ARMA(2,1)-GARCH(1,1) model has the
most excellent accuracy by MSE and MAE standard, respectively. The study
found that this model is superior to predict the retail mackerel prices in a
conservative manner.

The study is significant because it estimated forecasting models of frozen
mackerel, and compared prediction accuracy using statistic approaches in the



retail market. Besides, the study is not only useful for the purchasing and
storing projects by government but also for fisheries companies and retailers.
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2201009 0 2 FakE TS YERE $19) <Y 4o} B A



2 1990 96,297=0lA4 199613 415,003=L.= oF 4ujrigF Z7FstA AN,
1997 160,448=C0. 2 FZstAth 2000t &4 2001 203,717=9
A 2003\ o) 122,044+F, 2004'd 0l 184,274 =4 2006 Al 101,427EC. & Y
shgol WEskdth. 20109t =04 & d=e] ARl 99534=EC=
1990 o]% 7 AA YERyka, 20116 150,576F2.2 9F 50,000 F
ZbetRal, H 50d B o7 132872EC= YERTH 201049 7EL
2 SHE LRSS A 1990 22,033,885%F Aol HAF st
20113 313,964,581 do= yebgtt o]%F 2013'd 159,048,051 7R
shetsbelar, 201510 190,746,778% Yo = UERTH

<™ 5t 20159 A 350 ofFFe gk Z1Holn. 20151
A9 150 ofFgFE FAR| o] 122,148=02 VM Bokow, AT

T 8,399, ANY=E 7,188F o2 Ueyth HAXYG 150 ofF

J

o [¢)

Fol A 1T AFFY 86.86%F AAY WHE =2 olfre FE P4
Aol fPY ool 2AstL Yr] WEolet B £ itk

QI 3(0.00%)

= 17(0.01%)

£+ 100(0.07%)

Zrel 257(0.18%)

ZAE  560(0.40%)

HE | 696(0.49%)

g 1,255(0.89%)

1 7,188(5.11%)

HZFE 8,399(5.97%)

PV 122,148(86.86%)
Ciol. Mﬂu 20,000 40,000 60,000 80,000 100,000 120,000 140,000

A5 BAA (http://kosis.kr), A2 <L: 2016.03.10.
<I¥ 5 A9 AAEF (2015



FEyete] F8 AFe AFEE TAHSE st ¥ oF 60t o
o dHAF=E I8, A=
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250~300€ 2 A&2 Fol7Id =9 34 14d~5Y 449 143 48
Mg 6d(&F9 14-199)e ALsta AR == AATHERT S
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150 F8 % AERE AYERA otgY <O¥ 6>F 2tk IFo =
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sto] o] g FA| REAC <93 =
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6AIFE BHAOR 2H 10A7HA Xt 2 dubA R o] FolA
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o
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4) FRANYHATILY A TEA
AA BaA, 2012.

5) KAMIS(Korea Agricultural Marketing Information Service)?] ZZ2¥ S EAIEj(SAF
RR-n5o))et JSUHSUAEE Rustel AsiA

B, ARAPPNLY BB olF 23 % 12 5



o] 34%0.7%= AWEH, 27%= BTzl AA)o|th o] AhatH] &L
MG 850A(H - v /\l AbE 2 FHAHGAA HEE)oly T HfQlo]
Ag Al 7l 4009 o] T}
10 B9 %
L 4
{ B
2 4 gay |30 =mgn 2% 2ma [8Of sux
(100) (100) (70) (60) (80)
M ‘
50 10
20
v
N 40 { ] '
RS ERRIH50) L2
(20)
v 10 \ J
A5 S = BSAE (http://www.focre.kn), ZA<: 2016.03.15.
<198 6> 159 F54= (2015)
ARESF 2 gz FESH F D9 2ol A= FEHE=E 1S
oo AYeagS =2 A8 A4qlo|t
KE 2 AdsHs 2 &%
A=
JE =1 A3 AL 274 Z3
(G1A=T:))
_'(:;] 600ge)’d | 500~600g | 400~500g | 300~400g | 200~300g | 200g =%+
_ . A2 T _ A, | Bxg 9
o= = T AL A

25 KAMIS F53 f34H, 2014.
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of W2® 20144 7|& FAAY ks A BdF

g2 JA 12070 47F doH,

Al

W 1,384,207,

12 &
W 970E, AW 67,123F°] 7}t

A

Wsog Agdrh

o7} & ANA F&FH 7]
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60,659 =4 2015 25,116 2.2 ¢F 35,000 ©]

S
N

. 20129 ==

TUEFS 31454EA4 50,886=°= oF

(1)_]..

5

45

]

S7FsE

g8z

I, & 7
61,2487 ZejollA 20159 91,4227 E¥=E F7}h

5
20,000=°]

=&

A EEelA 20159

=

20129 61,991
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°F 40,000
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T2
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60,659

I
B

2012




I= /*?:]
Ax r= i
2% | sesd | +9% | 9=
2013 39,029 40,838 16,346 35,605
2014 21,950 23,833 33,031 70,918
2015 25,116 21,953 50,886 91,422
A5 S5 3 (http//www.kita.net/), HS :E: 0303540000, 7344d: 2016.03.30.

o
g3ttt 20121d o] F kedott W dlTole FA=Fel 18,750=1
A 36,1602, YNl 42,1227 ZelolA 659004 EHE S71st
Rtk BAYolol AR FEEEFol 20129 2,959=0lA 74828 =

ok

4,500F0°] S7ekaL, =S 2,777 ZEloA 63061 2 E 9F
3,000 27t F7Fstith.

P YR A9 20139 o]F FYEF @ FHo] FolEJlEH, ©

4 M/T
2012 2013 2014 2015
:71-7]- === A~ P~ == A~ P~ == A~ O~ == A~
T= T T= Y T= T T= T
29 9] 0 18,750 0 11,847 0 20,341 0 36,160

o 4653 | 8818 | 3174 | 3,325 1,566 | 4,525 1,696 | 9,240

g2kl | 2,959 0 3,278 0 4,437 o4 7,482 0

=2lks 4,735 221 9,935 24 3,371 1,086 | 2490 | 3,300




2012 2013 2014 2015
I I
o|F-E 20,181 160 10,626 0 591 54 3,291 156
JE 1,055 2,634 208 484 165 39 68 112
g Sk 3 (http://[www.kita.net/), HS Z=: 0303540000, 7344<¥: 2016.03.30.
KE A9 671 3719 958 +E3d7
o9 H g
2012 2013 2014 2015
‘3-7]- A~ = 20 A~ = 2<0 A~ = 20 A== 20
TE T T= T T= T T= T
Aol 0 42,122 0 27,779 0 58,718 0 65,900
= 5,458 12,330 3,676 5,933 2,041 8,443 1,640 17,376
Exyjol | 2,777 0 3,321 0 4,549 73 6,306 0
ojqt 5,274 399 7,090 42 4,011 1,341 2,341 4,137
o|lHE 23,654 173 10,139 0 544 51 2,533 158
dE 4,346 4,265 931 629 633 53 111 314

A8 =3I (http://www.kita.net), HS =

flo
wa o o

2k
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ekt

o] sl
T

PN
T

21,

UERL

72.08%E AFA|8taL

TN 2ot

F9

=°]

o)
2R

0303540000, 7HA4d: 2016.03.30.

4ol =7
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o] 2=

E
176

sl

2= 0]
T H

N

il

2 Yehath of

2015 7] = 71.06%<}



<E 6> 95 29 0] 3159 XX H|F

A= TUEZ TUEY
2012 59.61% 68.77%
2013 72.48% 78.02%
2014 79.75% 82.80%
2015 71.06% 72.08%

A5 =593 (http://www.kita.net/), HS FZ=: 0303540000, 44¥: 2016.03.30.




2. A g EA]

B dFdAE 20060 1€ 24 FE 20159 129 3197FA] AwjA]Ae
WE 150 Y AL 201049 A2 BaEon, 20159 19 29
FE 20159 129 31974A19] Ame AujAFe] WE 1150 7H4 9
- oJ(out-of-sample) AZFAEE oS8 AR o] &stAth offel <O
e 71Z2EE 20109 A2 3aeE AnAA Ys 150 9y rtA

|2 BojZth 2006130l A 2015W 7 A Ad) WE a50714 9 23

see AR v WE LSFALS 20099 6-1190] A A
=t o] Uole WE 150l AHIAEIAS SetoA FS £t

, 2010~2011'a Aol AA7MA s 2010 o7 Fae] 7]
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A5 E AN F w53 A (http://www.kamis.co.kr/), Z3A<d: 2016.01.12.

O™ D ¥BF 250 dLdamrtAe] A



<E D 7N2E5A%F

e
ar) ¥F 5o 4474
1+ 5,981.016
AR 5,877.660
HA % 9,124.491
HEH 3,803.394
®F HAt 716.569
B 2,348

A5 A F 53 A (http://www.kamis.co.kr/), A d: 2016.01.12.

B ATe B4o) AgH ¥F uFo| auirhA BEA S 2348
Nz mRe) dZARE AT 2088718 ARE olgate] BAL A
stk B ol 88 ARe| NZBAFE E DI Ak BF HHe
°f 5,981, T2 58774, HURE 9,124, HEH2 3,803, ®F
B 716902 ekt

Al Ws 2150 714 S A EAe ol &E AAE AR
o] IS DT AAES T Fds] Euth ADF (Augmented
Dickey-Fuller, Dickey and Fuller 1979) 74, PP (Phillips-Perron, Phillips
and Perron 1988) #HA, KPSS (Kwiatkowsk-Phillips-Schmidt-Shin,
Kwiatkowski et al. 1992) AR S T3l AAIE A59 LS s B
gtom, @9 AA A= <F O Ao



<® & 99 A4 23

A 2 3}
t-Stat. -4.2640""
ADF
Prob. 0.0036
t-Stat. -5.6227"
PP
Prob. 0.0000
LM-Stat. 0.0805
KPSS
5% level 0.1460

F ADF, PP 2139] AR/MH)S “ei2o] EATeh” 9
KPSS 4 ARMAH)S “w9lZo] AT weth” o

% k% dkk

.2 A 10%, 5%, 1%°] FelaEolA AR ] ZdE e one

ADF 243 PP Ao AT/ME ‘wslo] EAWT’ olx
KPSS Ao AT/ME ‘wslTo] EASA rh’ otk ADF A%
s} PP ARAN 1%9] FolFEANM ARAEL AR F AL, KPSS
A% A% 10%2) folEEAM AFIEL Adstgnh. F B9 =4
A @ A9 ARl mek FEUSFE E46| g3t

4. ARMA =3
ARMA =& AARAALS 3 AlC(Akaike information criterion),

SC(Schwarz Criterion), HQ(Hannan Quinn) 7|5l wal 23S FAs H
ot ZF AR QAW AAHE ARMA 2¥ES Qokstd (X 99 #t)



<& 9> AHQa<AE ARMA =3 4A A7

plq 0 1 2 3 4 5
0 | 159882 | 14.9715 | 14.3589 | 14.0185 | 13.8016 | 13.6866
1 | 131791 | 131626 | 13.1562 | 13.1429 | 13.1390 | 13.1384
2 | 131651 | 13.1379 | 13.1388 | 13.1373 | 13.1381 | 13.1390
AlC 3 | 131621 | 13.1388 | 13.1378 | 13.1381 | 13.1383 | 13.1388
4 | 131518 | 13.1373 | 13.1381 | 13.1335* | 13.1343 | 13.1395
5 | 131469 | 13.1381 | 13.1383 | 13.1343 | 13.1372 | 13.1397
0 | 159907 | 14.9789 | 14.3687 | 14.0308 | 13.8163 | 13.7038
1 | 131865 | 13.1725 | 13.1685 | 13.1577 | 13.1562 | 13.1580
2 | 131750 | 13.1502* | 13.1535 | 13.1545 | 13.1578 | 13.1611
> 3 | 131744 | 131535 | 13.1550 | 13.1578 | 13.1604 | 13.1634
4 | 131665 | 13.1545 | 13.1578 | 13.1556 | 13.1589 | 13.1665
5 | 131642 | 131578 | 13.1604 | 13.1589 | 13.1643 | 13.1692
0 | 159891 | 14.9742 | 14.3625 | 14.0229 | 13.8070 | 13.6929
1 | 131818 | 13.1662 | 13.1607 | 13.1483 | 13.1453 | 13.1455
2 | 13.1687 | 13.1424 | 13.1441 | 13.1436 | 13.1453 | 13.1471
He 3 | 13.1666 | 13.1441 | 13.1441 | 13.1453 | 13.1464 | 13.1478
4 | 131571 | 13.1436 | 13.1453 | 13.1416* | 13.1433 | 13.1493
5 | 131532 | 13.1453 | 13.1463 | 13.1433 | 13.1471 | 13.1505
Fe A ARedE AHE RYe Jehd

Al 7 AR
749 ARMA(2,]1) =&
% 10> AICe} H

Q 7]l

=

met 4 ¥ ARMA 285 3

soltt. 7t mae] §o4e YelE F-SA %] P-Value:

o= yeh}

A A

EE2 SAHCE AHT v o=

Fl

4

e

o
¥ e
2o (ih)




<% 10> ARMA4,3) =

g 24 A%

2
. F-ZA %
== = Z9Q = 2 o] =% .
l:H_—I" 7‘1]‘!" FT X]' t %‘7"“ ] 'l'l'"]—l"l_ (ad]RZ) (P—Vahle)
C 5940.5440" | 188.5158 | 31.5122 0.0000
AR(D) 1.84217" 0.1126 16.3586 0.0000
AR(2) | -0.0986 0.2872 -0.3434 0.7314
AR@3) | -1.3927" 0.2512 -5.5450 0.0000
0.9429 | 5514.1970
(0.9428) | (0.0000)
AR(4) | 0.6485 0.0769 8.4283 0.0000
MA(D) | -1.0249" 0.1170 -8.7635 0.0000
MA2) | -0.6866 0.2115 -3.2461 0.0012
MA@®3) | 0.7503™ 0.1012 7.4104 0.0000
07T & 2 10%, 5%, 1%9] SoleFol Al AEIMAe] J1ZE S ong)
AIC 7]&NA AT ARMA4,3) 289 -9, ARQE F93H# &&
Az FAHJAT w2k FREsdde 53 ARQ) HF4E AANE
He= AAA HA-SR A, A3 ARQ)E AASIAE T3S &
DA ol el <& 1D FEHFHA gk A3E YeRdTh
<E 11> ARMA(4,)3) =39 g5 4d4 A3
at RS =
F-EA &% 1.3708 0.1706
KR =] 1.8847 0.1698

T AF7HEHY: Al

#kol 0otk



. R® P-EA|2F
2= 2= = _ (o)e) P-4 [©) o
C 5954.6080"" | 139.3975 | 42.7168 0.0000
AR(1) 1.8065"" 0.0206 87.5415 0.0000
AR(3) | -1.4320"" 0.0607 | -23.5796 | 0.0000
0.9429 | 6430.4980
AR(4) 0.6253 0.0403 15.5305 0.0000 0927 | (0.0000
MA(D) | -1.0012" 0.0166 | -60.2799 | 0.0000
MA@ | -0.7505"" 0.0288 | -26.0651 | 0.0000
MA(3) 0.7596"" 0.0335 22.6892 0.0000
Z00 T e A 10%, 5%, 1% ool A AR J1ZE S ouF
(E 12>= SC 7129 weg == ARMAR,]) 23L& 3ARAS A
olt}. Zt 2y FoAAE Y= F-SAFY P-Values oAl AL
Z el dAAR] R S FAFOE AFE Tsk AoZ FAHEQTH

(E 12> ARMAQ,D =39 24 Az}

R? F-SA %
PN 2= X=0 _ 2k O o)== .
W A< EFA | t-BAF | s (ad]Rz) (P-Value)
C 5912.2710™" | 233.3765 | 25.3336 0.0000
AR(D) | 1.64547 0.0436 37.7506 0.0000
0.9425 | 12796.9700
(0.9424) | (0.0000)
AR(2) | -0.6480 0.0429 | -15.0894 | 0.0000
MA(D) | -0.8274" 0.0331 | -24.9716 | 0.0000
070, o Az 10%, 5%, 1%2] el ARTEe] JzE S on|dt



$o® Z4¥ T b7 ARMA R¥9] S zma
e a7

g = a AAEtAT <& 13D 1

271788 ARAIN BE B NA ATl T’_.—ZH%]'X] =t = 7
F7He S Adste] Ardde] EASHA ¥ Ao=E YERA R, White
o34k 7 A3 ARMA((1,3,4),3) EFAAT © x}gFo] F&Ato|tt.’

= AF/MES AEsEa, ARMAQR,D EEoAE AF/AES 7148
o} webA o]FE4bo]l &x)st= ARMAQR,1) =& & GARCH(,1) R3¥o =

(E 13> ANATAA D o|BAAAN A

S A7 8B4 A O] EAAA
-—° P-ZAD P-Z5AD)
0.6919 7.9078
ARMA((,3.4).3) (0.4055) (0.3408)
0.0056 251.7819"
ARMAC,D (0.9402) (0.0000)
ZIOIE TR A48 AT PAE CoRge] el SR 9
A717337A1A- 0] AF7HEAH0)S  “A 7)o EA)81R] Fe=th” o

e A7 10%, 5%, 1%¢) frelsEela ARThalel A4S ojn

i)
N

El
=
o

ME

El
e
o
L
i
L
to
Wi
24
lo
Ae
P>
flo

o
AH 3, oo oA AA Aelstd nrh ELHI F4
@ 4 9tk BHOl EADTHGujarati, 2013). ThEkH B ATAE (X
13>ol A AAIgH White o] &4F AR AH F&4HY 7HA S 9E538hA] &=
ARMAG,3) =3 ARMA(4,2) 2ol ths} Z+2 GARCH(,1) =¥



GARCH ®23<& ZA3}7] A, ARMAQ,D) =E&o| tjs] <xte] B x4
3t AARS AASATE olge <F 14D= ox13e] Bz tid AR

2

Aohe Uehdth edte] BEsl ATEEE GEos ATALL 1%e)
FolFEo A AMET 4 §lo], Student’s t XS F83ta] GARCH =F
2 29590

<& 14> & £ AA A3

Models Jarque-Bera Probability
ARMA(2,1) 277.6383 0.0000

Ao ZRE A&EHoRZ IS wE AL 9ustE GARCH &
2 GARCH(-De|th. A= ARCH &3 GARCH &9 #& delhfa, ol&
WEe A&AHS ouEth ARCH &3 GARCH <& Z+7+ 0.0395%F
0.02372 FAHFHAL, A= 0.063302 FAHEHO 7140 WFo] HAsA
=, 1 X]—i,t 17ke] e Ao 2 YElTh

o
o
=
El
(i
IV
2
o
X
N
L
o
-
30 K
2
2
ot
o
E
offt
o
N
rO
e
N
i

<% 15> ARMA(2,1)-GARCH(1I,D-t =8 34 Ax

B
ik A = A Z SAF T &E
C 5926.8270"" 33.5715 176.5433 0.0000




A 2
H 4= Al Zz 93 Z SA % o8&
AR(D) 0.4964"" 0.0000 15506.7200 0.0000
AR(2) 0.5036"" 0.0000 15500.5200 0.0000
MA(1) 0.5036"" 0.0000 26988.7600 0.0000
AL v 2
W A ®F o3 7 A% o8&

C 0.2155" 0.0920 2.3409 0.0192
RESID(-1)"2 0.0395™ 0.0171 2.3092 0.0209
GARCH(-1) 0.0237"" 0.0016 14.6706 0.0000

T-DIST. DOF 2.0003"" 0.0001 20357.6900 0.0000
M=o+ ) 0.0633
R-squared 0.9390 Adjusted R-squared 0.9389
GARCH =¥ F4 3 ®wgo SHAS HASH] 38,
ARMA(2,D-GARCH(1,D-t E&ol oz o]&4le] &x) oARE HASATH
(EZ 1602 ARCH LM AA ZAzlolt}. Pre] 0.97752 ‘9x13le] Bxy} &
Aot} = AFVHE S AYste] & B3 HAARQ Ao Yyt
{<E 16> o|E4AAHA A3
N ARCH
=% (P-value)
ARMA(2,1)-GARCH(1, 1)~ (8-%520243)
T ARCH A9 AF7FIH)LS “2213ke] Eato]l HE4o |t ¢




& dATNAME 7 Tuf, A =n,
Ad avjddrid e 183 BYE e FEsA WA, 3 =, AAd

AA s T AX = A Al
t-Stat. -3.6681"" -4.1385"" -8.9373"
ADF
Prob. 0.0246 0.0055 0.0000
t-Stat. -3.6431" -4.9634"" -8.3865""
PP
Prob. 0.0265 0.0002 0.0000
LM-Stat. 0.0880" 0.1606™" 0.2575
KPSS
5% level 0.1460 0.1460 0.1460

: ADF, PP Ao AF/MEH)S “Telo] EAgTh” o
KPSS A9 AF7HEHyS “delZol EAsHA] ¥k ¢

Kk kk kkk
o

U 2 10%, 5%, 1%9) frelFEAA ARsbe] A17Ee g



18> Alak A AxE yUepith AR AA A3 AIC 71&Es A3
SCeF HQ 71&llA 2/ aHE A 1ak=2 g skdH.

<E 18 Az AA 23

x} LogL LR FPE AIC SC HQ

0 | -72193.0400 NA 7.80E+21 61.7597 61.7695 61.7632

1| -57944.9300 | 284352800 | 4.02E+16 | 49.5851 49.6343 49.6030

2 | -57844.4400 | 200.1975 3.74E+16 | 49.5128 49.6014" 49.5451"

3 | -57818.2900 | 52.0110 3.71E+16 | 49.5041 49.6321 49.5507

4 | -57778.8900 | 78.2336 3.64E+16 49.4841 49.6515 49.5451

5 | -57765.4100 | 26.7099 3.65E+16 | 49.4862 49.6931 49.5616

6 | -57726.4900 | 77.0200 3.57e+16" | 49.4666" 49.7129 49.5563

7 | -57716.7400 | 19.2601 3.59E+16 | 49.4720 49.7576 49.5760

8 | -57701.4400 | 30.1617 3.60E+16 | 49.4726 49.7976 49.5910

9 | -57681.5900 | 39.0786 3.58E+16 | 49.4693 49.8337 49.6020

10 | -57667.8900 | 26.9175 3.59E+16 | 49.4713 49.8751 49.6184

o
Zledt A 53 2o Ws =m9 t-1Azkek t-2A1%F Aol 1%9]
ofFEANA WE Ao FT FFE T AORE YR, M S
M-S Ws anirtgd 9FS A4 4v Ao®E UEEt =23, W
A Zmfe] t-1A1R}E, 2412 7HA S WE Ao
et obe2s =AW AR AT 0.9417



(E 19> VAR 28 B4
JE Zuj AA =of ds A AA Auf
0.8283" ~0.1253" 20.3782°" 0.1481
WE Tuoj(-1)
[27.1234] [-2.4157] [-4.3883] [1.0093]
0.1645" 0.1305" 0.3765" 20.1087
Wx =o(-2)
[5.3879] [2.5155] [4.3674] [-0.7407]
20,0439 0.8451" 20.0389 0.0088
AlA 2u(-1)
[-2.6920] [30.523] [-0.8451] [0.1121]
0.0462" 0.1407" 0.0495 20.0331
A E=m(-2)
[2.8341] [5.0828] [1.0771] [-0.4220]
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