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Analysis and Forecasting of Daily Bulk Shipping Freight Rates
Using Error Correction Models

Ko, Byoung-Wook

Abstract F

This study analyzes the dynamic characteristics of daily freight rates of dry bulk and tanker ship-
ping markets and their forecasting accuracy by using the error correction models. In order to cal-
culate the error terms from the co-integrated time series, this study uses the common stochastic
trend model (CSTM model) and vector error correction model (VECM model), First, the error cor-
rection model using the error term from the CSTM model yields more appropriate results of adjust-
ment speed coefficient than one using the error term from the VECM model. Furthermore, accord-
ing to the adjusted determination coefficients (adjR?), the error correction model of CSTM-model er-
ror term shows more model fitness than that of VECM-model error term. Second, according to the
criteria of mean absolute error (MAE) and mean absolute scaled error (MASE) which measure the
forecasting accuracy, the results show that the error correction model with CSTM-model error term
produces more accurate forecasts than that of VECM-model error term in the 12 cases among the
total 15 cases. This study proposes the analysis and forecast tasks 1) using both of the CSTM-mod-
el and VECM-model error terms at the same time and 2) incorporating additional data of commod-
ity and energy markets, and 3) differentiating the adjustment speed coefficients based the sign of
the error term as the future research topics.

Key words: Error Correction Model, Co-integration, Common Stochastic Trend Model, Vector Error
Correction Model, Dry Bulk Ship, Tanker
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1 DCl1 Capesize, 180k BCI C10_14 $/day Trans-Pacific

2 DC2 Capesize, 180k BCI C9_14 $/day Front Haul 2014.3.3.-2023.3.31

3 DC3 Capesize, 180k BCI C8_14 $/day Trans-Atlantic (2,269)

4 DC4 Capesize, 180k BCI C14 $/day China-Brazil Round

5 DP1  Panamax, 74k BPI P3A_03 $/day Trans-Pacific
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15 TA4  Aframax, 70k BDTI TD9 WS Caribbean = US Gulf

F 1 WSE World Scale®] ¢Fafo]n, f24 9

Z}& ¢ Clarksons

FodE YEE AFLRA ZEAE 1009



H 2. H29| 7|& E7(descriptive statistics)

S Bt EFH3 izt a4t
DC1 15,188 10,869 86,521 1,379
DC2 9,968 15,519 122,000 5,968
DC3 16,392 12,303 96,550 944
DC4 14,559 9,191 73,597 1,682
AskEa DC_avg 19,027 11,671 94,116 3,134
DP1 18,277 15,700 101,238 1,672
DP2 26,512 17 438 118,450 5,244
DP3 19,932 17,339 112,300 690
DP_avg 21,574 16,605 102,995 2,922
TV1 57.2 27.8 313.3 4,75
TV2 31.3 18.4 209.7 15.05
TV_avg 44,2 22,8 243.2 20.315
TS1 99.4 48.1 3233 419
TS2 82.3 33,5 279.6 29.6
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Fi_avge AT AF/AF Y AFES I HT dolHE oud

il

oleldt 2 ghe Al Wiuch e gel W & A FFo] Ivhal gglol sekshs grel, 4
ARSI} WS B e & F ok ol AleAl do] ZolE YRoME Solo] Aedhs o] W
ol BAHoR Feizl, ge 5P 7 Bk AV F 54 WMol FFe] Beizoe sty
t BAL AN F= Aae] SHolth 89, A4 A, 4 A8 AN 7Y Ldoer ol
RE ATRES B2 A, B mRod B3 @ o] th 18 oz Bk Fel 9l
t molie] FAGE $4H A4S A8 4§ & Bolk

2, B2y 29 2 3|9k FH A
o5 AHI=g AL
Hade] APE A4 aHY 99 diA chE e Al w2
& 9, agla o] F A VtEAEE e yEA wo] &
A 5oz FEHEY. dE 5o, 3 g2 Y A AFgSo], BA
o] FulHoez AF3td, o FAGIAPDA 3L 1) 3% d52 =4
9 s A3 wXE QA B E A whebA o] AJ&Ea 9}
ol2|gh Adute] Mg mMix|2 o] FEd FHNA 23 ox= AxslaAl )



134  s=akdnsx), 839 mos
WA B R Abgshe o my mde o
=3 2ot
Ay T O X AY 1T B X DY, 21)
+a; Xz T e

oJ71M Ay, = T FEO SYHFe] 2agk
of 12+ A4,

Ay, AF AE/AF SduFE] &
o] 2agke] 12F AR,

z v QAL

&
ox,

A& 21004
Q= wid A

QALY

T =2, o
A7y = AR 1 RS Y 2,
2, ~ iidN(0,0% ), 12|32

v, ~ iidN(0,1).

2 30 2 2ol @y, ok 2,0l o3l 2HEL
HojFEnh agla A 32)
A FEFA IS Yepdinh, a8 v, o Eako] 1
olgtm sbgetel, =¥ FAgel Had AFs
ﬂ%ﬁ@.

FA Y o] &8l 7+ A/
D3 2] 3-2)9]

g =

r, 7t BRG] gl B

(normalization)=
o] 71-0 :zli @.E;q

87 4 BY2
PR 2,2 AN 5 Tk A -

BeE SHo R, - ool 7

e
Ho

it

% 387 FA°) GBL Ve 4 xo, ZHE o
B A AN F Uk B 2, e V)Y @
29 ol AST 5 Y eAFOR Mol

o= 2 b FrelH e

SFelo] gk AN & et

v, AZ8A Az

L e A A5 A% A3

B o=ioA AeskeE 3HE" wW(co-in-
tegrated variable)2l= 7l'd-2 7] ]
< 7 ok AAge, weba
gol2 AAo] £ H o7 o]Fo]x ok -81:]-_

obg (& 3)2 & =ZoA AREE MFES] T
=< AA AFRE BHoFa g ﬂ— 2= tﬂ/‘}lgﬂﬂ
H(level, )& @¥o] 7
37] ofe] Whde|, 13} At 78‘—-?—01]% s

1E
3
=“= 4
al
(e}

of

EotA g non-stationary) AJA| oL, 1%

= =<t }
3} M= b A (stationary) AlA|Holzka detE

¢

- Z:I—
=4 23 5 Agel it £ 2ol ol Rl
ViCCs} ofzebeis Ag 21191*‘6}‘5, 7} 35
grke AvsbEe A
A7 Ao 1 gleke ?wwo N2s17) ol
than vbehdel, 7123 ViCes} ofmeluiel 7
o=, B frolsFolrl AT AR glrks
HAw7bael pgro] el Al 17 Qrke AR
7hael pgraet vl ek, B4Rl 17} gleka
sk Aol 58 Fhsetia peke

o B
Ao FHHo]



H 3. tei2 843
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) l.og level -0.421 0.531
first L.D. -31.732 0.000
D2 log level -0.272 0.588
first L.D. -23.213 0.000
DC3 llog level -0.508 0.496
first L.D. -25.151 0.000
DCA l.og level -0.347 0.560
first L.D. -26.204 0.000
log level -0.387 0.544
DC_avg .
first L.D. -21.119 0.000
log level -0.218 0.607
DP1 ,
first L.D. -26.378 0.000
P2 l.og level -0.009 0.679
first L.D. -26.447 0.000
DP3 l'og level -0.378 0.548
first L.D. -25.329 0.000
log level -0.160 0.628
DP_avg .
first L.D. -21.374 0.000
— l.og level -0.297 0.578
first L.D. -18.971 0.000
— log level -0.414 0.534
first L.D. -19.455 0.000
log level -0.379 0.547
TV_avg .
first LD, -19.271 0.000
N log level -0.183 0.620
TS1 _
first L.D. -26.955 0.000
log level -0.181 0.621
TS2
first L.D. -22.086 0.000
S log level -0.106 0.647
Y8 first LD, 221,424 0.000
AL l.og level -0.531 0.486
first L.D. -28.501 0.000
log level -0.616 0.450
TA2
first L.D. 25,094 0.000
A3 llog level 0.503 0.498
first L.D. -25.543 0.000
TA4 l.og level -0.703 0.412
first L.D. -35.247 0.000
TA log level -0.551 0.478
av:
—"8 | first LD, | -31.456 0.000
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HE7HS
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o= we Z|cH 174
bel trace-EA|%F 81.472 0.125
p-#k 0.000 0.770
DC2 trace-EA| % 43,529 0.057
-7t 0.000 0.843
DC3 trace-ZEA|%F 60,187 0.067
-7t 0.000 0.831
DCA trace—EA|=F 45,908 0.119
-2k 0.000 0.775
DP1 trace—EA|=F 85.517 0.075
p-3F 0.000 0.825
DP2 trace-S A% 35.689 0.000
p-3F 0.000 0.984
DP3 trace-EA| % 102,961 0.021
p-4t 0.000 0.904
V1 trace-EA| % 14,900 0.412
-7t 0.018 0.584
V2 trace-EA|=F 13.219 0.420
p-Zt 0.035 0.580
rs1 trace-Z-A| % 58.825 0.044
p-%t 0.000 0.862
s2 trace-Z-A| % 50.568 0.046
p-3F 0.000 0.860
TAL trace-E-A| % 154.159 0.283
p-3F 0.000 0.655
TA2 trace-EA|%F 149.308 0.310
-2k 0.000 0.639
TA3 trace-EA| % 213.032 0.293
-7t 0.000 0.649
TA4 trace-EA|=F 160,149 0.283
-7t 0.000 0.655

F: 1) LD.& log differenceE 2Ju|gt
2) AL ADF HT

and Fuller, 1979, 1981)

3) 3FEI AY FA 2F Qo
4) p-Fk& MacKinnon(1996)2]

SAFE

o] g (Dickey

7%
©=(one-sided) p-gt

F1 1) FHE WMAE 4 2dF F A JiE 2+ 1t
ol }-Zﬂzﬂ":}—l— 7Hd%
2) trace-EAHFE Johansen(1995)S W}
3) p-#-& MacKinnon, Haug and Michells(1999)& W&
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o2 | 0122 0.092 ) ) 0.057
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H 6. 38 =EX FM 28t SXE HEC XI5 0|88 2t nH™ 2| FHH [
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84 -5k FRA 3% 4] -5k
DEl CSTM 0.321 10,121 0.265 4,786 -0.051 -5.443 0.195
VECM 0.308 9.804 0.298 5.372 -0.044 -5.975 0.197
CSTM 0.265 6.885 0.275 9.237 -0.002 -1.121 0.370
DC2 VECM 0.266 6.922 0.277 9.329 0,004 0.985 0.370
DC3 CSTM 0.366 11,294 0.348 6.833 -0.033 -7.760 0.353
VECM 0.382 11,733 0.336 6.576 -0,043 -7.774 0.353
DCA4 CSTM 0,630 19.127 0.063 1,541 -555.684 -26.773 0,482
VECM 0.476 12,837 0.132 2.865 -0.020 -3.196 0.321
CSTM 0,912 90.201 0,042 3.283 -11,248 -78.152 0.852
DP1 VECM 0.748 51,243 0.115 6.174 -0.008 -6.244 0.676
CSTM 0.544 21,731 0.229 11.086 0.000 0.319 0.658
bP2 VECM 0,544 21,781 0.228 11.091 0,001 1.334 0,658
DP3 CSTM 0,780 47.310 0.073 2.744 -0.011 -9.734 0.681
VECM 0.784 47.517 0.074 2,968 -0.013 -9.746 0.681
V1 CSTM 1,031 19.329 -0,123 -2.227 -4,080 -71.847 0.815
VECM 0.415 4,003 0,127 1,177 0.030 1,941 0.291
V2 CSTM -0.040 -0.685 0.580 9.762 -0.019 -3.237 0.297
VECM -0.041 0,705 0,580 9.783 -0.026 -3.074 0.297
'Is1 CSTM 0.784 25.794 -0.009 -0.309 -1,617,529 -62.849 0,740
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