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Analysis of Shipping Markets Using VAR and VECM
Models
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= = ASEA Sl VAR HEd} VECM g2 1980t E Aaf 7id=] St
1970t GAlolli= AAEAIRHANA sEid A W
Equations Model, o]} DSEM)o| L5 AREE|AL QIUARE, o] O] 4l=]/de] 4
Z}st o7 o] A|71EtHKilian and Litkepohl, 2017, p.172). Lucas (1976)+= DSEMO]
AR Q= 744, 5 o] FAATE s QRES wH) oRzrhs hAo] Awal
2] &2 4= 22 AEE A AAEILE 22]3 Sims (1980)+= DSEMo]| =ik A1 7}
g skl QAL olelgl Zgo] st FAE THAAL A SSithe s vlEEich
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A, 2 %coﬂ/\i ARG EEEARER- O] VAR REE v A9 oy
» AHZI(2019) 0014 ZiE|o] L
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Sl R el ke nAlE 89k %‘4’5} | $f8ll VECM X&e 283t} 55
= A& Engle and Granger (1987)0l|4 AQFA ZFx}7]8F A (residual-based test)<
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VECM m39] fH4S wolFa o,
T, sh) s eelat ol sheele) J22)
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785, AA A HElolY 57 (), eloly AEHDWT), 9 =ojor #AE HE
ojuAl &9 felE(Ee)/W)S ARSI, ARl A, Al AskEA EeRH(E), st
A AREHDWT), SE A AABDDE ARSIt VLCCO] ¢, AlAl sl 5
=R Euke)), VLCC AREHDWT), VLCC el 29 Sola(ge]/d)S AR}, &5
F2 Ffflow) W4RA Gal] Qo] B5aks W gt Zlolar, AueRe A5 (stock)
A ol W o] AulkS YAsE Zlojw 1

(% 1) Explanation of Cargo, Fleet, and Freight Rate Variables

- Cargo Fleet Freight Rate
Clarksons Average
World Seaborne Total Containerships Containership Earnings
Containership Container Trade Fleet Development - Historical Charter Market
(unit: ton) (unit: DWT) Basket

(unit: $/day)

Total Bulkcarrier
World Seaborne Dry

Dry Bulk Fl Baltic Dry I BDI
ry 'u Bulk Trade eet altic ry Andex (BDI)
Ship ) Development (unit: index)

(unit: ton) .
(unit: DWT)

World Seaborne VLCC Fleet Average VLCC Long Run
VLCC Crude Oil Trade Development Historical Earnings

(unit: ton-mile) (unit: DWT) (unit: $/day)
Sample 1990-2022 (33 years)

- ears

Period Y

A}&: Clarksons

-

(I3 1) HEE A Wpe] FolZ HolZeh 199049] BAAE 10002 Fa1 T
Zol7] uiel] 19909 o] thulgh W] ol 414 & 4 gk BEwe] b HA %
PRt A1E Aol Alelar, AL AskR Aol A b4 Al molA] 19904 ]
Bgape] Z7hAuch ko] Z7ME AR A2 BIE 4= ook, T1ejdk Kol Hglol
ek AR 717e] SR F-E91717} M 20084 ARk o] FEEhy

1

~

Feo|ui 41} 1sFEAl g0l Evhlo] o w9lm ZE Alol/] ulio] ¥ oA A BE
R} A i Skl SAVF sl Al ALHelck el e 200841 0J: A] 41w
oA so)i= Rk Al k] el A9l /el Aash FAlR wel,
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{32! 1) Trends of Variables

{Containership)

1,200
1,000

800

600
400

200

80 "91 '92 '93 "94 '95 '96 97 '98 '99 '00 "01 '02 '03 "04 '05 '06 "07 "08 '09 '10 "11 '12 '13 "14 "15 '16 '17 "18 '19 '20 '21 22

EEEN Freight Rate =— Cargo +-:':- Fleet

{Dry Bulk Ship)

600
500

400

300

200

100

‘80 '91 '92 '93 °"94 '95 '96 '57 '98 "5% '00 '01 '02 03 '04 05 '06 '07 °"08 '09 '10 '11 '12 "13 '14 "15 'l6 17 '18 '19 20 '21 "22

EEEN Freight Rate

Cargo  ++==e Fleet

(VLCC)

600

500

400

300

200

100

‘90 '91 '92 "93 '94 '95 '96 '97 '98 95 '00 '0O1 "02 '03 '04 '05 "06 '07 08 "09 '10 '11 °12 '13 '14 "15 16 '17 '18 "19 '20 '21 "22

EE Freight Rate

Cargo  =+==+- Fleet

2 The value of 1990 is set to be 100,
A}xt: Clarksons

ol (& 2y zF = L/‘:o RIOLES 12} AHESE W40 7|& BAl(descriptive statistics)
wolrh, 2ro] (Fig, 1old S5 widol Aulek wiss FAH0m 27k 917 ul
o 2 17} x@ A, 2 Wsle O Bador em Uehith 4 2 4
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VART} VECM TS o]83t sfA1%
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i

Aeh, ZlolulAl, AskEAl, faAle] A dofgte] Zich wh, 2elo) A9 Hitol
- =2 S KOl fHo|Ale] 739 Hatgko] 0.0442 =A yhgkal, HsAly) f-x
A2 71 Adigie] 0,01 HelE ol A7|Hom AJA7E Qlekal K] ofge Aow 1
Ehit,
(¥ 2) Descriptive Statistics of 1st—Differenced Log Variables
= Cargo Fleet Freight Rate
Mean 0.062 0.074 0,044
Standard deviation 0.052 0.034 0.427
Container
Maximum 0.146 0.139 1.532
Minimum -0.120 0.006 -1.173
Mean 0.036 0.048 0.011
Standard deviation 0.034 0.036 0.431
Dry Bulk Ship
Maximum 0.114 0.158 1.015
Minimum -0.032 -0.002 -0.893
Mean 0.015 0.026 -0.006
Standard deviation 0.041 0.028 0.819
VLCC
Maximum 0.077 0.083 2.004
Minimum -0.085 -0.031 -2.804

2. VAR 2 VECM ¥

VAR &2 23} 78 5149 SURE & (Seemingly Uncorrelated Regression
Equation Model)©.&2 &3t 4= )},

p
AY, = C+ Y BAY, + U, A1)
i=1
A In Cargo, ¢ ¢11 Do d13
7| AY, = AlnFleet, , O =|C, &, =|dh oy Po3 |,
A lnFRt 3 ¢131 ¢’§2 ¢§3
Uy 0 o} 012013
U, = |uy | ~i.i.d. (O}Q = | 091 05 0a3|].
U3t 0 031032 03

A1) 3} o] FHE oA FAK uyy, uy,, us, )0 S5 W1 Cargo,, In Fleet,,, InFR,)
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by' 00 b1 0 0 ey 0\ /100
A7 B™' = by byt 0 || B=|biiby 0 ||, E, =€y | ~ii-d (oj,(omj )
v b b b3y bso b 0/001

€3¢

VECM R.&-e- %”Ziii 12} At R GHdE VAR 2ol 12F 2t A (H)
d A A WEH= @ 2K error)ol] TigE AR 7R HrER=
VECM =32 ofef] ~13)3} o] e,

p
AY,=Ctaf Y, + X 8AY, i+ U, 213)
i=1
In Cargo, o o B34 ¢§1 ¢32 ¢213
0:17]A_] K = lnﬂeett ) CE Cy , & = |G ) ﬁ = 52 ) QjZE QSlQId);Qd)ZZS )
InFR, €3 3 3 ¢§1 ¢é2 ¢é3
Uy 0 U? 012013
U, = |ug | ~i.i.d. (O | 021 a5 oa||].
Ust 07 gy 03 o3

V. 2524 2%

ASEASR= WarF B9 (non-stationary)shH, 71 S ARESE o] 2=

O] BAA vt AeHoR gyl HEsE mEA] o= loR %‘EW ot =
AT 0] Aol wAI7E AR, uheba] ZF g o]

3y 2 = A AREshE ZF A W59 log HHI(4E)

2) /iﬂaﬁxﬂ"]"ﬂ/d o] 72 Fzlof| i vk EAsh= A2 54-7kS- B4 (impulse-response analysis)o|2kal
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VART} VECM TS o]83t sfA1%

3} log 17} ARak Z490) w91 44 AnE molZi olrh, ARHeR log o)A T

Shte /b Aoz Holid), ZldloluAle] Aulay, AsHEAle] ANl Weg Alelst
Lol 10lM log 13 RS Th9lto] gl o= 1+EME} aﬂww L
(AAEo]LiAl 9 ABHZA A oIAE log @Mlel HI) log 13} X A5l p-gto] @
23] GolA| a1 glo], B t=RollA] AMHE mE WA log o] 1—5— P ol

log 1 A2 59 QFIRE ST 4 ol AoR AT 4 otk

(& 3) Results of Unit Root Tests

= t—value p—value
log level -0.072 0.993
Cargo .
first log difference -4.060 0.003
log level -0.107 0.992
Containership Fleet - -
first log difference -2.137 0.232
log level -1.534 0.503
Freight Rate
first log difference -5.413 0.000
log level -0.533 0.976
Cargo
first log difference -4.471 0.001
log level -2.776 0.215
Dry Bulk Ship Fleet
first log difference -2.678 0.089
log level -3.113 0.037
Freight Rate
first log difference -2.751 0.007
log level -3.159 0.111
Cargo .
tirst log difference -4.979 0.000
log level -0.992 0.931
VLCC Fleet -
first log difference -4.068 0.003
log level -4.227 0.002
Freight Rate
first log difference -6.712 0.000

Z: 1) The t-statistic refers to the Augmented Dickey-Fuller test statistic. Refer to Dickey and Fuller
(1979, 1981).

2) For cargo and fleet variables, it is assumed that log level has a linear trend and a constant and
first log difference has a constant. For freight rate, it is assumed that log level has a constant
and first log difference does not have either of linear trend or constant.

3) The p-value implies MacKinnon’s (1996) one-sided p-value,
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og 17} A4t W45 243] VAR 9 VECM W< 7531 790] o] 2e thy
o mEo] ePgA(subility) S HES Lastk ek ok (E 4ol4 miz mpel o),
VAR(D 529l S AR chgel 6] fckipel 25 Aol 9lo] Lct ) e
whebd B d=tolx] RAISH= VAR W VECM & Qg oleba wiekelct,
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(& 4) Modulus of Characteristic Polynomial of VAR(1) Model
. Stability Test of VAR Model

- Modulus—1 Modulus—2 Modulus—3
Containership 0.901 0.208 0.208
Dry Bulk Ship 0.705 0.530 0.233
VLCC 0.467 0.313 0.130

2. VAR 2 2AM Zn}

P WA=AE Ao gk S ShA AlDollA 371RE AIRF T pE AAsloF ek
H o dLoflA= AIC(Akaike’s Information Criterion)@?} SIC(Schwarz Information
Criterion)& 288l 2[4 A2F 75 A3k offl (3F 5) oA Ha= B} o], o]
yAL & AR A7) 12 et ASHEES AICS) SICVT A& o2 AulE Hojz]
uh, AT AEAes Selstel 2] Helbias)7h A7l vivel, EHat W
7kek 75 wol= glo] ANt WofA)y| wwel] AlRF 75 282 ARk VLCC= ARt

VAR R9| ofe] 7p] BALS Sastle] @A 1A giEo] ol fellAl A gl

(¥ 5) Optimal Lag Selection of First Log Differenced VAR Model

= number of lag = 1 | number of lag = 2
AIC -7.485 -7.044
Containership
SIC -6.930 -6.063
AIC -8.381 -8.540
Dry Bulk Ship
SIC -7.826 -7.559
AIC -5.183 -5.847
VLCC
SIC -4.628 -4.866

== The smaller values of AIC and SIC are more optimal.

ol (3 6)2 IA laA A (Granger causality test) AIE Hof=Eal Qo) o 7]
A= p-gkel 0.1 ol8i]l A9t siAle AABIaLAl jh Al 7HA]l Al BiRo A EUsH
Uel= gjlgle Adlero] 292 TI3H4 Qi Granger Cause)dtth= Zoltt, & #17]9
Aufeko] Z7F5I 11 thelol 1L sletsis Qlelg wherhs Aol ol HEHR A
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wYol 221 tharlol EsEel dashs Aol e AR YERHdTH(IIE 2) 9 ¥

o }
Hhe A ).

N 2 ge H

(& 6) Results of Granger—Causality Test (p—value)

Dependent Variable
- Cargo Fleet Freight Rate

Cargo - 0.223 0.169

Containership Fleet 0.557 - 0.006
Freight Rate 0.006 0.701 -

Cargo - 0.059 0.148

Dry Bulk Ship Inf;‘r’z;?:m Pleet 0.295 . 0.018
Freight Rate 0.076 0.419 -

Cargo - 0.036 0.898

VLCC Fleet 0.111 - 0.010
Freight Rate 0.290 0.941 -

ol (19 2)+= 24 AW ey, e9ps €3:)0] W= (InCargo,, In Fleety,, In FR, )0l 1]
2SS HofFa ok, A 4 A% mRolA] BEUS BES 37 e
B W= o] yehdt), AR S4 (e ) 2% S8 (ey,) 0] EETO]
DA oJgre Qs e GReck S, HNSRe AU SA(ey)0] 1 2 o

2 WA Aow etk ZdloluAe] Agol B 54 ey, 0] Aol 2 dgk
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{22! 2) Accumulated Response of Variables to Structural Shocks

{Containership)

Responses of Cargo Variable

Responses of Fleet Variable

Responses of FR Variable

85 2 BB EERERER
Py el

{Dry Bulk Ship)

Responses of Cargo Variable

Responses of Fleet Variable

Responses of FR Variable

08

04

e 4 ﬁ

@

m

06 4

04

a2

— DWN_DFRI

{VLCC)

Responses of Fleet Variable

Responses of FR Variable

6

a2

— DIN_TDEM
— DINTSUP
— DN _TFRI

W

1) FR means freight rate,

2) Blue line indicates cargo shock, red line indicates fleet shock, and green line in-

dicates freight rate shock.

ofgf (1. 3)2 A FAY ey, ey, €300 W (InCargo,, InFleet,,, InFR,)°]
o|& exjof| 7|ofsl= EAF Eafl(forecast error variance decomposition)E& HoF=al Q)
th Al 7HA] A oA SE e oS LAk 74«1 el =5 54 eyl 71918t
= Ao® et Al oS eaks AR S4(ey,) 8] 7107t F H5E Hol= 7t
g, eloj el 4 =] ol& At

o
L
L
.

%
A A 4%

S B 49 7low 2 Ao vehdtt, gk,
&9 FZ(ey,) AAY] 7017} AA Yehbs 7k, AeloluAlat A
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sHEAO] A BEak 24(e),)9] 7]ojE F Ao Yehdtl weba Aoy Au) AsHE
A9 2 53] S 7HE 2MHIQlexogenous) EEF WSO o5 =g
shushs ek niig Bast ek

{32! 3) Forecast Error Variance Decomposition of Variables due to Structural Shocks

{Containership)
VD of Cargo Variable VD of Fleet Variable VD of Freight Rate Variable
a0 mislEi=EI=l=E = a0 a0
i E mEEE e

{Dry Bulk Ship)

VD of Cargo Variable VD of Fleet Variable VD of Freight Rate Variable

{VLCC)
VD of Cargo Variable VD of Fleet Variable VD of Freight Rate Variable

: 1) VD means forecast error variance decomposition,
2) Blue bar indicates cargo shock, red bar indicates fleet shock, and green bar in-
dicates freight rate shock.
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|

ol (3 72 7k SRAE TEH FAT ey e e) 0 BERAS] 7]
ok Al b 4E mRelA ) FAo] hEAOR 2 F29 A/1S HolFw 9
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(& 7) Sizes of Structural Shocks

— Cargo Shock Fleet Shock Freight Rate Shock (A)
T s.e. % to A s.e. % to A s.e. % to A
Containership 0.0022 2.89% 0.0005 0.62% 0.0762 100%
Dry Bulk Ship 0.0010 1.09% 0.0002 0.28% 0.0892 100%
VLCC 0.0012 0.31% 0.0007 0.18% 0.3840 100%

2+ s.e. means standard deviation,

Ho
o
toh
s
1>
1o
N
ox
1Y,
ox
L
4>
Q

&
=,
i

ol (3 8)& 2z} Algol tel] g, Al

W2 9Ir}, PR VAR wigo] FLame] Aol glof A, & wy H3hwst Ack

qlck. ok, Aol Al AsFEAL] A, Al SN 24 ARAL

adjR*0] 77k 0,503+ 0,70 0.5 Lpeht Tk Fsol] wlsf =7 vepyel, o= Auek
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(# 8) Comparison of adjR*

7= Cargo Regression Fleet Regression Freight Rate Regression
Containership 0.19 0.50 0.15
Dry Bulk Ship 0.14 0.70 0.17

VLCC 0.27 0.15 0.41

3. VECM B8 2AM Zn}

SEA et vief o], thHEf AA|E 24l 2 WeEe] =EM, level) ghE0l &
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VARY} VECM X&2 o]8st &A% 24
AR FAR WAL 1) Qs A0 WolSelmd & 7ie] FAR WA, = shtol
AR wEE Agshad g,
(HE 9) Results of Cointegration Test
Null Hypothesis
— No' Cointegration No._of Cointegration No._of Cointegration
is at most 1 is at most 2
. . trace-statistic 31.659 13.038 5.241
Containership —
p-value 0.114 0.360 0.258
Dry Bulk trace-statistic 48.286 24,800 7.385
Ship p-value 0.001 0.011 0.107
VLCC trace-statistic 53.993 25,423 5.198
p-value 0.000 0.008 0.262
21 1) For the explanation of the trace statistic, refer to Johansen (1995).

2) The p-value means MacKinnon, Haug and Michells (1999) one-sided p-value,
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(& 10) Estimation of Cointegrating Vector
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where R, is log of freight rate,, C, is log of cargo, F} is log of fleet,

{Containership)
- a, a, a
Estimate -86.34 44,54 -41.32
Standard error 28.28 11.36 10.10
p-value 0.001 0.000 0.000
{Dry Bulk Ship)
- 4 a Ay
Estimate -8.03 6.10 -5.52
Standard error 3.54 1.01 0.79
p-value 0.012 0.000 0.000
{VLCC)
- a, a, a.
Estimate -5.05 3.18 -2.56
Standard error 4.74 0.67 0.41
p-value 0.029 0.000 0.000
4) FAE BA9 JE Bt ds] 245k, VECM RS K} 4217 kel A2 $E5AR Jrwet
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ol (3 11)& 717]9] oxje] that i A4S Holke), o2 oml: BEHG)S
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i

(¥ 11) Estimation of Adjustment Coefficient

- Cargo Fleet Freight Rate
Estimate -0.007 -0.006 -0.072
Containership Standard error 0.033 0.001 0.033
p-value 0.917 0.000 0.015
ESSE -0.063 0.028 -0.519
Dry Bulk Ship NPyl 0.011 0.009 0.1888
P-4k 0.000 0.000 0.003
32 0.011 0.024 -1.274
VLCC ¥t 0.021 0.014 0.295
P-4k 0.302 0.044 0.000

4. Ml 7| sh2AlEe] FARda xfEY
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4 Abstract

Analysis of Shipping Markets Using VAR and VECM
Models

Byoung-Wook Ko

This study analyzes the dynamic characteristics of cargo volume (demand), ship fleet
(supply), and freight rate (price) of container, dry bulk, and tanker shipping markets by
using the VAR and VECM models, This analysis is expected to enhance the statistical
understanding of market dynamics, which is perceived by the actual experiences of
market participants. The common statistical patterns, which are all shown in the three
shipping markets, are as follows: 1) The Granger-causality test reveals that the past
increase of fleet variable induces the present decrease of freight rate variable, 2) The
impulse-response analysis shows that cargo shock increases the freight rate but fleet

shock decreases the freight rate. 3) Among the three cargo, fleet, and freight rate

shocks, the freight rate shock is overwhelmingly largest. 4) The comparison of adjR 2
reveals that the fleet variable is most explained by the endogenous variables, i.e., cargo,
fleet, and freight rate in each of shipping markets. 5) The estimation of co-integrating
vectors shows that the increase of cargo increases the freight rate but the increase of
fleet decreases the freight rate. 6) The estimation of adjustment speed demonstrates that
the past-period positive deviation from the long-run equilibrium freight rate induces the

decrease of present freight rate,

(Key Words) Vector Autoregression Model, Vector Error Correction Model, Shipping
Market, Impulse—Response Analysis, Forecast Error Variance Decomposition,
Co—integration Relationship, Adjustment Coefficient
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