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[Abstract]

This study employs VECM to explore the dynamic relationships among PCTC charter rate, LIBOR,
car trade volume, and Dubai oil prices. Johansen cointegration confirms a long-term equilibrium, while
VECM shows freight rates are suppressed by interest rates and oil prices but supported by trade
volume. IRF reveals freight shocks strongly affect itself and interest rates, with temporary oil price
impacts and minimal trade volume response. FEVD indicates 77% of freight variance is self-driven,
12% from interest rates, 10% from trade volume; interest rates rely 36% on freight, trade volume 53%
on oil prices, and oil prices 94% on itself. This highlights complex cost-demand interactions in

shipping, offering practical insights.
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I. Introduction

Z2 A5} oL 20234 J1F oF 28683 TS &
Tt PR PPSI, oF ¥Rl ASA
(PCTC Pure Car and Truck Carrier)2 -2 A|&o|A]
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92 AEH, Kavussanos &
Visvikis[3]2 H3A & L AE 24 7t =EjiA 4A =
HE QXA R & (VECM, Vector Error Correction
Model)o.2 BAgioL} PCTCQF 74e EX MZEo|L} 2
2lo} 97lo] waral oigre mefst] oo Eat sl
shgo] Lolekil e 40 WAL AFHoR o, of
of vlg} & AR PCTCo| Egjel x%0] BAMoz
VRO g83kd PCTC 14 8412, 33 1 % 18
7| #81 ] SEj2 ndAo 2 AR
o}, E3F, 2018~2024L=1 Hlo|e| & Arg3to 2x] 2a] AMS,
T/t HEE-e ), 39T EHIEEH19) 5 20209
the] ZARIA wiske wielsto] Aloldat g S Swgi)
& T VoA Adeddel 2 Ao glojE | v
22 At 350l A% A AUE vgos 5o
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=29
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wolAlgS ChRo, 4golx 220 A oS AAE
o). o2 $3} PCTC 29 W5 §3H2 Walwm, 542 4t
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o] Al TRsHT FAF Y 21

II. Previous Studies and Methodology

2.1 Previous Studies

ol =Lt 2 A © AL W 7F FEfE IAIE
=A% MiAE2 ol Ale] B4st 582 oldlist
= ¢ %93 EAS A[Z3th Kavussanos &

Visvikis[3]= VECMS &8sl €3aXM
SA(FFA, Forward Freight Agreement) 7|_P %B,—E.— =+
A5, Ade Aol dE =Y ¥E
w3tk ol oF YRS &

& Aol LIBOR g2jet 22 &
Y Bdde ARl
Kavussanos & Visvikis [3]2 FFAQ} & 2 7t gl=
21 Tjls BAelo, FRAZL B2 7120 A1 Ho| o
o}g a]—ql_ 7\(34; 7<7}§ g]—o]oﬁq

Geman & Smith[4]= WEIZASHEX])4(BDI, Baltic Dry
Index)E &3l sl Al HEdol Al 7t U3
Amge wgon, BIIS 2 4ol A% Ane &
g 7K S AR ol ol ANZA WA 3 B
AE oldlisk= d 7]ogtt. §HH, Kavussanos &
Alizadeh-M[5]= 7R 71ei74(EHTS,
Expectations Hypothesis of the Term Structure)S
R AN AR A7] 9 o] L0l 7t TS B
Helw, ARZF W 2jaa mejojgde] Axhe A5l 2
A3 Pelo] R4 A

23 YAk 71 7 S OE AE 55w
C}. Tsioumas & Papadimitriou[6]= £ OfeF sh=(A%
A, AR %) 7 2o SejY JERlgS BAlstol,
A} Mgt 70| WeiZIokg Ao|ax|(BC, Baltic
Capesize Index)?} YL AAIS. B 7HA0] YEek=
Th}akA X]4+(BPI, Baltic Panamax Index)of] 92 0]l
ok ¥k ol 242 71o] 2.9l DlA|: AS x
stol, & Aol Sofo] A8 /1AL vlg olo@ M
@ e RwmEd
Vernimmen(2]2 ZIEo]d 23 {7HHA 7H) T 4
i;;]—_g_% }\157(4% HH@H 07} A]—Ao] o oloﬂ H]_Q_ 7(17}
gatet 7] Hside Rt Bolth Ke et al[7])
HIER}7 2] H 2 F(VAR,

rﬁgr

Erii= st
o}—‘—f’.}‘l‘

Eé]—é‘]—

il ru[o

Vector  Autoregression)u}
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VECMe g 571, #¥, #8 It WS 58 dEste o3
& BH0 fa/dS 45

A7dsAl 2lA3.9F Ha/dof digt At
r}. Khan et al.[8]2 VARY} £Z2¥R28FM(RF, Impulse
Response Fuction)& E3f A|JsHA 2]A 371 S719} EY
7 2 w3 eod] ) H3ars oAk selslo,
20224 2-9 WA T AR dFe HYch
Drobetz et al.[9]= Lyt AP|3]H FHE o|BAF B
(GARCH-X, generalized autoregressive conditional
heteroskedasticity-X) @ X|4&3 dutstd ApP)|8lY &
715 o] BAF REIEGARCH-X, Exponential generalized
autoregressive conditional heteroskedasticity-X) =
dz d3Mn g7 2] ¥EdS AstH, B8A A
oA Bt 2F FEAlS e et 22 a5 W
& 29 /S AlALR

29 29 I AE OhE A & A ks
o|stc} Michail et al.[10]2 VECM1} IRF2 Z1g|o]Y]
At 27t F WAE 2AsH, 28 540] w4 W
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2.2 Methodology
2 AoM= AIAIE diolEe 7R #AIRE T 1A
2D gI5) BAE 27, WELOALHRY, §
47, 29i 2AkEeidde ARgsioith & A+t
4.4 99X E8} urca, tsDyn, vars Ij7]X]=

of wAlsleIrt

B
2l
oA

o]&

Ok rlr oo mu

2.2.1. Cointegration Test

AIAE §a30] HZd A (non-stationary)o] x| gt
2% &9l B (stationary) ¥AE 712 & U=
olsl7] 95l AR ARG &

Johansen[11]9] FA 774 W2 Af=sc). o] ¥
2 A8t Maximum Eigenvalue)dt Trace 7AXR&
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2.2.2. Vector Error Correction Model

TAR WAL S 49, VECMES 53] W5 2t
@] S} 7] 2% £ BASIGTE VECME 34
2 uElS E3Kslol chga} 2o AojEct

k—1
AY,=a(BY, )+ Y TAY, +ute
i=1

A7IMB Y, = QAASHerror correction term)
o7 7] #golM o|Fet s UEUY, e+ olES
Yot 48 UepIch13]

2.2.3. Impulse Response Analysis

¥4 210 54 Asaigg Bk s $AUS
g AAelgir. ol VECMAN E59 AnE vt
2, g Hapo] F40] OhE w40 U]R]= G2 Al

AW AR Cheut 22 HElRP |2l

_]
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=
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7 wiz0] BEAo] T Wl ofa] ofit AEk
A5 B7tsP7] sl Akl S a5t ol &
Auh3 7789 3 VAR el 3 yioflA] A3Et, &
R Wae) o5 ox} Aol O WAe] 320 ojaf £
il BlaS LRI

Variance of Y; 1, = 3, 0%(h)
=1
A71X0;;(h)= h7IZt T W4 O] FAko] tigt ¥4 4

9] 7]0i= 5 ofulFtei15].
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III. Data and Empirical results

3.1 Data
AFAToIN =52 % L 2ol US 671¥
LIBOR(Libor)S &8st on, v]& 4 737|AMskS viodst

+ 40| R7HDubai), +& $82 AFsAL F£97HCar),
J2]3 2AXEE YEE ARsARd 2¥H(PCTC) 19
B8 (PlyTC)2H= U 7HR] &8 W& AREsIo] B 7]
{H2 2018 697 20249 12971X]0]0 &3t Hlo]& 2]
71eA A 542 Askith (Table 1)

Libors @ 2.81629 B&ETA} 2.11058 7]|=510
et Hasdol /e, Jarque-Bera 772 5% R4
oA S 7128t qlof, ©@7] 28] vlAdEA &
A& GAISHL Qltt. FHIo] {7h= Bt 7.20159F ﬁ%L
A L7660z FF FEO WEds Hold
Jarque-Bera 7472 10% FelaEolM e A4S 717*
SHA] 33l FHto] {77t vlu A Qg Aol iR ARl
IS 7Mlg HolEt AFsAr S99 (Car)= Bt 1.0344
oF W2 EFUAF 0.18252 WE/do] A|SHAolt}.
Jarque-Bera ZAXL 1% SolpzoA A4S 7I5H
712¥st, S vloid/do] AR A S %KH
ke AJAfsHt) opxj@to g PCTC 19 843t 4
533071 =O TZEWA} 4.21502 7|25t0 2 HEAS
Ho&t. Jarque-Bera 7742 1% ReaEollA A
S 7)Zksit} o= fXg7t TI-AQ BP0z ol
7

Yol =8O L (o] =
MR o 2 SIS T15Ee HolFEL.

|—I

e

:LI

Table 1. Decriptive Statistics for Variables

Libor Dubai Car P1yTC
Mean 2.8162 7.2015 1.0344 5.3307
Standard 02375| 01987| 00205 04742
Error
Median 2.5203 7.3760 1.0333 3.0000
Standard 21105 17660  0.1825| 42150
Deviation
Sample 4.4543| 31188  0.0333| 17.7661
Variance
Kurtosis -1.4880 0.2026 2.4170 -1.6430
Skewness 0.1665 -0.3229 -0.9624 0.4427
Minimum 0.1511 2.6193 0.3854 1.0000
Maximum 5.8965 11.1860 1.3782 11.5000
Count 79 79 79 79
Jaque-Bera 7.6528 1.5082 31.4232 11.4664
p_value 0.0218 0.4704 0.0000 0.0032

3.2 Empirical results

3.2.1 Cointegration results

& ¥+t= PCTC 841=a(P1yTC), ul= 371 28 &2
(libor), #IF AtsAt FFHcar), FHlO] A5 714

Table 2. Johansen Cointegration Test Results

. Trace o o

Ho Eigenvalue Statistics 10% CV | 5% CV | 1% CV

r<3 0.329 4.83 7.52 9.24 12.97

r<? 0.225 11.85 17.85 19.96 24.60

r<1 0.087 31.51 32.00 34.91 41.07

r=0 0.061 62.32 49.65 53.12 60.16
note: r2 FHE HEl =

Johansen 77 A, ¥4 7F shuo] 34 HAVE &
A=A, ARz, Fejot §7t A52 PCTC A=
£ 57M171= BH, AFsAE A S7He 8RS oA
she 7] 2ol EAfRICE. ol 2§ vl&(libor) s 48
7HA(dubai)o] sl A9l Bl A5 =olil, Al
(car) 57PF 3w MYz olofAH 2US FEE A
o= et

3.2.2 VECM

& 4= PCTC EAl=(pl), b= 371E =4 &
(libor), 97t A}=al Al car), FHlo] Y9 714
(dubai) o] 7] FEI W] EERS M| Yl
VECMS A8319itt. Hxl B2 797l0lt, XA App
(K=2)= 9Qlaf %; RES 767H§ =R}, gao

Table 3. VECM Cointegration and ECT Results

l‘”oi 36709] 71571 mhefolE

I
o

=
=2

Cointegration Vector

Variable ELT sl
Coef. (777) (Standard Error)
P1yTC 1.0000 -0.0212 (0.0272)
Libor -1.555235 0.0100 (0.0107)
Car 0.9745983 0.0001 (0.0073)
Dubai -0.6222871 0.0957 (0.0399)*
Const. 2.52248 -

Note: ZX & HIE = P1yTCE 7|
o HE(x)= 10% 9

371

48 WE

PlyTC= 1.555 Libor — 0.974 Gar + 0.622Dubai —2.522 O|C}. 0]

aT )

Zoz HatEgltt. ECT
oj4Zg oo|att,

et

i

"HIA Al O
oo
7

1= PCTC 8= (pf)7} g2l(libor)et F7Hdubai)ol |
oJake. HiL £}

oo&a «tu

9] oJ3re

O o =&2»

RFERF Ak car)oll 4ol

giv}

=
o

Wig wojEth. FAROR, FUrt 199 H4etd &
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MEsh 1sshee) Zast, 7P Ine) Aas
0.6225k9] Zhastod, Aelaol 15k} F7ksH 0.974849]

VECM 2} PCTC 8427} 229} 7] 23} o
AL, A5 Akl o) SR 7] 79 WS
eI ik ol 3§ ulgat 98 7170l 99 sl
29102 Agol0], PUY F7PL LYUL ARt A
A AU WAL ¥ 4 ok HoRE Wa
Sol B gioll 3% Q&Y Holol, 53] S7HDuba)
of ZJefaf(Car) 7t H5AHgo|

T2t VECM] 947 FHECTY e 39
Dubai] %4 A4t $71A sl Sk, 57 4
7 R A gl ol e
o2 e AEA %S 715
o @77t masic

g

3.2.3 Impulse Response Function Test

AR A(IRF)& VECMZ 7Igtes PCTC &4=
(PIyTC)O] 1 mEWA F7o0] WS o, AL,
Libor, Car, DubaiZt 0~127] 59t oj@A ¥h33h=A|=
AT RF= 549 3. 37], A&, 22
95% REAEY NPS F3 SAX QS Wt

gtk 50 vk Fig. 14w} 2t

Orthogonal Impulse Response from pf

95 % Bootstrap CI, 100 runs.

Fig. 1. IRF result of pf

libor

dubai

dubai

Orthogonal Impulse Response from dubai

05 00 05
L s

05 00 05
L s

05 00 05
L s

05 00 05
L L

95 % Bootstrap Cl, 100 runs

Fig. 2. IRF result of dubai

Orthogonal Impulse Response from libor

05 10 15 00 05 10 15
N R

10 15 00
L

00 05
s

00 05 10 15
M

95 % Bootstrap Cl, 100 runs

Fig. 3. IRF result of libor

Orthogonal Impulse Response from car

10 05 00 0510 05 00 0510 05 00 0510 05 00 05

95 % Bootstrap CI, 100 runs

Fig. 4. IRF result of car
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P1yTCe] 4L sl APHP1yTC)a} 55 H]-&{Libor)
o] 75t 43S u]x]0, -§7HDubai)ol]l YAIA oHFants
7HAIet. ooflgtsl AFsAF FHFHCar)2 2 ol v
sttt §7HDubai) 542 +A((PlyTC)Z 2AAstal £
F(Car)z A" oz Z7HA710, F2f(Libor)oll= 0]oF

3t oJake o} 9} A= R|AA AMA 3RS WO
g2](Libor) $42 &A(P1yTC)2}t A}7] AFAI(Libor)of] l
A Fd= DAY, F97HCar)2t 5-7HDubai)ofl= At
L= A 342 2U(PIyTC)= AA|staL

Da)

J
rl

=el(Libor)ol| 57714 59| F

Fo SRy 2QPIyTC)T Zel(Libor)s

45k A 71AI0], R7HDubai}e LUt el

Y2, PA(Car)e 2 oA 7t AT 9

stch AJA} =stoA] v]8 Q9I(Libor, Dubai)it £~Q
(Car)o] 4 27tgo] SHalgict.

> ook
I o

o o Ll ox

3.2.4 Variance Decomposition Test

kel a2 PCTC 841&(PlyTC), 2jE &7
(Libor), &1t A}-&AF FH3H(Car), F8to] {7HDubai)2|
w540l 2t wahel F20 ofs] HYElL vlgg Bajst

gk, BARSAR L AP Jlele, EF WA Tlolw, AL
o 2 Wete 5 Wa 7t AR Fa4e Wk
58 AN AHRY pfe A] GYI7.05%) oo

libor(12.39%)2} car(10.13%)0l] J3+e drom, & A
o 38 2 a8 adue] AAE

pf(36.33%)2} J2A8stn Fg-dlle o 1% AWOPE%
car dubai(52.76%)0l 27 &5y, ¥]& QRI(F7h
o] FAg ¥59] 28 UUAZS YeRdTt. ¥HH, dubai=

93.98%2] A7] 7loj w2 SYA SXUYS M,

o O
o F
oR
Olt
ok
_Q
- T
o
T

Table 4. Variance Decomposition of pf

ngraig;e pf libor car dubai
1 1.0000 0.0000 0.0000 0.0000
2 0.9940 0.0047 0.0004 0.0009
3 0.9735 0.0182 0.0076 0.0007
4 0.9411 0.0357 0.0224 0.0007
5 0.9073 0.0530 0.0386 0.0011
6 0.8772 0.0684 0.0528 0.0016
7 0.8516 0.0816 0.0646 0.0022
8 0.8299 0.0929 0.0745 0.0027
9 0.8114 0.1025 0.0829 0.0032
10 0.7957 0.1108 0.0900 0.0036
11 0.7822 0.1178 0.0961 0.0039
12 0.7705 0.1239 0.1013 0.0042

Table 5. Variance Decomposition of libor

V;;Iraizze pf libor car dubai
1 0.0004 0.9996 0.0000 0.0000
2 0.0481 0.9424 0.0073 0.0022
3 0.1186 0.8685 0.0050 0.0079
4 0.1821 0.8034 0.0033 0.0112
5 0.2312 0.7511 0.0065 0.0111
6 0.2679 0.7100 0.0124 0.0097
7 0.2953 0.6773 0.0193 0.0081
8 0.3161 0.6509 0.0263 0.0066
9 0.3322 0.6293 0.0330 0.0055
10 0.3449 0.6113 0.0392 0.0046
11 0.3551 0.5962 0.0449 0.0038
12 0.3633 0.5833 0.0501 0.0032
Table 6. Variance Decomposition of car
V;;Iraigze pf libor car dubai
1 0.0127 0.0710 0.9164 0.0000
2 0.0113 0.0507 0.7917 0.1463
3 0.0100 0.0410 0.6633 0.2858
4 0.0092 0.0389 0.5979 0.3540
5 0.0086 0.0392 0.5606 0.3916
6 0.0081 0.0407 0.5303 0.4209
7 0.0080 0.0437 0.5009 0.4474
8 0.0086 0.0481 0.4729 0.4704
9 0.0101 0.0536 0.4468 0.4894
10 0.0123 0.0599 0.4229 0.5049
11 0.0152 0.0667 0.4006 0.5175
12 0.0187 0.0738 0.3798 0.5276
Table 7. Variance Decomposition of dubai
WEITEInGE pf libor car dubai
Period
1 0.0278 0.0223 0.0045 0.9454
2 0.0382 0.0198 0.0018 0.9401
3 0.0446 0.0159 0.0014 0.9381
4 0.0474 0.0124 0.0036 0.9366
5 0.0477 0.0099 0.0067 0.9356
6 0.0469 0.0082 0.0092 0.9357
7 0.0455 0.0069 0.0112 0.9364
8 0.0439 0.0060 0.0129 0.9372
9 0.0422 0.0052 0.0145 0.9380
10 0.0405 0.0047 0.0161 0.9387
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IV. Conclusion
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