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Risk Spillover between Shipping Company’s Stock Price and
Marine Freight Index
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Abstract F

This study analyzed the risk spillover of BDI on shipping company stock prices through the
Copula-CoVaR method based on daily data from January 4, 2010, to October 31, 2022. The main
empirical analysis results and policy implications are as follows. First, copula results showed that
there was a weak dependence between BDI and shipping company stock prices, and PAN, KOR,
and YEN were selected as the most fitting model for dynamic Student-t copula, HMM was selected
as the rotated Gumbel copula, and KSS was selected as the best model. Second, in the results of
CoVaR, it was confirmed that the upside (downside) CoVaR was significantly different from the up-
side (downside) VaR in all shipping companies. This means that BDI has a significant risk spillover
on shipping companies, In addition, as for the risk spillover, the downside risk is generally lower
than the upside risk, so the downside and upside risk spillover were found to be asymmetrical.

Therefore, policymakers should strengthen external risk supervision and establish differentiated
policies suitable for domestic conditions to prevent systematic risks from BDI shocks. And investors
should reflect external risks from BDI fluctuations in their investment decisions and construct opti-
mal investment portfolios to avoid risks. On the other hand, investors propose that the investment
portfolio should be adjusted in consideration of the asymmetric characteristics of up and down
risks when making investment decisions.
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HMM PAN KOR KSS YEN BDI
ez -0.0001 -0.0003 -0.0010 0.0002 0.0004 -0.0002
=743k 0.0000 -0.0011 -0.0012 0.0000 0.0000 -0.0013
Aozt 1.9387 2.1421 2.1306 0.1392 0.2075 0.2224
Hazk -0.3275 -0.3143 -2.3507 -0.7085 -0.3411 -0.1207
EEAA 0.0512 0.0525 0.0734 0.0221 0.0281 0.0284
= 18.0848 22,3042 -0.2496 -10.3844 -0.0241 0.7112
A= 677.5639 914.6340 622.7536 347.1342 16.0314 8.0537
B 58088881+ 106000000%** 48892060+ 15129849** 21617+ 3509+
ADF -56.3446"** -57.2310% 54,9539+ -56,42427 -55.3723** -18.2826**
PP -56.3785" -57.3443% -54,9539%* -56.5310%** -55.4343"* -25.7856%*

F 1 J-BE ATAS AASE Jarque-Bera BAFS UERATH ADFSF PPE TR o)W, =2 1% HoFES eI
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°l& Copula s RO ESS]
Gaussian Cylu,vp) = ¢ [(/)’1 (u, ), 1 (u, )] p Ap=A, =0
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Student-t G, (uwvsp,v) = T{fl (u,),t; ! (142)} v =2t (
S v v _ /U+1 m
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Clayton Coluvd) = (uy  +uy* —1) 5€(0,00) A, =210
Rotated Clayton Co(uv0) =u+v—14+C,(1—u,1-v) 6€(0,00) Ay —o1/8
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H 3. sHAIREZ FH Zut
HMM PAN KOR KSS YEN BDI
Panel A: B4 2
é -0.0010 -0.0006 -0.0011 0.0003 0.0005 -0.0000
0 (0.0005)** (0.0000)** (0.0004)** (0.0002) (0.0000)*** (0.0009)
é -0.2043 0.9709 0.8620 0.6717 0.9396 0.6451
1 (0.2258) (0.0024)** (0.1610)* (0.1466)** (0.0051)* (0.0192)*
9 0.1606 -0.9772 -0.8772 -0.7080 -0.9572 0.1659
! (0.2273) (0.0000)** (0.1475)=* (0.1381)** (0.0006)** (0.0251)**
Panel B: #2HA 2]
w 0.0000 0.0001 0.0002 0.0000 0.0000 0.0000
(0.0000)* (0.0000)*** (0.0000)* (0.0000)*** (0.0000)* (0.0000)***
0.1089 0.1960 0.3658 0.2318 0.1379 0.2377
@ (0,0217)* (0.0321)** (0.0706)* (0.0412)%= (0,0274)* (0.0316)**
3 0.8557 0.7426 0.6331 0.5631 0.8553 0.7612
(0.0027)* (0.0289)** (0.0430)** (0.0845)*** (0.0252)*+ (0.0319)**
1.0506 1.0996 1.0649 1.0844 1.0585 1.0747
Asymmetry
(0.0251)=* (0.0217)%* (0.0236)*** (0.0258)*** (0.0190)*** (0.0255)**
il 3.1193 3.2074 2.7238 3.7058 3.1263 3.5762
at
(0.1957)** (0.2038)** (0.1536)*** (0.2768)** (0.2040)** (0.2145)**
Panel C: A=
Q15) [0.8751] [1.0000] [1.0000] [0.9721] [0.4965] [0.0093]
Q*(15) [1.0000] [1.00001] [1.0000] [1.0000] [0.9884] [0.57701
ARCH(15) [1.0000] [1.0000] [1.0000] [1.0000] [0.9848] [0.4922]
F o] BollA BE ()Y g EFLAFo|AL, M+ w2 Z4ZF 1%, 5%, 10%2] froleEs vERdh Q(15)9 QF15)E #
ZF AAE 158 2Rl Ak 9 AlF sz}oﬂ EHUP Ljung-Box P-7t& HolZth ARCH &#o A2 AZsl7] 93 A

4% Engle(1982)¢] ARCH 7475,13 15A12HE ARg-3te,

I, )J_allﬂ_/\-] g J,].

(Panel B)oA] &2 F7te} BDI] ARCHS}
GARCH #¥}o| Alg7l BAZHSRZ fositt. o=
AL F719} BDI BF =& A AEA4S B

1. AR A3}
ety 18]a A= BAAE fode dgolA T
(& 32 324AF F71eF BDIS] ARMA(L,1) - & 7] BIE skewed Student’s t #3Eof ]3|
GARCH(1,1)ol] tigt 4 ZA#E HoFrh (F 2) Z 2 E Qo= AL YERd

o] Hg HA2(Panel A)olA HMMe| AFZ A9
SFil AR Bl MA ?% ﬁlﬂ} EAHoR folaih=
H7 ZE7 AR FolE

T 1_
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HMM PAN KOR KSS YEN
Gaussian
-0,0190* 0.0383** 0.0253%* -0,0270% 0.0061***
P (0.0181) (0,0181) (0.0181) (0.0181) (0,0181)
AIC 3.1004 6.4829 3.9576 4.2302 2.1146
Student-t
-0,0193% 0.0384** 0.0254%* -0,0273% 0.0064***
P (0.0180) (0.0191) (0.0181) (0.0187) (0.0162)
40.5353"* 89.0805*** 99.9994**+ 99.8563** 99.9698
v (2.7308) (336,2435) (14.2683) (59.0222) (0.3660)
AIC 6.4748 8.8307 5.1432 5.3854 3.0326
Clayton
0.0000 0.0178** 0.0001 0.0001 0.0001
@ (0.0188) (0.0193) (0.0180) (0.0393) (0.0397)
AIC 1.9857 2.8790 1.9995 1,9898 2.0004
Rotated Clayton
0.0023"* 0.0520% 0.0414%* 0.0001 0.0032#+
@ 0.0177) (0.0197) (0.0195) (0.0186) (0.0156)
AIC 2.0153 9.4266 6.8157 1,9849 2.0315
Gumbel
5 1.1000%* 1.100% 1.1000%* 1.1000%* 1.1000%*
(0.0150) (0.0145) (0.0146) (0.0155) (0.0151)
AIC -81.8430 31,4632 -46.2006 -103.7563 -69.0621
Rotated Gumbel
5 1.1000%* 1.100% 1.1000%+* 1.1000%* 1.1000%*
(0.0154) (0.0150) (0.0153) (0.0153) (0.0153)
AIC -94,9714 -53.0654 -69.2006 -97.7776 74,0765
TVP-Gaussian
" -0,0845%* 0.0006*** 0.0209** -0,1029* 0.0004**
0 (0.0718) (0.0010) (0.0532) (0.0697) (0.0009)
" -0.2626% 0.0066*** 0.0210%* -0,2348% 0.0135%
1 (0.1649) (0.0067) (0.0662) (0.1894) (0.0099)
" 1.9807%* 1,9822% 1.1900%* -1,6974% 1,9582%
2 (0.0442) (0.0301) (1,9840) (0.8341) (0.0391)

AIC 9.9233 12.6322 8.1261 9.8086 9.6965
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HMM PAN KOR KSS YEN
TVP-Student-t
" -0,0936+* 0.0091%+* 0.0786* -0,0981% 0.0470%
0 (0.0884) (0.0199) (0.0652) (0.1316) (0.0804)
" -0,1471% 0.0186"* 0.0968% -0,0899" 20,0787
! (0.1310) (0.0300) (0.1118) (0.1298) (0.1055)
W -1,9888 1.6995% -1,5287% -1.8126%* -1.8741%
2 (0.0992) 0.5757) (0.6398) (0.4097) (0.2146)
5.0000%* 3.0000%* 5.0000% 5.0000%* 5.0000%*
v (1.1658) (0.4422) (0.3207) (1.1547) (0.5857)
AIC -57.0672 -60.2565 -85.4879 -88.7840 -87.4961
TVP-Clayton
0.1555%* 0.7043% 0.0053 0.0025 0,2370%*
w (0.0540) (0.4553) (0.5074) (0.0933) (0.3883)
-0,3352% 0.4553%* -0,3280% -0.3315* 1,5320%
@ (0.0694) (0.1417) (0.2758) (0.0384) (0.3685)
-0,4412% 22,1083 20,0102 20,0089 -0,4987%
A (0.1133) (0.4376) (0.9836) (0.0751) (0.2507)
AIC 6.0063 14,4436 6.0063 5.9963 6.5513
TVP-Rotated Clayton
w 0.5276* 0.8473%* 0.1623** -0,0008 0.4267%*
v (0.0276) (0.1369) (0.2817) (0.0407) (2.6037)
N 1.0095% 0.3935"* -0,9497% -0,3301*** 20,0631
v (0.0242) (0.1019) (4.0040) (0.0393) (5.1277)
6 -1,5745** -2.5290%* 0,2350%* 0.0030™** -1,1705%=*
v (0.0251) (0.3989) (0.7296) (0.0445) (0.2644)
AIC 8.5272 18,2116 10,9246 5.9914 6.7865
TVP-Gumbel
-1,4807** -0,9185%* 22731 1.2519% 0.4125%*
w (0.6370) (0.8001) (3.0488) (6.7608) (1.8848)
1.7855%* 1.1659*** -2,2324# -1,2509% -0,1181%
@ (0.5134) (0.6583) (2.9408) (6.7482) (1.8694)
-0,8970** -0.3649** 0.3271 -0,0016 -0, 7484
B (0.5257) (0.4225) (0.5556) (0.5473) (0.5614)
AIC 6.8219 13.6850 8.5207 5.8554 6.3352
TVP-Rotated Gumbel
3 1.4467% 20,0433 2.5826% 1.5871% -1.9078
L (8.8197) (0.2858) (5.4131) (4.5683) (4.6508)
a -1.2514% 0.5934%* -2,5743%* -1,5847%* 2.0850%**
L (7.8864) (0.1870) (5.5884) (4.5404) (4.3630)
3 20,5352+ 1.6475% 20,0077 -0,0055" -0.4019""
L (2.0423) (0.3596) (1.1168) (0.7529) (0.8371)
AIC 5.7966 15.0689 5.7046 6.1438 5.8230

F o] FE AME U8 copula ol ek FHEAES HolFH, RE By tig BEexks 239k JUvh AICH ]
Hogh(BEE BADol 7P AT copula FHoltk, ==, =, *= Z4ZE 1%, 5%, 10% Fo4ES Ueit
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Ao 2 Panel CE= 2] AHslwo| #3 Ay}
E AT AAY *h,ﬂr*é o] th3t Ljung-Box 7l
et TARS 25 AAIE tisk 353t FH <t
Al 2F8) QYo FHHAE §les BT
9)al, ARCH 7AAL 23 Zkxje] Yo} 9= ARCH &
Wk EAEA gethe A 2% o,

2. A&(static)¥} F3H(dynamic) Copula T3
2429

(F 32 dldAb F7re BDIO thek = 3
%7 copula B¥ AFE HoFET 71 2E3s
copula 5 AE3t7] faf HA AICE ARE-ghet,
24 AxES HEW, PAN, KOR, YENE 53
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H 5, VaRZt CoVaRe| 7|=SH2nt 7HEAN
Hy: CoVaR= VaR H,: CoVaR= VaR 5
VaR CoVaR ps Eove “ VaR CoVaR b GV U R AR
H, : CoVaR# VaR H,: CoVaR# VaR
Downside Upside
HMM -0.0538 -0.0338 0.7028 0.0544 0.0769 0.5610 1,0000
(0.0424) (0,0266) [0.0000] (0.0437) (0.0616) [0.0000] [0.0000]
PAN -0,0502 20,0321 0.7185 0.0536 0.1138 0.8763 1,0000
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