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ABSTRACT

This study investigates the dynamic causal relationships among imported pulp prices
(HwBKP, SwBKP) and waste paper prices (OCC, ONP), The Johansen cointegration test
showed that there existed a long—run equilibrium relationship among four time series
variables in this study. Results of the vector error correction model (VECM) indicated
that the pulp and waste paper prices had their own error correction mechanisms that lead
to convergence toward the long run equilibrium level or steady state, Furthermore, the
Granger causality test revealed a bidirectional causal relationship between the pulp prices
(HwBKP & SwBKP), a unidirectional causal relationship between the pulp and waste
paper prices (HwBKP = ONP), and a unidirectional causal relationship between the waste
paper prices (OCC = ONP). Moreover, the results of variance decomposition analysis revealed
that the variance of HwWBKP and OCC prices primarily reflected own shocks in both the
short and long run,

Keywords: Hardwood bleached kraft pulp (HwBKP), softwood bleached kraft pulp (SwBKP),
old corrugated containers (OCC), old newsprint (ONP), stationarity, cointegration,
Granger causality, variance decomposition
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3.1 7|=EAZHSummary Statistics)

Table 10 & A-tof 0|85 4=¢] 72 (HwBKP,
SwBKP)¥} 112|714 (0CC, ONP)9] YAAIEAE(F,
AR[ZIE Holr] olde] zA7)e| gt 7| =FARS
Uellcy, WA HwBKP 7FA9] Hutgl2 $602.8/E,

Table 1, Summary statistics of imported pulp and waste paper prices

Variable No, Obs, Mean Maximum Minimum Skewness Kurtosis
HwBKP 240 602.8 823.0 415.0 0.2378 2.1585
SwBKP 240 694 .6 1003.0 430.0 0.0691 2.4220
oce 240 228.3 324.9 127.0 —0.0368 1,.8478
ONP 240 190.9 318.5 105.0 0.6525 28117
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Price(UsS$/ton)

400

0
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Fig. 1. Movements of the imported pulp and waste paper prices (200211, ~2022.10.).
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gk $823.0/E(2022d 99), 1|3 HAZS
$415.0/E(200349 19) 0 & e}, SwBKP 7H4 9]
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HAZFS $105.0/E(20204 3¥) o= vpERgi)

Fig. 1] 20029 1195 20224 109714] 20 %
oF ¢ "x714(HwBKP, SwBKP)I} 11X]|7}4(0CC,
ONP)9] HE o5 Uetdlt}t, IdelA B viet 2

o, T HXIIAT} UA|7FA-L 747} vlSegh A2 U
S| Aol A3E EIE 4= st

3.2 £FI Z4Z(Unit Root Tests) Zia}

Table 20 429 HL7}4(HwBKP, SwBKP) Tt 147}
Z(0CC, ONP)&] Y| A|AIGAREANA TFEe] &4 o
2.2 3191517 91gk ADF 2% 2342 ekl Al
25 3 E¥4(evel) ol th3] ADF AHS A3
o A, 59 Bekda 54749 AAE B 5%
Solzoln heito] EARRichs, 2 AAY ARst
AR olgt= AF7HH)E 7|28k o' =9

Table 2, Results of unit root tests

A

=

HI

=

weh, olejdt Auks 44 WA 1A7Ho] i
A AAgoleks 3, % AZke) S8 ket A4
Ap5o] BAH S4o] Waksh Rtk 212 B3

FA

3.3 2= Z4Z(Johansen Cointegration Tests)
Zut

Table 30| 42¢] H7}A(HwBKP, SwBKP)¥} 127}
Z(0CC, ONP)&] U] AIAIE 7t T4 LA} EAs)
=X1E 9eu7] 918l Johansen FHE AL AAIG
AE el 9148 BHQ wace) T HHLAL H
B may) BT B 5%0] F-ol=Eo A Wl 7HY] AAIE
2hol sfute] B WEL 2Aeks Ao SlH
o olele Anks BarkA IAHE 7o) FH
A, 23718 FRBAZ 2R AL ejojgiy, of
A A, BEAA AL vE Bz o
st wiel glo] Zizh g elrt sleaty Ay|Hos W
W Shpe] B S YAshEA s Sxsirks
Aolet, Wz} 1AL AR $woh 7Y vF) olA
Az Aolr) QA A BAE ARAele] o
Qzeks Fold 354el glonz WAz 147}
e gEo] 22 Bslnl 29l Ao Sl

e

Variable ADF-statistic Critical value P—value
InfwBKP, —4,3938%* —2.8735 0.0004
InSwBKP, —-3.0563% —2.8735 0.0313
lnoCq —2,9951% —2.8735 0.0368
InONF, —2,9325%* —2.8735 0.0432

* indicates statistical significance at the 5% level,

Table 3, Results of Johansen cointegration tests

Trace test Maximum eigenvalue test
Ho Ha A trace P—value Ho Ha A max P—value
r=0 r>0 54.86* 0.0096 r=0 r=1 29.69% 0.0265
r<1 r>1 25.17 0.1553 r=1 r=2 12.81 0.4702

1) Critical values are obtained from MacKinnon—Haug—Michelis (1999) %

2) * indicates statistical significance at the 5% level,
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3.4 HIE| X 2S(VECM; Vector Error
Correction Model) &4 Zia}

Table 49 5] BZ7}2(HwBKP, SwBKP)T} 1127}
#(0CC, ONP)9] ] AIAIE Ztell F-4& A7} =A%
U= A Higo g2 HE @A LY (VECM) Egs,
(D ~(4)F 793 41& Uepfigich, VECM 23S =
A uf Fo37F AR X2 9 A3} 42(lag order)E 2
AsH= Ald|, AIC(Akaike Information Criterion)

2 o)t A3t H2 AR 4 m =22 AL,

UERUl=Hl, 2 AR Alar) SAE 02 frofRt
Aoz eyt A7dd, AlnONPE F4352 &t
L m2go AlnOCC, 2] A47} 032352 1%2] &
Sl A AR FolRt Ao et o]
OCC 7}7o] A3 A9 w72 o2 ONP 70| 32,35%

B ek 2 g,

3.5 Granger 217}2| Z48(Granger Causality
Tests) Za}

il

¥ QX5 B Y (VECM) Bas, ()~(4)9] 4 2}
SASHRHECT) 2, AT BE BAH O folgt
Ao@ et oxp4Aae) A4t &9 Hag
Ak A 47)1Fdel Susiths 2 ot
Ae] F7) 7)ol SUsHe S8 Holzct
oty, AlnfhoBEP, S $43852 sk wajo)d 2
5] A%7}-0,00972 Uk gl o]z
HwBKP 7}2]0] 0|41 7|4x(period) o]l 47173 .0 258
olerste] QApk WA A ol 7140l 9,97% T
2 SAED e P1FHOR S BHS WA
Ak 212 oujgic

S, e A BY(VECM) oA Ax40] A4

£ 27 BusTE F4usl nXE 9149 G

Table 5°f WE QXA & (VECM) Egs. (1)~(4)
7% A0S v O.= Granger J¥AHAl] tieh 7
AE YERSIeE WA Fz7AT o= HwBKP 714
o] SWBKP 7}Ao| thal| Granger QJIBAE F4(x*
—stat: 21,3669; P—value: 0,0000)3}1., F-AJof] SWBKP
7VA = HwBKP 7}Z9] W8] Granger Q1THAIE A
(x%-stat: 11.2289; P—value: 0.0036) 22X F 7}
A7toll= oFoFAe] 2lalkA|(bi—directional causality)
7F AEet Aog SlESich ol2gt Ait= HwBKP
7}A3}F SWBKP 712 0] AZ7te]| Geke Zaugiri=
A omjgitt,

g, Fz7pAT IA)7FA o= HwBKP 7120] ONP
7FAe|| tiel] Granger QITRHAIE B/J(x* —stat: 6.9514;

Table 4, Results of vector error correction model (VECM)

AlnHwBKP, AlnSwBKP, AlnOCC; AInONP,

Variable

Coeff t—stat Coeff t—stat Coeff t—stat Coeff t—stat
Intercept 0.0007 0.35 0.0020 0.97 0.0007 0.21 0.0002 0.07
Z_q —-0.0997 —4,22%%* —-0.0321 —2.41* —0.1088 —2,94%* -0.0704 —2.17*
AlnHwBKP, _, 0.2712 3. 71%% 0.3265 4.61%* 0.1966 1.80 0.0775 0.77
AlnHwBKP, _, 0.2492 3.38%%* 0.0033 0.05 0.1296 1.18 0.2501 2.47*
AlnSwBKP, 0.2549 3,23%% 0.2095 2.75%* 0.1385 1.18 0.0179 0.17
AlnSwBKP, _, —0.0784 —-1.00 -0.0696  —-0.92 -0.1272  -1.09 0.0100 0.09
AlnOCG, _ | 0.0725 1.43 0.0869 1.77 0.2055 2.72%% 0.3235 4,65%*
AlnOCq, _, —0.0131 —0.25 0.0044 0.09 -0.1290 -1.63 —0.1013 -1.39
AInONP, _, —0.0688 -1.29 —-0.0214 —0.42 0.1775 2.24% 0.2583 3.54%*
AInONP,_, 0.0296 0.61 -0.0389  -0.83 -0.0570 -0.79 —0.0016 —0.02

Log likelihood: 1815,372

Akaike information criterion (AIC): —14.9483
*

and ** indicate statistically significant at the 5% and 1% level respectively,
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Table 5, Results of Granger causality tests

A

=

HI

=

Null hypothesis () X —stat P—value
InHwBKP does not Granger cause InSwBKP 21.3669** 0.0000
HwBKP < SwBKP
InSwBKP does not Granger cause InHwBKP 11,2289%* 0.0036
InOCC does not Granger cause InSwBKP 3.1511 0.2069
0CC < SwBKP
InSwBKP does not Granger cause InOCC' 2.4850 0.2887
InONP does not Granger cause InSwBKP 1.0596 0.5887
ONP < SwBKP
InSwBKP does not Granger cause InONP 0.0372 0.,9816
InOCC does not Granger cause InHwBKP 2.1019 0.3496
0CC < HwBKP
InHwBKP does not Granger cause InOCC' 4.9359 0.0848
InONP does not Granger cause InHwBKP 1,7872 0.,4092
ONP < HwBKP
InFwBKP does not Granger cause InONP 6.9514%* 0.0309
InONP does not Granger cause InOCC 5.1210 0.0773
ONP < 0CC
InOCC does not Granger cause InONP 23.3852%* 0.0000

*

P—value: 0,0309)¢ro 24 UulsEA o] olvlatA|(unidi—
rectional causality)7} 283t Ao & Uelych oz
3 AT HwBKP 719 W 5
PIZE B 7 voel GRS 81 Uslehe 2
ojolatet,

a0 2. A7 2Iolle 00C 742io] ONP 7F2i] Tl
Granger QIVAIS FA(y2—stat: 23.3852; P-value:
0.0000)8H0. 24 A QLA 23t Ao R
vehdth olzjgt Auk= occ 7149 o] ONP 7+
o a2 vIBS viEe) e 28alA) sk

the 2 ol

3.6 2LH23l(Variance Decomposition) 241
-l
Fig, 20 HE XA R (VECM) Egs, (1)~(4)H
0117\1 T AAG o] Wgo] 2| 4 W thE s
Aol 71918k= HIF(H1E)S 4
E JehNSIcE HwBKP 7F22Q] ZH-9(*Variance Decom—
position of InHwBKP’) @70 712 50| A& o
E HwBKP 744 AA|9] S-A0] 7]IskA|qt, T7]ojA]
A7) ol AR SwBKP 7}2lo] o3t 37 aole] v
Zo] gfjE= A o' Yeyth &, HwBKP 7+ 9] ¥
T2 09 A AA F4 891 HFo] 100%0] A5,
107114 e] foll= A F4 8219 HFo] oF 85%=
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and ** indicate statistically significant at the 5% and 1% level respectively.
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2 Qo Zgsle Aow Uehdtl = SwBKP
o) WEe 4] £ 8019 uiFo] 14 7
75%, 57RLL- OF 55%, 12| 107190] AL oF 65%
= Uehyith WhH, HwBKP 7149 HS-2 17§49] 7
© 950, 570YL OF 45%, 1)1 10749] ALo) oF
40% = ERITY
IR|7HAO| A oCcC 7149 ZH(‘Variance Decom—
position of InOCC’) @7]oA A7|2 olsysiE et
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=7 Q019 v|Zo] 17§ AL 95% o)A}, 17]al 10
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Hgo] @], F7] W Aol AA A= iAoz A
She Aoz Urhdth =, ONP 7o WEe XPXﬂ 3
7 Q9]9] ujZo] 17H°LJ 39 80%, 57192 55%,

739(*Variance Decomposition

2(‘Variance Decom-—



Variance Decomposition using Cholesky (d.f. adjusted) Factors

Variance Decomposition of LNHWBKP
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Fig. 2. Results of variance decomposition analysis,
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