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Why are we interested in Steam Coal Prices?

« Steam coal is an important commodity, mainly used for electricity
generation

- Coal prices have a significant impact on electricity prices

« Coal markets are less transparent than generally thought

No systematic analysis of global coal price dynamics exists

Price formation in the coal trade is unclear

How does the lack of transparency impact the functioning of markets?

Is the steam coal trade integrated regionally or even globally?

* Logistics an important aspect of steam coal trade, since freight costs are
a significant part of total import cost

- The oil price is a major part of freight costs
- Are coal prices and oil prices linked through logistics?

=> We are interested in co-movement, not causality




State of the Literature

* Integration of international coal prices:

- Warell (2006): import prices of both steam and metallurgical (coking)
coal are generally cointegrated (except for steam coal in the 1990s)

- Li (2007): export prices of steam coal are cointegrated

* Price convergence of energy commodities:

- Asche et al. (2008): oil prices drive prices for power and natural gas in
the U.K.

- Bachmeier and Griffin (2006): integrated international oil markets; split in
U.S. natural gas prices, weak integration of oil, natural gas and coal
prices in the U.S.
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Seaborne Steam Coal Trade — Major Players
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Data

« 33 series, weekly observations from December 2001 until September 2009 from
Platts

- CIF, FOB and freight rate data
- ~ 390 observations each for the longest series
« Platts is collecting data on benchmark prices and freight rates

- No standardization undertaken, e.g. according to quality

- Data is collected by interview with “reliable” traders

Panel A: Import and export prices Panel B: Freight rates and residual fuel oil price
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Principal Component Analysis (PCA): Export Prices
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 First component almost identical, differences in second component

—> Signs of significant integration of export (and import) prices




PCA: Freight Rates and Residual Fuel Oil Prices
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» Heterogeneity in both first and second component

—>No obvious relationship between (residual) oil prices and freight rates




Hypotheses

» Hypothesis 1: Prices for steam coal exports, transport and imports,
respectively, are integrated to a significant degree.

» Hypothesis 2: Coal prices and freight rates are not directly related to oil
prices.

» Hypothesis 3: International steam coal market integration is not (yet)
complete.
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Method: Johansen VEC Methodology

* Preparative: Augmented Dickey Fuller tests show that all time series are 1(1)

* Vector error correction (VEC) representation of process X.:

k-1
AX, =af X, +Z I'AX, . +v+0t+¢,,where v=au+y and 0t = apt + ¢t

i=1

Thus:

k-1
AX, =a(fX,, +,u+,ot)+z I'AX, . +y+7tt+¢,where weset r=0and p=0

i=1

Therefore:

k-1
AX, =a(BX, +u)+ Z CAX,  +y+e,

i=l

* afp’=II is the long-run impact matrix
* Its rank determines the number of cointegration relationships

* 3 is the matrix of cointegrating vectors describing the long-run equilibrium of the
system

* o is the matrix of short-run adjustment parameters
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K A0
Pairwise Cointegration of Export Prices and Freight Rates ... ‘?-_/K -0'._)‘)
e o

Hyr=10 r= 1 r< 2

Trace Trace Trace

Variahles Obs. Lags A, statistic by statistic Ay statistic
FOB Bolivar 4300, FOB Fichards Bay 6000 336 2 0030 13418 0.005 1.745 - --
FOB Bolivar 6300, FOB Richards Bay 6000, ARA Residual Fuel 386 2_0.038 _ 35634 0016 _: 6841 0007 __ 2317
FOB Bolivar 4300, FOB Qinhuangdao 6200 332 2 00Z4 11151 0.009 3.153 - -
F.OB Rolivar 6300, FOB_Qinfwangdan 6200, ARA ReddwalFuel | 332 ____ 20047 22776 0018 6.821 0003 __ 0847
FOB Bolivar 6300, FOB Kalirmantan 5900 378 6 0033 14872 0.006 2,309 - --
FOB Bolivar 6300, FOB Kalirrantan 5900, AR A Fesidual Fuel 378 6 0067 33820 0.015 7.804 0.004 2.097
FOB Bolivar 4300, FOB Gladstone 65000 202 2 0046 11332 0009 1760 - -
FOB Bolivar 6300, FOB Gladstone 6500, ARA Residual Fuel 201 3_0M0ss 31674 0054 13171 0.012 4405
FOB Bolivar 6300, FOB MNewcastle 6300 KTl 20027 12146 0.004 16886 - --
FQB Bolivar 6300, FOB Newcastle 6300, aRa Residual Fuel | 386 ___ 40052 38018 001> 7504 0005 13810,
FOB Richards Bay 6000, FOB Qintmangdan 6200 332 2 0.047 18823 0.009 2074 - -
FOB Richards Bay 6000, FOB Qintmangdao 6200, ARA Residual Fuel 334 2_ 0066 30529 0021 C 7.907 __0.003 0377
FOB Fichards Bay 6000, FOB Kalimantan 5900 378 6 0041 18.092 0.006 2174 - -
FQB Richards Bay 6000, FOB Kalimantan 5900, AR4 Residual Fuel 378 ___ 6_0.064 31623 0012 _9.6% 0006 2407
FOB Richards Bay 6000, FOB Gladstone 6500 202 2 0.0%2 19115 0.009 1.302 - -
FOB Richards Bay 6000, FOB Gladstone 6500, ARA Residual Fuel 200 40099 35446 0058 14642 0013 2608
FOB Richardz Bay 6000, FOB MNewcastle 6300 KTl 2 0.046 19.904 0.004 1.500 - -
FOB Richards Bay 6000, FOB Newcastle 6300, ARA ResidualFuel 386 4 0071 36932 0016 8318 0005 1314
FOB Qinhmwangdan 6200, FOB Kalimantan 5900 332 2 0067 253932 0.008 2514 - -
FOB Qinhuangdao 6200, FOB Kalimantan 5900, Singapors Residual Fue 331 3_0079 34226 0DLs_ - 7,720 0005 1602
OB Qintwangdan 6200, FOB Gladstone 6500 202 2 0044 11104 0.010 2.108 - -
FOB Qinhuangdap 6200, FOB Gladstone 6500, Singapore Residval Fuel 200 1.0076 19518 005 13780 0013 4563
FOB Qinhwangdao 6200, FOB Newcastle 6300 332 2 0.04a 19,237 0.010 3.486 - -
FOB Qintwangdao 6200, FOB MNewcastle 6300, Singapore Residual Fuel 332 2 00s3 25007 0.016 7154 0.005 1815
FOB Kalimantan 5900, FOB Gladstone 65000 202 2 0086 19774 0008 la4d - - - -
FOB Kalimantan 5200, FOB_Gladstone 6500, Singapore Residual Fuel 201 3_0077 30224 0058 14021 0011 41435
FOB Kalirmantan 5900, FOB MNewcastle 4300 381 3 0.060 25363 0.004 1.620 - -
FOD Kalimantan 5900, FOB Mewcastle 6300, Singapore Residual Fuel 381 3 0.0a2 33.063 0.016 8.489 0.006 2.301
FOB Newcastle 6300, FOB Gladstone 6500 ] 97 70078 19006 0020 C 3071 - - -
FOB Mewcastle 6300, FOB Gladstone 6500, Singapore Fesidual Fuel 199 5 0099 32104  0.044 11.417  0.012 24112

-13 -




... as well as Import Prices and Freight Rates "?-_/K:“ ;,f)-

Hyr=10 r< 1 r< 2
Trace Trace Trace
Variahles Obs. Lags A, statistic by statistic by statistic
CIF ARA, CTF Japan 336 2 0045 18856  0.010 3418 - --
CIF aRa, CF Japan, R4 Residual Foel 33 J_0074 31219 0014 6214 0005 1540
CIF ARA CF Korea 309 3 0055 21995 0014 44212 -
LIFARA CIF Korea, ARA ResidmalFuel | oL o. 310 . 2 0075 30238 0013 6918 0004 L1l§
CIF Japan, CIF Korea 310 2 01m 37053 0.013 4.034 -
CIF Japan, CIF Korea, singapore Besduoal Fuel 309 3 0.084 34.215 0.016 7157 0.007 2.09%
Hﬂ = r i ]. I < 2
Trace Trace Trace
Variahles Obs. Lags Ay statistic Ay statistic Ay statistic
Colotnbia-Fotterdarm, South A fica Rotterdam 384 4 0054 28793 0020 T.B6S - --
Colombia-Rotterdarn, South A fica Rotterdam, ARA Residual Fuel 385 30091 49049 0020  12.520 0.013 4847
Queensland -Fotterdam, New South Wales-Fotterdam 385 3 0103 48838  0.013 5074 -- -
Jueensland Rotterdam, New 5outh Wales-Rotterdam, Singapore Residual Fuel | 383 3_D0ILL 56160 0.018 11048 0011 4098
Queensland-Japan, Mew South Wales-Korea 354 4 0.047 24 8584 0.017 6.502 -- -
Dueensland -Japan, New South Wales-Forea, Singap ore Fesidual Fuel 385 3 0.056 32025 0020 12.855 0013 4853

» Find pairwise cointegration, except for the Colombian export price

» Find that fuel oil prices do not belong to the coal price and freight rate cointegration
space
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Integration of routes, basins and globally

B el
T 9_/&\ o Z)

Routes
Atlantic basin
Hy:r=0 r< 1

Trace Trace

Variables Obs. Lags Ay statistic Ao statistic
CIF ARA, FOB Bolivar 6300+FR Colombia-Rotterdam 381 7 0.058 26.393 0.009 3.602
CIF ARA, FOB Richards Bay 6000+FR South Africa-Rotterdam 386 2 0.087 37.674 0.006 2.446
CIF ARA, FOB Qinhuangdao 6200+FR China-Rotterdam 325 7 0.031 13.829 0.011 3.722
CIF ARA, FOB Gladstone 6500+FR Australia/Queensland-Rotterdam 202 2 0.068 16.603 0.011 2.280
CIF ARA, FOB Newcastle 6300+FR Australia/New South Wales-Rotterdam 386 2 0.058 25.737 0.007 2.572

Pacific basin
CIF Japan, FOB Gladstone 6500+FR Australia/Queensland-Japan 200 4 0.077 18.984 0.014 2.867
CIF Korea, FOB Newcastle 6300+FR Australia/New South Wales-Korea 310 2 0.072 28.958 0.019 5.872
Basins and global system
Hy:r< 2 r<3 r< 4 r<5
Number of

variables in Trace Trace Trace Trace

Variables system  Obs. Lags A; statistic A statistic As statistic As statistic
Atlantic system 6 200 2 0.106 49.846 0.065 27.339 0.046 13.859 0.022 4.374
Pacific system 4 201 3 0.049 15.384 0.026 5.294 -- -- -- --
Global system 10 200 2 0.243  200.337 0.187 144.703 0.164 103.218 0.127 67.304
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Estimating cointegrating vectors and short-term dynamics by route
Example: ARA

Colombia South Africa
CIF 4Ré4, FOB Bolivar, FR ColombiaPuerto B olivar- AR 4 (CI Rank = 1) CIF AR4, FOB Richards Bay, FR South Africa/Richar ds Bay- AR A (0T Rank = 1)
Coitite grating wector (coefficient on i CIF ARA) notmaalized to 1) Cointegrating vector (coefficient onlnfCIF AR &) nomaizedta 1)
Beta Coefficient fr-value Beta Coefficient p-valus
In(CIF ARA) 1.000 nfa [In(CIF ARA) 1.000 nfa
1t FOB Bolivar) -0.450 0.000 1ty FOB Richards Bay) -0.664 0.0o0
I(FE Pustto Bolivar-Fotterdam) 0541 0.000 |15 FE Richards BavRotterdam) -0.340 0.000
Adjustment coefficents Adjustmert coefficients
Alpha Coefficient p-alue Alpha Coefficient p-alue
Din(CIF ARAY -0.045 0.aao DilaCIF ARAY -0.123 0.0an
DileFOB B olivar)) -0035 0.004 DileFOE Richar ds B ay) -0.113 0.0o0
L1t FR Puetto B alivat-FEotter damy) 0.12% 0.000 DilnFR Richards Bav-Botter dat) 0.200 0.00%
Lags f Lags 4
b servations 382 Observati ons 384

China Australia

CIF ARA FOB Qintmangdac, FR Qintnangdas ARA (T Rank = 1) CIF ARA FOB Newcastle, FR AudraliaMew South Wales ARA CI Rank = 1)
Cointe grating vectaor (coefficient onln(CTF ARA) normalizedta 1) C ointe grating vector (coefficient onloCIF ARS) noemalizedto 1)
Beta Coefficient p-value  Beta Coefficient p-value
InCIF ARA) 1.000 nfa  InCIF ARA) 1.000 t'a
I FOB Qittnsatigdad) 0124 0394  1oFOB Mewcastl€) -0.384 0.0oa
InFR Qirhnangodac B otterdat) -1.535 D000 InFE New South Wales Fotterdam) -0.60% 0.0a0
Adjustmernt coefficients Adjustmert coefficients
Alpha Coefficient p-walue  Alpha Coefficient pvalue
D1 CIF ARAY -0014 0000 Dl CIF AR AT -0.043 0.0an
Do FOB Qintnangdan) -0.00% 0011 D{nFOE Hewcastle)) -0.027 0005
DiinFR Qintmansdan- Rotterdam) 0042 0000 Dl FRE Mew 3outh WalesFottet datr 0.0532 0034
Lags 3 Lags 2
Orb gervations 317 Ob servations 386
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Conclusions

» Export prices are generally cointegrated
 Import prices and freight rates are also cointegrated

 Trading routes are integrated, and systems of trading routes are
integrated regionally and globally
—> Fail to reject Hypothesis 1
 (Residual fuel) oil prices are not systematically related to coal prices
and/or freight rates, i.e. logistics enter in a more complex manner
—> Fail to reject Hypothesis 2

« Speeds of adjustment to long-run equilibrium differ substantially

- Government policies appear to have caused significant disintegration of
Chinese exports from the global market

—> Fail to reject Hypothesis 3
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Thank you for your attention!

Contact: azaklan@diw.de

German Institute for Economic Research
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