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Context:
The "resource curse"

� A well established fact
� Sachs and Warner (1995); Gelb et al., (1988); Auty (2003)

� What transmission mechanism?
� A – Political mismanagement 

� cf. Ross (1999); Isham et al. (2005)

� B – Economic explanations
� 1950's: a secular decline in the Terms of Trade?

� 1960's: the lack of "linkages"  (Hirschman, 1958) 

� 1980's: the Dutch Desease explanation  (Corden & Neary, 1982) 
(1) an appreciation of the state's real exchange 
(2) a tendency of the booming sector to draw resources away from manufactures

� 1990's: Export revenue volatility harms growth
� Easterly et al. (1993); Mendoza (1997); Hausmann and Rigobon (2003)
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Natural Gas Flaring
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Europe: 3 bcm

Central and
South America:
10 bcm

North America:
12-17 bcm

Middle East: 30 bcm

CIS: 15-60 bcm

Asia: 7-20 bcm
Africa: > 45 bcm

Source: World Bank
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Gas Resources Monetization
for a small economy 

Gas allows multiple export-oriented strategies:

� Raw exports (pipelines, LNG vessels)

� Processed Primary Products 
Chemical commodities: Methanol, Olefins

Fertilizers: Urea

Liquid fuel (GTL technologies): Diesel Oil

Iron & Steel industry DRI

Energy Intensive activities Aluminum 

� Owens and Wood (1997): resource-rich countries can have a comparative advantage 
in processed primary goods. 
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RESEARCH QUESTIONS: 

A - Is an export-oriented RBI strategy suitable or not? 

B - Which primary products should be given priority over others?
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Part I - Methodology
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A critical review of existing studies
- Practitioners: 

� basic comparisons based on the E(NPV) criteria (ESMAP)

- In the academic literature
� Brainard and Cooper (1968) – an MVP approach

� Love (1979), Labys & Lord (1990), Strobl et al. (2009)…
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Applicability to the gas sector

1 – Can volume instability be neglected?   OK

2 – Can costs be neglected?                        NO!

Typical MVP formulation:
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The technologies at hand:
a standard engineering representation
Remarks:

� Gas processing technologies: the main features
� modular technologies with LR scale economies at the module's level …

� lumpiness + a large range of size for the modules

� E&P costs can be excluded
7
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Assumption

Lemma: on cost minimizing industrial configurations

Assume:   -> the concave specification above,                     

->                     and denote 

Then, the cost minimizing industrial configuration for i is: 
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A modified MVP Model
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This is a "well behaved" MINLP
� feasible
� Computationally friendly

a D-C program with integer variables...

A disjunctive choice:

"export at least a certain 
amount, or not at all". 

contraints imposed by

the modular cost function
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Part II - Application

a) Assessing revenues: an 
empirical price model
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The route to an application

� Estimation of a time series model
Simulation: 100,000 price paths are generated 

� The unit discounted revenues net of linear 
variable costs are then computed...

Hypotheses are based on publicly available data: 
construction delays, lifetimes, rate of return, unit O&M 
costs , freight...
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Empirical
Model

DCF Model
(CAPEX excluded)

MVP Model
(CAPEX included)

Efficient frontier
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Data: 
242 monthly prices from Jan90 to Feb10 (in 2010 USD)

Sources: World Bank, Platts, USGS.

Preliminary tests: 
• stationarity?       All series are I(1) => use of first differences

• Cointegration? Yes => a VECM 
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Methodology

A data-driven model of the DGP

� A - Conditional mean equations: a VECM

� B - The conditional variance equation: a MV-GARCH model

� the family of correlation multivariate GARCH models: 

� where                               and  

� Bollerslev (1990) Constant Conditional Correlation (CCC) model:

13

tptkt PPPP ����A 1t1t +∆++∆++=∆ +−−−− 1110 �

1/ 2
t t tHε η=

t t t tH D R D=

{ },diagt i tD h=
2

, , , , ,
1 1

i iP Q

i t i i p i t p i q i t q
p q

h hω α ε β− −
= =

= + +� �

tR R=



©
IF

P
Estimation:
A - The conditional mean equation
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Step 1: Selecting the lag order of the VECM 
� Akaike’s FPE: a 9 lags specification 

Step 2: Determining the cointegrating rank
� Test assumption: an intercept in both the CE & the VAR (Cf. the SBIC)
� Both, the Trace and the λλλλmax test suggest r = 2 at the 5% level

Step 3: Reduction to a parsimonious model
� An iterative “general-to-specific” procedure (Brüggemann and Lütkepohl, 2001) 

� SER aimed at minimizing the HQ criterion. => 217 zero restrictions (not rejected by a LR test) 
� The resulting model has been estimated using a feasible GLS procedure. 
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Table 9. Diagnostic checks of the conditional mean equations 
 

Note: JB is Jarque-Bera multivariate s tat istic based on Doornik and Hansen (1994). All the other tests are those described 

in Lütkepohl  (2006): LM(x) i s the multivariate Breusch-Godfrey LM-test for the xth order au tocorrelation, LB(y) is the 
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Estimation: 
B - The conditional variance equation
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Table 11. CCC-GARCH model estimates and diagnostic test results 
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Furthermore :
Engle and Sheppard (2001)’

test failed to reject the 
null hypothesis of

tR R=

Step 4:

The sum < 1
=> a mean reverting

variance process.

The correlation matrix is
significantly different 

from the Identity.

Standardized residuals:
Normality? YES

Absence of ARCH? YES
i.i.d. ? YES
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Part II - Application

b) Results
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Portfolio 
performance 

appraisal:
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Gauging the diversification 
policies of gas-based economies

Source: own evaluations based on USGS and Global Insight.

Initial portfolios:

Optimal portfolios:
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Conclusions 
& future extensions

� Numerous LDCs are assessing a gas monetization policy
Possible new gas exporting countries: PNG, Mauritania...

� A general framework:
� could be applied to analyze other RBI/commodities

oil: refining and petrochemical activities

coal: steel and chemicals

iron ore: steel industry and further manufacturing...
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Thank you for your attention!

Olivier MASSOL

Albert BANAL-ESTAÑOL


