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Objective
• Study of potential economic impacts of Peak Oil / resource

supply constraints
- precondition for development of policies to prepare
ourselfs for such event
- coinsiding with policies to combat climate change

• Determine if IO-analysis is a suitable tool
- IO models - natural desasters (Katarina), accidents, risks

• Review existing variations of the traditional Leontief model
• Test potential candidates, covering both

- quantity dimension
- price dimension of PEAK OIL

• Extensive application of suitable models



Introduction

• Peak Oil and Gas – imminent?
• Absolute and Relative scarcity
• low entropy matter/energy →

absolutely scarce (e.g.: Daly 1992)

• Cuba’s “periodo especial”
(Soviet Union oil imports -50%)

• Need for study of potential effects
→ Precondition for developing policies



Adaptations in Cuba



Peak-Oil
• The World-Oil-Production maximum

• 3 Factors: maturing wells, discovery ↓, consumption ↑
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Why IO-Analysis?
• Fairly detailed description of economy
• Direct and indirect (ripple) effects
• Straightforward methodology/assumptions
• Availability of empirical data and 

ease of application
• Leontief (Science,1989): It can “reduce the steadily 

widening gap between factual observation and deductive 
theoretical reasoning that threatens to compromise the 
integrity of economics as an empirical science”

• Revival: tool for Ecological-Economic interactions as part
of the LCA approach

Wassily Leontief 1905 - 1999
Nobel Laureate



The traditional Demand-Driven
Leontief-type IO-Model
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( ) yAIx 1−−=X = Zi + y

„Leontief Inverse“

z11 +  z12 +  z13 +   y11+ y12 + y13+ y14 =    x1

Row model

aij = inputs from sector i - necessary per one unit of total output from sector j



Assumptions of the
demand-driven IO-Model

All IO Models: perfect competition, profit maximizing firms,

Demand-Driven - For the individual firm:
- a single homogeneous output 

(i.e. perfect substitution among all outputs)
- given demand for output 
- multiple inputs xj
- fixed input ratios 

(i.e. perfect complementarity of inputs xj)
- given prices for xi
- cost minimization

For the economy:
- derived demand for inputs xi (i.e. backward linkages) 
- exogenous final demand for outputs per sector
- endogenous intermediate demand for outputs per sector
- perfectly elastic supply of every input xi

(i.e. no jointness in production, no bottlenecks in capacity)

„Leontief“ Production function

perfectly elastic supply of every input xi
(i.e. no jointness of production, no bottlenecks in capacity)

Adabted from Oosterhaven (1989)

fixed input ratios 
(i.e. perfect complementarity of inputs xj)



The Ghosh or Supply-Driven IO model
(Ghosh 1958)
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x’ = i’Z + w ZBx =ˆ

w'Bxi'x' += ˆ ( ) 1BIw'x' −−=

„Ghosh“ - inverse

z11+
z21+
z31+
w11+
w21+
w31=
x1

Column
model

bij = output - generated in sector j if total outlays of sector i are increased by one unit.



Assumptions of the
Supply-Driven Model

All IO Models: perfect competition, profit maximizing firms

Supply-Driven IO Models- For the individual firm:

- a single homogeneous input
(i.e. perfect substitution among all inputs)

- given supply of inputs 
- multiple outputs xi
- fixed output ratios 

(i.e. perfect jointness of outputs xj)
- given prices for outputs xj
- revenue maximization
- induced supply of outputs xj (i.e. forward linkages)

For the economy:
- exogenous primary supply of inputs per sector
- endogenous intermediate supply of inputs per sector
- perfectly elastic demand for every output xj

(i.e. no complementarity in consumption no income constraints)

„Ghosh“-Production function

Adabted from Oosterhaven (1989)

a single homogeneous input
(i.e. perfect substitution among all inputs)

perfectly elastic demand for every output xj
(i.e. no complementarity in consumption no income constraints)



Ghosh Model - Applications
• Augustinovics, M. A. (1970). “Methods of International and 

Intertemporal Comparison of Structure. Contributions to Input-
Output Analysis.” (Descriptive Study)

• Giarratani, F. (1976). "Application of an Interindustry Supply Model 
to Energy Issues.“ (Forward linkage analysis)
supply linkages associated with US energy production - highlighting the 
crucial position of the extractive energy sectors in the U.S. national 
economy

• Chen, C. and A. Rose (1985). "The joint stability of input-output 
production and allocation coefficients." Impact Analysis
50% reduction of output in aluminium sector in Taiwan & Washington State 
(1989)

Oosterhaven (1988): Ghosh Model is implausible



Numerical Example
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The Ghosh model concluding
• Problematic Assumptions:
• Perfect elastic demand y – everything produced will be

consumed (cars without petrol, etc.)
• Interindustry demand – rejection of production function
• E.g.: Steel factory -↑ man-hours → steel production ↑

(even if iron ore etc. ↔)

Implausibility of Ghosh model (Oosterhaven 1981)

Not suitable for:
•general description of economy, 
•resource supply changes,



Supply-constrained or mixed IO models
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Mixed Models – Previous Applications

• Tiebout (1969). "An Empirical Regional Input-Output Projection Model: The State of 
Washington 1980.“

• Davis & Salkin (1984). "Alternative approaches to the estimation of economic impacts 
resulting from supply constraints.“

• Subramanian & Sadoulet (1990). "The transmission of production fluctuations and 
technical change in a village economy: A social accounting matrix approach."

• Lewis & Thorbecke (1992). "District-level economic linkages in Kenya: Evidence 
based on a small regional social accounting matrix.“

• Parikh & Thorbecke (1996). "Impact of rural industrialization on village life and 
economy: A social accounting matrix approach." 

• Hubacek & Sun (2001). "A scenario analysis of China's land use and land cover 
change: incorporating biophysical information into input-output modeling.“

Recognition of
absolute scarcity of 
land on planet earth

Placing supply 
constraints on the sector 
of Agriculture

Suitable tool for Analysis for
quantity dimension !

Peak Oil



Peak Oil

Which sectors -
supply-constrained ?

Scenarios: What is the 
physical reduction of 
Oil supply?

Empirical Application of the supply-constrained model

10% hypothetical 
reduction of constrained 
sector output

The „Oil sectors“:

•Crude Oil & Natural Gas Extraction

•Petroleum Refining

same range as previous oil shocks



Domestic Oil Flows

•Not captured: white arrows (empodied oil in imported products!)

•Partly captured: light grey arrows

•Fully captured: dark grey arrows



Assumptions/Limitations

• Static model
• final demand in non-supply constrained sectors

remains constant after shock
• constant technology during initial shock period

• Net-Exports (i.e. imports) allowed
• focus on national economy
• if not – necessity of rationing



Case Studies - Data

• UK–1995: 138 sectors
• Japan-2000: 104 sectors
• Chile-1996: 73 sectors



RESULTS
Non-Supply-constrained Sectors

• Reductions in allmost all sectors
• Rather minor in both relative & absolute terms - UK 

0.17%, Japan 0.028% and Chile 0.056% of total value
added in all non-constrained sectors

• Not-surprising: monetary output value of oil sectors
relative to the whole economy - very small and 
decreasing in the past



10 most
affected
sectors

absolute & 
relative



Observations
Electricity Production: top 10 - absolute and relative in all three countries (least affected

– Chile – position 10 – Hydropower)

Transportation: 
• Relative: Water Transport, Transportation Services (1&2 Japan), Road freight

Transport (1 Chile), Rail Transport (4 UK, 6 Chile);
• Absolute: Ancilliary Transport Services (...), Other land Transport (6&9 UK), Water

Transport, Transportation Services (3&5 Japan), Road Freight (2 Chile);

Financial & Insurance Services: 
• UK: 6 relative & 1 absolute
• Japan: 2 absolute
• Chile: 7 absolute

Wholesale & Retail Trade and Commerce (absolute only):
• UK- Wholesale & Retail Trade: 4 
• Japan  - Commerce: 4
• Chile – Trade Services: 3



Peak Oil – effects on 
„backbone of economy“

• Secondary Energy (Electricity)
• Agriculture - despite dependence on 

fossil fuel inputs
• Transport
• Construction – absolute & relative in 

UK top ten, but Japan & Chile – very
low ranking

Secondary Energy (Electricity)

Transport
Construction – absolute & relative in UK 
top ten, but Japan & Chile – very low
ranking

x Agriculture - despite dependence on 
fossil fuel inputs



Supply-constrained Sectors

Recall: Final consumption of Households and Government = constant

→ all changes - reflected as reductions in EXPORTS (increase in IMPORTS)



Conclusion

IO-analysis – promising tool for
researching potential effects of Peak-Oil / 
resource supply constraints, risks
(disasters), etc.
Supply-driven:  inspiring / but implausible
assumptions
Supply-constrained (mixed model): highly
promising for quantity dimension of peak
oil



Further Steps
• More Country Case Studies (China, India, USA)
• Leontief Price Model – for price dimension
• World Trade Model (Duchin 2005)

- international perspective
- leontief price model
- dynamic
- linear programming to min. factor use
- scenario analysis (Peak-Oil scenarios)

• MRIO (Multiregional-IO): includes all major
trading partners of an economy.



Grazie



Indirect Effects: Example Car Fuels
• How much energy is required to allow 

your car to travel 1 mile?

– The fuel burned
– Plus the energy to extract, refine, 

and transport the fuel
– Plus the energy to manufacture 

the car
– Plus the energy to produce tires, 

replacement parts, etc.
– Plus the energy to build and 

maintain roads
– Plus the energy to maintain auto 

repair shops, government 
regulation services, etc.

– Plus the energy to produce and 
maintain that portion of the health 
system used to care for the 
consequences of auto accidents 
and auto-related health problems



Backward & Forward linkages 
of the „oil sectors“

FWD = corresponding entry in the B matrix

BWD = corresponding entry in the A matrix

€’s worth of inputs from oil and gas extraction - necessary per one € worth of 
total output from the petroleum refining sector

€’s worth of output - generated in the petroleum refining sector, if total outlays 
of the crude oil and gas extraction sector are increased by one €.


