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This paper discusses three main approaches for
analysing oil prices: non-structural models, the supply-
demand framework, and the informal approach.
Each approach emphasises a certain set of drivers of
oil prices. While non-structural models rest on the
theory of exhaustible resources, the supply-demand
framework uses behavioural equations that link oil
demand and supply to its various determinants. The
informal approach focuses on the specifics of oil
market history in explaining oil prices. Although all
approaches provide useful insights on how the world
oil market functions, they suffer from major limitations
especially when used for long-term projections. Thus,
pushing hard for policies based on such projections
defeats the purpose of such models and may result in
misguided policies.
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the long-run income elasticity of oil demand is higher than the short-run income elasticity. Third, there
is large heterogeneity in estimated income elasticity across countries and/or regions, with developing
countries exhibiting higher income elasticity than OECD countries. Finally, in OECD countries, the
responsiveness of oil demand to income has been declining over time.

Table 2. Recent estimates of the income elasticity of crude oil demand

Long-run Sample
Ibrahim and Hurst (1990) >1.0 Developing countries
Dahl (1993) 0.79t01.40 Developing countries
Pesaranetal(1998) 10112 Asancounties
Gately and Huntington (2002) 0.56 OECD
0.53 Non-OECD

0.95 Fast growing non-OECD
Brooketa/(2004) ST SO 04 B OECD T

0.7 China

0.6 : st of the world
Krichene (2006) 05410090 Various countries

3.1.3 Elasticity of gasoline demand

Rather than examining crude oil demand, many studies have looked at various finished petroleum
products, gasoline in particular (see Dahl and Sterner 1991, Dahl and Duggan 1996, and Graham and
Glaister 2002 for surveys). Despite its retreat in most other sectors, crude oil and petroleum products
(gasoline, diesel oil, and jet fuel) remain the dominant fuel in the transport sector.

It would go far beyond the purpose of this paper to review this literature. Suffice it here to offer
insights from the meta-study by Espey (1998), which covers a wide array of studies published between
1966 and 1997. First, empirical studies suggest that short-run price elasticity estimates for gasoline
demand range from 0 to -1.36, with a mean of -0.26, while long-term price elasticity estimates range
from 0 to -2.72, with a mean of -0.58. Short-run income elasticity range from 0 to 2.91, with a mean
of 0.47, while long run income elasticity range from 0.05 to 2.73, with a mean of 0.88. Second, the
author finds that the estimated elasticities are highly sensitive to the behavioural model underlying
demand. In this respect, his results indicate that the exclusion of vehicle ownership as an explanatory
variable would bias upwards estimates of short-run and long-run income elasticity. Third, he finds that
estimates using US data are very different from those using data sets that include other OECD and
European countries. This is not surprising since the dependence on cars is higher in the United States
than in other countries, largely because the population density and reliance on public transport in this
country is relatively low. That being said, the price elasticity of gasoline demand in OECD countries
is still very low. This is in large part due to high taxes that most OECD governments impose on oil
products, which weaken the link between international oil prices and gasoline demand. Since taxes
represent a large percentage of the price paid by consumers for gasoline, a rise in international crude
oil prices would increase gasoline prices by only a fraction of the increase.

3.1.4 Demand projections

The relationship between oil demand, prices, and income has been used extensively to project global
or regional oil demand. Table 3 - which summarises often used projections - shows that demand
projections differ considerably. A number of points are worth emphasising. First, the projections are
highly sensitive to underlying economic growth assumption. Second, they are highly sensitive to the
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income and price elasticity used. Third, they are sensitive to the oil price path chosen. To appreciate
the sensitivity of the results to some of these assumptions, it is useful to know that in the IMF (2005)
projection a change in economic growth by + 0.5 percentage points changes projected oil demand by
around £ 4 percent. And then, a hypothetical oil price shock at the beginning of the projection period
can cause oil demand to decline by almost 6 percent compared to the baseline projection. Fourth,
there is the issue of endogeneity of prices and income. Most studies implicitly assume that the price is
exogenous - probably set by OPEC, but as will be argued in Section 4 this is not a realistic assumption.
Finally, most empirical studies ignore the potential relationship between oil price shocks and growth.
An extensive literature on oil price shocks and growth suggests a feedback mechanism in which oil
prices can have a large and significant impact on growth (see for instance Jones et al. 2004 and Barsky
and Kilian 2004 for a review of this literature). However, the insights and results from these writings
have not been so far integrated into the empirical literature on the income and price elasticity of oil
demand, and these two strands of literature have grown independently from each other.

Table 3. Projected oil demand (in million barrels per day)

2003 (actual) 2010 2015 2020 2025 2030
IMF (2005) 79.8 92.0 1024 1135 125.5 138.5
EIA (2006) 80.0 92.0 98.0 104.0 111.0 118.0
IEA (2006) 82.5 91.3 99.3 - - 116.3

Sources:  IMF (2005), World Economic Outlook, April 2005, Table 4.5; Energy Information Administration (EIA), International
Energy Outlook 2006, Figure 26; International Energy Agency, World Energy Outlook 2006, Table 3.1.
Note: IEA figure in first column refers to 2004 and not 2003.

3.2 Non-OPEC oil supply

Modelling oil supply is much more complex than modelling demand, reflecting the controversy Modelling oil supply
surrounding the level of reserves and the behaviour of various oil suppliers. As to the latter, it is useful is much more complex
to distinguish between OPEC and non-OPEC suppliers. While it is usually assumed that non-OPEC than modelling demand.
suppliers behave competitively, OPEC behaviour is much more multifaceted, and there are diverse and

competing theories describing its behaviour (see Gately 1984 and Crémer and Salehi-Isfahani 1991

for a review). Although non-OPEC suppliers are fairly diverse — comprising national oil companies,

large international oil companies, and smaller, independent firms — empirical studies typically do not

distinguish between them, but normally aggregate oil production outside OPEC.

In what follows, we will first review two main approaches that are used to shed light on non-OPEC
oil supply: the geophysical approach - also called the Hubbert approach - and economic-based
models. We will then briefly turn to hybrid models, which combine elements of the main approaches,
and conclude with non-OPEC supply projections. The supply of oil by OPEC will be examined in sub-
section 3.3.

3.2.1 The geophysical approach

The geophysical approach, which is mainly based on the work of Hubbert (1956), stresses geophysical
factors in determining non-OPEC oil supply. According to this approach, production is governed
by historical cumulative production and the size of ultimately recoverable reserves (URR), with the
production profile of an oil region following three phases: production increase, stagnant production
at a ‘peak; and declining production as and when reserves approach depletion. More specifically,
assuming that cumulative production follows a specific logistic curve, the annual rate of production
during these phases fits a symmetric bell-shaped curve.
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Hubbert’s approach of modelling oil supply became very popular in the 1970s (mainly because of its
success in forecasting annual production of the lower 48 US states), but it has been recently widely
criticised (see for instance, Lynch 2002 and Watkins 2006). A major criticism concerns the treatment
of URR as a static variable while in reality it is dynamic and has expanded over time due to economic
and technological advances. Another weakness is the tendency of the geophysical approach to
overestimate the depletion effect. Lynch (2002) reviewed various predictions and finds that most of
them have overstated the depletion effect. Thus, far from being symmetrical, the Hubbert curves are
skewed to the right, indicating that other factors such as new investments, the discovery of new fields,
or a combination of the two prevent — or postpone - the decline in production.

Itis clear from the above that assumptions made about reserves are central in modelling oil production.
The issue of reserves, however, is highly contentious and there is substantial disagreement on the
size of global reserves. The estimates range from less than 2 trillion barrels of oil equivalent (tboe)
(Campbell 1989 and Campbell and Lahererre 1998), to between 2-4 tboe (USGS 2000), and to reserve
estimates in excess of 4 tboe (Odell and Rosing 1983 and Shell 2001)3. This range arises due to a number
of factors, including different estimation methodologies, ‘vested interests, and differences in defining
reserves and oil (conventional vs. unconventional oil).

Regarding the definition of reserves, the World Petroleum Congress and the Society of Petroleum
Engineering have adopted a new approach, which introduces elements of probability, allowing a
distinction between proved and unproved reserves. Proved reserves are quantities of petroleum (i)
that are commercially recoverable from known reservoirs given current economic and regulatory
conditions and (ii) for which there is 90-percent probability that the quantities recovered will be
equal to, or greater than, estimated proved reserves. Unproved reserves are estimated on the basis of
similar geological and engineering data as proved reserves, but because of contractual, economical,
regulatory, or technical factors they cannot be treated as proved. Unproved reserves can be divided
into probable reserves (unproved reserves with a 50-percent probability that quantities actually
recovered will equal or exceed the estimate) and possible reserves (unproved reserves with a
10-percent probability that quantities actually recovered will equal or exceed the estimate).*

Identifying the underlying assumption about the size of reserves is important because it forms the
basis for projecting oil supply. Pessimists predicted that oil would ‘peak’ in the 1990s (see Campbell 1989, for
instance). The wrongness of such predictions led to a variety of modifications to the underlying model,
allowing - for instance - for multimodal rather than unimodal production curves. Other studies based
on the USGS data predict the peak in non-OPEC production to occur between 2015 and 2020 (Cavallo
2002). And then, studies using still higher reserve estimates suggest that peak production will take
much longer to come. For instance, Odell (1998), who estimates 3 tboe of conventional oil and 3 tboe
of unconventional oil, suggests a peak for conventional oil in 2020 and for unconventional oil around
the year 2060 (see Ahlbrandt 2006).

It is important to stress that despite regular discussions of a looming oil shortage, the ratio of proved
reserves to annual production has increased over the last 30 years, indicating strong growth in
reserves. Table 4 shows that while total production increased from 59 million barrels of oil per day
(mbd) in 1973 to 77 mbd in 2003, reserves over this period rose by more than 500 billion barrels,
suggesting that reserves have become more plentiful compared to 30 years ago (see Watkins 2006 for
a more detailed discussion). The bulk of this growth is not due to new discoveries but mainly to reserve

3 This classification is based on Ahlbrandt (2006).
4 For more details see Ahlbrandt (2006) and Seba (1998), for instance.
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(or field) growth.® For instance, Ahlbrandt (2006) reports that in the last 15 years reserve growth has
added 85 percent of reserves in the United States. Studies applied to world reserve growth also show
that the contribution of reserve growth of existing fields has been more important than the discovery
of new fields.

The reserve growth can be explained by initial conservative estimates and the use of better exploration,
development, and drilling technologies. Regarding the latter, Verma (2000) emphasises the importance
of enhanced oil recovery where new technologies, such as water flooding and gas injection, have lead
to dramatic improvements in recovery rates, increasing from, say, 30 percent of the original oil in place
to 50 percent (and more).

Table 4. World oil reserves, production, and reserve-production ratio

1973 1983 1993 2003
Reserves (billion barrels) 635 723 1,024 1,148
Annual production (mbd) 59 57 66 77
Reserves/annual production (years) 30 35 42 41

Source:  Watkins (2006), Table 1.
Note: mbd = million barrels per day

3.2.2 Economic-based models

Many have argued that since the Hubbert model is based on the wrong concept of ultimate recoverable
reserves, it should not be used for modelling oil supply. The model has also been criticised for its
neglect of the role of economic factors and technology.

Economic-based supply models have emphasised that economic factors - for instance, real oil prices Economic-based

and costs, regulatory factors such as the fiscal system and the concession terms, and technology - supply models have

play an important role in determining investment and hence oil supply. Taking economic factors into emphasised that

account, various studies have attempted to estimate the price elasticity for non-OPEC oil supply. They economic factors - for

have shown that the response of non-OPEC production to oil prices is very low, especially in the short instance, real oil prices

run. For one thing, producers do not necessarily increase production when oil prices rise. For another, and costs, regulatory

a price decline does not induce producers to reduce production. For instance, during the 1970s, prices factors, and technology

soared and production did not rise as fast. But in the 1980s, prices fell dramatically but production - play an important

continued to increase, suggesting a negative price elasticity of non-OPEC supply during this period.® role in determining oil
supply.

Although the long-run price elasticity is found to be positive, many studies suggest low elasticities. For
instance, Krichene (2006) reports a long-run price elasticity for non-OPEC supply of 0.08, and Al Hajji
and Huenter (2000) report one of 0.29. Gately (2004) reports a wide band of price elasticity, varying
from 0.15 to 0.58 while Dahl and Duggan (1996) estimated a price elasticity of 0.58.

Other more elaborate attempts to estimate oil-supply functions have been made. Watkins and
Streifel (1998) estimate a model in which reserve additions are regressed on some inferred price of
discovered but undeveloped reserves and a time variable that is meant to capture a range of factors -
including the netimpact of changes in prospectivity, depletion effects, cost efficiency, and technology.
The main purpose of their exercise was to test whether the supply function has been moving outward

5 Reserve growth is defined as an increase in the estimated size of a (oil-)field over time.

6 It is worth noting that economic-based models could also include the notion of an exhaustible resource in which case
supply will be determined by inter-temporal optimisation. Specifically, supply will not only depend on current prices, but
also on future prices (Crémer and Salehi-Isfahani 1991).
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