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Hubbert’s Petroleum Production Model: An Evaluation
and Implications for World Oil Production Forecasts

Following Hubbert’s successful prediction of the timing of US peak oil production, Hubbert’s
model has been used extensively to predict peak oil production elsewhere. However, forecasts
of world and regional peak oil and natural gas production using Hubbert’s methodology
usually have failed, leading to the implicit belief that such predictions always will fail and
that we need not worry about finite resources. A careful examination of Hubbert’s approach
indicates that the most important reasons for his success in the US were stable markets, the
high growth rate of demand, ready availability of low cost imports, and a reasonable estimate
of easily extractable reserves. This analysis also shows that his model cannot predict ultimate
oil reserves and that it should be considered an econometric model. Building on Hubbert’s
vital insight, that cheap fossil fuel reserves are knowable and finite, one can state that for
world peak oil production, political constraints should be much more important than resource
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constraints.

KEY WORDS: Petroleum, oil, oil peak, Hubbert, Hubbert’s Peak.
INTRODUCTION

Although it is understood nominally that
petroleum and natural gas are not renewable re-
sources, modern industrial society has been operating
successfully as if they were. Economic growth, based
on widely available, extremely profitable, and easily
affordable fossil fuels, has been impressive in the de-
veloped world, and those nations that have not been
part of this process, such as China and India, are now
beginning to demand their share of these resources.
Almost from the beginning of the US petroleum in-
dustry in 1859 there was speculation about when the
US might run out of oil. Such dire predictions invari-
ably had been proved wrong as new frontiers were
opened up and new discoveries made. Perhaps the first
of a continuous stream of warnings was by a Pennsyl-
vania geologist, who in 1874 stated that the US would
run out of oil by 1878 (Anderson, 1984). New fields
in Indiana almost immediately voided this judgment,
but this scenario was repeated time and time again in
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the future. By the late 1920s, the central problem was
not shortages but oversupply and collapsing prices
after the discovery of the gigantic East Texas field
and the start of the Great Depression. Between 1929
and 1932, US demand dropped by 22% and prices
dropped (Weaver, 1986) from over $1.15 per barrel
(19308%) to $0.10 per barrel. Only the joint action of
federal and state governments to create and enforce
a system to proration (production ration) supplies to
meet but not exceed demand restored order to the
industry.

Coincidentally, this system forced prices toreturn
to acceptable levels (which were a factor of 25 above
production costs of the most efficient producers).

US petroleum supplies from the seemingly lim-
itless fields in Texas were a major factor in the Allied
victory in World War II. By the 1950s, with the US
economy and oil consumption booming, the notion
that the US might not be able to satisfy petroleum
demand internally seemed far-fetched, and when US
production finally did peak in 1970, this came as a
surprise to those few people outside the industry who
monitored petroleum production. Even today (2004),
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Table 1. Least-Squares fit for Logistic Growth Model For Given Omax
Omax (Billion barrels) a b (year~!) r? tpeak (years)  Year
150 41.3 —0.0701 0.9991 53.1 1964
170 46.8 —0.0687 (Hubbert fit) 56.0 1967
170 46.2 —0.0685 0.9987 56.0 1967
225 59.9 —0.0659 0.9976 62.1 1973
250 66.1 —0.0651 0.9972 64.4 1975
300 78.7 —0.064 0.9965 68.2 1979
350 91.0 —0.0633 0.996 71.3 1982
400 104.0 —0.0628 0.9956 74.0 1985
450 116.7 —0.0623 0.9953 76.4 1987
500 129.4 —0.062 0.995 78.4 1989
600 154.8 —0.0615 0.9946 82.0 1993
after oil production has peaked or reached a plateau followed a logistic growth curve, given by
in the great majority of producing regions® around the 0
world (e.g., USA, North Sea, China), those who main- o(t) = = 1)

tain that world oil resources will not be able to satisfy
demand far into the future are derided and scorned
(Maugeri, 2004), although some in the industry have
begun to acknowledge that demand could exceed sup-
ply in the near future (OGJ, 2004).

It is clear that the concept of limits to growth is
difficult for most people to accept. Many decades of
increased economic activity and spectacular progress
in all areas of science and technology have created
the impression that such a state of affairs is a perma-
nent component of Western civilization. Yet limita-
tions are a fundamental part of the natural order, and
sooner or later we must face up to this. In particu-
lar, fossil fuel resources, an essential input into any
modern economic system, are finite. Understanding
this measurably and mathematically, not just qualita-
tively, is crucial if society is to cope with depletion of
these resources. Examining the reasons for the success
of the best known depletion model, that of Hubbert,
in dealing with this problem allows one to determine
if it is applicable to current conditions, and if not what
might be appropriate.

LOGISTIC GROWTH CURVES

Hubbert (1956, 1962) was the first to treat the
issue of depletion quantitatively and observed that
cumulative production of an exhaustible resource as
a function of time (¢, years) usually (but not always)

20il production has peaked or reached a plateau in 68 of 99 produc-
ing countries [Smith, M. R., 2004, quoted in Oil & Gas Journal,
2004, v. 102.20 (May 24), p. 7].

(1+a exp bt)’

where QOnay is the total resource available (ultimate
recovery of crude oil), Q(¢) the cumulative produc-
tion, and a and b are constants. Production begins
slowly, then grows exponentially, reaches a maximum
and then declines. A characteristic of this equation is
that it is symmetric about the point of maximum an-
nual production, and that the rate of rise and decline
are identical.
Maximum annual production is given by

— Qmax|b|
4 b

the year of maximum annual production by

= () () o

Hubbert plotted US crude oil production data
from 1911 to 1961 on semilog paper and determined
the parametersa, b,and Q. in Equation (1) that best
fit, according to his judgement, these data; at the time,
this methodology was perfectly acceptable. He deter-
mined Qnax = 170 Bb (Billion barrels), a = 46.8, and
b = —0.0687 (listed in Table 1), with a base year of
1910.5.

This type of equation can be fitted to these data
using parameters with many different values, and with
modern techniques, goodness of fit can be determined
quantitatively. Hubbert’s data set (Fig. 1) has been re-
generated (API, 1951; DOE-EIA, 2003); for 150 Bb
< Omax < 600 Bb, the values of a and b and good-
ness of fit (?) have been determined using the Trend-
line option in Excel. Results are listed in Table 1.
Note that Hubbert’s fit is reasonable; for his Opay, the

Prax (2)
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Figure 1. Hubbert’s data set for US oil production, logistic growth curve model (shown for Qmax = 350 Bb,
r? = 0.996), and annual average oil price, (1911-1961).

parameters a and b are close to those obtained from
the fitting routine with an r? of 0.9987.

However, for the range 150 < Onax < 600 Bb
(Table 1), the goodness of fit differs only in the third
decimal place, with 0.9991 > r% > 0.9946; the model
result for Onax = 350, a factor of two greater than
Hubbert’s choice, is shown in Figure 1. This should
be expected with an exponential equation with three
free parameters; based on goodness of fit, there is
no reason to select any one of these numbers for
Omax- This reflects a fundamental reality: past produc-
tion/consumption cannot predict the total amount of
oil that is in the ground. Hubbert’s assertion that his
curve fitting to past production could reveal ultimate
oil reserves is not justified.

The best fit to the data is given by Ona.x = 150 Bb
(r?> = 0.9991), yielding a peak year of 1964, only a
few years from the date of Hubbert’s publication
(Hubbert, 1962). At that time, US oil production was
7.1 Mb/d (million barrels per day), but shut in capac-
ity> (as Hubbert noted) was 3.6 Mb/d, and, as will
be discussed later, many US producers wanted to in-
crease production as rapidly as possible. There was no
indication that there would be a peak in production

3 Hubbert (1962) defines this as the difference between maximum
well output (regardless of availability of pipeline capacity or stor-
age facilities) and allowed production (as determined by need to
meet demand and maintain high prices).

because of resource constraints in the immediate fu-
ture; thus, the lowest estimate of ultimate oil reserves
could be rejected.

This emphasizes the importance of independent
estimates of reserves. To be relevant, they must be
made assuming a certain minimum level of profitabil-
ity and current technology or reasonable extensions
thereof. The farther into the future one attempts to
see, the higher the risk, because at a minimum tech-
nology, if not market price, will advance and enable
more oil to be recovered at a given price (or so it
seemed in 1961).

Hubbert estimated ultimate oil reserves in two
other ways. He reviewed 14 independent reserve es-
timates made between 1956 and 1961 (Fig. 2). Seven
estimates were between 145 and 200 Bb, three be-
tween 200 and 300 Bb, and the other four between
300 and 600 Bb. The methodology used to obtain these
different estimates is discussed in only one instance;
some estimates were made by teams of oil company
geologists, whereas others may have been simplistic
approximations. At this time, such efforts were more
art than science, and followed more from educated
guesswork rather than rigorous analysis.

Hubbert also estimated QOnax using logistic
growth curves as applied to large and small field
discovery. He admitted that this approach, although
it agreed with other results, was “valid as to or-
der of magnitude” accuracy, and believed that
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Figure 2. Estimated ultimate US crude oil reserves cited by Hubbert (1962).

the curve fit to consumption/production was more
reliable.

His selection for Q. (170 Bb) was in agree-
ment with the great majority of reputable experts at
the time; he also noted that Qn.x might be as large
as 225 Bb, and so his estimate for the year of peak
production fell between 1967 and 1973 (Table 1). As
noted previously, given the massive spare capacity in
the US oil industry at the time, making such a forecast
was an audacious move.*

Hubbert had several factors in his favor when
he made his prediction. He had access to reliable re-
serve and production data, which was needed by The
Texas Railroad Commission and similar organizations
in other states to keep US production aligned with de-
mand (both to maintain reliable supplies, avoid waste,
and keep prices far above production costs). This in-
formation was collected by US Government agen-
cies as well as by the American Petroleum Institute,
and was available to the public. These data showed
that discovery rates far large fields had declined sub-
stantially, from about five per year in 1945-1950 to
about one per year in 1950-1960, whereas produc-
tion/consumption increased rapidly. To supply ever

4The amount of US spare capacity relative to production during
this period was enormous. To put this into perspective, in 2004
world oil production is 80 Mb/d; spare capacity would need to be
44 Mb/d to be equivalent to US conditions in 1962. To predict that
US production would peak in less than ten years given this much
spare capacity seemed at the very least completely unrealistic to
most people.

increasing consumption from a greater and greater
number of smaller and smaller fields had a strong
practical limit.

Most important of all, the rate of increase of
demand was high. In the 1950s US demand for
petroleum increased by 4.7 % annually (doubling time
15 years) and in the 1960s by about 3.96% annually
(doubling time 18 years). This put the entire system
under great strain because not only does the number
of wells need to increase, but also all the infrastruc-
ture associated with moving the oil to market must be
expanded. For example, building new pipelines is a
major undertaking; it may require years just to obtain
the necessary right of way.

Lower growth rates allow for more improve-
ments in technology, changes in market rules, and po-
litical upheavals, any one of which could render mod-
els and the forecasts based on such models invalid.

In 1972, shortly after US production peaked
at about 9.4 Mb/d, demand’ increased by 7.1% or
1.1 Mb/d to 16.4 Mb/d. US production had not kept
pace so that by 1972 imports supplied about 27%
of demand® (compared to 15.6% in 1958). Without

5> Demand is taken to be petroleum products supplied (DOE-EIA,
2003), which consisted of crude oil production, natural gas liquids
(NGL), processing gains, and net imports.

® Demand for petroleum products was driven by the exponentially
growing population and the rapid spread of suburbs enabled by
universal availability of low cost, minimally taxed gasoline. At the
time, no attempt was made to reduce demand by increasing taxes
or mandating automobile fuel efficiency.
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increased imports, US production might have peaked
even before 1966, regardless of the value of Q.

Even if the easily accessible reserves had been as
great as 350 Bb, peak production [at about 15 Mb/d,
from Equation (2), lower than actual demand in 1973]
would have been delayed by only 12 years, to 1982,
according to Hubbert’s model.

LIMITATIONS OF THE MODEL

Conventional petroleum deposits usually occur
in stratigraphic or structural traps, or porous rock
formations with an impermeable cap, generally at a
depth of between 1000 and 15,000 feet. Natural gas
may occur above and dissolved in the oil, or water
(brine) may occur below. Flow out of a well is either
gas driven or water driven, with flow rates determined
by formation temperature and pressure, permeability,
surface properties and porosity, as well as fluid com-
position and viscosity. In scientifically managed pro-
duction, the natural reservoir pressure is maintained
as high as possible for as long as possible. Once the
reservoir pressure is insufficient to bring oil to the
surface, it must be pumped from the reservoir; finally,
secondary and enhanced oil recovery techniques such
as carbon dioxide injection are used to extract more
oil from the reservoir as flow to the wells diminishes.

It must be emphasized that there is no geophysi-
cal, physical or chemical law that compels cumulative
production to follow Equation (1). The logistic growth
curve has nothing to do with any of the physical and
geochemical factors that govern oil flows and well pro-
ductivity. Oil production instead is determined by a
wide variety of physical, political, and economic fac-
tors. Although one cannot exceed the maximum pos-
sible flow rate, flow can be kept well below this max-
imum for a variety of reasons.

Yet Hubbert’s model did predict the time inter-
val when US oil production peaked. It is important to
understand why it did succeed, and under what con-
ditions Hubbert’s model might be valid.

Some of the economic and political factors nec-
essary for Hubbert’s model to be applicable are

e affordable prices for consumers and good prof-
itability for owners of the resource,

e stable markets (stable political and market
rules),

e exponentially increasing consumption,

e perception of limitless resources by producers
and consumers: availability of imports,

e reasonable estimates of the magnitude of the
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easily accessible resources (proven, undiscov-
ered, and reserve extension) given certain ex-
traction costs, profit levels, and technology de-
velopments over the forecast period.

These elements of what might be considered an
econometric model with political constraints now will
be examined in more detail.

Economics: Profitability, and Affordability

Oil production is a business. Producers want to
make a profit, usually as much as possible as quickly
as possible. There are buyers who must pay for the
product and must be able to afford it. The market
may be regulated or unregulated, but if prices are set
too high, either to increase profits or for political rea-
sons, and consumers cannot pay the price, consump-
tion, and production, must decrease. If prices are set
too low, there is little incentive to locate and produce
oil, tasks which demand great skill and persistence in
extremely hostile and treacherous environments.

An example of what happens when consumers
cannot afford oil is illustrated by events in 1979
when the Iranian Revolution disrupted production in
that country and prices abruptly rose to about $50/b
(Fig. 3). The high oil prices caused US oil demand
to drop by about 20% between 1978 and 1983, while
world oil demand dropped by about 16%. The logistic
growth model cannot handle this type of event.

When OPEC increased the price of oil far above
the US domestic price in 1973 (Fig. 3), domestic pro-
duction continued to drop, although not as rapidly as
predicted by Hubbert’s model. This is the result of a
number of factors. One was the greater profitability of
nondomestic oil production; in the early 1980s, explo-
ration and production costs were at least 25% greater
in the US than abroad (DOE-EIA, 2003). Another
was that the most accessible resources (for the best
technology available at the time) had been depleted
(see Appendix).

Even today, with foreign and domestic explo-
ration and production costs roughly comparable
(about $5/b, and far below and the market price set
by OPEC), US production continues to decline slowly,
and there seems to be no possibility of domestic pro-
duction satisfying demand. This pattern may be the
result of companies’ desire to preserve their domestic
production base and take advantage of foreign oppor-
tunities while they are available.

An example of too low a price for producers is
illustrated by the history of US natural gas prices and



216

Cavallo

4.00 60
US Oil Bbly
iR 1 &0 Hubbert Mode
Price 1996%
3.00
1 40
2.50 /\ 3
r < 8
§ 2.00 30 ©
= 3
7] \ k=
1.50 o
120
1.00 W V
+ 10
0.50 > 4
0-00 T T T T 0
1905 1925 1945 1965 1985 2005
Year

Figure 3. US Oil Production (Bb/y), US annual average wellhead price, 19963, and production from a
logistic growth model with Omax = 170 Bb (Hubbert’s parameters, Table 1).

production (Fig. 4). The interstate price of natural gas
was set by the Federal Power Commission, and in the
1960s was a factor of 3.5 below that of oil, on a per
unit energy basis. Even with high pipeline and distri-
bution tariffs, the cost to consumers was lower than
oil. Most natural gas was produced as “associated gas,”
or as a byproduct of oil production. Once oil produc-
tion peaked in 1970, natural gas production peaked
shortly thereafter. With gas prices so low, there was

little incentive to conserve or to produce more gas.
Even worse, unlike oil, natural gas could not be eas-
ily imported. The only possibility that remained was
“demand destruction” because of supply constraints,
which proved to be extremely brutal.

Once natural gas prices to producers were al-
lowed to rise—by nearly a factor of six between
1973 and 1983—production/consumption decreased
significantly, but gradually stabilized as higher prices
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Figure 4. US natural gas production, wellhead price, and Hubbert model predictions.
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provided the incentive to locate and produce more
natural gas.

Hubbert estimated US ultimate natural gas re-
serves at 1000 Tcf from historical production data,
following the same curve fitting methodology he used
to estimate petroleum reserves. His model predicted
the year of peak gas production at around 1976. As
shown in Figure 4, this approach yielded a reason-
able estimate of the peak production period. How-
ever, once gas prices increased, new resources be-
came available and production is now about twice
what the original model forecast. As with petroleum,
a change in the economic conditions may (but not
necessarily will) open up a greater resource base
(see Appendix).

Stable Markets and Public Policy

The importance of public policy in setting mar-
ket rules is evident from a careful examination of
the production data used by Hubbert (Fig. 1), to-
gether with consumption data and an understand-
ing of concurrent political battles. US production
remained below 7.1 Mb/d between 1956 and 1961;
petroleum consumption, on the other hand, rose from
8.8 to 10.0 Mb/d, a 12% increase, during this pe-
riod. Even in 1958, during the second worst post-
World War II recession (Gross Domestic Product de-
clined by 1%), demand actually increased by 0.3 Mb/d
while domestic production decreased by 0.46 Mb/d
(—6.5%) and imports increased by 42% (from 1.007
to 1.425 Mb/d). Imports were readily available and
made up the difference between US production and
consumption.

Stagnant or declining US production was not
caused by any resource constraints or delivery bot-
tlenecks during this period, but by a ferocious strug-
gle between the independent domestic oil producers
and the major oil companies with access to inexpen-
sive foreign oil, which could be landed at East Coast
ports for prices 60-70% below that of US crude oil
(Yergin, 1991). Voluntary import quotas, which had
limited imports up to 1957, could not withstand such
enormous price differentials, and simply began to be
ignored. Meanwhile, domestic producers were forced
to restrict production to maintain the high prices that
produced such spectacular profits for others, a situ-
ation that was clearly untenable and unfair. The bit-
ter dispute was resolved finally in favor of domestic
producers (and against consumers and energy secu-
rity); on 10 March 1959, the Eisenhower Adminis-
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tration imposed mandatory restrictions on petroleum
imports, and US production began to increase once
again.” Without these restrictions (new market rules),
US production would have effectively reached a max-
imum not in 1970, but in 1957, only because it could
not compete with low cost oil from the Middle East.

This also illustrates the importance of relative
profitability in determining oil production. Domes-
tic oil production certainly was lucrative, but the even
greater profitability of foreign oil in the US market,
with market prices set far above domestic produc-
tion costs, would have certainly limited or eliminated
any growth in the US industry regardless of resource
availability.

Exponential Growth

Logistic growth describes many systems in which
an exponentially increasing reaction or process is sup-
plied by a limited resource; human and nonhuman
population growth is one example of this phenomena.

However, exponential growth of oil demand is
not a certainty. As noted previously, demand dropped
substantially during the Great Depression and follow-
ing the large price increases in 1979. Markets may sat-
urate long before production is slowed by resource
constraints because of other factors such as a change
in market rules or exorbitant price increases. In many
advanced industrial countries population growth is
low or negative, removing a major cause of increasing
demand.

Of course, even if demand does not increase,
production of a finite resource will ultimately de-
cline. Hubbert’s model cannot handle this situation,
and as demand growth declines, the concept of a re-
source constrained production peak as predicted by a
Hubbert model becomes less and less useful.

On the other hand, if demand growth were to be
extremely high, then other factors such as transporta-
tion bottlenecks from less accessible production re-
gions might limit supplies, and again a Hubbert model
would be irrelevant.

Perception of Limitless Resources:
Availability of Imports

As noted (Stable Markets), imports played a cen-
tral role in meeting US demand. Imports gradually

7 OPEC also tries to maintain oil prices far above production costs,
but, unlike the Texas Railroad Commission, does not have any
mechanism for resolving disputes analogous to this one.
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rose from about 15.6% of demand in 1958 to 21% in
1970, when US oil production peaked. After 1970 im-
ports rose even faster. Without imports, domestic pro-
duction would have peaked earlier and more abruptly,
as soon as domestic demand increased faster than pro-
duction could increase, regardless of the size of the US
ultimate oil resource. When demand, driven by in-
creased economic activity, exceeded supply, even by
a small margin, the market rules certainly would have
changed as prices climbed rapidly to force demand
down.

Readily available, low cost imports allowed the
illusion of unlimited supply to continue, postpon-
ing the day of reckoning when consumers would be
forced to acknowledge that petroleum was indeed
an exhaustible resource. In actuality, the US pro-
duction peak passed unnoticed by US consumers,
who continued to increase demand as if nothing had
happened.

Reserve Estimates

As of 2002, cumulative US oil production (lower
48 states only) was about 170 Bb, and this contin-
ues to grow at a rate of about 1.76 Bb/y (Fig. 3).
The US Geological Survey (USGS) (Ahlbrandt, 2000)
estimated that US ultimate resources (mean esti-
mate, proven, undiscovered and reserve growth, as
of 1/1996) were at least 360 Bb (including natural gas
liquids), and recent discoveries® in the deep waters of
the Gulf of Mexico may increase this by as much as
29 Bb (DOI-MMS, 2001).

That current estimates of ultimate resources
(now including Alaska and deep water) are so much
greater than Hubbert assumed was irrelevant for
the purpose of understanding when peak production
might occur, which depends on how much accessi-
ble oil is available for the period of interest as well
as on many political and economic factors. For ex-
ample, the technology needed to extract oil from the
deep waters of the Gulf of Mexico did not exist when
Hubbert made his prediction. In addition, much of
the US resource was in the form of “reserve growth,”
or petroleum that is extracted from existing fields us-
ing infill drilling, field extensions or new enhanced re-

8 Resource assessments typically have been made assuming an oil
price of $18 per barrel. Currently (6/2004) prices are nearly twice
this level, which should further increase the resource base (see
Appendix).
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covery technologies. This oil can be extracted more
slowly compared to the early production from a
field.

With regard to natural gas production (Fig. 4)
the USGS (Ahlbrandt, 2000) estimates that conven-
tional gas resources (mean estimate, proven, undis-
covered and reserve growth, as of 1/1996) were about
1900 Tcf, with substantial additional resources avail-
able as “unconventional reserves” in coal beds, tight
sands and shales. As with oil production, these higher
resource estimates were irrelevant for estimating the
time frame for peak production. Only easily acces-
sible resources capable of meeting rapidly increas-
ing demand at a given price are relevant to this
issue.

APPLYING HUBBERT’S MODEL
TO WORLD OIL PRODUCTION

A crucial input to any model used to fore-
cast world oil production must be credible world
petroleum resource estimates. Until recently, these
did not exist in an accessible form, and forecasters
were dependent on statements of proven reserves of
dubious veracity from producing countries and com-
panies, or on proprietary data bases unavailable to the
general public. Moreover, proven reserves are useless
for predicting future production trends; for example,
the US has had proven oil reserves equivalent to about
ten years of production for the past thirty years or
more (DOE-EIA, 2002), and continues to produce
large amounts of oil.

Growth of world oil consumption between 1990
and 2002 was about 1.2% per year, which yields a
doubling time of 58 years. If these growth rates were
to be maintained, and all producers cooperated com-
pletely, the ability of a Hubbert model to predict
future production peak would be questionable. A pro-
duction plateau many decades in duration might oc-
cur, giving the illusion that such a state could persist
forever.

The issue of producer cooperation is central
to this question. In the US, as production ap-
proached a peak, domestic producers could not sat-
isfy all of the incremental demand and imports
made up the difference. Domestic producers con-
tinued to increase production because if they did
not their output share would be taken up by im-
ports, reducing current income. That real domestic
prices were declining after 1957 (Fig. 3) because of
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competition from low cost oil from the Middle East
made their decision easier. In other words, US pro-
ducers made rational business decisions based on
their available resources and the then-current market
rules.

For the situation of world oil production, busi-
ness decisions will be made based on a different set of
rules. As noted earlier (Footnote 3), many producers
already have reached a plateau or decline in produc-
tion. Remaining producers now must increase pro-
duction not only to satisfy increasing demand, but also
to compensate for production declines elsewhere. At
some point it will become apparent to these produc-
ers that it makes perfect economic sense to ration a
scarce resource by increasing the price, reducing de-
mand accordingly. The timing of such a transition will
depend much more on the distribution of resources
(including transportation resources) among the re-
maining producers and their respective economic and
military power rather than on any inherent resource
constraints on production.

Transportation constraints already are limiting
deliveries from Russian producers. Russian oil ship-
ments through the Bosporus (Clark, 2004) are be-
ing delayed because of nighttime navigation restric-
tions on large tankers. This shipping route, which
passes through Istanbul with a population of 10 mil-
lion people, would be closed by a major accident.
The pipeline network through which most of Rus-
sia’s oil is exported also is reaching its maximum ca-
pacity. Russian oil exports now are a major factor in
world petroleum markets; production increased by
about 0.8 Mb/d (11.2%) in 2003. A similar increase
is expected in 2004, but not in 2005 because of these
bottlenecks.

In 2003, demand, driven by the rapid industrial-
ization of China and India, increased by 2.55 Mb/d,
or 3.9%; 64 % of this increase was supplied by OPEC,
with the remainder supplied by Russia. In the first
quarter of 2004, oil demand in China increased at an
annual rate of 1 Mb/d (Adkins, 2004). Such extraor-
dinary increases in demand can only be supplied by
the Middle East. Yet Saudi Arabia, with a current
maximum production capacity of about 10 Mb/d, is
planning to increase its capacity to 12 Mb/d only after
2010 (Lorenzetti, 2004).

Thus, the world may be facing an imminent peak
in production in the immediate future determined
not by fundamental resource constraints but by trans-
portation limitations and producer determined limits
on production.
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CONCLUSIONS

Although Hubbert’s model may be applied in an
operational sense to forecast peak world oil produc-
tion, it should at the least be accompanied by a dis-
cussion of the assumptions and limitations of this ap-
proach. In addition, the parameter Qnax should not
be interpreted as representing the ultimate oil re-
source, as assumed by Hubbert, but as a free parame-
ter that represents the most easily accessible resource
(given technological, political, and economic con-
straints). Indeed, given the importance of economic
and political factors in oil production, Hubbert’s
model should be considered an econometric model,
with its applicability determined by how well the con-
ditions listed are satisfied.

Some forecasters (Campbell and Laherrere,
1998; Deffeyes, 2001; Ivanhoe, 1995) have used pro-
prietary reserve data in conjuction with Hubbert’s
model or derivatives of this model to estimate fu-
ture world oil production trends. It now is possible
to use publicly available resource estimates based on
the best available science and technology (Ahlbrandt,
2000) and different modeling approaches to estimate
a peak year for world oil production (Cavallo, 2002;
Green, Hopson, and Li, 2003); all of these approaches
indicate that one should expect a peak in conventional
world oil production as a result of resource constraints
alone by 2025 or earlier.

However, producer cooperation is critical re-
quirement for the validity all of these models. Given
the political factors associated with current world
oil production, it is essential that anyone interested
in future world oil production make some attempt
to evaluate the likelihood of continued coopera-
tion as an increasing number of producing basins
reach maturity and begin to decline. It seems in-
creasingly clear that this factor, not resource con-
strained production, will actually determine the time
frame in which petroleum supply will not match
demand.

Finally, the central importance of Hubbert’s
model must be emphasized, whether or not it is
currently applicable to world oil production. By
mathematically predicting the time frame in which
production of an exhaustible resource would be un-
able to meet demand, it challenged the unstated as-
sumption of consumers and producers that such an
event was beyond our ability to understand and that
the petroleum industry could be trusted to meet de-
mand far into the distant future.
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APPENDIX: RESOURCE SUPPLY AND
MONOPOLY MARKET PRICE: THE
PRICE-SUPPLY CURVE

Even with higher prices, neither US oil nor gas
production has ever exceeded the peaks attained
in the early 1970s. This can be understood using a
resource price-supply curve which shows the amount
of the resource available for a given market price,
given best available technology, reasonable returns
on invested capital, and no political constraints on
production (Bird and Houseknecht, 2001).

Since atleast 1935, the market price of petroleum
has been set above the lifting cost of the most com-
petent producers, first by the Texas Railroad Com-
mission and then by OPEC. Production was limited
in order to meet but not exceed demand and main-
tain prices at the desired level. A hypothetical US
Price-Supply curve (Fig. Al) illustrates the effect that
setting a monopoly price above extraction cost would
have on production. In this example 50 Bb of oil can
be produced profitably at a market price of $2.25/b,
100 Bb at $3.20, and 200 Bb of oil at $12.50, the market
price set by The Texas Railroad Commission. The US
low cost domestic resource base was so large relative
to demand that for several decades no price increase
was necessary. Lower cost imports from the Middle
East allowed this system to function for an even
longer period than might otherwise have been pos-
sible. However, when the low cost reserves are finally
depleted, prices must rise without any warning much
more rapidly than they would without monopoly con-
trol. In addition, when prices do begin to rise, there
may be a smaller resource base available; in the ex-
ample in Figure A1, only another 30 Bb remain at any
price, making the transition to other sources of energy
more difficult.

New technologies and higher prices may open
up other areas for exploration that were not reflected
in the original assessment. This has indeed happened
in the US, with resources in the Arctic and beneath
first the shallow and then the deep waters of the con-
tinental shelf becoming technically and economically
available. However, even if this does happen, it is
likely that these more inaccessible resources will be
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Figure Al. Hypothetical market price—(1996$) supply curve for US petroleum, as of 1962, with an
assumed accessible resource (mean estimate) of 230 Bb.

able only to maintain production levels or decrease
the rate of decline, not continue the exponential in-
crease in production that the market demands.
Prices are not fixed arbitrarily. Ideally, they are
set so that consumers easily can afford the prod-

uct while providing excellent profits for capable
producers. Consumers clearly pay large premiums
over production costs, but given the lack of alter-
natives and the utility of petroleum, such are paid
willingly.



