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Duncan: The Olduvai Theory of Industrial Civilization

The Olduval Theory of Industrial
Civilization
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1. Pre-Industrial Phase [c. 3,000,000 BC to 1765]
= A = Tool making begins (c. 3,000,000 BC)
« B =Fireusebegins(c. 1,000,000 BC)
o C = Neolithic Agricultural Revolution (c. 8,000 BC)
o D = Waitt's steam engine, 1765
= Interval D-E isatransition period.

2. Industrial Phase [1930 to 2025, estimated]

= E =Industrial Civilization is defined to begin in 1930 when the |eading-edge value of energy-use
per person reached 37% of its peak value.

o F=Peak of Industrial Civilization, c. 1978: confirmed by historic data published by BP, IEA,
USCB, UN, etc.

« G =World average energy-use per person continuesto fall, 1996

o H=Industria Civilization is defined to end when energy-use per person shrinks to 37% of its peak
value, forecast to occur by 2025. Life-expectancy (X) is estimated to be less than 100 years.

= Interval H-l isatransition period.

3. Post-Industrial Phase [c. 2100 and beyond]
» J, K, and L = Recurring future attempts at industrialization fail.
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Duncan ~ AMPEC

May 13, 1997

President William J. Clinton
The White House

1600 Pennsylvania Avenue NW
Washington, DC 20500

Dear President Clinton:

Re. US National Security Threatened by a New Alliance of Muslim Petroleum Exporting
Countries (“AMPEC")

Asyou know, we Americans now import more than 50% of the petroleum we use. In fact, in 1995
18% of our imports came from the Muslim Middle East alone, and 27% from all the Muslim
exporting countries.

Moreover, in 1995 40% of Europe’ s petroleum imports came from the Middle East, and 58% from the
Muslim exporting countries. In Japan, 77% came from the Middle East, and 92% from the Muslim
exporting countries.

The percentage of World petroleum exports from Muslim countries will, willy-nilly, continue to
increase until (perhaps by 2010) the Muslim countries will control nearly 100% of the World's
petroleum exports. This situation was revealed in my study, “The World Petroleum Life-Cycle:
Encircling the Production Peak,” presented on 9 May 1997 at Princeton University. See especially
Figures 2-4 (to be published in the 1997 Sphace Sudies I nstitute Conference Proceedings -
Attachment #1).

Significantly, after reading my SSI paper — a French petroleum geologist called and requested a
forecast of the year that the petroleum production of the World’s 19 Muslim countries will exceed the
production of all 181 non-Muslim countries. Per my forecast, this‘ cross-over’ will occur in 1999
(Attachment #2).

At Princeton, | gave the following “Thought Experiment”:

What if tomorrow Palestinian leader Y asir Arafat met with representatives from each of the 19
Muslim petroleum exporting countries and proposed an entirely new organization called the
“ Alliance of Muslim Petroleum Exporting Nations’ —“ AMPEC” for short?

This proposal alone could cause World stock markets to fall 50% in one day. And cruciadly, it
could ignite both (1) a World Petroleum War, and (2) aWorld Holy War (called a“Jihad” by

Muslims). | view an “AMPEC shock” aslooming likely because powerful Muslim forces are

pushing Mr. Arafat (and others) further every day.

Please be advised.
Sincerely,

Richard C. Duncan Ph.D., Director
INSTITUTE on ENERGY and MAN

Attachments (2)
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Duncan: "AMPEC" Model (OPEC/Non-OPEC, Muslim/Non-Muslim)

Duncan Model of
OPEC/Non-OPEC and Muslim/Non-Muslim Oil Production
or the looming
Alliance of Muslim Petroleum Exporting Countries
(“AMPEC")
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The Twenty First Century -- The World's Endowment of Conventional Oil and its Depletion

involved, which puts it out of range for most individuals or scholars.
The Oil and Gas Journal

Thisjournal has published for many years reserves and production by country normally in one
of the last issues of the year. It is one of the most widely used sources of information, and
particularly useful because of the long history of consistent reporting. Asatrade journal it
cannot however interpret the validity of the data provided to it.

World Oil

Thisjournal likewise has published similar data over the years, usually in an August issue. In
many cases, its numbers are the same as those in the Oil and Gas Journal, although there are
also significant differences.

BP

This mgjor oil company publishes the same type of datain its annual Statistical Review of
World Energy, but the reserve data are simply reproduced from the Oil and Gas Journal and do
not reflect the company's own assessment.

US Geological Survey
This government department publishes useful data at three year intervals at World Petroleum

Congresses, but it isimportant to understand that it has its own reserve definitions that need to
be decoded before the material can be used profitably.

Elements

Certain key elements have to be taken into account in estimating the world's endowment of
conventional oil. The references should be consulted for a discussion on how these elements are
defined, which is particularly important in connection with reserves. Here, it will be sufficient to
Illustrate them graphically, considering the world's regions and the fifteen most amply endowed
countries. The numbers are taken from Campbell (1996), except were indicated otherwise and are
guoted in billion barrels (Gb). In all casesthey refer to conventional oil only as of the end of 1995.
Although quoted as exact numbers as computed, they should of course be generously rounded. The
regions for this purpose are defined as follows:

Middle East (Other): Turkey to Oman and Y emen outside M.E.(Gulf)

East: Pakistan to Viet Nam and Australasia

W.Europe: Norway to Italy

Africa

Latin America: South America and Mexico

North America: USA and Canada

Eurasia: FSU, China and Eastern Europe

Middle East (Gulf): Abu Dhabi, Iran, Iraq, Kuwait, Neutral Zone, Saudi Arabia

Other: countries with <500 Mb Ultimate or not in production; and unforeseen discovery and
revisions anywhere.
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Produced-to-date (761 Ghb)

The concept of Produced-to-date or
cumulative Production is straightforward
- how much has been produced. It is
however necessary to watch out for
territorial changes and the treatment of
war loss, asin Kuwait (2.5 Gb), whichin
principle should be regarded as
production, although in thiscaseis
ignored as being small in relation to the
uncertainty of the reserves. North
Americaand the Middle East Gulf have
produced the most, at just under 190 Gb,
with Eurasiain third place. In terms of
individual countries, the United States
heads the list (171 Gb), followed by the
FSU (125 Gb) and, far behind in third
place, Saudi Arabiawith 74 Gb. This
Illustrates the maturity of the United
States, which for many years in the past
was the world's most important producer.
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Reserves (800 Gb)

The term Reserves means the amounts yet
to produce from known discoveries as of
the reference date, but the numbers are
confused by differing definitions and
other distortions (see references). Many
published numbers are unreliable. Here,
we refer to what are termed "Median
Probability Reserves (or P50 Reserves)",
which means that the risks that the actual
number will turn out higher or lower than
the estimate are equally matched. Most
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published reserves are described as
Proved, but are often far from that.

The Middle East (Gulf) has more than
half the world's reserves with 439 Gb,
followed far behind by Eurasiawith 114

Gb, and trailed by Latin America (74 Gb).

In terms of individual countries, Saudi
Arabia heads the list with 189 Gb,
followed by the FSU with 84 Gb. Several
other countries with comparable amounts
comenextinline: Iraq (68 Gb); Abu
Dhabi (62 Gb); Kuwait (60 Gb) and Iran
(53 Gb). Figure 4 illustrates the wide
range in the published estimates.
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Discovered-to-date (1561
Gb)

The Discovered-to-date is the sum of the
Cumulative Production and the Reserves.

The Middle East Gulf isin first place
with 626 Gb, followed by Eurasia (267
Gb) and North America (225 Gb). In
terms of individual countries, Saudi
Arabiais again at the head of the list with
264 Gb, followed by the FSU (209 Gb)
and USA (200 Gb).
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About 63% occursin just over 300 giant
fields, namely those with more than 500
Mb of ultimate recovery. The discovery
of giants fields peaked in the 1960s as
shownin Figure 7. Thisisavery critical
statistic with serious implications for the
future. The discovery of giant fields has
fallen dramatically in recent years and
few, if any, remain to be found. Most
giant fields are found early in the
exploration process, being too large to
miss. Most were found without the
benefit of advanced technology.
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GIANT FIELD INITIAL RESERVES
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Undiscovered (189 Ghb)

The Undiscovered, or Y et-to-find, isthe
Ultimate (see below) less the Discovered.
The Middle East (Gulf) has the greatest
potential with 61 Gb, followed by Eurasia
with 28 Gb. North and Latin America
with respectively 13 Gb and 13.5 Gb are
in near equal third place. In addition,
some 50 Gb is attributed to unforeseen
discoveries or reserve revisions
anywhere. In terms of individual
countries, the FSU (21 Gb), Irag (19 Gb),
Iran (17 Gb) and Saudi Arabia (16 Gb)
seem to have the greatest promise.
Discovery rates are falling, currently
standing at about 7 Gb ayear. Drilling
rates and the amount discovered per well
are also faling. There may be some
Improvement in successratio as
exploration turns to lower risk mature
areas, but the amounts found are expected
to continue to decline. Most of what
remains will likely be found within 10-20
years in most countries outside the
Middle East Gulf and the FSU where
exploration may continue to be alow
priority for some yearsto come.
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UNDISCOVERED

Major Countries

Nigeria
Mexicao
Algeria
Marway
Canada
Libya
Kunrait
Abu Dhahbi
China
“enezuela
USA

Saudi Arabia
Iran

Irag

FsU

Gb

Figure 9

Remaining (989 Gb)

The Remaining is the Ultimate less the
Produced, or in other terms the Reserves
plus the Undiscovered. It is the bottom
line, namely how much isleft to produce,
and is the statistic we need to run the
depletion model. The region with the
most is of course the Middle East Gulf
with 499 Gb, which is about half the total.
It isfollowed by Eurasiawith 142 Gb and
then Latin Americawith 88 Gb. By
individual country, Saudi Arabia comes
first with 206 Gb, followed by the FSU
(105 Gb) and Iraqg (88 Gb). So far asthe
western world is concerned, the two
leading countries are the USA with 39 Gb
and Venezuelawith 38 Gb. It is evident
that about 70% of the world's remaining
oil liesin countries that are not really part
of the open market and in which the oil
industry is exclusively in state hands.
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revision in the far future in ahigh or very
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what is here treated as non-conventional
becomes conventional. The 1750 Gbisin
fact approximately the same as the 2300
Gb proposed by the US Geol ogical
Survey, if that is redefined to take into
account only Median Probability
Reserves and the low end of the range of
Undiscovered which is al that meets
relevant time and economic constraints. It
also is suggested by the trend of
published estimates. Those desiring a
higher number often show the same plot
but take the scatter rather than the trend.
Here weight is given to the trend because
the more recent estimates have the
advantage of modern technology and a

0 100 200 300 400 500 600 700
Gb

Figure 12

http://www.hubbertpeak.com/campbell/camfull.htm (9 of 15) [09/11/2000 03:11:26 PM]



The Twenty First Century -- The World's Endowment of Conventional Oil and its Depletion

colossal database from worldwide
drilling. Care must however be taken in
checking the definitions applied. Some of
the higher reported numbers include what
Is here treated as non-conventional oil.
Another very compelling argument comes
from the plot given in Figure 15, showing
discovery with reserve revision backdated
to the discovery date. It shows a marked
inflection to falling discovery in the
1960s. Extrapolating the subsequent
curve gives avery clear intimation of
future discovery and hence the Ultimate.
If indeed the reserve estimates of
particularly the Middle East prove to be
higher than here assessed, it would mean
that the inflection would be even more
pronounced, reducing further the recent
trend. It isaccordingly difficult to argue
convincingly for an Ultimate much higher
than that proposed, given especially the
fact that virtually the entire world has
been explored sufficiently to indicate the
existence of the major provinces. Only a
new province with acrop of giant fields
could have any global impact.

The Middle East Gulf Region hasthe
largest endowment with 687 Gb, followed
by Eurasiawith 295 Gb and North
Americawith 238 Gb. Saudi Arabia (280
Gb), the FSU (230 Gb) and the United
States (210 Gb) are the three most richly
endowed countries
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Figure 15

Depletion Model

We have now developed an assessment of how much conventional oil there is and how much remains
to produce, the Remaining. Oil does not occur in some vast underground cavern from which is could
be quickly pumped, but it is held in the minute pore space of the reservoir rocks, in the same way as
rising damp can flow through the walls of old stone buildings. It is easy to understand therefore why
wells begin to decline as they have to draw on oil farther and farther from the wellbore. The
production of an oilfield rises rapidly as new wells are added but then when all the wells are in place
declines exponentially at a composite depletion rate. Depletion Rate is agiven year's production as a
percentage of the remaining reserves at the end of the preceding year. So it is with a geological basin:
production rises as new fields are found, and it is normal for the larger onesto be found first. Their
depletion rate tends to mask the effects of small late stage additions. Lastly, it is the same for a
country, with the larger basins usually being developed first. The natural pattern can of course be
modified if production is deliberately held to a certain limit. Thus production of an offshore field may
be held at a plateau constrained by the number of wells and the optimal off-take in relation to
investments. Likewise, a country may arbitrarily manipulate production to maintain price in a practice
known as prorationing, as practiced for example by the Texas Railroad Commission, and less
successfully by OPEC with its quotas. In any event, the production of any field starts at zero, risesto a
peak (or plateau if artificially constrained) and then fallsto zero. The profile of individual fieldsis
normally asymmetrical, being skewed to the left, but a country's peak tends to be symmetrical because
it ismade up of a progression of individual field profiles. It follows then that peak production will
more or less coincide with the midpoint of depletion, except where there are artificial constraints, and
even then the midpoint of depletion will roughly coincide with the midpoint of the constrained period.
Depletion rate rises during the early production of afield (or country's production) as new wells or
fields are added, but tends to stabilize at the midpoint, such that production declines exponentially
thereafter, ultimately due to the immutable physics of the reservoir. The midpoint of depletion comes
when half the Ultimate has been produced. Since we have now estimated the Ultimate for each
country, we are in a position to estimate when peak production will come and plot the subsequent
decline. It means that we can divide the world's producing countries into three categories
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1. Post-Midpoint Countries

DEPLETION MIDPOINT
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3. Swing Producers
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Figure 17

As outlined above, about half the Remaining lies in the five countries of the Middle East (Gulf)
Region, which are at avery early stage of their depletion. These countries are therefore natural
candidates to perform a swing role, making up the difference between world demand under alternative
scenarios and what the other countries can produce under the model. It is role that they can perform
for about 15 years until they themselves also reach their midpoint. It would also be an option to
include certain other countries, such as Venezuela or Mexico, in the swing category, but on balance it
seems better to restrict the swing role to the Middle East Gulf.

Future Scenarios

Many different scenarios could be considered, but for illustrative purposes we are content with four,
see Figure 18.
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1. High Case

PRODUCTION SCENARIOS
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Political Factors

Thismodel is built on resource criteria, which show that afew Middle East countries will have a
critical control of the world supply within afew years. Exactly what constitutes effective control is
hard to say, but the threshold for the last oil shocks was 30%, which seems a reasonable
approximation. How these countries elect to use their control and what political pressures are brought
to bear cannot of course be predicted from resource considerations.

Some key elements can however be identified
1. Thepivotal role of Irag

No one quite knows the origins of the Gulf War, athough some hints are given by Schweizer in
his book Victory. The net consequence, however, has been the removal of 2- 3 Mb/d from the
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market under the embargo, which OPEC failed to achieve by its quota system. This has been
sufficient to maintain oil prices at a moderate level, which in turn has contributed to the
survival of the Saudi, Iranian and afew other regimes that depend heavily on oil revenues. The
embargo can also be relaxed if prices rise in a manner unacceptable to those enforcing the
embargo. In effect, it makes Irag the swing producer of last recourse. It is however afunction
that can be applied for only afew years, as Irag's oil will be needed in full from about 2000 to
meet the requirements of the demand scenarios.

2. Financing the Swing Share

Doubts have been expressed as to the willingness of the swing countries to invest in adding the
capacity needed for them to discharge their swing role, given that the oil industry is almost
exclusively in State hands and given that the State has many other demands on its precious oil
revenues. While prices are low, they areironically forced to produce to the maximum to meet
their pressing demands for revenue, but once prices rise they will have greater room to
maneuver. The investment could be forthcoming if they were willing to open their doors wide
to the international oil companies, but that may be unacceptable in political terms, especialy if
rising prices reduce the need.

3. Short term exports from Norway and the FSU

Norway, which has about half the North Sea's remaining oil, exports alarge proportion of its
production because of its small population. Production will peak in 1999 under the model and
then decline at a high depletion rate of about 8%, asistypical of offshore production. FSU
exports have also been relatively strong because falling production has been exceeded by
falling domestic demand. Any economic improvement there could radically change this
situation. Both of these factors may serve to greatly increase the Swing control by about 2000.

4. Instability, market and limited capacity

The price of oil istoday set by avery efficient forward market that is more a reflection of
present trends than speculation or judgment about the future. There istoday very little
Immediately available spare capacity anywhere. It follows that relatively minor interruptionsin
supply, or even threats of same, in any one of a number of countries subject to political or
industrial strife can have aradical impact on the price of oil. Once pricesrise for what ever
short term reason, the trend may feed on itself as the suppliers have greater ability to curb
production without crippling their revenue stream.. There are currently question marks about
the nature of the Saudi succession as well as Iranian intentions in arming islands in the Gulf of
Hormuz. A spark once kindled could easy lead to a bush fire.

Conclusions

Predicting the future is a dubious undertaking. The oil database in the public domain isweak, and
there are many uncertainties. That said, compelling evidence points to a pending oil supply shortfall,
possibly before 2000, which could trigger athird and permanent radical risein oil prices. Thereisa
certain skepticism because people have cried wolf before, but this time the situation is totally different
from that which allowed the oil shocks of the 1970s. Then, the swing control was being undermined
by flush production coming on stream from new provincesin the North Sea, Alaska and elsewhere
that had already been found. This time none are even in sight and very possibly do not exist. We face
adifferent world. The basic situation is clear, although there is plenty of room for debate about the
size of the numbers and depl etion scenarios. Those who investigate sensitivities will soon find that
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thereis not in fact much room for radically different interpretations. Every effort should be made to
improve knowledge of what has been found so far to secure a better basis for projecting future
discovery and production. It is not so much atechnical issue as a political one to open the files and see

what isreally in them.
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Mexico's Petroleum Exports:
Safe Collateral for a $50 Billion Loan?

Richard C. Duncan, Ph.D.
Institute on Energy and Man

[note: graphics under construction]

It isillusory, and would be harmful, to pretend that petroleum produced and
exported in large quantities could become the factotum of Mexico's economy or
the panacea for Mexico's economic ills. Mexico does not wish ever to be forced
to export such an indispensable energy and chemical resource.
Antonio J. BermUdez, 1963
Director General
Petroleos Mexicanos, 1947-58

1. INTRODUCTION

In the mid-1990s, Mexico found it increasingly difficult to attract foreign capital, especialy into its
energy sector. Then, within aweek in December 1994, the Mexican peso fell by 35 to 40%. The
Mexican central banks' international reserves, which had stood at $29 billion, plunged to $5 billion. In
an effort to stave off a collapse of the Mexican economy, on 31 January 1995 the President of the
United States, by executive order, signed a $50 billion "Emergency Stabilization Package' loan to the
Mexican government. The collateral for the loan was Mexico's pledge of revenues from its future
petroleum exports. (PE, 1995b)

This study uses Mexican petroleum production data and a robust geophysical approach to answer the
question, Are Mexico's oil exports safe collateral for the 1995 $50 billion Emergency Stabilization
Package (ESP) loan? This question is answered in the context of Mexico's capacity to simultaneously
repay the ESP loan, and meet the requirements of the 1993 North American Free Trade Agreement
(NAFTA), and complete its plan for industrial development.

2. MEXICAN PETROLEUM PRODUCTION: 1901-1994

The creation of Pemex in 1938 helped establish firm respect for state sovereignty
both at home and abroad. Thus, Mexicans believe that what happens to Pemex
will directly affect the national dignity, economic independence, and state
sovereignty of their country.

David Ronfeldt, 1980

A history of Mexican petroleum production isillustrated in Figure 1. Production began in 1901, and,
spurred by a strong demand for oil by the allies during World War I, it peaked sharply in 1921 to
mark Mexico's "first oil boom" Although the 1921 peak is small compared to recent rates, from 1918
to 1928 Mexico ranked second only to the United Statesin world oil production. (Powell, 1956;
Bermudez, 1963)

Figurel

View image (typically right mouse button)
to see graphsfull size
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[Note 1: In this study, the notation "DQ/DT" (i.e., plain font, upper case) designates a discrete, historic data point. In
contrast, the notation "dQ/dt" (i.e., italic font, mixed case) designates a continuum of values generated by an equation,
as discussed later in Sections 4 and 5.]

In the early years, the Mexican oil industry was dominated by American and British companies.
However, in the 1930s with national feelingsrising and oil production falling, and open conflict
between the foreign oil companies on one side and the Mexican government and labor on the other,
the days of outside domination were numbered. On March 18, 1938, the Mexican government
expropriated all foreign oil assets and, by June 7, 1938, the petroleum industry was nationalized in the
shape of Petrdleos Mexicanos, or "Pemex" for short. (Bermudez, 1963)

Mexican oil production stagnated from 1938 until the mid-1940s (Figure 1). Then from 1944 to 1973
production increased at a vigorous average rate of 15% per year (i.e., from 0.11 to 0.55 million barrels
per day). After the discovery of large new fields in the 1960s and the sharp jump in world oil pricesin
1973, Mexico's "second oil boom" took off. From 1973 through 1982 oil production increased by a
whopping average of 50% per year (i.e., from 0.55 to 3.0 million barrels per day). However, from
1982 through 1994 production slowed dramatically (Figure 1) with an average growth rate of only 1%
per year (i.e., from 3.0 to 3.3 million barrels per day).

[Note 2: In this report, the words petroleum and oil are used synonymously to mean crude oil and natural gas liquids,
"NGLSs" - the liquid content of natural gas wherever thisis recovered separately.]

The next section focuses on oil production, consumption and "surplus.”
3. MEXICAN OIL PRODUCTION IN THE WORLD CONTEXT

Mexico's oil reserves will match those of Saudi Arabia.
Jose Lopez Portillo, 1978
President of Mexico, 1976-82
(in Metz, 1978)
An analysis not dissimilar from that of VVenezuela can be applied to Mexico,
where newly discovered reserves of ail are, as usual, much exaggerated.
Aubrey Jones, 1981

President Portillo's prediction that Mexico's oil reserves would match those of Saudi Arabiawas (and
Is) flatly wrong. "Qil in place is an abstraction. For Mexico during L-pez Portillo's time, it stood as the
foundation of Mexico's line of credit with international bankers." (Baker, 1984) Otherstoo were
skeptical.

IsMexico anew Saudi Arabia? ... By itsofficial estimates, ... Mexico has about 60.10
billion barrels of proven reserves; Saudi Arabia ... has nearly three times that amount or
163.35 hillion barrels ... Moreover, Saudi Arabia's production costs are in the
neighborhood of thirty-five to fifty cents per barrel, afraction of the Mexican figures. ...
Mexico's large, fast-growing popul ation now consumes six out of ten barrels produced in
the country ... In contrast, Saudi Arabia, with fewer than eight million people ... can export
amost all of its output. (Grayson, 1980)

But the exaggerated predictions of Mexican petroleum reserves (e.g., described as "an oil bonanza,"
"prolific wells," "unlimited quantities,” and "a veritable sea of oil") were taken seriously by some high
American officials on energy. For instance, early in 1979 U. S. Energy Secretary James Schlesinger
affirmed, "The Mexican oil reserves prospectively are as great as those of Saudi Arabia." (Gentleman,
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1984)

[Note 3: A word of caution before we proceed. There exists a pervasive confusion about the difference between oil
resources and oil reserves. Sufficeit isto say that (1) reserves are but a small fraction of resources, and (2) the word
reserves itself is clouded by an infinite regress of artificial categories such as, "proved,” "probable," "possible,”
"potential,” "economic" and "sub-economic.” Geologist C. J. Campbell (1991) added yet two more categories,
"political" and "suspect.” Not to be outdone, aformer Mexican Minister of Natural Resources |eaped to heavenly
heights with "theological" reserves. (Williams, 1979) "We have in the word reserves a chaos of meaninglessness.”
(North, 1985) In short, most estimates of Mexican oil reserves are not useful for serious study.]

Historic data shows that the Mexican oil industry is now mature. No unexplored frontiers remain. No
"major" fields lie coyly awaiting discovery. The last major Mexican oil field was discovered in 1978.
(Campbell, 1991; 1995b) ("Magor" means an ultimate recovery of 500 million barrels or more.)
Fortunately, however, estimates of Mexican reserves are irrelevant to this study, because ample
historic data is now available to confidently predict the life-cycle of Mexican petroleum production.

Figure 2 compares Mexican oil production with that of the United States, Texas and Saudi Arabia.
Several features are noteworthy. First, the data confirms that Mexico is not "another Saudi Arabia."
For instance, Saudi Arabian oil production reached a remarkable 10.0 million barrels per day (in
1980) compared to Mexico's maximum (to date) of 3.3 million barrels per day (in 1994).

Figure xxx
graph

Second, comparing Mexican oil production to that of the United States (Figure 2), even with the
addition of Alaskan oil and the remarkable advances in exploratory and production (OE & PO)
technologies, from 1970 through 1994 total United States oil production decreased by 25.7% (i.e.,
from 11.3 to 8.4 million barrels per day) and Lower-48 production decreased by a dizzying 45.0%
(i.e., from 9.4 to 5.2 million barrels per day). (API, 1994; BP, 1995) The decline is an example of the
Theory of Depletion Dominance: "During the down-side of the life cycle of petroleum production,
resource depletion dominates both price and technology.” (Duncan, 1995a) In fact, resource depletion
is already tightening its jugular grip as Mexican petroleum production nearsits all-time peak,
discussed later in this report.

Third, the history of Texas oil production sheds light on the future of Mexican oil production (Figure
2). Texas production started in 1889 and peaked in 1972 at 3.6 million barrelsaday: i.e., 83 years
from start to peak. Moreover, despite heroic efforts to the contrary, Texas oil production has
obstinately declined since the peak. (API, 1994; Duncan, 1995a) In comparison, Mexican ail
production started in 1901 and reached its greatest rate in 1994 at 3.3 million barrels per day: i.e., 93
years from start to present. Although details differ, in Sections 6 and 7, | show that Mexican oil
production is now near its peak, and likely to fall even faster than that of Texas.

Figure 3, a column chart, compares Mexico's cumulative oil production with that of the United States,
Saudi Arabia, and Texas. The height of each column represents the cumulative oil production for each
nation from the start of production to year-end 1994, abbreviated "Q1994": United States = 191.4;
Saudi Arabia=66.2; Texas = 62.7; Mexico = 23.9 hillion barrels. In percentages, the cumulative il
production of Mexico stands at 38% that of Texas, 36% that of Saudi Arabia, and a scant 12% that of
the United States.

Figure xxx
graph

Recall that Mexico's oil exports are collateral for the 1995 ESP loan. Mexico's potential for petroleum
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exportsis determined by its "surplus" production. (Surplus oil is defined as total production minus
domestic consumption.) Figure 4 plots Mexico's total oil production, domestic consumption, and its
surplus for the period 1970 through 1994. The data shows that Mexico's oil surplus grew rapidly from
1974 to 1982, but decreased by 10.6% from 1984 through 1994 (i.e., from 1.795 to 1.605 million
barrels per day, adecline in surplus of 190,000 barrels per day).

Figure xxx
graph

The following section describes and devel ops the Hubbert simulation model.
4. KING HUBBERT'S MODEL: THE ENERGY DEPLETION ARCH

Hubbert was for many years with the Shell Oil Company. In 1958 he predicted
with uncanny accuracy the course of discovery and production of [United States)
petroleum.

Philip H. Ableson, 1975

Several decades ago, distinguished geologist and geophysicist M. King Hubbert developed a
technique for predicting the production life-cycle of nonrenewable energy resources, such as crude oil
and natural gas (Hubbert, 1949; 1956; 1969). By design, King Hubbert wisely avoided the use of
energy "reserves." However, hismethod is critically dependent on exploration and production data.
The Hubbert model, asit is called, is based on asimple law of resource geology.

The complete cycle of production of any nonrenewable resource, in any one region or in the entire
world, must begin with production rising from zero towards a maximum; there may be severa
maxima separated by temporary declines; but eventually the cycle is completed by along-continued
decline back to zero via the negative exponential. (North, 1985)

Petroleum expert F. K. North continues,

Hubbert's forecasts for the ultimate oil and gas production of the continental USA survived
the passage of time so much better than other forecasts that his methodology was accorded
almost magical capabilities by some. In fact, its utility is strictly limited, though if used
within its limits the results to which it leads are crucially important. The method obviously
makes no pretense of application to unexplored or little-explored areas which provide no
historical datato extrapolate. It cannot be used with any reliability until the rate of
additions to reserves (dQD/dt) has clearly entered the negative slope. ... In those regions, if
in few others, use of the Hubbert technique is likely to yield trustworthy assessments.
(ibid.)

[Note 4: In the equations and charts that follow, | have dropped the subscript "D" that appearsin F. K. North's notation
(above), because the subscript introduces a level of detail that is not needed in this discussion.]

The applicability of the Hubbert model to a specific oil-bearing region thus boils down to two factors:
(2) the stage of development, and (2) the availability of historic data. No one describes the petroleum
life-cycle better than geologist and oil field developer Rick Bass. First, the up-side of the curve.
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Geologists, if they work on a new basin long enough, and if the basin holds enough oil and
gas, get to see the basin "mature.” ... What they mean is that there is now enough
information on it, enough control - seismic lines shot, wells drilled - for them to have a
very good handle on it. They mean the basin isin the peak of its years, exploration- and
development-wise. ... When abasin is "young," there isn't enough information. ...
Paradoxically, up to a certain point, the more oil and gas fields found, the easier it becomes
to find others. Y ou would think that every time one was discovered, it would make it that
much harder to find another - that there'd be one less around. But before you reach a
saturation point, it doesn't work that way at all. Because that's the single best way to
discover ail: to figure out how it is trapped, under what conditions, nearby, and then look
for another areathat has similar conditions. ... There are afew golden yearsin the
maturation of any successful basin where, truly, if the homework has been done and all the
facts studied and learned, it is. . . easier. (Bass, 1989)

Next, petroleum geologist Rick Bass describes the down-side of the curve.

After awhile, of course, the saturation point is reached; it gets harder to find new fields.
Because finally alarge percentage of the fields have been found. It is so like middle age
that it is depressing. Basically, one day you just notice - though it may have been going on
for quite some time before you admit it - that you are not finding oil wells as frequently, or
with the success rate that you once were. It's not an immediate thing, but it's part of the
phase too, part of the cycle. "Overmature” isthe term for it. (ibid.)

The model consists of two equally important parts: the Hubbert equation, and the boundary
conditions. The foregoing qualitative descriptions by Messrs. Bass and North are translated into the
guantitative Hubbert model as follows.

[Note 5: | develop the Hubbert equation in two steps. The resulting Hubbert equation is given by Equation (2) below.]

|. The Hubbert Equation: During the young years of exploration in an oil-bearing region, the
characteristic rate of discovery is exponential growth. In this young phase (see Bass above), il
production is approximated by the equation,

[Equation] (1)

where dQ/dt isthe rate of oil production, say, in millions of barrels per day, and QJ[inf] isthe
cumulative production of oil, in billions of barrels. The term "a* Q" represents exponential growth. It
is like compound interest paid on a bank account: "The rich get richer ... ." Or like a bunch of amorous
rabbits multiplying their numbers. Taken alone, Equation (1) means that an oil-bearing region would
remain eternally young and oil production would grow faster-and-faster, forever. Unreal. Impossible.

Inevitably, of course, "middle age" setsin (Bass again). The oil-bearing region becomes "mature.”
Worse yet, after "afew golden years," the region becomes "overmature." Depletion dominates. The
process of slowdown and decline is modeled by adding a negative term, -b* Q2, to Equation (1).
Doing this, we get,

[Equation] (2
Equation (2), above, isthe Hubbert equation, but (I re-emphasize) it is only half of the Hubbert model.

II. The Boundary Conditions. The boundary conditions ("BCs") arethe initial and final states of the
system. They are ironclad, inescapable. They lock-in a unigue solution. As stated above by F. K.
North, energy production, dQ/dt, must be zero before production begins (i.e., at Q = 0) and eventually

http://www.hubbertpeak.com/duncan/mexoil.htm (5 of 17) [09/11/2000 03:40:57 PM]



Mexico's Petroleum Exports: Safe Collateral for a $50 Billion Loan?

it must return to zero (i.e., at Q = Q[inf] .) Substituting the boundary conditions into Equation (2), we
get,

[Equation] ©)

Equation (3) isthe Hubbert model. The "Energy Depletion Arch.” Just as the positive term, a* Q,
dominates on the up-slope, the negative term (or the "senility gene,” so to speak), -(a/Q[inf] )* Q2,
dominates on the down-slope, during the "overmature” or "old-age" phase of the oil production
life-cycle.

[Note 6: Suggestion. Verify that the boundary conditions are satisfied by the Hubbert model: i.e., substitute separately
Q =0, and Q = QJinf] into Equation (3) and confirm that dQ/dt equals zero in each case.]

A graph with Q on the x-axis and dQ/dt on the y-axis produces a parabolic arch, one like the mgjestic
Gateway Archin St. Louis. Mentally trandlating Equation (3) onto an x-y plot, imagine one "foot" of
the arch planted at the origin (i.e., at Q = 0, dQ/dt = 0) and the other planted at Q = QJinf], dQ/dt = 0.
But because countless graphs of the Hubbert arch appear in the literature (e.g., Hubbert, 1982;
Duncan, 1995a), | will not repeat it here. For now however, have alook at Figure 7, Section 6, where
the "Energy Depletion Arch" for Mexico is graphed.

[Note 7: Boundary conditions are extremely important in modeling because (1) they eliminate most candidate models,
and (2) they lock the model -of-choice into a specific solution. For afamiliar example, consider the fine sport of
baseball. When the batter hits aball into the air, the fielder "knows," (1) that the trajectory will be a parabola, and (2)
that the ball will come down. Woe be unto the fielder who chooses an ellipse or hyperbola. Getting back to energy, |
leave it to you, the reader, to describe the model and boundary conditions that you (subconsciously) apply every time
you fill your automobil€e's tank with petrol .

[Note 8: The main goal of scienceisto predict, not explain. Thus, there is no need to have any philosophical worries
about what the Hubbert model means, i.e., Equation (3). At the very least, the Hubbert model is a mathematical
construction that is too fruitful to embellish or abandon.]

In the next Section, | determine the values of "a"* and "QJinf]" for the Mexican model.
5. REGRESSION ANALYSIS: SPECIFYING THE MEXICAN MODEL

The need for anticipating petroleum-industry development does not derive solely
from the immediate function which that industry provides, but also from the
depletion character of its operations. Oil and gas are wasting assets; that is, once
placed in production, their outputs are subject to inevitable and sometimes rapid
decline to exhaustion.

Antonio J. Bermudez, 1963

Figure 5 below displays Mexican oil production on the y-axis, and cumulative oil depletion, Q, on the
x-axis. Although the general profile of the datais similar to that in Figure 1, the change to cumulative
oil depletion in Figure 5 emphasi zes the causal relationship between oil production and resource
depletion. The causality is ssmple. For every barrel of oil extracted from the earth, the amount of
producible oil that remains underground (i.e., the reserve) is depleted by exactly the same amount. As
the reserve goes to zero, production goes to zero, inexorably.

Figure xxx
graph

[Note 9: Crude ail is not "produced"” in the dictionary meaning that it is made or manufactured. Rather, it is extracted
from the earth. Therefore, it would be more accurate to label the y-axis of the graphs, "Extraction, DQ/DT," and the
x-axis"Cumulative Depletion, Q," as| have donein Figure 5. However, to avoid confusion, | will defer to the common
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practice and revert to (mis) labeling the y-axis "Production” and the x-axis "Cumulative Production."]

To apply the Hubbert model to Mexico, specific valuesfor "a' and "Q[inf]" must be determined. The
process is known as "parameterization.” The method employs a statistical technique called linear
regression. First, | divide Equation (3) through by Q to obtain the linear regression equation. The
resultis,

[Equation] (4)

[Note 10: Equation (4) aboveisalinear equation. It isrelated to, but different from, the Hubbert model, as given
previously by Equation (3). As such, Equation (4) is called an "auxiliary" equation. Bottom Line: It is the auxiliary
equation that isfit to the data (e.g., Figure 6, below), not the Hubbert model.]

Second, | use Microsoft Excel} (an application program) to determine the values of "a' and "Q[inf]".
Figure 6 displays the ratio of the Mexican annual oil production to the cumulative oil production, i.e.,
(DQ/DT)/Q data, on the y-axis, and the cumulative oil production, Q, on the x-axis. It a'so showsthe
best-fit regression line, i.e., (dQ/dt)/Q, Equation (4), superimposed on the historic data, for
comparison.

Figure xxx
graph

In Figure 6, the interception of the regression line and the y-axis estimates the value of "a" to be 0.133
per year. Similarly, the interception of the regression line and the x-axis estimates Q[inf] to be 35.4
billion barrels. Note also in Figure 6, that the historic data displays a definite downward trend and, of
course, the regression line reflects that trend by its negative slope.

[Note 11: For comparison; Saudi Arabia Q-ultimate = 275 billion barrels, USA Q-ultimate = 220 billion barrels, Texas
Q-ultimate = 64.8 billion barrels, and Mexico Q-ultimate = 35.4 billion barrels. (Duncan, 1995a; PE, 1995a)]

Looking again at Figure 6, the negative slope of the regression ling, i.e., Equation (4), means simply
that, "The faster Mexico extracts oil out of the ground, the sooner production goesto zero." Or in
more picturesque language,

The fat and easy areas have been discovered. We, the world - not just the United States but the
petroleum strongholds such as Mexico, the USSR, and the Middle East - are pulling out of the ground
twice the amount we are finding. Each year. (Bass, 1989)

[Note 12: No datais omitted in the Hubbert method. Although the regression line in Figure 6 isfit to 1981-1994 data,
the rest of the Mexican data (i.e., 1901-1980) is included in the parameter Ns of Equation (6), discussed later in Section
7]

[Note 13: Figure 6 suggests that, in effect, Mexico's strategy isto stretch out production by reducing the negative slope
of the regression line (e.g., by "conservation™) - thereby maximizing the ultimate worth of their remaining oil.]

The ensuing section examines the future of the Mexican oil industry.

6. THE DOWN-SIDE OF MEXICAN OIL: SLOPE OR CLIFF?
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It is supposed that the foreign currency from petroleum exports would allow
Mexico's financia problems to be overcome. ( This position is unsound from
Mexico's standpoint. There is no doubt that Mexico isa country rich in
petroleum, and that its subsoil contains great volumes of still undiscovered and
unexploited oil and gas. But the country is not so rich in petroleum as some
suppose - at least not rich enough to throw an abundance of oil on glutted world
markets.

Antonio J. Bermldez, 1963

The values of the parameters for the Hubbert model, as configured for Mexico previously in Section
5, are, "a' = 0.364 per day, and "Q[inf]" = 35.4 billion barrels. Substituting these values in Equation
(3), gives,

[Equation] (5)

[Note 14. Compared to the value of "a" given previoudly (i.e., in Section 5) ¥ In Equation (5) above, | have multiplied
"a' by (1,000/365) to convert production from billions of barrels per year to millions of barrels per day.]

Equation (5) is the theoretical model for Mexican oil production. The resulting curve - a parabola- is
plotted in Figure 7 (shaded circles). Selected years are highlighted: e.g., 1989 (the theoretical peak),
1994 (for comparison with the 1994 data point) , and 2000 and 2010 (i.e., the predicted production
rates, 4 and 14 years hence). The historic data (X-shaded squares) is superimposed for comparison.

Figure xxx
graph

Note in Figure 7 that the theoretical trgjectory (shaded circles) shows a marked decrease in Mexican
oil production from 1991 to 1994. But in contrast, the historic data points show a slight increase over
the same period. This demonstrates that the model predicts only the general trend of production, not
specific values. Sooner or later, however, Mexican oil production will start to fall. And inevitably it
will go to zero. At least three factors will determine the stegpness of the down-slope trajectory.
Phrased as questions, they are:

One: When will Mexican oil production start to fall? In December 1994, while the beleaguered
Mexican government faced bankruptcy, | analyzed the Mexican oil industry and predicted that
production would peak in 1995 or 1996. On 31 January 1995, | summarized my findings in aletter to
President Clinton.

My calculations show that Mexican oil production is now near its all-time peak and poised for a steep
and obstinate fall, much like the decline (since 1972) in Texas oil production. In fact, | predict that
Mexican oil production will start to fall sharply in less than two years, i.e., before January 31, 1997.
(Duncan, 1995b)

My conclusions were (and are) based on (1) the unequivocal negative slope of the regression line
(Figure 6, this report), (2) the fact that Mexican oil production has long since passed its theoretical
peak (i.e., 1989, Figure 7), and (3) the theoretical production curveis already in sharp decline (as
shown in Figures 7 and 9).

The President's response was disquietingly visionary.
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My plan to aid Mexico's economy in the face of that nation's financial crisis, which |
announced under executive authority, will avert further disruptions in world markets,
stabilize the peso, renew confidence in the Mexican economy, and protect American jobs
dependent upon exports. The plan will aso reduce immigration pressure on the border.

The peso crisis presented us with a situation where decisive action by the United States
could prevent afar greater crisis down the line. Recognizing the need for immediate action,
we quickly put together a sound financial package that secures collateral from Mexico and
places specific restrictions on Mexico's financia practices, which will safeguard U.S.
interests. We also worked to gain support from global organizations, such as the
International Monetary Fund and the Bank of International Settlements. Alliesin the
hemisphere, including Canada, Brazil, and Argentina, also made important contributions.
Initial reaction of the marketsto this U.S.-led effort has been positive.

Our nation's security depends on our continued world leadership -- and only the United
States can take this leadership role. In moving decisively, we have acted in the world's
interest and in our best interest and that of the millions of Americans whose livelihoods are
tied to Mexico's well-being.

Americas economic security isinextricably linked with Mexico's. By putting Mexico back
on track, we have secured American jobs, preserved American exports, and safeguarded
Americas borders. (Bill Clinton, 27 February 1995, personal communication)

Two: How fast will Mexican oil production decline? The Hubbert model predicts that, for example,
from 1996 to 2010 Mexican oil production will decline at average rate of 4.9% per year (as shown in
Figure 7). Petroleum consultant C. J. Campbell describes the Mexican petroleum predicament as
typical in the Western World.

Depletion rates for most countries outside the Middle East lie between 3% and 8%, with afew above
10%. The profileis primarily driven by the early large fields which are already in terminal decline and
are not being replaced. (PE, 1995a)

Three: What will be the ultimate magnitude of Mexican oil production, Q[inf]? Recall that the value
of Q[inf] isan estimate, but (and thisisimportant) the estimate becomes ever more accurate as
additional production data becomes available: i.e., as Qi -> Q[inf]. My calculations, and those of other
analysts, show that Mexican production is fast approaching Q[inf]. For example, Table 1 givestwo
forecasts for the Mexican petroleum industry (i.e., Duncan, this study; and Campbell in PE, 1995a).

Table 1. The Down-Side of M exican Oil: Two Estimates
[Vauesof Qarein billions of barrels.]
|  Duncan | Campbell
[ (thisstudy) | (PE, 19958)
IPeak Year (prediction) | 1996 | 1998
|Q-ultimate (estimate) | 35.4 | 52.0
|Q end-94 (data source) | 23.9 | 21.2
|Amount remaining | 11.5 | 30.8
|Percent produced | 67.5% | 40.8%
|Percent remaining | 32.5% | 59.2%
IDepletion rate (prediction) | 4.9% | 3.1%
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Note especially the two bold rowsin Table 1. Both studies predict that the peak of Mexican oil
production isimminent, i.e., 1996 and 1998, respectively. Both likewise predict steep rates of decline,
I.e., 4.9% and 3.1% per year, respectively. Because the down-slopes will be socialy, politically, and
economically devastating in either case, the difference of 1.8% does not alter the conclusions of this
study.

[Note 15: Table 1 gives estimates of Mexico's Q-ultimate equal to 35.4 and 52.0 billion barrels. Of course there are
other estimates, ranging from 48.5 all the way up to 700 billion barrels. (Grayson, 1980; Metz, 1978) Take your pick.]

In Figure 8, | have sketched a hypothetical trajectory for the down-side of Mexican oil production.
Note that the trgjectory is consistent with the historic data (Figure 1) because it starts at the 1994 data
point (i.e., Q1994 = 23.9 billion barrels, and DQ/DT = 3.3 million barrels/day), and it ends at my
estimate of Q[inf] = 35.4 billion barrels and dQ/dt = zero.

Figure xxx
graph

Our main concern hereis, Will the down-side of Mexican oil production be gentle or steep, aslope or
acliff? Although the fine details are not predictable, there are telling clues. If the range of estimates of
Q-ultimatein Table 1 iscorrect (i.e., if 35.4 < Q < 52.0 billion barrels), then sometime between 1
January 1996 and 31 December 1998, Mexican oil production will, so to speak, tumble headlong over
a sheer cliff.

It will be very interesting to see how we handle it. (Bass, 1989)

The following section shows the life-cycle of Mexican oil production, in years.
7. THE LIFE-CYCLE OF MEXICAN OIL PRODUCTION: 1950-2030

The rebirth of the Mexican petroleum industry concerns not only the destiny of
Pemex, but of all Mexico, because if Pemex fails, the nation will fail.
Diaz Serrano, c. 1976
Director General, Pemex
(in Williams, 1979)
| believe the next 10 to 15 years are our last chance. Failure to provide young
people with a stake in the system may have serious consequences for aregime
whose commitment to "revolutionary” goals often seems more rhetorical than
real. [If Mexico does not succeed] social tensions will grow difficult. There will
be invasions of property, insecurity in the cities, new political leaders.
Victor Urquidi, c. 1979
President, Colegio de México
(in Grayson, 1980)

More than fifteen years have passed since the warnings of Messrs. Serrano and Urquidi. In
preparation for such contingencies, the U.S. Immigration and Naturalization Service (INS) devel oped
ascenario for field exercises held along the U.S.-Mexican border in 1995. It reads,

Suddenly, avast flood of illegal immigrants - Mexicans driven to desperation by some
unspeakable and unspecified social catastrophe - surges across the Southwest border,
Inundating entire communities as it washes north into the American heartland. (Dillon,
1995)
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Fortunately, we are no longer dependent on scenarios and vague warnings. We can now use historic
petroleum production data (Figure 1) and the time-dependent Hubbert model configured for Mexico
[i.e., Equation (6), discussed below], to reliably predict the future of Pemex petroleum production,
and, if Mr. Serrano is correct, the future of Mexico itself.

The Hubbert model, configured for Mexico in the Q-domain by Equation (5), can be transformed into
the time-domain by separating the variables and integrating. The result is Q(t), the cumulative
production of oil as afunction of time, t. Then, by differentiating Q(t) once with respect to time, we
get the equation for oil production, dQ/dt, in the time domain. Theresult is,

[Equation] (6)

Equation (6) is the time-dependent counterpart of Equation (3). As before, dQ/dt is the production rate
of ail, e.g., in millions of barrels per day. The values of "a" and "Q[inf]" are given in Section 6. Time
"t" means "year minus regression start year" [i.e., t = (year - 1981)]. To ssimplify the notation, Nsis
defined as (Q[inf] - Qs)/Q[inf], where Qs is the cumulative production at the regression start year (i.e.,
1981, Figure 6).

For those who wish, details of the Hubbert model are discussed in Hubbert (1971; 1981; 1982), Smith,
et al. (1992), and Duncan (1994a; 1994b; 1994c; 1995a). What matters here is that Equation (6)
represents the time-dependent life-cycle of Mexican oil production.

Figure 9 shows the theoretical life-cycle of Mexican oil production in the time-domain, i.e., aplot of
Equation (6) for the years 1950 to 2030. The historic datais superimposed on the theoretical curve for
comparison.

Figure xxx
graph

Considering the consequences of collapse (e.g., "If Pemex fails, Mexico will fail,” and "Americas
economic security isinextricably linked with Mexico's,” and "No one can estimate how far the
contagion might spread."), the down-slope of Mexican oil production is stark, to say the least.
Equation (6), graphed in Figure 9, indicates that Mexican oil production is now at or near its all-time
peak -- tottering at the brink of a precipitous cliff. Twelve years ago, this possibility (including what
are now called "maguiladora" industries) was foreseen by political scientist Judith Gentleman.

Unfortunately, the past always constitutes a preface to the future, and in Mexico's case, it
does not make for pleasant reading. ... Rather than constituting a harbinger of a new level
of material well being for the mass of the population, the development of Mexico's
petroleum resource signaled the opening of a new era of dependence for the nation. ... The
opening of the floodgates for a new period of direct foreign investment fashioned from the
demand profiles of foreign economies will mean the further elaboration in Mexico of a
productive structure that neither provides a satisfactory level of employment nor produces
goods that are compatible with the needs of the mass of population. (Gentleman, 1984)

Equally prescient, but decades earlier, natural resource expert Harrison Brown warned that the United
States was slouching toward an ill-conceived, unworkable NAFTA-like involvement with Mexico.
His aftat NAFTA scenario follows.

http://www.hubbertpeak.com/duncan/mexoil.htm (11 of 17) [09/11/2000 03:40:58 PM]



Mexico's Petroleum Exports: Safe Collateral for a $50 Billion Loan?

True federation between countries of high population growth potentials and those of low is
extremely difficult to imagine if abolishment of economic barriersisto be an integral
feature of federation. For example, a federation between the United States and Mexico at
the present time could have disastrous consequences. Although the standards of living in
Mexico would probably be improved by such amove, at least temporarily, the standard of
living in the United States would almost certainly be lowered, and, far more important, the
sudden incorporation in our society of amajor group possessed of high [population]
growth potential would lead to an accelerated rate of population increase, together with the
numerous difficulties associated with an accelerated rate of increase. (Brown, 1954)

The ensuing section discusses the 1995 Emergency Stabilization Package (ESP) loan in the context of
Mexico's plan for industrialization and its obligations to the NAFTA.

8. MEXICO'S PLAN FOR UNATTAINABLE DEVELOPMENT

The United states can find an inexpensive solution to the problem now, or an
expensive one later. No one can estimate how far the contagion might spread, or
how many jobs might be lost. Mexican default is extremely unlikely.
Robert E. Rubin, 1995
U.S. Secretary of the Treasury
(in Sanger, 1995a; 1955b)
Unless decisive political leadership is shown now, this ancient Aztec nation
could find itself in the mid-twenty first century with the same deformed
economy, but it may have exhausted the abundant oil reserves with which to
pursue the equalitarian ideals of the 1910 upheaval.
A North American Analyst
(in Williams, 1979)

The Republic of Mexico - historic, independent, and proud - faces several major problems
simultaneously. The triad includes, (1) its ambitious plan for industrial development, (2) the
requirements of the NAFTA, and (3) its external debt - with the focus here on the 1995 $50 hillion
Emergency Stabilization Package (ESP) loan.

1. Industrial Development: The most fundamental requirement for "sustainable" development (of
Mexico, or any country) is that its economic infrastructure - i.e., agriculture, transportation,
commerce, and industry - must be based on renewable and permanent primary sources of energy, e.g.,
photovoltaic and nuclear fusion power, should either become practical. (Duncan, 1993a; 1993b)

If Mexico isto avoid serious and substantial problemsin the future, its government will
soon, in this decade, have to take steps to restrain domestic energy demand, and to begin
developing alternative energy sources. ... Mexico will need to develop substitutes for ail,
especially in the generation of electricity. Currently, 90 percent of its electrical production
relies on oil and gas. (Ronfeldt, 1980)

However, in the 16 years since the Ronfeldt document appeared, Mexico's dependence on
nonrenewable energy has gone from bad to disaster. In fact, the Mexican economy is among the most
unsustainable in the world. Mexico is now dependent on fossil fuels for more than ninety-six percent
of its primary energy supply. Specifically, the tally for year-end 1994 is; oil = 71.3%, natural gas =
21.7%, and coal = 3.7% for atotal fossil-fuel dependence of 96.8%. (BP, 1995) Therefore, if Mr.
Ronfeldt is correct, Mexico's plan to use fossil fuels as the basis for industrial development is
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unrealistic. Unattainable.

2. NAFTA Requirements: As| understand them, the NAFTA requirements (both written and
"understood") include,

« Reducetariffs and trade restrictions between the U.S., Mexico, and Canada.
« Control inflation and steady the peso.
« Strengthen and regulate the banking system.
« Improve the wages and safety for Mexican workers.
« Reduce the (long-standing) maldistribution of wealth.
« Improve Mexico's democratic and legal institutions.
« Reduce corruption in the government and the police system.
« Stop drug trafficking within, and shipment across, Mexican borders.
« Cooperate with the U.S. to "control" illegal immigration.
« Reform Mexico's electoral and political systems.
o Implement land reform in rural areas (e.g., in the State of Chiapas)
« Improve public health care, housing, water supplies, and sanitation.
« Restore and protect the natural environment. [See Note 16.]
[Note 16: Mexico's major environmental problemsinclude: Untreated sewage and industrial effluents polluting rivers

in urban areas; deforestation; widespread erosion; desertification; serious air pollution in the national capital and urban
centers along the U.S.-Mexican border. (EIA, 1995)]

There is no doubt that each of the foregoing NAFTA requirements, taken alone, could be achieved to
North American standards. But taken together, and given the present discordant state of the Mexican
government and the distressed state of the economy, the redlity is that the NAFTA requirements (even
In part) are unachievable in the foreseeable future.

3. The ESP Loan: Theoreticaly, i.e., taken alone, out of context, Mexico could use the revenues from
its oil exportsto repay the full amount of the 1995 $50 billion Emergency Stabilization Package (ESP)
loan. But that is not the problem.

Thereal problem facing Mexico, taken simultaneously, in context, is to repay the 1995 ESP loan, and
meet the requirements of the 1993 NAFTA, and complete its plan for industrial development. To
accomplish this, Mexico would have to quintuple (i.e., increase by five times) its oil exports over the
next decade (i.e., by 2005, it would have to increase its oil exports from the present 1.6 million barrels
per day to some 7.5 million barrels per day, roughly the 1995 export level of Saudi Arabia).
Quintupling its oil exportsis not feasible for several reasons: financial, political, engineering,
geological, and moral.

3.1 Financial: To quintuple oil exports by 2005, Pemex would have to spend billions of dollars each
year on oil exploration, development and capital infrastructure. But Pemex is now financially
strapped. "Between 1995 and 2000, Pemex requires more than $20 billion in investment [just] to
maintain current production.” (Grayson, 1995) Moreover, it makes no sense for Pemex to invest alot
of up-front capital that, in a glutted market, would only reduce the price of its oil exports.

3.2 Palitical: Conceivably, Mexico could privatize its entire oil industry, and thereby obtain alarge
injection of foreign capital to repay the ESP loan. But at best, this would only be atemporary fix
because the government would lose control of its Cash Cow, Pemex. Further, Article 27 of the
Mexican Constitution forbids foreign ownership of crude oil reserves, and transportation and
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production facilities.

3.3 Engineering: Even if 100% financing were assured and engineering design started today, it would
take more than 10 years to construct the physical infrastructure necessary to quintuple Mexican oil
exports. But by that time, Mexican oil production will already be in abrupt decline. (Campbell, 1991;
PE, 1995b; Duncan, this study)

3.4 Geological: Qil production at most Mexican wellsis severely "rate limited." Thus, even if Mexico
solved problems 1-3 above, its rate of oil production would not significantly increase, and the ultimate
recovery, Q, would, in fact, decrease.

Oil and gas cannot be extracted efficiently from natural reservoirs excepting at relatively
low rates. ...From 1911 to 1925 ... there were well fields in which salt water broke through
the oil after only afew months of uncontrolled production. Had these fields been exploited
with the proper technique and the application of proper conservation measures, they would
have remained productive for anywhere from ten to fifty years. (Bermldez, 1963)

3.5Moral: David E. Sanger covers the moral issue.

If al goeswell, American taxpayers could even profit from the [ESP] strategy, because
Mexico is paying hefty fees for the loan guarantees. The United States is also insisting on
first rightsto Mexico's oil export earnings in case of default, an annual income flow of
roughly $7 billion.

Many people say, however, that it would be impossible for the United States to demand
those oil profitsif Mexico fallsinto deeper crisis and its unemployment rate soars. (Sanger,
1995b)

The main goal of this study, you will recall, isto answer the question, Is the revenue from Mexico's
petroleum exports safe collateral for the 1995 $50 billion Emergency Stabilization Package (ESP)
loan? The answer is no. Specifically, if the Mexican government meets the requirements of the North
American Free Trade Agreement (NAFTA), then it must default the Emergency Stabilization Package
(ESP) loan, and vice versa.

However, if President Clinton (1995) and Secretary Rubin (in Sanger, 1995a; 1995b) are correct, then
the ESP-NAFTA problem is much worse. Historic data shows that the remaining amount of Mexico's
producible oil issmall and rapidly depleting (Figures 6-9, Sections 5-7). This means that Mexico's
present plan for industrial development, because it is uniquely dependent on petroleum, is bound to
fail. [See Note 17.]

[Note 17: This does not mean that Mexico can never develop. It only means that Mexican development, should it
occur, must rely on renewable and permanent sources of energy, not petroleum.]

9. SUMMARY AND CONCLUSIONS

Summary: On January 31, 1995 the President of United States signed a $50 billion Emergency
Stabilization Package (ESP) loan to bailout the near bankrupt Mexican government. In case of default,
the United States has first rights to revenues from Mexico's oil exports. This study uses a robust
method to answer the question, Are Mexico's petroleum exports safe collateral for the 1995 $50
billion Emergency Stabilization Package (ESP) loan? (Section 1)

Mexican oil production grew rapidly from 1973 to 1982, but stagnated from 1982 through 1994
(Section 2, Figure 1). For comparison, Mexico's cumulative oil production through 1994 was only
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38% that of the adjacent State of Texas, and Texas production isnow in sharp decline (Section 3,
Figures 2 and 3). Moreover, Mexico's ail surplusincreased rapidly from 1974 to 1982, but decreased
by 10.6% from 1984 through 1994 (Figure 4).

The Hubbert model (i.e., the method used in this study) is described and configured for Mexico
(Sections 4 and 5, Figures 5 and 6). The ultimate production of Mexican oil is estimated to be 35.4
billion barrels, an amount that is only 55% that of Texas, and a minuscule 13% that of Saudi Arabia.
Although for the past four years (through 1994), Mexican oil production has increased dightly, this
study predictsthat it will reach its all-time peak in 1995 or 1996, and thereafter decline at about 4.9%
per year (Section 6, Figures 7 and 8, and Table 1).

The theoretical life-cycle of Mexican oil production is graphed for the years 1950-2030 (Section 7,
Figure 9). The question of repayment of the 1995 ESP loan is discussed within the context of three
major problems that simultaneously confront Mexico: industrial development, NAFTA requirements,
and external debt (Section 8).

Conclusions: Mexico's petroleum production is now near its all-time peak. Decline isimminent.
Mexican oil production will follow a down-slope trgjectory similar to that of its U.S. neighbor, Texas.
More to the point of this study, Mexico's oil exports are falling and, overall, they will continue to fall.
As aresult, the Mexican government will be forced to default or renege on, or abandon, one or more
of its mgjor commitments, respectively, (1) the 1995 $50 billion Emergency Stabilization Package
(ESP) loan, or (2) the 1993 North American Free Trade Agreement (NAFTA), or (3) its plan for
industrial development. The contagion will spread far, wide, and deep.
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Heuristic Oil Forecasting Method

User's Guide and Forecast #4

gl Abstract of Paper

Click here to proceed to the Table of Contents

The Heuristic Oil Forecasting Method is a unique and entirely new approach to predict oil production. First
World oil production is broken out into the top 42 oil-producing nations that account for more than 98% of
Models World’s oil. Then a separate forecast is made for each nation. Finally these forecasts are aggregated to get
the forecasts for regions, categories, and the World.

The goals of this paper are (1) to provide a brief User's Guide to the models, and (2) to summarize the main

Contact conclusions of the latest in a series of World oil forecasts (i.e. #4).

BERE

The User’s Guide appears in sections 2-7. The main conclusions of Forecast #4 are found in sections 8-10
and summarized as follows. North America’s oil production peaked in 1985 and from 1985 to 1998 it fell by
7.4% — an average decline of 0.59 %/year during 13 years. Moreover, North American production is
forecast to fall a further 84.0% from 1998 to 2040 — an average decline of 3.3 %/year during these 42
years. The peak of World oil production is forecast to occur in 2005, and by 2040 production falls by 53% —
an average decline of 2.1 %/year during 35 years. OPEC oil production is forecast to exceed non-OPEC
production in 2007, and by 2040 the OPEC nations will produce 75% of the World’s oil. The Muslim nations’
oil production is forecast to exceed the non-Muslim nations' oil production in 2001, and by 2040 these
Muslim nations will produce 73.0% of the World’s oil. The likelihood of a "World Petroleum War" ("Jihad")
appears to be growing. President Clinton was advised of this situation in a letter dated May 13, 1997.

Click here to proceed to the Table of Contents
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1. INTRODUCTION [return to table of contents]

The Heuristic Oil Forecasting Method is a 100% new approach for predicting national, regional, categorical,
and World oil production. It was developed over a period of seven years (1) to supersede the obsolete
hand-drafting and outmoded curve-fitting techniques, and (2) to meet a rigorous set of Design Specifications.
Albeit new to oil forecasting, this approach is widely used in systems engineering.

As of this writing, the Method has been used to make four World oil forecasts. The papers that describe
Forecasts #1, 2 & 3 were written for a general audience and thus avoided technical details about the models
and how to use them. In contrast, this paper is written for both audiences. Sections 1 and 8-10 give a general
overview of the models and a summary of the latest predictions (i.e. Forecast #4). Sections 2-7 give the
technical details, including the model diagrams and equations. Several examples and numerous graphs
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show how the Method was used to forecast oil production for three nations, one region, several categories,
and the World.

The Method disaggregates World oil production into the top 42 oil-producing nations of the World (together
producing over 98% of the World's oil). Each nation is modeled separately and independently. The time span
of major interest is the 80-year period from 1960 to 2040. The graphs show oil production data from 1960 to
1998 and oil forecasts from 1999 to 2040. The 42 national forecasts are then aggregated into 7 geographic
regions (e.g. North America) and 6 categories (e.g. OPEC and non-OPEC nations) to generate their
respective forecasts. Finally, the oil forecasts for all 42 nations are summed to get the World oil forecast. The
Method is both User-intensive and time consuming. Namely: (1) It requires the User's knowledge, judgement
and input for every forecast. (2) Forecast #4 required 2.5 man-months of work. However, after four years of
experience, it is my preferred approach to oil forecasting - by far.

The equations for the models are written in Stella® (i.e. a special modeling and simulation applications
program). The symbols, syntax, and semantics for the equations are similar to those used in e.g. Basic,
Fortran, and Excel®. Stella (run-time) is available free by downloading the Demonstration Package from
http://www.hps-inc.com/ . The oil-forecasting models are available free at http://www.halcyon.com/duncanrc/.

NB: Only the North America, Middle East, and World sectors (i.e. models) are needed for the examples
discussed in this paper.

2. GLOSSARY [return to table of contents]

'Heuristic' (H) means "using or obtained by informal methods or reasoning from experience, often because
no precise algorithm is known or is relevant. It involves trial and error, as in iteration.”" 'M' means minimum.
'Oil' means crude oil and natural gas liquids. 'P' and 'dQ/dt' mean production. 'Q" and 'Q(t)' mean cumulative
production. 'EUR' means expected ultimate recovery. 'R' means oil reserves. 'PR' means 'proved reserves'
[fictional, of course, but conceptually useful]. 'YtfR' means yet-to-find reserves [ditto]. In equation form: EUR
= Q1998 + R, where R = PR + YtfR. 'G' means billion (109). 'b' means barrels. 'User' means the author or
forecaster. 'NB' means "note carefully".

Note on oil production and oil reserves: The oil production data up through 1959 were obtained from BP
Amoco (1965-1999), Campbell (1991), Bermudez, (1963, for Mexico), and FLPH (1959, for Romania).
However, the production data from 1960 to 1998 were obtained exclusively from the BP Amoco Statistical
Review of World Energy. | am confident that the BP Amoco oil production data are satisfactory for our work.
As was mentioned, however, 'proved reserves' are fictional (i.e. they vary widely and are highly contentious).
Happily however, that is of no consequence to our Method because we integrate the oil production profile for
each nation (i.e. the production data plus our own forecast) to predict each nation's expected ultimate
recovery (EUR) and reserves (R). Then we sum them all up to get our own estimate for the World's EUR and
R. Bottom Line: 'Proved reserves' (PR) and 'Yet-to-find reserves' (YtfR) are conceptually important and very
useful in our discussions. That said, the PR and YtfR (as published in various databases) play no role
whatsoever in our final oil forecasts.

3. DESIGN SPECIFICATIONS [return to table of contents]

The Heuristic Oil Forecasting Method evolved over a period of seven years as follows. From 1993 to 1995 |
studied the strengths and weaknesses of several ‘graphical’ and ‘curve-fitting' techniques for oil forecasting.
Guided by what | learned, in 1996 | devised the first version of the Method and used it to construct Forecast
#1 (Duncan, 1997a). That early version was later used to construct Forecasts #2 and 3 in 1997 and 1998
(Duncan & Youngquist, 1999; ibid., 2001). Then by early 2000 | had streamlined the Method and used it to
complete Forecast #4, discussed in this paper. The Method was built to satisfy the following Design
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Specifications.
Specific:

1. The Method must be based on historic oil production data, recent oil production trends, and heuristics
including a range of independent estimates of each nation's oil reserves. The data and reserve estimates
must be freely available to the public.

2. It must not use Gauss distributions, Hubbert curves, parabolas, logistic derivatives, etc. "Curve-fitting" is
not acceptable.

3. It must meet the zero-peak-zero boundary conditions in both the time-domain and in the Q-domain. "Close
enough" is not acceptable

4. It must generate realistic production curves. Smooth and symmetric curves - and 'Matterhorn peaks' - are
unrealistic, thus unacceptable.

5. Oil production forecasts must come first. Then cumulative production is calculated by integration. In
math-speak: Production is the independent variable.

6. It must predict the EUR and R for each nation by integrating the oil production profile from the beginning to
the end of production (i.e. data and forecast).

7. It must handle both symmetric and asymmetric production data with equal ease, no matter how
asymmetric the data.

8. It must handle nations with large oil reserves and nations with small oil reserves with equal ease, no
matter how large the reserves.

9. Each forecast must predict a value for World oil reserves that is within the range of current estimates of
World oil reserves (e.g. from 1,100 to 2,300 Gb for Forecast #4).

10. The Method must facilitate the use of heuristic knowledge by (1) graphical and numerical I/O tools, (2)
mathematical functions, and (3) run-time options.

11. It must break out the total World oil production by the top oil-producing nations and treat each nation
according to its unique geology, reserve estimates, geography, social structure, etc.

12. The World is organized into nations, i.e. the UN, OPEC, OECD, EU, WTO, etc. Oil basins must be
parceled to nations.

13. It must use state-of-the-art-modeling software to facilitate the forecasts. Pencil-and-paper sketches and
spreadsheet techniques are not acceptable.

14. It must predict a specific peak year (such as 2005). Wide ranging forecasts such as 'plateau peaks' (e.g.
"somewhere between 2005 and 2020") are not acceptable.

15. The last year of the production data must connect directly to the first year of the production forecast.
Production gaps (i.e. discontinuities) are not acceptable.

16. The ongoing series of forecasts must be tracked on a 'phase diagram' to verify that the series is (1)
endogenously consistent, and (2) converging on the World peak.

General:

17. The oil production forecast for each nation will usually continue the most recent production trend for at
least a few years into the future.
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18. The User-computer iterations for each nation must continue until the User is satisfied with (1) the shape
of the nation's forecasted oil production curve, and (2) the magnitude of the nation's forecasted oil reserves.

19. The Method must be able to answer new questions about (1) any of the top 42 oil-producing nations in

less than 15 minutes, (2) any combination of the top 42 nations in less than 30 minutes, and (3) World oil
production in less than 45 minutes.

4, CANADA OIL FORECAST [return to table of contents]

In this section we show how the Heuristic Forecasting Method was used to predict Canada's oil production.
The Method requires close interaction between the User (e.g. the author, geologist, forecaster) and the
computer. The computer provides the memory, speed, and I/O devices. Moreover, it executes Stella for
running the models, assisting the forecasts, and displaying the curves. The User, in turn, provides heuristic
(i.e. non-quantifiable) information such as knowledge, field experience, and judgement.

Figures 1-A and 1-B depict the completed Canada model, including the final values of the parameters and
the oil forecasts. Figure 1-A shows the 'Construction Layer' including (1) the M-forecast part of the model
(upper-left), and (2) the H-forecast part (upper-right). Figure 1-B shows the 'Equations View' of the model.
The numbers in Figure 1-A correspond to the equations in Figure 1-B (i.e. #1-16). Later we will detail and
discuss how the forecasts were constructed. But first we'll introduce the symbols and equations that will be
used in our discussions.

Figure 1-A. Canada QOil Model: Construction Layer

Figure 1-B. Canada QOil Model: Equations View

Canada Oil Model: Figure 1, Minimum-Forecast Part

Data Input:

Eqgn. #5, INIT Q_M_Cn: Cumulative oil production as of 1 Jan. 1960. See Eqn. #2.
Eqgn. #6, MinFcst_Cn: 'Data_Cn' contains the production data. See Eqn #16.

Egn. #10, Q_1999 Cn: Cumulative production [in Gb] as of 1 Jan. 1999.

Eqgn. #16, Data_Cn: Canada production data from 1960 to 1998. See Fig. 2.

Construction of the Minimum Forecast:

Eqgn. #9, OneMnsSM_Cn: A multiplier that begins at 1 and then goes to zero.

Eqgn. #13, SMTH_Cn: User selects two integers (e.g. 40 & 5) to shape the M-forecast.
Eqn. #14, STEP_1999: A unit step function that fires (i.e. begins) in 1 Jan. 1999.

Eqn. #15, YrPrEnds_Cn: User assumes that Canada production will end in 2058.
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Program Output:

Eqgn. #4, Q_M_Cn(t): M-cumulative production from 1960 to 2040. By integration.
Eqgn. #6, MinFcst_Cn: M-production from 1960 to 2040. See curve 2, Fig. 3.

Egn. #8, EUR_M_Cn: Minimum EUR = 61.7 Gb. See Numeric Display, Fig. 1-A.

Eqn. #12, Reserves_M_Cn: M-reserves = 36.3 Gb. See Numeric Display, Fig. 1-A.

Canada Oil Model: Figure 1, Heuristic-Forecast Part

Data Input:

Eqgn. #2, INIT Q_H_Cn: Cumulative production [in Gb] as of 1 Jan. 1960.

Eqn. #3, HrstFcst_Cn: Graphic Function contains historic data from 1960 to 1998.
Egn. #10, Q_1999 Cn: Same as the M-part (previous).

Construction of the Heuristic Forecast:
Eqgn. #3, HrstFcst_Cn: User-constructs the H-forecast from 1999 to 2040.

Eqn.#15, YrPrEnds_Cn: Same as the M-part (previous).

Program Output:

Eqgn. #1, Q_H_Cn(t): H-cumulative production from 1960 to 2040. By integration.
Eqn. #3, HrstFcst_Cn: H-production from 1960 to 2040. See curve 3, Fig. 4.
Eqgn. #7, EUR_H_Cn: Heuristic EUR = 64.8 Gb. See Numeric Display, Fig. 1-A.

Eqgn. #11, Reserves_H_Cn: H-reserves = 39.5 Gb. See Numeric Display, Fig. 1-A.

The most important output from the Canada model is the oil production profile from 1960 to 2040 (see Figure
5). We will proceed step-by-step to Figure 5.

Canada Oil Production Graphs: Figures 2to 6

Figures 2-6 and the discussions help to explain how | (the User) constructed the M- and H-forecasts for
Canada. These figures show "Years' (from 1960 to 2040) on the x-axis and 'Production’ (in Gb/year) on the
y-axis. The x-axis in Figure 2 is divided into two time domains. The first time domain (labeled 'History")
depicts the Canadian oil production data from 1960 to 1998. The second time domain (labeled 'Future') is
where we will construct the M- and H-forecasts from 1999 to 2040.

Figure 2. Canada Oil Production Data: 1960-1998
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Figure 2 shows Canada's oil production from 1960 to 1998. The upward trend-line (dashed) shows that oil
production from 1982 to 1998 grew at a strong average rate of 3.2 %l/year. (You can verify this growth rate
from the data in Eqn. #16, Fig. 1-B.) The area that is shaded by down-sloping lines represents Canada's
cumulative oil production up to the end of 1998 (i.e. Q1998 = 25.4 Gb). Further, our database (BP Amoco,
1999) gives Canada's (PR)/P ratio = 7.0 years [i.e. 7.0 years = (6.8 Gb)/(0.975 Gb/year)]. Thus, at a bare
minimum, the crosshatched area in Figure 2 represents Canada's production during the 7 years from 1998 to
2005. But recall that Reserves = (Proved Reserves) + (Yet-to-find Reserves), so we must extend the
crosshatched area to include the "Yet-to-find Reserves'. To accomplish this we proceed to Figure 3 below.

Figure 3 depicts two curves. Curve 1 has been discussed. Curve 2 consists of the production data from 1960
to 1998 and the M-forecast from 1999 to 2040. The integer smoothing parameters in the SMTHN function
(Eqgn. #13, Fig. 1-B) are the key to constructing the M-forecast. | selected the parameters 40 and 5 to get the
results that | wanted: (1) the shape of the M-forecast, and (2) the magnitude of the M-reserves. | was trying
for about 35 Gb of M-reserves. And, as | recall, it took about 7 or 8 runs to obtain the value of 36.3 Gb (see
Eqgn. #12, Numeric Display, Fig. 1-A) and the shape of the M-forecast (curve 2, Fig. 3).

Figure 3. Canada Oil Production Data and Minimum Forecast

The Minimum forecast is optimistic about Canada's Yet-to-find-Reserves (YtfR) as verified by simple
arithmetic. Viz. We know that YtfR = EUR - Q1998 - PR. Thus, YtfR = 61.7 - 25.36 - 6.8 = 29.5 Gb, i.e. over
four times Canada's 6.8 Gb of 'proved reserves'.

Now that we have the M-forecast, an amalgam of reserve estimates, the heuristic information, et cetera, we
proceed to construct the H-forecast, shown in Figure 4.

Figure 4. Canada Data, Minimum Forecast and Heuristic Forecast

Figure 4 shows three curves. Curves 1 and 2 have been discussed. Curve 3 is made up of the production
data from 1960 to 1998 and the User-constructed H-forecast from 1999 to 2040. Construction was facilitated
by the Graphical Function (Egn. #3, Fig. 1-B). | used this handy 'tool' to make a series of cut-and-try
iterations to get the desired (1) shape of the H-forecast, and (2) magnitude of the H-reserves. It is very useful
(and fun) to watch the test curve plot out on a graph during each test run. Then instantly the value of the
H-reserves pops up on a Numeric Display. | was trying for about 40 Gb of H-reserves. It took about 5 or 6
runs to get 39.5 Gb (see Eqn. #11, Numeric Display, Fig. 1-A). In other words, | played the shape of my
H-forecast against the value of the computer-calculated H-reserves until | got the results | wanted.

Note that the H-forecast for Canada's yet-to-find reserves (YtfR) is very optimistic. Specifically, YtfR = 64.8 -
25.4 - 6.8 = 32.6 Gb, i.e. nearly five times Canada's 6.8 Gb of 'proved reserves'. Thus, | hope this example
makes it clear that 'proved reserves' (whatever their fictional magnitudes) do not matter one whit to our
forecasts. But again, 'proved reserves' are still conceptually very important.

Observe in Figure 4 that the shape of the H-forecast was 'guided' by the upward production trend and the
M-curve. Moreover, it was also guided by my knowledge of several independent estimates of Canada's oil
reserves, oil geology, hydrocarbon quality, etc. Having served as 'guides' for the H-forecast, curves 1 and 2
(Figure 4) are discarded and the H-forecast becomes our 'best prediction’, as shown in Figure 5.

Figure 5. Canada Oil Production: 1960 to 2040

Figure 5 depicts Canada oil production from 1960 to 2040. This curve is our final prediction for Forecast #4.
Canada's production peak is forecast to occur in 2010 at 1.07 Gb/year. At the end of 1998, Canada's
cumulative production (Q1998) = 25.4 Gb, its reserves (R) = 39.5 Gb, and its expected ultimate recovery
(EUR) = 64.8 Gh. We verify these numbers as follows: EUR = 64.8 = Q1998 + R = 25.4 + 39.5 = 64.8 Gb.

You may recall that Canadian oil production was assumed to end in year 2058 (Eqn. #15, Fig. 1-B).
Question: "OK. But what does the curve look like between year 2040 and year 2058?" Response: "Our
Method forecasts the area under the curve from 2040 to 2058, but not its shape. All we know is that

http://www.halcyon.com/duncanrc/text.htm (6 of 16) [09/11/2000 03:58:53 PM]


http://www.halcyon.com/duncanrc/newpage4.htm
http://www.halcyon.com/duncanrc/newpage5.htm
http://www.halcyon.com/duncanrc/newpage6.htm

Text

production goes from 0.44 Gb in 2040 to 0.00 Gb in 2058." (You can confirm these values from the data in
Eqgns. #3 & 15, Fig. 1-B.) The cumulative production from 2040 to 2058 is calculated as the area of a right
triangle equal to "one-half the base times the height" (see Eqn. #7, Fig. 1-B). However, we can only guess at
the shape of Canada's production curve from 2040 to 2058, as sketched by the dashed curve in Figure 6 (i.e.
see 'A more realistic trajectory").

Figure 6. Canada Qil Production Extended from 2040 to 2058

You will recall that in this section we used the Heuristic Oil Forecasting Method to predict the oil production
for Canada, a nation whose most recent production trend was strongly upward. In Section 5 (below) we will
see how the Method must be modified to forecast the production of a nation whose most recent production
trend was strongly downward.

5. UNITED STATES OIL FORECAST [return to table of contents]

In contrast to Canada's steep upward production trend (discussed above), the United States' oil production
has been on a steep downward trend since 1985. Therefore the technique for constructing the M-forecast for
the US must be modified. Figure 7-A shows the Construction Layer and Figure 1-B shows the Equations
View of the US model.

Figure 7-A. United States Oil Model: Construction Layer

Figure 7-B. United States Oil Model: Equations View

United States Oil Model: Figure 7, Minimum-Forecast Part:

Data Input

Eqgn. #5, INIT Q_M_US: Cumulative production as of 1 Jan. 1960. See Eqn. #2.
Eqgn. #6, MinFcst_US: Graphic Function with historic data from 1960 to 1998.
Eqgn. #9, Q_1999_US: Cumulative production [in Gb] as of 1 Jan. 1999.

Eqn. #13, Data_US: User-entered data from 1960 to 1998. See curve 1, Fig. 8.

Construction of the Minimum Forecast:
Eqgn. #6, MinFcst_US: User-constructed M-forecast from 1999 to 2040.
Eqgn. #12, YrPrEnds_US: User assumes US production will end in 2060.

Program Output:

Eqgn. #4, Q_M_US(t): M-cumulative production from 1960 to 2040. By integration.
Eqgn. #6, MinFcst_US: M-production from 1960 to 2040. See curve 2, Fig. 9.

Egn. #8, EUR_M_US: Minimum EUR = 248.4 Gb. See Numeric Display, Fig. 7-A.

Eqgn. #11, Reserves_M_US: M-oil reserves = 45.1 Gh. See Numeric Display, Fig. 7-A.
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United States Oil Model: Figure 7, Heuristic-Forecast Part

The US heuristic forecast was constructed by exactly the same technique as that used for the Canadian
heuristic forecast (see Figure 1, Section 4). Therefore we proceed directly to the graphs for US oil
production.

US Oil Production: Figures 8 to 11

Figure 8 for the United States is similar to Figure 2 for Canada. But - in contrast to Canada's strong upward
production trend - the US oil production shows a strong downward trend from 1985 to 1998, as readily seen
in Figure 8.

Figure 8. United States Oil Production Data: 1960-1998

US production grew exponentially from 1859 until its peak in 1970. Then from 1970 to 1985 overall
production declined, despite the substantial addition of Alaskan oil. Next, during the 18 years from 1985 to
1998, US production decreased at an average rate of 2.1 %/year (see 'Downward Trend', Figure 8). Due to
the recent downward trend and its waning reserves, we conclude that overall US oil production will continue
to fall indefinitely. In other words - despite having the world's best technology - US oil extraction is now
limited by the depletion of its oil fields. Figure 9 shows the US production data from 1960 to 1998 and the
M-forecast from 1999 to 2040.

Figure 9. US Production Data and Minimum Forecast

Guided by the downward trend of US production and heuristic information, | made several test runs to
construct the M-forecast; see curve 2, Figure 9. The heuristics included several different estimates of US oil
reserves, the declining oil discoveries, the advent of new technologies, and the potentials in the Arctic shelf
and the Gulf of Mexico. Observe that the US M-forecast declines more rapidly than did the actual US
production from 1985 to 1998. Thus, even though the M-forecast may be pessimistic, it does establish a
(very useful) lower bound for future US oil production.

Next, armed with the M-forecast, the downward production trend and the above-mentioned heuristics, we
proceed to construct the H-forecast for US oil production by reasoning as follows. The US sedimentary
basins are well explored and overall US oil production has fallen during the past 30 years. Thus it is likely
that both US oil reserves and production will continue to fall (see Design Specification 17). With that
knowledge, it took only a few iterations to get (1) the shape of the H-forecast, and (2) the magnitude of the
H-reserves that | wanted, i.e. that | judged to be reasonable. See curve 3, Figure 10 at the top of the next

page.

The complete profile of US oil production from 1960 to 2040 (i.e. our final forecast) is shown as the single
curve in Figure 11.

Figure 10. US Data, Minimum Forecast and Heuristic Forecast

Figure 11. United States Oil Production: 1960 to 2040

As was mentioned, | assumed that US oil production would end in 2060 (see Eqgn. #12, Fig. 7-B). The US
expected ultimate recovery (EUR) was calculated to be 255.5 Gb (see the Numeric Display, Fig. 7-A). Thus,
if our forecast is accurate, at the end of 1998 the US had produced 79.6% of all the oil that it will ever
produce [i.e. 79.6% = (Q1998)/(EUR) = (203.3)/(255.5)]. The US oil industry is, as they say, "mature"”.

Next we tally up the production forecasts for the United States, Canada and Mexico to get the production
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forecast for North America.

6. NORTH AMERICA OIL FORECAST [return to table of contents]

The North America Region comprises the United States, Canada and Mexico. Forecasts for the US and
Canada have been discussed. Mexico is not discussed because the technique used for Mexico is identical to
that used for Canada. North America oil production spans 201 years (i.e. from Titusville, Pennsylvania in
1859 to the assumed end of US oil production in 2060). In this section we sum the US, Canada, and Mexico
forecasts to get the North America forecast. Figure 12-A shows the Construction Layer and Figure 12-B
shows Equations View of the North America model.

Figure 12-A. North America Oil Model: Construction Layer

Figure 12-B. North America Oil Model: Equations View

North America Oil Production Model

NA Model Input (see the right-hand side of Eqns. #1-4, Fig. 12-B):

Eqn. #1, Data_US, Data_Cn & Data_Mx: Oil production data from 1960 to 1998.

Eqgn. #2, EUR_H_US, EUR_H_Cn & EUR_H_Mx: The EUR value for each nation.

Eqn. #3, HrstFcst_US, HrstFcst_Cn & HrstFcst_Mx: Production (curves 1, 2 & 3, Fig. 13).
Egn. #4, Q_H_US, Q_H_Cn & Q_H_Mx: Cumulative prod. (curves 1, 2 & 3, Fig 14).

NA Model Output (see the left-hand side of Eqns. #1-4, Fig. 12-B):

Eqn. #1, Data_NA: Oil production data for NA from 1960 to 1998.

Eqgn. #2, EUR_NA: EUR for NA (see Numeric Display = 380.4 Gb, Fig. 12-A).
Eqn. #3, P_NA: Oil production for NA, 1960 to 2040 (curve 4, Fig. 13).

Eqgn. #4, Q_NA: Cumulative oil production for NA, 1960 to 2040 (curve 4, Fig. 14).

North America Oil Production: Figures 13 to 15

North America oil production, cumulative production, and production versus cumulative production are shown
in Figures 13-15, respectively. We begin with NA oil production, Figure 13.

Figure 13. North America Oil Production: 1960-2040

Figure 13 shows US, Canada and Mexico oil production (curves 1, 2 & 3) and the total NA oil production
(curve 4). Observe in Figure 13 that NA oil production peaked in 1985 at 5.59 Gb and then decreased to 5.17
Gb in 1998 - an average decline of 0.59 %/year during these 13 years. The proximate cause is easy.
Namely: The increasing production of Canada and Mexico combined from 1985 to 1998 failed to make up for
the decreasing US production during the same period.

By integrating the production curves for the US, Canada, Mexico and then summing them up we get the
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cumulative production for North America from 1960 to 2040, i.e. Q(t) = ?(dQ/dt)dt. The resulting curves are
shown in Figure 14.

Figure 14. North America Cumulative Oil Production: 1960-2040

Figure 14 reveals that the inflection point for NA cumulative oil production occurred in 1985, coinciding (as it
must) with the 1985 peak of NA oil production (Figure 13). Moreover, US oil production was assumed to end
in 2060, the last of the three NA nations to cease production. Thus, North America's cumulative oil
production (also) reaches its terminal value in the year 2060 with exactly 380.4 Gb (i.e. NA's EUR, Eqn. #2,
Numeric Display, Fig. 12-A). This once again confirms that our Method satisfies the zero-peak-zero boundary
conditions in the time-domain (per Design Specification 3).

NB: There are no asymptotic curves in our Method. Said differently: (1) All oil production curves start and end
at exactly zero. (2) All cumulative oil production curves start at zero and end exactly at the respective EUR.

Next we verify that our Method also satisfies the zero-peak-zero boundary conditions in the Q-domain (per
Design Specification 3). By eliminating time (i.e. 'years') from Figures 13 and 14, we can display cumulative
production (Q) on the x-axis and production (P or dQ/dt) on the y-axis, as shown in Figure 15.

Figure 15. North America Oil Production versus Cumulative Production

The graph in Figure 15 is called a 'phase diagram' (or 'scatter diagram' in the Stella lexicon). Phase diagrams
are very useful for gaining insight oil modeling and forecasting. For example, Figure 15 shows that the
boundary conditions in the Q-domain are satisfied in our Method - namely P = 0.0 when Q = 0.0 and again
when Q = EUR = 380.4 Gb (as required by Design Specification 3). Observe that the NA peak production
rate equals 5.59 Gb/year when Q1985 = 190.4 Gb, in agreement with the curves in Figures 13 and 14.
Moreover, (Q1985)/(EUR) = (190.4)/(380.4) = 50.1%, i.e. the results of Forecast #4 are in close agreement
with the 'Peak Rule' that states, " The peak of oil production usually occurs when about half the feasible oil in
a region (or basin) has been extracted." NB: Despite its success with North America (above), we will soon
see that the 'Peak Rule' should be used with caution.

In the next Section we demonstrate that our Method is easy to use and works equally well for a nation that
has a highly asymmetric oil production profile.

7. IRAN OIL FORECAST [return to table of contents]

The Heuristic Oil Forecasting Method for Iran is similar to that for Canada because the most recent
production trends of both of these nations are strongly upwards (i.e. compare Figure 17 for Iran [below] with
Figure 2 for Canada [previous]). Moreover, experience indicates that our Method is just as easy - and
perhaps just as accurate - for Iran as it is for Canada. (That's why | chose this example. Read on.)

Figure 16-A shows the Construction Layer and Figure 16-B shows the Equations View of the Iran model.

Figure 16-A. Iran Oil Model: Construction Layer

Figure 16-B. Iran Oil Model: Equations View

The procedures for the M- and H-forecasts for Iran are, you will recall, the same as for Canada. Thus we go
directly to the Iran oil production graphs.

Iran Oil Production: Figures 17 to 22

Albeit Iran and Canada each had strong upward production trends during recent years, there are still two
important differences. First, Iran's (PR)/P ratio is more than 9 times that of Canada. Second, although
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Canada's historic oil production data is quite regular, Iran's data is highly irregular, as seen in Figure 17.

Figure 17. Iran Production Data and (PR)/P Ratio: 1960-2063

Iran's 'proved reserves' (PR) equal 89.7 Gb and its (PR)/P ratio equals 64.7 years [i.e. 64.7 years = (89.7
Gb)/(1.39 Gblyear), neglect rounding]. Thus the crosshatched area in Figure 17 represents Iran's 'proved
reserves' of 89.7 Gb, extending from the 1998 to nearly 2063. Moreover, note that Iran's production strongly
increased from 0.752 Gb in 1986 to 1.39 Gb in 1998 (see Eqgn. #16, Fig. 16-B). This amounts to an average
increase of 5.0 %l/year during those 12 years. Therefore - knowing Iran's production trend (i.e. strongly
upward) and its large 'proved reserves' (i.e. vast) - it took me only a few iterations to select the smoothing
parameters and the year that production ends (see Egns. #13 & 15, Fig. 16-B).

Observe also that the M-reserves of 90.2 Gb (Eqn. 12, Fig. 16-A) are slightly larger than the 89.7 Gb of
'‘proved reserves' in our database (BP Amoco, 1999). Thus the results were just what | wanted. The
completed M-forecast appears as curve 2 in Figure 18 at the top of the following page.

Figure 18. Iran Oil Production Data and Minimum Forecast

Next, we construct the Heuristic forecast, as graphed in Figure 19.

Figure 19. Iran Oil Data, Minimum Forecast and Heuristic Forecast

The H-forecast in Figure 19 was constructed by cut-and-try iterations using Stella's (elegant) Graphical
Function (Egn. #3, Fig. 16-B). It took some 5 or 6 iterations to obtain (1) the shape of the H-forecast, and (2)
the magnitude of the H-reserves that | wanted. (These decisions are the User's judgements, i.e. heuristics.)
Note that Iran's H-reserves are calculated to be 108.9 Gb on the Numeric Display, Eqn. #11, Figure 16-A.
This means that Iran's Yet-to-find Reserves (YtfR) are 19.2 Gb (i.e. 19.2 =R - PR =108.9 - 89.7). Our
H-forecast appears as a single curve in Figure 20.

Figure 20. Iran Oil Production: 1960 to 2040

The H-forecast in Figure 20 is our 'best forecast'. Thus the 'H-' prefix has been dropped from the figures and
discussion. Two production peaks are shown. Iran's historic peak occurred in 1974 at 2.21 Gb. A secondary
peak is forecast to occur in 2011 at 2.04 Gb; its magnitude is 90% of the historic peak.

The next two graphs reveal some subtle details about Iran's oil-production profile, especially its two peaks.
Figure 21 shows Iran's cumulative production.

Figure 21. Iran Cumulative Oil Production: 1960-2040

Figure 21 (above) shows Iran's cumulative oil production (Q(t)) from 1960 to 2040. Recall that Figure 20
(previous) shows Iran's production (i.e. P = dQ/dt) from 1960 to 2040. Thus we have a
one-to-one-correspondence between dQ/dt and Q(t). So let's eliminate time (i.e. years), and simply graph
Q(t) on the x-axis and dQ/dt on the y-axis. This gives the phase diagram shown in Figure 22.

Figure 22. Iran Oil Production vs. Cumulative Production

Observe in Figure 22 that P = 0.0 when Q = 0.0, and again when Q = EUR = 159.1 Gb. Thus Iran's oil
production curve satisfies the boundary conditions in the Q-domain (see Design Specification 3). Yet another
use of the phase diagram of Figure 22 is to test the 'Peak Rule' that states, "Oil production peaks when
cumulative production reaches about half of the expected ultimate recovery." Test: Observe that Iran's first
production peak occurred in 1974 when Q = 19.2 Gb which is only 12.1% of Iran's EUR (i.e. 12.1% = (19.2
Gb)/(159.1 Gb). This is a far cry from the 50% called for by the 'Peak Rule'. Bottom Line: The 'Peak Rule'
only holds rigorously when the phase diagram of P versus Q plots out to a perfect parabola. (However, a
near perfect parabola is good enough for me.)
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Although it fails badly for Iran (above), | expect that the 'Peak Rule' will hold up remarkably well for the
all-time peak of World oil production, as demonstrated in the next Section where we summarize the main
results of Forecast #4.

8. OVERVIEW OF WORLD OIL FORECAST #4 [return to table of contents]

It appears that commercial oil production actually began in Baku, Azerbaijan in about 1850. However, the
earliest data that | can find are for the oil production near Bucharest in 1857 (FLPH, 1959). Further, | assume
that the last nation to produce oil on this planet will be Saudi Arabia, with its production ending in 2110. Thus
in this Forecast #4, the World oil interval began in Romania in 1857 and it will end in the Middle East in 2110,
a mere pip of 253 years in the vast sweep of geologic time.

We have seen how our Method uses historic oil production data, heuristic knowledge, mathematical
functions, special I/O devices, and extensive User-computer interaction to construct oil-production forecasts
for the United States, Canada and Iran. The Method was likewise applied to the other 39 top oil-producing
nations. Then the 42 national forecasts were summed, as needed, to get the oil production forecasts for e.g.
North America, the OPEC and non-OPEC nations, and the World. (You may recall that our Method is time
consuming. Namely: It took a total of 2.5 man-months of work to do Forecast #4.) Figure 23 gives some of
the important results.

Figure 23. World, OPEC and Non-OPEC Qil Production

Figure 23 shows World oil production data from 1960 to 1998 and our forecasts from 1999 to 2040. Observe
that from 1960 to 1973 World oil production (curve 1) grew at a strong average rate of 7.0 %/year. But,
dollars to dimes, 1973 marks the end of the halcyon interval of oil production on this planet. Next, the overall
rate of growth of World production was near zero from 1973 to 1983. However it picked up from 1983 to
1998, growing at an average rate of 1.7 %/year during this 15-year period. Forecast #4 predicts that the rate
of production will accelerate from 1998 to year 2001 and then quickly decelerate to zero in 2005, thus
marking the all-time peak of World oil production. From its peak in 2005 to year 2040 World oil production is
forecast to fall by 53 % - an average decline of 2.1 %/year during these 35 years (see Forecast #4, Table 1,
later). "Computer simulations show that the peak of World oil production is not a moving target. In fact, it is
probably fixed by the most recent production trends of the 42 nations that we model" (Duncan & Youngquist,
2001).

Perhaps even more important than the World oil peak will be the OPEC/non-OPEC crossover event
predicted to occur in 2007. This event (or even its anticipation) could divide the World into two camps: one
with surplus oil, the other with none. Forecast #4 presents the following scenario. (1) Beginning in 2007 the
OPEC nations will control nearly 100% of the World's oil exports. (2) The certainty of OPEC dominance is
confirmed by every estimate of the World's 'proved oil reserves' that I've ever seen. For instance, our
database puts OPEC's 'proved reserves' at 76% of the World total. (3) The nearing OPEC/non-OPEC
crossover event is clearly evident from the historic production trends alone (i.e. no forecasting is needed).
For instance, Figure 23 shows that OPEC production grew at a strong average rate of 4.54 %/year from 1985
to 1998. In contrast, non-OPEC production grew at sluggish 0.30 %/year during this same period. (4) The US
Secretary of Energy in March 2000 made emergency trips to Riyadh, Kuwait City and Abu Dhabi. Then he
followed up by calling OPEC members directly during their meeting in Vienna to 'lobby' for increased oil
production. The de facto US Energy Policy, as | see it, amounts to little more that "Oil Brinkmanship".

I lived and worked in the Eastern (oil) Province of Saudi Arabia for seven years. There's no doubt that the
leaders of oil-exporting nations know that their oil reserves - a one-time inheritance from Mother Nature - are
an increasingly valuable commodity. Moreover, they realize that it would be a bad investment to sink large
amounts of up-front capital into new production, only to have it drive down prices. Rather, in seems prudent
that the OPEC nations just stand aside and let the forces of supply-demand achieve their goals for them. And
why not? After all, the oil-importing nations have just as much control over the supply-demand equation as

http://www.halcyon.com/duncanrc/text.htm (12 of 16) [09/11/2000 03:58:53 PM]


http://www.halcyon.com/duncanrc/newpage28.htm

Text

do the OPEC nations.

Marianne Kah, chief economist at Conoco, summed up the situation. "Many of the OPEC members are at
their full production capacity right now. It's going to be very difficult for OPEC to agree to increase
production.” (Le Min & Wisenthal, 2000)

Table 1 summarizes World oil production from 1960 to 1998 and our latest predictions from 1999 to 2040.

Table 1. World Oil Forecast #4: Summary

Table 1 summarizes the data and predictions of Forecast #4 for the seven regions of the World, and for the
World itself. Notice that two of the regions passed their peaks long ago: North America in 1985 and the
Former Soviet Union in 1987. Four regions are predicted to peak in quick succession: Europe in 2001, Asia
Pacific in 2003, Africa in 2004, and South & Central America in 2006. The last region to peak is, of course,
the Middle East in 2011. Ominously, Asia Pacific has over 60% of the World's population, but only a scant
6.6% of the World's 'proved reserves'. In contrast, the oil-producing nations of Middle East have only 4% of
the World's population, but own 54.9% of the World's 'proved reserves' (see Famighetti, 2000 for population;
see BP Amoco, 1999 for oil). Our study puts the World's oil reserves at the end of 1998 at 1,340 Gb (i.e.
1,340 7 2,213 - 872; see Design Specification 9).

Regarding the 'Peak Rule": Forecast #4 predicts that the peak of World oil production will occur in 2005 when
the World cumulative production reaches 1,087 Gb. Further, the World EUR is predicted to be 2,169 Gb
(Table 1). Thus, Forecast #4 predicts that the peak of World oil production will occur when cumulative
production reaches 50.1% of the World EUR [i.e. 50.1% = (1,087)/(2,169)]. This result came as a surprise to
me because some nations deviate sharply from the 'Peak Rule' (e.g. see Fig. 22 for Iran). But by summing
up all the 42 national oil-production curves, the World production curve smoothes out and gives a near
balance between pre-peak and post-peak production, viz. a near perfect parabola in the Q-domain.
Conclusion: The peak of World oil production is likely to occur near the midpoint of World cumulative oil
production.

| believe two other crossover events will be significant. The first - the Middle East/non-Middle East crossover
event - has been widely discussed. The second - the Muslim/non-Muslim crossover event - is taboo. It would
be irresponsible for me to suppress the following information because the Muslim nations of the World are
now united as never before on some difficult regional and global issues.

The Middle East region includes nine oil-producing nations in-and-near the Arabian Peninsula: Iran, Iraq,
Kuwait, Oman, Qatar, Saudi Arabia, Syria, United Arab Emirates, and Yemen. Forecast #4 predicts the
Middle East/non-Middle East oil production crossover event will occur in 2023 and by 2040 these nine
nations will produce 63.6% of the World's oil [63.6% = (9.1)/(14.3); see Table 1].

The Muslim oil-producing nations include all the nations in-and-near the Arabian Peninsula, four North
African nations, Indonesia, and the Caspian-area nations, plus a portion of the West African oil-producing
nations. Forecast #4 predicts that the Muslim/non-Muslim oil production crossover event will occur in [sic]
2001. Thereafter the Muslim nation's oil production will increase to 55.6% of the World total in 2010; to
61.0% in 2020; 67.5% in 2030; and 73.0% in 2040.

Scenario 2005:
Windy politician, "Why didn't you warn us?"

Energy forecaster, "l did." (See 'Letter to President Clinton")

Next we map our route to the peak of World oil production.
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9. MAPPING OUR ROUTE TO THE PEAK [return to table of contents]

We previously used phase diagrams to learn more about oil-production profiles and to verify the
zero-peak-zero boundary conditions (see Figs. 15 & 22). In this section we demonstrate yet another
application - namely, how we map our route to the peak of World oil production. In brief, we use a phase
diagram to verify that our ongoing series of oil forecasts (1) are endogenously consistent, and (2) are actually
converging on the World oil peak. Figure 24 shows the 'route’ we have followed from Forecast #1 (done in
1996) to Forecast #4 (done in 1999 and summarized in this paper).

Figure 24. Mapping Our Route to the World Oil Peak

Observe in Figure 24 that we began our 'trek to the summit' with Forecast #1, i.e. marked 'START' in the
lower-left hand part of the graph. Forecast #1 was done (i.e. completed) in 1996 and predicted that the World
peak would occur in 2005 at magnitude 29.0 Gb (Duncan, 1997a). Forecast #2 was done in 1997 and
predicted the peak in 2007 at 30.6 Gb (Duncan & Youngquist, 1999). Forecast #3 was done in 1998 and
predicted the peak in 2006 at 31.6 Gb (ibid., 2001). Forecast #4 was done in 1999 and predicted the World
peak in 2005 at 30.4 Gb (see Figure 23 and Table 1, this paper). No doubt our predictions will bounce
around from one forecast to the next, but our ongoing series of forecasts will surely lead to the peak of World
oil production.

Now that we have reached the Forecast #4 milestone (Figure 24), it is time to ask "Where next, Colonel
Drake?" Our response is "We really don't know, but it seems unlikely that the all-time World oil peak will
occur right in the midst of the four points shown in Figure 24. Nor, we surmise, is it likely to occur very far
beyond the year 2007. Meanwhile, we'll continue to record our progress on a phase diagram map, as we
ascend to the summit of World oil production.”

10. SUMMARY AND CONCLUSIONS [return to table of contents]

The Heuristic Oil Forecasting Method is a completely new approach to predict the oil production for nations,
geographic regions, special categories, and the World. It evolved over a period of seven years (1) to
supersede obsolete pencil-and-paper sketches and outmoded curve-fitting techniques, and (2) to meet a set
of rigorous Design Specifications. The Method breaks out World oil production into the top 42 oil-producing
nations, accounting for more than 98% of World production in 1998. Then the User separately forecasts the
oil production for each of the 42 nations. Next the expected ultimate recovery (EUR) and the oil reserves (R)
are calculated by integrating each nation's oil production curve (i.e. its complete life cycle of oil production
from start to end). The national forecasts are then summed, as needed, to get the forecasts for the regions
and categories, and the World.

This paper includes a brief User's Guide to our Method and models. Sections 4 and 5 detail and discuss the
Canada and US oil models and how to use them. A series of graphs depict (1) the historic oil production
data, (2) the 'Minimum' forecast, and (3) the 'Heuristic' forecast for each nation. NB: Our Method is 'tailored’
for each nation's unique characteristics. For example, Canada's recent production trend was strongly
upward. In contrast, the United States' recent production trend was strongly downward. These different
situations show how our Method is modified for nations with an increasing production trend vis-a-vis those
with a decreasing trend.

Section 6 adds up (i.e. sums) the oil production forecasts for the US, Canada and Mexico to get the oil
production forecast for North America. The most important finding in Section 6 is that North America's oil
production peaked in 1985 and from 1985 to 1998 it fell by 7.4% - an average decline of 0.59 %/year during
13 years. North America'’s oil production is forecast to fall a further 84.0% from 1998 to 2040 - an average
decline of 3.3 %/year during these 42 years.
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The Iran oil model (discussed in Section 7) contrasts sharply with the US and Canada models. Namely: Iran
(1) has vast 'proved oil reserves', (2) its production is constrained by an OPEC 'quota’, and (3) it has a
bimodal peak. Nonetheless: Experience shows that our Method is just as easy to use - and perhaps just as
accurate - for Iran as it is for e.g. for the US and Canada. A phase diagram shows that Iran's oil production
peaked in 1974 when its cumulative production was only [sic] 12.1% of its EUR - a far cry from the 50%
called for by the 'Peak Rule'. Moreover, Iran's secondary peak occurs in 2011, and from 2011 to 2040
production falls by 40.5% - an average decline of 1.8 %/year during these 29 years.

Our long-term plan is to continue the ongoing series of annual forecasts that will inevitably reveal all of the
critical events in the life cycle of World oil production. Figure 23 shows two of these events. (1) The peak of
World oil production is forecast to occur in 2005, and by 2040 production falls by 53% - an average decline of
2.1 %lyear during 35 years. (2) The OPEC/non-OPEC crossover event occurs in 2007, and by 2040 the
OPEC nations will produce 75% of the World's oil. NB: Both the OPEC and non-OPEC nations will be in
steep decline after the OPEC peak in 2011.

Two more critical events are also predicted. Viz. (3) The Middle East/non-Middle East crossover event is
forecast to occur in 2023, and by 2040 the Middle East nations will produce 64.1% of the World's oil. (4) The
Muslim/non-Muslim oil production crossover event is forecast to occur in [sic] 2001, and by 2040 these
Muslim nations will produce 73.0% of the World's oil. President Clinton was advised of this situation in a
letter dated May 13, 1997 (see 'Letter’, below).

Table 1 summarizes the oil production history and our forecasts for the seven regions of the World, and for
the World itself. Note that (1) the seven regional peaks range from 1985 [North America] to 2011 [Middle
East], (2) 40% of the World's total EUR has been produced, and (3) the World's oil reserves stand at 1,300
billion barrels. Forecasts #1-4 put the World peak in the tight range of 2005 to 2007.

Ongoing application of the Heuristic Oil Forecasting Method will, | believe, reveal all of the important events
in the remaining life cycle of oil production on this planet. Oil forecasting is, of course, a risky business and -
as we all know - the data will be the final arbiter.

LETTER TO PRESIDENT CLINTON (Duncan, 1997b) [return to table of contents]

President William J. Clinton May 13, 1997 The White House 1600 Pennsylvania Avenue NW Washington,
DC 20500

Dear President Clinton:

Re. US National Security Threatened by a New Alliance of Muslim Petroleum Exporting Countries
("AMPEC")

As you know, American now imports more than 50% of its petroleum. ... The percentage of World petroleum
exports from Muslim countries will, willy-nilly, continue to increase until (perhaps by 2010) the Muslim
countries will control nearly 100% of the World's petroleum exports. This situation was revealed in my study
... presented on 9 May 1997 at Princeton University. ... Per my forecast, the Muslim crossover point will
occur in 1999.

At Princeton, | gave the following "Thought Experiment":

What if tomorrow Palestinian leader Yasir Arafat met with representatives from each of the 19 Muslim
petroleum exporting countries and proposed an entirely new organization called the "Alliance of Muslim
Petroleum Exporting Countries" - "AMPEC" for short?

This proposal alone could cause World stock markets to fall 50% in one day. And crucially, it could ignite
both (1) a World Petroleum War, and (2) a World Holy War (called a "Jihad" by Muslims). | view an "AMPEC
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shock" as likely because powerful Muslim forces are pushing Mr. Arafat (and others) further every day.
Please be advised. Sincerely,

Richard C. Duncan, Ph.D. Institute on Energy and Man

The President did not reply. This subject is updated in a new paper (see Duncan, 2000).
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World Oil Forecast

Heuristic Oil Forecasting Method

User's Guide and Forecast #4

World Oil Forecasting Program

Click here now to go directly to the download area for models, documents, and the modeling application
demo.

We assume that the peak of World oil production will be a watershed in human history. Our goal is to
predict the year that production will reach its all-time peak. The World Oil Forecasting Program is
designed to accomplish that goal. Our strategy is to build up a series of forecasts which, taken together,
will inevitably converge on the peak. This website contains the latest models and forecasts in this

Contact ongoing project.

The Program, our research tool, depicts the historic production and predicted future production for the
world's 42 top oil-producing nations, grouped in 7 Regions. Plus a World Summary. All compliments of
the Institute On Energy and Man, a non-profit research organization in Seattle, USA.

You can use the World Oil Forecasting Program in two ways. First, you can simply observe and study
the "base-line" forecasts, as contained in the downloaded files. Second, you can make your own
forecasts and print out your own graphs and tables. The Program includes a step-by-step instructions

file.
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Contact

Heuristic Oil Forecasting Method

User's Guide and Forecast #4

Send your comments and/or forecasts to:
Richard C. Duncan, Ph.D.

Institute on Energy and Man*

duncanrc@halcyon.com

Contact For more information and relevant data, visit these sites:

Site for oil production data: BP Review

*The Institiute was founded in 1992 to study the feedback dynamics of energy use and industrial
civilization.
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