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 Figure 9a.  World oil resource estimates from Figure 9, above. 
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 Figure 9b.  World gas resource estimates from Figure 9, above. 
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Remember that resource estimates are snapshots in time; they represent only what has 
been assessed – an amalgamation of those parts of the world (what basins, what plays, 
what regions or countries, etc.) and those commodities (oil, natural gas, conventional, 
unconventional) taken into consideration and supported by what data are available at 
the time of the assessment.  Assessing additional types of resources or additional parts 
of the world can greatly change an assessment.  For example, the USGS World 
Petroleum Assessment 2000 included areas that were judged to be significant on a 
world scale in terms of known petroleum volumes, geologic potential for new petroleum 
discoveries, and political or societal importance.  Subsequent assessments by the 
USGS include areas that were not included in the 2000 overview and the USGS is 
currently conducting an assessment of the entire circum-Arctic.  Also note that in 
Figures 9a and 9b, those estimates that include unconventional resources are (not 
surprisingly) greater than those resource estimates that do not.    
 
Since the earth has a finite endowment of liquid hydrocarbons, from which we produce 
more and more each year, the logical conclusion would be that the estimates for what 
remains to be found should be going down, but this is not the case.  Usually, resource 
estimates conducted by an individual organization tend to increase over time.  One 
example of this is the Minerals Management Service (MMS) assessment of the U.S. 
Outer Continental Shelf (Figure 10). 
 
 
 Figure 10.  Comparison of MMS assessments of the U.S. Outer Continental Shelf 
over time (http://www.mms.gov/revaldiv/PDFs/2006NationalAssessmentBrochure.pdf). 
 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

25 

 
 
 
 
 
USGS estimates, like those of other organizations, change over time as well.  
Compared to previous USGS world petroleum assessments (Masters and others, 1994, 
1997), undiscovered volumes from the 2000 assessment (exclusive of the U.S.) were 
20% greater for oil, and 130% greater for NGL (Figure 11), largely because reserve 
growth was quantitatively assessed and factored into this assessment for the first time.  
Other reasons that assessments grow over time include technological advances 
increasing the amount and type of resource available for development and increased 
geologic understanding of the resource.  
 
 
  Figure 11.  Graph comparing the 1994 and 2000 USGS world estimates, 
exclusive of the United States for undiscovered conventional oil, gas, and NGL, in billion 
barrels of oil equivalent.  (From USGS, 2000) 
 

20 

40 

60 

80 

100 

120 

5th 
percentile 

95th 
percentile 

Mea
n 

Billion Barrels of 
Oil 

MMS 1996 MMS 2001 MMS 2006 MMS 1996 MMS 2001 MMS 2006 

0 

100 

200 

300 

400 

500 

600 Trillion Cubic Feet of 
Gas 

0 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

26 

 
 
To understand and illustrate the robustness of the estimates outlined in Figure 10 and 
examine the significant differences that exist among the published estimates, two tables 
of the characteristics of the resource estimates were compiled, one table for selected oil 
estimates (Table 3) and one estimate for selected gas estimates (Table 4).  These 
tables attempt to summarize some of the factors relevant to interpretation and 
understanding of those estimates, where those factors are documented.  Only those 
estimates for which information was included with the resource estimates are included 
in the tables.  
 

1.31 Differences in Assessment Methodology 
 
 

This section explains some of the differences in methods used to estimate 
undiscovered potential, many of which need to be considered in designing a ‘best 
practice’ method for estimating future reserves and resources. 
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There are two fundamentally different mathematical approaches to assessing 
undiscovered volumetric potential: 

 
  Deterministic Methods – estimates made by an individual, or group of 

individuals (the Delphi approach), in which a 'best guess' estimate is made of 
undiscovered potential.  In such estimates, the range of possible outcomes is not 
captured, and (often) the rationale behind the estimate is not well documented.  Prior to 
1980, most estimates of global endowment took this form. 

 
Probabilistic (Stochastic) Methods – produce a range of possible recoverable 

volumes associated with their estimated likelihood; recoverable volumes are demarked 
by standardized confidence levels, or probabilities.  Stochastic methods can be of 
varying types, but all accept that the number of fields in a basin or play, and the volume 
of hydrocarbons they contain, are finite and can be characterized by a distribution.  
Differences arise from disagreements about the shape of the distribution which should 
be used, how and whether the distribution should be truncated, whether it is continuous 
or multimodal, and how much (if any) of the distribution has already been fully sampled. 
 

In addition, the fundamental differences between unconventional and 
conventional (or continuous) accumulations require that different methods be used to 
estimate undiscovered volumetric potential.  As mentioned earlier, the assessment of 
conventional resources focuses on the number of remaining undrilled prospects 
(discrete potential structural or stratigraphic traps, often a number in the tens, or 
possibly hundreds) and expected future field size characteristics.  For continuous 
resource assessments, the basic unit of assessment becomes the number of wells that 
will ultimately be needed to develop the entire play area (often a number in the 
thousands), and the expected recovery per well.  The USGS has published several 
hallmark papers on this topic that may be found at 
http://energy.cr.usgs.gov/oilgas/noga/methodology.html. 
 
During the last 30 years, the methodology for assessment of undiscovered conventional 
oil land gas resources used by the USGS has undergone considerable change 
(Charpentier and Klett, 2005).  The change is based on five major principles: (1) a need 
for a methodology suitable for immaturely explored as well as maturely explored areas, 
(2) use of as comprehensive a set of geological and exploration history data as 
possible, (3) use of geological analysis and not solely statistical methods, (4) 
transparent and reviewed methodology and robust documentation, and (5) an increased 
utility of the assessment results and documentation for multiple purposes. 
 
In general, the variances between estimates are due to one or more of the following 
differences or limitations:  
 

 
1) Many estimates reported reserves and did not factor in reserves growth.  This 

lack results in a pessimistic outlook for reserves and a pessimistic forward estimate for 
future size characteristics (and therefore, undiscovered oil resources); 
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2) Some estimates were only made for selected basins of the world and are 
therefore not totally inclusive. 

 
3) Some estimates include only crude oil.  Others include other petroleum liquids 

such as condensates – liquids extracted during production from gas fields.  This can be 
a large volume, especially in areas of large gas fields or gas potential.  

 
4) Many of the estimates, particularly the early estimates, are deterministic; that 

is, they are based upon a single-point estimate of inputs and provide a single-point 
estimate for the estimated volumes.  As such they fail to capture, and express, the 
possible range of possible volume outcomes. 

 
5) “Most likely” numbers are reported in some cases.  “Most likely” is a term 

which has varying meaning to different assessors.  In some cases this number reflects 
the average value from the assessment (generally a value occurring or exceeded about 
30% of the time), sometimes the median value is reported (the value that will be 
exceeded exactly 50% of the time), and sometimes the modal, or most likely value is 
reported (which is exceeded 80% or 90% of the time).  This prevents comparison of 
values, since the overall ranges are often not reported. 

 
6) Some estimates reflect only the application of current technology, while others 

try to anticipate future advances in exploration and completion technology. 
 
7) Variations in minimum estimated field size. The volume of resource is 

concentrated in relatively large fields.  Differences in the minimum field size assessed 
will also make estimates less comparable. 

 
8)  Differences in methodologies for assessing endowment.  The methodology 

chosen to make an assessment can have a major effect on the estimate (Ahlbrandt and 
Klett, 2005).  The choice of methodology is, in itself, a major subjective factor in 
performing an assessment. 

 
9) Differences in technologic and economic assumptions.  All estimators make 

technologic and economic assumptions, but not all estimators state their assumptions 
explicitly. Some estimators assume contemporary levels of technology and 
contemporary economics.  Others assume varying increases in technologic progress 
and increases in prices and/or consider volumes that are available under different 
economic conditions (e.g. at $40/barrel oil vs. $60/barrel oil). 

 
10) Differences in temporal perspective.  Some assessors try to answer the 

question of what will actually be discovered within a particular time frame.  Other 
assessors try to assess some part of the geologic state of nature regardless of future 
exploration (for example, an estimate of numbers of fields larger than a certain 
minimum). 
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11) Differences in geologic interpretation.  Some estimates are based on 
geologic interpretation.  Assessors must consider different geologic hypotheses and 
evaluate the probabilities of each.  The irreducible geologic uncertainty makes this 
comparison of multiple working hypotheses inescapably subjective. 
 
Many of these differences are understandable and acceptable, but must be kept in mind 
when trying to compare the many different estimates in the public and private domain.  

 
 
 

1.4 The way forward – Needs for best practice estimates of remaining 
hydrocarbon volumes  

 
Considering all that has been stated above, there is a great need for resource 
assessments to have extensive documentation and groups conducting assessments to 
be consistent with what they produce and have a standardized, transparent 
methodology for themselves.  Estimates cannot be compared unless one knows what 
was or was not included in those estimates. Another important need is for estimates to 
be detailed:  a single estimate at the world scale is of limited usefulness.  Estimates at 
country, geologic province, or play level have the potential to be relevant to a far greater 
number of questions and can be more easily understood and refined. 
 
A future, state-of-the-art assessment of remaining hydrocarbon endowment must 
incorporate all of the following characteristics: 
 

- Clear definition as to what constitutes ‘conventional vs. unconventional’ 
 
- Probabilistic methodology to capture uncertainty (understanding that many 

previously available estimates are deterministic, and therefore global aggregations will 
contain both probabilistic and deterministic elements) 

 
- Systematic, global assessments, including oil- and gas-in-place estimates, 

where appropriate 
 
- Play based approach, from which basin/country/continent rollups can be 
accomplished 
 
- Consistent economic perspective to assessments 
 
- Industry cooperation, including national oil companies 
 
- Documentation for every input that goes into the analysis 
 
 

 
1.5 Study Observations 
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Global endowment is not a limiting factor in future supply in the near term 

(constraints will come from other sources – technology, access (remote/frontier areas), 
deliverability, economics/markets, geopolitical considerations) 
 

There are a great many differences in resource assessments, but there are 
sometimes good reasons for those differences (different purposes). 
 

There is a great deal of uncertainty in resource estimates, by their very nature – 
uncertainty is an inherent part of resource estimation. 

 
World reserve growth is poorly known but probably very large (on the same scale 

as undiscovered conventional).  
 
Global Reserve Growth multiplier(s) elusive 
 
Small changes in recovery efficiency (percentage of oil in place that will 

ultimately be produced) will have a globally strategic impact upon the global oil budget. 
 
The role of unconventional resources upon the global energy budget will have a 

growing and profound impact.    
 

 
 

1.6 References 
Ahlbrandt, Thomas, Future Oil and Gas Resources of the World – Unresolved Issues, 
available at http://www.netl.doe.gov/energy-analyses/pubs/Ahlbrandt_NREL_Talk.pdf  
 
American Association of Petroleum Geologists (AAPG) Slide Bank, 
http://www.aapg.org/slide_bank/armentrout_john/index.shtml  

American Association of Petroleum Geologists Committee on Resource Evaluation 
(CORE) Subcommittee to review the World Assessment Methodology used by the 
USGS, by Glen Buckley, Earl Ritchie, Bill Stanton, and Naresh Kumar, available at 
http://energy.cr.usgs.gov/oilgas/noga/methodology.html.  

American Association of Petroleum Geologists Committee on Resource Evaluation 
(CORE) Subcommittee to review the United States Onshore Continuous 
(Unconventional) Gas Assessment Methodology Used by the USGS, by John Curtis, 
Naresh Kumar, Pulak Ray, Rusty Riese, and John Ritter, available at 
http://energy.cr.usgs.gov/oilgas/noga/methodology.html.   

Adams, T.D., and M.A. Kirkby, 1975, Estimate of world gas reserves: in Proceedings of 
the 9th World Petroleum Congress, Tokyo, May 1975; John Wiley & Sons, Chichester, 
no. 9, v. 3, p.3-9. 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

31 

 
Ahlbrandt, Thomas S., and Klett, T.R., 2005, Comparison of methods used to estimate 
conventional undiscovered petroleum resources: World examples, Natural Resources 
Research, vol. 14, no. 3, p. 187-210. 
 
American Petroleum Institute, 1995, “Standard Definitions for Petroleum Statistics,” 5th 
ed. American Petroleum Institute, Washington, D.C.. 

Barthel, F., P. Kehrer, J. Koch, F.K. Miscus, D. Weigel, 1976, Die kunftige Entwicklung 
der Energienachfrage und deren Deckung: in Perspektiven bis zum Jahr 2000. Section 
3, Das Angebot von Energie-Rohstoffen; Hannover, Federal Republic of Germany: 
Bundesanstalt fűr Geowissenschaften und Rohshtoffe, p.89-189. 

Bauquis, P.R., R. Brasseur, J. Masseron, 1972, Les réserves de pétrole et les 
perspectives de production a moyen et long terme. Petroleum reserves and production 
possibilities in the medium and long range: Revue de l'Institut Français du Pétrole et 
Annales des Combustibles Liquides, v.27, no.4, p.631-658.  

BGR (Bundesministerium fur Wirtschaft and Arbeit or Federal Institute for Geosciences 
and Natural Resources, Hannover), 2002, Reserves, resources and availability of 
energy resources 2002: Number 15, E. Schwiezbart'sche Verlagsbuchhandlung (Nagele 
u. Obermiller), Johannes strasse 70174 Stuttgart, Germany 41 p. (Note: this is a 
BWMA-Documentation ISSN 0342-9288 published by the Federal Ministry of 
Economics and Labor).  

Bois, C., P. Bouche, R. Pelet, 1979, Histoire Géologique et Repartition des reserves 
dans le Monde. Report no. 27.542, Paris, Institut Français du Pétrole. 

Bookout, J.F., 1989, Two centuries of fossil fuel energy: Episodes, v. 12, no.4, p. 257-
262. 

BP (British Petroleum), 1998, BP statistical review of world energy, London. (Also 
available at http://www.bp.com/centres/energy). 

Bureau of Mines and U.S. Geological Survey, 1980, Principles of a resource/reserve 
classification for minerals:  USGS Circular 831, 11 p. (available at 
http://pubs.er.usgs.gov/usgspubs/cir/cir831).   

Campbell, C.J., 1989, Oil price leap in the early nineties: Noroil, v. 17, no. 12, p. 35-38. 

Campbell C.J., 1991, The golden century of oil 1950-2050: the depletion of a resource; 
Kluwer Academic Publishers, Dordrecht, Netherlands; ISBN 0-7923-1442-5, 345p. 

Campbell, C.J., 1992, The depletion of oil: Marine & Petrol. Geol., v. 9, Dec. 1992, p. 
666-671.  



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

32 

Campbell, C.J., 1993, The Depletion of the world's oil: Petrole et technique. No. 383, 
Paris, France, p. 5-12.  

Campbell, C.J., 1994, The imminent end of cheap oil-based energy: SunWorld 18/4, p. 
17-19. 

Campbell, C.J., 1995, The next oil price shock: the world’s remaining oil and its 
depletion: Energy Exploration and Exploitation, 13/1, p. 19-46. 

Campbell, C.J., 1997, The coming oil crisis: Multi-Science Publications Co, Essex 
England, 210 p. 

CEDIGAZ, 2001, Natural gas in the world: 2001 survey: Paris: Institut Français du 
Pétrole. (Cited in IEA, 2002). 
 
Charpentier, Ronald R., and Klett, T.R., 2005, Guiding Principles of USGS Methodology 
for Assessment of Undiscovered Conventional Oil and Gas Resources, Natural 
Resources Research, vol. 14, no. 3, p. 175-186. 

Charpentier, Ronald R., and Klett, T.R., 2005, A Monte Carlo Simulation Method for the 
Assessment of Undiscovered, Conventional Oil and Gas: USGS DDS-69-D, CD-ROM. 

Crovelli, Robert A., 2005, Analytic Resource Assessment Method for Continuous 
Petroleum Accumulations – the Access Assessment Method: USGS-DDS-D, Chapter 
22, CD-ROM. 

De Bruyne, M.D., 1980, Financing problems in the oil industry: in Proceedings of the 
10th World Petroleum Congress, v. 1, p.51-54. 

Deffeyes, K.S., 2001, Hubbert’s peak: the impending world oil shortage: Princeton 
University Press, Princeton, New Jersey, 208 p. 

Desprairies, P., W.T. McCormick Jr., L.W. Fish, R.B. Kalisch, T.J. Wander, 1978, 
Worldwide petroleum supply limits: in World Energy Resources 1985-2020. Oil and gas 
resources, Worlds Energy Conference, Guildford, UK, IPC Science and Technology 
Press, New York, N.Y., United States (USA), ISBN 0902852957. 

Duce, J.T., 1946, Post-war oil supply areas: The Petroleum Times (London), April 13. 

Edwards, J.S., 2002a, Twenty-first century energy: transition from fossil fuels to 
renewable, nonpolluting energy sources, in L.C. Gerhard, P. P. Leahy, and V.J. 
Yannacone, eds., Sustainability of Energy and Water through the 21st Century published 
jointly by the Kansas Geological Survey and the AAPG and the AAPG Division of 
Environmental Geosciences, Proceedings of the Arbor Day Farm Conference, p. 37-48. 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

33 

Edwards, J.S., 2002b, Twenty-first century energy transition from fossil fuels to 
renewable, nonpolluting energy sources: 25th Annual International Conference of the 
International Association of Energy Economists, Aberdeen, Scotland, PowerPoint file 
and abstract. 

Folinsbee, R., 1977, World view from Alph to Zipf: Geological, Society of America, v. 88, 
p. 897-907. 
 
Gautier, D.L., Klett, T.R., Pierce, B.S., 2005, Global significance of reserve growth, U.S. 
Geological Survey Open-file Report 2005-1355 (available on the web at 
http://pubs.usgs.gov/of/2005/1355/ ). 

Grossling, B.F., 1976, Window on oil: A Survey of World Petroleum Resources, London, 
Financial Times, Ltd. 

Halbouty, M.T., and Moody, J.D., 1979, World ultimate reserves of crude oil: in 
Proceedings of the 10th World Petroleum Congress, Bucharest, Hungary, v. 2, p.291-
301. 

Halbouty, M.T., 1981, Prospectos futuros de exploración y las reservas petrolíferas 
mundiales. Future exploration prospects and the world petroleum reserves: Boletín de 
la Asociación Mexicana de Geólogos Petroleros, v. 33, no. 2, p. 3-22. 

Hendricks T.A., 1965, Resources of oil, gas, and natural-gas liquids in the United States 
and the world, U. S. Geological Survey Circular 522, 20 p.  

Higley, Debra K., Lewan, Michael, Roberts, Laura, N.R., and Henry, Mitchell E., 2006, 
Petroleum System Modeling Capabilities for Use in Oil and Gas Resource 
Assessments: USGS Open File Report 2006-1024. 

Hubbert, M.K., 1956, Nuclear energy and the fossil fuels; Amer. Petrol. Inst. Drilling & 
Production Practice. Proc. Spring Meeting, San Antonio, Texas. p. 7-25.  

Hubbert, M.K., 1969, Energy resources: in Resources and man, Committee on 
Resources and man, National Academy of Science—National Research Council, San 
Francisco, W.H. Freeman, p. 157-242. 

Hubbert, M.K., 1973, Survey of world energy resources: Canadian Mining and 
Metallurgy Bulletin, Montreal, 66, 735, p. 37-53. 

Hubbert, M.K., 1974, U.S. Energy resources: A review as of 1972: part 1. A National 
Fuels and Energy Policy Study; U.S. Congress, Senate, Committee on Interior and 
Insular Affairs, Washington, D.C., U.S. Government Printing Office, serial no. 93-40.  
 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

34 

IHS Energy Group, 2000, Petroconsultants Inc. data, Englewood, Colorado, IHS Energy 
Group, database available from HIS Energy Group, 15 Inverness Way East, D205, 
Englewood, CO  80112, USA. 

Institut Français du Pétrole (IFP), 1978, p.24. (Cited in Odell, 1983). 

International Gas Union, 1977, Discussed in “Survey of energy resources. 
Hydrocarbons: Part A2 by E. Schubert”: 1980 11th World Energy Conference, Munich, 
Germany, p. 75-169. 

Kirkby, M.A., and Adams, T.D., 1974, The search for oil around the world up to 1999: 
Petroleum Times, London, November 1, 1974, p. 25-29. 

Klemme, H. D., 1977, World oil and gas reserves from analysis of giant fields and 
petroleum basins (provinces): ed. Meyer, R. F., The future supply of nature-made 
petroleum and gas; technical reports, Pergamon Press, New York, N.Y., United States 
(USA).  

Klemme, H. D., 1978, Worldwide petroleum exploration and prospects: ed. Landwehr, 
M. L., New ideas, new methods, new developments Exploration and Economics of the 
Petroleum Industry, v.16, p.39-101. 
 
Klett, T.R., Gautier, Donald L., and Ahlbrandt, Thomas, S., 2005, An evaluation of the 
U.S. Geological Survey World Petroleum Assessment 2000, AAPG Bulletin, v. 89, no. 8, 
p 1033-1042. 

Klett, T.R., and Schmoker, James W., 2005, U.S. Geological Survey Input-Data Form 
and Operational Procedure for the Assessment of Continuous Petroleum 
Accumulations, 2002: USGS DDS-69-D, Chapter 18, CD-ROM. 

Klett, T.R., Schmoker, James W., and Charpentier, Ronald R., 2000, U.S. Geological 
Survey Input-Data Form and Operational Procedure for the Assessment of 
Conventional Petroleum Accumulations: USGS DDS-69-D, Chapter 20, CD-ROM. 

Laherrère J.H. 1993, Le pétrole, une ressource sure, des réserves incertaines; Pétrole 
et Techniques, v. 383, p. 13-19, 5 p. 

Levorsen A.I., 1950, Estimates of undiscovered petroleum reserves: in Proceedings of 
the United Nations Scientific Conference on the Conservation and Utilization of 
Resources, v. 1, Plenary meetings, United Nations, p.107-110. 

MacKay, I.H., and F.K. North, 1975, Undiscovered oil reserves: in J.D. Haun, ed., 
Proceedings of AAPG Conference on Methods of Estimating the Volume of 
Undiscovered Oil and Gas Resources, Stanford University, Palo Alto, Calif., August 21-
23, 1974, AAPG studies in geology no. 1, p.76-86. 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

35 

MacKenzie, J.J., 1996, Oil is a finite resource, when is global production likely to peak?: 
Washington D.C., World Resources Institute, 22 p.  

MacKinney, 1956, Report to the Joint Congressional Committee on Atomic Energy. 
Report by Committee on Resources and Man, 1969, W.H. Freeman and Co., San 
Francisco. 

MacKinney, 1965, Report to the Joint Congressional Committee on Atomic Energy. 
Report by Committee on Resources and Man, 1969, W.H. Freeman and Co., San 
Francisco. 

MacKinney, 1968, Report to the Joint Congressional Committee on Atomic Energy. 
Report by Committee on Resources and Man, 1969, W.H. Freeman and Co., San 
Francisco. 

Martin, A.J. 1985, Prediction of strategic reserves in prospect for the world oil industry; 
Eds. T. Niblock and R. Lawless. University of Durham, p. 16-39. 

Masters, C.D., D.H. Root, W.D. Dietzman, 1983, Distribution and quantitative 
assessment of world crude oil reserves and resources; Open-File Report - U. S. 
Geological Survey, Report: OF 83-0728, 23 p.  

Masters, C.D., D.H. Root, W.D. Dietzman, 1984, Distribution and quantitative 
assessment of world crude oil reserves and resources: Proceedings of the 11th World 
Petroleum Congress, Chichester, England, John Wiley and Sons, v. 2, p.229-237. 

Masters, C.D., 1987, Global oil assessments and the search for non-OPEC oil; OPEC 
Review, Summer 1987, 153-169.  

Masters, C.D., D.H. Root, and E.D. Attanasi, 1991, World Resources of crude oil and 
natural gas: Proceedings of the 13th World Petroleum Congress, Chichester, England, 
John Wiley and Sons, p. 51-64 

Masters, C.D., E.D. Attanasi, and D.H. Root, 1994, World petroleum assessment and 
analysis: Proceedings of the 14th World Petroleum Congress: John Wiley and Sons, 
London, p. 529-541. 
 
Masters, C.D. Root, D.H., and Turner, R.M., 1997, World resource statistics geared for 
electronic access: Oil and Gas Journal, v. 95, no. 41, p. 98-104. 

McCormick, W.T. Jr., L.W. Fish, R.B. Kalisch, and T.J. Wander, 1978, The future for 
world natural gas supply: World Energy resources 1985-2020. Oil and gas resources. 
The full reports to the conservation commission of the Worlds Energy Conference. 
Guildford, UK, IPC Science and Technology Press for the World Energy Conference. 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

36 

Meyerhoff, A., 1979, Proved and ultimate reserves of natural gas and natural gas liquids 
in the world: World reserves of oil and gas, in Proceedings of the 10th World Petroleum 
Congress, Bucharest. v.2, p.303-343. 

Moody, J.D., 1970, Petroleum demand of future decades: AAPG Bulletin, v. 54, p. 2239-
2245. 

Moody, J.D., R.W. Esser, 1975, An estimate of the world’s recoverable crude oil 
resource: in Proceedings of the 9th World Petroleum Congress, Tokyo, Japan, May 
1975, Applied Science Publ. Ltd. (London), v. 3, p. 11-20. 

Moody, J.D., and R.E. Geiger, 1975, Petroleum Resources: How much oil and where?: 
Technology Review, Boston, Massachusetts Institute of Technology, 77, April 1975, p. 
38-45. 

Moody, J.D., 1978, The world hydrocarbon resource base and related problems: in G.M. 
Philip and K.L. Williams, eds., Australia’s mineral resources assessment and potential: 
University of Sydney Earth Resources Foundation Occasional Publication 1, p. 63-69. 

National Academy of Science, 1975, Reported in “Survey of energy resources. 
Hydrocarbons: Part A2 by E. Schubert”: 1980 11th World Energy Conference, Munich, 
Germany, p. 75-169. 

Nehring, R., 1978, Giant oil fields and world oil resources: CIA report R-2284-CIA, 
Santa Monica, Calif., Rand Corporation, 162 p. 

Nehring, R., 1979, The outlook for conventional petroleum resources: Paper P-6413 
Rand Corporation, 21 p. 
 
National Petroleum Council (NPC), 2003, Balancing natural gas policy: Fueling the 
demands of a growing economy: National Petroleum Council, September 2003, 
Washington, D.C., multiple volumes, multiple appendices (www.npc.org). 
 
NRG Associates, Inc., 1995, The significant oil and gas fields of Canada database: 
Colorado Spring, Colorado, NRG Associates, Inc. [Database available from NRG 
Associates, Inc., P.O. Box 1655, Colorado Springs, Colorado, 80901, U.S.A.] 

Odell, P.R., 1973, The future of oil: a rejoinder: Geographical Journal, v. 139, p. 436-
454. 

Odell, P.R., and K.E. Rosing, 1975, Estimating world oil discoveries up to 1999: The 
question and method: Petroleum Times, London, February 1975, p. 26-29. 

Odell, P.R., and K.E. Rosing, 1983, The future of oil; world oil resources and use: 
Kogan Page Ltd., 2nd Edition, London, p. 23-52. 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

37 

Odell, P.R., 1998, Oil and gas reserves: retrospect and prospect: Energy Exploration 
and Exploitation, v. 16, p. 117-124. 

Parent, J.D, and H.R. Linden, 1974, A study of potential world crude oil supplies: 
Energy World, London, January 1974, p. 3-9. 

Parent, J.D, and H.R. Linden, 1974, Analysis of world energy supplies: in Proceedings 
of the 9th World Energy Conference, Detroit, September 1974, ch. 1.2, p.25-29. 

Parent, J.D, and H.R. Linden, 1977, A Survey of United States and Total World 
Production, Proved Reserves and Remaining Recoverable resources of Fossil Fuels 
and Uranium as of December 31, 1975. Chicago, Institute of Gas Technology. 

Parent, J.D, 1980, A Survey of United States and Total World Production, Proved 
Reserves and Remaining Recoverable resources of Fossil Fuels and Uranium as of 
December 31, 1978. Chicago, Institute of Gas Technology. August. 
 
Petroconsultants, 1996, Petroleum exploration and production database: 
Petroconsultants, Inc. [Database available from IHS Energy  Group, 15 Inverness Way 
East, D205, Englewood, Colorado, 80112, U.S.A.] 

Pogue, J.E., 1946, Oil in the world: Yale Review, New Haven Conn., Yale University, v. 
35, p. 623-632. 

Pratt, W.E., 1952, Toward a philosophy of oil finding: AAPG Bulletin, v.36, no. 12, p. 
2231-2236. 

Rice, Dudley D., ed., 1986, Oil and Gas Assessment – Methods and Applications: 
AAPG Studies in Geology #21. 

Riva, J.P., 1995, World production after year 2000: business as usual or crises?: 
Congressional Research Service, Library of Congress, Rept. for Congress, August 18, 
20 p.  

Ryman, W.P.,1967, Discussed by Hubbert M.K “Energy resources”: Resources and 
Man, Committee on Resources and Man, National Academy of Sciences–National 
Research Council, San Francisco, W.H. Freeman and Co., 1968, p. 157-242. 
 
Schenk, Christopher J., and Pollastro, Richard M., 2002, Natural gas production in the 
United States, USGS Fact Sheet FS-113-01, 2 p. 

Schmoker, James W., and Klett, T.R., 2005, U.S. Geological Survey Assessment 
Concepts for Conventional Petroleum Accumulations: USGS DDS-69-D, Chapter 19, 
CD-ROM. 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

38 

Schmoker, James W., and Klett, T.R., 2005, U.S. Geological Survey Assessment 
Concepts for Continuous Petroleum Accumulations: USGS DDS-69-D, Chapter 13, CD-
ROM. 

Schollnberger, W.E., 1998a, Gedanken über die Kohlenwasserstoffreserven der Erde, 
Wie lange können sie vorhalten?, in Zemann, J., ed., Energievorräte und mineralische 
Rohstoffe, Wie lange noch?: Vienna, Austrian Academy of Science, Earth Science 
Commission, v. 12, p. 75-126. 

Schollnberger, W.E., 1998b, Projections of the world’s hydrocarbon resources and 
reserve depletion in the 21st century: Houston Geological Society Bulletin, November, p. 
31-37. 

Schubert, E., 1980, Survey of energy resources. Hydrocarbons: Part A2, 11th World 
Energy Conference, Munich, Germany, p. 75-169. 

Schweinfurth, S.P., 1973, Crude oil and natural gas liquids resources of the United 
States and the world, Special reports, U. S. Federal Power Comm., Washington, D. C., 
United States (USA). 

Seidl, R., 1977, Oil: The picture is changing: Options, International Institute for Applied 
Systems Analysis, Laxenburg, Winter, p. 4. 

Shanley, K.W., Cluff, R.M., and Robinson, J.W., 2004, Factors controlling prolific gas 
production from low-permeability sandstone reservoirs: implications for resource 
assessment, prospect development, and risk analysis:  AAPG Bulletin, vol. 88, no. 8, p. 
1083-1121. 

SHELL, 1967, Reported in “Survey of energy resources. Hydrocarbons: Part A2 by E. 
Schubert”: 1980, 11th World Energy Conference, Munich, Germany, p. 75-169. 

SHELL, 2001, Energy needs, choices and Possibilities scenarios to 2050, 
http://www.shell.com/files/media-en/scenarios.pdf 
 
SPE/AAPG/WPC/SPEE Petroleum Reserves and Resources Classification, can be 
found at http://www.spe.org/  

Styrikovich, M.A., 1977, The long range energy perspective: Natural Resources Forum, 
v. 1, no. 3, p. 252-253. 
 
USGS, U.S. Geological Survey World Energy Assessment Team, 2000, U.S. Geological 
Survey World Petroleum Assessment 2000 – Description and Results, USGS Digital 
Data Series DDS-60, CD-ROM (also available at:  http://pubs.usgs.gov/dds/dds-060/ ). 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

39 

U.S. Geological Survey, 2000, U.S. Geological Survey World Petroleum Assessment 
2000-Description and Results by U.S. Geological Survey World Energy Assessment 
Team, USGS Digital Data Series DDS-60, a 4 CD-ROM set. 

Warman, H.R., 1972, The future of oil: Geographical Journal, London, v. 138/3, p. 287-
297. 

Weeks L.G., 1948, Highlights on 1947 developments in foreign petroleum fields: AAPG 
Bulletin, v. 32, p. 1093-1160. 

Weeks, L.G., 1950, Discussion of “Estimates of undiscovered petroleum reserves by 
A.I. Levorsen”: in Proceedings of the United Nations Scientific Conference on the 
Conservation and Utilization of Resources, v. 1, p.107-110. 

Weeks, L.G., 1958, Fuel reserves of the future: AAPG Bulletin, v. 42, no. 2, p. 431-441. 

Weeks, L.G., 1959, Where will energy come from in 2059?: The Petroleum Engineer, 
Dallas, August 1959, p. A-24-A-31. 

Weeks, L.G., 1965, World offshore petroleum resources, AAPG Bulletin, v. 49, no. 10, 
p. 1680-1693. 

Weeks, L.G., 1968, The gas, oil, and sulfur potential of the sea: Ocean Industry, 
Houston, June 1968, p. 43-51. 

Weeks, L.G., 1971, Marine geology and petroleum resources: in Proceedings of the 8th 
World Petroleum Congress, Moscow. 
 
 
 
 
 
 



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007 
 

40 

Column explanations: 
 
Author - Author(s) of original reference 
Year - Publication year of original reference 
Estimate 1 – The value of the low estimate given in the reference.  Values are in trillion barrels or quadrillion cubic feet 
Estimate 1 type –  

Low  – a low estimate without a particular probability value attached 
F90 – a low estimate with 90% probability of greater than this value 
F95– a low estimate with 95% probability of greater than this value 

Estimate 2 – The value of the intermediate estimate given in the reference.  Values are in trillion barrels or quadrillion cubic feet 
Estimate 2 type –   

Point estimate – a single-valued non-probabilistic estimate 
Mode – the estimate with the highest probability density of the probability distribution 
Most likely– the estimate with the highest probability density of the probability distribution 
Mean – an estimate that is the statistical average over the entire probability distribution 
Expected value – an estimate that is the statistical average over the entire probability distribution 

Estimate 3 – The value of the high estimate given in the reference.  Values are in trillion barrels or quadrillion cubic feet 
Estimate 3 type – 

High – a high estimate without a particular probability value attached 
F10 – a high estimate with 10% probability of greater than this value 
F05– a high estimate with 5% probability of greater than this value 
Maximum – a high estimate with 0% probability of greater than this value 

Area assessed – Was the assessment for the total world or just selected areas 
Scale of original assessment – World, basin, or play 
What was actually assessed? – What part of the resource base was actually assessed versus what part was merely quoted from other sources  
Methodology 

Areal yields – use of analog ratios of volumes of resource per geographic area 
Basin analysis– geologic analysis at the basin scale 
Comparison of previous estimates – subjective averaging of previous estimates 
Discovery extrapolation – use of discovery-history trends 
Field-size distribution extrapolation– use of field-size distribution assumptions 
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Multiple – use of several methods 
Play analysis – geologic analysis at the play scale 
Production extrapolation– use of production-history trends 
Volumetric yields– use of analog ratios of volumes of resource per volume of sedimentary rock 

Methodology documentation – None, minimal, intermediate, extensive 
 

 
 
 


