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Preface  

This report has been produced by the UK Energy Research Centreôs Technology and 

Policy Assessment (TPA) function.  

The TPA was set up to address key controversies in the energy field through 

comprehensive assessments of the  current state of knowledge. It aims to provide 

authoritative reports that set high standards for rigour and transparency, while 

explaining results in a way that is useful to policymakers.  

This report  forms part of the TPAôs assessment of evidence for nea r - term physical 

constraints on global oil supply . The subject of this assessment was chosen after 

consultation with energy sector stakeholders and upon the recommendation of the TPA 

Advisory Group, which  is comprised of independent experts from government,  academia 

and the private sector. The assessment addresses the following question:  

What evidence is there to support the proposition that the global supply of 

óconventional oilô will be constrained by physical depletion before 2030? 

The results of the proj ect are summarised in a Main Report , supported by the following 

Technical Reports :  

1.  Data sources and issues  

2.  Definition and interpretation of reserve estimates  

3.  Nature and importance of reserve growth  

4.  Decline rates and depletion rates  

5.  Methods for estimating u ltimately recoverable resources  

6.  Methods for forecasting future oil supply  

7.  Comparison of global supply forecasts  

The assessment was led by the Sussex Energy Group (SEG) at the University of Sussex, 

with contributions from  the Centre for Energy Policy and T echnology at  Imperial College, 

the Energy and Resources Group at the University of California (Berkeley) and a number 

of independent consultants . The assessment was overseen by a panel of experts and is  

very wide ranging, reviewing more than 900 studies an d reports from around the world.  

Each technical report examines one set of issues relevant to the assessment of global oil 

depletion. Technical Report 5: Methods of estimating ultimately recoverable resources 

examines the methods for estimating the size of  oil resources in a region, focusing in 

particular on the extrapolation of historical trends. It also summarises and evaluates the 

estimates that have been produced for size of global resources and assesses their 

implications for future oil supply.  
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Executive Summary 

The date of ultimate exhaustion of the oil resource is largely irrelevant to the ópeak oilô 

debate. Instead, the primary focus of this debate is the rate of production (typically measured 

in barrels per day) and the reasons why that rate must eventually decline. But while the 

absolute size of an oil resource is less important than the potential rate of extraction of that 

resource, disputes over the former nevertheless play a prominent role in the peak oil debate. 

This is especially the case for conventional oil which continues to dominate global oil supply. 

Other things being equal, larger estimates of the resource size for conventional oil lead to 

more optimistic forecasts for future global oil supply ï and vice versa. Hence, the 

ópessimistsô and óoptimistsô about future global supply often have very different views on the 

volume of conventional oil resources that are likely to be economically recoverable. 

A central concept in this debate is the ultimately recoverable resources, or URR, for a field or 

region, or the amount of oil estimated to be economically extractable over all time. A variety 

of methods may be used to estimate URR and these may be applied at levels of aggregation 

ranging from a single well to the entire world. One group of methods relies more upon 

geological information and is more appropriate for less explored regions, while a second 

group relies more upon the extrapolation of historical trends and is more appropriate to well-

explored regions. In both cases, the methods can either be extremely simple, relying solely 

upon aggregate data from a region, or highly complex, requiring either detailed geological 

information or data from individual fields. As with the URR estimates themselves, the 

relative merits of these different methods is the subject of intense and frequently polarised 

debate.  

The primary objective of this report is to describe and evaluate these different methods. 

Primary attention is paid to the methods based upon the extrapolation of historical trends, 

since these are widely used by the analysts concerned about global oil depletion. A second 

objective is to summarise and evaluate the estimates that have been produced for the global 

URR of conventional oil and to assess the implications for future oil production. Of particular 

interest is the relative plausibility of the optimistic and pessimistic estimates and the 

implications of both for medium-term oil supply.  

The main findings of this report are as follows 

Methods and principles 

¶ There are a variety of methods for estimating URR and many variations on the basic 

techniques. óGeologicalô techniques are more appropriate for relatively explored regions 

while óextrapolationô techniques are more appropriate where exploration is advanced. The 

confidence bounds on these estimates are commonly very large and the few studies that 

compare different techniques show they can lead to quite different results. Accuracy can 

be improved through analysing disaggregate regions, but this is resource intensive and 

generally requires access to proprietary data. All estimation techniques have identifiable 

limitations and it is important that estimates are accompanied by confidence intervals and 

full details about the methodology and assumptions made. 

¶ The extrapolation techniques differ in degree rather than kind and share many of the same 

strengths and weaknesses. But a key practical difference is that field-size distribution and 

discovery process techniques require data on individual fields, while simple curve-fitting 
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only requires aggregate data. All assume a skewed field size distribution and diminishing 

returns to exploration, with the large fields being found relatively early. But these 

assumptions will only hold if depletion outweighs the effect of technical change and if the 

region is geologically homogeneous and has had a relatively unrestricted exploration 

history. This is frequently not the case.  

¶ Assumptions about the field size distribution and discovery process underlie most of the 

extrapolation techniques. It is generally acknowledged that the majority of oil resources 

are contained in a small number of large fields, with around 100 oil fields accounting for 

up to half of global oil production and up to 500 fields accounting for two thirds of 

cumulative discoveries. Most of these fields are relatively old, many are well past their 

peak of production and most of the rest will begin to decline within the next decade or so. 

The remaining reserves at these fields, their future production profile and the potential for 

reserve growth is therefore of critical importance for future global supply. 

¶ The proportion of total resources contained within small, undiscovered fields continues to 

be disputed. While the observed lognormal size distribution of discovered fields is likely 

to be the result of sampling bias, there is insufficient evidence to conclude whether a 

ólinearô or óparabolic fractalô better describes the population size distribution. While 

technical improvements and higher prices should make more small fields viable, many 

will remain uneconomic to develop and the exploitation of the rest will be subject to 

rapidly diminishing returns. As a result, the competing estimates of the resources 

contained in small fields should be of less significance to future supply than the potential 

for increased recovery from the giant fields. 

Curve fitting techniques 

¶ The popularity of curve-fitting techniques to estimate URR derives from their simplicity 

and the relative availability of the required data. But many applications of curve-fitting 

take insufficient account of the weaknesses of these techniques, including: the inadequate 

theoretical basis; the sensitivity of the estimates to the choice of functional form; the risk 

of overfitting multi cycle models; the inability to anticipate future cycles of production or 

discovery; and the neglect of economic political and other variables. In general, these 

weaknesses appear more likely to lead to underestimates of the URR and have probably 

contributed to excessively pessimistic forecasts of oil supply. 

¶ Curve fitting to discovery data introduces additional complications such as the 

uncertainty in reserve estimates and the need to adjust estimates to allow for future 

reserve growth. The common failure to make such adjustments is likely to have further 

contributed to underestimates of resource size.  

¶ Tests of curve fitting techniques using illustrative data from a number of regions has 

shown how different techniques, functional forms, length of time series and numbers of 

curves can lead to inconsistent results. But although the results raise concerns about the 

reliability of curve-fitting estimates, the degree of uncertainty may be expected to decline 

in the future as exploration matures.  Also, accuracy may be improved by using the 

lowest possible level of spatial aggregation, distinguishing between onshore and offshore 

regions and adjusting for future reserve growth using functions derive from the technical 

literature. 

¶ The literature on curve-fitting techniques has generally paid insufficient attention to the 

statistical issues involved, such as goodness of fit, missing variables and serial correlation 

of the error terms. Where data is available, some of the limitations of curve fitting may be 
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overcome with the use of hybrid models that incorporate relevant economic and political 

variables. But despite their better fit to historical data, such models may not lead to 

substantially different estimates of the URR. 

¶ These limitations do not mean that curve fitting should be abandoned, but do imply that 

its applicability is more limited than commonly assumed and that the confidence bounds 

on the results are wider than is commonly assumed. Where possible, resource assessments 

should employ multiple techniques and sources of data and acknowledge the uncertainty 

in the results obtained. 

Global Estimates 

¶ Estimates of the global URR for conventional oil vary widely in their methods, 

assumptions and results. Comparison is complicated by the differing definitions of 

óconventional oilô and the more pessimistic estimates of the global URR result in part 

from an excessively narrow definition. Further difficulties arise from the use of 

competing reserve definitions and differing time-frames for the definition of URR, 

together with uncertainty over OPEC reserves and the inconsistent treatment of reserve 

growth. The information currently available does not allow strong constraints to be placed 

on the last two variables. 

¶ Estimates of the global URR of conventional oil have been trending upwards for the last 

50 years and this trend shows little sign of diminishing. Contemporary estimates fall 

within the range 2000-4300 Gb, while the corresponding estimates of the quantity of 

remaining resources fall within the range 870 to 3170 Gb. This wide range leads to a 

corresponding uncertainty in the projections of future global oil supply and the date of 

peak production.  

¶ The USGS estimated a global URR of 3345 Gb in 2000 and in 2008 the IEA revised this 

upwards to 3577 Gb. Despite being much larger than previous estimates, the repeated 

assertions that the USGS estimates are ódiscreditedô or óover-optimisticô appear at best 

premature. Global reserve growth appears to be matching the USGS assumptions, the size 

of recent discoveries may have been underestimated, there are continuing restrictions on 

exploration in the most promising areas and a more recent study by Aguilera et alôs 

comes to comparably optimistic conclusions. However, the IEA estimate relies upon a 

large contribution from EOR that they anticipate will take decades to be realised while 

some of Aguilera et alôs assumptions appear questionable. 

¶ In a simple logistic model, increasing the global URR by one billion barrels would delay 

the date of peak production by only 4.7 days. This result is not substantially changed if a 

more sophisticated model is used, that allows for varying degrees of asymmetry in the 

production cycle (Kaufmann and Shiers, 2008). For a range of assumptions about the size 

of the global URR and the rate of change of production before and after the peak, the date 

of peak production is found to lie between 2009 and 2031. Delaying the peak beyond 

2030 requires optimistic assumptions about the global URR combined with a relatively 

steep post-peak decline rate and/or slower rates of demand growth than are 

conventionally assumed. Forecasts that predict no peak before 2030 should be evaluated 

on this basis.  

¶ Even if the larger URR estimates are correct, it does not necessarily follow that the 

resource can or will be accessed at the rate required to maintain global production at a 

particular level. If these resources can only be accessed relatively slowly at high cost, 

supply constraints could inhibit demand growth. Furthermore, if producers lack the 
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incentive to maximize production, demand growth could be constrained further ï 

especially in the importing countries. Hence, the primary issue for the period to 2030 is 

the rate at which the resource can be accessed and produced. 
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1 Introduction 

1.1 Why do we need to estimate resource size? 

Concerns about global oil depletion are often misleadingly characterised as concerns about 

órunning out of oilô. The image is one of a tank being slowly drained and eventually running 

dry, which implies that the main concern is precisely when this will occur. But while oil is 

clearly a finite resource, the date of ultimate exhaustion of this resource is largely irrelevant 

to the ópeak oilô debate. Instead, the primary focus of this debate is the rate of production 

(typically measured in barrels per day) and the reasons why that rate must eventually decline.  

There are well-established physical and geological reasons why the rate of production from 

both individual fields and oil-producing regions typically rises to a peak and subsequently 

declines (Bentley, 2009). However, these physical determinants are mediated by a multitude 

of technical, economic and political factors that make forecasting future supply a hazardous 

undertaking. While the estimated size of the resource is an important variable in such 

forecasts, it is not necessarily the most important one. For example, the global resource of 

ónon-conventional oilô is acknowledged to be several times larger than that of óconventional 

oilô (IEA, 2008),
1
 but these resources are costly and difficult  to exploit, require significant 

amounts of energy to extract, transport and refine and are associated with serious 

environmental impacts. Most importantly, if these resources can only be accessed relatively 

slowly, they may not compensate for the decline in production from more conventional 

sources and hence may not have much influence on the date of global peak production. 

But while the absolute size of an oil resource is less important than the potential rate of 

extraction of that resource
2
, disputes over the former nevertheless play a prominent role in the 

peak oil debate. This is especially the case for conventional oil which continues to dominate 

global oil supply. Other things being equal, larger estimates of the resource size for 

conventional oil lead to more optimistic forecasts for future global oil supply ï and vice versa 

(Bartlett, 2000; Bentley, et al., 2009). Hence, the ópessimistsô and óoptimistsô about future 

global supply often have very different views on the volume of conventional oil resources 

that are likely to be economically recoverable. This disagreement is compounded by 

confusion and disagreement over the meaning of key terms and concepts (e.g. óconventionalô) 

and even over whether the physical size of the resource is relevant at all (Adelman, 1993). 

A central concept in this debate is the ultimately recoverable resources, or URR, for a field or 

region. This is defined as the amount of oil estimated to be economically extractable from a 

field or region over all time. The URR can be broken down into a number of different 

components, as summarised in Box 1.1. Current estimates of the global URR for conventional 

oil fall within the range 2000 to 4300 Gb which compares to cumulative production through 

to 2007 of 1128 Gb.
3
 This represents a quite remarkable range of uncertainty for such a 

                                                 
1 There is no single definition of these terms and ambiguity over their meaning is a major source of confusion in the ópeak 

oilô debate. Conventional oil is taken here to include crude oil, condensate, and natural gas liquids (NGLs) and to exclude oil 

sands, shale oil and extra heavy oil, as well as substitute liquids derived from natural gas, coal and biomass. For more 

background on the definitions of these terms, see the companion report by Speirs and Sorrell (2009). 
2 Often stated as: ñéit's the size of the tap, not the size of the tankò. 
3 These figures include natural gas liquids (NGLs).   
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fundamental quantity and in turn contributes to a corresponding uncertainty in the projections 

of future global oil supply.   

Box 1.1 Components of ultimately recoverable resources 

At any point in time, the URR for a region may be broken down into the sum of the following: 

¶ Cumulative production: the total amount of oil that has been produced from the region since 

production began. 

¶ Reserves: the volume of oil estimated to be extractable from known deposits in the region under 

defined technical and market conditions. 

¶ Yet to find: the volume of oil estimated to be economically extractable from unknown deposits in 

the region (i.e. those that have yet to be discovered). 

While cumulative production should be known relatively accurately, estimates of reserves and yet to 

find resources are inherently uncertain. For example, the level of confidence in reserve estimates is 

typically indicated by the terms proved reserves (1P), proved and probable reserves (2P) and proved, 

probable and possible reserves (3P). Similar distinctions can be made for estimates of yet to find 

resources, although this is less common. All such estimates rely upon assumptions about the 

geological features of the region, the technology of resource extraction and the economics of oil 

production. 

The sum of cumulative production and reserves in a region is commonly referred to as cumulative 

discoveries. Estimates of cumulative discoveries tend to grow over time, as a result of improved 

technology and other factors. This is commonly referred to as reserve growth although it is more 

accurately described as cumulative discovery growth, as it is the estimates of cumulative discoveries 

that are growing, rather than declared reserves.  While poorly understood, reserve growth is of critical 

importance for future oil supply. 

For individual fields, the URR represents the sum of cumulative discoveries and estimates of future 

reserve growth. For a geographical region, the URR represents the sum of cumulative discoveries, 

future reserve growth and yet to find resources. The remaining resources for a region are all the 

resources that have yet to be produced, calculated by subtracting cumulative production from the 

estimate of URR. 

A variety of methods may be used to estimate URR and these may be applied at levels of 

aggregation ranging from a single well to the entire world. One group of methods relies more 

upon geological information and is more appropriate for less explored regions, while a 

second group relies more upon the extrapolation of historical trends and is more appropriate 

to well-explored regions. In both cases, the methods can either be extremely simple, relying 

solely upon aggregate data from a region, or highly complex, requiring either detailed 

geological information or data from individual fields. As with the URR estimates themselves, 

the relative merits of these different methods is the subject of intense and frequently polarised 

debate.  

The primary objective of this report is to describe and evaluate these different methods. 

Primary attention is paid to the methods based upon the extrapolation of historical trends, 

since these are widely used by the analysts concerned about global oil depletion. We seek to 

identify the relative strengths and weaknesses of these methods, the degree of uncertainty in 

the associated URR estimates and the conditions under which they are more or less likely to 

produce reliable results. A second objective is to summarise and evaluate the estimates that 

have been produced for the global URR of conventional oil and to assess the implications for 
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future oil production. Of particular interest here is the relative plausibility of the optimistic 

and pessimistic estimates and the implications of both for medium-term oil supply. 

As with other elements of the UKERC study, the report is based upon a systematic review of 

the academic and technical literature, in this case drawing upon more than 900 studies from 

around the world. To supplement the literature review, we have also analysed data from a 

number of oil-producing regions in order to assess the reliability of extrapolation methods 

under different conditions and to highlight a number of the relevant statistical issues. As well 

as drawing conclusions relevant to the UKERC study we hope that this report can provide a 

reference source for future work in this area. 

1.2 Structure of the report 

The report is structured as follows. Section 2 introduces some key concepts and definitions 

and summarises the methods available to estimate ultimately recoverable resources (URR). 

Particular attention is paid to the phenomena of reserve growth and to the distribution of 

petroleum resources between different sizes of field. It shows how the field size distribution 

underpins many of the methods for estimating URR and how global oil resources tend to be 

concentrated in a small number of large fields. The methods of estimating URR are grouped 

into four categories, namely geological assessments, expert assessments, field size 

distribution approaches and historical extrapolation techniques. The latter are widely used by 

those concerned about peak oil and form the primary focus of the remainder of the report. 

Section 3 is the core of the report. It describes and evaluates the extrapolation methods of 

estimating ultimately recoverable resources, which involve analysing historical data on 

production or discoveries in a region and extrapolating this to derive an estimate of the URR. 

While these techniques vary greatly in their data requirements and level of sophistication, 

they share the common assumptions that: a) the field size distribution is highly skewed, with 

the majority of oil being located in a small number of large fields; and b) these large fields 

tend to be discovered early in the exploration process, with subsequent discoveries being 

progressively smaller and the product of increasingly greater effort. The extrapolation 

techniques are shown to fall into two broad groups, namely curve-fitting techniques which 

use aggregate data for a region and discovery process models which require data on 

individual fields. Curve-fitting techniques, in turn, are classified into three groups, namely 

production over time, discovery over time and discovery over effort, which each encompass 

three individual techniques. Section 3 describes each technique, identifies its historical 

origins and contemporary application, evaluates its strengths and weaknesses, clarifies its 

relationship to other techniques and identifies the conditions under which it is more or less 

likely to be reliable. It also introduces a standard mathematical notation that is used 

throughout the remainder of the report and which can assist the interpretation of the empirical 

literature. 

Section 4 uses data from ten regions to investigate the consistency of URR estimates from 

curve-fitting techniques; that is, the extent to which one estimate differs from another. For 

each region, it compares the estimates obtained from different extrapolation techniques, and 

also from the same technique using different length of time series, different choices of 

functional form and different choices for the number of curves. The results raise serious 

concerns about the reliability of these techniques, at least when (as is often the case) they are 

applied at the country or regional level. Some reasons for these inconsistencies are discussed 

and the conditions under which more reliable estimates may potentially be obtained are 
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highlighted. In particular, it is recommended that the techniques are best applied in well-

explored regions at the lowest possible level of spatial aggregation, distinguishing between 

onshore and offshore regions and (if possible) between different types of exploratory activity. 

It is also important that the discovery estimates are adjusted to allow for future reserve 

growth. 

Section 5 explores some of the statistical issues raised by curve-fitting techniques and argues 

that much of the current literature fails to address these issues adequately. It introduces 

problems of model specification and comparison, missing variables and serial correlation of 

the error terms and uses a case study to both illustrate these issues and show how they may 

potentially be addressed. Using examples from the literature, it shows how the inclusion of 

economic and political determinants of discovery and/or production can improve the model 

fit and allow the dependence of URR on energy prices and other factors to be directly 

explored. However, there are relatively few examples of this type and it is not obvious that 

such óhybridô models will lead to substantially different estimates of the regional URR. 

Section 6 provides an overview and evaluation of global URR estimates and assesses their 

implications for future global oil supply. It first summarises and compares some global URR 

estimates that have been made in the past, illustrates how these have grown over time and 

looks in more detail at three of the more prominent estimates. It then summarises the methods 

and results of the US Geological Survey (USGS) World Petroleum Assessment 2000, 

evaluates whether the subsequent experience is consistent with these estimates and examines 

how they have recently been updated by the IEA and Colorado School of Mines. It then 

examines the implications of the uncertainty in global URR estimates for the date of peak 

global production and argues that delaying the peak beyond 2030 requires very optimistic 

assumptions about the size of the global URR and also implies a relatively steep post-peak 

decline rate. 

Finally, Section 7 provides a brief summary of the main findings. 
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2 Concepts, definitions and methods 

2.1 Introduction  

This section introduces some key concepts and definitions relevant to ultimately recoverable 

resources (URR) and introduces the main methodological approaches that are available to 

estimate the size of those resources. It argues that URR estimates are necessarily uncertain 

and dynamic and subject to a wide range of institutional, economic and technological 

influences. Estimates of URR may be derived for levels of aggregation ranging from a single 

reservoir to the entire world and for both unexplored and heavily explored areas. They may 

also be obtained by using either very simple or highly complex techniques. In all cases, 

however, such estimates of best expressed as a probability distribution rather than a ómost 

likelyô value. 

The structure of this section is as follows. Section 2.2 clarifies the definition of URR and 

relates this to a standard method for classifying petroleum resources, namely the Petroleum 

Resources Management System (PRMS). Section 2.3 identifies the different levels of 

aggregation for which estimates of URR may be developed and provides some relevant 

background on oil formation. Section 2.4 introduces the concept of cumulative discoveries 

and examines the tendency of these estimates to grow over time - so called óreserve growthô. 

Section 2.5 investigates how petroleum resources are distributed between different sizes of 

field within a region and shows how this fact underpins many of the methods of estimating 

URR. Finally, Section 0 examines these methods and classifies them under four categories, 

namely: a) geological assessments; b) expert assessments; c) field size distribution 

approaches; and d) historical extrapolation. While each approach is summarised, it is the 

extrapolation methods that form the primary focus of the remainder of the report. 

2.2 What are ultimately recoverable resources? 

As with oil and gas reserves (Thompson, 2008), the concept of ultimately recoverable 

resources
4
 (URR) is defined and interpreted in different ways by different individuals and 

organisations. Since those holding optimistic views on the future global oil supply frequently 

interpret the term differently from those holding more pessimistic views, quantitative 

estimates of URR are an enduring focus of dispute. The BP Statistical Review defines URR 

as follows: 

ñURR is an estimate of the total amount of oil that will ever be recovered and produced. It is a 

subjective estimate in the face of only partial information. While some consider URR to be 

fixed by geology and the laws of physics, in practice estimates of URR continue to be increased 

as knowledge grows, technology advances and economies change. Economists often deny the 

validity of the concept of ultimately recoverable resources as they consider that the 

recoverability of resources depends upon changing and unpredictable economies and evolving 

technologies.ò(BP, 2008)  

                                                 
4 Some authors use the term óultimately recoverable reservesô. However, this is misleading since it fails to acknowledge the 

basic distinction between reserves and resources that is reflected in the majority of classification schemes. An alternative and 

more accurate term is Estimated Ultimate Recovery (EUR). 
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Reflecting the economistsô viewpoint, Adelman (1991) rejects the notion that estimates of 

URR can play a useful role in forecasting future oil supply. 

ñMineral resources are essentially inexhaustibleééhow much remains in the ground is an 

amount unknown, probably unknowable and ultimately unimportant. óFinite limited resourcesô 

is therefore an empty slogan. Only cost and price matter.ò (Adelman, 1991) 

In contrast, estimates of URR play a central role in Hubbertôs forecasts of future US and 

global oil supply and in the work of subsequent authors such as Campbell (1997) and 

Laherrère (2003; 1999b). These authors forecast future production from a region by fitting a 

curve to historical data on oil production and projecting this forward into the future (see 

Section 3). Estimates of the URR for the region are used to constrain these forecasts by 

setting limits to the area under the curve. Without this constraint, such projections would be 

more difficult to perform, especially in regions that have yet to reach their peak of production 

(Caithamer, 2008). However, such ócurve-fittingô techniques can also be used to estimate the 

URR for the region. Two key assumptions of this approach are that the URR for a region can 

be estimated reasonably accurately from the historical pattern of discovery or production in 

that region and that these estimates will be relatively unaffected by future changes in costs, 

prices and technology. Critics strongly dispute both of these assumptions (Lynch, 2004; 

Nehring, 2006a; b; d), leading to a highly polarised debate: 

ñé.In general, [URR] estimates produced by analysts who stress the physical aspects of oil 

discovery and production are well below those produced by analysts who stress the economic 

aspects. Each group generates estimates that are heralded by adherents and ridiculed by 

opponents, regardless of the merits of the estimation process itself. If the estimate confirms 

one's a priori expectations about the scarcity or abundance of remaining oil resources then 

adherents argue that the estimate is accurate and unbiased, the methodology is rigorous and 

scholarly, and the estimators' integrity and qualifications are beyond reproach. If the estimate 

contradicts one's a priori expectations then opponents argue that the data used to make the 

estimate are inappropriate, the methodology is fraught with bias, and the analysts obviously 

have an óaxe to grindô.ò (Cleveland, 1991) 

To assist in the interpretation of URR estimates, it is helpful to review a typical classification 

scheme for petroleum resources and reserves. As described by Thompson (2008), a variety of 

such schemes have been used over the years, but international standardisation has yet to be 

achieved. The chosen scheme is the Petroleum Resources Management System (PRMS), 

which was introduced in 2007 by the Society for Petroleum Engineers (SPE), the American 

Association of Petroleum Geologists (AAPG), the World Petroleum Council (WPC) and the 

Society of Petroleum Evaluation Engineers (SPEE). This system embodies many of the 

features of earlier classification schemes and is expected to be influential.
5
 

The PRMS reflects two variables relevant to resource evaluation, namely: a) varying 

knowledge about the existence, quality and magnitude of hydrocarbon deposits; and b) the 

varying extent to which these are likely to be technically and economically recoverable under 

current and anticipated future conditions. A two-dimensional classification scheme based 

upon these dimensions was first introduced by Mckelvey (1972). In this (and most other) 

classification system, óreservesô are defined as recoverable and commercial volumes of 

identified hydrocarbons associated with known fields, while the more inclusive term of 

óresourcesô also includes hydrocarbons that have yet to be discovered (sometimes termed óyet 

                                                 
5 However, the PRMS is complex with numerous subdivisions, which could be a drawback (Weeks, 1975). 
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to findô or YTF) as well as those that have been discovered but have yet to become either 

technically possible or economically viable to recover. The PRMS classification scheme is 

illustrated in Figure 2.1 and some of the relevant terms are defined in Box 2.1. The main 

innovation of the PRMS compared to earlier systems is that estimates of recoverable 

resources are linked to investment in specific projects. The full classification system includes 

considerably more guidance on issues such as the definition and economics of projects and 

the methodologies of resource estimation (WPC, 2007).  

Box 2.1 Key definitions in the Petroleum Resource Management System 

¶ Total petroleum initially in place: includes the quantity of petroleum that is estimated, as of a 

given date, to be contained in known accumulations prior to production plus estimated 

quantities in accumulations that have yet to be discovered. 

¶ Discovered petroleum initially in place: the quantity of petroleum that is estimated, as of a 

given date, to be contained in known accumulations prior to production. 

¶ Undiscovered petroleum initially in place: the quantity of petroleum estimated, as a given 

date, to be contained within accumulations yet to be discovered. 

¶ Production: the cumulative quantity of petroleum that has been recovered at a given date. 

¶ Reserves: the quantities of petroleum anticipated to be commercially recoverable by the 

application of projects to known accumulations under defined conditions. Reserves must be 

discovered, recoverable, commercial and remaining and may be further categorised in 

accordance with the level of certainty associated with the estimates (Thompson, 2008). 

Proved reserves (1P) are estimated to have a 90% probability of profitable extraction, based 

upon assumptions about cost, geology, technology and future oil prices. Proved and probable 

(2P) reserves include additional volumes that are thought to exist in discovered accumulations 

but are estimated to have only a 50% probability of profitable extraction. Proved, probable 

and possible (3P) reserves include additional resources that are estimated to have only a 10% 

probability of being profitable. 

¶ Contingent resources: those quantities of petroleum estimated, as of a given date, to be 

potentially recoverable from known accumulations, but where the applied projects are not yet 

considered mature enough for commercial development due to one or more contingencies. 

Contingent resources may include, for example, projects for which there are currently no 

viable markets or where commercial recovery is dependent upon technology under 

development. As with reserves, these are further categorised in accordance with the level of 

certainty associated with the estimates.
6
  

¶ Prospective resources: those quantities of petroleum estimated, as a given date, to be 

potentially recoverable from undiscovered accumulations by application of future 

development projects. Prospective resources have both an associated chance of discovery and 

a chance of development. As with reserves, these are further categorised in accordance with 

the level of certainty associated with the estimates. 

¶ Unrecoverable: that portion of discovered or undiscovered petroleum initially in place which 

is estimated, as a given date, to not be recoverable by future development projects. A portion 

of these quantities may become recoverable in the future as commercial circumstances change 

or technological developments occur. 

                                                 

6 The scheme recognises that some ambiguity may exist between the definitions of contingent resources and unproved (2P 

and 3P) reserves. Contingent resources are not expected to be developed and placed into production within a óreasonableô 

timeframe. 
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Figure 2.1 Resources classification in the Petroleum Resource Management System 

 

The PRMS uses the term óEstimated Ultimate Recoveryô (EUR) instead of URR and clarifies 

that this is not a resource category in itself, but: 

ñéa term that may be applied to any accumulation or group of accumulations 

(discovered or undiscovered) to define those quantities of petroleum estimated, as of a 

given date, to be potentially recoverable under defined technical and commercial 

conditions plus those quantities already produced.ò (WPC, 2007) 

Several points are apparent from this definition. First, resource estimates require specification 

of the hydrocarbons covered, the classification scheme used, the timeframe for which the 

estimate is made and/or the associated technical and economic assumptions. It is frequently 

difficult to compare resource estimates owing to the lack of clarity over such issues (Andrews 

and Udall, 2003). Even where a single classification scheme is used, the associated estimates 

may be made using different technological and economic assumptions, which may not be 

stated explicitly. 

Second, all resource estimates, including estimates of URR are inherently uncertain - 

although the degree of uncertainty should decline as exploration and production proceeds. 

Unfortunately, many estimates of URR are ódeterministicô, in that they present a single point, 

or óbest guessô estimate of likely outcomes (Rogner, 1997). Such estimates are potentially 

misleading, since they fail to capture or express the possible range of outcomes (which is 

likely to be greater for contingent and prospective resources than for reserves). Also, the 

underlying assumptions may not be reported and it may not be clear whether the óbest guessô 

represents the mean, median or mode value of a range (NPC, 2007). As discussed in 

Thompson (2008), a better approach is to present the full range of possible recoverable 

volumes, together with their estimated likelihood (i.e. a probability distribution).  
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Third, resource estimates are inherently dynamic since they depend upon the economic and 

technical conditions prevailing at the time the estimate is made, together with assumptions 

about how those conditions may change over a specified period of time into the future. 

Increasing prices will make marginal resources (including smaller field sizes)
7
 profitable, as 

well as inducing technical improvements that reduce production costs and boost recovery 

factors. Increasing prices will also encourage exploration and the development of associated 

technologies that will help to identify and access prospective resources and allow more 

accurate assessments of their magnitude. Over time, resources will shift from one category to 

another and the degree of geological and economic uncertainty should fall. The visual 

representation in Figure 2.1 could therefore be misleading, since the relative size of each 

category will vary widely, both over time and from one region to another. For example, in 

mature regions such as the United States cumulative production and identified reserves 

should be much larger than contingent and prospective resources, while the opposite should 

be the case for relatively unexplored regions. 

2.3 Levels of aggregation for estimates of ultimately 

recoverable resources 

All estimates of ultimately recoverable resources require specification of the geographical 

and geological level of aggregation to which they apply. The relevant level may be defined 

through geological, political or economic considerations or a combination of the three. It may 

range from individual reservoirs to the entire world. Box 2.2 defines some of terms used by 

geologists and the oil industry for classifying the appropriate level of aggregation of 

petroleum resource estimates, while Box 2.3 provides some relevant background on the 

geological formation of petroleum. Different countries and institutions have slightly different 

definitions of the terms in Box 2.2 and both the definitions themselves and the relative use of 

these different levels of aggregation has changed over time. For example, Sleipner in Norway 

is classified as one oil field, but a comparable geological structure in the UK continental shelf 

(UKCS) would probably be classified as four separate fields (Rosing and Odell, 1984). 

Similarly, smaller fields that were previously classified as separate in US records have 

subsequently been merged into larger fields as exploration progressed (Drew, 1997). 

Inconsistencies such as these can greatly complicate the analysis and interpretation of the 

relevant data. 

                                                 
7 As technology improves, extraction costs fall and oil prices increase, it will become economic to recover oil from smaller 

fields. However, this process will be limited by the óenergy return on investmentô (EROI) (Cleveland, 1992a). Since oil 

exploration and production is necessarily associated with energy consumption, at some point more energy will be required to 

extract the resource than is obtained from it. Whether or not this coincides with the economic limit on minimum field size 

will depend upon the relative price of the different energy carriers involved, together with associated economic factors such 

as the availability of investment subsidies. 
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Box 2.2 Geological levels of aggregation in petroleum resource assessment 

¶ Petroleum Well: A well may be are drilled to find, delineate and produce petroleum, with 

some wells being drilled to inject fluids to enhance the productivity of other wells. The URR 

of a producing well is typically calculated by extrapolation of its past production 

performance, using standard formulae for ódecline curvesô (Chaudhry, 2003) 

¶ Petroleum Reservoir/Pool: A reservoir is a subsurface accumulation of oil and/or gas whether 

discovered or not, which is physically separated from other reservoirs and which has a single 

natural pressure system. Pool is an older term for reservoir and accumulation is an alternative 

term.  

¶ Petroleum Field: A field is an area consisting of a single reservoir or multiple reservoirs of oil 

and gas, all related to a single geological structure and/or stratigraphic feature. Individual 

reservoirs in a single field may be separated vertically by impervious strata or laterally by 

local geological barriers. When projected to the surface, the reservoirs within the field can 

form an approximately contiguous area that may be circumscribed. However, other sources 

define a field simply as a contiguous geographic area within which wells produce oil or gas. 

In either case, the boundary of a field may shift over time and two or more individual fields 

may merge into one larger field (Drew, 1997). Oil fields are classified on the basis of their oil 

to gas ratio and may either be discovered (located by exploratory drilling), under 

development, producing or abandoned. The number of wells in a producing field may range 

from one to thousands.  

¶ Petroleum Prospect: A prospect is a geological anomaly that has some positive probability of 

containing reservoirs of recoverable hydrocarbon and is considered to be a suitable target for 

exploration. This generally requires a sufficiently high probability that all four elements of 

petroleum formation, namely source rock, migration pathway, reservoir rock and viable trap, 

are likely to exist (Box 2.3). The boundaries of a prospect may also be influenced by legal and 

economic considerations, such as the availability of leases for exploration.  

¶ Petroleum Play: A play is an area for petroleum exploration, containing a collection of oil 

prospects which share certain common geological attributes and lie within some well-defined 

geographic boundary. The specific geological attributes may vary from one play to another 

and may refer to geologic time intervals, rock types, structures or some combination thereof. 

Plays have varying levels of exploration maturity with the term óconceptual playô referring to 

a region where no discoveries have been made. 

¶ Petroleum Basin: A basin is a single area of subsidence which filled up with either 

sedimentary or volcanic rocks and which is known or expected to contain hydrocarbons. 

Since subsidence is slow and filling is continuous, there may be little surface depression, even 

when the óbasinô contains many kilometres of accumulated fill. Sedimentary basins are the 

primary source of petroleum, as a result of organic carbon getting progressively buried, 

heated and compressed.  

¶ Petroleum System: A petroleum system is ñé.the essential elements and processes as well as 

all genetically related hydrocarbons that occur in petroleum accumulations whose provenance 

is a single pod of active source rockò (Magoon and Sanchez, 1995). A petroleum system 

therefore includes the source rock, migration pathway, reservoir rock and trap (Box 2.3). The 

components and timing relationships are typically displayed in a chart with geologic time 

along the horizontal axis and the system elements along the vertical axis. The concept was 

first introduced by Dow (1972) and now forms the basis of the resource assessments 

conducted by the USGS. 

¶ Petroleum Assessment Unit An assessment unit (AU) is a volume of rock within a petroleum 

system that is sufficiently homogeneous, both in terms of geology, exploration considerations, 

accessibility and risk to be examined using a particular resource assessment methodology. For 

example, fields within a AU should form a sufficiently homogeneous population for historical 

http://www.fettes.com/orkney/Geology/Oil/OIL%20petroleum%20system.htm#migration#migration
http://www.fettes.com/orkney/Geology/Oil/OIL%20petroleum%20system.htm#reservoir#reservoir
http://www.fettes.com/orkney/Geology/Oil/OIL%20petroleum%20system.htm#trap#trap
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extrapolation methods to be reliable. An AU may coincide with a single petroleum system, or 

the latter may be broken down into several AUs. 

¶ Petroleum Province: A province is an area with common geological properties relevant to 

petroleum formation. Adjacent provinces might have the same original rocks, but be 

considered separate because they have quite different histories. A province may contain a 

single petroleum basin or petroleum system or several similar basins/systems. A province 

typically has an area of several hundred square kilometres and is largest entity defined solely 

on the basis of geological considerations that is relevant for resource assessment. Globally, 

the USGS (2000a) identifies 937 provinces, 406 of which are known to contain petroleum. In 

1995, 76 provinces were estimated to account for 95% of discovered resources.  

Sources: Energy Information Administration (1990); Klett (2004); Magoon and Sanchez (1995) 

Box 2.3 The geological formation of petroleum resources 

Most petroleum is formed from the remains of marine plankton and algae which settled along with 

sediments to a sea or lake bottom to form source rock. After burial, the combination of heat, pressure 

and the absence of oxygen leads to chemical reactions which convert the hydrocarbons first into 

kerogen which is found in various oil shales around the world and then into oil and natural gas. The 

term oil window refers to a temperature range, below which the hydrocarbons remain in the form of 

kerogen and above which the oil is converted into gas. This temperature range is found at different 

depths throughout the world, but typically lies in the range of 4 to 6km.  

The chemical reactions responsible for all formation involve expansion, which leads to the fracturing 

of rocks and migration of the oil to areas of lower pressure. The oil either escapes to the surface or 

accumulates in porous and permeable reservoir rock such as sandstone and limestone that are capable 

of storing the oil in its pore spaces. High-quality reservoir rocks have high permeability and porosity 

as a result of the pore space taking up a large percentage of the overall volume, while low quality 

reservoir rocks have the opposite. High permeability facilitates the movement of oil through the rocks 

to the producing well, thereby lowering costs and improving productivity. The degree of porosity may 

vary throughout the reservoir, leading to isolated pockets of oil. 

For oil and gas to accumulate and remain, the reservoir rocks need to be sealed by a less porous and 

largely impermeable rock known as a trap. To persist over millions of years, the trap needs relatively 

unaffected by geophysical changes that could introduce fractures. Typical traps include anticlines, 

faults and salt domes. 

Timing is crucial in oil formation. First, the reservoir must be deposited prior to oil migrating from the 

source rock; second, the trap must be in place prior to oil migrating; and third, the source rock must be 

exposed to the appropriate temperature and pressure for a sufficiently long period of time. This 

combination of conditions is relatively rare, with the result that oil and gas is only found in a few 

sedimentary basins around the world. Much oil has escaped over geological time, although in some 

areas (e.g. Alberta), heavy residues remain near the surface and can be mined. 

Estimates of URR may be derived for any of the levels of aggregation indicated in Box 2.2, 

but different techniques (or combinations of techniques) may be more or less suitable for 

each. More aggregate estimates may be derived by summing estimates developed at a lower 

level, but such estimates need to be summed probabilistically (e.g. via a Monte Carlo 

simulation) rather than arithmetically and the frequent failure to do this can lead to 

misleading results (Pike, 2006; Thompson, 2008). Aggregate estimates may also be derived 

by the extrapolation of discovery and production trends for the aggregate region. While this 

approach is generally simpler and has fewer data requirements, it may also be less accurate.  
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While the highest ógeologicalô level of aggregation is the petroleum province, resource 

assessments are frequently conducted at the country or regional level. Such geographical 

boundaries may encompass several distinct petroleum provinces, basins and/or systems, and 

portions of these may extend into neighbouring countries or regions. The lack of geological 

homogeneity within such boundaries can lead to difficulties in country/regional level 

resource assessment, especially when only aggregate data is used (Charpentier, 2003).  

At the same time, geological homogeneity is not the only consideration for developing valid 

resource estimates. If historical data on field discovery is to be used, the stability or 

homogeneity of the exploration and discovery process must also be considered. For example, 

a petroleum basin that is shared between two neighbouring countries is unlikely to have a 

consistent exploration history. But even where a region is located within a single country or 

jurisdiction, its exploration history can be greatly complicated by economic, political and 

institutional factors, such as the legal procedures associated with leasing areas for 

exploration. As Harbaugh et al (1995) note: ñéthe orderly development of plays and 

prospects is an ideal that is seldom achieved in practice. Exploratory wells may not be part of 

established plays, and even may be drilled with little or no geological information at locations 

where there is no perceivable prospect.ò Hence, the most appropriate level of aggregation for 

resource assessments is likely to vary from one region to another. The USGS concept of an 

appropriate assessment unit is designed to reflect these different considerations. 

2.4 Cumulative discoveries and reserve growth 

Cumulative production (Qt) represents the total amount of oil that has been produced from a 

region since production began, while reported reserves (Rt) represent the estimated volume of 

remaining resources at known fields. As indicated above, reserve estimates are normally 

categorised in accordance with the level of certainty associated with the estimates. So proved 

(1P) reserves are estimated to have a 90% probability of profitable extraction, while proved 

and probable (2P) reserves are estimated to have only a 50% probability of profitable 

extraction. The sum of cumulative production (Qt) and reported reserves (Rt) for a region at a 

particular point in time (t) may be referred to as cumulative discoveries (Dt).  

           (2.1) 

The cumulative discoveries represent all the oil that is known to a given level of confidence 

to have been discovered in that region. The appropriate interpretation of these estimates will 

depend upon the particular definition of reserves that is being used (e.g. R
1P or 

R
2P

). For 

example, cumulative 2P discoveries ( P

tD2 ) May be expected to be larger than cumulative 1P 

discoveries ( P

tD2 ). While cumulative discoveries at a particular point in time could be taken 

as an estimate of the ultimately recoverable resources (URR) for that region, there are two 

reasons why this is likely to be an underestimate: 

¶ New discoveries: New fields will be discovered and subsequently brought into 

production, thereby adding to cumulative discoveries in a region. In terms of the PRMS 

(Figure 2.1), this may be interpreted as the conversion of prospective resources into 

reserves/production.  

¶ Reserve Growth: Estimates of cumulative discoveries from known fields will also tend to 

increase as a result of improved recovery factors, the physical expansion of fields, the 

discovery of new reservoirs within fields, the re-evaluation of cumulative discovery 

ttt RQD +=
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estimates in the light of production experience, and other factors (Drew and 

Schuenemeyer, 1992; Gautier, et al., 2005; Klett and Gautier, 2005; Klett and Schmoker, 

2003; Morehouse, 1997). In terms of the PRMS classification, this may be interpreted as 

the exploitation of more uncertain reserves (2P and 3P) together with the conversion of 

contingent resources into reserves/production.  

The second process is generally referred to as reserve growth or ófield growthô or órecovery 

growthô). However, more accurate terms would be ócumulative discovery growthô or 

óultimate recovery growthô, since it is the estimates of URR of known fields that are growing 

rather than the reported reserves for those fields. As a result of reserve growth, the 

cumulative discovery estimates for individual fields will typically increase over time. For 

example, a study by Barker, et al. (2004) of 99 Canadian oilfields found that estimates of 

field size (i.e. URR) had grown by 97% since the fields were discovered. In turn, this means 

that the cumulative discovery estimates for a region will also increase over time, even if no 

new fields are found (Attansi and Root, 1994; Drew, 1997; Muller and Sturm, 2000; Odell, 

1973a; Root and Mast, 1993; Verma, 2005).  

Reserve growth has been most closely studied in the United States, where it accounted for 

89% of the additions to US proved reserves over the period 1978 to 1990 (Attanasi and Root, 

1994). While reserve growth also occurs in the other regions of the world, the evidence base 

is much thinner.
8
 However, despite being systematically investigated more than 40 years ago 

(Arrington, 1960), the phenomenon of reserve growth was relatively neglected before the 

1980s (Drew, 1997). An important stimulus to further investigation was the retrospective 

examination of petroleum discovery forecasts for the US, which were found to have 

systematically underestimated future discoveries (Drew and Schuenemeyer, 1992). The 

chosen forecasting methodology relied upon estimates of the size of known fields but failed 

to adjust these estimates to allow for future reserve growth. Since these fields subsequently 

doubled in size within less than 10 years, the volume of new discoveries was also 

underestimated. The USGS World Petroleum Assessment 2000 was the first to systematically 

incorporate reserve growth into a global assessment of petroleum resources ï a move which 

has generated some controversy (see Section 6). Subsequent evaluation of this forecast 

suggested that between 1995 and 2003, reserve growth exceeded new-field discoveries as a 

source of global additions to (2P) reserve estimates by the ratio of three to one (Klett, et al., 

2005b). 

Future reserve growth may be estimated by analysing the historical growth in the estimated 

size of individual fields (Root and Mast, 1993). A growth function ( )(tG ) may be estimated, 

representing the ratio of the estimated size of a field t years after it was discovered
9
 to the 

estimated size of the field at the time of discovery.  Typically, growth functions are assumed 

to be independent of the time of discovery of the field. Both annual and cumulative growth 

functions can be calculated and used to convert current estimates of cumulative discoveries 

into future estimates for a specified year, with the amount of growth depending upon the age 

(and sometimes size) of the field. In some cases, reserve growth functions are measured with 

respect to the date of first production from the field, rather than the date of discovery 

(Thompson, et al., 2009b). This is because a discovered field may ólie fallowô for many years 

                                                 
8 Relevant references include Klett (2005), Klett and Gautier (2005), Gautier and Klett (2005), Gautier, et al (2005), Klett 

and Schmoker (2003), Klett and Verma (2004), Verma (2000; 2003; 2005), Verma and Ulmishek (2003), Verma, et al. 

(2004; 2001), Watkins (2002), Sem and Ellerman (1999) and Odell (1973b) 
9  
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prior to first production, with most of the development work that contributes to reserve 

growth occurring after production has begun. 

Figure 2.2 shows two examples of cumulative growth functions estimated for onshore US oil 

fields: namely the óModified Arringtonô function developed by Verma (2005) and an earlier 

function developed by Attanasi and Root (1994) (which was subsequently found to have 

overestimated reserve growth). Note that the rate of growth is largest in the first ten years 

after discovery and that the current cumulative discovery estimates for 80-year old fields 

(based upon 1P reserves) are nearly seven times larger than those made at the date of 

discovery - and are still growing. While we would expect the annual additions to cumulative 

discovery estimates to decline over time as more of the uncertain/contingent resources are 

converted into proved reserves or cumulative production (i.e. 0)(' ­tG  as ¤­t ), this is 

not evident from the estimated function. The onshore United States contained fields of widely 

different ages and Verma (2005) estimates the average growth rate of these fields to be 

2.7%/year. 

Figure 2.2 Illustration of cumulative reserve growth  

 

Source: Verma (2005) 

Reserve growth may partly be a consequence of conservative reserve reporting. For example, 

Laherrère (1999a) has argued that the bulk of US reserve growth can be attributed to the 

reporting of only proved (1P) reserves under SEC rules. This is acknowledged to be a highly 

conservative estimate of future production (Thompson, 2008). As Drew (1997) observes: 

ñééAsk a manager in an oil company what the reserves are and he or she will tell you 

that it depends on who is asking. The manager will also tell you that three sets of books are 

kept - one that has the optimistic estimates that are used to sell deals to upper management 

and the stockholders and to give the geologists are good measure for what they have found; 

another has the conservative estimates that the accountants used to borrow money from the 

banks; and a third set has the middling numbers calculated by the engineers for internal use 

in the company.ò(Drew, 1997)  

These numbers may be very roughly interpreted as 3P 1P and 2P reserves estimates 

respectively. However, Drew (1997) argues that the phenomenon of reserve growth is not 

confined to cumulative discovery estimates based on 1P reserves: 
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 ñéThe irony of this summation is that all three sets of numbers are pessimistic - they all 
grow with the passage of time.ò (Drew, 1997)  

We would expect, nevertheless, that reserve growth would be smaller for cumulative 

discovery estimates based upon 2P reserves than for those based upon 1P reserves since the 

former are less conservative. Indeed, using the probabilistic interpretation of 2P reserves 

(Thompson, 2008), we would expect cumulative discovery estimates based upon 2P estimates 

to be downgraded as frequently as they are upgraded. However, analysis by Klett and 

Schmoker (2003) suggests that this is not the case. Klett and Schmoker analysed the reserve 

growth of 186 giant oil fields located outside of the US and Canada using data from 

successive editions of the IHS database (Klett, 2005). The cumulative discovery estimates 

reported in this database represent the sum of cumulative production and 2P reserve 

estimates. In contrast, the cumulative discovery estimates reported for US fields and used by 

Verma (2005) and others to develop cumulative growth functions represent the sum of 

cumulative production and 1P reserve estimates. But despite this important difference, the 

percentage reserve growth observed in the giant fields between 1981 and 1995 was very close 

to that predicted from growth functions estimated from US fields. The applicability of these 

growth functions was further reinforced by Klett et alôs (2005a) evaluation of the USGS 

World Petroleum Assessment which showed that reserve growth over the period 1995 to 

2003 was consistent with expectations. 

Reserve growth is therefore of major importance for any method of estimating URR that 

relies upon cumulative discovery data (i.e. D or B), as well as for future projections of global 

oil supply. Put simply, if reserve growth is underestimated or overlooked, estimates of URR 

will be too conservative and forecasts of future oil supply will be too pessimistic (Nehring, 

2006c; e). But the estimation of future reserve growth is fraught with difficulties. At present, 

relatively little is known about how patterns of reserve growth vary between different types 

and sizes of field (e.g. onshore versus offshore) or between different regions. Similarly, little 

is known about how those patterns are influenced by various institutional, economic and 

technical factors. Since advances in seismic technology allow resources to be estimated more 

accurately, it is possible the URR estimates for newly discovered fields may not grow as 

much as those for old fields. However, this has yet to be established with any confidence 

empirically. Since the analysis of reserve growth is hampered by lack of data and 

inconsistencies within the available datasets, the contribution of reserve growth to future oil 

supply remains a topic of controversy (Drew, 1997). Reserve growth is discussed further in a 

companion report (Thompson, et al., 2009b) and is a recurring theme in much of what 

follows. 

2.5 Field size distributions  

Many methods of resource assessment rely upon assumptions about the size distribution of 

oil fields within a region, where ósizeô refers to current estimates of the ultimately 

recoverable resource from each field. Two fundamental observations are that: 

¶ Within any given region (e.g. play, basin, system) most of the oil tends to be found in a 

small number of large fields.  

¶ Large fields tend to be discovered early in the exploration process, with subsequent 

discoveries tending to be smaller and requiring increasingly greater effort to locate. 
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These observations are borne out by empirical observations of exploration histories and the 

size distribution of discovered fields at levels of aggregation ranging from single plays to the 

entire world. However, the precise form of the field (or reservoir) size distribution varies 

from one region to another (Laherrère, 2000a) and is a long-standing focus of controversy 

(Drew, 1997; Kaufman, 2005). For example, Klemme (1984) has highlighted empirical 

relationships between field size distributions and the morphology and size of petroleum 

basins. Depending upon the type of basin, the estimated proportion of URR contained within 

the five largest fields could vary from less than 10% to more than 75%. 

The size distribution of the underlying population of fields cannot be directly observed, but 

can only be inferred from the size distribution of discovered fields (however estimated). Arps 

and Roberts (1958) were one of the first to observe that the latter typically took a lognormal 

form - in other words, the frequency distribution of the natural log of discovered field sizes 

resembled a normal distribution (Figure 2.3). The mode field size therefore occurred in the 

middle of this size range. This observation was subsequently supported by several empirical 

studies, including McCrossanôs (1969) analysis of reservoir sizes in Western Canada
10

 and 

studies of US data sets by Kaufman (1963) and Drew and Griffiths (1965).  

Figure 2.3 Oil and gas field size distribution for the Denver basin in 1958 

 

Source: Adapted from Arps and Roberts (1958) and Drew (1997). 

                                                 
10 ñéit is probably safe to assume on the basis of the present and other published work that a geologically homogeneous 

group of oil deposits should form a unimodal, lognormal size-frequency distributionò (Mcrossan, 1969). Note that Western 

Canada is relatively unique in that reserves have historically been reported on a reservoir rather than a field basis. This 

choice has some important implications. When reservoirs are used as the basis for assessment, the discovery of a new 

reservoir is counted as a new discovery, but where fields are used the discovery of new reservoirs in a field forms a 

component of reserve growth. McCrossanôs results suggest that skewed size distributions apply as much to reservoirs within 

a field as to fields within a larger region. 
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That oil and gas fields typically had a lognormal size distribution became established as 

conventional wisdom during the 1960s and 1970s and subsequently formed the basis of some 

highly sophisticated ódiscovery processô models which were used to estimate the regional 

URR (Kaufman, 1975b). This was despite the difficulties in making statistical inferences 

about the size distribution of the population of fields from a relatively small sample of fields 

that may not be representative of the population as a whole (Bloomfield, et al., 1979; Drew, 

1997; Kaufman, 1993). These difficulties had been anticipated by Arps and Roberts (1958): 

 ñé.the ñfrequency density distributionò strongly resembles the typical bell shaped normal 

Gaussian probability curve. Not too much significance should be attributed to its apparent 

symmetry, because obviously the physical reasons for right-hand and left-hand slopes of this 

curve are quite different. The diminishing number of fields with growing ultimates on the right-

hand side of the mode are, as would be expected, the result of having fewer fields of larger 

sizeé.The tapering off on the left-hand side of the mode, however, must be largely caused by 

economic factors. For instance, under 30,000 barrels of ultimate per well, it may be 

questionable whether an operator should run pipe at all, and many discoveries in this category 

which were found will probably never completed and therefore escape the statistics.ò (Arps 

and Roberts, 1958): 

This sampling bias was rediscovered in the 1980s and given the name óeconomic truncationô 

(Attanasi and Drew, 1984; Drew, 1997; Drew, et al., 1988). Schuenemeyer and Drew (1983) 

observed that smaller fields tended to be underrepresented in the sample of discovered fields 

because they were not economic to develop. However, as exploration proceeded, technology 

improved, oil prices rose and/or costs fell, it became increasingly economic to find and 

exploit the smaller fields. This process is demonstrated graphically in Figure 2.4 (A), which 

shows the field size distribution for the Frio Standplain play in Texas as estimated in 1960, 

1970 and 1985. The mode field size shifts progressively to the left as more small fields are 

discovered and developed. Importantly, the population of large fields remains largely 

unchanged.  

The same process is illustrated in the cumulative frequency distribution of Figure 2.4 (B). 

Using log scales, this shows the number of fields (N) in the play that exceed a particular size 

(V) ï sometimes referred to as the field rank. As more small fields are discovered and 

developed, the curvature of the lnN(V)-lnV plot is reduced. Similar inferences may be drawn 

from cross-sectional studies that compare field size distributions in different regions, since 

the costs of developing petroleum resources - and hence the minimum viable field size - can 

vary widely from one region to another (Drew, et al., 1982b). These differences are 

especially important when comparing onshore and offshore regions (Drew and 

Schuenemeyer, 1993). 
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Figure 2.4 Observed field size distribution for the Frio-Strandplain play in Texas at three 

different points in time 

 

Source: Cramer Barton and La Pointe (1995) 

Power (1992) has shown how the apparently lognormal distribution of observed field sizes 

may also arise from the second form of sampling bias - namely, that the largest fields tend to 

be discovered first. Power simulated the discovery process for theoretical populations of 

fields whose size distribution took a Weibull form. Importantly, the sampling process did not 

impose any economic truncation. Power found that, as the number of exploratory wells 

increased, the size distribution of discovered fields evolved towards the parent frequency size 

distribution. However, the size distribution of discovered fields could not be rejected as being 

non-lognormal for a wide range of measures of exploratory effort (i.e. number of wells 

drilled). He concluded that the discovery sequence could compound the sampling bias 

introduced by economic truncation, thereby potentially reinforcing the misleading conclusion 

that the population size distribution took a lognormal form. 

On the basis of these and similar observations, Drew and colleagues proposed that the 

population field size distribution was more likely to take a power law form, as follows: 
























































































































































































































































































































































