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Chapter 3

Reserve Estimation and Valuation
Introduction

3.1
Mineral reserves (sometimes called reserves or, in the petroleum industry, oil and gas reserves) are those quantities of petroleum or minerals that are anticipated to be commercially recoverable from known accumulations from a given date forward.  Commercial recoverability means that future cash inflows will be greater than future cash outflows and, therefore, mineral reserves can be said to provide future economic benefits to an enterprise.  Enterprises engaged in upstream activities search for reserves by undertaking the activities described in Chapter 2.  Historically, enterprises in the extractive industries have not recognised reserves in their balance sheet but, rather, capitalise as assets certain costs incurred to find, acquire, and develop reserves.  The assets recognised on the balance sheet derive their value from the reserves.  A hole in the ground, a tunnel in a mine, and equipment that cannot be removed and used elsewhere have little or no value in themselves.  Their value to the enterprise is that they enable minerals to be produced.

3.2
Issues relating to the capitalisation of costs incurred to find and develop reserves, and the possibility of including reserves as assets in the balance sheet, are discussed in subsequent chapters.  In particular, Chapters 4 and 6 discuss the relationship of reserves to the definition of, and recognition criteria for, an asset in the IASC Framework.  This chapter focuses on the definitions of various categories of reserves and how quantities and values of reserves can be estimated.  

How Reserve Quantity and Value Data May Be Used in Financial Reporting and Financial Analysis

3.3
Reserve quantity and value data are used for a number of purposes in accounting and in the analysis of financial statements of enterprises in the extractive industries: 


(a)
reserve values and changes in them might be recognised in the financial statements, replacing historical cost as the primary basis of accounting;


(b)
reserves  – whether or not recognised as assets in the balance sheet – represent a source of future cash flows for an enterprise engaged in upstream activities.  Thus, reserve quantities provide an indicator useful in assessing the enterprise’s future cash flows; 


(c)
changes in reserve quantities and reserve values are regarded as a measure of performance and an indicator of the enterprise’s prospects; 


(d)
reserve quantities are used widely in computing the depreciation of capitalised costs related to mineral deposits (depreciation on a per-unit basis is discussed in Chapter 7); 


(e)
reserve values are used in measuring impairment of assets related to mineral reserves (impairment is discussed in Chapter 9); 


(f)
information about changes in reserve quantities is necessary for measuring how well management is replacing the reserves produced.  Without reserve replacement, an extractive industries enterprise cannot continue in business;


(g)
reserve quantity information is used widely by analysts and others to compute various ratios and per-unit information for the purpose of assessing management performance.  To illustrate, information on reserve quantities discovered is used to measure the cost of finding a unit of mineral reserves.  Use of reserve disclosures in analysing performance is discussed in Chapter 15; 


(h)
information about quantities of reserves is often used to allocate costs between minerals transferred and minerals retained in certain mineral conveyances;


(i)
reserve quantities are also the basis for many operating decisions made by management.  Financial analysts and other users often argue that, for statement users to better evaluate management, the financial reports should reflect data used by management, including the key element of reserve quantities and changes in those quantities; 


(j)
reserve quantities are used in allocations of costs in corporate mergers and acquisitions; 


(k)
since the underlying value of upstream operations rests on mineral reserves, that information is crucial information to shareholders, creditors, and other users in estimating the value of the entity’s shares of stock and other outstanding securities; 


(l)
reserve values are sometimes disclosed in financial reports of enterprises in the extractive industries to assist in analysing the enterprise’s value and to compute various ratios and relationships that indicate economic strength and profitability.  Reserve value measures are based on reserve quantities and are best interpreted if reserve quantities are also presented (disclosures related to reserve values are discussed in Chapter 14); 


(m)
in the United States, a “standardised measure of reserves” must be disclosed in financial reports of enterprises in the extractive industries to assist in analysing the enterprise’s value and to compute various ratios and relationships that indicate economic strength and profitability.  While not purporting to be a measure of reverse values, the standardised measure is based on reserve quantities and is best interpreted if reserve quantities are also presented (disclosures related to reserve values are discussed in Chapter 14); 


(n)
reserves are frequently used as security for loans and other types of financing; and 


(o)
reserve quantities and values are used in decisions to purchase or sell reserves in place. 

3.4
The minerals owned or controlled by an enterprise and the reserves found each year are of critical importance to the success of an extractive industries enterprise.  As a result, both operations and financial reporting of upstream activities focus on the finding and production of minerals.  For reserve data used for operating decision-making and for financial reporting to be useful, the terms used to describe and classify minerals reserves should be used consistently.  Some of the most important terms relating to minerals in the ground are discussed in the following paragraphs. 

3.5
It should be recognised that enterprises in the extractive industries acquire rights to explore for and develop mineral reserves in a number of different ways, using vehicles such as production sharing agreements, mineral leases, concessions, service contracts, and joint venture arrangements.  These are described in Chapter 12.  Some of these arrangements do not result in the enterprise having ownership rights or control over the reserves but do give the enterprise an economic interest in those reserves because some of the cash flows from their production and sale will accrue to the enterprise.

Mineral Definitions and Classifications

3.6
Some of the terminology used to describe and categorise mineral reserves in the mining industry differs from that used in the petroleum industry.  Also, definitions giving different classifications of petroleum reserves have historically been more standardised than those for other minerals.  As a result, the terminology and definitions in the two industries are discussed separately in the following paragraphs.  Two sets of definitions – one widely adopted in the petroleum industry and another widely adopted in the mining industry – are presented in Appendix B and summarised in the following pages.  While other definitions have also been proposed or used, these two sets of definitions contain most of the elements found in the other definitions.  Following the discussion of these two sets of definitions, their different components are analysed.

Reserve Definitions and Classifications in the Petroleum Industry

3.7
As a first step, engineers and geologists estimate the total discovered oil and gas – the estimated volumes contained in known petroleum reservoirs.  These include discoveries (oil and gas found in a property or area that was not previously known to contain oil and gas) and extensions (new commercial reserves discovered in reservoirs or mineral deposit areas that already had such reserves but at a relatively short distance from known commercial reserves).  Not all discoveries or extensions may be commercially recoverable.  Because of geological and geophysical factors, some of the oil and gas in place is “locked in” and unrecoverable under current technology.  Typically, less than half the discovered oil in a reservoir is economically recoverable.  In the case of natural gas, the recoverable amount is greater – sometimes exceeding 70 per cent.  Because of these differences between quantities discovered and quantities recoverable, discovered oil and gas quantities generally are not useful by themselves.

3.8
Statement preparers and users are interested in those minerals in the ground that will yield a positive cash flow.  The quantities of minerals in the ground from which, with a defined degree of certainty, production proceeds will cover the costs of further development, production and sale are known as commercially recoverable reserves. 

3.9
Only after all recoverable oil and gas has been removed from a reservoir can the amount that was recoverable be measured precisely.  Prior to the end of the life of the reservoir, commercially recoverable reserve quantities can only be estimated.  There can be significant differences between estimates made when a deposit is first discovered and estimates based on further study and testing.  Sometimes, even when all commercially recoverable reserves are thought to have been removed from the reservoir, subsequent increases in prices of the minerals, favourable developments in technology, or other factors reducing production costs may make it profitable for an enterprise to re-enter an abandoned reservoir and recover additional minerals that formerly could not be recovered profitably.  The imprecision of reserve estimates exists because at almost any point in the life of the reservoir, knowledge of the mineral formation or deposit is incomplete, measurement techniques are inexact, and future production techniques are uncertain.  Uncertainties about future costs, resulting from technological changes in producing and processing the reservoir’s products, from governmental regulations and requirements, and from general economic conditions, always exist.  Similarly, because of potential changes in demand for products made from petroleum, the available supply of oil and gas, changes in general price levels, and many other factors, estimates of future prices are imprecise.  These uncertainties about future economic factors together with the uncertainty resulting from lack of complete knowledge about the physical and geological characteristics of the underground deposits, make it especially difficult to estimate the quantity of commercially recoverable reserves.  This uncertainty is characteristic of not only petroleum reserves, but of almost all minerals in the mining industry as well.

3.10
In the petroleum industry, the estimate of commercially recoverable reserves is complicated by the fact that oil and gas reservoirs are found at significant depths beneath the earth’s surface, ranging from a few hundred metres to almost 7,000 metres.  In addition, there are many factors that enter into (a) an estimate of the total quantity of oil and gas in place (sometimes called minerals in place in the mining industry), (b) an estimate of the quantity of oil and gas that could be produced (though not necessarily at a profit), and (c) an estimate of the quantities of commercially recoverable reserves.

3.11
Some of the reservoir characteristics affecting an estimate of the recoverable reserves of petroleum in place include:


(a)
the area of the reservoir;


(b)
its thickness;


(c)
its porosity; and


(d)
the hydrocarbon saturation.

3.12
Factors affecting the portion of the petroleum that can be physically recovered from a reservoir include, among others:


(a)
the physical and chemical characteristics of the reservoir rock and fluids;


(b)
the physical geometry of the reservoir;


(c)
the depth, temperature, and pressure of the reservoir;


(d)
the amount and type of natural drive mechanism (such as water, dissolved gas, gas-cap gas, and associated gas) that forces the reservoir contents into the well bore;


(e)
the physical characteristics of the wells penetrating the reservoir; and


(f)
the estimated additional recovery that can be attained from the use of “improved recovery” methods, such as water flooding, gas injection, chemical injections, steam flooding, and in-situ combustion.

3.13
Not all hydrocarbons that could potentially be recovered are economically recoverable.  Commercial recoverability depends not only on the quantity of hydrocarbons in place and the quantity that potentially could be recovered, but also on the existence or development of technology to recover those reserves, on the prices that can be obtained for the products, and on the incremental costs to develop, produce, transport, and sell the hydrocarbons.  It follows that estimating the quantity of commercially recoverable reserves is far more complex and difficult than estimating the total reserves in place or the quantity that potentially could be recovered. 

3.14
It is extremely difficult, and costly, to obtain comprehensive information about the entire reservoir and its contents when information can be gained only by use of geological and geophysical techniques from the surface and through wells of small diameter.  However, over a period of years of production more information is obtained through the drilling of additional wells and from measurements of changes in the reservoir resulting from production of reservoir contents.  Decline curves based on past production data and reservoir measurements over several years provide estimates of future production that become more accurate, though still not precise. 

WPC-SPE Classification of Petroleum Reserves

3.15
Because mineral reserve estimates are of critical importance to enterprises in the petroleum and mining industries, engineers and geologists have developed definitions and classifications that categorise reserves based on the degree of certainty of the estimates and on the extent to which the reserves have been developed.  In the petroleum industry, different engineering and geological organisations have developed several reserve classification systems.  One or more of these classification systems usually provides the basic framework used by a petroleum enterprise in reserve estimation and reporting.  In the last half of the 1990s, great strides have been taken toward the developing a uniform set of oil and gas reserve classifications on an international basis.  Because of the importance of internationally agreed classifications to an International Accounting Standard on the extractive industries, efforts in that direction are discussed below. 

3.16
In the petroleum industry, a project to standardise definitions was undertaken by the joint efforts of the World Petroleum Congress (WPC) and the Society of Petroleum Engineers (SPE).  The World Petroleum Congress is a forum for the science and technology of petroleum and involves nearly 50 countries.  The Society of Petroleum Engineers is a professional association that has long been involved in developing petroleum reserve definitions.  Both organisations have approved the report of a joint committee of the two organisations.  The full text of the reserve definitions adopted by the two organisations is reproduced in Appendix B.  Because of the importance of this effort and its endorsement by many groups in the petroleum industry, the WPC-SPE definitions for proved, probable, and possible reserves will be used in this discussion to illustrate the general nature of petroleum reserve definitions.  Subsequently, proposals for different assumptions in classifying petroleum reserves will be examined. 

3.17
In the WPC-SPE document, reserves are divided into two broad groups, based on the probability that the amount estimated exists and will be commercially recoverable: 


(a)
proved reserves; and


(b)
unproved reserves. 


Proved reserves are then subdivided into proved developed reserves and proved undeveloped reserves.  Unproved reserves are subclassified as probable mineral reserves and possible mineral reserves. 

3.18
Because users of financial statements try to assess the amounts and timing of an enterprise’s cash flows, the distinction between proved, probable, and possible reserves – which depends on the degree of certainty that the quantity of reserves equals or exceeds the estimate – is useful in financial reporting.

Proved Reserves
3.19
Proved reserves are defined in the WPC-SPE document as: 



those quantities of petroleum which, by analysis of geological and engineering data, can be estimated with reasonable certainty to be commercially recoverable, from a given date forward, from known reservoirs and under current economic conditions, operating methods, and government regulations.  Proved reserves can be categorised as developed or undeveloped. 

3.20
One aspect of the definition as given above that has been particularly troublesome to those making and using reserve estimates is the meaning of “with reasonable certainty”.  The definition leaves the degree of certainty that is necessary to classify reserves as proved to the professional judgement of the estimator.  For example, in 1989 Coopers & Lybrand (now PricewaterhouseCoopers) surveyed engineering firms about standard reserve definitions.  Twenty-five responded to the question on the meaning of “with reasonable certainty”.  Ten said that the term meant that the probability was at least 90 per cent that the amount of actual reserves would equal or exceed the amount of the estimate.  Another eight said that the term meant 70 per cent to 80 per cent.  Two said it could mean a probability of less than 70 per cent, and five were undecided. 

3.21
Defining reserve categories in terms of “with reasonable certainty” is referred to as a deterministic approach.  Because of the vagueness of this term, many engineers, petroleum enterprises, analysts, and others have sought to develop more specific guidelines, expressed in percentages, of the level of probability necessary to classify reserves as, for example, proved.  The use of specific probability standards is called the probabilistic approach.  Various engineering groups have developed and issued proposed definitions of proved reserves (and other classifications) using the deterministic approach.  In recent years a number of organisations also have issued proposals for using the probabilistic approach.  The reserve classifications approved by the WPC and SPE permits use of either the deterministic approach or the probabilistic approach.  The WPC-SPE definition of proved reserves includes the following statement to distinguish between the probabilistic and the deterministic approaches: 



If deterministic methods are used, the term reasonable certainty is intended to express a high degree of confidence that the quantities will be recovered.  If probabilistic methods are used, there should be at least a 90% probability that the quantities actually recovered will equal or exceed the estimate. 


Proved reserves measured using a probabilistic approach are sometimes called proven reserves.

3.22
Appendix B presents the text of the WPC-SPE reserve definitions, including description of the area of the reservoir considered as proved, the requirements that must be met for undeveloped locations to be classified as proved, and the requirements to be met for reserves recoverable through improved recovery methods to be classified as proved. 

3.23
Proved reserves are classified into two types, developed and undeveloped, based on whether necessary facilities have been installed to produce the reserves.  This distinction is discussed in paragraphs 3.30 through 3.32 of this Issues Paper. 

Probable Reserves

3.24
Unproved reserves are described in the WPC-SPE document as follows:


Unproved reserves are based on geologic and/or engineering data similar to that used in estimates of proved reserves; but technical, contractual, economic, or regulatory uncertainties preclude those reserves being classified as proved.  Unproved reserves maybe further classified as probable reserves and possible reserves

3.25
Probable reserves are defined in the WPC-SPE definitions as, in part: 



those unproved reserves which analysis of geological and engineering data suggests are more likely than not to be recoverable.  In this context, when probabilistic methods are used, there should be at least a 50% probability that the quantities actually recovered will equal or exceed the sum of estimated proved plus probable reserves. 

3.26
It is important to note that the WPC-SPE definition of proved reserves requires that the estimate be based on “current economic conditions, operating methods, and governmental regulations”.  The definition of probable reserves (and possible reserves as well), however, does not include that important phrase.  The document states: 



Unproved reserves may be estimated assuming future economic conditions different from those prevailing at the time of the estimate.  The effects of possible future improvements in economic conditions and technological developments can be expressed by allocating appropriate quantities of reserves to the probable and possible classifications. 

3.27
The WPC-SPE definitions contain further details on specific types of reserves that might be included in the probable reserve category.

Possible Reserves
3.28
Possible reserves have the lowest probability of economic recovery.  They are defined in the WPC-SPE document as: 



those unproved reserves which analysis of geological and engineering data suggests are less likely to be recoverable than probable reserves.  In this context, when probabilistic methods are used, there should be at least a 10% probability that the quantities actually recovered will equal or exceed the sum of estimated proved plus probable plus possible reserves. 

WPC-SPE Proved Reserve Status Categories
3.29
The WPC-SPE document uses two subcategories to describe the development status of proved reserves: developed reserves and undeveloped reserves.  The distinction between developed and undeveloped reserves is also important in financial reporting not only because it helps in predicting cash flows from production of reserves but also its effect on the calculation of depreciation.

Proved Developed Reserves
3.30
Proved developed reserves are defined in the WPC-SPE document as follows: 



Developed reserves are expected to be recovered from existing wells including reserves behind pipe.  Improved recovery reserves are considered developed only after the necessary equipment has been installed, or when the costs to do so are relatively minor. 


Reserves behind pipe generally refers to reserves expected to be recovered from zones in existing wells that have been drilled, but will require additional completion work or future recompletion work.  

3.31
It should be noted that definitions of proved developed reserves have usually specified that the proved developed reserves are expected to be recovered through existing equipment and operating methods and will not require significant additional development costs. 

Proved Undeveloped Reserves

3.32
Proved undeveloped reserves are all proved reserves that are not classified as developed.  The WPC-SPE document notes three major sources of undeveloped proved reserves: 


(a)
from new wells on undrilled acreage; 


(b)
from deepening existing wells to a different reservoir; or


(c)
where a relatively large expenditure is required to: 



(i)
recomplete an existing well; or



(ii)
install production or transportation facilities for primary or improved recovery projects. 

Recent SEC Guidance

3.33
In July 2000, the Division of Corporation Finance of the U.S. Securities and Exchange Commission (SEC) published guidance for reserve classification for SEC filing purposes.  Among the issues addressed are (a) “reasonable certainty” for the purpose of proved reserves, (b) the meaning of “existing economic and operating conditions”, (c) attributing reserves to “shut-in” properties, (d) consideration of improved recovery techniques in classifying reserves, (e) exclusion from proved reserves of indicated reserves, reserves in undrilled properties, and reserves that might be recovered from oil shales, gilsonite, and similar sources, (f) whether to anticipate renewal of concessions, (g) factors for distinguishing proved developed reserves from proved undeveloped reserves, (h) use of year-end prices and costs rather than recent averages, (i) use of probabilistic methods of reserve estimation, and (j) cautions if web sites report reserve categories that are prohibited in SEC filings.

Mineral Definitions and Classifications in the Mining Industry
3.34
Unlike the petroleum industry, where reserves can be classified homogeneously as petroleum reserves, the mining industry encompasses a wide variety of mineral reserves, including sand, gravel, stone, coal, sulphur, and metal ores such as copper, gold, iron, nickel, lead, zinc, silver, tin, platinum, and gemstones.  Furthermore, in the mining industry, some minerals tend to be nearer to the earth’s surface than is the case with petroleum and may be easier to physically measure.  Other deposits in the mining industry are irregular in shape and, therefore, difficult to delineate.  Also, the grade (the relative quality or percentage of metal content) of ore varies throughout a single deposit.  As a result, it is often difficult to estimate either the total volume of the ore in place or its mineral contents. 

3.35
In the mining industry, historically estimation of the quantities of mineral resources that are commercially recoverable has been further complicated by large fluctuations in the price of products and by significant changes in production costs.   In addition, changes in operating technology by users of natural resources affect the demand for mining products, sometimes resulting in dramatic price changes. 

3.36
In the past few years, intense efforts have been made to formulate a set of definitions (known as the JORC Code) that can apply to the mining industry in general.  A set of definitions that has been prepared by the Joint Ore Reserves Committee, an Australasian Group, is gaining wide acceptance and is reproduced in Appendix B.  In the past few years, mining organisations in Australia, Canada, South Africa, the United Kingdom, and the United States have accepted these definitions, as have the New Zealand and Australian Stock Exchanges.  The United Nations Economic Commission for Europe has recently developed a uniform framework classification of mineral reserves and resources based on the JORC definitions.  

3.37
The JORC Code contains two sets of parallel classifications.  These are: 


(a)
mineral resources; and


(b)
ore reserves.

3.38
A mineral resource is defined as: 



a concentration or occurrence of material of intrinsic economic interest in or on the Earth’s crust in such form and quantity that there are reasonable prospects for eventual economic extraction.  The location, quantity, grade geological characteristics and continuity of a Mineral Resource are known, estimated or interpreted from specific geological evidence and knowledge.  Mineral Resources are sub-divided, in order of increasing geological confidence, into inferred, indicated and measured categories. . . .  Portions of a deposit that do not have reasonable prospects for eventual economic extraction must not be included in a Mineral Resource. 

3.39
JORC uses its definition of mineral resources to define ore reserves.  Ore reserves are defined (in part) as “the economically mineable part of a . . . mineral resource.”  Because the reserves definition builds on the resources definition, the next two sections of this chapter examine both sets of definitions.  (The term mineral reserve is often used in the mining industry instead of the term ore reserve.)  

JORC Categories of Mineral Resources
3.40
The definition of mineral resource includes three categories, listed in increasing order of geological confidence: 


(a)
inferred; 


(b)
indicated; and


(c)
measured. 

3.41
An inferred mineral resource is defined in the JORC Code as: 



that part of a Mineral Resource for which tonnage, grade and mineral content can be estimated with a low level of confidence.  It is inferred from geological evidence and assumed but not verified geological and/or grade continuity.  It is based on information gathered through appropriate techniques from locations such as outcrops, trenches, pits, workings and drill holes which may be limited or of uncertain quality and reliability. 


This category covers situations where a mineral occurrence has been identified and limited measurements and samplings have been completed, but the data are insufficient to allow the appropriate application of technical and economic parameters to evaluate economic viability.  It is important to note that anticipated economic recoverability is not a requirement for classifying a mineral reserve as an inferred mineral resource.

3.42
The term indicated mineral resources is defined as: 



that part of a Mineral Resource for which tonnage, densities, shape, physical characteristics, grade and mineral content can be estimated with a reasonable level of confidence.  It is based on exploration, sampling and testing information gathered through appropriate techniques from locations such as outcrops, trenches, pits, workings and drill holes.  The locations are too widely or inappropriately spaced to confirm geological and/or grade continuity but are spaced closely enough for continuity to be assumed. 


Confidence in the estimate of an indicated mineral resource is great enough to allow the application of technical and economic parameters and to enable an evaluation of economic viability. 

3.43
A measured mineral resource is defined as: 



that part of a Mineral Resource for which tonnage, densities, shape, physical characteristics, grade and mineral content can be estimated with a high level of confidence.  It is based on detailed and reliable exploration, sampling and testing information gathered through appropriate techniques from locations such as outcrops, trenches, pits, workings and drill holes.  The locations are spaced closely enough to confirm geological and/or grade continuity. 


This category requires a high level of confidence in, and understanding of the geology and controls of the mineral deposit.  Confidence is great enough to allow application of technical and economic parameters and to enable an evaluation of economic viability of the deposit. 

3.44
Mineral resource definitions do not contain references to the degree of likelihood of commercial recoverability.  There are no references to price and cost factors or to the technical feasibility of recovery.  Neither do the definitions refer to marketing, legal, environmental, social, or governmental factors.  The classifications are defined in terms of the level of geological knowledge and confidence and, therefore, cannot be said to be the same as ore reserves.  However, the degree and types of exploration and testing that have been conducted, and the resulting level of geological knowledge and confidence do enter into the definitions of different classifications of mineral resources and, with consideration of economic and other factors noted above, provide the basis for “ore” reserve definitions and classifications. 

JORC Classifications of Ore Reserves in the Mining Industry
3.45
The full definition of ore reserves given in the JORC Code is: 



the economically mineable part of a Measured or Indicated Mineral Resource.  It includes diluting materials and allowances for losses which may occur when the material is mined.  Appropriate assessments, which may include feasibility studies, have been carried out, and include consideration of and modification by realistically assumed mining, metallurgical, economic, marketing, legal, environmental, social and governmental factors.  These assessments demonstrate at the time of reporting that extraction could reasonably be justified.  Ore reserves are sub-divided in order of increasing confidence into Probable Ore Reserves and Proved Ore Reserves. 

Note that the subdivisions listed in the last sentence of this definition do not include possible reserves.

3.46
The JORC definitions set out in Appendix B include definitions of proved ore reserves and probable ore reserves.  Proved ore reserves are defined in the JORC Code as:



the economically mineable part of a Measured Mineral Resource.  It includes diluting materials and allowances for losses which may occur when the material is mined.  Appropriate assessments, which may include feasibility studies, have been carried out, and include consideration of and modification by realistically assumed mining, metallurgical, economic, marketing, legal, environmental, social and governmental factors.  These assessments demonstrate at the time of reporting that extraction could reasonably be justified.

3.47
Probable ore reserves are defined in the JORC Code as: 



the economically mineable part of an Indicated, and in some circumstances Measured Mineral Resource.  It includes diluting materials and allowances for losses which may occur when the material is mined.  Appropriate assessments, which may include feasibility studies, have been carried out, and include consideration of and modification by realistically assumed mining, metallurgical, economic, marketing, legal, environmental, social and governmental factors.  These assessments demonstrate at the time of reporting that extraction could reasonably be justified. 


A probable ore reserve has a lower level of confidence than a proved ore reserve, as is the case in the petroleum industry.

3.48
The level of geological knowledge and confidence results in the following implications for the assignment of mineral resources to an ore reserves category: 


(a)
the level of geological knowledge and confidence of inferred resources is so low that it is insufficient to treat any part of inferred resources as ore reserves.  As a result, no part of inferred resources can be included in any class of ore reserves; 


(b)
indicated resources contain a level of geological knowledge and confidence sufficient for the resources to be classified as probable ore reserves, but not with high enough confidence to be classified as proved ore reserves; 


(c)
measured mineral resources contain a level of confidence that they may be classified in some cases as proved ore reserves.  This requires a high level of confidence in the geological knowledge of the reserve and also in the mining, metallurgical, economic, marketing, legal, environment, social, and governmental factors; and


(d)
sometimes, economically recoverable measured mineral resources may not reach the level of confidence to be treated as proved reserves because of uncertainty associated with technical and/or economic factors.  In these circumstances, they can only qualify as probable ore reserves. 

JORC and WPC-SPE Reserve Definitions Compared

3.49
The term reserves is used in both the mining and petroleum industries.  The JORC definitions refer to ore reserves.  The WPC-SPE definitions refer to petroleum reserves or just reserves.  Both sets of definitions require that reserves be commercially or economically recoverable.  Both sets of definitions have subcategories of reserves with different degrees of probability of commercial recoverability.  (This Issues Paper uses the terms reserves, oil and gas reserves, and mineral reserves interchangeably.)

3.50
The JORC and WPC-SPE definitions of proved reserves are essentially the same except for two important matters:  


(a)
economic assumptions:  in the petroleum industry, the WPC-SPE definitions base proved reserves on current prices and costs and other current economic conditions.  In the mining industry the JORC definition of proved ore reserves does not say specifically what assumptions should be made about economic factors; rather, the JORC definition of proved ore reserves requires that they be based on “realistically assumed factors” (discussed later in this chapter); and


(b)
degree of certainty:  in the petroleum industry, the WPC-SPE definition of proved reserves requires either (i) “reasonable certainty” (the deterministic approach) or (ii) a 90 per cent probability (the probabilistic approach); in the mining industry, the JORC definition requires a “high level of confidence”.  Because the WPC-SPE definition states that “reasonable certainty” means “a high degree of confidence that the quantities will be recovered”, many think the WPC-SPE and JORC proved reserve definitions using a deterministic approach are similar.

3.51
The JORC and WPC-SPE definitions of probable reserves are essentially the same except for two important matters:


(a)
economic assumptions:  in the petroleum industry, the WPC-SPE definitions allow probable reserves to be based either on current prices, costs, and economic conditions or on anticipated developments and/or the extrapolation of current economic conditions.  In the mining industry the JORC definition of probable ore reserves does not say specifically what assumptions should be made about economic factors; rather, the JORC definition of probable ore reserves requires that they be based on “realistically assumed factors” (discussed later in this chapter); and


(b)
degree of certainty:  in the petroleum industry, the WPC-SPE definition of probable reserves requires either (i) more-likely-than-not recovery (the deterministic approach) or (ii) a 50 per cent probability (the probabilistic approach); in the mining industry, the JORC definition requires a “reasonable level of confidence”.  

3.52
Other differences between the JORC Code and the WPC-SPE definitions are:


(a)
under the JORC Code, the sum of measured and indicated mineral resources equals the sum of proved and probable ore reserves.  However, mineral resources are broader than just ore reserves in that they include also the inferred mineral resources; and


(b)
the JORC Code includes not only definitions but also certain minimum reporting requirements.  The JORC Code requires reporting of both reserves and resources, but allows reporting of resources either inclusive of ore reserves or only those resources incremental to ore reserves. 

Implications for IASC of the JORC and WPC-SPE Definitions

3.53
Definitions and classifications of reserves will be an important element of financial reporting standards for the extractive industries.  Among the issues facing IASC in this regard are the following:


(a)
Are either or both sets of the internationally accepted definitions and classifications – the JORC definitions for the mining industry and the WPC-SPE definitions for the petroleum industry – appropriate for use in an International Accounting Standard in the extractive industries (possibly with relatively minor modifications or elaborations), or is it necessary for IASC to develop its own definitions?


(b)
If the JORC and/or WPC-SPE definitions are appropriate, should IASC choose one of those sets of definitions and apply it in financial reporting standards for both the mining and petroleum industries, or should IASC use the JORC definitions for mining enterprises and the WPC-SPE definitions for petroleum enterprises?  The former approach would achieve somewhat greater comparability across industries.  The latter approach would achieve comparability within the mining industry and within the petroleum industry and would also have the advantage of using definitions developed specifically for and widely understood within each industry.


(c)
Since the JORC definitions do not specify whether reserve quantities and prices should be based on current prices, costs, and economic conditions or on future prices, costs, and economic conditions, should IASC supplement the JORC definitions with guidance as to which prices, costs, and economic conditions should be used?


(d)
The WPC-SPE definitions specify that proved reserves should be based on current prices, costs, and economic conditions, but they allow probable and possible reserves to be based either on current prices, costs, and economic conditions or on anticipated developments and/or the extrapolation of current economic conditions.  Should IASC supplement the WPC-SPE definitions with respect to probable and possible reserves to specify whether current or future prices, costs, and conditions should be used?


(e)
Are the same definitions appropriate for all financial reporting purposes (see paragraph 3.114)?

Basic Issue 3.1 – A common set of reserve definitions for financial reporting by mining and petroleum enterprises

Should an International Accounting Standard on the extractive industries contain a common set of reserve definitions to be used by both mining and petroleum enterprises?

a.
Yes, it is essential that both industries use a common set of definitions.

b.
A common set of definitions is desirable but, for pragmatic reasons, the Standard should initially use the existing JORC definitions for mining enterprises and the existing WPC-SPE definitions for petroleum enterprises.  However, a common set of definitions should be developed for the longer term.

c.
Common definitions are not necessary.  The Standard should use the existing JORC definitions for mining and the existing WPC-SPE definitions for petroleum.  

d.
Other (please explain).

Steering Committee Tentative View:

A common set of definitions is desirable but, for pragmatic reasons, the Standard should initially use the existing JORC definitions for mining enterprises and the existing WPC-SPE definitions for petroleum enterprises.  However, a common set of definitions should be developed for the longer term.

Sub-issue 3.1.1 – Developing the common definitions

If a common set of definitions is to be developed, either for the initial IASC Standard on the extractive industries or for the longer term, who should develop those definitions?

a.
IASC.

b.
A joint industry group.

Steering Committee Tentative View:

A joint industry group should develop a common set of reserve definitions for mining and petroleum enterprises.

Sub-issue 3.1.2 – Probabilistic vs. deterministic approach to reserve definitions

The WPC-SPE petroleum reserve definitions allow an enterprise to choose whether to use a deterministic or a probabilistic approach to measuring reserve quantities.  The JORC definitions are deterministic.  If you believe that these definitions offer an appropriate starting point for use in an International Accounting Standard, should the standard require either the deterministic or the probabilistic approach for both petroleum and mining enterprises? 

a.
Deterministic for both petroleum and mining enterprises.

b.
Probabilistic for both petroleum and mining enterprises.

c.
Allow the choice for both petroleum and mining enterprises.

Steering Committee Tentative View:

The Steering Committee has not developed a tentative view on this issue.

Sub-issue 3.1.3 – Feasibility of probabilistic definitions for mining reserves

The WPC-SPE petroleum reserve definitions allow an enterprise to choose whether to use a deterministic or a probabilistic approach to measuring reserve quantities.  The JORC definitions are deterministic.  Is it feasible to develop probabilistic definitions for mining reserves?

a.
Yes.

b.
No.

Steering Committee Tentative View:

The Steering Committee has not developed a tentative view on this issue.

Sub-issue 3.1.4 – Quantification of statistical probabilities

If a probabilistic approach is used, the WPC-SPE definitions rely on a 90 per cent statistical probability for proved reserves, a 50-90 per cent or greater statistical probability for probable reserves, and a 10-50 per cent probability for possible reserves.  If a probabilistic approach were either a requirement or an option, for petroleum or mining enterprises or both, are the WPC-SPE quantifications of probability appropriate for financial reporting?

a.
Yes, the quantifications are appropriate.

b.
Yes, in general quantifications are appropriate, but some modifications to those in the WPC-SPE definitions are needed (please elaborate).

c.
No, the terms proved, probable, and possible should not be quantified.  Instead, the degree of probability for each category should be expressed in narrative terms such as “with reasonable certainty”) and left to the judgement of the expert making the estimate.

Steering Committee Tentative View:

The Steering Committee has not developed a tentative view on this issue.

Variables in Estimating and Defining Commercially Recoverable Reserve Quantities
3.54
Both sets of reserve definitions – the WPC-SPE definitions for petroleum and the JORC definitions for the mining industry – were developed by extractive industries scientists in an effort to provide uniform definitions that might be adopted by enterprises in each industry throughout the world.  It is recognised that preparing reserve estimates is in the province of geologists and engineers, not accountants, financial analysts, or financial statement users.  Therefore, many suggest that financial statement preparers and users should rely on those scientists to develop reserve definitions that are relevant and reliable for financial reporting.  However, those who develop definitions of different categories of reserves often recognise that the definitions developed may be inadequate or inappropriate to meet the special needs of different groups.  Many argue that standard reserve definitions may not reflect assumptions that make the use of engineering definitions appropriate in financial reporting.  They argue that special definitions should be developed for financial reporting. 

3.55
Paragraph 39 of the IASC Framework observes that for users to compare the financial statements of different enterprises, the measurement and display of the financial effects of like transactions and other events must be carried out in a consistent way across different enterprises.  The need for consistency and the importance of reserve quantities and values suggest that agreement on a single set of classifications of mineral reserves, with clear, workable definitions for each classification, is an important element of any accounting standards for the extractive industries.  Even if terminology and definitions that differ from engineering definitions were to be developed for financial reporting, and even if different definitions were to be developed and used for the petroleum industry and for the mining industry, clear and consistent meanings for each classification used in financial reporting are of critical importance.  Obviously, every effort should be made to identify reserve definitions that would be most useful in financial reporting and would still meet other desirable attributes of mineral reserve definitions for other purposes. 

3.56
Some view the definitions provided by engineering and geological groups as lacking some of the qualities that make them useful in financial reporting, particularly a focus on commerciality.  These concerns centre on the assumptions underlying the definitions.  However, there is no consensus of opinion about what those assumptions should be. 

3.57
For that reason, the most important non-geological variables entering into the estimation of commercially recoverable reserves, some of which have been mentioned previously, warrant further discussion. 

3.58
The three most important non-geological variables are the assumptions made about operating conditions, prices, and costs.  Mineral reserves are usually considered to be commercially recoverable if the cash inflows expected to be received from producing and selling them are expected to exceed all future costs necessary to develop, produce, and sell the minerals produced.  It is obvious that the assumptions made about operating conditions, prices, and costs become critical elements in the development of reserve estimates. 

Assumptions about Operating Conditions

3.59
Operating conditions include the technology used and laws, government regulation, and environmental, health, and safety requirements governing operations.  Basically, there are three choices of assumptions:


(a)
assume that current operating conditions will exist at the time the reserves are expected to be produced; 


(b)
use the enterprise’s expectation of operating conditions at the time the reserves are expected to be produced; or


(c)
assume that current operating conditions will continue except for enacted or substantially enacted changes in laws, regulations, and requirements.  

3.60
Paragraph 31 of IAS 36, Impairment of Assets, specifies that estimates of future cash flows from an asset’s use for the purpose of determining whether impairment of the asset has occurred should reflect reasonable and supportable assumptions and represent management’s best estimate of the set of economic conditions that will exist over the remaining useful life of the asset.  Paragraph 49 of IAS 37, Provisions, Contingent Liabilities and Contingent Assets, in discussing the relevance of future events for measuring provisions, states that cash flows should include expected cost reductions associated with increased experience in applying existing technology or the expected cost of applying existing technology to a larger or more complex clean-up operation than has previously been carried out (reflecting a reasonable expectation of technically qualified, objective observers, taking account of all available evidence as to the technology that will be available at the time of the clean-up).  In contrast, IAS 37.49 holds that future cash flows should exclude the development of a completely new technology unless it is supported by sufficient objective evidence.  
Price Assumptions
3.61
Four different assumptions about prices are sometimes advocated: 


(a)
current spot price;


(b)
current spot price adjusted for contractual changes;


(c)
current forward price; and


(d)
management’s best estimate of the price expected to exist at the anticipated time of production.


The first three of these are objective whilst the last is more subjective.

Current Spot and Current Forward Price
3.62
The major reason suggested for using current spot or forward prices is that those prices represent the most reliable and verifiable price that can be attained and are more comparable between enterprises.  Those who support using the forward price say that it has the advantage of verifiability while at the same time anticipating the market’s expectation of future price movement.  

3.63
The arguments against using prices current at the estimation date is that they are not relevant because they do not reflect management’s expectations, they are not the basis on which management decisions are made, and they do not reflect the basis on which reserves are bought and sold.  Even forward prices are not necessarily prices at the dates of expected production.

3.64
Because of seasonal fluctuations in prices, some consider that the price on the date an estimate is made can be unrepresentative of the economic reality of prices throughout the year.  Consequently, they sometimes suggest using an average price for a specified period before or surrounding the estimation date. 

Current Prices Adjusted for Contractual Changes in Future Prices
3.65
In estimating commercially recoverable reserves, many enterprises use prices current at the time the estimate is made, adjusted for future price changes provided in sales contracts.  The rationale for this basis is that future contractual prices (including those that result from hedging activities) are easily obtained, objective, and represent reasonably assured future cash flows.  To disregard the contracted prices would be to ignore economic facts that have significant impacts on the quantity of reserves that will likely be produced at a profit.  It is sometimes argued that the existence of contracted future prices does not guarantee that those prices will be received because contracted prices are often changed as the result of changing economic conditions.  Those with this view usually prefer the use of the current price as of the date of the estimate.  Others argue that this mix of price assumptions results in meaningless information.

Prices Expected to Exist at the Anticipated Time of Production
3.66
Those who favour using management’s best estimate prices expected to exist at the time reserves are anticipated to be produced base their stand on several arguments:


(a)
expected future prices are more likely to be representative of actual economic conditions at the time of production than would the prices at the date of the estimate;

(b)
management’s economic decisions are based on expectations of the future rather than on current conditions; and 


(c)
using prices existing at the date of the estimate may give rise to wide fluctuations in estimated quantities at the date of each estimate because of temporary price changes. 

3.67
The main argument given against using future price expectations in computing reserves is the lack of objectivity and verifiability.  

3.68
To overcome the concerns about lack of objectivity of forecasted prices, some argue for the use of current prices adjusted for anticipated general price level changes.  In their view, the degree of general price level changes can be forecast with reasonable accuracy.  Others oppose adjusting today’s prices for forecasted general price level changes because changes in the general level of prices are not relevant to the prices of individual minerals.  

3.69
Another way to overcome concerns about lack of objectivity of forecasted prices is to require the use of published market forecasts where available.

Cost Assumptions 
3.70
In estimating commercially recoverable reserves, future cash outlays necessary to develop, produce, and sell those reserves, including removal and restoration costs, must be deducted from the estimated cash inflows from sale of the minerals.  In making the estimate, non-cash costs such as depreciation (including amortisation of capitalised borrowing costs) are ignored because they are regarded as sunk costs; only those costs requiring incremental cash outlays are considered.  Like price assumptions, cost assumptions affect the estimated quantities of commercially recoverable reserves.  The higher the cost factor used, the smaller will be the quantity of estimated commercially recoverable reserves; the lower the cost factor used, the greater will be the quantity of estimated commercially recoverable reserves. 

3.71 
In estimating mineral reserves, three basic assumptions may be made about costs: 


(a)
costs expected to exist at the anticipated time of production;


(b)
current costs at the date the estimate is made; or


(c)
current costs at the date the estimate is made, adjusted for anticipated general price level changes.

Consistency of Price and Cost Assumptions
3.72
As a general rule, most advocate using the same assumptions for costs as for prices.  There is a strong element of consistency in this approach.  For example, it would appear to be inconsistent to use current prices as of the date of the estimate while, at the same time, using estimates of future costs.  However, some contend that historical costs are irrelevant in any event.

Costs Expected to Exist at the Anticipated Time of Production
3.73
Generally those who advocate using anticipated future prices in the reserve estimation process also advocate using anticipated future costs.  In addition, there are some who suggest that future costs should be used in making the calculations even though prices at the estimation date are used.  They believe that current prices are verifiable and accurate, and that, based on past experience, future prices of resources produced are as likely to decline as to increase.  They maintain, however, that in spite of technological improvements, the production costs per unit of product tends to increase in the later years of life of a reserve or mine.  If this is the case, they argue, conservatism requires that present price levels and future costs should be used in making reserve estimates. 

Current Costs at the Date  the Estimate Is Made
3.74
Generally, those who favour using current prices also advocate using current costs for development, production, selling, and removal and restoration as of the date the reserve estimate.  They believe that consistency of measurement dates is essential.  Further, as is true of prices at the date of the reserve estimate, costs at that date are verifiable and relatively easily determined.  The principle of consistency suggests that if prices used in the estimation process are based on average prices during a period of months preceding or surrounding the estimation date, average costs for the same period should be used.  The same arguments against using prices at the estimation date are advanced against using costs at that date.  The most frequently expressed argument is that although the costs at the time of estimation would be reliable, they would not portray the economic reality expected to exist at the time the reserves will be produced.  Decisions about reserve management are based on expected economic conditions, not on conditions as of the measurement date. 

Current Costs Adjusted for General Price Level Changes

3.75
Some suggest that current costs are irrelevant with respect to production many years in the future.  At the same time, they are concerned that reliable forecasts of future costs of specific goods and services are difficult to make.  Some who hold these views believe that reliable forecasts of future general price levels can be made.  They conclude that an enterprise should anticipate that relevant costs will change in proportion to general price level changes.  Those who hold that view also consider that prices of future production should be estimated in the same manner.  

Interaction of Price and Cost Assumptions on Reserve Quantities and Values

3.76
The effect of price and cost assumptions on reserve quantities and values is not always obvious.  Intuitively, one would expect that as the selling prices of minerals increase, the estimated quantity of commercial reserves would also increase (though that might not be the case with respect to entitlements under a production sharing contract because entitlement quantities often increase when prices drop).  Cost increases would tend to reduce the estimated quantity of commercial reserves.  Some contend, therefore, that if prices and costs move approximately proportionately, the choice between current prices and costs and future prices and costs becomes less important.  However, costs tend to be less volatile and less likely to reduce than prices.  Where that is the case, the choice between current prices and costs and future prices and costs for measuring reserve quantities and values would have a significant effect.  It is almost universally agreed that there is a need for consistency in using either current prices and costs or future prices and costs. 

Basic Issue 3.2 – Operating conditions and environment

In making estimates of reserve quantities, what assumptions about operating conditions, such as expected technological developments, legal and regulatory environment, operating equipment, etc., should be made?  

a.
Assumptions that reflect operating conditions that exist as of the date of the estimate.

b.
Assumptions that reflect all available evidence as to the operating conditions that will exist at the time the minerals will be produced (excluding development of a completely new technology unless it is supported by sufficient objective evidence).

Steering Committee Tentative View:

The Steering Committee has not developed a tentative view on this issue.

Basic Issue 3.3 – Levels of prices and costs

In general, which price level would you use for measuring reserve quantities – assume that a consistent cost level will be used as well?

a.
Current spot price.

b.
Current spot price adjusted for contractual changes.

c.
Current forward price.

d.
Management’s best estimate of the price expected to exist at the anticipated time of production.

Steering Committee Tentative View:

The Steering Committee has not developed a tentative view on this issue.

Income Taxes 
3.77
A difference of opinion exists as to the appropriate treatment of income taxes (and other taxes calculated on the basis of profits) related to anticipated profits from production.  Some contend that although income taxes affect the total amount of net profit anticipated from production, they do not determine whether minerals will or will not be produced.  Others maintain that income taxes should be considered in the same way as any other cost.  They argue that the determination of whether reserves are commercially recoverable depends on future cash flows, not on “profits”.  

3.78
It should be noted that IAS 36.43 specifies that, in estimating future cash flows from an asset’s use for the purpose of determining whether impairment of the asset has occurred, income tax receipts or payments should not be considered.  Some consider the estimation of future cash flows for impairment is a sound basis for estimating future cash flows for the purpose of reserve estimation. 

Basic Issue 3.4 – Income taxes

If discounting of cash flows is necessary for purposes of estimating reserve quantities, should income taxes be considered as a cash outflow?

a.
Yes.

b.
No.

Steering Committee Tentative View: 

The Steering Committee has not developed a tentative view on this issue.

Valuation of Mineral Reserves
3.79
At the beginning of this chapter it was observed that the estimated value of mineral reserves is used, or might be used, for several different purposes in financial reporting, including computing depreciation, measuring impairment, estimating the value of the enterprise, evaluating creditworthiness, assessing security for financing, decisions to purchase or sell reserves in place and day-to-day investment and operating decisions. 

3.80
One of the questions to be addressed later in the Issues Paper is whether one approach should be used consistently in valuing mineral resources for all financial reporting purposes (depreciation, impairment, disclosure, and so on), or whether different approaches may be, or should be, used depending on the purpose for which the reserve valuation is being made. 

3.81
Six approaches are sometimes advocated for estimating the value of mineral reserves:


(a)
fair value (the amount for which the reserves could be exchanged between knowledgeable, willing parties in an arm’s length transaction); 


(b)
net selling price (fair value, less the costs of disposal); 


(c)
expected exit value in the due course of business (undiscounted estimated future cash flows expected to arise from producing the minerals and from disposing of the mineral property at the end of its useful life); 


(d)
value in use (discounted estimated future cash flows expected to arise from producing the minerals and from disposing of the mineral property at the end of its useful life); 


(e)
a “standardised measure” applying a single set of assumptions, including a standardised discount rate, to all enterprises (which is not a true “value” measure); and 


(f)
current replacement cost.

Fair Value
3.82
IAS 32, Financial Instruments: Disclosure and Presentation, paragraph 5, defines fair value as: 



the amount for which an asset could be exchanged, or a liability settled, between knowledgeable, willing parties in an arm’s length transaction. 

3.83
For mineral reserves, fair value is the price at which the reserves in place could be sold.  The primary argument given for valuing mineral reserves at fair value is that the fair value estimate is market-based and does not depend on the owner’s expectations about future production and the related selling prices and costs.  It is an estimate of the value placed on the asset by independent outside parties.  

3.84
Those who oppose the use of fair value based on the price of minerals in place point out that availability of an arm’s length transaction value is rare because sales of minerals in place do not occur with sufficient regularity to create a readily available and ascertainable market value and each mineral deposit has physical and operating characteristics that are different from other deposits.  

Net Selling Price 
3.85
IAS 36.8 stipulates that the higher of net selling price and value in use be used for measuring impairment.  Net selling price differs from fair value by deducting from the asset’s estimated current sales value (fair value) the expenses and costs related to the asset’s disposition.  

3.86
Those who oppose the use of net selling price argue that mineral properties are dissimilar and that the in-place sales price of minerals in one area may be completely different from the sales price of an identical quantity of minerals in another area.  

Expected Exit Value in Due Course of Business
3.87
The expected exit value in due course of business is the undiscounted cash flows expected to arise from the continuing use of an asset and from its disposal at the end of its useful life.  (The assumptions about prices and costs that are most commonly used in computing future cash flows are discussed in paragraphs 3.91-3.93.) 

3.88
Those supporting the use of undiscounted cash flows as a basis for measuring asset value suggest that future net cash flows represent the value of the asset.  Cash flows comprise the amount that will be received for the asset.  They argue further that the use of discount factors to determine the present value of the future cash flows would introduce another subjective variable, the discount rate, into an already subjective calculation and would give an unfounded impression of a degree of precision that does not exist.  This is especially true if the enterprise were to determine the discount rate to be used. 

3.89
There are two major arguments against using the undiscounted expected exit value in due course of business: 


(a)
this approach ignores the time value of money.  Two or more assets might have identical aggregate projections of future net cash flows.  However the timing of those cash flows might be very different.  Ignoring the time value of money leads to distorted and misleading valuations.  The timing of reserve production can be materially affected by small changes in prices or costs; and


(b)
future cash flow projections for mineral properties are inherently imprecise and subjective.  They depend on estimates made about the mineral reserve and assumptions about price and cost factors.  Fair value, net selling price, or replacement cost all provide more objective valuations.

Value in Use (Present Value of Future Cash Flows) 

3.90
Estimating the value in use of an asset involves estimating three factors relating to the production and sale of the mineral reserves: 


(a)
the amount of future cash inflows  and outflows relating to production and sale of the reserves and removal and restoration costs; 


(b)
the timing of those cash inflows and outflows; and


(c)
the appropriate discount rate to be applied to the net cash flows. 

Estimating Future Cash Inflows and Outflows

3.91
Estimating cash inflows from the sale of minerals involves estimating the quantity to be produced and sold each year and the selling price to be used in the calculation.  Production quantity estimates are based on expected demand factors, the anticipated productive capacity of the mineral reserve each year, and similar factors.  Estimating cash outflows involves forecasting costs relating to production and sale as well as removal and restoration costs.

3.92
The most controversial aspect of the cash inflow (outflow) calculation from a financial reporting viewpoint is that of prices (costs) to be used.  The three most commonly suggested price (cost) factors that might be used are: 


(a)
prices (costs) effective as of the date of the estimate; 


(b)
management’s best estimate of future prices (costs) giving consideration to anticipated economic conditions; and


(c)
future prices (costs) based on anticipated general price level changes.

3.93
All three of these price (cost) assumptions have been previously examined in the discussion of price (cost) assumptions used in estimating reserve quantities (paragraphs 3.61-3.75).  The arguments for and against each as a basis for estimating reserve values are the same as those for and against each as a basis for estimating reserve quantities. 

Choosing the Discount Rate to Use in Calculating Present Value
3.94
Several different discount rates may be used in computing present value of future net cash flows.  The most commonly recommended rates for this purpose are: 


(a)
the rate on risk-free investments; 


(b)
risk-adjusted rate;


(c)
weighted average long-term borrowing rate of the enterprise; 


(d)
the enterprise’s incremental long-term borrowing rate; 


(e)
the enterprise’s weighted average cost of capital; 


(f)
the enterprise’s “hurdle rate” for similar assets; and


(g)
a standard rate prescribed for all enterprises. 


It should be noted that the IASC is presently developing a project on Present Value (Discounting) that aims to develop a framework for the use of discounting in International Accounting Standards.

3.95
The rate on risk-free investments:  Some of those who advocate a risk-free rate argue that the discount rate should reflect only the time value of money and exclude any industry specific or equity specific risks.  They contend that the use of a publicly available rate will improve comparability among enterprises and that users of statements can readily adjust the value to reflect their individual estimates of the effects of risk on value.  Usually, those favouring this approach advocate long-term government bond rates of the country in which the reserves are located as the best approximation of a risk-free rate for that country. 

3.96
Risk-adjusted rate.  Those who oppose the use of a risk-free rate argue that because of the high risk involved in the extractive industries the use of a risk-free rate would be unrealistic and lead to a gross overstatement of reserve values.  They argue that the risk-free rate ignores the risk factors in the extractive industries, which dictate higher discount rates than those applicable to many other industries.  In addition, interest rates on government bonds vary widely from country to country, and use of those rates would give rise to widely varying values for substantially similar reserves.   They would use a rate of interest that reflects the risk inherent in the activity involved.

3.97
The weighted average long-term borrowing rate of the enterprise:  The enterprise’s weighted average long-term borrowing rate is sometimes advocated because it can be determined objectively and relates to a specific enterprise’s borrowing experience.  Because it is a more representative measure of an enterprise’s cost of capital than a risk-free rate, those who support using this rate believe that it results in a more enterprise-specific measure of reserve values. 

3.98
Those who oppose the use of the long-term borrowing rate of the enterprise suggest that because the enterprise may be engaged in a number of different types of industries its average long-term borrowing rate may have little to do with the rate that the enterprise would have to pay if it borrowed funds specifically for use in the extractive industries.  In addition, some enterprises may have little or no long-term borrowing.  Using this approach would result in different valuations by different enterprises for similar properties. 

3.99
The enterprise’s incremental long-term borrowing rate:  The enterprise’s incremental long-term borrowing rate is sometimes advocated as a rate to be used in discounting future net cash flows because it reflects what the enterprise would have to pay to borrow long-term funds to acquire the stream of cash flows to be generated by the asset.  This is generally an objective measure. 

3.100
Those who oppose the use of the enterprise’s incremental borrowing rate do so on the basis that the rate does not necessarily reflect the risks involved in the specific venture.  The incremental borrowing rate may reflect, instead, the credit rating of the enterprise.  In addition, it is rare for an enterprise to borrow all the funds that are to be invested in an extractive industries project.  Furthermore, there is no evidence that an enterprise’s long-term borrowing rate reflects the rate that would have to be paid for funds borrowed for risky exploration and development ventures.  Because different enterprises can have different borrowing rates, the value assigned to any reserve deposit might vary widely between enterprises. 

3.101
The enterprise’s weighted average cost of capital:  Some advocate the use of the enterprise’s weighted average cost of capital, which incorporates the costs of both debt financing and equity financing.  Those favouring this approach point out that it is not possible to determine specifically what part of capital investment can be attributed to borrowed funds and what part to invested capital.  Using an average cost of capital provides a means of using a realistic blended capital approach, reflecting both borrowed capital and equity capital. 

3.102
Those who oppose the use of an average cost of capital rate point out that, if the enterprise is engaged in several industries, the rate may have little to do with the rate it might have to pay to acquire funds for its extractive industries operations.  They also point out that unless a single approach to measuring cost of capital were developed, there would be varying discount rates used by different enterprises, resulting in different values being assigned to similar reserves owned by different enterprises. 

3.103
The enterprise’s hurdle rate for similar assets:  The hurdle rate is the rate that management uses internally to make investment decisions.  This rate usually reflects both risk and profit margin factors.  Applying this rate to individual extractive projects would, in the minds of advocates of the method, result in a valuation that most closely approximates management’s assessment of the economic value of the mineral reserves to the enterprise. 

3.104
This approach is opposed on the grounds that it is impractical because most enterprises consider the hurdle rate to be confidential and that disclosure of the rates would be detrimental to the enterprise.  (While disclosure would not necessarily be required, most would argue that the subjectivity of measures of reserve values based on an “intent-driven” discount rate would make disclosure of the rate important.)  Additionally, the rates would vary from enterprise to enterprise, so that different values would be ascribed to the similar mineral reserves by different enterprises.  

3.105
A standard rate prescribed for all enterprises:  Because choice of the discount rate will significantly affect estimated reserve values, some advocate the prescription of a standard rate for all enterprises in order to obtain a standardised measure reserves for financial reporting.  They support this approach on grounds of inter-enterprise comparability and objectivity.  Opponents of the prescription of a standard rate claim that a prescribed discount rate is unlikely to result in an enterprise-specific measure of reserve values or in a meaningful measure of reserves.  This approach is discussed in the next section of this Issues Paper.

3.106
Several existing International Accounting Standards specify a discount rate to be used in various types of measurements:


IAS 37, Provisions, Contingent Liabilities and Contingent Assets:  


(a)
Liability: pre-tax rate(s) that reflect(s) current market assessments of the time value of money and the risks specific to the liability.  

IAS 19, Employee Benefits: 


(a)
Liability: the (gross) benefit obligation – market yields at the balance sheet date on high quality corporate bonds (or, in countries where there is no deep market in such bonds, government bonds) of a currency and term consistent with the currency and term of the post-employment benefit obligations.


(b)
For the plan assets – where no market value is available, the fair value of plan is estimated; for example, by discounting expected future cash flows using a discount rate that reflects both the risk associated with the plan assets and the maturity or expected disposal date of those assets (or, if they have no maturity, the expected period until the settlement of the related obligation). 

IAS 36, Impairment of Assets:


Assets: Pre-tax rate(s) that reflect(s) current market assessments of the time value of money and the risks specific to the asset.  This is the return that investors would require if they were to choose an investment that would generate cash flows of amounts, timing and risk profile equivalent to those that the enterprise expects to derive from the asset.  The rate should be estimated from the rate implicit in current market transactions for similar assets or from the weighted average cost of capital of a listed enterprise that has a single asset (or a portfolio of assets) similar in terms of service potential and risks to the asset under review.  When an asset-specific rate is not directly available from the market, surrogates are to be used to estimate, as far as possible, a market assessment of: 

(i)
the time value of money for the periods until the end of the asset’s useful life; and


(ii)
the risks that the future cash flows will differ in amount or timing from estimates. 

As a starting point, an enterprise may take into account:


(i)
the enterprise’s weighted average cost of capital determined using techniques such as the Capital Asset Pricing Model; 


(ii)
the enterprise’s incremental borrowing rate; and


(iii)
other market borrowing rates. 


These rates are adjusted to: 


(i)
reflect the way that the market would assess the specific risks associated with the projected cash flows; and


(ii)
exclude risks that are not relevant to the projected cash flows. 

The discount rate is independent of the enterprise’s capital structure and the way the enterprise financed the purchase of the asset because the future cash flows expected to arise from an asset do not depend on the way in which the enterprise financed the purchase of the assets.

“Standardised Measure” of Reserves
3.107
Some argue that reliable and objective disclosures of a “value” estimate of an enterprise’s mineral reserves is of critical importance to financial statement users, especially as supplemental information to the statements because reserves are the major asset and the major source of cash flows of the enterprise.  They also point out that information about reserve quantities may be useful, but are insufficient in themselves because of differences in the timing of production and differences in price and cost factors.  Also, because of those differences, they suggest that the typical proposals for determining the value of reserves are not reliable.  They suggest, therefore, that accounting standard-setters should develop guidelines for determining and disclosing mineral reserve values that can be recognised in the financial statements or in supplemental notes accompanying those statements.  Those who support these requirements are interested not only in the development of disclosures of quantities and/or values of reserves for individual enterprises, but also in comparability between enterprises.  Many proponents of “standardised measures” are concerned with the difficulty in attempting to compare reserve values estimated by other methods and they consider that “standardised measures” may be the most effective way to arrive at reserve “values” that are comparable between enterprises, even though the standardised measure does not reflect any concept generally understood as comprising value. 

3.108
An example of a “standardised measure” is the requirement in the United States for supplemental disclosure of proved oil and gas reserve quantities and a “Standardised Measure of Discounted Future Net Cash Flows and Changes Therein Relating to Proved Oil and Gas Reserves”.  To achieve greater comparability between enterprises, these rules require that the enterprise uses its prices and costs current as of the estimation date (adjusted for contractual price changes) in computing future net cash flow because these data are objective.  The standardised measure disclosure requirements in the United States also dictate the use of a standard after-tax discount rate of 10 per cent per year.  

3.109
Those who support the disclosure of a standardised measure do so largely because the price, cost, and discount factors are objective and verifiable.  They argue that if financial statement users are provided with adequate details about the standardised measure computation, including a reserve quantity schedule and year-end prices of the minerals, they can adjust the schedule to reflect their own estimates of future prices, costs, and discount rates to arrive at their own estimated value of reserves. 

3.110
Those opposing such standardised measures of discounted cash flows believe that they are based on factors unrelated to the reporting enterprise and, therefore, the standardised measures lack relevance.  They argue that financial statement users need useful information about reserve values and that the enterprise is in the best position to provide that information.  In fact, they contend, unsophisticated users often think that a standardised measure reflects an estimate of value at the date of the statement.  This is especially a problem when expected future costs and prices are materially different from those prevailing at the date of estimate, if date-of-estimate data are used in the calculation, and when the standard discount rate differs materially from current rates being used in the valuation of mineral resources in the market.  

Replacement Cost
3.111
Replacement cost is the amount of cash that would have to be paid to acquire the same asset at estimation date.  In the extractive industries, replacement cost is determined by computing the price per unit that it currently costs the enterprise to find, acquire, and develop minerals multiplied by the number of units of reserve in the deposit.  

3.112
Those who favour the replacement cost approach over a measurement based on exit values argue that measuring reserve values at the cost to replace those reserves at the date of the estimate is consistent with the traditional cost basis of accounting. 

3.113
Those opposed to replacement cost as a valuation technique argue that replacement cost is not truly a measure of value, rather it is an estimate of the current cost of the reserves, which would only equal the value of the reserves by chance.  Some also argue that this approach fails to recognise that reserves are unique assets that cannot be exactly replicated in their existing place or form.  In any event, there is usually a significant difference between the cost of finding reserves and their value determined under any of the valuation methods usually employed.

Basic Issue 3.5 – Discount rate

If discounting of cash flows is necessary for purposes of estimating reserve values, which discount rate would you use?

a.
The rate on risk-free investments. 

b.
Risk-adjusted rate.

c.
Weighted average long-term borrowing rate of the enterprise.

d.
The enterprise’s incremental long-term borrowing rate.

e.
The enterprise’s weighted average cost of capital.

f.
The enterprise’s “hurdle rate” for similar assets.

g.
A standard rate prescribed for all enterprises in the extractive industries. 

h.
Other (please describe).

Steering Committee Tentative View:

The Steering Committee has not developed a tentative view on this issue.

Specific Questions

3.114
At the outset of this chapter, the various was in which reserve value data might be used for financial accounting and reporting purposes were identified, including as the measurement basis in an enterprise’s primary financial statements, supplemental financial statements, disclosures, impairment testing, depreciation, and cost allocation.  As noted earlier, some argue that the same concept of value should be used for all financial accounting and reporting purposes.  Others believe that different value concepts are appropriate for different purposes.  Specific questions about the appropriate concept of value for each of those uses will be raised in later chapters of this Issues Paper.  

Attribution of Reserves to an Enterprise

3.115
Enterprises acquire mineral reserves in different ways.  Consequently, an important issue in estimating an enterprise’s reserve quantities and values is which reserves should be attributed to the enterprise.  Among the ways an enterprise can acquire reserves (discussed in Chapter 2, paragraphs 2.12-2.23) are:


(a)
purchasing of minerals (outright ownership); 


(b)
obtaining a lease or concession;

(c)
entering into a production-sharing contract (or production-sharing agreement);


(d)
entering into a joint venture; and


(e)
entering into a risk service contract.
3.116
If an enterprise acquires reserves through outright purchase, 100 per cent of those reserves are included in the enterprise’s reserve quantities and values.

3.117
If an enterprise acquires reserves through lease or concession, there is little doubt about the enterprise’s rights to the reserves.  However, these is a debate (discussed in Chapter 10) about whether the other party’s royalty interest should be included in the enterprise’s revenue and expense.  If the royalty is included, then the related reserves should be included in the enterprise’s reserves for consistency; otherwise, only the enterprise’s own share of the reserves should be included.

3.118
If an enterprise acquires reserves through joint venture, there is little doubt about the enterprise’s rights to the reserves.  However, IAS 31, Financial Reporting of Interests in Joint Ventures, allows an investor in a joint venture to account for its investment using either proportionate consolidation or the equity method.  The investor’s share of the venture’s reserves generally is included with its own reserves if proportionate consolidation is used but excluded if the equity method is used (though often the investor’s share of reserves is disclosed separately if the equity method is used).

3.119
If an enterprise acquires reserves through a production sharing contract (PSC), ownership of the reserves remains with the host government.  However, the enterprise’s rights and risks are so similar to those under a lease or concession that the enterprise normally includes its share of the reserves in its reserve quantity and value information.  However, there is disagreement over how to compute the precise quantity of reserves attributable to the operating enterprise’s interest (discussed in Chapter 12).  Further, some view an enterprise’s rights to reserves under a PSC to be sufficiently different from its rights to other reserves that the PSC reserves should be disclosed separately rather than commingled with the other reserves.  

3.120
If an enterprise acquires reserves through a risk service contract, ownership of the reserves remains with the host government.  However, if the contractor is at risk for the costs of exploration and will recover those costs only from production, some maintain that the contract results in an economic interest in the minerals.  They would include the estimated future production attributable to the costs to be recovered in the contractor’s reserves.  Further, some would disclose separately any additional quantities of reserves that the contractor is entitled to purchase under the contract.  

3.121
In addition to the above, an enterprise may have an equity method interest in an associate that has reserves.  In this case, the investor’s proportionate share of the associate’s reserves is generally disclosed but not commingled with the investor’s own reserves. 
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