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The research undertaken in this study is designed to 

examine the reliability of management estimates of expected 

future net revenues from the production of proved oil and 

gas reserves determined in accordance with the requirements 

of the prediction model specified in ASR No. 253. The 

issue of the required disclosure of earnings forecasts has 

been a topic of considerable controversy for many years. 

Within that controversy, the most frequently encountered 

opposition questions the reliability and ultimate utility 

of earnings forecasts. Similar opposition to both past and 

present forecast disclosure requirements exists in the oil 

and gas industry. 

In order to examine the reliability of management esti-

mates of expected future net revenues, a two-part analysis 

was conducted. In the first part of the analysis, error 

metrics comparing management forecasts to actual results 

were computed and examined. Included in the examination 

were various relationships among and within the computed 

metrics. In the second part of the analysis an attempt was 

made to establish the association between the error metrics 



and specific related variables. It was anticipated that 

the degree of association determined would provide evidence 

of the relative accuracy of management in predicting the 

timing and volume of future production within the framework 

of the prediction model. 

The results of the first part of the analysis indicate 

a distinct divergence between management estimates and com-

puted actual results. The companies whose estimates were 

least unreliable were the large, integrated producers uti-

lizing the successful-efforts method of accounting for oil 

and gas activities. The results of the second part of the 

analysis indicate that the accuracy of management estimates 

of future production was questionable. The amount of unex-

plained variation in the error metrics in each case was 

extreme and the association between the error metrics and 

the prediction-model variables was remote and largely incon-

sistent . 

The required disclosures of estimated future net reve-

nues (and the corresponding prediction model) are no longer 

required. However, a modified version of the prediction 

model employing many of the same relationships is utilized 

in determining current disclosure requirements. The unre-

liability of the estimates examined in this research sug-

gests the potential unreliability of current related dis-

closures. 
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CHAPTER I 

INTRODUCTION 

This dissertation research examines empirically the 

reliability of management estimates of expected future net 

revenues from the production of proved oil and gas re-

serves. More specifically, management estimates will be 

compared with actual results in order to examine their re-

liability and an attempt will then be made to identify the 

extent to which certain variables contributed to the differ-

ence between the estimated figures and the actual results. 

The reliability of earnings forecasts has previously 

been investigated in a number of empirical research stud-

ies. However, due to conflicts in the results of those 

studies, bias in their sampling procedures, and the impor-

tance of the subject matter itself, the issue is reexamined 

in the present study. The study results may provide a ba-

sis for assessing the potential desirability of additional 

future required disclosures for oil and gas producers. 

An Overview of the Required Disclosure 
of Expected Future Net Revenues 

Earnings Forecasts 

The advisability of including financial forecasts as a 

component of a company's public disclosure package has been 

1 



a controversial issue for many years. The issue was first 

formally discussed in 1972 when the Securities and Exchange 

Commission (SEC) initiated a series of public hearings de-

signed to solicit input from interested parties on the pos-

sibility of adding forecasts to the financial statements 

included in annual reports to shareholders and has remained 

a topic of considerable debate throughout the intervening 

time period. As with most controversial issues, many opin-

ions have been voiced, both pro and con. Even among those 

who favor the publication of financial forecasts, there has 

often been disagreement as to the reasons for advocating 

disclosure, the content of forecasts, the manner in which 

the information should be disclosed, and the relationship 

between public disclosures of forecasts and the attest 

function of independent CPAs. The same has undoubtedly 

been true for those in opposition. 

Financial forecasts have been investigated by numerous 

accounting researchers (e . g . , Green and Segall, 1966 and 

1967; Copeland and Marioni, 1972; McDonald, 1972; Gonedes, 

Dopuch, and Penman, 1976; Basi, et al, 1976; Patell, 1976; 

Jaggi, 1978 and 1979; Hagerman and Ruland, 1979; Mentzel 

and Proscia, 1980; Penman, 1980; Alford, et al, 1981; 

Imhoff and Par£, 1982). With few exceptions most of these 

researchers have dealt in one form or another with the accu-

racy and reliability of financial forecasts from whatever 

source derived. The typical methodology has been to 



compare, using some statistical technique, the accuracy of 

management forecasts with those provided by external 

sources or models in an attempt to provide some insight 

into the reliability of the management forecasts. The 

primary data bases used in these studies were the volun-

tarily disclosed forecasts of various business enterprises, 

obtained typically from some media source such as The Wall 

Street Journal. As a result, the studies were obviously 

limited by the fact that comprehensive economy-wide, or 

even industry-wide, data was not available. 

The method of obtaining earnings predictions by 
examining The Wall Street Journal does not pro-
duce a random sample. The method employed pro-
duces, instead, a subpopulation that exhibits the 
data characteristics discussed in the data re-
quirements above. Therefore, any statistical re-
sults of the study cannot be generalized to the 
population of all firms.' 

. . . there is likely to be some sample bias due 
to the limited coverage of firms by companies pro-
viding forecast data. This bias is toward a 
greater coverage of large somewhat older firms 
that have had forecast data reported for the ten 
years used in this study. For this reason, any 
conclusions obtained from this research apply, 
strictly, only to those firms covered by the 
Earnings Forecaster. Extrapolation to larger pop-
ulations should be made with care.2 

^Charles L. McDonald, "An Empirical Examination of the 
Reliability of Published Predictions of Future Earnings," 
The Accounting Review. 48 (July, 1973), 502-510. 

^Timothy Crichfield, Thomas Dyckman, and Josef 
Lakonishok, "An Evaluation of Security Analysts' Fore-
casts," Thjs j£<lount_in£ Review, 53 (July, 1978), 651-668. 



In August, 1978, the SEC, in an unprecedented action, 

issued Accounting Series Release (ASR) No. 253 which added 

Rule 3-18 to Regulation S-X and introduced new rules for fi-

nancial accounting and reporting by oil and gas producing 

activities. One component of the new rules was that oil 

and gas producers disclose their forecasts of estimated fu-

ture net revenues from the production of proved oil and gas 

reserves. Since, with certain minor exceptions, these dis-

closure requirements applied to all oil and gas producers 

required to file with the SEC, the information provided es-

tablishes an industry-wide data base for the examination of 

the reliability of the management forecasts made within the 

unique framework of ASR No. 253. 

Historical Developments 

On August 31, 1978, in response to a mandate of the "En-

ergy Policy and Conservation Act of 1975" (EPCA) that the 

SEC prescribe oil and gas accounting practices to be used in 

the preparation of financial information by oil and gas pro-

ducers, the SEC issued Release No. 33-5966. This release 

added to Regulation S-X the requirement that a method of 

accounting labeled "Reserve Recognition Accounting" (RRA)3 

^For a^ complete discussion of the provisions of RRA, 
see Securities and Exchange Commission, "Adoption of Re-
quirements for Financial Accounting and Reporting Practices 
for Oil and Gas Producing Activities," Releases Nos. 33-
5966; 34-15108; 35-20688; IC-10383: AS-253, ( W a s h l U g t ^ " 
Government Printing Office, August 13, 1978). 



be utilized by oil and gas producers in reporting the re-

sults of operations. The Commission at that time recog-

nized that the feasibility of developing RRA was not as-

sured and provided for its development through a flexible 

experimentation and evaluation period.1* 

One of the component parts of the new rules required 

In conjunction with the disclosure of changes in 
net quantities of estimated proved reserves of 
crude oil (including condensate and natural gas 
liquids) and natural gas as required by paragraph 
(k)(5) of this section, the following information 
shall be disclosed in financial statements for 
each geographic classification for which quanti-
ties of oil and gas are disclosed: 

(i) For each of the following categories: 
(A) Proved oil and gas reserves, (B) proved devel-
oped oil and gas reserves, (C) proved oil and gas 
reserves applicable to long-term supply or similar 
agreements with foreign governments in which the en-
tity acts as producer, and (D) the entity's share of 
proved oil and gas reserves of investees accounted 
for by the equity method, an amount (the "Estimated 
Future Net Revenues") in the aggregate computed by 
applying current prices of oil and gas as of the 
date of the latest balance sheet presented, less 
estimated future expenditures (based on current 
costs to be incurred in developing and producing the 
proved reserves, and assuming continuation of exist-
ing economic conditions. Present separately the 
amounts applicable to each of the first three suc-
ceeding fiscal years, and the remainder in a single 
amount. Indicate the basis used to compute current 
prices and current costs . . .5 

^Securities and Exchange Commission, "Financial 
Reporting by Oil and Gas Producers," Releases Nos. 33-6294: 
3^-17581; 35-21936; IC-11650; AS-289, (Washington, Govern-
ment Printing Office, February 26, T 9 8 D . 

^Securities and Exchange Commission, "Adoption of 
Requirements for Financial Accounting and Reporting Prac-
tices for Oil and Gas Producing Activities," Releases Nos. 
33-5966; 34-15108; 35-20688; IC-10383; AS-253, (Washington. 
Government Printing Office, August 31, 1978). 



Thus, estimated future net revenues were to be calculated 

by (1) multiplying current oil and gas prices as of the 

date of the forecast (with consideration of price changes 

only where provided by contractual arrangement) by esti-

mated future production of proved oil and gas reserves as 

of the latest balance sheet date and (2) subtracting from 

this amount estimated future expenditures (based on current 

costs) of developing and producing these proved reserves. 

The information provided by the above disclosure require-

ment comprises the primary data base for the current study. 

On February 26, 1981, the SEC announced in ASR No. 289 

that it no longer considered RRA to be a potential method 

of accounting in the primary financial statements of oil 

and gas producers. The rationale behind the reversal was 

that there is a substantial degree of uncertainty regarding 

the reliability of oil and gas reserve estimates (and conse-

quently of any item integrally related to those estimates) 

and that other implementational issues raised questions 

about the feasibility of RRA as the uniform method of ac-

counting by oil and gas producers. Subsequently the SEC 

directed the Financial Accounting Standards Board (FASB) to 

develop a comprehensive disclosure package for oil and gas 

producing enterprises with the expectation that the SEC 

would amend its own rules to be consistent with the new 

rules developed by the FASB. In its initiative to the 



FASB, the SEC noted one caveat—even if the FASB did not 

require value based disclosures for all oil and gas compa-

nies, the SEC would likely continue to do so.6 

In response to the initiative of the SEC, the FASB in 

November, 1982, issued Statement of Financial Accounting 

Standards No. 69, "Disclosures about Oil and Gas Producing 

Activities." This pronouncement essentially adopted the 

disclosure requirements of ASR No. 253 with certain signi-

ficant revisions. Conspicuous in its absence from State-

ment No. 69 is the requirement for the disclosure of fore-

casts of expected future net revenues from the production 

of proved oil and gas reserves broken down into separate 

accounting periods. Instead, the statement merely requires 

the publication of an aggregate standardized measure of dis-

counted future net cash flows relating to proved oil and 

gas reserve quantities along with a reconciliation of such 

standardized measure from period to period.7 

A standardized measure of discounted future 
net cash flows relating to an enterprise's inter-
ests in (a) proved oil and gas reserves (para-
graph 10) and (b) oil and gas subject to purchase 
under long-term supply, purchase, or similar 
agreements and contracts in which the enterprise 
participates in the operation of the properties 

^Securities and Exchange Commission, Release No. 33-
6294. 

"^Financial Accounting Standards Board, "Disclosures 
about Oil and Gas Producing Activities," Statement of 
Financial Accounting Standards No. 69, (Stamford, Conn., 
FASB, November, 1982), par. 30 and 33. 
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on which the oil or gas is located or otherwise 
serves as the producer of those reserves (para-
graph 13) shall be disclosed as of the end of the 
year. The standardized measure of discounted fu-
ture net cash flows relating to those two types 
of interests in reserves may be combined for re-
porting purposes. The following information 
shall be disclosed in the aggregate and for each 
geographic area for which reserve quantities are 
disclosed in accordance with paragraph 12: 

a* Future cash inflows. These shall be compu-
ted by applying year-end prices of oil and 
gas relating to the enterprise's proved re-
serves to the year-end quantities of those 
reserves. Future price changes shall be con-
sidered only to the extent provided by con-
tractual arrangements in existence at year-
end . 

b. Future development and production costs. 
These costs shall be computed by estimating 
the expenditures to be incurred in develop-
ing and producing the proved oil and gas re-
serves at the end of the year, based on year-
end costs and assuming continuation of exist-
ing economic conditions. If estimated devel-
opment expenditures are significant, they 
shall be presented separately from estimated 
production costs. 

c* Future income tax expenses. These expenses 
shall be computed by applying the appropri-
ate year-end statutory tax rates, with con-
sideration of future tax rates already legis-
lated, to the future pre-tax net cash flows 
relating to the enterprise's proved oil and 
gas reserves less the tax basis of the pro-
perties involved. The future income tax 
expenses shall give effect to permanent dif-
ferences and tax credits and allowances re-
lating to the enterprise's proved oil and 
gas reserves. 
Future net cash flows. These amounts are 
the result of subtracting future development 
and production costs and future income tax 
expenses from future cash inflows. 

e« Discount. This amount shall be derived from 
using a discount rate of 10 percent a year 
to reflect the timing of the future net cash 
flows relating to proved oil and gas reserves. 



f. Standardized measure of discounted 
future net cash flows. This 
amount is the future net cash 
flows less the computed discount.® 

In reviewing Statement No. 69 the SEC expressed some 

reservations concerning the omission of the requirement for 

the separate presentation of undiscounted amounts of future 

net revenue from proved reserves applicable to each of the 

first three succeeding fiscal years. Nevertheless, in 

December,1982, the Commission announced its adoption of 

final rules for supplemental oil and gas disclosures re-

quiring compliance with the provisions of Statement No. 69. 

The final rules did address the issue of the separate dis-

closure of undiscounted future net revenues.9 

As a further result of conforming its dis-
closure requirements with those of the FASB 
standard, the Commission will no longer require 
separate disclosure of the first three years of 
future net revenues on an undiscounted basis. In 
this decision, the Commission recognizes commen-
tators' concerns that this disclosure could be 
redundant or confusing by comparison to the stan-
dardized measure. The Commission's primary ob-
jective in soliciting specific comments on this 
disclosure was to ensure that financial statement 
users have sufficient information to assess the 
impact of oil and gas producing activities on 
near-term cash flows and liquidity. The 
Commission continues to believe that this sort of 
information may in some circumstances be es-
sential to an understanding of a company's 

^Ibid., par. 30. 

^securities and Exchange Commission, "Supplemental 
Disclosures of Oil and Gas Producing Activities," Release 
Nos- 33-6444; 34-19337; 35-22776; IC-12898; FR-9; S7-936. 
(Washington, Government Printing Office, December, 1982). 
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financial position and results of operations. 
Accordingly, the Commission reminds registrants 
that disclosures of undiscounted future cash 
flows from oil and gas operations may be neces-
sary in the Management's Discussion and Analysis 
of the financial statements. Such disclosures 
would ordinarily be expected where near-term cash 
flows are likely to be negative or only at a 
break-even level, and may be appropriate in other 
circumstances.10 

Thus, in certain circumstances, the separate disclosure of 

the first three years of expected future net revenues is 

still required and is recommended in most other circumstan-

ces . 

Even though the formal disclosure of the above infor-

mation is no longer technically required in general, the 

actual internal computation of the numbers is still neces-

sary for purposes of computing the aggregate standardized 

measure of discounted future net cash flows. Consequently, 

the information provided by the present research should pro-

vide beneficial evidence concerning the accuracy of the in-

ternal estimation process and of the present value disclo-

sures . 

Purpose of the Study 

This dissertation research has two objectives. The 

principal objective is to examine the reliability of pub-

lished management forecasts of expected future net revenues 

from the production of proved oil and gas reserves 

10Ibid. 



1 1 

generated under a prescribed set of relatively restrictive 

assumptions. Thus, the primary research issue is to deter-

mine how accurately oil and gas producers were able to esti-

mate cash flows from future production activities within 

the framework of the assumptions of ASR No. 253. 

In those instances in which the publication of 

earnings forecasts has been attacked, the critical factor 

underlying the opposition has been almost exclusively the 

reliability (or lack thereof) of forecasts. 

The fact that forecasting is widely used and 
generally regarded as a sound and perhaps 
essential management practice does not support, 
let alone compel, the conclusion that forecasts 
are "reliable." Forecasting is an art, not a 
science. Even the most highly sophisticated 
forecasts contain uncertainties and are often 
subject to frequent revisions.^ 

Clearly, if published earnings forecasts are to be useful 

to financial statement users, they must be reliable enough 

for the user to be able to base economic decisions on them. 

Having investigated the reliability of the earnings 

forecasts, the second objective is to identify the associ-

ation between the reliability of the predictions and the 

variables affecting that reliability. Identifying this 

relationship should provide evidence pertaining to the 

extent to which certain extraneous variables affected the 

accuracy of the management forecasts of expected future net 

11"How Accurate are Forecasts?" Financial Executive. 
41 (March, 1973), 26-32. ' 
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revenues and indirectly provide insight into the accuracy 

of the internal estimations of the timing of future pro-

duction . 

The results of this research will prove beneficial in 

several ways. Initially, the analysis should be worthwhile 

in gaining a better understanding of the prediction pro-

cess. More specifically, it should be possible to make 

certain observations regarding the forecasting firms as a 

set and about various subsets of that set since all esti-

mates were supposedly derived using essentially the same as-

sumptions. (For example: What types of firms were best 

able to predict? Does a firm's size affect its prediction 

ability? Is there any difference in the predictive ability 

of oil producers as compared to gas producers?) In ad-

dition, it is anticipated that an understanding of the for-

ces affecting prediction reliability from an ex post exam-

ination should help financial statement users better assess 

the reliability of potential similar predictions from an ex 

ante position. 

Research Methodology 

To accomplish the research objectives set forth above, 

a two-part analysis was conducted. Essential aspects of 

the analysis are described below. 

RRA data was initially presented as supplementary in-

formation in financial statements for years ending after 
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December 25, 1979. Consequently, the data utilized in this 

study was aggregated from the accounting numbers of oil and 

gas producers (125 companies) as released in their fi-

nancial statements^ f o r the accounting periods ending 

after December 25, 1979 and before January 1, 1983. 

Phase I: The Measurement of Prediction Error 

The measurement device employed in phase I of this 

study is similar to that used by McDonald (1972) and Imhoff 

(1978) in their respective studies and is specified as 

follows: 

RPE = A - E 
E 

RPE s relative prediction error, 

A = actual net revenues from the production of 
oil and gas for the year of the forecast, 
and 

E = expected future net revenues from the 
production of oil and gas for the year of 
the forecast 

Inherent in the utilization of this measurement of RPE is 

the concept of reliability proposed by Yugi Ijiri in The 

Foundation of Accounting Measurement.13 jn general this 

12In those situations where the financial statements 
could not be obtained, the Form 10-K report, which is 
required to be filed with the SEC, was used. 

1^Yugi Ijiri, The Foundations of Accounting Measure-
ment, (Englewood Cliffs, New Jersey, Prentice-Hall, Inc., 
W f ) , 137. 
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concept specifies " . . . a system is said to be reliable 

if it works the way it is supposed to." This is not meant 

to imply that reliability is merely a "black or white" 

issue, but instead suggests that reliability can be thought 

of as the degree of closeness to being r i g h t . U n d e r this 

approach, an appropriate measure of the degree of closeness 

(reliability) would be the RPE introduced above. 

The first step in phase I of the study was to compute 

RPEs for each company utilizing the general models 

rpe- j = A y " Ey» x 

J T? 
&y,x 

RPE j = relative prediction error, 

Ay = adjusted actual net revenues from the 
production of oil and gas in year y, and 

Ey x = the estimate made at the end of year x of 
' the expected future net revenues for year y. 

When research deals with more or less continuous varia-

bles at an interval level of measurement, as it does in 

this research, various summary statistics must be relied on 

to reveal the underlying distributional characteristics, 

since the categories are too numerous to examine individu-

ally. The mean, for example, provides a measure of central 

tendency; standard deviation and variance indicate the de-

gree of dispersion around the mean; and measures such as 

14 Ibid. 



15 

skewness and kurtosis make it possible to more precisely 

define the shape of a variable's distribution.^ 

second step in phase I was to apply statistical techniques 

utilizing the Statistical Package for the Social Sciences 

to the computed RPEs in order to determine the basic 

distributional characteristics of each. 

Phase II: Analysis of RPEs 

In phase II of the study a statistical analysis was 

conducted in an attempt to identify the extent to which cer-

tain variables were associated with a firm's ability to pre-

dict its expected future net revenues from oil and gas pro-

duction. The primary analytical devices used in this phase 

of the study were bivariate correlation analysis and multi-

variate regression analysis. 

The initial step in the computation of estimated fu-

ture net revenues is to estimate the quantity of reserves 

to be produced each year from proved oil and gas reserves. 

Estimated production is then multiplied by current prices 

to yield estimated gross revenues which are reduced by es-

timated future development and production costs to arrive 

at estimated future net revenues. This procedure is 

illustrated in the following table: 

^Norman H. Nie, C. Hadlai Hull, Jean G. Jenkins, 
Karin Steinbrenner, and Dale H. Bent, Statistical Package 
for the Social Sciences, (New York, McGraw-Hill Book 
Company, ^9T5T,~TV^. 
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TABLE I 

ESTIMATED FUTURE NET REVENUES 

Gross oil (Bbls) X Current 
price = Gross revenues oil 

Gross gas (Mcfs) X Current 
price = Gross revenues gas 

Less: (Using current 
economic assumptions) 

Future development and 
production costs 

Expected future net revenues 

Timing of Production 

Yr. 1 

XXXX 

XXXX 

XXXX 
XXXX 

Yr .2 

XXXX 

XXXX 

XXXX 
XXXX 

Yr. 3 

XXXX 

XXXX 

XXXX 
XXXX 

Remainder 

XXXX 

XXXX 

XXXX 
XXXX16 

It is readily apparent from the above computation that esti-

mates of expected future net revenues from the production 

of proved oil and gas reserves should be adversely affected 

by inaccuracies in three specific areas: 

(1) estimated production, 

(2) prices, and 

(3) costs. 

Of the three areas, inaccuracies in prices and costs were 

largely dictated (for purposes of uniformity) by the RRA re-

quirements themselves and only estimated future production 

l6Peatj, Marwick, Mitchell and Co., Financial 
Accounting for Oil and Gas Reserves, (Dallas, 1979), 18. 
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was totally dependent on internal accuracy for its correct-

ness . 

The accuracy of a firm's estimation of future produc-

tion is dependent on several variables since it is merely 

an estimate of the timing of the production of estimated 

proved oil and gas reserves on hand at the end of an 

accounting period. Clearly certain future occurrences, to 

the extent they affect the amount of proved oil and gas re-

serves available or to the extent they affect the quantity 

of oil and gas demanded in the market place, will influence 

the accuracy of the estimate of the timing of future produc-

tion. Information detailing the availability of reserves 

is contained in a firm's required disclosure of changes in 

its quantities of proved oil and gas reserves for a parti-

cular accounting period. The following is an example of a 

typical schedule categorizing this information: 

Beginning proved reserves XXXX 

Revisions of previous estimates XXXX 

Improved recovery XXXX 

Purchases of minerals in place XXXX 

Extensions, discoveries, other additions (EDA) XXXX 

Sales of minerals in place (XXXX) 

Reserves available for production XXXX 

Production (XXXX) 

Ending proved reserves XXXX 
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If a firm's actual production for a particular period 

differs from its estimated production for that period as a 

result of some combination of the non-production items in 

the above schedule (i.e., revisions, improved recovery, pur-

chases, EDA, sales), the related RPE should be affected ac-

cordingly. Similarly, if actual prices received from the 

sale of produced reserves and actual costs incurred in the 

development and production of reserves differ from the 

price and cost figures used in estimating future net reve-

nues, logic dictates a corresponding variation in the re-

lated RPE. 

Step one of phase II of this study was to employ bi-

variate correlation analysis to measure the degree of asso-

ciation between the RPEs and each of the variables men-

tioned above. Bivariate correlation analysis provides a 

single number (called the correlation coefficient, r) which 

summarizes the relationship between two variables. The 

correlation coefficient indicates the degree to which vari-

ation (change) in one variable is related to variation 

(change) in the other. ̂  

In step two of phase II, multivariate (multiple) re-

gression analysis was employed to examine the collective 

association between the variables presented earlier in this 

section and the RPEs. Multiple regression is a general 

1?Nie, et. al., 276. 
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statistical technique through which it is possible to 

analyze the relationship between a dependent or criterion 

variable and a set of independent or predictor variables. 

The expectation is that this functional relationship will 

provide information concerning the true relationships 

between the variables. ̂  

Limitations of the Study 

The major limitations of this study are as follows. 

(1) A basic assumption of this study is that there is 

relative comparability between management esti-

mates of expected future net revenues and ad-

justed actual net revenues. In computing esti-

mated future net revenues, management was re-

quired to essentially apply year-end prices and 

costs in conjunction with an assumption of ex-

isting economic conditions to estimated future 

production. To the extent the restrictions of 

the prediction model differed from real-world 

occurrences, the validity of the attempted relia-

bility association is weakened. Thus, unlike pre-

vious earnings forecasts studies, it is impossi-

ble to determine what the relative prediction 

error should have been if the prediction process 

^®Nie, ejt. al., 321. 
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had worked perfectly, i.e., the respective RPE 

would not necessarily equal zero. 

(2) The sample selection criterion used is basically 

judgmental. Since this method does not result in 

randomization, the results may not be statis-

tically generalizable to the entire population of 

oil and gas companies. Completeness and consis-

tency of the financial data available were the 

major factors in the selection of this sampling 

technique; however, the selection criteria will 

hopefully eliminate nonrepresentative companies. 

The sample companies included in the study com-

prise a relatively complete representation of the 

various elements of oil and gas producers. 

(3) The study includes the analysis of financial data 

for 125 oil and gas producers (172 cases). The 

analysis includes over 12,000 data points since 

four years of data (1979-1980, inclusive) for 

each company are studied. 

Chapter Descriptions 

Chapter I is to introduce the study. An overall back-

ground on the topic of earnings forecasts and forecasts of 

expected future net revenues from the production of proved 

oil and gas reserves is included. The purpose and sig-

nificance of the research is discussed and the research 
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methodology is explained. Limitations and assumptions are 

also presented. 

Chapter II is devoted to an extensive review of prior 

research. This chapter serves as background for the 

remainder of the study. It contains an overview of 

significant studies concerning earnings forecasts and 

related matters. 

In Chapter III a detailed discussion of the research 

methodology including the statistical techniques employed 

in the data analysis is presented. 

Chapter IV includes a presentation of research 

findings. Numerous tables disclose the results of the 

statistical tests and observations are made about certain 

relationships within and among the variables. Conclusions 

are drawn about the various results of each phase of the 

analysis. 

Chapter V contains a summary analysis of the findings. 

Conclusions are drawn about the overall implications of the 

study. The major contributions of the study and areas of 

potential future research are detailed. 



CHAPTER II 

EARNINGS FORECASTS STUDIES 

The Importance of Forecasts 

The topic of including management earnings forecasts in 

annual financial reports has generated considerable contro-

versy. While the accuracy and reliability aspects of fore-

casts have been examined in many studies (see earlier cita-

tions), the economic implications of forecasts have been 

largely overlooked until recent years. Foster (1973) con-

ducted a study which evaluated the stock market's reaction 

to 68 estimates of annual earnings per share (EPS) by compa-

ny officials. He concluded that "On the basis of volume and 

price studies, both individual investors and the aggregate 

market consider pre-audited estimates of EPS to have informa-

tional content."1 In addition, Gonedes, Dopuch, and Penman 

(1976)2 using analysts' forecasts as surrogates for manage-

ment predictions concluded that " . . . empirical results on 

1George Foster, "Stock Market Reaction to Estimates of 
Earnings per Share by Company OfficialsJournal of 
Accounting Research. 11, No. 1 (Spring, 1973), 25-37. 

2Nicholas J. Gonedes, Nicholas Dopuch, and Stephen H. 
Penman, "Disclosure Rules, Information-Production, and Capi-
tal Market Equilibrium: The Case of Forecast Disclosure 
Rules," Journal of Accounting Research. 14 (Sprinsr. 1976). 
89-137. 

22 
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income forecasts are inconsistent with the statement that 

those forecasts convey no such information." The results of 

more recent research (see Penman, 1980; Jaggi and Grier, 

1980) continue to validate the information content of earn-

ings forecasts. 

The well-documented hypothesis that the capital market 

is efficient^ at least in the semi-strong sense, suggests 

that if published management forecasts contain new infor-

mation it will be rapidly reflected in security prices. 

Given the evidence and the results of the limited number of 

studies dealing with the information content of earnings 

forecasts, it seems reasonable to question why the topic of 

earnings forecasts has been so controversial. 

The proponents of reporting forecasted information gen-

erally argue that such information is of value in an inves-

tor's investment decision. If expected accounting earnings 

are a relevant input to resource allocation decisions, the 

general utility of forecast information will increase as the 

accuracy of that information increases and decrease as it de-

creases.21 It seems apparent then that the issue central to 

the question of the desirability of published earnings 

3For a complete discussion of the concepts underlying 
the efficient markets hypothesis, see Eugene Fama, 
"Efficient Capital Markets: A Review of Theory and 
Empirical Work," Journal of Finance (May, 1970), 383-418. 

**P. Austin Daily, "The Feasibility of Reporting Fore-
casted Information," The Accountinf? Review. 46 (October. 
1971), 686-692. 
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forecasts revolves around the accuracy/reliability/ rele-

vance of the forecasts. 

While Release No. 253 did not require the disclosure 

of actual earnings forecasts, it did isolate the primary 

component (estimated future production) of earnings fore-

casts for most oil and gas producing companies. In addi-

tion, the Release marks the first time in which an entire 

business segment has been required to make public disclo-

sures regarding internal projections. As such, it provides 

an excellent opportunity to expand the considerable amount 

of prior research that has been conducted in and around the 

topic of earnings forecasts. 

Most of the prior research dealing with earnings fore-

casts has fallen into one of the following categories: 

(1) the determination of the accuracy of management's 

forecasts (McDonald, 1972; Imhoff, 1977), 

(2) the determination of the accuracy of analysts* 

forecasts (Crichfield, Dyckman, Lakonishok, 1978), 

(3) the determination of the forecast accuracy of 

various naive models (Carey, 1978; Deschamps and 

Mehta, 1980), or 

(4) comparisons of the accuracy among these three 

groups (Basi, Carey, and Twark, 1976; Ruland, 

1978; Jaggi, 1979; Hagerman and Ruland, 1979; 

Imhoff and Par<§, 1982). 
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Since the focus of this study was to provide evidence con-

cerning the accuracy of management projections of estimated 

future net revenues from the production of proved oil and 

gas reserves, the results of the studies falling into cate-

gories (1) and (4) above were of particular interest. 

The McDonald Study5 

The research conducted by Charles McDonald for his doc-

toral dissertation served as the pattern for the research 

in this study. McDonald examined the reliability of pub-

lished predictions of future earnings and the statistical 

association between earnings predictions errors and several 

related variables. In the first phase of the examination, 

voluntarily disclosed earnings predictions were obtained 

from The Wall Street Journal for the years 1966 through 

1970 and the accuracy of the predictions was determined by 

computing relative prediction errors (RPEs) where 

RPE = A - E 

E 

A = actual earnings and 

E = predicted earnings. 

Descriptive statistics were then utilized to investigate 

the basic distributional characteristics of the RPEs. 

^Charles L. McDonald, "An Empirical Examination of 
Published Predictions of Future Earnings," unpublished 
doctoral dissertation, Department of Accounting and 
Financial Administration, Michigan State University, East 
Lansing, Michigan, 1972. 



26 

The finding of the first phase of the study was a mean 

of the RPEs of 13.6 per cent overprediction. The RPEs 

ranged from an overprediction of 395.6 per cent to an under-

prediction of 108.5 per cent and the distribution of errors 

was skewed toward the over-predictions. The firms included 

in the study were categorized into five general industry 

groupings (industrials; utilities; finance, banking, and 

insurance; transportation; and other) and, as anticipated, 

the utilities exhibited the most reliable predictions with 

a mean RPE of 0.6 per cent overprediction. 

In the second phase of the study, the association be-

tween the RPEs and several independent variables was inves-

tigated. The variables included in the investigation were 

grouped into two categories: 

(1) Variables exogenous to the firm: 

(a) the change in the aggregate corporate profit 

index, and 

(b) the difference between the change in the 

industry profit index and the aggregate 

corporate profit index. 

(2) Variables endogenous to the firm: 

(a) the coefficient of variation for the 

previous five years' earnings; 

(b) the ratio between extraordinary items and 

operating earnings for the year of the 

prediction, 
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(c) the size of the firm in average total assets, 

and 

(dl) the change in operating earnings between the 

year of the prediction and the previous year. 

The first analysis of association performed was the as-

sociation between the prediction errors and each of the in-

dependent variables on an individual basis utilizing the 

statistical technique of correlation analysis. Of the inde-

pendent variables, the relative extraordinary gains and loss-

es had the highest coefficient of correlation of .43530, fol-

lowed by the change in aggregate corporate profits with a 

coefficient of correlation of .24772. The remaining varia-

bles all had a coefficient of correlation of less than .15. 

In addition to the univariate analysis, the combined 

association of the independent variables with the predic-

tion errors was analyzed using a least squares regression 

algorithm. Three conclusions were drawn as a result of the 

multiple regression analysis: 

(1) of those variables exogenous and endogenous to the 

firms making the predictions, only the endogenous 

variables were significant at the .05 level, 

(2) the earnings predictions of firms consisted, in 

general, of small adjustments to the previous 

year's actual earnings, and 

(3) either extraordinary gains and losses were unex-

pected by the managements of the firms making 
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predictions or the earnings predictions were 

actually predictions of operating earnings rather 

than net earnings. 

McDonald concluded that some of the firms included in 

the study were able to estimate their future earnings with 

a "reasonable" degree of accuracy. He further suggested 

The prediction methods employed by firms should 
be examined to see if firms that make accurate 
predictions employ different methods than firms 
that do not make accurate predictions. In ad-
dition, research is needed to determine what 
factors affect a firm's ability to predict earn-
ings. These factors include both those factors 
endogenous and exogenous to the firm. Finally, 
investigation into investor materiality functions 
is needed to determine the degree of reliability 
required for earnings predictions to be useful to 
financial statement users." 

The Basi, Carey, and Twark Study? 

Basi, Carey, and Twark (BCT) investigated the question 

of forecast accuracy by examining forecasts released by 

eighty-eight, firms during 1970 and 1971 and then comparing 

the accuracy of forecasts made by outsiders (security ana-

lysts) to the forecasts of the firms. More specifically, 

the following hypotheses were examined in the study: 

^McDonald, "An Empirical Examination of the Re-
liability of Published Predictions of Future Earnings," 
510. 

7Bart A. Basi, Kenneth J. Carey, and Richard D. Twark, 
"A Comparison of the Accuracy of Corporate and Security 
Analysts' Forecasts of Earnings," The Accounting Review, 51 
(April, 1976), 244-254. 
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(1) Forecasts of earnings for utilities are more 

accurate than for non-utilities. 

(2) Forecasts of earnings for NYSE-listed firms are 

more accurate than for Amex-listed firms. 

(3) Company forecasts of earnings are more accurate 

than analysts* forecasts. 

(4) Forecast accuracy improves as the date of the 

forecast approaches the end of the fiscal year 

for the company whose earnings are being fore-

casted . 

Four variables were utilized in investigating the evi-

dence concerning the first three hypotheses. The variables 

all relate to the difference between company forecasts (C) 

or security analysts' forecasts (S) and actual reported 

earnings (A): 

1. C - A 

2. S - A 

3. (C - A)/A 

4. (S - A)/A 

The first two measures are dollar error figures, while the 

last two are percentage error figures. 

Summary descriptive measures of forecast accuracy were 

computed and analyzed leading to the following conclusions. 

1. If the firms examined in the study are treated as 

the entire population (all firms releasing 
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forecasts during 1970 and 1971 for which analysts 

estimates were available), there is reasonable 

evidence that company forecasts were better than 

analysts' forecasts and that both groups of fore-

casters were better able to forecast earnings of 

utilities than non-utilities and earnings of NYSE-

listed firms than Amex-listed firms. 

2. If the firms examined in the study are viewed as 

a sample of all firms which could potentially 

release forecasts of earnings, there are very few 

instances in which the differences in forecasting 

ability between the companies and the outsiders 

were statistically significant. 

To determine whether forecast accuracy improved with 

the approach of the actual reported earnings release date 

(hypothesis four), three time variables were introduced: 

1. t^ = time of actual earnings report, 

2. tc = time of company forecast release, and 

3. tg = time of security analysts' forecast release. 

The researchers felt that if the hypothesis was correct, 

small errors should be associated with small values of the 

time intervals. For example, small values of (S - A)/A 

should be associated with small tg - and large per-

centage errors with large tg - t^. Thus, it was expected 

that the correlation coefficients between the percentage 
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prediction errors and the respective time intervals would be 

positive and significantly greater than zero. 

There was some evidence indicating increased accuracy 

of forecasts with decreasing futurity. The correlation co-

efficients were small in most cases; however, there were sev-

eral instances (Amex firms, non-utilities) of statistically 

significant improvements in forecasts as the release date 

approached. 

Even though the statistical analyses led to some inter-

esting observations regarding the relationships examined, 

the overall accuracy of the forecasts remained questionable. 

In one case more than 70 per cent of the estimates by both 

analysts and executives were within 10 per cent of actual 

figures while at the same time 5 per cent of the company and 

7 per cent of the analysts' forecasts showed errors greater 

than 100 per cent. The researchers felt that the number of 

extreme errors was critical when considering the issue of 

mandatory forecast disclosure. They reasoned that mandatory 

forecasts are likely to be less accurate than voluntary fore-

casts, and thus concluded 

Given the potential disruptive effects of poor 
forecasting on investment decisions and, as a 
result, on current stock market mechanisms, per-
haps it would be wise to declare a moratorium on 
pressures for mandatory published forecasts by 
firms until forecasting techniques have been 
refined sufficiently to assure considerably 
better accuracy than apparently exists." 

8 Ibid., 253. 
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The Imhoff Study9 

Imhoff attempted to determine whether management earn-

ings forecasts published in The Wall Street Journal were 

representative of the forecasts which would have been pro-

duced had the disclosure of management forecasts been re-

quired. Even though there was no way to test directly the 

accuracy of forecasts for non-forecasting firms, Imhoff 

felt that by evaluating certain attributes of forecasting 

firms in comparison with some larger set of firms, an in-

ference might be made concerning the representativeness of 

the forecast firms. 

The collection and evaluation of management forecasts 

was conducted using techniques similar to those used by 

McDonald (1972). Specifically, point estimates of earn-

ings forecasts were collected from the January to April 

issues of The Wall Street Journal for the years 1971-1974. 

Next, in order to evaluate the usefulness of the then 

existing evidence on forecast accuracy, the research under-

taken in the McDonald study and the study by Basi, Carey, 

and Twark (1976) was replicated. The intent of the repli-

cation was to demonstrate that the firms used in the Imhoff 

study were similar to those firms (and firm forecast data) 

used in the previous studies. The conclusion was that the 

^Eugene A. Imhoff, Jr., "The Representativeness of 
Management Earnings Forecasts," The Accounting Review, 53 
pt. 2 (October, 1978), 836-850. 
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management relative prediction errors (RPEs) of this study 

were similar to those reported by McDonald and that the 

RPEs of management, when compared with those of analysts, 

were similar to the comparative results reported by Basi, 

Carey and Twark. 

The second stage of the research attempted to evaluate 

the representativeness of published management earnings 

forecasts by examining three attributes of forecast firms: 

(1) variability of accounting earnings, (2) systematic mar-

ket risk, and (3) the relative accuracy of analysts' fore-

casts for both forecast firms and non-forecast firms. Each 

of the attributes was evaluated by comparing the forecast 

firms to some larger or similar group of firms. 

The first test, which compared the smoothness of ac-

counting earnings for the eleven year period up to and in-

cluding the year of the forecast, revealed that for four 

different measures of accounting earnings the forecast 

firms had less variable time series than a random sample of 

firms. The second test, which compared the average syste-

matic risk of the forecast firms with that of firms in the 

Standard and Poors 500 index, revealed that the forecast 

firms had significantly more systematic risk than the firms 

in the index. The final test, which compared analysts' 

forecasts for forecast firms with analysts' forecasts for 

non-forecast firms, indicated that the RPEs for the 
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non-forecast firms were significantly greater than the RPEs 

for forecast firms. Thus, all three tests reported differ-

ences in the attributes of the forecast firms when compared 

to those of the non-forecast firms. It was concluded that, 

to the extent the observed differences affect forecast accu-

racy, the forecast firms were not representative of the 

forecast accuracy which non-forecast firms would have demon-

strated had forecast disclosures been required. 

The Jaggi Study 1 0 

Jaggi examined management forecast accuracy by compar-

ing it to that of financial analysts' forecasts published 

by the Value Line Service in an attempt to clarify the find-

ings of earlier studies. He hypothesized that since manage-

ments as insiders have access to a large data base, they 

should be expected to possess better information than out-

siders and in turn to develop comparatively better earn-

ings forecasts for their firms. The general expectation 

was that management forecasts disclosed on a voluntary 

basis were comparatively more accurate than analysts fore-

casts . 

The sample for the study was selected from the firms 

whose voluntarily disclosed earnings forecasts in The Wall 

10Bikki Jaggi, "Further Evidence on the Accuracy of 
Management Forecasts Vis-a-Vis Analysts' Forecasts," The 
Accounting Review, 55 pt. 1 (January, 1980), 96-101. 
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Street Journal during the first four calendar months of 

each of the years 1971-1974. The analysts' forecasts were 

obtained from the Value Line Service published during the 

corresponding periods and actual primary earnings were ob-

tained from the Compustat tapes, adjusted for stock splits 

and stock dividends to make them comparable to the pre-

dicted earnings. 

The measurement device used in the study was the abso-

lute relative prediction error calculated in the following 

manner: 

ARPE = - I^it ~ % t ' 

^it 

where 

= firm i's forecast of earnings per share for 
period t, and 

Ait = firm i's actual earnings per share for 
period t. 

The absolute (unsigned) relative prediction error was 

chosen over the relative prediction error (signed) since 

both under- and overpredictions were considered errors and 

it was felt that negative and positive errors would be 

cancelled out utilizing signed errors. The relative accu-

racy of the two forecasting methods (management vs. ana-

lysts) was then examined employing the non-parametric 

Wilcoxon Signed Rank test in which each pair of errors from 

two methods is reduced to a single observation by means of 

the difference in the error of both methods. 
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Results of the study indicated a smaller mean relative 

prediction error for management forecasts (26.7) as com-

pared to analysts forecasts (28.3). In addition, the mean 

of the distribution error for management forecasts was also 

found to be comparatively smaller. This was especially evi-

dent when analyst forecasts were released before management 

forecasts. Analysis of forecast error by industry indica-

ted that industry classification may have some impact on 

the accuracy of management forecasts, but that size appar-

ently does not. 

The Hagerman and Ruland Study^ 

Hagerman and Ruland evaluated the accuracy and bias of 

management forecasts by comparing them to forecasts ob-

tained from relatively unsophisticated naive models which 

supposedly an investor could prepare for himself. Alter-

native models which satisfied two criteria were used in the 

comparison. First, the alternative models had to be rela-

tively simple so that most investors, in principle, could 

understand and use them. Second, the models were required 

to be based on publicly available data. The following four 

simple models were developed: 

"•"•Robert L. Hagerman and William Ruland, "The Accuracy 
of Management Forecasts and Forecasts of Simple Alternative 
Models," Journal of Economics and Business, 31 No. 3 
(Spring, 1 9 7 9 T T 1 7 2 - 1 7 9 . 
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(1) Model I was the simple time trend model: 

A Efc — 3. + bt 

where a and b are the estimated regression co-

efficients, t is a time variable, and AEt repre-

sents the change in earnings per share (EPS) from 

period t - 1 to period t. 

(2) Model II predicted future earnings as the most 

recent earnings change for trend (submartingale): 

AE^ = a + bt + et_i 

where a and b are obtained from equation (1) and 

et-1 is the residual from the prior period. 

(3) Model III was the simple no-change model (martin-

gale) : 

Et = ^t-1 

(4) Model IV related changes in earnings to changes 

in corporate profits: 

AEfc = a + b(ACPt) 

where ACPt represents the expected future change 

in aggregate corporate profits. 

The sample of management forecasts was obtained from 

the December, January, and February Wall Street Journal 

editions for the five-year period beginning in December, 

1968. Thus forecasts were obtained for the periods 1969— 

1973. Aggregate corporate profit predictions for 1970-1973 

were taken from the Wharton Quarterly winter issues. The 

1969 forecasts which were not contained in the Wharton 
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Quarterly were obtained from the Econometric Forecasting 

Unit of the University of Pennsylvania. Actual earnings 

per share figures were adjusted for capital changes and 

each model was estimated for each of the firms in the sam-

ple using five years of earnings change data. Simple abso-

lute per cent errors were calculated as 

|Et - EtI/IEtI 

and forecast bias was computed as 

(Et - Et)/ I Et I . 

Each of the alternative models was then fitted. 

Results indicated that for the sample of forecasts as 

a whole, management forecasts were more accurate than those 

of the alternative models. The evidence also indicated 

that accuracy is associated with both forecast horizon and 

corporate size. Forecasts with short horizons and fore-

casts of large firms tended to be more accurate than the 

overall sample of forecasts evaluated. The alternative 

model forecasts were at least as good as the long horizon 

forecasts of smaller firms. In addition, the evidence also 

indicated that the firms included in the study were larger 

than the average firm and that, since larger firm forecasts 

appear to be more accurate than those of smaller firms, the 

average forecast accuracy would probably have declined had 

forecast information been available for all firms. 
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The Imhoff and Par£ S t u d y ^ 

Imhoff and Pare investigated the comparative accuracy 

of forecasts obtained from three forecasting sources—secu-

rity analysts, corporate management, and naive forecast 

models—using a single sample of firms. The accuracy of 

the forecast agents was evaluated using both previously em-

ployed error metrics and alternative error metrics which 

were deemed superior to those used in prior studies. 

The sample employed in the study consisted of forty-

six forecasts from firms which satisfied the following cri-

teria: (1) reported a point estimate of annual earnings in 

The Wall Street Journal eight to twelve months prior to 

year-end during the period 1971 to 1974, (2) had an ana-

lyst's annual earnings forecast reported in the Earnings 

Forecaster at approximately the same date which the manage-

ment forecast was issued, and (3) had quarterly earnings 

data available for at least eight years prior to the date 

of the forecast. In addition, naive model forecasts were 

computed using four Box-Jenkins models to act as a bench-

mark against which the analysts' and managements' forecast 

accuracy could be compared. One of the naive models was 

fitted specifically to each firm's earning series. The 

^2Eugene A. Imhoff, Jr., and Paul V. Parg, "Analysis 
and Comparison of Earnings Forecast Agents," Journal of 
Accounting Research, 20 No. 2 Pt. 1 (Autumn, 1982), 429-

fW. 
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other three were ARIMA (autoregressive integrated moving 

average) models which have been proposed as general models 

that could be imposed on all firms' earning series as a way 

of reducing model identification errors which occur with 

firm-specific models. To permit an evaluation of the ef-

fects of possible timing differences both a four-quarter-

ahead forecast and a three-quarter-ahead forecast were gen-

erated with each of the four naive models for each company 

in the study. 

The forecast accuracy of each of the three forecasting 

sources was then examined utilizing the following error mea-

surements: 

(1) |(A - F)/F| 

(2) |A - FI 

(3) I(A - F)/A I 

(4) A - F/*a 

where 

A = actual annual earnings 

F = forecast of annual earnings 

<Ĵ  = standard deviation of actual earnings. 

The results of the research tended to confirm the re-

searchers' expectation that "no significant differences 

should be observed between forecast agents.11^ They con-

cluded that there appears to be no theoretical 

13ibid., p. 437. 
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justification for expecting forecast agents to be indepen-

dent, and thus no basis for expecting substantive differ-

ences in forecast accuracy. 

Relationship to the Present Study 

The sampling of articles presented in the preceding 

literature review reinforces the conclusion that there is a 

great deal of divergence in the findings of studies dealing 

with the reliability of earnings forecasts. If the 

findings of Imhoff and Parg (1982) can be generalized to 

all firms, serious doubt is raised concerning the advis-

ability of requiring the disclosure of management fore-

casts. However, based on the findings of Imhoff (1978), it 

appears that there is a statistically identifiable differ-

ence between firms who voluntarily disclose their earnings 

forecasts and firms that do not. Since the primary factor 

used to develop conclusions in each of the related studies 

examined was the reliability (or lack thereof) of the fore-

casts involved and since each of the studies was clearly 

limited due to sampling bias, the present study should pro-

vide evidence as to whether or not the findings of previous 

earnings forecasts studies can be generalized to the oil 

and gas producing industry within the confines of ASR No. 

253. 



CHAPTER III 

RESEARCH METHODOLOGY 

Introduction 

The research undertaken in this dissertation was de-

signed to address two related issues. 

(1) How reliable were management estimates of ex-

pected future net revenues from the production of 

proved oil and gas reserves? 

(2) To what extent, if any, did specific variables 

contribute to the variance between management 

estimates of expected future net revenues and 

actual results? 

In order to address these issues a two-part analysis was 

undertaken. The details of that analysis and the specifics 

of the related data-gathering process are presented in this 

chapter. 

Data Collection 

Since the reporting requirements of ASR No. 253 

applied with few exceptions to all oil and gas producers re-

quired to file documents with the SEC, the population for 

the research consisted of a reasonably finite number of com-

panies. Due to the volatility of the oil and gas industry, 

42 
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however, obtaining a comprehensive listing of those compa-

nies at any particular point in time would have been ex-

tremely difficult if at all possible. Consequently, the 

initial source from which the final sample was obtained was 

"The Oil and Gas Journal 260 Company Index" found in the 

1983 USA Oil Industry Directory. The companies listed in 

this index were the 260 largest (ranked by total assets) 

oil and gas producers in the United States as of the end of 

each company's 1981 fiscal year. Financial information of 

each company was examined to determine the completeness and 

suitability of the data available. 

The requirement that oil and gas producers disclose 

their estimates of expected future net revenues from the 

production of proved reserves was effective for those ac-

counting periods ending after December 25, 1979, and before 

December 25, 1982. Because of the brief length of the rele-

vant time period, only those companies whose financial in-

formation (form 10-K or annual report) was available for 

each of the four periods 1979 through 1982 were included 

initially in the sample to be given further consideration. 

Two considerations led to this restriction. 

(1) One of the primary objectives of the first phase 

of the analysis was to examine different 

groupings of the sample companies in order to 

investigate the respective reliability of the 
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earnings forecasts. To facilitate this analysis, 

comparability in the data was required. 

(2) All of the analyses could be handled more conven-

iently and judiciously if each company's format 

consisted of the same number of data points. 

The financial data for each of the companies satisfying the 

above criterion was then examined for consistency and com-

pleteness. For purposes of this analysis, consistency 

meant that the financial numbers were traceable through suc-

cessive financial statements. For example, the comparative 

figures for 1979 presented in the financial statements for 

1980 and 1981 had to be the same figures as the ones origi-

nally presented in the 1979 statements. Completeness re-

ferred to the requirement that all necessary data be avail-

able for each of the years in the four-year period. The 

requirement of consistency was necessitated by the lagged 

nature of the prediction versus actual relationship while 

completeness was required for the same reasons as those in 

the initial selection criterion discussed above. 

Of the 260 companies initially examined, 100 were 

eliminated because of insufficient data and 35 were elimi-

nated because of inconsistent data. The remaining 125 

companies comprised the sample used in this research.^ 

Included in the 125 company sample were 47 companies that 

^See Appendix A for a complete list of the 125 com-
panies . 
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had both domestic and foreign production. For analytical 

reasons, the accounting numbers of these companies were 

segregated by location of reserves (foreign or domestic). 

Thus the 125 companies resulted in 172 separate cases. 

Specific details of the characteristics of the sample 

companies are presented later in this chapter. 

Analysis of Prediction Error 

Computation of RPEs 

In the analysis designed to address the issue of relia-

bility, management estimates of expected future net reve-

nues from the production of proved oil and gas reserves 

were compared to adjusted actual net revenues in an attempt 

to identify goodness of fit. As previously specified, esti-

mated future net revenues were calculated (1) by multi-

plying current oil and gas prices (with consideration of 

price changes only where provided by contractual arrange-

ment) by estimated future production of proved oil and gas 

reserves as of the latest balance sheet date, and (2) sub-

tracting from this amount estimated future expenditures 

(based on current costs) of developing and producing these 

proved reserves. In contrast, actual net revenues were 

defined as gross revenues less production (lifting) costs.2 

In order to achieve comparability between the estimated 

2Touche Ross and Co., Oil and Gas Accounting, 
(Houston, 1979), 4-5. 
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figures (estimated gross revenues minus estimated pro-

duction and development costs) and the actual results, 

actual net revenues were adjusted to reflect development 

costs incurred—hence adjusted actual net revenues (net 

revenues less development costs). It is important to note 

that even though the estimated future net revenues and the 

adjusted actual net revenues appear at first inspection to 

entail the same properties, the current cost/current price/ 

current economic conditions restrictions imposed on the com-

putation of the estimates cause the relationship between 

the two figures to be somewhat weakened. The relationship 

is robust enough, however, to provide evidence about the 

successful utility of the published estimates. 

Utilizing the general model 

RPE A = Ay " Ey> x 
J p 

RPEj = relative prediction error 

Ay = actual adjusted net revenues from the 
production of oil and gas in year y 

Ey x = the estimate made at the end of year x of 
' the expected future net revenues for year y 

the following ratios were computed for each sample company: 

RPEi = a 1 9 8 0 - e 1 9 8 0 , 1 9 7 9 
E 1 9 8 0 , 1 9 7 9 

RPE2 = A 1 9 8 1 - E 1 9 8 1 , 1 9 7 9 

E 1 9 8 1 , 1 9 7 9 

R P E 3 = A 1 9 8 2 - ^ 1 9 8 2 , 1 9 7 9 
E 1 9 8 2 , 1 9 7 9 
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RPEM = ^1981 ~ ^1981,1980 
E1981,1980 

RPEc = A1982 - E1982,1980 
E1982,1980 

RPE6 = *1982 - B-1982.1981 
E1 982, 1981 

RPC 7^
( A1980 + A1981 + A1982^( E1980,1979 + E1981.1979 + E1982,1979 ) 

E1980,1979 + E1981,1979 + E1982,1979 

ppg £-
( A198l + A1982 )-( E198l.1980 + E1982»1980 ) 

E1981,1980+E1982,1980 

ARPE-i = IRPE1I 

ARPE2 = IRPE2I 

ARPE3 = IRPE3I 

ARPE4 = IRPE4I 

ARPE5 = IRPE5I 

ARPEg = IRPEs| 

ARPE7 = IRPE7I 

ARPEg = IRPEqI 

The signed RPEs were included in order to investigate the 

general relationship between the estimates and the actual 

results while the unsigned ARPEs were included to investi-

gate the absolute relationship between the two factors. 

Descriptive statistics were then utilized to examine 

the underlying distributional characteristics of the RPEs 

and the ARPEs.3 The statistics computed were 

3a11 of the statistical analyses conducted in this 
research employed various subprograms available through The 
Statistical Package for the Social Sciences and the SPSS 
Update 7-9. 
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(1) Mean 

(2) Variance 

(3) Standard deviation 

(4) Skewness 

(5) Kurtosis 

(6) Minimum, maximum, range 

The mean, variance, standard deviation, minimum, maximum 

and range provide information about the dispersion of the 

respective distributions. Skewness and kurtosis describe 

the nature of the distributions with respect to normality 

and take on values of zero when the distribution is a nor-

mal distribution.1* It was anticipated that the descriptive 

analysis would provide information about the relative asso-

ciation between the estimated values and the adjusted ac-

tual results in addition to indicating the proper statisti-

cal analyses to be used in subsequent portions of the 

research. 

After computing descriptive statistics for the 125 

companies (172 cases) in the original sample, a second run 

was performed in which outliers were eliminated. Outliers 

were defined as those cases in which the RPE for a particu-

lar time period exceeded ±3 standard deviations from the 

sample mean. Under this definition 12 of the 172 original 

cases were omitted. The objective of the second run was to 

*Nie, et_. al., 182-185. 
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remove the effect of extremely unusual RPE variations in a 

specific time period in an attempt to arrive at a more mean-

ingful representation of the sample as a whole. The finan-

cial data of the outliers was then examined for possible 

rationale explaining the peculiar behavior. 

Comparative Analysis of RPEs 

In the second part of this phase of the analysis, the 

computed RPEs (ARPEs) were analyzed utilizing nonparametric 

statistical tests to determine the relationship, if any, be-

tween various groupings of the sample companies as well as 

the comparative relationship between pairs of the various 

RPEs (ARPEs) themselves. Nonparametric statistical tests 

were used because the tests do not specify conditions about 

the parameters of the population from which the sample was 

drawn. Certain assumptions are associated with most non-

parametric statistical tests—that the observations are 

independent and that the variable being examined has 

underlying continuity—but these assumptions are fewer and 

much weaker than those associated with parametric tests.5 

The nonparametric tests employed were 

(1) One-sample chi-square test; 

(2) Wilcoxon matched-pairs ranked-signs test; 

(3) Mann-Whitney U Test; 

^Sidney Siegel, Nonparametric Statistics for the 
Behavioral Sciences, (New York, McGraw-Hill Book Co., 
1956), 32. 
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(4) Kruskal-Wallis one-way analysis of variance. 

In each case warranting such action, the tests were ini-

tially conducted on the entire 172 case sample and subse-

quently on the 159 case sample excluding outliers. 

Overpredictions vs. underpredictions.—The one-sample 

chi-square test measures goodness of fit for data that 

falls into categories. The test is whether a significant 

difference exists between the observed number of cases in 

each category and the expected number. The null hypothesis 

(Hq) is that the observed occurrences satisfy a specified 

frequency distribution and is tested utilizing the model 

K (Oi - Ej)2 

X2 = i ~ 
i = 1 Ei 

Oj. = observed number of cases in the ith 
category. 

Eĵ  = expected number of cases in the ith 
category. 

^ = summation over K categories. 
i = 1 

If the difference between the observed frequencies and 

the expected frequencies is small, X 2 will also be small 

and if the divergence is large, X2 will be large. Thus, 

the larger X2, the more likely the occurrences did not come 

from the expected population. The alternative hypothesis 

(H-|) is that the actual frequencies are not as expected.6 

6Ibid., 43. 
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The one-sample chi-square test was used to evaluate 

the relationship between overpredictions and underpre-

dictions. An overprediction (i.e., a situation in which a 

company's prediction of expected future net revenues ex-

ceeded its adjusted actual net revenues) would result in a 

negative RPE for that particular time frame while an under-

prediction would result in a positive RPE. The test was to 

examine the relative frequencies of positive and negative 

RPEs. The following hypotheses were formulated and 

evaluated: 

Hq: for each of the ratios RPE-j to RPEg, considered 

independently, there is no significant difference 

in the number of positive and negative values. 

H-|: the frequencies of overpredictions and under-

predictions are not equal. 

Prediction period comparisons.—The Wilcoxon matched-

pairs ranked-signs test examines paired variables from two 

related samples to determine whether the samples have a com-

mon distribution. The differences between the paired obser-

vations are ranked, ignoring signs, and the sums of the 

ranks for positive and negative differences are calculated. 

If the paired variables come from a common distribution, 

the quantity and magnitude of positive differences and 

negative differences should be roughly the same. The null 
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hypothesis is that there is no significant difference 

between the related samples.7 

In examining the relative accuracy of the paired RPEs 

and ARPEs, the following hypotheses were formulated and 

tested: 

Ho^ there is no significant difference between the 

predictive accuracy reflected in one RPE (ARPE) 

compared to another RPE (ARPE). 

H-| : predictive accuracy is not consistent and varies 

in a specific direction dependent on the relative 

time frame. 

The paired variables examined together with directional ex-

pectations are presented in Table II. The various pairings 

were designed to investigate the following possibilities. 

(1) Did the relevant time frame affect predictive 

accuracy? That is, what was the comparative 

accuracy among the predictions made in 1979 and 

1980 for subsequent time periods? (RPE-|,RPE2; 

R P E i , R P E 3 ; R P E 2 , R P E 3 ; R P E 4 , R P E 5 ) . 

(2) Did prediction error determined on an individual 

year basis differ from prediction error deter-

mined over an aggregate time period? That is, 

did RPE-), RPE2, RPE3, RPE4, and RPE5 differ from 

the aggregates RPE7 and RPE8? (RPEi,RPEy; 

?Siegel, 75-83. 
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RPE2,RPE7; RPE3,RPE7; RPE4,RPE8; RPE5,RPE8). 

(3) Did the accuracy of predictions for the same time 

span vary? That is, did predictive accuracy 

improve over time? (RPEi,RPEij; RPE-| ,RPEg; 

RPE4,RPEe; RPE2,RPE5). 

Similar pairings and expectations were examined for the 

ARPEs. 

TABLE II 

PAIRED ERROR METRICS UTILIZED 
IN WILCOXON TEST 

Paired Variables Directional Expectation 

RPE1,RPE2 RPE1 < RPE2 

RPE-I ,RPE 3 RPET < RPE3 

R P E 2 , R P E 3 RPE2 < RPE3 

RPE1,RPE7 RPE-J < RPE7 

RPE2,RPE7 none 
RPE3,RPE7 none 
RPE4,RPE5 RPE4 < RPE5 
RPE4,RPEQ RPE4 < RPEg 
RPE5,RPE8 none 
RPE-J ,RPEij none 
RPEi,RPE6 none 
RPE4,RPEg none 
R P E 2 , R P E 5 none 

Group analyses.—The Mann-Whitney U test is used to 

examine whether two independent samples are from the same 

population. The two groups are combined and cases are 

ranked in order of increasing size. The test statistic, U, 

is computed as the number of times a value from the first 
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group precedes a value from the second group. The ration-

ale is that if the samples are drawn from the same popu-

lation, the distribution of values from the two groups in 

the ranked list will be random. A non-random pattern is 

indicated by an extreme value of U. The null hypothesis is 

that the two samples (groups) have the same distribution. 

The alternative hypothesis is that one group is stochas-

tically larger than the other, a directional hypothesis.® 

The Mann-Whitney U test was employed to compare the 

relationship between various paired groupings of the sample 

companies. The company characteristics on which the 

groupings were based are presented in Table III. 

Of the 172 cases (125 companies), three companies had 

changes in accounting method during the four-year period 

and were omitted from the related analysis. In the major-

product analysis, major product was determined based on 

production during the four-year period. Those companies 

with liquidsrgas ratio (barrels of liquids produced com-

pared to equivalent barrels9 of gas produced) in excess of 

one were considered to have liquids as their major product. 

Those with a ratio of less than one were considered to have 

gas as the major product. 

8Siegel, 116-126. 

^MCFs of gas were converted to equivalent barrels of 
liquids based on an assumed ratio of 6:1. 
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The following hypotheses were formulated and examined: 

HQ: there is no significant difference in the 

predictive accuracy of various groups of the 

sample companies. 

Hi: the respective RPEs (ARPEs) are not from the same 

distribution. 

TABLE III 

COMPANY GROUPS UTILIZED IN 
MANN-WHITNEY TEST 

Characteristic Group I 
Number of 
Cases/ 

Companies 
in Group 

Group II 
Number of 
Cases/ 

Companies 
in Group 

Accounting 
Method 

Full Cost 74/56 Successful 
Efforts 

95/66 

Location of 
Reserves 

United 
States 

125/125 Foreign 47/47 

Structure Integrated 46/26 Non-
Integrated 

126/99 

Major Product Liquids 73/43 Gas 99/82 

Company size analysis.—The Kruskal-Wallis one-way 

analysis of variance by ranks test examines whether K 

independent samples are from different populations. All 

cases from the K samples combined are ranked in a single 

series. The smallest value is assigned rank 1, the next 



56 

largest rank 2, and the largest rank N where N equals the 

total number of independent observations in the K samples. 

The rank sum is then computed for each group and the 

Kruskal-Wallis H statistic is computed using the model 

H - 12 \ - 3(N+1) 
N(N+1) < n-j 

j = 1 J 

k = number of samples 

nj = number of cases in the jth sample 

N = ^ nj> the number of cases in all samples 

Rj = sum of ranks in the jth sample 

k 

^ = summation over k categories 
j = 1 

The null hypothesis is that the k samples come from the 

same population.^ 

The Kruskal-Wallis test was used to investigate the 

difference in the predictive reliability of the sample 

companies grouped according to size. For purposes of this 

test, size was determined with respect to total company 

equivalent barrels of 1982 ending proved reserves. The 

following hypotheses were formulated and tested: 

Ho: there is no significant difference in the re-

spective RPEs (ARPEs) of the sample companies 

when the companies are grouped by size. 

10 Siegel, 184-193. 
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H-j: the respective RPEs (ARPEs) of the groups are not 

from the same distribution. 

Table IV details the sample breakdown according to size. 

The range in equivalent barrels (BBLS) for the sample 

companies was from 284,000 BBLS for the smallest company in 

the sample to 11,126,333,000 BBLS for the largest. 

TABLE IV 

COMPANY GROUPS BY SIZE UTILIZED 
IN KRUSKAL-WALLIS TEST 

Group Number 
Number of 

Companies in 
Group 

Size in 
Equivalent Barrels (BBLS) 

of Proved Reserves 
(000s) 

I 36 BBLS < 10,000 

II 34 10,000 < BBLS < 50,000 

III 36 50,000 < BBLS < 
500,000 

IV 19 BBLS > 500,000 

Analysis of Variance 

In the second phase of this research analysis, an in-

vestigation was undertaken to identify the extent to which 

certain variables contributed to the variance between man-

agement estimates of expected future net revenues and ac-

tual results. As discussed in Chapter I, the computation 



58 

of RPEs was governed by a set of relatively restrictive 

assumptions with respect to cost and price figures used, 

reserves available for production, and economic con-

ditions. To the extent these assumptions did not reflect 

reality, the management estimates should have varied from 

actual results. Even though the actual results were used 

as a measurement device against which to gauge the relia-

bility of management estimates in the descriptive phase of 

this analysis, management estimates should not have exactly 

equalled actual results. Thus, at the individual company-

by-company level, a company with a very small RPE for a 

given time period may not have done a particularly out-

standing job of estimating future production. Conversely, 

a company with a relatively large RPE in a given period may 

have done an exceptional job of predicting future produc-

tion under the assumptions of the model. The purpose of 

this phase of the analysis was to identify, to the extent 

possible, that portion of the overall variation resulting 

from the influence of specific variables. 

Explanatory Variables 

In computing expected future net revenues from the 

production of proved oil and gas reserves, management 

(assuming existing economic conditions) was to (1) multiply 

year-end oil and gas prices by estimated future production 

of year-end proved reserves and (2) subtract estimated 
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future development and production costs based on year-end 

costs. The preceding calculation process identifies the 

variables employed in this phase of the research 

(1) changes in prices 

(2) changes in production costs 

(3) changes in development costs 

(4) changes in proved reserves. 

Of the four changes, the relationship between the first 

three and prediction error was anticipated to be relatively 

strong. The remaining relationship was expected to be some-

what more tenuous. To the extent changes in economic condi-

tions were reflected in the changes delineated above, the 

effect of that variation was also examined. 

The prediction model required the useage of year-end 

prices and costs. Because year-end figures were not avail-

able, average prices and costs were employed as a surro-

gate. In order to convert the figures to a standard unit, 

all values were expressed on a unit-per-equivalent-barrel-

of-production basis. The following variables were com-

puted: 

(1) AC, =
 pit1 - ?i 

Pi 

A Pi = price change factor for period i. 

Pi = average per unit price in period i. 

Pi 11 = average per unit price in period i11. 
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(2) ACi = Cit1 " Ci 
1 Ci 

Ac^ = cost change factor (either production 

cost or development cost) for period i. 

Ci = average per unit cost in period i. 

Cit 1 = average per unit cost in period it 1. 

In addition, variables were computed to examine the influ-

ence of changes in proved reserves on estimation reliabil-

ity. As previously noted, the suggested reconciliation of 

changes in estimates of proved reserves details six poten-

tial categories of changes that account for variations be-

tween beginning and ending reserve figures. These six cate-

gories are 

(1) revisions of previous estimates 

(2) improved recovery 

(3) purchases of minerals-in-place 

(4) extensions, discoveries, and other additions 

(5) production 

(6) sales of minerals-in-place 

Since the accuracy of estimates of future net revenues 

under the constraints of the prediction model depended in 

large part on the accuracy of production forecasts, it 

seems reasonable to expect some relationship to exist be-

tween changes in the amounts of reserves available for 

production and prediction error. Specific changes in a 

company's estimated available reserves are detailed by the 
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non-production variables in the reconciliation schedule. 

Because changes in proved reserves do not always have an 

immediate effect on short-run production estimates, it was 

recognized that the relationship between these items and 

prediction error might be negligible. 

In order to obtain comparability on a company-by-com-

pany basis, each of the reserve variables was expressed in 

terms of its percentage relationship to equivalent barrels 

of beginning proved reserves for the particular time period. 

Beginning reserves were chosen because of their primary role 

in the production forecast process of the prediction model. 

Univariate Analysis 

The statistical tool employed to measure the degree of 

association between the RPEs and each of the explanatory 

variables was bivariate correlation analysis. Bivariate 

correlation analysis is concerned with the joint relation-

ship between two variables and the determination of a cor-

relation coefficient as a measure of the interdependence 

between the two variables. Correlation analysis does not, 

however, prove a cause and effect relationship between the 

variables. It is essentially a descriptive procedure iden-

tifying a joint property whose degree of association is re-

flected by the coefficient of correlation.^ 

11John I. Griffin, Statistics. (New York, Holt, 
Rinehart and Winston, Inc., 1962), 240-243. 
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The coefficient utilized in this research was the non-

parametric Spearman rank correlation coefficient, rs. The 

model computing r s examines the relationship between two 

variables by determining relative ranking discrepancies. 

The variables are ranked, on a case-by-case basis, accord-

ing to size. The respective rank differentials are com-

puted and r s is determined as 

N 

, 6 ifi di 2 

r„ = 1 -
N3 - N 

^i = difference in variable rank for case i. 

N = number of cases. 

^ = summation over N cases.^ 

Each of the RPEs was paired with the relevant explanatory 

variables to determine the degree of association. 

Multivariate Analysis 

In the final step of the analysis, ordinary least 

squares multiple regression was employed to examine the 

collective influence of the explanatory variables on the 

RPEs. Multiple regression is a general statistical tech-

nique used to determine the relationship between a depen-

dent variable (RPE) and a set of independent (explanatory) 

variables. Values of the dependent variable are predicted 

from a linear function of the form 

12Siegel, 202-204. 



63 

Y^ = A + B-|X-| + B2X2 + • • • • + 

= estimated value of Y 

A = Y intercept 

Bi = regression coefficients. 

The difference between the actual and the estimated value 

of Y for each case is called the residual, i.e., the error 

in prediction, and is represented by the expression 

Residuals = Y - Y^ 

The regression strategy involves the selection of A and B^ 

in such a way that the sum of the squared residuals 

^ (Y - Y^)2 is minimized. The least-squares criterion im-

plies that any other values for A and Bj would yield a 

larger ^(Y - Y 1) 2. Selection of the optimum A and Bj_ co-

efficients using the least-squares criterion also implies 

that the correlation between the actual Y values and the Y^ 

estimated values is maximized, while the correlation 

between the explanatory variables and the residual values 

(Y - Y^) is reduced to zero.^3 

In general, multiple regression requires that the re-

lationships among the variables be linear and additive. In 

addition, the analysis makes certain assumptions about the 

underlying characteristics of the regression variables. 

The assumption is that the variables satisfy certain 

13Nie, et. al., 320-329. 
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conditions.^ Since the results of this study will not be 

generalized to any other population, strict adherence to 

the requirements of the model was relaxed and it was 

assumed that the underlying conditions were satisfied. The 

error terms of the various regression equations were then 

examined to insure that none of the assumptions were 

seriously violated. 

The specific regression model employed to examine the 

collective influence of the explanatory variables on the 

various RPEs was 

RPEi = Ai + Bix X1x + B2ix2i + • • • + B8iX8i + E 

RPEi = relative prediction error for time period i. 

Ai = the intercept of the regression line for 
time period i. 

Bi x = ^he coefficient of the functional rela-
tionships between each of the independent 
(explanatory) variables and the dependent 
variable, RPE^. 

Xix = revisions of previous estimates in time 
period i. 

X2i = improved recovery in time period i. 

Xgi = purchases of reserves in place in time 
period i. 

Xijj = extensions, discoveries, and other additions 
in time period i. 

X5i = sales of reserves in place in time period i. 

1i*For a complete discussion of the least-squares 
assumptions, see Damodar Guijarati, Basic Econometrics, 
(New York, McGraw-Hill Book Company, 1978)" 36-41, 71-72, 
99-100. 
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Xgi = changes in prices in time period i. 

X71 = changes in production costs in time period 
i. 

X8i = changes in development costs in time period 
i. 

E = the error term or the amount of the var-
iation of the dependent variable from its 
mean not explained by the independent 
variable. 

The expectation was that examining this functional relation-

ship would provide information concerning the true relation-

ship between the variables. 

Summary 

In this chapter two research procedures designed to 

investigate the reliability of management estimates of 

expected future net revenues from the production of proved 

oil and gas reserves were described. Various research 

hypotheses were stated along with descriptions of statis-

tical techniques used to test the hypotheses. Data sources 

and collection procedures were described. The test results 

are presented in Chapter IV. 



CHAPTER IV 

RESULTS OF THE STUDY 

Chapter IV presents the results of the statistical 

tests conducted on the relative prediction errors (the 

experimental variables) along with evaluations of the sta-

tistical hypotheses specified in Chapter III. The first 

section of this chapter includes test results of the com-

parative reliability of the forecasts of expected future 

net revenues from the production of proved reserves. The 

second section details the results of the analysis of vari-

ance between management estimates and actual results. 

Appendices B and C and numerous tables are included in 

order to report specific research findings and support re-

search conclusions. 

In order to facilitate the understanding of the re-

sults presented in this chapter, the following descriptive 

summary of the various error metrics is presented: 

(1) RPE-) = 1979 estimate for 1980 compared to 1980 

actual; 

(2) RPE2 = 1979 estimate for 1981 compared to 1981 

actual; 

(3) RPE3 = 1979 estimate for 1982 compared to 1982 

actual; 

66 
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(4) RPE4 = 1980 estimate for 1981 compared to 1981 

actual; 

(5) RPE5 = 1980 estimate for 1982 compared to 1982 

actual; 

(6) RPEg = 1981 estimate for 1982 compared to 1982 

actual; 

(7) RPE7 = cumulative 1979 estimate for 1980+1981+ 

1982 compared to 1980+1981+1982 actual; 

( 8 ) RPEg = cumulative 1980 estimate for 1981+1982 

compared to 1981+1982 actual. 

Results of the Analysis of 
Prediction Error 

Descriptive Statistics 

As indicated in the preceding chapter, the first re-

search procedure was to compute the various relative pre-

diction errors and examine the underlying distributional 

characteristics of each utilizing descriptive statistics. 

Initially statistics were computed for the 172 cases (125 

companies) meeting all of the selection criteria discussed 

in Chapter III. Subsequently, the results were recomputed 

omitting outliers (those cases in which the respective RPEs 

were greater than ±3 standard deviations from the sample 

mean). Tables V through VIII detail the results of the 

various descriptive analyses. 
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The summary statistics presented in Table V indicate 

the disparity within the various RPE distributions. In 

only one case, RPE3, was the mean value positive (indi-

cating an average underprediction for the distribution). 

The mean was negative in each of the remaining cases indi-

cating that the estimated future net revenues exceeded the 

actual results by average amounts ranging from 26.7 per 

cent to 4 6 . 6 per cent (excluding RPE7 and RPEg which are 

merely cumulative RPEs computed in this research). This is 

a rather startling result since, during the 1979-1982 study-

period, average adjusted actual net revenues, measured on 

an equivalent-barrel-of-production basis were increasing 

from $ 4 . 4 7 to $ 8 . 7 8 . 1 The increasing actual figures sug-

gest that if the companies had attained at least reasonable 

accuracy in their estimates of the timing of future pro-

duction, the mean RPE values would have been positive or 

close to zero. The consistently negative mean values (with 

the exception of RPE3) indicate a distinct tendency for the 

sample companies to overpredict future production and ac-

cordingly expected future net revenues. The validity of 

that implication will be examined later in this chapter. 

Additional information is also provided by the summary 

statistics. 

1 $ 4 . 4 7 in 1 9 7 9 , $ 6 . 6 9 in 1980, $ 6 . 9 0 in 198I, and 
$ 8 . 7 8 in 1982. 
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(1) In conjunction with the means, the variance and, 

in particular, the standard deviation describe 

the dispersion of the various RPE distributions. 

For example, with respect to RPE-| , 99+ per cent 

(±3 standard deviations) of the error metrics 

were between +4.614 (underprediction of 461.4 per 

cent) and -5.211 (overprediction of 521.1 per 

cent). 

(2) Kurtosis and skewness define the shape of the 

various distributions. The summary values indi-

cate that the RPEs are not normally distributed. 

(3) Maximum, minimum, and range specify the delim-

iters of the distributions. The range of the 

distributions in this research varied from a high 

of 26.237 (from -12.554 to 13.683) for RPE2 to a 

low of 3.378 (from -2.101 to 1.277) for RPEg. 

In computing descriptive statistics on the signed 

RPEs, the offsetting of positive and negative values is 

reflected in the various summary statistics. Since both 

underpredictions and overpredictions impact on reliability, 

a more meaningful representation of the degree of real pre-

diction error is attained by examining the unsigned error 

metrics. Summary statistics for the ARPEs are presented in 

Table VI. 
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The most important and interesting difference in the 

summary statistics for the signed and unsigned error met-

rics appears in the sample means. When the prediction 

errors are expressed in absolute terms, the mean error 

(again excluding the cumulative A R P E Y and A R P E Q ) ranged 

from 46.9 per cent to 78.2 per cent compared to 26.7 per 

cent and 46.6 per cent for the signed RPEs. Thus, in terms 

of real error, the reliability of the predictions of 

expected future net revenues is even more suspect. 

In order to eliminate the potentially misleading 

effect of those companies having unusually large (either 

positive or negative) prediction errors, descriptive sta-

tistics were also computed on a smaller sample omitting the 

13 cases in which the RPEs as originally computed were 

greater than ±3 standard deviations from the sample mean. 

The summary statistics for the 159-oase sample are pre-

sented in Tables VII and VIII. While some of the statis-

tical results change as a consequence of excluding the out-

liers from the analysis (particularly in the maximum and 

minimum values and range), the revised values continue to 

indicate the inaccuracy of the estimates in comparison to 

the actual results. 
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Even though the data provided by the descriptive 

analysis is informative, it does not provide sufficient 

evidence to determine the relative success or failure of 

the sample companies in predicting estimated future pro-

duction. As previously explained, the limitations imposed 

by the prediction model should have caused some divergence 

between the estimated values and the actual results. If 

the variance is largely explainable by changes in the model 

variables in subsequent time periods, the estimation pro-

cess would appear to have been successful. The determi-

nation of the portion of error explainable by the model 

restrictions is presented later in this chapter. 

Group Analysis 

In the second portion of this phase of the analysis 

the computed relative prediction errors, both signed and 

unsigned, were analyzed to determine the relationship be-

tween various groupings of the sample companies as well as 

the error metrics themselves. It was anticipated that this 

investigation would provide evidence regarding certain as-

pects of the prediction process. For example, 

(1) Was there a tendency for companies to overpredict 

estimated future net revenues? 

(2) Were there reliability trends apparent in the 

relevant time periods? 
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(3) Could various categories of companies be 

differentiated based on prediction accuracy? 

In each analysis, the level of rejection for the null 

hypothesis was established at 5 per cent. 

Overpredictions vs. underpredictions.—The results of 

the descriptive analysis suggested a possible tendency for 

the companies to overpredict expected future net revenues. 

In order to more fully investigate the relationship between 

overpredictions and underpredictions, the chi-square (X2) 

one-sample test was conducted on the 172 cases of the 

initial sample. The results of that analysis are presented 

in Table IX. 

TABLE IX 

OVERPREDICTIONS VS. UNDERPREDICTIONS 

Overpredictions Underpredictions 
Error E > A E < A X 2 Significance 
Metric Negative RPE Positive RPE 

Significance 

R P E I 119 53 25.326 0.000 
RPE2 105 67 8.395 0.004 
R P E 3 88 84 0.093 0.760 
RPE4 144 28 78.233 0.000 
R P E 5 140 32 67.814 0.000 
RPE6 148 24 89.395 0.000 
R P E 7 110 62 13.395 0.000 
RPE8 154 18 107.535 0.000 

The null hypothesis examined was that there was no tendency 

for the companies to either overpredict or underpredict 
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estimated future net revenues and that any deviations from 

symmetry were merely due to chance. In all cases except 

RPE3 the null hypothesis can be rejected. Additionally the 

actual frequencies of overpredictions and underpredictions 

emphasize the extent to which the companies tended to over-

predict estimated net revenues. The results of this test 

are consistent with the implications of the descriptive 

analyses. 

Prediction-period comparisons.—The question of the 

possibility of trends in the prediction errors over time 

was investigated utilizing the Wilcoxon matched-pairs 

ranked-signs test. In this analysis various related pairs 

of RPEs (ARPEs) were examined for distributional differ-

ences. The null hypothesis was that the paired RPEs 

(ARPEs) were drawn from the same population; that is that 

there was no significant difference in the prediction er-

rors from one time frame to another. The results of the 

Wilcoxon test are presented in Tables X and XI. The exami-

nation of the paired RPEs indicates that the null hypothe-

sis can be rejected in all but four of the pairings 

(RPE1,RPE2; RPEij ,RPE5; RPEi^RPEg; RPE4,RPE6). The results 

associated with the first six pairs (RPE-|,RPE2 to 

RPE3,RPE7> investigates the relationships between the pre-

diction errors for the estimates made in 1979 for 1980, 

1981, and 1982 with RPE7 being the cumulative metric for 
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the 3-year period. Even though the null hypothesis can not 

be rejected for case RPE-| ,RPE2 at the desired level of sig-

nificance, the results indicate that the two distributions 

did differ somewhat with the RPE-| distribution being 

slightly less than the RPE2 distribution. In each of the 

other five cases, the null hypothesis can be rejected and 

the alternative hypothesis, that the RPEs come from dis-

tinct distributions, accepted. This fact in conjunction 

with the additional data presented in Table X suggest that 

the predictions made in 1979 for 1980 and 1981 were more 

accurate than the predictions for 1982. Also, the pre-

dictions for 1980 and 1981 were more accurate than the 

cumulative predictions for the 3-year period. 

The results associated with the variable pairs 

RPEij, RPE5 to RPE5 , RPEg investigate similar relationships 

for the estimates made in 1980 for 1981 and 1982 with RPEg 

being the cumulative error metric for the 2—year period. 

Of the three pairs, the null hypothesis can be rejected 

only in the case of RPEgjRPEg comparing the 1980 estimates 

for 1982 to the cumulative 2-year estimates. There is evi-

dence, however, of less robust relationships between the 

other pairs. 

In the analysis relative to the final four variable 

pairs (RPE-| ,RPE4 to RPE2,RPE5) estimates made in different 

periods but associated with the same time span were 
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examined. The three variable pairs RPE-|,RPE4; RPEi,RPEg; 

and RPE4,RPEg relate to 1-period time spans while the 

remaining pair (RPE2,RPE5) references a 2-period span. 

With the exception of variable pair RPE4,RPEg, the null 

hypothesis can be rejected in each case. Also, in each 

case the more recent estimates appear to be more accurate 

TABLE X 

PREDICTION PERIOD COMPARISONS 
PAIRED RPEs 
172 CASES 

Paired N of Cases N of Cases 
Variables Computed 2-tailed RPEa > RPEb/ RPEa < RPEb/ 
RPEa, RPEfc Z P Mean Rank Mean Rank 

RPE!,RPE2 -1.327 0.184 73/90.01 99/83.91 
RPE!,RPEo 
RPE2,RPE3 

-3.777 0.000 54/92.02 118/83.97 RPE!,RPEo 
RPE2,RPE3 -4.581 0.000 57/77.95 115/90.74 
RPE-i ,RPE7 -2.830 0.005 68/82.18 104/89.33 
R P E 2 , R P E 7 -2.090 0.037 78/77.85 94/93.68 
R P E 3 , R P E 7 -5.078 0.000 116/92.76 56/73.54 
RPE4,RPE5 -1.812 0.070 83/75.35 89/96.90 
RPE4,RPEg -1.648 0.099 83/76.64 89/95.70 
RPE5,RPEQ -2.237 0.025 90/98.91 82/72.88 
RP E1fRP E4 -5.267 0.000 118/92.24 54/73.96 
RPE!,RPEg -3.537 0.000 109/89.47 63/81.37 
RPE4,RPEg 
R P E 2 , R P E 5 

-0.529 0.597 88/80.60 84/92.68 RPE4,RPEg 
R P E 2 , R P E 5 -2.839 0.005 101/92.04 75/78.62 

The interpretation of the data presented in Table X is 

complicated by the presence of both positive and negative 

values in the RPE distributions. The complication is 

particularly acute in the determination of the correct 
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directional relationship between the paired distributions. 

In order to make the determination more robust, the 

Wilcoxon test was also conducted on the unsigned error met-

rics, ARPEs in anticipation that the true directional rela-

tionships in the underlying distributions would be more 

apparent. The results of that analysis appear in Table XI 

TABLE XI 

PREDICTION PERIOD COMPARISONS 
PAIRED ARPEs 
172 CASES 

Paired 2-tailed N of Cases N of Cases 
Variables Computed Proba- ARPEA>ARPEB / ARPEA<ARPEB / 

ARPEA , ARPEJJ Z bility Mean Rank Mean Rank 

A R P E T , A R P E 2 -2 .797 0.005 69/81.30 103/89.98 
A R P E T , A R P E 3 -2 .910 0.004 72/76.89 100/93.42 
A R P E 2 , A R P E 3 -0 .839 0.401 77/89.48 95/84.08 
ARPE-J , A R P E Y -1 .015 0.310 78/86.86 94/86.20 
ARPE?,ARPE 7 .098 0.000 114/88.76 58/82.05 
ARPE§,ARPE 7 -3 .641 0.000 108/90.93 64/79.03 
ARPEty,ARPE5 -1 .355 0.176 86/96.80 86/76.20 
ARPE4,ARPEs -3 .630 0.000 100/98.13 72/70.35 
ARPE5,ARPEg -0 .390 0.697 97/79.32 75/95.79 
ARPE-| , ARPE4 -2 .344 0.019 72/82.03 100/89.72 
ARPEt,ARPEg 
ARPE4,ARPEg 

-0 .524 0.600 78/90.97 94/82.79 ARPEt,ARPEg 
ARPE4,ARPEg -1 .156 0.248 87/94.20 85/78.62 
A R P E 2 , A R P E 5 -2 .462 0.014 102/88.72 70/83.27 

The differences in the relative error analysis (Table X) 

and the real error analysis (Table XI) are presented in the 

following: 

(1) ARPE-i ,ARPE2 - in the analysis of the signed RPEs, 

the null hypothesis could not be rejected at the 
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established significance level and the statistics 

merely indicated the reliability preference of 

R P E - J . In the unsigned analysis, the null hypoth-

esis is rejected and the comparative reliability 

of RPE-| is established. 

(2) ARPE2>ARPE3 - the null hypothesis can not be 

rejected. 

(3) A R P E I , A R P E F - the null hypothesis can not be 

rejected. 

(4) ARPE2>ARPE7 - on the basis of absolute error the 

estimations evaluated in ARPEy are more reliable 

than the estimations evaluated in ARPE2-

(5) ARPEi},ARPEs - the null hypothesis is rejected and 

the cumulative estimates for 1981 and 1982 made 

in 1980 were more reliable than the individual 

1981 estimate. 

( 6 ) A R P E 5 , A R P E q - the null hypothesis can not be 

rejected. 

(7) ARPE-| ,ARPEij - on the basis of absolute error the 

estimations evaluated in ARPE-| are more reliable 

than the estimations evaluated in ARPE4. 

(8) ARPE-|,ARPEg - the null hypothesis can not be 

rejected. 

As a result of the initial, analysis on the relative 

error metrics, it appeared that there were certain 
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determinable trends emerging with respect to periodic pre-

diction reliability. When the analysis was redirected 

toward the absolute error metrics, however, the trends 

dissipated. While there were distinct differences in the 

comparative reliability of the various error metrics, there 

was no consistently discernible pattern to the differences. 

Similar analyses were conducted on the 159-case sample 

in which outliers were removed. Even though the numerical 

table values changed somewhat as a result of the elimi-

nation of the outliers, the interpreted results are essen-

tially the same. The result of the analyses on the reduced 

sample are presented in Appendix B. 

Group analyses.—In this portion of the analysis the 

Mann-Whitney test was employed to compare the relationship 

between various paired groupings of the sample companies. 

As reported in the previous chapter, the pairings were 

based on the underlying characteristics of the sample com-

panies and consisted of the following: 

(1) Accounting method - those companies utilizing the 

full cost method of accounting for their oil and 

gas activities were compared to the companies 

using the alternative successful efforts method. 

(2) Location of reserves - the estimates relating to 

foreign production were compared to the estimates 

relating to domestic production. 
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(3) Structure - those companies with an integrated 

structure were compared with the unintegrated 

companies. 

(4) Major product - those companies whose major prod-

uct was oil (based on production during the 4-

year period) were compared to those companies 

whose major product was gas. 

The results of the analyses based on these groupings are 

presented in Tables XII through XIX. 

TABLE XII 

GROUP ANALYSIS 
ACCOUNTING METHOD 

172 CASES 

Error Computed Computed 2-tailed 
Metric U Z Probability 

RPE-j 2737 -2.4653 0.0137 

RPE2 3132 -1.2136 0.2249 

RPE3 3510 -0.0158 0.9874 

RPE4 2532 -3.1149 0.0018 

RPE5 3496 -0.0602 0.9520 

RPE6 2940 -1.8220 0.0684 

RPEy 3219 -0.9380 0.3483 

RPE8 2950 -1.7903 0.0734 



TABLE XIII 

GROUP ANALYSIS 
ACCOUNTING METHOD 

172 CASES 

84 

Error Computed Computed 2-tailed 
Metric U Z Probability 

ARPET 2670 -2.6776 0.0074 

A R P E 2 2586 -2.9438 0.0032 

A R P E 3 3145 -1.1724 0.2410 

ARPE4 2402 -3.5268 0.0004 

A R P E 5 3105 -1.2992 0.1939 

A R P E 6 2694 -2.6015 0.0093 

ARPEy 2652 -2.7346 0.0062 

A R P E 8 2751 -2.4209 0.0155 

In analyzing the comparative results of the groups catego-

rized by accounting method, it is interesting to note that 

when the analysis is conducted on the signed RPEs, the null 

hypothesis (that the RPEs of the different groups are drawn 

from the same population) may be rejected in only two in-

stances (RPE1 and RPEij) at the established level of signi-

ficance. When the unsigned ARPEs are examined, however, 

the null hypothesis may be rejected in all but two of the 

cases ( A R P E 3 AND ARPE5). This relationship reinforces the 

previously observed divergence between test results based 
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on the relative errors of the RPEs as opposed to the real 

errors of the ARPEs. In this research, since both overpre-

dictions and underpredictions are deemed to contribute 

equally to prediction error, the results based on the abso-

lute metrics are considered more appropriate. 

In order to examine the directional relationship of 

the prediction errors of the two groups, the computation of 

the U statistic was investigated. The value of U is given 

as the number of times a score in one group precedes a 

score in the other group. The observations from each group 

are combined and ranked in order of increasing algebraic 

size, i.e., the lowest ranks are assigned to the largest 

negative numbers.2 In each case in which the value of U 

was computed utilizing the signed RPEs, the estimates of 

the full-cost companies appeared to be more reliable than 

the estimates of the successful-efforts companies. When U 

was computed employing the unsigned ARPEs, however, the re-

sults indicated that the estimates made by the successful-

efforts companies were uniformly more accurate than the es-

timates made by the full-cost companies. The model computa-

tion of the U statistic resolves this seeming contra-

diction. Since the Mann-Whitney test ranks all of the 

observations according to size with the lowest ranking 

going to the largest negative value, and since both 

2Siegel, p. 116. 
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successfulTefforts companies and full-cost companies had a 

similar tendency to overpredict estimated future net 

revenues,3 it is apparent that the overpredictions of the 

full-cost companies were more extreme than the overpre-

dictions of the successful-efforts companies, i.e., smaller 

rankings. When the error metrics were converted to abso-

lute measures, however, the comparatively larger negative 

RPEs of the full-cost companies received the higher ranks 

in the real error hierarchy and the directional relation-

ship was reversed. Thus, the test results indicate that in 

the majority of the cases the real error metrics of the two 

groups were distinct and the predictions of the successful-

efforts companies were more reliable than the predictions 

of the full-cost companies. 

In the second section of the group analyses, the 

sample cases were segregated according to the location of 

reserves—foreign and domestic. It was anticipated that 

the results of the Mann-Whitney test conducted on the basis 

of this partitioning would provide evidence pertaining to 

the comparative degree of difficulty in estimating the fu-

ture production of foreign reserves relative to that of 

domestic reserves. The results of this analysis are 

presented in Tables XIV and XV. 

^The nonparametric McNemar test was employed to deter-
mine the number of overpredictions and underpredictions for 
each group. 



TABLE XIV 

GROUP ANALYSIS 
LOCATION 
172 CASES 
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Error Computed Computed 2-tailed 
Metric U Z Probability 

RPE-i 1 8 3 0 - 3 . 8 0 5 5 0 . 0 0 0 1 
RPE2 2 5 8 6 - 1 . 2 0 7 8 0 . 2 2 7 1 
RPE 3 2 5 7 3 - 1 . 2 5 2 5 0 . 2 1 0 4 
RPE4 2 7 1 7 - 0 . 7 5 7 7 0 . 4 4 8 7 
RPE 5 2 6 3 3 - 1 . 0 4 6 3 0 . 2 9 5 4 
RPE6 1699 - 4 . 2 5 5 6 0.0000 
RPE 7 2 8 5 6 - 0 . 2 8 0 0 0 . 7 7 9 4 
RPE8 2 8 7 3 - 0 . 2 2 1 6 0 . 8 2 4 6 

TABLE XV 

GROUP ANALYSIS 
LOCATION 
172 CASES 

Error Computed Computed 2-tailed 
Metric U Z Probability 

ARPET 2674 -0.9054 0.3652 
ARPE 2 2545 -1.3487 0.1774 
ARPE 3 2592 -1.1872 0.2352 
ARPE4 2678 -0.8917 0.3726 
ARPE5 2615 -1.1081 0.2678 
ARPE6 2390 -1.8813 0.0599 
ARPE7 2565 -1.2799 0.2006 
ARPE8 2609 -1.1288 0.2590 

As the table values indicate, the null hypothesis can be 

rejected in only two cases when the analysis is based on 

the company RPEs and cannot be rejected in any cases when 
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the analysis is based on the ARPEs. The probability sta-

tistics suggest a potential difference in predictive accu-

racy with respect to domestic and foreign reserves, but the 

relationship is not considered strong enough to be meaning-

ful . 

In the third section of the group analyses, the compar-

ative prediction accuracy of the companies segregated 

according to form (integrated and nonintegrated) was in-

vestigated. The results of that investigation appear in 

Tables XVI and XVII. 

TABLE XVI 

GROUP ANALYSIS 
FORM 

172 CASES 

Error Computed Computed 2-tailed 
Metric U Z Probability 

RPE-| 1717 -4.0856 0.0000 

rpe 2 2023 -3.0270 0.0025 

rpe 3 2606 -1.0102 0.3124 

RPEij 1438 -5.0508 0.0000 

rpe 5 2654 -0.8441 0.3986 

RPE6 2066 -2.8782 0.0040 

rpe 7 2070 -2.8644 0.0042 

RPE8 1912 -3.4110 0.0006 



TABLE XVII 

GROUP ANALYSIS 
FORM 

172 CASES 
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Error Computed Computed 2-tailed 
Metric U Z Probability 

ARPE-! 1859 -3.5943 0.0003 

ARPE 2 2134 -2.6430 0.0082 

ARPE3 2685 -0.7369 0.4612 

ARPE4 1484 -4.8916 0.0000 

ARPE5 2277 -2.1483 0.0317 

ARPEg 1747 -3.9818 0.0001 

ARPE7 2076 -2.8436 0.0045 

ARPE8 1829 -3.6981 0.0002 

It is clear from examining both tables that a definite di-

vergence exists in the predictive reliability of the two 

groups. When the analysis is based on the signed RPEs, the 

null hypothesis can be rejected in all but two of the cases 

(RPE3 and R P E 5 ) and when the analysis is based on the un-

signed ARPEs, the null hypothesis can be rejected in all 

but one case ( A R P E 3 ) . As in the group analysis based on 

accounting method, the computed "U" values were examined to 

determine the direction of the relationship. In each case 

in which the computation of U was determined by ranking the 
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RPEs, the predictive accuracy of the nonintegrated companies 

appears to exceed that of the integrated companies. As anti-

cipated however, when the computation is determined incorpor-

ating the ARPEs, the results are reversed—the estimates 

made by the integrated producers are clearly more reliable 

than the estimates made by the nonintegrated producers. An 

examination of the signed error metrics of each of the 

groups provides an explanation for the divergence. In a ma-

jority of the cases the nonintegrated companies had a much 

stronger tendency to overpredict future net revenues than 

did the integrated companies.1* This fact would result in 

the negative RPEs of the nonintegrated producers receiving a 

disproportionately large number of the smaller ranks in the 

Mann-Whitney analysis. Alternatively, when the signed error 

metrics were converted to absolute values, the negative RPEs 

were transformed into positive ARPEs and the reversal was re-

flected in the revised statistics. Thus, it can be conclud-

ed that the respective error metrics of the integrated and 

nonintegrated groups are not drawn from the same population 

and the prediction reliability of the integrated companies 

exceeded that of the nonintegrated companies. 

In the final group analysis, the prediction errors of 

the companies were segregated and examined by major product. 

^The nonparametric McNemar test was employed to deter-
mine the number of overpredictions and underpredictions for 
each group. 
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The results of that analysis are presented in Tables XVIII 

and XIX. 

TABLE XVIII 

GROUP ANALYSIS 
MAJOR PRODUCT 

172 CASES 

Error Computed Computed 2-tailed 
Metric U Z P 

RPE-| 2 3 1 5 - 3 . 9 1 1 7 0 . 0 0 0 1 
RPE 2 3 1 0 2 - 1 . 4 5 8 7 0 . 1 4 4 6 
RPE3 3 5 1 7 - 0 . 1 6 5 2 0 . 8 6 8 8 
RPE4 2 7 7 6 - 2 . 4 7 4 8 0 . 0 1 3 3 
RPE5 3440 - 0 . 4 0 5 2 0 . 6 8 5 3 
RPE6 2 8 6 6 - 2 . 1 9 4 3 0 . 0 2 8 2 
RPE7 3143 - 1 . 3 3 0 9 0 . 1 8 3 2 
RPE8 3323 - 0 . 7 6 9 9 0 . 4 4 1 4 

TABLE XIX 

GROUP ANALYSIS 
MAJOR PRODUCT 

172 CASES 

Error Computed Computed 2-tailed 
Metric U Z P 

ARPET 2949 -1.9356 0.0529 
ARPE2 3497 -0.2275 0.8200 
APREO 3497 -0.2275 0.8200 
ARPE4 2895 -2.1039 0.0354 
ARPE5 3457 -0.3522 0.7247 
ARPE6 3308 -0.8166 0.4141 
ARPE7 3286 -0.8852 0.3761 
ARPE8 3409 -0.5018 0.6158 
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As the results imply, in general there appears to be no sta-

tistically significant difference in the prediction relia-

bility of the two groups. While the null hypothesis can be 

rejected in several cases, the probability that the vari-

ables come from the same distribution in the remaining 

cases is strong enough to effectively negate any consider-

ation of divergence in the two groups. In those cases in 

which the null hypothesis can be rejected, the estimates of 

the gas producers appear to possess greater prediction 

reliability than the estimates of the oil producers. 

The Mann-Whitney test was also employed to examine 

similar groupings of the 159-case sample excluding out-

liers. As in the Wilcoxon analyses, the table values 

changed somewhat when the outliers were omitted; however, 

the interpreted results remain largely unaffected. The 

results of the analysis excluding outliers are presented in 

Appendix B. 

Analysis by size.—In the final step of the first 

phase of this research the Kruskal-Wallis test was used to 

examine the relationship among the sample companies cate-

gorized according to size. The null hypothesis was that 

the various error metrics were drawn from the same distri-

bution. The results of the test are presented in Tables XX 

and XXI. 
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When the test statistic, X 2, is computed utilizing the 

RPEs, the null hypothesis can be rejected in all but two 

cases ( R P E 3 and R P E 5 ) . Alternatively, when the ARPE metric 

is employed Hq can be rejected in all but one case ( A R P E 3 ) . 

The Kruskal-Wallis test does not provide direct evidence of 

the relationships between the individual groups; however, 

an indication of the nature of the relationships can be ob-

tained by examining the respective mean ranks. Utilizing 

the results of the analysis based on the ARPEs, it is appar-

ent that in each of the cases the Group XV (largest compa-

nies) estimates were the most reliable. The relationship 

among the other three groups is somewhat more obtuse. It 

is interesting to note the differences in the mean ranks 

determined on the basis of the RPEs and those determined on 

the basis of the ARPEs. The divergence suggests that the 

companies in Group IV had a tendency to underpredict net 

revenues (i.e., positive RPEs) while the companies in 

Groups I and II had a tendency to overpredict (negative 

RPEs). In addition, it appears that the overpredictions in 

Groups I and II expressed in absolute terms were relatively 

larger than the underpredictions of Group IV. 

The Kruskal-Wallis test was also used to examine the 

relationships according to size of the 159-case sample ex-

cluding outliers. As in each of the two previous analyses, 

the table values changed somewhat as a result of omitting 



96 

the outliers; however, the analytical interpretations re-

main the same. The results of the subsequent analysis are 

presented in Appendix B. 

Analysis of Outliers 

As previously noted, outliers were defined as those 

oases in which the individual relative prediction errors 

were greater than ±3 standard deviations from the sample 

means computed in the initial descriptive analysis of the 

signed relative prediction errors. In order to examine the 

potentially disruptive effect of these cases on the results 

of the various tests, each analysis was initially conducted 

on the full 172-case sample and subsequently on the 159-

case sample excluding outliers. The outliers were then 

examined for possible reasons explaining the unusual var-

iance. In each of the 13 cases, the extreme error metric 

appeared to be the result of some disproportionately large 

change in a prediction factor. For example, in several of 

the cases large variations in development costs were noted 

from one period to another. In others, significant peri-

odic fluctuations in revenues from the production of oil 

and gas reserves occurred. Since several of the cases had 

multiple outliers (outliers in more than one time period), 

each of the 13 cases was excluded from the entire analysis 

in those situations in which outliers were omitted. In 
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most cases the interpretive results were not affected by 

the exclusion of the outliers. 

Conclusions 

The various relationships determined by the statis-

tical analyses undertaken in the first phase of this re-

search are summarized in the following. 

(1) There was a distinct tendency for the sample 

companies to overpredict estimated future net 

revenues. 

(2) Although the various error metric distributions 

were drawn from different populations in several 

situations, no determinable pattern existed in 

the variance based on real error. 

(3) In terms of relative prediction reliability 

(minimum real error) 

(a) The predictions of successful-efforts com-

panies were more reliable than the predic-

tions of full-cost companies. 

(b) The predictions of integrated companies were 

more reliable than the predictions of non-

integrated companies. 

(c) There was no statistically significant 

difference in the prediction errors of the 

companies that were primarily oil producers 

and those that were primarily gas producers. 
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(dl) there was no statistically significant differ-

ence in the prediction errors related to the 

production of domestic reserves and those re-

lated to the production of foreign reserves. 

(4) Categorized according to size, the estimates of 

the largest companies in the sample were more 

reliable than the estimates of the remainder of 

the sample. The larger companies tended to under-

predict estimated future net revenues while the 

small companies tended to overpredict estimated 

future net revenues. 

The combined results of the various tests suggest an 

interesting possibility. Apparently, the companies whose 

estimates of expected future net revenues were most reliable 

(as reliability is defined in this research) were the large 

integrated producers utilizing the successful-efforts method 

of accounting for oil and gas activities. In order to 

investigate this possibility in more detail, the Mann-

Whitney and Kruskal-Wallis tests were employed to analyze 

the association between the real error metrics of the 

following groups of companies: 

(1) Group I—large, successful-efforts, integrated. 

(2) Group II—large, not included in Group I. 

(3) Group III—successful-efforts, integrated, not 

included in Group I. 



99 

(4) Group IV—successful-efforts, not included in 

Groups I or III. 

(5) Group V—all other companies. 

The results of the analyses were somewhat mixed. The num-

ber of companies classified in Group II and Group III were 

so few that meaningful comparisons were difficult. There 

was, however, a significant difference in the Group I and 

Group IV error metrics and in the Group I and Group V error 

metrics. In each case the real prediction errors of the 

companies in Group I were smaller. There was no signifi-

cant difference in the Group IV and Group V error metrics. 

In the two cases in which significant divergence was deter-

mined, the size of the companies involved appeared to be 

the controlling factor. There are several possible expla-

nations for the relatively greater success of the Group I 

companies in accurately predicting expected future net 

revenues. 

(1) The internal resources available to the larger 

companies for investment in the accounting pro-

cess of producing accurate data under relatively 

complex circumstances logically would exceed 

those available to the smaller companies. 

(2) The accounting numbers of the large companies 

significantly exceed those of the smaller com-

panies. Because of the size of the figures 
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involved, most of the large companies are re-

quired (for clarity of presentation) to round to 

the nearest million units. A particular occur-

rence that might have a significant effect on the 

prediction error of a small company might be lost 

in the rounding process of a large company. 

(3) The majority of the large companies have been in 

operation for numerous years while many of the 

smaller companies are relatively new to the 

industry. The experience gained by longevity of 

operations might be reflected in prediction 

accuracy. 

(4) The volume of producing properties of the large 

companies allows for some automatic offsetting of 

prediction error among the various properties. 

The fewer properties of the smaller companies 

might necessitate a greater degree of accuracy on 

an individual property-by-property basis. 

Summary 

The statistical procedure employed in phase I of this 

research was designed to identify certain relationships 

among and within the error metrics of the sample companies. 

While there was no indication of specific trends in pre-

diction accuracy, there was evidence of significant diver-

gence in the error metrics of various groups of the sample 
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companies. The companies whose estimates of expected fu-

ture net revenues were the most reliable were characterized 

as large, integrated producers employing the successful-

efforts method of accounting for oil and gas activities. 

This suggests that the individual group analyses undertaken 

in this phase of the research were uniformly measuring dif-

ferent aspects of the same relationship. 

The terms "accuracy" and "reliability" as they are 

used in this portion of the analysis express relative rela-

tionships between management estimates and actual results. 

Since the requirements of the prediction model specified 

that management determine expected future net revenues 

according to the specifications of the prediction model ra-

ther than real-world expectations, the estimated and actual 

values are not totally comparable. Adjusted actual net rev-

enues are merely used as a measurement device against which 

to examine the relative success or failure of management in 

predicting the timing of future production. The results of 

the analysis designed to examine the usefulness of the in-

formation divulged by the prediction process are presented 

in the second section of this chapter. 

Results of the Analysis of Variance 

The second research procedure was to identify the ex-

tent to which the explanatory variables influenced the var-

iance between management estimates of expected future net 
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revenues and actual adjusted net revenues. The procedure 

entailed two examinations: 

(1) The univariate analysis of correlation, and 

(2) the multivariate regression analysis. 

Univariate Analysis 

In the first portion of this phase of the analysis, 

the Spearman rank test was utilized to investigate the 

degree of individual association between the various RPEs 

and each of the related explanatory variables. The null 

hypothesis was that the paired variables being examined 

were unrelated in the population. The results of the 

analysis are presented in Table XXII. 

Of the explanatory variables, changes in prices, 

changes in development costs, revisions in previous esti-

mates and extensions, discoveries, and other additions 

(EDA) are consistently correlated (Hq rejected) with the 

various RPEs at the established level of significance. How-

ever, none of the relationships is particularly strong. As 

might be expected, the changes in development costs are neg-

atively correlated with the RPEs and the revisions in prev-

ious estimates and changes in prices (with the exception of 

RPEg) are positively correlated with the RPEs. 
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Since increases in prices would normally cause adjusted 

actual net revenues to increase and increases in adjusted 

actual net revenues would result in increases in the re-

spective RPEs, changes in prices should logically be posi-

tively correlated with the relative prediction errors. A 

similar line of reasoning can be applied to the negative 

correlations between changes in development costs and the 

error metrics. Also, since revisions in previous esti-

mates, either positive or negative, indicate the additional 

or reduced availability of reserves for production and, 

since increased or decreased production should cause 

adjusted actual net revenues (and accordingly the error 

metrics) to increase or decrease, the revisions and RPEs 

should be positively associated. 

Unexpected, however, from a logical perspective is the 

negative correlation between EDA and the respective RPEs 

and the negative correlation between RPEg and the relevant 

price change. Each of the two relationships is examined 

for possible reasons explaining the correlation results. 

(1) The negative correlation between RPEg and its 

related price change factor presents an inter-

esting dilemma. Because of its direct influence 

on the value of adjusted actual net revenues, 

increases or decreases in prices received for 

petroleum products would be expected, ceteris 
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paribus, to result in a corresponding increase or 

decrease in the relative prediction error for 

that particular time frame, i.e., a positive 

correlation. In order for a negative correlation 

to occur, the ceteris paribus assumption must be 

invalid. One possible explanation for the nega-

tive correlation between RPEg and the change in 

prices might be that the negative effect of 

changes in production more than offset the posi-

tive effect of changes in prices. Stated in 

terms of equivalent barrels, Table XXIII details 

the average periodic revenues and production for 

the sample companies. 

TABLE XXIII 

1979-1982 AVERAGE GROSS REVENUE 
PER EQUIVALENT BBL AND AVERAGE 

PRODUCTION IN EQUIVALENT 
BBLS 

Period 

Average 
Gross Revenues Per 

Equivalent BBL 
of Production 

Average 
Production Expressed 

in Equivalent 
BBLS (000s) 

1979 $11.46 33,393 
1980 17.24 32,521 
1981 21.49 31,502 
1982 22.70 30,622 
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The average price change between 1981 and 1982 was 

an increase of $1.21 while the average production 

change was a decrease of 880,000 BBLS. If 1981 

estimated production for 1982 exceeded actual 1982 

production by a sufficient amount there might be a 

negative simple correlation between the affected 

RPEg and the respective change in prices. The 

stated correlation (-.1801) is not strong and the 

proffered explanation may be entirely incorrect. 

The negative association, however, clearly indi-

cates the presence of some unconsidered relation-

ship . 

(2) If a line of reasoning similar to that employed in 

the explanation of the positive correlation be-

tween the revisions in previous estimates and RPEs 

is extended to EDA, the unilaterally positive na-

ture of the EDA values would logically imply a cor-

responding positive correlation with the RPEs. A 

possible explanation of the negative relationship 

could be that the additional costs associated with 

developing and producing the new reserves caused a 

corresponding decrease in adjusted actual net reve-

nues and consequently an increase in relative pre-

diction error. Once again the effect of an uncon-

sidered relationship is indicated. 
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In each of the cases presented above the influence of 

some undetermined outside factor resulted in unexpected 

correlation relationships. Since the Spearman rank analy-

sis merely determines a simple correlation between two 

variables without holding constant the effect of other 

variables on that relationship, the association determined 

by the analysis may occasionally be misleading. The 

multivariate analysis undertaken in the second portion of 

this research procedure compensates for this potential 

difficulty. 

In order to remove the influence of outliers from the 

analysis, the Spearman rank correlation was subsequently 

computed on the 159-case sample excluding outliers. The 

results of that analysis were essentially the same as the 

results of the 172-case analysis and appear in Appendix C. 

Conclusions 

Even though several of the explanatory variables are 

significantly correlated with the respective RPEs, the 

strengths of the relationships are relatively weak. Thus, 

the bivariate analysis indicates that when the explanatory 

variables are examined individually no strong associations 

are found. There are several possibilities for the lack of 

strong individual correlations: 

(1) The variables that have strong relationships with 

the error metrics are not included in the 
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explanatory variables. 

(2) There are no variables highly associated with the 

relative prediction errors. 

(3) While no individual variable has a strong 

association with the error metrics, perhaps in 

combination a stronger relationship will evolve. 

The third possibility is examined in the multivariate analy-

sis . 

Multivariate Analysis 

In the multivariate analysis an attempt was made to de-

termine what portion of the variation in the relative pre-

diction errors was explainable by variation in the explana-

tory variables. The expectation was that examining this 

functional relationship would provide information concern-

ing the true reliability (usefulness) of the predicted ex-

pected future net revenues. Since the prediction model re-

quired the usage of end-of-the-period prices, costs, and 

reserves in conjunction with an assumption of continuing 

existing economic conditions, any divergence in the model 

specifications and real-world occurrences should have been 

reflected in the error metrics. If a large proportion of 

the variation in the RPEs is explained by corresponding var-

iation in the explanatory variables, it would appear that 

the sample companies were reasonably accurate in estimating 

production of proved reserves in the respective future time 
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periods. Consequently, the information contained in the 

disclosed projections could be considered potentially 

useful in an investor's investment decision-making process. 

Alternatively, if a large percentage of the variation in 

the RPEs is unexplained variation, the success of the pre-

diction process and ultimate utility of the disclosed infor-

mation would clearly be questionable. 

The statistical technique used to examine the relation-

ship between variation in the RPEs and variation in the re-

spective explanatory variables was ordinary least-squares 

(OLS) multiple linear regression analysis.5 in OLS regres-

sion, the figure that provides information pertaining to 

explained and unexplained variation is known as the multi-

ple coefficient of determination and is denoted by R2. The 

coefficient of determination in its simplest form is de-

fined as 

R2 ESS 

TSS 

ESS = the total variation in the dependent 
variable (RPEs) explained by the independent 
variables (explanatory variables). 

TSS = the total variation in the dependent 
variable. 

The value of R 2 lies between 1 and 0. If it is 1, the 

^Underlying the usage of OLS multiple linear regres-
sion analysis are various assumptions about the relation-
ships of the variables involved in the analysis. In each 
analysis the residual terms were investigated to insure 
that the assumptions were not seriously violated. 
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fitted regression line explains 100 per cent of the varia-

tion in the respective RPE„ Conversely, if R2=0, the model 

does not explain any of the variation. The goodness of fit 

of the model is determined by the proximity of R 2 to its 

maximum value, 1.^ 

In the initial regression analysis, the regression 

equation for each RPE was determined using all of the re-

lated explanatory variables regardless of the significance 

of any individual variable's contribution to R2. The 

reason for including all of the variables was to obtain a 

general indication of the relationship between the error 

metrics and the combined variables identified by the pre-

diction model. The relevant statistics for the resulting 

regression equations are presented in Table XXIV.? The 

results of the initial regression analysis indicate that 

the explained variation in the dependent RPEs ranged from a 

high of 72 per cent in the case of RPE-j to a low of 9 per 

cent in the case of RPEg- The F value is used to measure 

the combined statistical significance of the regression 

coefficients with the null hypothesis being R2=0. The null 

hypothesis can be rejected in all but one case, RPEg. It 

is apparent from examining the R 2 values that in only one 

^Guijarati, 107. 

7The coefficients of the explanatory variables along 
with their respective standard errors are presented in 
Appendix C. 
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case, RPE-|, did the variation in the explanatory variables 

account for a majority of the variation in the error metric 

TABLE XXIV 

REGRESSION STATISTICS 
FORCED INCLUSION 

172 CASES 

Dependent 
Variable 

Significance 
of F 

RPE-| 
RPE2 

RPEo 
RPE4 
RPE5 
RPE6 

.7218 

.3236 

.1582 

.2296 

.1717 

.0918 

52.87 
9.75 
3.83 
6.98 
5.70 
2.06 

.000 

.000 

.025 

.005 

.005 

.250 

In the second section of the multivariate analysis, 

step-wise 0LS multiple linear regression was employed to 

determine the regression equations. In step-wise regres-

sion, the explanatory variables are entered into the re-

gression function in the order (largest first) in which 

their individual variation contributes to the combined 

explained variation in the dependent variable (RPEs). An 

explanatory variable is only entered into the analysis of 

its potential to contribute to the explained variation 

equals or exceeds a minimum level. In this analysis that 

level was established at 5 per cent. The purpose of uti-

lizing step-wise regression was to comparatively examine 

the significant explanatory variables in the various 
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regression equations. The relevant data for the step-wise 

equations appears in Table XXV.® 

TABLE XXV 

REGRESSION STATISTICS 
STEP-WISE 
172 CASES 

Dependent 
Variable 

Significant 
Explanatory 
Variables 

(In Order of 
Inclusion) 

R2 F 
Signi-
ficance 
of F 

RPEi 

Changes in Development 
Costs 

Purchases in Place 
Revisions of Previous 

Estimates 

.7148 140.32 .0000 

RPE2 

Changes in Prices 
Changes in Development 

Costs 
Purchases in Place 
EDA 
Changes in Production Costs 

.3224 15.80 .0000 

r p e 3 Purchases in Place 
Changes in Prices 

.1244 12.00 .0000 

r p e 4 EDA .1941 40.94 .0000 

r p e 5 

Revisions of Previous 
Estimates 

Changes in Development 
Costs 

.1552 15.52 .0000 

RPE6 
Changes in Development 

Costs 
Changes in Production Costs 

.0637 5.75 .0038 

®The coefficients of the explanatory variables along 
with their respective standard errors are presented in 
Appendix C. 
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Each of the computed regression equations is significant 

and the null hypothesis can be rejected at the desired lev-

el of significance. However, as in the initial regression, 

the only equation in which a majority of the variation in 

the dependent variable is explained by variation in the ex-

planatory variables is the equation for RPE-j . Also, the 

only explanatory variable appearing in more than two of the 

regression equations is changes in development costs. Four 

of the regression equations (RPE3 through RPEg) explain less 

than 20 per cent of the variation in the respective RPE. 

In order to examine the effect of outliers on the com-

puted R^s of the step-wise regression the regression equa-

tions were recomputed on the 159-case sample excluding out-

liers. The results of that analysis differ significantly 

from the results of the initial step-wise analysis and are 

presented in Table XXVI.9 When the effects of the outliers 

are removed, the association between the RPEs and the com-

bined significant explanatory variables is clearly remote. 

While the F values are significant in each case, the R^ 

values indicate a large percentage of unexplained variation 

in the error metrics. The only explanatory variable to 

appear consistently in the regression equations is revisions 

of previous estimates. 

^The coefficients of the explanatory variables along 
with their respective standard errors are presented in 
Appendix C. 
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REGRESSION STATISTICS 
STEP-WISE 
159 CASES 
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Dependent 
Variable 

Significant 
Explanatory-
Variables 

(In Order of 
Inclusion) 

R2 F 
Signi-
ficance 
of F 

RPET 
Revisions of Previous 

Estimates 
Changes in Prices 

.0576 4.77 .0098 

RPE 2 

Revisions of Previous 
Estimates 

Changes in Development 
Costs 

.1712 16.12 .0000 

RPE 3 Purchases in Place .0265 4.27 .0403 

RPE4 

EDA 
Revisions of Previous 
Estimates 

Changes in Development 
Costs 

.1536 9.37 .0000 

RPE5 Revisions of Previous 
Estimates 

.1217 21 .75 .0000 

RPE6 

Revisions of Previous 
Estimates 

Changes in Development 
Costs 

Changes in Production 
Costs 

.1679 10.43 .0000 

Because of the indirect relationship between changes 

in available reserves (i.e., revisions in previous esti-

mates, improved recovery, purchases in place, EDA, sales in 
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place) and current production, the regression analyses were 

also conducted using lag variables. Normally, revisions in 

previous estimates, improved recovery, purchases in place, 

and sales in place indicate a relatively immediate increase 

(reduction) in reserves available for production. EDA, how-

ever, reported in one period may not be available for pro-

duction in the period reported. Accordingly, the regres-

sion equations were recomputed using a one-year (or two-year 

where appropriate) lagged variable for EDA. The results of 

those analyses were not significantly different from the 

original analyses and are not reported in this research. 

Conclusions 

The various relationships determined by the second 

phase of this research are summarized in the following: 

(1) The univariate analysis identified several poten-

tial statistically significant associations be-

tween the RPEs and the individual explanatory var-

iables. The relationships were not strong, how-

ever, and there was evidence of influence from 

undetermined sources in several of the relation-

ships. Also, because of interdependencies in the 

explanatory variables and the nature of the 

Spearman rank test, it was felt that the actual 

associations and the measured associations might 

be of different degrees. 
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(2) The multivariate analyses indicated a high per-

centage of unexplained variation in the RPEs. In 

the analysis in which outliers were omitted, the 

combined variation in the explanatory variables 

in each case accounted for less than 20 percent 

of the variation in the error metrics. This sug-

gests that one or more variables that have strong 

association with the error metrics were not in-

cluded in the analyses. Only the variation in 

revisions in previous estimates was consistently 

associated with the variation in the RPEs. 

The results of the multivariate analysis in conjunc-

tion with those of the univariate analysis indicate a se-

vere lack of association between management estimates of 

expected future net revenues from the production of proved 

reserves and adjusted actual net revenues from oil and gas 

operations. Even though the restrictions of the prediction 

model dictated a certain amount of error, the quantity of 

unexplained variation remaining in each of the regression 

equations is so extreme that the validity of management pro-

duction forecasts is clearly questionable. Of the varia-

bles having intuitive associations with prediction relia-

bility, only errors in production forecasts and changes in 

economic conditions were excluded from the various re-

gression analyses (although changes in economic conditions 
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would indirectly be reflected in changes in prices and 

costs). Since the unexplained variation represents the 

cumulative influence on the dependent variable (RPEs) of 

all of the variables not contained in the regression equa-

tion, included in the unexplained variation is the varia-

tion attributable to errors in production forecasts. While 

it is not possible to determine what portion of the re-

maining variation would be explained by the introduction of 

a production forecast error variable, the primary role of 

the estimates of the timing and quantity of future pro-

duction in the computation of expected future net revenues 

suggest that the association would be substantial. 

Summary 

The statistical procedures undertaken in the second 

phase of this research were designed to examine the rela-

tionships between the relative prediction errors and the 

explanatory variables, both individually and collectively. 

There was no indication of a particularly strong associ-

ation between any of the individual explanatory variables 

and the respective RPEs. In addition, the results of the 

multivariate analysis indicated that a large portion of the 

variation in the RPEs was unexplained by the combined vari-

ation in the explanatory variables. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

This chapter includes a summary of the study followed 

by a discussion of the conclusions. Recommendations for fu-

ture research are also included. 

Overview of the Study 

The Problem 

On August 31, 1978, the SEC issued Release No. 33-5966 

adding to Regulation S-X the requirement that oil and gas 

producers report the results of operations utilizing a meth-

od of accounting labeled "Reserve Recognition Accounting" 

(RRA). One of the component parts of the new rules re-

quired the disclosure of estimated future net revenues from 

the production of proved oil and gas reserves broken down 

into specific future time periods. Estimated future net 

revenues were to be calculated by (1) multiplying current 

oil and gas prices as of the date of the forecast (with con-

sideration of price changes only where provided by contrac-

tual arrangement) by estimated future production of proved 

oil and gas reserves as of the latest balance sheet date 

and (2) subtracting from this amount estimated future expen-

ditures (based on current costs) of developing and 

118 
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producing the proved reserves. Since the Release repre-

sents the first case in which the disclosure of estimated 

future earnings figures has been required, the data gen-

erated comprises a unique database to utilize in examining 

specific interrelationships in the estimation process. The 

restrictive assumptions of the prediction model and the non-

random method of obtaining the sample companies require 

that the results of the analysis not be generalized beyond 

the group of companies employed in the study. 

The advisability of including financial forecasts as a 

component of a company's public disclosure package has been 

a controversial topic for many years. The controversy has 

typically centered on the reliability, and consequently the 

utility, of the forecasts. The substantial amount of pre-

vious research in the area has a "goodness-of-fit" approach 

in measuring reliability. That is, reliability is charac-

terized as the degree of association between the estimated 

forecasts and the actual results. The research undertaken 

in this study adopts a similar concept in examining the 

question of the reliability and relative utility of manage-

ment estimates of expected future net revenues. Because 

the earnings forecasts examined are not forecasts of net 

income (as are the forecasts examined in all of the pre-

vious studies) and because of the requirements of the 

prediction model, the results of the various analyses 
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employed are not comparable to the results reported in the 

previous research. 

Objective of the Study 

The research had the following objectives: 

(1) The primary objective was to examine the relia-

bility of published management forecasts of 

expected future net revenues from the production 

of proved oil and gas reserves generated under a 

prescribed set of relatively restrictive assump-

tions . 

(2) The second objective was to identify the asso-

ciation between the reliability of the predic-

tions and the variables affecting that relia-

bility. 

It was anticipated that the combined results of the analy-

ses designed to address the separate issues would provide 

evidence pertaining to the relative success or failure of 

management in estimating the timing and volume of future 

production and would indirectly contribute to the determi-

nation of the usefulness of the information provided. 

Research Methodology 

A two-phase research procedure was developed to ad-

dress the objectives of the study. In the analysis de-

signed to investigate the issue of reliability, management 
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estimates of expected future net revenues were compared to 

adjusted actual net revenues for each particular time frame 

in an attempt to identify goodness of fit. The require-

ments of the prediction model resulted in some inconsis-

tency in the two values. It was felt, however, that the 

relationship was robust enough to provide information of 

the potential reliability of the projected data. 

The primary error metrics utilized were 

RPE-j = Ay ~ and ARPE•? = lAV " Ey>xl 

J %,x J Ey,x 

RPEj = signed relative prediction error 

ARPEj = unsigned (real) relative prediction 
error 

Ay = actual adjusted net revenues from the 
production of oil and gas in year y 

Ey x = the estimate made at the end of year x 
' of the expected future net revenues for 

year y 

Initially, descriptive statistics were computed in 

order to examine the underlying characteristics of the RPE 

and ARPE distributions. Nonparametric statistical tests 

were then employed to investigate various relationships 

within and among the error metrics. The following rela-

tionships were examined: 

(1) Paired error metrics were investigated for evi-

dence of the presence of trends in reliability. 

(2) Various group analyses were conducted to 
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determine the comparative reliability of the 

earnings forecasts. 

The second research procedure was designed to deter-

mine the extent to which the variation in the relative 

(signed) error metrics was explained by combined variation 

in certain related explanatory variables. The following 

explanatory variables were employed: 

(1) changes in prices 

(2) changes in development costs 

(3) changes in production costs 

(4) revisions in previous estimates 

(5) improved recovery 

(6) purchases of reserves in place 

(7) extensions, discoveries, and other additions 

(8) sales of reserves in place. 

The explanatory variables were selected because of their 

potential to affect prediction accuracy through restric-

tions in the prediction model. The expectation was that 

the unexplained variation remaining in the RPEs following 

the analysis would provide evidence of the degree of accu-

racy of management estimates of future production. 

Initially a univariate analysis employing the Spearman 

rank test was undertaken to examine general correlations be-

tween the various error metrics and each of the individual 

explanatory variables. Subsequently ordinary least-squares 
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multiple linear regression was utilized to examine the 

collective association between the variation in the RPEs 

and the combined variation in the explanatory variables. 

Results 

The results of the reliability analysis are summarized 

in the following: 

(1) There was a distinct tendency for the sample 

companies as a whole to overpredict estimated 

future net revenues. Comparatively, large com-

panies were less likely to overpredict than small 

companies. 

(2) The forecasts of those companies employing the 

successful-efforts method of accounting for oil 

and gas activities were more reliable than the 

forecasts of those companies employing the full-

cost method. 

(3) The forecasts of integrated companies were more 

reliable than those of nonintegrated companies. 

(4) The forecasts of the largest companies were more 

reliable than those of any other group (by size) 

of companies. 

(5) From (2), (3), and (4) above, the companies whose 

predictions were consistently more accurate were 

the large, integrated producers employing the 

successful-efforts method of accounting. 
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The results of the analyses of association between the 

error metrics and related explanatory variables were 

(1) the univariate analysis indicated some consistent 

association between the RPEs and changes in pri-

ces, changes in development costs, revisions in 

previous estimates, and extensions, discoveries, 

and other additions. The associations were not 

particularly strong and unexpected negative corre-

lations in several cases suggested the influence 

of additional relationships. 

(2) The multivariate analysis, particularly in the 

step-wise analysis in which outliers were omitted 

indicated a weak association between the varia-

tion in the dependent RPEs and the combined vari-

ation in the explanatory variables satisfying the 

input criterion. The only explanatory variable 

consistently associated with prediction error in 

the analysis was revisions in previous estimates. 

When outliers were excluded, the maximum amount 

of explained variation in any of the error met-

rics was 17.12 per cent. 

Conclusions 

The results of the various statistical analyses con-

ducted in this research indicate the unreliability of man-

agement estimates of estimated future net revenues from the 
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production of proved oil and gas reserves and, as a result, 

suggest significant imprecision in the internal process of 

estimating the timing of future production. The only way 

to accurately determine the extent to which errors in pro-

duction forecasts contributed to the divergence between 

management estimates of future net revenues and adjusted 

actual net revenues would be to incorporate the production 

forecasts into the statistical regression model. Since the 

production forecasts data is not publicly available, deter-

mining that association is not possible. It is possible, 

however, to examine the frame of reference within which 

that relationship exists and make observations about the 

probable nature of the association. 

The results of the first research procedure suggest a 

distinct lack of reliability in the forecast data. Because 

of the limitations imposed by the prediction model, the 

absolute degree of imprecision is not determinable; how-

ever, the mean value and unexpected direction of the signed 

error metrics indicate that the precision factor is not 

high. In terms of real error (unsigned error metrics), the 

minimum mean error in the six original prediction time 

frames was 46.9 per cent. The mean errors of all other 

cases exceeded 50 per cent. When outliers were omitted, 

the minimum mean error dropped to 41.2 per cent with the 

remainder falling between 41.3 per cent and 55.5 per cent. 
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The imprecision appears extreme even if consideration is 

given to the contribution of the inconsistent metric com-

ponents to prediction error. Given the 1979-1982 surrogate 

values for per barrel adjusted actual net revenues of 

$4.47, $6.69, $6.90, and $8.78, respectively, had the pre-

diction process yielded perfect results, the following mean 

errors would have been expected: 

(1 ) 79/80 - 33 pe*1 cent underprediction 

(2) 79/81 - 35 per cent underprediction 

(3) 79/82 - 49 per cent underprediction 

(4) 80/81 - 3 per cent underprediction 

(5) 80/82 - 24 per cent underprediction 

(6) 81/82 - 21 per cent underprediction 

It is obvious that the surrogate per barrel values are not 

completely reliable estimates of the actual price and cost 

factors employed by the sample companies in predicting 

expected future net revenues; however, the relationships 

suggested by the surrogate analysis indicate some severe 

problems in the estimation process. 

The results of the second research procedure indicated 

that a large proportion of the variation in the relative 

prediction errors was unexplained by variation in the 

explanatory variables. Of the apparent factors affecting 

prediction error, the only components not included in the 

explanatory variables of the regression procedure were 
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changes in economic conditions (although these changes in-

directly appear in changes in prices, costs, and available 

reserves) and production forecast error. Even though it is 

not possible to conclude that all of the unexplained pre-

diction error is attributable to the missing forecast error 

factor, it is reasonable to hypothesize that a significant 

portion of the variation is traceable to the divergence 

between estimated and actual production. This conclusion 

reiterates the lack of reliability associated with the 

error metrics in the first research procedure. 

Since it is not possible to evaluate the utility of a 

particular piece of information in an investor's investment 

decision unless the nature of the investor's utility func-

tion is known, it is difficult to speculate on whether or 

not the unexplained variation in the error metrics is 

severe enough to affect the usefulness of the predictions. 

Indication of that possibility is certainly suggested by 

the results of the analysis undertaken in this research. 

The disclosure of management estimates of expected future 

net revenues broken down into specific future time periods 

is no longer uniformly required. Disclosure is required, 

however, of an aggregate standardized measure of discounted 

future net cash flows. Once again, the initial step in the 

computation of the aggregate value is the estimation of 

future production. A similar procedure is then employed to 
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determine the undiscounted future revenues (using current 

costs, prices, and economic conditions) which are dis-

counted back to the estimation period to arrive at the 

standardized measure. The lack of reliability apparent in 

the short-run estimates of fiscal years 1979-1981 indicates 

the potential unreliability of the currently required dis-

closures. It also casts serious doubt on the validity of 

the prediction model. 

The restrictions imposed by the research procedures 

require that these conclusions not be generalized to any 

additional populations. Also, comparability does not exist 

between the error metrics of this study and other related 

studies. 

Recommendations for Future Research 

The nature of the research undertaken in this study 

was primarily descriptive. No attempt was made to con-

struct a prediction model that would accurately forecast 

actual adjusted net revenues. Instead, the relationships 

inherent in the existing model were examined for degree of 

association. One potential area for future research is the 

construction of a reliable ex post model and the utiliza-

tion of that model in the investigation of production fore-

cast accuracy. 

The only information utilized in this research was the 

publicly available information obtained from the sample 
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companies' published financial data. A more specific deter-

mination of the reliability factor could be obtained if in-

side information were available. While it is not likely 

that a large portion of the sample companies would disclose 

information relative to their prediction process, it might 

be possible to construct a smaller sample of companies 

willing to assist in a study of actual prediction relia-

bility . 

An additional area for potential research exists in 

examining the supporting data available in the financial 

statements of the sample companies for a more refined rep-

resentation of the explanatory variables. It may be that 

less obvious variables with potential significance were 

omitted from this study. Also, a more detailed examination 

of the data might result in a greater degree of sophisti-

cation in the recognition of the relationships involved. 



APPENDIX A 

LIST OF SAMPLE COMPANIES 

Adams Resources and Energy 
Araarex 
Amcole Energy 
Amerada Hess 
American Natural Resources 
American Petrofina 
Aminoil USA 
Apache 
Argonaut Energy 
Atlantic Oil 
Atlantic Richfield 
Basic Earth Science Systems 
Belco Petroleum 
Buttes gas and Oil 
Centex 
Century Oil and Gas 
Cities Service 
Coastal 
Columbia Gas 
Consolidated Oil and Gas 
ConVest Energy 
Credo Petroleum 
Damson 
Diamond Shamrock 
Dorchester Gas 
EMC Energies 
Enserch 
Enstar 
Entex 
Equity Oil 
Excel Energy 
Exxon 
Farmland Industries 
Felmont Oil 
First Mississippi 
Forest Oil 
General American Oil of Texas 
Getty Oil 
Greenwood Resources 
Gulf Oil 
Hudson 

Hamilton Brothers 
Petroleum 

Helmerich and Payne 
Henderson Petroleum 
Hershey Oil 
Holly 
Houston Natural Gas 
Howell 
Huskey Oil 
Inexco 
Kansas-Nebraska Natural 

Gas 
Kenai 
Kerr-McGee 
Kirby Exploration 
KRM Petroleum 
Louisiana Land 
McMillan Ring-Free Oil 
Map co 
Marathon Oil 
Marion 
May Petroleum 
McFarland Energy 
MGF Oil 
Mobil 
Moran 
Mountain Fuel Supply 
Nickles Oil and Gas 
Nicor 
Noble Affiliates 
Occidental Petroleum 
ODECO 
Oneok 
Oxoco 
Patton Oil 
Pauley Petroleum 
Peninsula Resource 
Pennzoil 
Petrol Industries 
Petro-Lewis 
Phillips Petroleum 
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Pioneer 
Pogo Producing 
Premier Resources 
Presidio Oil 
Quaker State 
Reading and Bates 
Sabine 
Sage Energy 
Santa Fe Energy 
Seneca 
Shell Oil 
Sonat 
Southern Union 
Standard Oil of California 
Standard Oil of Indiana 
Standard Oil of Ohio 
Statex 
Suburban Propane Gas 
Summit Energy 
Sun 
Sundance Oil 
Superior Oil 
Tenneco 
Tesoro 
Texaco 
Texas American Energy 
Texas Eastern 
Texas Gas Transmission 
Texas International 
Texas Oil and Gas 
Tom Brown 
Transco 
Transcontinental 
Transierra 
Triton 
Tucker Drilling 
Union Oil of California 
Union Texas Petroleum 
United Energy Resources 
Universal Resources 
Wainoco 
Wichita Industries 
Williams Companies 
Woods Petroleum 
Worldwide Energy 



APPENDIX B 

TABLE XXVII 

PREDICTION PERIOD COMPARISONS 
PAIRED RPEs 
159 CASES 

Paired 
Variables 
RPEA , RPEJU 

Computed 
Z 

2-tailed 
Probability 

N of Cases 
RPEa > RPEb/ 
Mean Rank 

N of Cases 
RPEa < RPEb/ 
Mean Rank 

RPEi, RPE2 -1.866 0.062 65/81.15 94/79.20 

RPE1, RPE3 -4.220 0.000 48/81.38 111/79.41 

RPE2, RPE3 -4.270 0.000 54/71.80 105/84.22 

RPE-| , RPEy -3.314 0.001 60/73.88 99/83.71 

RPE2J RPE7 -1.572 0.116 75/72.61 84/86.60 

RPE3, RPE7 -5.003 0.000 107/86.63 52/66.37 

RPE4, RPE5 -1.560 0.119 78/69.91 81/89.72 

RPE4, RPES -1.415 0.157 78/70.99 81/88.68 

RPE5, RPEQ -1.739 0.082 81/91.00 78/68.58 

RPEI , RPE4 -4.552 0.000 107/84.18 52/71.40 

RPE1} RPEG -3.408 0.001 101/82.59 58/75.48 

RPE4, RPEG -0.150 0.881 83/75.58 76/84.83 

RPE2, RPE5 -3.252 0.001 95/86.85 64/69.83 
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TABLE XXVIII 

PREDICTION PERIOD COMPARISONS 
PAIRED ARPEs 
159 CASES 

133 

Paired 
Variables 

ARPEa, ARPEb 

Computed 
Z 

2-tailed 
Probability 

N of Cases 
ARPEa>ARPEb/ 
Mean Rank 

N of Cases 
ARPEa<ARPEb/ 
Mean Rank 

ARPE-i, ARPE2 -2.657 0.008 64/75.23 95/83.21 

ARPE-j , ARPE3 -2.703 0.007 68/70.41 91/87.16 

ARPE2, ARPE3 -0.549 0.583 72/83.90 87/76.77 

ARPE-i , ARPEy -0.115 0.908 75/83.91 84/76.51 

a r p e 2 , a r p e 7 -4.469 0 . 0 0 0 107/83.73 52/72.33 

A R P E 3 , a r p e 7 -3.677 0 . 0 0 0 100/84.98 59/71.56 

ARPE4, ARPE5 -1.484 0 . 1 3 8 81/89/17 78/70.47 

ARPE4, ARPEg -3.660 0 . 0 0 0 93/91.27 66/64.12 

ARPE5, ARPEg -0.236 0.814 89/73.00 70/88.90 

ARPE-i, ARPE4 -2.330 0.020 66/75.83 93/82.96 

ARPE-] , ARPEg -0.769 0.442 70/84.47 89/76.48 

ARPE4, ARPE6 -1.188 0.235 80/88.14 79/71.76 

ARPE2, ARPE5 -2.298 0.022 95/81.01 64/78.50 



TABLE XXIX 

GROUP ANALYSIS 
ACCOUNTING METHOD 

159 CASES 
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Error 
Metric 

Computed 
U 

Computed 
Z 

2-tailed 
Probability 

RPE-j 
RPE2 

RPEo 
RPE4 
RPE5 
RPE6 
RPE7 
RPE8 

2155 
2498 
2788 
2027 
2716 
2125 
2461 
2285 

-2 .9590 0.0031 
-1 .7310 0.0834 
-0 .6928 0.4885 
-3 .4173 0.0006 
-0 .9505 0.3418 
-3 .0665 0.0022 
-1 .8635 0.0624 
-2 .4936 0.0126 

TABLE XXX 

GROUP ANALYSIS 
ACCOUNTING METHOD 

159 CASES 

Error Computed Computed 2- tailed 
Metric U Z Probability 

ARPE-i 2231 - 2 .6869 0 .0072 
ARPE2 2063 -3 .2884 0 .0010 
ARPEo 2686 -1 .0580 0 .2901 
ARPE4 1830 -4 .1226 0 .0000 
ARPE5 2571 - 1 .4697 0 .1416 
ARPE6 2137 -3 .0235 0 .0025 
ARPE7 2107 -3 .1309 0 .0017 
ARPE8 2087 -3 .2025 0 .0014 



TABLE XXXI 

GROUP ANALYSIS 
LOCATION 
159 CASES 
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Error 
Metric 

Computed 
U 

Computed 
Z 

2-tailed 
Probability 

RPE-J 
RPE2 

RPE3 

RPE4 
RPE5 
RPEG 
RPE7 

RPE8 

1584 -3.2876 0.0010 
2206 -0 . 8 3 8 6 0.4017 
2054 -1 .4371 0.1507 
2226 -0.7599 0.4473 
2256 -0.6418 0.5210 
1390 -4.0515 0.0001 
2355 -0.2520 0.8011 
2279 -0.5512 0.5815 

TABLE XXXII 

GROUP ANALYSIS 
LOCATION 
159 CASES 

Error Computed Computed 2-tailed 
Metric U Z Probability 

ARPE-i 2330 -0.3504 0.7260 
ARPE2 2202 -0.8544 0.3929 
ARPEo 2078 -1.3426 0.1794 
ARPE4 2410 -0.0354 0.9717 
ARPE5 2153 -1.0473 0.2950 
ARPEg 1866 -2.1773 0.0295 
ARPE7 2208 -0.8308 0.4061 
ARPE8 2325 -0.3701 0.7113 



TABLE XXXIII 

GROUP ANALYSIS 
FORM 

159 CASES 
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Error 
Metric 

Computed 
U 

Computed 
Z 

2-tailed 
Probability 

RPE-I 
RPE2 

RPE3 

RPE4 
RPE5 
RPE6 

RPE7 

RPE8 

1461 -4.2213 0.0000 
1761 -3.0742 0.0021 
2349 -0.8259 0.4089 
1368 -4.5768 0.0000 
2324 -0.9215 0.3568 
1738 -3.1621 0.0016 
1796 -2.9403 0.0033 
1661 -3.4565 0.0005 

TABLE XXXIV 

GROUP ANALYSIS 
FORM 

159 CASES 

Error Computed Computed 2-tailed 
Metric U Z Probability 

ARPE-] 1664 -3.4451 0.0006 
ARPE2 1837 -2.7836 0.0054 
ARPE3 2406 -0.6080 0.5432 
ARPE4 1299 -4.8407 0.0000 
ARPE5 2079 -1.8583 0.0631 
ARPE6 1546 -3.8962 0.0001 
ARPE7 1823 -2.8371 0.0046 
ARPE8 1574 -3.7892 0.0002 



TABLE XXXV 

GROUP ANALYSIS 
MAJOR PRODUCT 

159 CASES 
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Error 
Metric 

Computed 
U 

Computed 
Z 

2-tailed 
Probability 

RPE-J 
RPE 2 

RPEO 
RPE4 
RPE5 
RPEG 
RPE7 

RPE8 

1756 
2460 
3062 
2332 
3027 
2469 
2515 
2773 

-4 .5897 0.0000 
-2 .1288 0.0333 
-0 .0245 0.9805 
-2 .5762 0.0100 
-0 .1468 0.8833 
-2 .0973 0.0360 
-1 .9365 0.0528 
-1 .0347 0.3008 

TABLE XXXVI 

GROUP ANALYSIS 
MAJOR PRODUCT 

159 CASES 

Error Computed Computed 2-tailed 
Metric U Z Probability 

ARPE-i 2546 -1.8282 0.0675 
ARPE 2 2899 -0.5942 0.5523 
ARPE3 2989 -0.2796 0.7797 
ARPE4 2493 -2.0134 0.0441 
ARPE5 2877 -0.6711 0.5021 
ARPE6 2739 -1.1535 0.2487 
ARPE7 2929 -0.4894 0.6246 
ARPEs 2985 -0.2936 0.7690 
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