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| ~ ABSTRACT

T

The present studyrfOrmuiates and estimates a micro, partial

4

equilibrium model of the petroleum industry in Western Canada. An oil

¢

and gas firm is assumed to maximize the present value of a stream of
future anticipated profits - subject to a Constant Elasticity of

Transformation production function and the two capitai flow

>

'constraintsﬁ The process‘of‘maXimization yields estimating equations

for exp]uration, deveiopment and production of o1l and gas. An g

aiternative partiai exp]oration sub—modei is also formulated which
seeks to expiain expioratory activity more in terms of the unique

institutionai structure of the oil and gas industry, In both models

2

. _ . ‘ . , _ .
the role of the government~is—anaiyzed through inclusion of various ‘

pubiic poiicy parameters which either ‘impinge directiy on activity .

o

.through production reguiations or indirectiy through prices and cost
‘The models deveiop\d are usefui policy tools for anaiyzing the effect
of past poiic1es on ieveis of activity in the petroleum industry and
to choose between the aiternative policy proposais to achieve the

poiicy objectives

-~ Both mode]s are estimated with aggregated-and disaggregated data

“drawn from Aiberta S petro]eum industry The estimation period is

S

b'(v)‘l
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1960—1979) The models perform better for the aggregated data,

_although the models are‘successfﬁ] in distinguishing between

behaviora] re]ationships under]ying the Qarious types of fields. The
resqlts suggest that the same government p011c1es or regu]atory

mechan1$ms could 1mpact different]y on sthe-activity decisions of the-

»

various fields.

° - Y e

B T e
’ .

The results aJso Suggest high elasticities of exploratidn and-

l
deve]opment act1v1ty with respect to net prices of both 011 and gas

and therefore stress the.effectiveness of roya]ty rates and we?]head

\
pr1ces as important policy too]s. Production s, however, marg1nal1y

sensitive to‘changes in prices and gcosts end_h1gh1y sensitive to

markets and the level of established reserves.

s

In the later part of “the study, results from-the fhodel are used to

condqct-éensit1v1tyvand forecasting analyses to measure ppe effect pf

. alternative policy proposals.” The effect on exploration, development,

~and production, as we11 as the revenue sharing between the industry

) and tné’two levels of government is analyzed. = » .

S
i

Ty -
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CHAPTER I: INTRODUCTION

The purpose of this study is to formuiate and estimate a
comprehen§QVe model of investment in the petroleum industry.

Investment in the petroleum industry includes expenditures in the

three primary phases'o{ the industry: exploration - which involves

.activities directed towards finding oil and gas, and consists of

geological or geophysical methods and exploratory drilling;

development - which entails the estab]1$hment of productive capacity,

including additional drilling and installation of faciltties for the

extraction of crude; and production or 1ifting - involving
expenditures for field production,.gather1ng, separation and ho]dingg
A pfesent value profit function is specified in the model which takes
into account all three forms of investment outlays and hence is
maximized over all three phases 6f activity, over-the life of the

petroleum resource.

The investment functions for each of the three phases, .

,g*ploration, development and extraction are first specified, and then

;fﬁéné1ast1citjes 6f aci1v1ty response with respect toithe'specified
financ1a1 and nén-financial variables are est1mated. An alternative
.sub-quel of exploration activity 6ﬁly,_is alse formulated and
estimated. This mode1 d1ffers froﬁ the First in that its estimafing

equations are not‘éxp1ic1tly derived within a profit maxﬁmi;ation



both models are derived through use of several alternative sets of

“framework. The empirical estimates of- the various elasticities for

i

data drawn from Alberta, the largest producer of o011 and gas in Canada.

., An impartant part of the thesis is the 1nvestig§t1on of the.role
Y L .

of governméat in the Canadian petroleum 1ndustryf

-~

The fégu}afory
structure under which the pe!roleum industry operated thf&ughbut the
'605.and '10s gs fifst briefly outiined. Then, the changes introduced
under the National Energy Program (NEP)' of 1980 and 1ts-SQQ§endent
revisions, as well as the most recent developments in the’regulatory
structure introduced through the Western Accord are also discussed. -
In comparison with most indu;tries in Canada, the ;xtent of government
intervention in .the o0il and natural gas 1hdustr§ isisybsténtia], and
until recently (pre-Western Accord beriod) has increased over the
years. The go%ernment's role starts with the ownership of the
resource - muc% of the natural fesources in Canada are bwned’dikéctly v
by the provinqAaI governments. %Although government relies h¢9v1]y on
the pr1vate sécfor for the de9é1opment of the resouk;éﬂ 1t'éxarcises
substantial /ontfoi‘bver the ﬁndustry by settin§ thexmaximum rate at
which the rqgource can be extracted, and until recently‘alsq the price
at which tﬁé resource can be sold. The production rates.areiset by

taking 1n§6 account both thebqvailab1lity of markets, and‘the most .

refficient/technical rates of production. P?ices have been forced to

diverge from world prices: in much of ‘the ;605 and early '70s, tﬁe

- Canadian prices of 0il were kept above the brTce of 1mports at

>

Montreal; between 1973 and June 1, 1985,,thé prices were set at levels

N

™
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considerably below the world prices. Besides regulated production and
pricing, the o1l and natural gas industry has afso been suﬁject to
relatively higher levels of taxation from both the federal and

provincial governments, although it has also received special tax

incentives from the two levels of government. -

" Despite a relatively high degree of government presence in the

petroleum industry, there have been very few attempts in the

~literature to model the role of government in determining the level of

4
investment in the oil and gas industry in Canada; The present study

attempts to ff\1 this gap by formulating a model kn which the ploicy
parameters of gdvernment are explic%t]y included End analyzed in the
modé]. The ‘usefulness’ of such a model would have been demonstrated,
for example, when the National Energy Program (NEP) wés introduced in
1980. It was felt‘that-the objective of self-suffidiency in oil could
be achieQéd-through curta11ment in deménd and an inctease 1n‘

supp]yz. A decrease in thg growth of demafid was theﬁ\fdrecasted by
several sources jnt]uding those of the National Eﬁergﬁ Boqrda.

These forecasts were é result of much rigorous and sophisticated

analyéis involving d :gﬂopment of detailed energyudeman mode]s4.
Conversely, foreéastS'of supply yeré less précise'and fe s rigorous,
]ar§e1y due to the lack of a mechanism forvférecasting'th re;ponse in
1nvésgment and supply to various policy chénges. Thfs,study analyzes

and estimates the supply respons1venessvof the 1ndu§try.to.changes in

L , ‘ [ - e
various government regulatory measures through a rigorous analysis and

derivés the various supply elasticities. The_ﬁbde1 developed fs an

1

O -c,

-

=
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important policy tool to.analyze the effect of past policies on levels
of activity in the petroleum industry and, to choose between the

Y
alternative policy proposals to achieve the policy objectives. 4

The thesis is_organized as follows: Chapter II gives a
description of Alberta's 011 and gas industry. It provides background
1nformationkq§ such aspects.as AlbeFta's position in the Canadian oil

and gas 1ndustry; the structure of the industry; thé revenues

i

‘generated in fhe 1ndqstry; and the federal-provincial regulatory » *

structure including production regulations, pricfng and other

incentives providéd to the petroleum industry.,

N
\

In Chapter III a'brief review &7 the literature on supply

_modelling is provided. Both the empirical and the thaoretical work is

examineddand emphasis is given to a discussion of the supply
elagticities obtained in previous studies.

Chapter IV dea]s with the specification of two models of

'S

%nvestment. The first is- a profit maximizat1on modal wherein firms

k:

are assumed to maximize the present value of their cash fJows subject

"o a. production functlon and two capital flow constraints. 1In this‘

‘model, the estimation equations for exploration development and .

[

production. are derived from the'maximizat1on procedure. The second

model is a three equation mode1 for exploratory 1nvestment derived

-.through an 1nduct1ve approach as opposed to a deductive approach in

the first model.



Chapter V deals with the estimat1on.of the two models. After
discussing the deta, the results from Deth the principal and
alternative models for the period 1960-1979, covering the entire -
petroleum industry 1in Alberta, and for 1965-1979 for,certaie fields
and zones within Alberta are presented and analyzed. The results (“’
indicate that exploratory activity is most sens1t1ve to the prices of
0fl and{natural gas. The cost per foot of exploratdry dr1|11ng does
not affect'exp]oratory activity significantly. Oevelopment activity
is most sensitive to price of gas, the price of oiliand the cost of
development drilling. Production is more sensitive to market
availability and the level of proved reserves. The results also
indicate that once in the production phase, the level of production is
not ;ery sensitive to prices and costs. This fs herdly surprising in
view of tremendous sunk costs in exploration and development ef the
resource, and small marginal costs of production. In general, the
results indicate that government programs such as the drilling
incentives program, we]lv- spacing and market demand prorationing haye
affected the investment levels in the oil and gas industry. The -
structure of these programs 1s.such that it ggperates different

effects on different regjons of the province. .

+In Chepger Vi, the study concentrates on seneitiﬁity analysis with
-respect to selected tax rates, prices and cost assumptions. It also
‘forecasts the supp]y response of exploratory and development act1v1ty
and the production of oil and gas for the next two decades under

various prica_and tax scenarios Although the estimation period is-



resticted to the years befqre‘the NEP was introduced, the more recent
changes are fincorporated in the forecasting analysis conducted in the
later half of the study. The results of this analysis indicate that
the highest level of investment can be achieved through increases in
the netback price of oil (a£h1eved by either a higher wellhead price
of 0il or lowér\rOyalties). The_modeludeveloped in this thesis can
easily be linked to a revénue - sharing\model to derive the relativggﬁ
shares of the indgstry and the two leve{gxof gbvernment in the tota]v
revenue pie 6f the pgtroleum industry. Such a model is develéped in
this thesis and in this chapfer we der1ve’{mplioat1ons for revenue -

sharing between the 1ndustry.ahd the two levels of government stemm1ng

out of alternative policy proposals.
shares have been an important point of contention in country's

petroleum policy.

Finally, Cnag;er 1 provides a summary of the*study and the _

princ1pa1 coﬁtTuégons Append1ces A, B and C respectively give
. additional information concern1ng the source and the formu]at1on of
. the gata. the derivation of the mode| and the symbols :and technical
definitions used in the study, and the exhibits including |

-

ques;ibnnaires sent to the industry for the purbose of gathering data.



Footnotes: ’

1. Energy, Mines & Resources The Nat1oda]‘§gergyiProgram4 October 28,
1980 Ottawa; Government of Canada.

e
2. Other objectives defined in the NEP are as follows: (i) to provide
real opportunity to all Canadians to participate in the energy
industry in general, and the petroteum industry in particular and to
share in the benefits of industry expansion; and {ii) to achieve
fairness, with a pricing and revenue sharing regime which recognizes
the needs and rights of all Canadians in a federated state of shared
governmental jurisdictions. . ‘

3. The National Energy Board in 1981 forecasted that the primary
demand for oil would 1increase at an average of 2% per year for the
following two decades. This growth was considerably smaller than
overall primary energy demand, principally because of the expected
increase in o1l prices compared with the prices of other fuels.. Also,
the total demand on all petroleum products was forecdsted to decline
at .8% per year uptil 1990, and then increase at about 1.2% per year
between 1990 and 2000.(See NEB Canadian Energy Supply and Demand, 1980
- 2000, 1981 p 26) ' : '

-

4. Other demand models include those developed by McRae(1977),
Berndt(1980), Canada Department of Energy and Mines (1979), Data
Resoyrces Inc. (1976) and Watkins (1980). _
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CHAPTER II: ALBERTA'S OIL AND GAS INDUSTRY
v i

\

The purpose of this chapter is to provide background information
on issues which are of significance to the overall study. -
Specifically, it provides information on the fiscal and pricing regime

N o h
governing the petroleum industry including the mode of revenue sharing

between the twé levels of government and industry, the institutional

framework under which the Alberta iqquétry operates including the
‘0wnefsh1p of resou;ce, the private Sector's1access to the resource and
the rules and regulations governing this access, and the structure of
the Alberta industry and its relative position in the petroleum
1ndustry of Canada. Such information is important for formulating the
model and analysing the results. For exémp]e} details on taxes and

royalty rates help determine the policy parameters that should enter

directly into the model; information on the mode of revenue sharing

. between the two levels of governmeht and the industry help in

evaluating hbw the various policy parameters can effect industrial
profitabiﬁity and therefore the industry activity levels; and a
discussion of special policy programs such as the 1ncent1ve§ provided
by the feQera] and provincial'governments will later assist in a

proper interpretation of the results generated'from the model.
LA

—

v

Y

In view of the above, the chapter is divided into five

/



sub-sections as follows: (1) Alberta and tK2 Canadian oil and gas
Hndustry, (2) the market structure of the industry, (3) the role of
government including matters of ownership, production regulation,
pricing etc, (4) the revenues generated within the petroleum industry
.and the mode of revenue sharing, and 5) special incentives provided by

. {
the government.

1. The Canadian 01l and Gas Industry

Most of Canada's oil.and gas 1is produced in Alberta. In 1970,
73%] of Canadian crude o0il (both conventional and synthetic), was
pkoduced in Alberta, and by 1983 this share had increased to 81%. The
Alberta share of nat;ral gas production also increased from 81% in
1970 to 88% in 1983. Saskatchewan and Brftish Columbia also produce
these products but not in substantial agounts. In 1983, the
Saskatchewan share of oil production was 14% and of natural gas 2%,
and British Columbia's respective shares were 3%.and 9%.

_ o

A]ber;a oil 1s consumed in the Prairies, the Northwest
Territories, Ontario, B.C., the United States and more recently in
Quebec. Table 2-1 indicates g;éh area's share in the consumption cf
the totai Alberta pro@uction of crude oil and natural gas. |
011 is ;onSumed primarily by the.transportatidn sectér whereas

natural gas js consumed primarily by the industrial and residential



sectors. For example, in Ontario in 1983,2 the transportation

sector accounted for half of the petroleum products consumed in that
province and 3% of natural gas. The industrial sector accounted for(j
_6% of petroleum products and 36% of natural gas and the residential

2

sector for 5?5% of petro1eum products and 28% of gas.
Table 2-1

Disposition of Alberta 0i! and Gas Production (1983)

" 0IL GAS
Exports ' 16.03% 31.27%
Alberta 21.52% 24.15%
Ontario 33.40% 29.94%
Saskatchewan and Manitoba 3.56% 6.04%
B.C. 8.15% ‘ .44%
.Quebec and Maritimes 17.33% 6.23%
100% 100%

e ——mrtet  mt—n ——t . mm—— s m - e —a

S—— L

Source: AERCB, Alberta 0il and Gas Industry Annual Statistics,

AERCBST 84-17, 1983
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Impérgg.of‘crude 011 and equivalent increased throughout the"'ﬁQs
o N ~ 3 .

and peakgdgaf’sz.l’million cubic metres in 1973.° -Since ther they
9
have been decreasing, and 1n 1983 amounted to 14.4 million cubic

metres. Similar tﬂénds have been observed in exports of grude oil and
equivalent. ° Exports which had been increasing throughout the ‘60s,
peaked 1n 1973 at 66.8 m1111;; cu01; metres By 1981 exports of crude
oil and equ1va1ent were down to 9.5 mﬁ]ﬂion cublc metres but started
to fncrease in 1982 and 1983 to 12.16 million > and 16.778 million -
m3 respective]y, While exports and - 1mports both dec11nid \n’ahe

*10s, thé{absolute dec11new1n exports exceeded the ‘declining in :yl
imports.ETin ]991 and 1982, Canada was a net importer of oi],ialtnough

’

" the patterr reversed in 1983. (
Export@{of'natdnal gas during the last detade have increa§ed
'per10d1ca1fy while remaining constant at other times, wit _i@_tota]

Ui .
range of around 707 - 1031 bi]]ion cub1c feet.(bef). Importglbf

natural gas peaked in 1968 at 88 25 bcf and have declined since. In

1983, 1mports of,natura] gas were quﬁte marginal.amounting to .039 bcf

in 1981%.

2. “Sfrutture_of.tne7011 and Gas Industry
The pro@ugts ef the dndustry are crude oil, natural gas, natural

\&

gas 11qu1ds and sulphur . According to’ recent’ ca]cu]ations,5 there

'*\ “

wereéapproximately 600 firms which were 1nvo]ved in produc1ng one~or
LA ‘

ip

A
~3F
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more of‘the'above products. In 1974, the largest producer of natural
A gas,acc0unted«ﬁor some 10% of total Canadian production, the top 10

producers for,62% and the top 20 for 75%. .For oil, the figures were

17%, 67% and 85%°respective]y6.

The upstream segment of the petroleum industry is involved 1n.
three_brnad activities: 1) exploration, 2) development aﬁd 3)
production. The junior oil and gas‘producers play a'more significant
role in the development and production phase than in exp]oration7,

Tn 1983, ihe junior oil and gas producers accounted for appfo*1mate1y
17.5% of exploration expendjtdres, 40% of development expenditures and
26.4% of production expendituresa. The respective shares of the
senior 011 apd gas producers were 50%, 37% and 32%. The 1n§egrated
companies accounted for the remaining exp]oration,’geyelopment and
production .expenditures.

Much of the Canadién:oi1Aand gas %hdustry is owned and controlled
by foreigners, although SVer'the years fereign control has decreased.
0f total a;;efs held in"the petroleum industry in 1983, 48% were owned
and 46% were centro]led,by fofeignersy as.compared to 62% and 59% )
respect1ve1y in 1980. The share of foreign firMs in exp]orat1on
expend1tures has a]so declined from 67% (owned) and 65% (control1ed)
in 1980 to 38%. (owned) and 35% (control]ed) in 1983. However, the
share of foreign f1rms in the upstream revenues is much h1gher‘:;1n
1983 59% . and 62% of total upstream revenues were respectively

Aaccounted for.by foreign owned and contro]led firms as compareq.with



72% and 78% in 1980. Foreﬁgn firms also hold a substantial share 1in

0oil sands operations in Canada, amounting to 77%.

As a result of_a high level of foreign ownership and control,
there ﬁave been large outflows of funds from Qanada. In 1983, 65% of
total dividends:paﬁd by the industry were to foréign companies
amounging to 49% of net income generated 5n the fndustry in that
year. The reinvestment ratios9 for the foreign firms have been
1Lwer than for the Canadian firms. In 1983, the ratio for the total
industry operationas for foreign controlled firms was 92% and for
Canadian controlled firms it was 138%. The ratios for upstream

expenditures were 66% and 132% respectively.
{
}

3. The Alberta Government's Role in the 0i1 and Gas Industry
. o

The ownership of natural resources in Canada is shared between the
provincial and federal governmehts. The 1930 amendment of section 109
of the Br1tish‘North Amer1ca Act gave the weétern provinces the
‘ownership of natural resources locatedbwifhin their respective
jurisdictions. R%ghts to the extraction of petroleum ana natural gés
over approximate]y 85% of the lands in the Province of Alberta are now
,he]d owned and d1sposed of by the Government of Alberta, the ‘
remaining 15% having been alienated previously to pr1vate freehold, or

retained over certain Federal ]ands within the prov1nce]0. The

provincia) government has exercised responsibi11ty fof the management

13
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and sale of 0il and natural gas within the province, but the federal
government is empowered to exercise important controls over c
irterprovincial trade énd commercge, 1nterprow1nc1$1 pipelines&ahd
certain types of taxation. The federal government may thus possess

ultimate control over the marketing of all of Alberta oil and gas

production destined for points outside the provincial boundaries.

In this sub-section we first discuss the controls administered by
the provincial government relating to a system of‘resoufce access for
the priyate sector and then to production of the resource. Later we
also discuss the federal-provincial controls over oil and gas
pricing. A1l three types of controls enter directly or fndirect]y
into the models developed and estimated in the study. Prices of both
0il ;nd gas are explanatory variables in both models; the production
regulations through a market demand prdrgtioning vériable are 1ncfuded
in one of the models; and tne.acquisit%on of 1ané is included in
another model. We extend our discussion of resource acquisition to
include the differences in regu]at{on for various zgnes. Note 'that
the fwo.mbde1s deve1oped in this study are empirically tested for

these zones.

(i) Acquisition of Reéource]]: Although the government of Alberta
holds title to some.BS% of the oil and gas rights within the province,
it relies heavi]y'onkthe private 'sector for the actual exploration,
development and production of the resource. Prior to the 1976

amendmeht*to the Mines and Minerals Act, there existed a system of



Petroleum and Natural Gas Reservations and Permits, Crown Reserve
Dri11ing Reservations, and Natural Gas Leases and Licénces through
which the private sector obfitained an access to the resource. The
permits and reservations cdnveyed the right to drill for petro]euﬁ,and"
natural gas where the m1neré] rights reside with the crown, and also
tb produce the same, subject to any exceptions expressed in the permﬁt
or reservation. A Teééé/cbnveyed the right to produce. In order to
produce, an applicant could later select for lease an area of not more
than 50% of the total area held under a petroleum and natural gas
reservation. However, fhe locatiéns or concentrations of Such leased
areas had to form a checkerboard pattern, or otherwise had to be at a
_ distance of not less than 1.6 kilometres from the nearest block of

additional acreage selected under the same lease arrangement.

The amending Act df 1976 made provision for the co;tinuation of
then existing reservations, permits, dr1111ng reservations and crown
reserves gas 11cen;es and petroleum and natural gas leases until their
terms expiré or until such time as the holder reqdests cancellation.
However, the old system of -land tenure was replaced by Petro]eum aﬁd .
Natural Gas Licences and Petroleum and Natural Gas Leases. The former
: repléée the Petroleum and Natural Gas (P & NG) Reservations, P & NG
lPermits. Crown Reserve Drilling Reservat1?ns and-Natura]VGas Licences
and the latter are the cdntinuatioﬁ of.eaf]ier P & NG leases. A
licencg confers the right to drill and is genera]iy applicable to
_exploration, while a 1ease as aiscusséd below g1v§s the right to

-produce. A person wanting to acquire a licence éovering certain lands

1
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directs a request to the Minister, who then advartises the licence for
sale by public tender or refuses to offer the licence for public ©
disposal. Once the Ticence is offered, a person obtains the licence
if his bid at the sale is accepted. In a case where the government
feels that the bid is not appropriate, it may refuie a licence. The

offer to bid is accompanied by a fee of $500, andvthe rental for the

first year is set at $1 per year per acre.

The duration of the licence can vary according to its location.

In recognition of the varied nature of the geology and accessibility
of lands to be licensed, the Government of Alberta has divided the
proVince 1nto‘three distinct geologic and geographic areas: the
Plains area, the Northern area and the Foothills area. Note again

that the models developed in this study are estimated separately for
each of these zones. The term of a Plains licence is two years..
Northern and Foothills.Ticences_have four-year and five-year terms
respectively. A Plains area licence may be extended for a naximum of
one year and Northern and Foothi]ls ]tcences may be extended for 60:
© days. The maximum area that may be acquired under an exploratory |
licence is 29 sections in the Plains area, 32 sections in the Northern
-.area and 36 sections in the Foothills area. B8y differentiating

between these areas the government 1mp11c1t1y provides 1ncent(2;s to

explore in specific zones. After the licensee has drilled a well, he

js entitled to apply for a lease covering rights to the production of

petroleum and natural gas in lands contained within the licence area.

The maximum number of sections that may be 1nc1uded in an application



for a lease under a petroleum and natural gas licence depends upon the
depth of the lease-earning well. The minimum size of a Petroleum and
Natural Gas lease is typically a quarter section, which is now the .

normal spacing unit for an oil well in Alberta.

The earlier P & ﬁG leases were of 10 years.term. P & NG leases
acquired after July 1, 1976, either by application or at a sale by
public tender, have a term of five years. An application for a lease
mustlbe accompanied by the prescribed rental of $1 per acre iq
advance, together with the application fee of $50. During its initial
term, a five yeaf lease conveys to the lessee the Crown's rights to
produce petroleum and natural gas in all stratigraphic zohes. Upon
expiry o% the initial term of five years, the lease conveys thé ’
rights to produce below the initial production zone, down to the base
of the deepest strat1§raph1c zone in the leased area containing
petroleum or naturgl gas. This provision may have encouraged deeper

drilling.

(11) Production Regqulation. Once the licence has been granted the

government determines the drilling spacing unit and later the
production spacing!unit. The drilling spacing unit for a well is
defined'as the surface areé and the'sub—erFaEe vertically beneath
that area. ~The normal dri]lihg spacing units under an exploration
licence d1ffer for 011 énd gas - fo; an oif well it is one quarter

| section while for a jas well the normal épacing unit is one section.
The'production-spac1ng unit may consist of one or more dr11fing

I
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spacing units. The production spacing units are not mandatory. They
are sought by the producers to reducé‘operating costs by producing
from the most efficient wells out of a total of two to three wells. A
producer*may choose to utilize the provision of production spacing
~units before drilling wells. In that cas;, he may drill one well on a
tract that has lease for 2 or more wells, and produce the allowable
for all these wells from one well. The maximum amount of land that
can be held under the production spacing unit is 2 1/4 sections.  The
production spacing units are generally non - operative for gqas. for
oil, once the ge]] has been drilled in accordance with the above
regulations the lessee may produce from his well, but only at rates in
accordance with the existing market demand order of the tnergy
Resources Conservation Board. Once the market demand prorationing
(MDP) rates are determined, the production is further subject to a
maximum efficiency rate (MER) which is determined plrely by
techno]oéica] considerations. Thus, the actual production rate for
" each we}] is the lesser of MDP or MER. Note that there are no
significant market demand prorationing restrictions for éas. Only 1%
of gas wells are subject to such restrictioné.. Also, there are no

maximum efficiency rates set up forngas,eicept'for pools which have -

apparent water prbb]ems.

(11i) 011 and Gas Pricing. Histor1ca1iy,'pr1ces_of both oi1 and gas

have been subject to government regulation. However, a§ a result of
the Western Accord, the price of oil has. recently been de-regulated

effective June 1, 1985. Also, effective November 1, 1986, the price
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of natural gas.will be de-regulated. In this section we discuss the

.historical trends in both oil and gas prices.

"’/v—%
(a) 011 prices, -After the discovery of Leduc in 1947, it became -

important in order .to expand the market for Canadian crude, that its
price be kept competitive with impofted sources of supply at the
market fringe:' Therefore, the Alberta wellhead price was~first .
reduced in.December, 1948 to make it competitive with the delivered
price in Han1toba and then, further reduced in 1951 to make it
compétitive at Sarnia with the delivered price 6f Iljinois crude.
Between 1951 and March 1959, Sarnia in Ontario %efved as the market
gqua11zat10n point for competing sources .4f supply. The Alberta
wellhead price in this per;od was essentially determined by deducting
the transportéfion cost from é competiti§e price, and making some
adjustment for quality differential.

In 1961,‘the introduction of the Canadian National 0il Policy
reserved markets to the west of the Ottawa River line for domestic
crude‘z. D%ring this period exports to ;he United States increased,
although subject to the quotas set under the United States 01l Import
Policy (USCIP). sarnia was rep]acéd as the market'equalization point-
by the Detroit—To]edo area. Thé U.S. prices under the USOIP were
insulated from the world oil prices and remained at a‘higher level.
_Due tobodr own'policy apd the effect of UsoIP, the domestic prices in

13

Canada were kept at a higher level than world prices ~. By the

early '70s, however, the domestic price again toincided with the



external price of alternative import supplies. Through the years
following the o1l embargo of 1973 until May 31, 1985, Canadtan
wellhead prices were held at levels below average world prices. Since

June 1, 1985 the price of 911 has been de-regqulated.

Although the average price of domestic crude o1l was held at
levé1s below the average world prices from late 1973 to mid 1985, a
system of different.ated pricing wa; followed ;ince the introduction
of the NEP in 1980. (Note that prices have always varied by qué11ty,
but now the prices varied according to the timing of discovery, the

method of recové&y, and the area of g:oduction).

The NEP introduced a new dimension to the pricing of otl:
conventional oil at the wellhead was to be fixed at $14.75; ;he of]
sand (synthetié crude) reference pfice at the wellhead was fi&ed at
$38 per barrel in January 1981; and finally, tertiary (énhanced)
'recovery 0il at the wellhead Qas,fixed at $30.00 per barrel. Alf
Qhree prices were then to increase over time at pre-set rates. The
price of gas, which had increased by about 15¢ per thbusand cubic foat
(Mcf) for every $1.00 increase.in the wellhead prjcé of 611 since

1975, was to increase at 45¢ per Mcf.per year.

Following the 1981 revision of the NEP, the three tier price
system Qas replaced by a two tier system of priﬁes. The price of old
conventional oil was ipcreased to $21.25 }n October 1981, to $23.50 on
January’). 1982  and to $g5f75 on July 1, 1982. After that date, it

R

220



increased by $4.00 every six months subject to a ceiling of 75% of the
international price. The second set of prices was applicable to new
conventional oi), to incremental oil and to Synthétic 0il. New
conventional o1l was defined as oil from wells discovered after
December 31, 1980. This set of prices, called the New 0il Reference
Price (§0RP) was set at the international price level.

Further modifications were made in the domestic pricing structgre
in the summer of 1982. In the NEP update of 1982, a third category of
011 price called the Special 01d 0i1 Price (SOOP) was introduced for
011 discovered after 1973 but prior to Decembér 31, 1980. This was
the o1l which was not in receipt of NORP but qualified for 'New' oil
5oya1ty rates. The price. of this oil was set at 75% of the
1nternationa1 price effective July 1, 1982. Between July, 1983 and

June 1, 1985 SOOP was raised to NORP under the 1983 energy pricing

agreement.

(b) Natural Gas prices. The discovery of oil in 1947 was followed by

the discovery of both associated and non-associated gas and a
»subsequeht accumulation of natural gas rese;ves in enormous
amounts]4. 'To reduce the excess reserves of natural gas, the
Alberta government under the Gés Reserves Preservation Act (1950)
-allowed the exports of 'surplus' gas from the province, 'surpius'
“initially being defined as the differenée between known reserves and
) Albertaﬁg’forecast of cumu)ative gas requirements over a 30 yéar’

period. Following fhis acf, exports of natural gas increased
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tremendously. This gas was sold under long term-contracss by three
major gas trunklines -~ the TransCanada Pipeline s@stem, the Alberta
and Southern system and the WestCoast system.‘ These long term

[ 4

contracts generated fairly stable prices.

During the 'SOs and '60s, the wellhead price of gas in Alberta
was deterﬁined through negotiated contracts in which prices were
fairly constant except for minor escalations and periodic
re-determinations. The price of gas under this system was
approximately 9.3¢ per Mcf in the '50s, 12¢ per Mcf in 1961‘and 16.5¢

per Mcf in 1970.

In the early '70s, the National Energy Board (NEB) refused any .

o4

additional exports to the‘United States. The closure of these export -
markets greatly impeded competition in the natural gas industry, with
large buying power being concentrated with Trans Canada Pipelines in

many areas of the provincé, In 1972;‘an jnvestigation into the field
price of natural gas was conducted by the AERCB at the request of the

15

Government of Alberta The report recommended that natural gas

Ll

purchase confracts should include a base p}ice, which in 1972 was to
be 26¢ to 36¢ per Mcf. This report also recommended the inclusion of
a clause fequ1r1ng price re-determination at least every 5 years.

Following this report, 'the Government of Alberta introduced the
16

Arbitration Amendment Act in 1973, which set the guidelines for
Arb1trét10n. Under these guidelines, .the price of gas was equated to

its "commodity value". "Commodity value" was to be technically
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defined as " the therma! value of gas determined by reference to the
volume-weighted average prices of substitutable energy sources
competing with gas for the various end uses of gas in the consuming

>

markKets served, directly or through exchange, by the buyer of gas

17
under a gas purchase contract” .

In 1975, the Natural Gas Pricing Amendment Act (NGPAA), was
introduced. This legislation tied the natural gas price to .85 of the
BTU equivalent of the oil price in Toronto'S. Thus, in 197% in
accordance with NGPAA the Toronto City Gate price was set at $1.25 per

Mcflg. The export price of gas at this time was set at $1.60 per

Mcf. The NGPAA of 1375 was superseded by the legislation introduced
under the federel NEP in 198020 in which the price of gas wés to be
set as .65 ofvthe BTU equivalent 0il price 5t Tgfonto City Gate. The -
adjustment from the previous level to the .65 level waS to take place
over a three year period, i.e. until 1983. In the most recent
developments, the price of natural gas is to be de-regulated effect%ve

November 1, 19862].

4. Revenue Sharing

~The revénues generated within thg 0oil and gas industry are shared
by the two levels of government, federal and provincial, and the
industry. The provincial governmgﬁ%”s revenues comes from royalties,
-the provincial corporéte income tax and from .land payments of‘var{ous

kinds. Prior to 1980, the federal government's share consisted only
‘ , _

L4
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of the corporate income tax, but since the introduction of the NEP in
1980 and its subsequent revisions, the Petroleum and Gas Revenue Tax
(PGRT), Natural Gas and Gas Liquids Tax (NGGLT) and the Incremental

031 Revenue Tax (IORT)22 have also contributed to the federal share.

(i) Revenue Share of the Provincial Government. The petroleum royalty

régu1ation523 determine the amount of royalty payable to the
proyincia] government for petroleum and natural gas produced under
provincial leases. The royalty rates for oil are determined on a
s1iding scale basis and depend upon e volume of production, the
price received for the oil and the.ti ing of the discovery24

Fufther. 0il production from certain operations, such as experimental
tertiary oil recovery projeéts and the production of synthetic oil are
subject to special royalty rates. _011 produced from pools d1§20vered
since April 1, 1974 is termed as "new" o1l and is subject to new 0il
royalty rates which for a reference well is 35% (marginal rate). 011
from pools discovered on or before March 31, 1974 is called "old" oil
foi royalty purposes and the marginal rate for a reference well
producing old oil is 45%. The rates have recently been reducgd by the
introduction of the new 0i1 and Gas Incentive Program fn 1985. The
royalty rates wiL; be decreased by a total of 5 percentage pq1nts for

both categories of 0il over a two year period.

i
<

Like o011, natural gas'royalty rates ezre also different for new and
old gas. "New" gas is defined as gas discovered after 1973 and "old"

gés as discovered prior to 19'4. The gas royalty depends on price and
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‘required.

federa1’1nCome tax .applicable to a corporation in the resource

25
2

w

not on volume of production except on wells producing less than 16,900

m3/d. For old gas, the marginal rate is 45% of price in excess of

317.75 per thousand m3 and for new gas, the rate is 35%. Under the

new 011 and gas incentives program in 1985, the natural gas royalty

rates are to be reduced by a total of 5 percentage points over two
years.

‘:?‘ | |
The provincial corporate income tax is calculated on taxable

'dncome determined in the same manner as for federal income tax

_purposes with one exception: royalties are deductible for the
dprovincial corporaze“TﬂEEEE’;;;‘_‘g1ncé\1974 royalties are

non- ~deductible in federa] corporate 1ncome tax calculations. However,
the non-deductibility of royalties is compensated to some extent by

the introduction of a resource allowance dedpctﬁdn. The resource o éﬁ‘
allowance is only 25% of resource profits, which may be substantial1§' &
less than the royalties. | “

. (‘_"q

. Prov1ﬁc1a1 revenues derived from 1andipayments consist or‘fees.
v‘rer;tals and ﬁbove aH 1and bonuses pa'id for various leases and
‘11cences It~shou1d be noted that in order to obtain-a lease ¢r a

11cence initiaTly the operators :have to b1d for the rights conferred. .

In case where a liceoce 1s 1ater cdnverted to- 1ease, no b1dd1n§lis

>

(1) Revenuéﬁgharehofathe’Fe&era] Government. The_basie'rate of




industry fis 46%25. The effective rate is considerably lower,

however, due to various deductions and writeoff provisions. tirst, ©O
like all Canadian corporations, oil and gas corporations may deduct,
as part of the‘Federal Tax Abatement, from their federal tax otherwise
payable an amount equal to 10% of the corporation's taxable income
said tp be earned within the province. (Income lax Act, Section

124). This provision is to compensate the corporations for provinc1aJ
corporate income tax. Second, additional writeoff aIlowances such as
the following are provided ta the mining industry (including
petroleum) by the federal government in the calculation of taxable

income:’

(a) Exploration and Development Expense Write-offs. Cost and expenses

incurred by a taxpayer in exploring for m1nerals in a given tax year,
and in bringing in these deposits of minerals to a point of commercial
production are deductible against 1ncbne generated from the sale of
these minerals in that year. If expenditures which qualify as

exploration'and development expenses exceed an amount ofnﬁet'Tntome

available for deduction, they gan~be‘déferred and carried forward to

ubsequent years until sufficient income has_been generated to offset
the expense:. Prior to 1974, firms could deduct }003 of their
exploration and deve]opment expenses in the year’bf'outlay Since
1974 although the exp]oration expenditures can be deducted to a ful]
100%, only 30% of the development expenses can be. deducted in the year
'-of outlay when ca]culating taxable income for that year. T)e rest can‘

be deducted on a declining balance at a rate of 30%. Fur{her

ot 3
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separate rates exist for deducting the expenses related to the
acquisition of oil and gas property righté (Canadian 0il and Gas
Property Expense). Ali above writeoff rates are limited to those

expenditures made within the boundaries of Canada.

(b) Depletion Allowance. Priaor to the introduction of the NEP, a

special deduction in the form of a depletion allowance was allowed to

tax payers who had profits from prdducing resources and had expended

money to accumulate an earned depletion base. Prior to May b6,

197426 the depletion allowance was equal to the earned depletion

base but effective May 7; 1974 the depletion allowance was changed to
. .

the lesser of (1) 25% of "resource profits" for that year or (2)

"earned depletion base" as of the end of the year. The term "resource

profits" means the taxpayer's net income (before royalties paid or

payable) on production from (1) the dispositions of Canadian resource

!

propefties;<;3) the production of oil or gas or minerals (up to their

prime metal{or equivalent stage), provided the taxpayer is an operator.

or deemed operator; (3) processing mingral ores to their prime metal
or equivalent stage; and (4) royalty income in respect of resource

production. f

*

The “"earned deplétion“ base is one-third of the sum of qualifying

expenditures made by the taxpayer since November 7, 1969. In general,

expenses‘for‘the exp]gr1ng and developing of properties (bﬁt nat-
including the acquisition cost of a resource property - for example,

land costs, bonus bids, etc.) qua]1f1ed for the earnéd depietion

)

21



base. A special incentive was granted to the taxpeyer exploring for
0il and gas in Canada’s frontier and offshore regions. In these
areas, expenses incurred between March 31, 1977 and April 1, 1980 in
drilling an explor@tory well were to earn a special depletion base of
$2 for each $3‘ofAexpenditure incurred in excess of $5 million.
Beginning April 10, 1978, the Government of Canéda also provided a

special earned depletion base of $1 for each $2 expended for enhanced

oil recovefy.

Through the exploration expenditures write-off and the depletion
allowance, where profits are ava{lable, the operators could write-off
4/3 of their exp]oratory‘gutlays ({00% Fhrough exploration expenditure
Qrite—off provision and 33 1/3% throhgh depletion allowance), 3/2 of
enhanced opzrations, and 5/3 of frontier operations beyond an initial
‘ $5 million outlay. Since tﬁe 1nﬁroduction of NEP, the.depletion
allowance has been phased-out gradually startinggin 1982 until a zero
depletion allowance waé'reached in 1984. Howeve;, the depletion
allowance on integréted 0il saﬁds projeéts, enhanced recovery
projects, and heavy crude oil uﬁgrading still continues. |

e

(c) Resource Allowance. For the’f976 and subsequent taxation years

all taxpayers are entitled to dedu€¢ 25% of their "resource profﬁts"_/‘

. \ \‘ N . .,
for the year in computing income . Resource profits for this purpose

are similar but not identical to resdurce profits for depletion
purposes. For resdurce allowance purposes, resource profits are

calculated before any deduction for exploration, development, or

-
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interest expense, but after deductiﬁg operating expenses, including
capita) cost allowance on mining buildings, machinery and equipment.

As stated earlier, the introduction of the resource allowance
compensates partly for the non-deductibility o% royalties in the

calculation of federal corporate income tax.

(d) Qggita} Cost Allowance. The mining industry is entitled to a

capital cost allowance of up to 30% on all depreciable assets (mihing

buildings, machinery and equipment).

The National Energy Program of Oct, 1980 introduced some changes
in the Federal tex reeime. First, the earned depletion allowance was
phased-out altogether., The rates were 53 1/3% of exploration and
development expenses for 1981, 20% in 1982, 10% in 1983 and 0%
thereafter. Second, a petroledm and natural gas revenue tax was
introduced. Third, an incremental 0il revenue tax was Jlevied on
incremental oil revenue at/éirate of 50%. .This last change was
introduced in September, 1@81. Fpor a detaiied analysis of fhese

changeé the reader 1§ referred to Section 3 of chapter,VIf

3

In the.mosf recent'developments, an agreement of'understanding o?'
energy pricing and téxation was reached betweeﬁ fhe Federal government
and the ilree produfing prov{nces. This agreement, genera}ly referred
to as the Western Accord makes the fol]owwng changes. - First, the

crude 011 prices were de-regulated effective June 1 1985. Second,

4 v
the PGRT was eliminated for new wells dril]ed after April 1,

£ , s



1985. For existing wells, the PGRT was to be phased-out gradually.
Third, taxes such as IORT, NGGLT were eliminated effective June 1,
1985. Fourth, as stated below, Petroleum Incentives Program (PIP)

will be eliminated on March 31, 1986.

5. Special Incentives Provided to the 0il and Gas Industry

In addition to the special writeoff allowances, special incentives

in terms of cash credits are provided by both Jevels of government.

(i) Federal Incentives. These consist primarily of the Petroleum

Incentives Program (PIP) payments. In order to compensate partially
for the phasing-out of the depletion allowance, and also to provide
incentives for Canadian ownership in the jndustry) the Federal |
goQérnment in the National Energy Program introduced the Petroleum
Incentives Program which providéd certain special 1ncenttves through
cash payments for oil and gas exploration and development. Under this
program, companies that are at 1east‘50% Canadian owned, are given an
1n;entive payment of 10% of approved exploration costs and 10% of
abproved'deve1opment costs incurred in 1§82 and thereafter27."F6f
.exploration; tﬁe rate increases to 15% after 1983., For s1m{1ar
expenditures, firms with 75% Canadian ownership are provided an
1ncent10e paymént of 35% of approved gxplo?ation cost and 20% of

| approved deyelapmeﬁt costs 1ncurréd-1n.1981‘and thereafter.‘ For

: exp]oratjon on Canada Lanas, the firms afe pro?ided additional

incentive payments to those discussed above. For f1rms which are 50%
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Canadian controlled and owned, there is an additional incentive
payment of 10% of approved expjoration costs. For firms which are at

Jeast 75% Canadian owned and controlled the additional incentive

payment is 20%.

As part of the special 1981 agreement with the province of
Alberta, the Alberta government administers and pays the petroleum
incentive grants applicable to the projects undertaken within the

province. Following the Western Accord, The PIP would be eliminated

on March 31, 1986.

(1) ProVincial’Incentives. In addition to the above federal

incentives, the government of Alberta provides some direct incentives
to the petro]eum‘1ndustry. Between 1968 and 1971 both exploratory and
seismic activity dropped considerably and a movement of activity away
from Alberta was observed. 1In orqér to curb this migration‘and to
re-stimulate such activity in the petroleum industry, the provincial

government introduced

(a) an exploratory drilling incentives program, and ‘

(b) a geophysical incentives program.

=5

(a) Exploratory drilling incentives program: This was initiated by

the Exploratory Drilling Incentive Act of August 1, 197228, The

objective of this Act was to encourage high-risk exploratory drilling

and to increase the drilling activity in remote locations at a time

[}
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when this type of ¥rilling was declining in the province. During the
period of August’1952 - December 1973, the incentive program related
only to new field wildcats, and a credit in dollars was given
according to the following formula:

Credit (1n $) = 45 + (Depth)?

1350
This credit cou]d be used to pay provincial taxes, royalties, bonuses,

fees etc. Also, an exemption from the payment of crown royalties and
taxation on freehold production for a period of five years from the

time the well commenced production was granted.

Since 1974 this program has been modified. A well is now
certified as an incentive exploratory well if (a) it is located more
than three miles from a completed well of (b) located less than three
miles from a completed well but expected to be drilled significantly
deeper than the completed well. ‘(There is no pre—specified definition
of what can be consjdered as significantly déeper). The amount of

" credit that a particular company can apply for, depends on whether it
\\d\‘/ifmes under the class "A" or class "B" foctage. The well receives

Class "A" footage if there are no abandoned wells within a mile and a

‘ ﬁalf radius of the proposed well, and class 58“'footage otherwise.

To take into consideration the differing cost structures between -
| various regions in Alberta, the provinc1a1 government has d1v1ded the
province into four drilling incentive regions, and the credit given

to f1rms depends, among other things, on the region in which the well



js located. These drilling incentive regions are the Plains, Central,
Northern and Foothills areas. A certification of a well as an
incentive exp]oratory well lapses tﬁirty days after the date of the
certification unless the well has been spudded. However, the

Qert1f1cation can be renewed.

(b) Geophysical Incentives Program. The geophysical incentives

program came into effect on February 11, 1975 and provides for the
establishment of a credit for expenditures incurred in seismic
operations. The credit so obtained can be used to defray any cash
obligations payable to the province from oil and gas. The amount of
credit depends upon the location of the seismic activity. For this
purpose, the province has been divided into three distiﬁ;t geographic
regions, comprising the foothills area, the Green area and the
Yellow-Plains area. Such a division takes into account the

accessibility of the area and the relative costs associated with the

seismic survey.

A]]xgeological information on the basis' of which credit is granted
is kept confidential for 3 years, after which it is available- to. the
public for a period of 5 years at a charge not exceeding 60% of the
credit established for the ;urvey. The credit in dollars for the
geéﬁﬁ;§1ca1 incentives program is determined in accordance with the

fo]low1ng'formd1a:

credit ($) = 500 k.m.
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where k is the incentive factor for the area of Albérta in which the
geophysical program was, conducted, and m is the number of miles of

minimum fourfold sub-surface coverage in that area. For various

\Kk—;:;egions, the values of k are:

b

(1) 1 for the Yellow and Plains area
(fi) 2 for the Green area and

(i11) 3 for the Foothills area.

Both the exploration incentives program and the geophysical
incentives pr;gram were eliminated in the June 24, 1§85 announcement
on 0il and Gas Incentives by the Government of A]berta. Effe;tive
July 31, 1985 the*two incentives were replaced by a system of redu§ed
oil and gas bésic royalty rates, a new ccgde oil royaf?y holiday

program and the natural gas royalty holiday program.

Footnotes:

1. Source: Canadian Petroleum Association, Anhual Statistics, 1984

2. -Statistics Canada, Quarterly Report on Enerqy Supply - pemand in

57 - 003, 1983 Qqarter 4

Canada,

3. Canadian Petroleum Association, Annual Statistics, 1982.

4. Ibfdu

&

5. Source: Canadian 011 Register, (1980 - 1981).

6. MWatkins, G.C. (1977).

7. The definition of junior, senior and integrated companies
corresponds to the definition used in Petroleum Monitaring Agency
Reports. Junior producers are companies that individually generate
Tess ‘than 15% of industry upstream revenues.: Senjor producers are
companies companies that individually generate more than 15% of

k)
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industry upstream revenues. Integrated companies are those that have
significant revenues in both the upstream and downstream revenues.

8.« The data provided in the remaining part of this sub-section are
obtained from the Petroleum Monitoring Agency Canad}an Petroleum
Industry Monitoring Survey, 1981 and 1984.

9. The reinvestment ratio is calculated as rat1o of tap1ta1
expenditures to initial cashflow. 8

10. Crommelin, M., Pearse, P.H. and Scott, A.(1978)
11. Much of the jnformation discussed in this sub-section is obtained
from Alberta Energy and Natural Resources, Minerals Disposition

Division, 0i)1 & Gas Tenure Legislation and Practice in the Province of
Alberta, Canada. Internal Oocument, April 1977.

"12. Watkins, G.C. ‘C;%;zg\. .

13. Ibid

14. 1Ibid.
15. AERCB (1972).

16. Statutes of Alberta. The Arbitration Amendment Act, 1973.
Chapter. 88.

17. AERCB (1972).

18. Statutes of Alberta, The Natural Gas Pricing Agreement Act, 1975.
Chapter 38. .

19. watkins, G.C. (1977).
20. Department of Energy, Mines and Resources, (1980).

21. Agreement on Natural Gas Prices and Markets, Oct 31, 1985 between
Governments of Canada, Alberta, B.C. and Saskatchewan.

22. Note IORT was only effective from January 1, 1982 to May 31, 1982.

23. Alberta Energy and Natural Resources, Energy Statutes apd
Regulations, p 117-10.

24. Price Waterhouse, (1984).
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CHAPTER III: REVIEW OF THE SUPPLY MODELLING LITERATURE

The purpose of this chapter is to summarize briefly the
developments in the literature in the area of petroleum/resource
suﬁply. The chapter is divided into two parts: the first examines the
theoretical developments in supply modelling of an exhaustible
resource. The second deals with empirical applications of the supply

models developed in this area.

1. Review of Theoretical Literature

@The theory of exhaustible resource use or extraction was v,lfifst
fofmaﬂy stated in the articles by Gray (1914) and Hotelling (1931).

Because the resource stock is fixed, the extraction of the r?ource
\..

3 \Q\
over time cannot exceed the initial stock of the resource. ® Thus,

T
IOQt dt < SO.

where, S is the initial stock of resourre and Qt is the rate of

0
extraction. The key question in the above pro'blem, and addre?sed in
the work of Holtelﬁng and Gray is how to“allocate the resource over
time. From the viewpoint of the competitive resource owner, the

resource is allocated such that the time path of extraction maximizes
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<re present value of the exhaustible resource.

Consider a price-taking producer of a finite resource whose

objective it is to maximize the PV of the resource. For simplicity,

it is assumed that there are no costs of extraction. Thus the

producer wishes to

T Aty e
Max PV = ;O[Qt Pt] e dt (3-1)
. T - _
subject to ’oQt 5 Sy (3-2)

The first-order condition for a maximum of equation (3-1) subject to
equation (3-2), combined with the equilibrium condition that the
market clears at each point in time yields the following:

e

P, = e, ( (3-3)

: ¥ (
where Pt is.priée and A is the constant marginal user cost as
defined by Scott (1953). Etquation (3-3) suggests that in equilibrium,
the price should‘1ncreas; at the rate o {nterest, i. 1If the price
increases at the rate i, resource owners will be indifferent between
producing in th;s period and any other neriod because the reﬁource;f
yields the same net present value at the margin at each point in

"> time. This result was first illustrated by Hotelling, and the

cqndition,

/P, = i “ . T (3-4)
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Js often referred to as the Hotelling rule.

The above simple model of resource extraction has been extended in
sever;l studies. First, the model is changed to accommodate positive‘
eitrection costs (we{nstein and Zeckhauser, 1975 among others). With
positive extraction costs, equaticn_{3-3) changes to,

(P -c @)= xe’ T (3-5)

~

In equation (3-5) the net price instead of gross price increases at

the rate of interest, i.

The'abbve eduilibrium condition exp]icit]y determines the price

path of the resource and 1mp11c1t1y determines the extraction rate.

.’

Given the price path, the extract1on rate at ‘each po1nt of t1me can be
de}erm1ned by the demand curve. In Figure 3-1, the demand'$unct1on

t ='f(P ) 1sfgiven by DD. The price starts ‘at a2 level P0 and

~._“1ncreases so that net price rises at rate i until P is reached, at

I
which t1me the resource is exhausted At th1srpr1ce‘1eve1, demand is
also equaluto zero. . - - . " s !

| ’ -~

The determinatibn of Po»is crucia]. ft.shou]d be such that
 after increas1ng a]ong the equ1l1br1um path price reaches the choke
‘price (at which demand 1s equa] to zero) just at the pownt of

exhaustion of the resource This presumes the presence of comp?ete .

‘ futures markets (Dasgupta and Hea1,c1979) " Let us define Po as ;-

- ‘0 ’

°s



the equilibrium level of initial price. Consider a situation where
Pd > PS i.e the actual initial price is.greater than the
equilibrium initial pr{ce. In tyis case demand would be choked of f
before the resource was hauysted. If futures markets existed,
prbducers would realize that the price was too high to exhaust the

resource and therefore, they would make downward adjustments in the

price.
Fiqure 3-1
Optimal Allocation of an_Exhaustible Resource
| A
l A
1.
1
l
[
]
|
* — -
Pol""'"
1
1
¢
!
1
l
1
|‘
,7___%”45P§m0D ' A QUANTITY A——— |

gurce: Weinstein and Zeckhauser (1975)

Alternatively, if P0 < PO’ the resource will be exhausted

before Ht = 0. Thus the'produters will realize that profits'kode
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be increased by storing the resource today to sell it in the fugzre.
This conservationist measure would lead to a higher price in the

x
initial period. Thus in both cases where PO # PO' under the

assumptions of futures market, PO will be driven towards the

*

equilibrium P0

The above price profile is applicable under the conditiors of
perfect competition. What happens under non-competitive markets?
Salant (1976), Weinstein and Zeckhauser (1975), and Peterson and
Fisher (1976) among others deal with this issue. Consider a market
where part of.the resource stock is owned by a cartel and part by a
number of sellers operating under competitive conditions. Let,SC be
the stock of resource held by the competitive sector, and Sm the
stock of resource held by the cartel. Also assume that QC is sales
of .the competitive sector, Qm tﬁe sale of the monopolist, P* is the
termination price at the end of first phase and A(P*) is the
cumulative sales of the cartel in the second bhase. Then, Salant
defines the two exhaustion cond%tioﬁs as:

0. (u, ) du =S _ S (3-8

and Q (u,vP*) du + p(P*) =S

m _(3-7)

m

Equation (3-6) defines the equilibrium condition faced by the
’ ’ B

- competitive fringe(énd equation (3~7) the équi]ibriumlcondition faced -

by the cartel. Extraction of the resource takes place in two phaseé.}n
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the first phase, both the competitive sector and the cartel exist.

The first phase lasts until the resource stock of the competitive

sector is completely exhausted. After that only the cartel operates
in the second phase. Equation (3-6) states that P* and T should be

so chosen by the cartel that the resource stock of the competitive
sector is completly exhausted ip»thé'Ffrst phase. Etquation 3-7 states
that P* should be so chosen b; the cartel that the cartel sells its

entire stock in the first and second phases.

.

1

Initially, when both the cartel and competitive sectors existffihe

i
price and marginal revenue derived from the excess demand curve qrow

. *x x
at the rate of interest, until P is reached. At P , the

e !

competitixgwsgggchs/sfbck is exhausted and the cartel takes over the
entjpe"harket. After P* for equ1115r1um the monopolist's marginal
revenue grows at fhe rate i and the price grows at a rate less than

i. Note that the excess demand curve is obtained by taking the total
market demand\and deducting from it thé»sa]es of the competitive
sector at each period. When the st;ck of COmpetitive sector is
exhausted then the total market demand is also the demand faced by the

/

cartel.

The edui]jbrium prite pathuwhen the-tuo sectors co-exist is
i1lustrated in Figure 3-2. Given a 1inear_demanq;curVe;,if‘on1y the
competitive sector exists, then'the 1hitiaj pfice starts at a leye)
" below the mixed path and°1ncrea§és at the rate of interest. |

‘ Alternatively, .if .only the cartel (or monopoly) éxists.'th nitial



price will start higher than the mixed price path and then increase at

a rate less than the rate of interest.

Fiqure 3-2

Comparison of Price Paths Under Alternative Market Structures
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: ~ Source: Salant (1976)

Price paths of the resource under varying quality of ores have

also been 5tud1ed (Salant, 1976; Herfindahl, 1967). It has been shown

that w1tﬂlore*of two qda]ities (two different but constant per uniﬁf

=
costs of extraction), the better quality ore will be mined first until

1t'1s exhausted and then the lower quality ore.will”be mined (for a

detailed proof, the reader is referred td‘Dasgupta and Heal, 1979).

l O :‘ |
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The price path of the extracted ore is continous at the point of
switch. If it were not so, and the prices jumped upwards at 1,'then
the owners of the first deposit could increase profits by stopping
production just before T and producing after 1. But this contradicts
the result that the owners of first deposit do not produce after 1.
Similarly, if the prices fell discontinously at T, the owners of the
second deposit would benefit by producing before 1, which again

contradicts the result.

Note the assumption of a fixed stock in all the studies discussed
so far. Given a finite resource stock, the problem faced by the
producer was to a]iocate the resource over time such that it maximized
the present value of future profits. Optimal price paths for a fixed
resource were‘derived under varying assumptions. Now, let us assume
that the resource stock can be changed through exploration. Thus the
reserve base cén be maintained or increased throuéﬂ further
exploration, Peterson (1975) and Pindyck (1978) were among the
earliest authors to abandon the assumption of a fixed réserve.stock
from which iﬁ% extraction took p]aée. These authors determined the
optimal brice and production paths after ailoﬁing for the poSsibi]fty
of continous exploration. The model developed in tﬁg gresent study’

comes closer to thesé-types of models, although an additional primary

phase, develgpment; is incorporated.

peterson defines the PV function of the resource producer as

follows:



PV = JZ[PO - C-E] a(t) dt (3-8)

where Q is th® rate of production (or extraction), C is the extraction
cost, £ is the eibigratory cost and a(t) is the discount factor,
explfgi(r)d-r], where i(1) is the firm's discount rate at time 1

Note that if 1 1s constant then - a(t)= exp(-it) which is similar to
that assumed in the present study. C is given by a function C(X, X,
G, t) where X is the cumulative production to date, G is the
discoveries to date,'and t is the time. It is assumed that Cx >0

0. Note that no

>0 (C,; 2 0) and C

and increasing, CX' -

explicit fixed costs are assumed.

G <

The exploration cost is gtven by a function E(G, G, t), where G is

the discovery rate. It is assumed Eﬁat LG > 0 and non—decreasing

(Eéé 2 0) and EG > 2.

~The above PV function is maximized subject to X > 0, G >0 and
(6 - X) 2 0. The last condition simply states that discoveries are
"greater’than cumulative production. The optimality conditidnsi_

indicate that if C, = 0, then the marginal profit must increase at

X
"the rate of interest. But with Cx >0 i.e. Qith increasing cost of
extraction, the marginal profigkshould.grgw at a rate less thanli to
B compensate for the penalty of higher extraction cost in the future.
Similar results have also beén obtained by Heffindahl (1967),

Weinstein and Zeckhauser (1975), Levhari and Liviatan (1977).

i
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?For optimality of the above PV function, Peterson proves that the
extraction rate should be set at the point where profits from another
unit extracfed equal the loss in present value of the resource stock
caused by that unit of extraction. Also, exploration should be such
that the cost of finding another unit equals the addjtiqn in present
value caused by that unit. Peterson simulates his model to determine
the effects of changes in various~parameter values. Hiﬁ results
shggest that: (1) a monopo]%st,wou]d over-conserve the resource; (11)
free entry stimulates excessive exploration and extraction because
with free eﬁtry. exploration opportunities become common properties
encouraging various firms to explore and drill faster and before the
other competitors and (111) hiéh discount rates cause
over;conservation 1nrthe long run. The last result is confradictory
to earlier findings. The légic for such a result is as fo}Tows: high
discount rates discourage exploration like any other activity. Lower

exploration means’low levels of proved reserves and since CG< 0, it

impiies higher cost of extraction and therefore restricted production.

Pindyck (1978) formulates a similar model and derives qptimal
paths for prices and exploration. The producers in ﬁindyck's mode
‘take prices, P, as given and choose a rate of production, Q, from a
proved reservgs base, K. The average cost of pfqduciion C]
1ﬁcreases'as the proved'reserVes base is dep1eted“1.é.‘c '(K) < 0.
The proved reserves base 1ncreases with exp]oratory effort, €. The

rate of flow of add1t10ns to proved reserves depends upon both t and

cumulative add1t1ons. X, 1;e._x = f(E,X), with'fE > 0 and fx < 0.
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fhe cost of exploratory effort C2 depends on £, and increases with t
t.e. Cz'(E) > 0. ‘The producer maximizes a profit function similar
to that of Peterson subject to K = X - Q and X = f(£,X) and K, Q¥
and X > 0. The first constraint shows that the changé in proved
reserves fs equal to the difference between discoveries and

production.

The equilibrium price path of the model shows that thegjmpact of

&

explor®ion 18 to cause price to rise more slowly than otherwise. If
costs did not ;epend on K, however, thé rate of change gf prices even
with exploration will be the same as that in the Hotell%ng case. But,
the level of the price path is affected by exp]orétion. This is so

because undgr exploration, planned reserves including those that have

yet to be discovered with exploration are larger than the initial

reserves.

The patfern of exploratory effort, price and production that
re;u]t from solving two simultanebus equations for prfces and
exploration, depend crucially on the initial value of reserves. The
intertemporal trade off in exploration 1nvdl§esvbalancing the gain
from postponing exploration so that its cost can be discounted, with
the loss from higher current production costs resulting from a lower
reserves base. If initial reserves are large so that the cost of
productioh C](K) is sma1l,'most exploration can be bostponed to the
future. On the other hand, if initial reserves are small, the average

cost of production will be large and hence exploration must occur
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early on so as to increase the inventory of proved reserves and reduce
.the cdﬁt of production. Production will thus increase initially and
later reserves and ﬁroduction will fall as exploratory effort
diminishes (Pindyck, 1978).

!

2. Review of Empirical Literature
Empirical estimates of supply elasticities derived from formal
mode]\ing procedures are at best representations of specific
historical relationships. Therefore, the use of such models in
forecasting is often character{zed as "looking forward through the
rearview mirror® (Stobaugh and Yergin, 1979 p.234). Models explaining
the same phenomenon are often formulated under varying assumptions,
are est%mated with varying technigues involving different types of
data, of different levels of aggregation and from different time
-periods. Thus these models may yield different estimates relating to
the same phenomenon. Such is clearly evident in the following review
a

of empirical literature on supply modelling. The review suggests a
whole range of supply elasticities with respect to the various

exogenous variables, derived for varying models using different data,

and different estimation techniques.

The empirical studies in the area of supply of oil and natural gas

can be classified under the following categories:



{a) Ad hoc Abproach

(b) Production Theory Apprpach

In this section we briefly summarize the relevant studies under these

two categories. .

(a) Ad hoc Approach: These types of studies have developed models
based on the variables that are believed to be relevant./ Studies in
this classification do not specify an explicit production function.

The approach followed is ad hac, although the estimating equations

look similar to those derived from an application of rigorous economic

-

theory. Discoveries, number of we)ls drilled and the success ratio
are explained with the help of economic variables such as costs and
prices. Policy yariables such as royalties and taxes are generally
included through prices. wellhead price or price of the reserves in

the ground are used as explanatory variables.

Models formulated in this category explain the oil and gas

activity by a set of eqqgtions of the form, .
‘ ‘e
Y1 = f(x1)

where Y1 js alternatively (1) wildcat wells dri]led, (2) average

d1scovery>per successful well and (3) the success rate éptained in

driiling wells. xi js (1) the price of 0il, (2) the price of

-

natural gas, and (3) 'theF]agged dependent variable. In most céses,
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the dependent variables Yi are explained by the same combination of

independent variables, Xi.

Fisher's (1964) modé1 of the U.S. petroleum industry i;.the first
attempt to model econometrically the supply of new discoveries. The
crude oil discoveries ‘are calculated as the product of the three
Ag%ependent variables stated above and each is specjfied in térms of tﬁe
same independent variable. Because the equations are double-log
forms, the elasticity of oil discoveries with respect to any
independent variable is the sum of the coefficients on that variable
in each of the three equations. 1he exogenous variables in the model
are (i) the wellhead price of oil as a proxy for economic incentives,
(i1) the lagged dependent variable representing an increase in
information, (i1i1) the lagged average size of oil discoveries, (iv)
the time spent on geophysical and core drilling crew time to measure
the information gathering activity And (v) Texas shutdown days to

measure the produii)bn restrictions by the state. Because oil and

natural gas\are/ﬁroduced as joint‘products, lagged average size of

N g

natural gas discoveries is incorporated as yet another lagged

dependent variable.

4t

e .
4 A ) .

Eiéher's results indicate that the price elasticity of supply of
new EAScoveries of crude 0i1 is 0.3, and the price elasticity of
wildcat drilling is 2.85. The study 1ndi£ates that an increase in
economic incentives leads to more wildcat drilling but because this

1ncrease_ takes place on poorer .prospects the size of discoyery is .-
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small. The high cost associated with poor Prospects can only be
justtfied by increased economic 1ncentives.\\

AN

~

frickson's (1970) work does not dfffer substantially from
Fisher's. Erickson uses a similar set of eguations with a different
wellhead price of 0oil. The pricérof 011 is calculated as a weighted
average of prices in each of the five petro1eum’produc1ng districts.
With this price, Erickson obtains the higher price elasticity of new
discoveries of 0.9. An interesting feature of Erickson's model 1is
that thé effect of market demand prorationing is elaborately dealt
with. He concludes that the elimination of market demand prorationing
would not only result in increases in the rate of establishment of new
discoveries, decreases in Zevelopment and operating cosis, and a
decrease in the period of time for recovering investments, but also in
lower prices resulting from the competition to sél] to a given total

market.

Erickson and Spann (1971) apply the theory of joint production and
supply to the problem of o0il and gas discoveries and éxtend Fisher's
model to include an equation for average natural gas discovery size.

The exogenous variables are similar to those specified in-Fisher's

model. The price elasticity of crude oil discoveries jn this model is

0.83 and the price elasticity of gas discoveries is 0.69. These'price
elasticities compare with an o1 price elasticity of 1,48 for wildcat
drilling and a gas price elasticity of .35 for wildcat drilling. Note

that the oil price élasticity of wildcat dk1lling is higher:.than that
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of crude oil dlscoveries while, the gas price elasticity of wildcat
drilling is 1§§er,than the elasticity with respect to gas
discoveries. IThus the new 01l discoveries are much less sensitive to
economic incentives than the wildcat driliing. The opposite is true
for gas. Erickson and Spann attribu*e this to the deterioration in
the average size of oil discoveries in mature areas. As prices
increase, these relatively uneconomic prospects are drilled and‘
because they yield a apa11er size of discovery, the price tends to

have a negative impact on average size of discovery. The situation is

3

/s

reversed for gas, where there exists an inventory of large yas

prospects which have not been drilled largely because of lack of

markets. With an increase in the price of gas, dr1111ng takes placé
in these relatively large gas prospects,.yielding a higher size of
discovery. \

’ In another study, Erickson, Milsapps and Spann (1974) derive an
.estimating equation for the stock of crude oil reserves. . They assume
that Eﬁ: principal determinants of desired reserves are the expected
price of oil and the finding cbst (stated as user cost in the study)
of crude oil reserves. Finding cost is calculated per barrel of
additional rese}ves found and is calculated net of tax incentiveg.
Thus, the effect of tax incentives s measured through their effect on
f1nd1ng cost. Their results indicate a fbhg-run price elasticity of
oilpreserves equal to unity and a long-run finding cost ela;ticity of

reserves equa] to -0.71.. Thus as the finding costs 1ncrease. the

‘;‘_stock of crude o1l reserves decreases. As an alternative, they
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estimite a constrained mode} assuming the absolute price and finding
cost elasticity are equal. By so doing, they derive a oositTVe and a
negative elasticity of 0.76 for prices and finding}costs respectively.

-

Khazoom's (1971) nodel considers the supply ef gas in terms of (a)
[}

new discoveries (of both associated and non-associated gas)

representing the amount of reco ille gas estimated to exist in newly

discovered reservoirs and (b) extensions and revisions (of both

- associated and non-associated gas) which are said to comprise

R

additions to or subtractions from the initial estimates of gas

©

-discoveries ‘due to changing economic conditions (e:g. current prices

of old, gas and natural gas liquids), or the availability of new

.information on reservoir size or reservoir characteristics (such as

permeability, porosity, interstitial water etc.) or subsequent

.development. Both the new discoveries and extensions-and revisions

are‘explained in terms of (a) the regulated ceiling price of gas: (b)

the price ofsoil,-(c)'the price°of natural_ gas 1iquids: and (d) laéged

endogenous variab]es Linear and quadratic specifications.are both

g

Iestimated His results indicate tgat for the first equation .

-

4exp1a1n1ng the new discoveries of das. the ce1]1ng pr1ce of gas has a

pos1t1ve.and stat1st1ca11y.sign1f1cant coeff1p1ent"_tne 0il price has

a negatiVe and sfétisticallyyinsignifitant coefficient'-and.the price

of 11qu1ds?h§s 2 positive but 1ns1gn1f1cant coefF1c1ent The 1agged ,

dependent var1able as a posftlve and h1gh]y s1gn1f1cant coeff1c1ent

lhe second equation 'xplawning the extens1ons and rev1s1ons is 1ess

sat1sfactory “in terms of goodness of f1t a1though all the: var1ab]es
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have significant coefficients. For both the new discoveries and
extensions and revisions, the linear specification performs %5tter

o

than i1ts quadratic counterpart.

An interesting feature of Khazoom's study is that he tries to
simutate a time path of discoveries response to a gas pr1€e increase.
This time path under given 1nitial equilibrium conditions for price of
011 and the price of natural gas liquids provides estimates of short,
intermediate and long-run elasticity of gas discoveries. His results
indicate that the long-run elasticities are generally greater than the

short-run elasticities. -

MacAvoy and Pindyck's (1973) study is more comprehensive than any
of the prior studjfs. A1l phases of the natural ‘gas industry are,
model]éd.from exploration through production, transportation and-
distribution. They examine the effect of the existing regulatory
po]ﬁcy and other a]ternatiye policy proposals on gas reserves,

prgdqctionl‘demand'and prices .

The mode] sb;deVefoped is used to perforéfsimulations using
different pogﬁgy‘bption; to determine fhe effects on Fﬁe size of the
~gas shortage' Thfee po]icy optioné are consideréd ZThe f1r§t polfcy
~alternative 1s a comp]ete deregulation of wellhead prices, the second

1nvolves more rather than 1ess Pegulation and the th1rd is
ma1ntenance of the status quo ‘To. ana1yze the effects of these ‘

policies and to provide further simu]ations they formu1ate an economic

- N e
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» national ceiling on all new prices) would have engendered increases of .
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model of the natural gas industry.

This model deals simultaneously with two markets; (1) a field
market for reserves where gas prodycers sell new reserves to pipeline
companies at the wellheéd price, and (2) a wholesale market for
prqduction where pipeline companies sell gas to retail utilities and
ijndustrial consumers. These two markets are linked through‘the .
interstate pipeline companies. The variables endogenous to fhe fielid
market are (a) discoveries of non-associated and associated gas

reserves; (b) extensions and revisions of associated and

non-associated reserves, and (c)number of exploratory wells drilled.

In the wholfsale market, the endogenous variables consist éf the
demand for gas and the wholesale prices for three secfors, namely
industrial sales, sales for resale that are ultimately industrial, and
sales for resale that are ultimately residential and commercial.

-~

The independent variables fn the field market are lagged tofé]

' revenue from oil and gas production, lagged avebage total drilling -
- costs, dummy Vafiab]gsfto distinguish among. regions, sample variance

Eof discovery‘s1ze in egchﬂregion, average field price of natural gas,

e . A
.
)

average dri]]ing cost, and cumulative number of wells drilled.

The results indicate that partial deregu]ationvof field prices

(ive., complete deregulation of new contract prices subject to a

/

)
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50% to 60% in prices over the years 1972-1980, which would have
cleared all excess demand.in the production markets. However, if
price increases had been 1imited to increases in the historical cost
of producing gas, MacAvoy and Pindyck estimate that the excess demand
would have increased through time, and in 1980 1; would have been 9
trillion cubic feet (Tcf) as compared to 3 Tcf in 1974. Under this
assumption, the prices would have been allowed to increase at one cent
per annum per Mcf. Ffinally, if the status quo were maintained, i.e:
if the prices were increased by 2 to 4 cents per Mcf every year, then
the shortfall in supply would have been 2.5 to 3.5 Tcf in the
mid-1970's increasing to 5.3 Tcf by 1960. o

The model developed by Rice and Smith (1977) also considers both
the demand and supply of crude and refinery products without
aggregation or restrictive assumptions of perfect competition. The
model has forty-two nonlinear equations and is estimated over the

period 1946 - 1973.

The Rice and Smith model can be divided into four sections -
pricing, production, costs, and demand. The supply relaiions‘specifx
fhe price'of éach refinery product. Prices are assumed to be a
functibﬁ of the duantity supplied, the weighted average price of
domestic and foreién'crude and the product of the relativé_y1e1d of .
each produet to that of gasokine‘and the»ayeragé pr1ce'of crudef'

3

The production sector of the model is based upon the work of

r



F1sﬁer (1964) and MacAvoy and Pindyck (1973). This sector consists of
seventeen equations, six of which are stochastic behavioral equations
and g]even of which are identities. The mbst important variable
determined in this sector is the drilling activity. Exp]ératory wells
are specjfied to be a logarithmic function of average driliing costs
(per well), the expected revenue from crude 0il sales, and the

expected number of successful exploratory wells.

Two types of costs are analyzed - finding and development costs.
Both of these costs are based on the total amount of drilling
activity, ‘the average depth of that ;:%?V1ty, and production
restriciigzs associated with the developmefnt of crude.

-

The R2 of all equations estimated in the model is high, ranging
between .79 to .99. 1lhe price effect on new field wildcat drilling
"activity reported in thisiﬁode1 is lower than that reported'by Fisher

(1964) and Erickson (1970). However, the difference could be because

the present model uses an expected- price rather than an actual pricé.

In recent years, three models have been developed and tested with
Alberta data. Winter and Craig (1981)'formu1até a model of natural
gas reserves add1tjons to 1dent1fy factors that have 1nf]uenced the .
f1nd1ng oﬁ gas reserves in Alberta between 1957-1977. A w1de range of
exogenous variabTés is cqnsidered 1nc1ud1hg the size of the reservoir,

probability of‘success,‘netbéck priées, finaing and deve1obment costs

‘and alternative uses of capital. In the final equat{on explaining the

-y



natural gas reserves a profitability factor, a”depietion variable and
an industry activity variable are included as exogenous variables.
The profitability variable is‘caicuiateq as a function of average
distovery size, probability of success, cost, prices and
marketability. The depletioﬁ variable is measured by the cumulative
_number of successful gas wells. The industry activity variable is
measured by exploratory gas footage. The model is tested for nine
geographical areas in Albgrté.. The model performs differently for
different areas. The Rz varies from .29 to .94. The profitabfﬂity
variable is found to be significant for 6 areas, the depletion
variable is significant in 7 areas and the activity variable in 5
areas. Signs of some of the coefficients are contrary to a-priori

expectations.

In another model, Foat and Macfadyen (1983) estiméte an’equation
for aggregate drilling with exogenous variables such as the selling
pricé of 01l and gas, driiling and development costs, royaity and tax
regulations, reseévoir characteristics, success ratio, and
availabiiity of capital, and thé,averagg size of oil and gas
discoveries. Only the priﬁe of oi1 and gas, net of royalties and the
average size of oil and gas discoveries, is found to be significant

- for Alberta. B |

1n more recent work, Scarfe'an& Rilkaff (1984) study the

determinants of investment expenditure in the exploration and

develgpment phases of the crude petfoleum and natural gas supply
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process. They construct and estimate an Albeéta oil and gas activity
model and use it to address several policy questions such as the
following: has Canadianization of the petroleum industry incréased the
cost of capital to the industry; does the cashflow of petroleum

4

industry effect its rate of investment; what fiscal changes should be

introduced to improve economic efficiency and achieve security of

supply; and what has been the impact of the NEPT

Two sets of econometric equations are specified, one for
exploration and one for development. B8oth dependent variables are
assumed to be functiéns of the prices of oil and gas and planned new
reserve additions. Note that the prices of oil and gas are not the .
wellhead prices but are the prices of the oil and gas in the ground,
referred to as the reserves price. Planned new reserve additions are
further assumed to depend upon volume of production from reserves and
the reserve?ﬁgrice. the reduced form, both éxploration and
development are functions of the reserves price, the production from
reserves anq a lagged dependent variable. In estimation, explqration
and déve]opment afe measured by the various types of exploration and
development expenditures such as geb]ogica] and géophysfta]

expenditures, drilling expenditures, land expenditures and field

equipment expenditures.

The results indicate that elasticities of the exploration equation
are highly significant. The pricé of reserves is found to be an

_important variable in explaining the variations in exploratory



expendituresl The reserves price as a determinant of development
expenditures is less significant. The production variable is more
significant for the development phase. One of the important
conclusions of the study is that reductions in the upstream taxes are
important to achieve security of supply and overall economic

efficiency in the industry.

Although the above studies have contributed significantﬁy to the
understanding of the investment and supply re5ponse'for the petroleum
industry, they have often been criticized on thg grounds of being

. inductive and lacking in riéorous etonomic modelling, being highly
aggregative in nature, and having an inadequate treatmént:of petroleum

deposits as non-renewable assets.

(b) Production Theory Approach: The models developed in this group of

studies are based on rigorous economic analysis of a profit maximizing
firm. The investment and output‘pattErWQVfor oil and gas firms are
derived by maximizing the firm's profit function subject td the

constraints of a production function.

gpple's {1975) work 15 rather;iﬁﬁova;ive.v In his model,
éxplorat1on is viewed as a‘productfon process in which fnputsa
(exploratory wells and 0il-bearing land) are used to produce
discoveries of crude oil and natufal gas. The objective 1s;tq
’estim&te a long-run model of crude oil and natural gaé discovertes. K

profit~mak1mizjng'f1fm}engagéd 1n~exploration maximizes net profits

—
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subject to a production function (in this case a constant elasticity
of transformation - CET function). Such a maximization results in a
set of derived demand equations for inputs{;o exploration, and a set
of supply equations for crude oil and natural gas discoveries. In
final estimable form, the discoveries of oil and gas are a fun;tion of
the after-tax discounted price of o0il and gas in the ground (reserves
prices), gnd the after tax cost of exploration. The total footage
dr1]ied js also explained by the after-tax cost of exploration, the
price of oil and gas in the ground,, plus a trend variable
‘ \ (o]

0f interest in this study are the long-run price elasticities of
_supply of crude oil and natural gas discoveries, the elasticity of
transformation between crude oil and natural gés discoveries and the
shifting of the supply egquations stemming from the exhaustion of
discovery opportunities. The price in this modelifigg;iiied\éé‘f‘
reserves price is derived by taking a ratio of the het present value

of a discovery and the original oil-in-place.

Cox and&wright (1976) construc; a model of investment in petroleum.

reserves and estimate jt for U.S. petroleum indu§try. An investment
demand function for petroleum reserves is derived<o; tﬁe assumption
that the produce;s maximize the present value Qf theinr after-tax cash
flows subject to a CES pfoduction,function, and an accounting
identity. The latte; cohstraiht relates changes in petroieum reserve

stocks to flows of groséladditionS‘to réserves and output from

reserves.
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The functional form of the model formulated later in the current
study comes quite close to the Cox and Wright investment model, }he
difference being the.incluéion of three phases, exploratiom,
development and production as opposed to the lattér twé phases in the
Cox and Wright mode].l We thu; outline the Cox and Wright model in
considerable detail. The after-tax cash flow in Cox and Wright mode!

atvtime t is written as
N(t) = P(t)Q(t) - C](t) - Cz(t) (3-9)

where C](t) and Cz(t) are the 1nve§tment and non-investment costs
at t. The revenue term P(t)Q(t) is calculated net of royailties,
pr&ﬁﬁction and severance tax and federal corporate income tax. The
distinction between C](t) and Cz(t) is in 1ine with the tax

,Qrovisions.

A CES production function, which forms one of the constraints is

specified in general form as

F(O(t), S(t), L), t) = 0 S (3-10)
. ¢
where S(t) 1is the full-time equivalent stock of proved reserves, and L
is the non—réserves‘input in_ the production'fuﬁ%tion; = 11—f‘me

éQU1viE§nt stock of_provédg?eserveé js further writtenjas,

S(t) = m(t) K(t) . 0< t) < 1, n >0 (3-11)
. o q'; y o ‘ '

&
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where m is the market-demand factor and is calculated as a ratio of
the number of days the wells are in operation to the number of days in
a given month. n is the elasticity of the full-time equiva1ent.stock
of reserves with respect to %he market demand factor, m and K(t) is

*

the stock of proved reserves.
Finally, k(t) i.e. the change in proved reserves, is specified as

K(t) = F(I(1),t) - Q(t) | (3-12)
where f(I(t),t) is a function defining gross additions to proved
reserves at time t. In this function, I is defined as expenditures
made on écquiring reserves. In its final estimable form k(t) is a
functign of a relative price variable, quantities of marketed output
of oil and gas, the extent of state market demand prorationing, andba
time variable. }he relative price variable which measures
profitability of finding reserves is a ratio of marginal after-tax net
return to margina? after tax net cost of holding reserves. In
calculating this;Qariable several factors including the eil pricing
policy and the other governmént policies on taxation of oil and gas
are considered.

A1l estimated coefficients of explanatory variables aré highly
'sign1f1cant. and .indicate the effectiveness of several public policies
- in determining investment in reserves. First, the significance of the

re1at1ve price variable implies that the specié1 tax provisions have

rd
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increased the investment in reserves. Second, tlie market demand

prorationing policy forced an increase in the resources output ratio.
.

Third, the oil import quota affects investment positively by v

restricting the quantity of imports. Thus reduced imports lead to a
higher price in the U.S. market and the higher price in turn increases

f

the quantity supplied. o y

In a study using Canadian data, fglington (1975) defines two
markets -for the supply of o0il and gaslv The first is the asset or
reserves market, and the second is the flow or output market. The
prime objective of his work is to identify the componemgs of both the
~demand and supply in.the reserves market, and estimate the’ economic
linkages between the incentive 10 explore for oil and gas and the
rates of wildcat drilling and subsequent ré&erves discovered.

The expeéted reserves equation is defined,as_a prodhct of the
success rate.and average pool size and is therefore a function of
explofatory driljigﬁy inventory of undrilled prospects and average
size of oil poo]s:' fhe optimal exp]&ratory drilling equation is
derived by taking the first derivative of the profit function. The )
optimal drilling variable is then substituted into the expected

reserves equation to give the'theoretical equation for empirical

analysis.

Like Epple,’Eglington derives a demand priée for reserves\Effined

as the average priece that the.producer would pay for undeveloped
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recoverable reserves. The demand price, in this fqrmu]ation, is
influenced by anticipated field opérating costs, development costs,
well productivities, length of production life, royalty rates, income
taxes, cost o% money, delays before initial pruductica, and production
of joint products (Eglington, 1975 p.8). One of the key contributions
of Eglington's thesis is the development of a methodology to divide
exploratory activity into oil intent and gas intent. E&xploratory
activity 1is méasured by new field wildcatting. -His results suggest
that the short-run supply elasticity of new field w11dcatt1ng (defineq
in terms of total number of wells drilled) wiin .y<oect to the
reserves price of oil (not the wellhead price of oil) varies from 0.3
to 0.4. Similarly, the elasticity of wildcat drilling activity with
respect to the reserves price of gas was found to be 0.1. However, he
.

feels that these supply elasticities would vary tremendously as the

resource was depleted and that shifts in the supply curve would occur.

The work of Uhler (1976, 1979) and Foat and MacFadyen (1983) .

differs from all earlier works in that it introduces a play specific

vdiscovery process. A 'Play' is defined as the discovery of

s1gq§f1cant accumulations of oil in a particular geo]og1cal
£:;a?’%on Unhler defines a production function for oil discoveries

which is based on e;ploratory inputs (drilling, land and geophysics),

.,and another variable measyring the effects of éeophysica] information

and depletion of undiscovered reserves (cumulative o011 reserves). The

production function‘for 01l discoveries is specified as,

‘
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Yo = MK F(R0) (3-12)

where YO is the sum of discoveriés over plays, h(X) is an
exploratory input function, and f(RO) is a cumulative reserves
function. Since he was unable to obtain data on some of the play
specific exploratory inputs that variable is aggregated over ail
plays,_but the cumulative reserves variable remains play s&dfic.
The function, f(RO) is of the form »

f(ROfI£ A exp(-b ) - (3-13)

0 ORO

and n(xo) is specified as the fodlowing translog formulatjon:

) = a00~+ ]_Zam In xi + 1/2 21_:§a1jc‘t§)n )(i In )(J
| (3-14)
where X ére the inputs of oil or gas intent ’ar{fg%g; |
5 ‘ , .
With the above model, Uhler predict§ the fu;ure dﬁscoverie; of oil
and gas under two éliernative‘situatjéns: one in which the oil
discoveries and cﬁmulative resérVes aré aggregated across plays (wﬁich ,
he céils the_aggregate model); and the second in which each oil play
is treéfed jndependently via the introduction of a dummy.variable
ica]]ed the disaggregated model). The d1saggrega;ed model, performs
better than the  aggregated hodel; Observed and’bredicteﬁ fihding
costs are derived by dividing the known.exhenditures by actual_and
predicted discoveries. His rgsults indicate substantial increases in

-

%
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of1 finding costs’in;A]he;ta in the '70s, and also a general decline

o over time of the product price ta finding cost.(output/input price)
S

© .

* -

5 fat1o.

k&"

¥

Foat and Macfadyen have conducted s1m11ar play analyses for the

011 discoveries in.Alberta, Seven-oil- bear1ng formatlons or p]ays 1n
. " ’
Alberta arg considered. A common functional form of the reserves

&

equation for all plays 1% assumed Thevre]ationship underlying'their
functiona) form assumes that discovery of 011 poo]s requ1res that A
we]ls be driiled and the petro]eum‘reservo1r penetrated and alsa, that
specific 011 play exhibits d1m1nishlng margnnai returns over t1me

Thus the exploratory variab]es are the number of wells dr1]led into

the format1on and the cumulative penetratlons in negat1ve exponent1a1
. T . : ; . o -~
form The exact functt’nal form is. . u‘,gf : - .
. . PR

L

o = av a0 . a] R VAN Lt
e = o™ pn! G0 um pe

B where Res 1s the oi] reserves found in ye%r } Pent 1s the number

of penetrations 1n year t and Cum Pent i 1% cumuﬂatlve penetrat1ons -

4P
to year t— j; Note that nqmber of penetratqons“ar&,meaSured by number :
e 0 (g

of wele drilled It is anticipated that a Q‘b‘;%nd a2 < 0 The y. o S

g resu]ts suggest that this holds~true for on]y four out of seven plays f L

.9 .




CHAPTER IV:  THE MODEL |

The Tast two chapters provide 1nformation on (1) the regulatory
<// structure under which the Alberta detroleum industry cperates and (2)
x.,_\ : ' ’ .
- the state of the art of modelling in resource econorics. In this
cheptet\ﬁe\attempt to formulate a modeﬂ of o1l and gas supply. The
chepter i$ divided into six sections: the first provides an
introduction to the nature of energy supply modelling;}the second.
~formulates the model; the third specifies the form of the euuations tg
. be estimated in tuis study; the fourth 1ntroduces sbme modificetions
to the estlmat1ng equat1ons, the f1Fth derives policy implications
i artsing from equat1ons to be estlmated and the last section Spec1f1es

’an.ajtenngtive‘exploration sub-model. , ' Q? » 47

1. Energy Supply Modelling

‘The mode1 formulated in the present study is-one of continuous "~

expldration, development, and prdectioni-4Fbl1ﬁw1ng.P%hd§ck (1978),

: Vthe modeY’imw?icit]y assumes that whi]e the "reserves in place“ may be"

LY

. fixed or exhaustib]e, “potent1a1 réserves“ are un11mited, (at least in.

_the short term) .4he reserve base 1s subject to continuous change~ 1%*;’3

e

Y
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is created, maintained or increased through an ongoing process of
exploration, and diminished through production. The process of
reserve discovery and production is carried out in several stages.

The tnitial stage is characterized by reserve discovery and
development with re]ative]y small levels of production. The later
stages may be characterized by intreasing, dec#easing or\staple.
reserves, depending on the amount of exploratory effort and the

| Success obtatned. Although the potenttal reserves are unlimited;
implying  that some reserves may always be generated through
exploration, diminishing returns set in in the, later stages of reserve

d1scover9. Thus 1n the later’phase of exploration more and more

xploratory effort}hay be'regddred to generate a unit of reserves.

- N ‘ .

Erploration 1s‘often‘11kened to the research and deve lopment
activity of a hanufétturing firm. It is an intormationkgenerating
process whereby the information generated e1ther 3ubstant1ates or
. negates the presence of 011 or gas ‘ It involves act1v1t1es directed
N towards f1nd1ng ofl and gas . and cons1sts of geolog1cal or geophysical

studies and 1nterpretat1on and eventual]y exploratory drilling.

"F1rst ]and for exp]oratory purposes is acqu1red through a 11cense or

- other 1nst1tut1%na1 mechan1sms, then geological and geophyswcal tests

/ .
' are performed and 1f these look promising, exp]oratory drilling is.
B done. 73fdff_f5‘_ C _ R . R

If exploratory act1v1t1es 1nd1cate the presence of 011 and gas, -

-'f_f1rms may move 1nto a development phase This stage enta11s the., -




e

e ! a

establishment of productive capacity, additional delineation drilling,
-and 1nsta11at1on of surface fac111t1es for the recovery of crude. In
practice, both exploration and development aim at establishing the
' size of the reserve base. But because explioration involves
wildcatting and occurs in generally unknown areas and reservoirs, the
. risk in exp1oration‘is suﬁttant1é11y greater than that in
deve]opment].' It is assumed that exploration generates estimates of:
probable reserves. Propable reserves according to the Canadian -
Petroleum Assoc1ation (CPA) are defined as "a realist%t assessment- of
the likely size of recoverable reserves, from newly discovered oil or
gas$ fields, based on estimates of the ultimate size of such fte]ds at
that time"z. Deve]opment on the other hand generates proved |
reserves, which are defined as “estlmated quantitiesa of o0il anpd gas,
which theranalysig of geological and engineering data and further
. ) ’ .

-
de]ineatﬁon'drilling 1nd1cates as likely to be recoverable, with

o
reasonablé\\ertainty. from estab]ished oil or gas pools Qr fields
Note that there 1s-ﬂowun1form practice withinrthe 1ndustry to assign
the probable reseryes:to eXploration or proved reserves tQ_;

-r

'-development However, for” the present analys1s, as exp]oration

1n1t1a11y e;tablishes a dﬂscovery, although not . w1th so much

- certainty, we hypothesize that the reserves. generated through
Texp]oration are-most]y probable reserves ' Accordingly, as, development

yiincludes further dr1]l1ng to establ1sh the reserve base’ with greater
‘certainty. 1t 1s hypothesized that development act1v1ty would mostly

',”‘generate proved reserves

70
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Finally, the production phase involves lifting or extracting the
T

¢rude from the reservoir. It includes activities such as pumping,

[ 4

scrubb1n§, gathering for storage, supervision of the area, and often
.subsequent treatment of wells to increase their productivity.

In the present formulation, we model each of these three
activities sequentially. In its simple form, the sequence is as
follows: Exploratory activity first generates probable reserves. The
estimates of probable reserves are turned into proved reserves through
deve]opment activity. Ihe.proved reserves are extrac¥®ed in the

production phase.
1
: S A K3
In line with neoclassical investment theory, we specify a-profit
function wh1ch is max1m1zed over the life of a resource subjegt to
E ’ eertgin constraints. The solution to th1s profit’max1mization problem
y1e1ds a set of équations which define the optimal levels of
Qfﬁk exploration deve]opment and prodaction A]ternative1y, these'three
‘%%% phases cou]d be treated as 1ndependent production decisions. ~FOr .
example exp1oration wou1d involve the product1on of probable
@%serves of 011 and gas, deve]opment wou]d relate to the productlon of<
proved' reserves of 011 and gas, and of course extraction wou1d
‘ zé lt 1n 011 or ‘gas product1on.v Thus. uhere would be-three ST
"v 1nd1vﬂdua] markets for each of these three phases Although the o

i,,erves market concept has ga1ned some support in recent years* N

; 1ngton. 1975 Epp]e 1975), we heré“assume that exploration,

-

3‘veTopment and product}OQ\i:e 1nterdLPende"t decisﬂons and thaf tt

. - . . ', ¥ e,
co “ - . e '
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is therefore more appropriate to model them under a single profit
maximization decision.v Implicitly we assume that there is no
significant]y active market for reserves as Su.ch,-3 and that ann ®
three investment decisions are undertaken by one producer. Note that
this assumption does not p;eclude the possibility of exploration
and/or development activites being performed under contratt. In §ucn"“
a case, the producer still makes decisions regarding the optimal
tevels of investment.

\, X ~ ) . ’ | ‘
2. Derivation of The Mode]s \, S |

-

In what follows we assume that an oil and gas firm maximizes the
present value of after-tax cash flow. We write the'pnofix

maximization problem of the oil and gas firm as

<@

T, -it . C o
- Max PV =S (e [PQ -q.s - Cp-0 - eN.N]) dt (4-1) |

s - <
“

IPV is the 1ntegra1 of the difference between ‘the' revenue term (PQ) and

the three cost terms [C E C D C N] Al1 prices and costs

.

Jare calcu]ated net of roya1t1es, taxes and tax deductions or

-

a]lowances4 P and Q here: are respective]y the compos1te price and SR

E and CD are

ﬁespectively the exp]oratory and deve]opment costs per foot CN 1 |

composite quantity of 011 and gas produced C

sthe operatinq cost per unit of var?able 1nput E and D are‘

S 'res.ectlve1y the tota1 exp]oratory and development feet dr111ed, and N._'; |

nwis the tota] units of variable 1nput ut1lized to extract Q : A]]* _; 1E“;ﬂ

w0
L3



terms 1n the bracket are specified at t although in the current model
for s1mp11c1ty of expression we refrain from the use of t. Finally, i

is the rate of discount and T the time horizon of the firm.

In physical terﬁs exploration can be measured by drilling and or
seismic act1vity and development can be measured by’ drilling. As
seism1c’act1v1ty is sometimes unobservable, especially for individual
fields, we concentrate on drilling activity for'both exploration and
deve]opment.  0rilling can measured by either the number of wells or
by the amount of footage drilled. Previous studies have used both the
number of wells drilled (Erickson & Spann 1971; MacAvoy and Pindyck,
1973) and the footage drilled (Epple, 1975). However, the choice in
most cdses is arbitary. In samples where there is a wide variation in’
the average depth of we}]s'(for example, Alberta),‘a Eeference to -the
number of we]ls;dril]ed‘as a measure of exploration is mﬁsleadtng.
A:For example‘ a well of 2000 metres'entails a higher investment than‘a.
we]] of 500 metres, a]though in both cases the reference is made to a
sing]e we]] Howener, the argument can be reversed to suggest’ %hat
. the tota] amount of fo%tage does not proV1de an 1ndicat1on of the

»

tota1 number of wel]s (unless the average depth of a well in a»

ov

l particu]ar area is. given) _As the production is def1ned over,a well,.
: . 178 : ) : oo ’

“this may Se‘confusing. o et
i R IR .
Similarly, cost can be defined per well or per foot dri]led Most

statistica] agencies (example, CPA) report aggregate 1nvestment

L

Lo

expend1tures and thus they can be a]]ocated eith‘?s?h However the
e . LN T . . T i
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government incentive‘programs (the exploratory drilling incentive and

more recently the development drilling incentive) are structured on

P

the basis of cost per foot. »

The choice of an appropriate production function that will ~

constrain our ﬁaximizétionrproblem is complex. An ideal choice is one
from the family of “f]oxiﬁ1e" production functionss. This new

'vqriety of funttiona] forms is flexible in its property of not
f
constraining the various elasticities of substitution. These

production functions provide a second order local'approximatjon of an

afbitrary twice differentiable production fpnction. A priori, their
- R

'glopal approximation properties are not kntwn, altﬁough these .

properties, such as convexity, can be tested.

-~
’
. ¢

Qf'theso furictiomal forms, fheltrans]og production function has
-recently been widely used. This multi - input,.ﬁulti - output
production function is speéified in terms of logs of a11 the inputs

»'

and outputs. the Togs - of the squares. of 1nputs and outputs and the'_ fﬁg-

v-logs o?'the cross - product terms X~Thus . ;xi P . -
:f,f,f - Q'.g S .w? a g .
- log Z =w,+ aa.log<Y. + 5 B, Tog W, A
'i' ’ R , 0 .‘=] .' T 1 J=] J P J ) :
E X ' 1, g o
- ‘f? §.§ T’J og Y log Yj
/ ooooymm - S
L t5 116, 1og W; log W
~ o2 b R
L . . . L
g ? ; 1 Y ; w L e
¢ + Py °9 °9 . R . ’

. , g
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hY

where Y is output, W is input, and €4 is the pr&duction possibility

-

frontier.

%

Under the restri%tions of groupwise additivity and commoditywise

additivity in the commodities that comprise the group, (Christensep,

Jorgenson and lau, 197377, the above function reduces to the CET-CES

production function.
< &

@ ' 2
Although the translog functions (or similar formu]ations) are the
ideal choice because they are generalized and employ less restrictive

,assumptions, the use of these functions is aften limited by three

basic econometric problems:™ (1) the number of parameters to .be
' o L 2
estimated under these functions is large; for example, for a two

'ontput. two input case, the number of parametérs to be estimated is

fourteen, and with a small sample of data, this-raises econometric-.

problems.. Note the number of parameters can bg”nedugen by cériain“‘
parameteric rggtr1ctions althougn res&rictiVeness of the production
-function 1ncreases and this generalized production £unction may
approximate the Cobb - Doug]as (C D) or Constant E]ast1c1ty of

Substitution (CES) product1on function. (2) the squared and cross

<

75

¢

AN

2

product terms 1ntroduce multico]]inearity?, afd (3) using it as a fﬁ";

~

" _are non linear in their parameters.

~

Due to tﬁesé\gconomgﬁiic-brob{éms.lfhe choice we are left with is

>

.. of a ;ihpien-formf " The simpTésﬁﬂofntnérfunctﬁonézis'a Cobb-Douglas

. - S
. -&._

constra1nt to our profit function generates estimating equgnkons which
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(C-D) function. However C-D is oot appropriate for multiple output.

@

For our purpose we adopt a CET - C-D function. This form was

introduced by Powell and Gruen (1968) and has receﬁtly been used by
tpgle (1975) in modelling petroleum discoveries in the United‘States.
The function is spécified as:

Y] <

" d .4 /d m n
7 U8Qp+ (1 - 8) Ogas} = MK

1

respeCtively, K2

- - .; X .
and N is the 1eve]‘of‘var1able input used in the period. A] is the .

scale parameter, m and n the distribution parameters which define the

and QGaé are the quantities of oil and gas$ product@oﬁ

- D

where .
. Qo1

- 9
is the level of proved reserves of oil and gas

relative_factor’shafesnin the output of o0il . and gas, and d is the
transformation parameter”between‘butputs of oilland'gaglo. The

~ above function implies constant élasiicity‘of transformation along a
production possibility frontier, although unlike the‘C—b function it

i does not impo%e the regtrié%ibn_of unitary elasticity. Empir%pally.
it imp)ies ﬁhat‘for'a~sp@cif1c'data”set. the elasticity-ofg. ' ’
transformation is Constanflfor all levels of outputs. w1§a1n a

Aﬁ‘particQﬂar.geologﬁcal rég1on‘(compr5;éd of fieids or gqolszwith'
'simi]ar ggoiogica1«thafaciéristics), tﬁe ﬁssumption of(cqnﬁtant
elasticity bf transfbrmatidn‘may not be very%restrfctiye;1‘BetWeeﬁ the.’

4 "; varisus‘geo]ogita]!regions, Hé@evér, ih{s e]aSti;jty'of | |

| T tﬁahsfofmétion ﬁight‘véry.'; | _'

- "’ . . \'«.
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for now we denote the left-hand side of equation (4-2) DQ'IO, i.e.,
L]
d - d 1/d ’
Q = (8001] + (]'B)ans) - ‘- /
- s
18" as in 4-2 is the proportion of 00“ in a composite output Q of ~
. .
o1l and gas. Similarly, (1 - 8) defines the share of«Qgas in Q.
RN
The hypothesized time rate of change of the level of proved ! >
s (K.) is ’ ' B :
reserves ( 24) Is 2 ;
' ‘(’P‘ ! ’ ' “ ‘1) A
K,y = flK. D) -0 | .
. , ;
. _ : Y 6 ' v
or K2 AZK] D Q ) (4,3?

N .
where f( ) is the addition to K, which depends on development

cactivity D and the stock of probéble reserves K]: We. assume that

o

the stock of probable reserves is generated xhrough exploratlon 10
this stock (f.ixed capital), development activity (var1ab]e input) is

apﬁ]1ed to generate additions to proved reserves. For simp11c1ty. we

° .

assume that the funttion ?/follows‘a Cobb-Douglas sbecﬁfication.
A - <

In equation (4- 3), Ky s the leVel of probable reServes of oil
; %

'and gas measured in '000 of BTU at the begining of t, D is the total»

..

deve1opment feet-grjlled int, Y and § .are elast1c1ty parameters

" Wwith respect to Ki' |

parameter. Both Y and § may be ‘treated as representing success
: - e L. o

’ .
. ' » K
ST
. ¥ .t .

and D respectively, and ké_is a scale

e

o
B}
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parametefs, with ¥ measuring the success obtained in converting the

- 'probab]e,resegves to proved reserves and 6 measuring the success -

e

1

,

~

obtained in deveﬁopment d[illing,in generating proved reserves.

&+@reafter_p9§h Y and 6 are referred to as success parameters.

-"

S .
4e assume that the -two inputs, prébable reserves and development

activity are to some extent substitutable. For example, if the.stock

of probable reserves is large, then a given amount of additions to

-'pfoved reserves could be generatéd with a small amount ‘of D. However,
° "‘é‘ -
1§.the,stdbk of probable reserves 'is small, then to generate the same

-

amount of Qdd1f10ns f61broved reserves more D will be required. We
choose a C-D specifjcation‘wﬁich implies a‘unitary elasticity of
substitution getween the inputsf We realize that this assumptibq is .
restrictive, bht our choice of an appropriafe functional form is

constrained by a need to keep the mode! to an econometrically feasible

estimation structure.

< ’ .
s
Q . A

© 8 _ Thus equation (4x3) sfates that provéd resngeé‘jhcrease by gross

> c, . . R R L4 / . .
additions, f(K1,xD)'and;decrease'byfthe amount extracted, Q.

{
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The time rate of change of the level of probable reserves 1is

assumed to be given by

K. = AE" o (4-4)
1t 3

-~ -

N
: . . .
where a 1s the elasticity parameter of discovering prohable reserves

with respect to E. Thus (4-4) defines the conversion of exploratory

footage, t, to probable reserves. As in (4-3), < can be;réﬁgrred to
as measuring the success obtained in exploration, g
¢

-
L ' LI

To maximize (4-1) subjéct to (4-2), (4-3) and (4-4) we form the

Lagrangian, i.e.

L= fg(e‘1t (PQ - Cc.E - Cp.D - C\.N)

D
m.n
2 N -

E
+ AN(L) (Q - A1 K

A - _ Ya8 .
+ 2(t) (K2 AZK] p + Q)

+ A3(1) (K| - Asg“)') dt , A' (4-5)

LThe Euler Lagrange equations areeés'follows:

B
. “ '
. oo@ -
. . ¥

.19
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3. Derivation of the Estiﬁatiqg_ﬁgggﬁions:]g

The above equattions, (4-6) through (4-14) -are nine equat1ons'in

nine unknowns Q, £, D, N, K], KZ’ A]. %2. Ay fquations
(4-10) and (411) define the optimal paths for k] and kz. Usting
all these equations we solve for Xy AZ"‘A3 and £, D and Q.
The final solu'cions]2 are given as follows:
: -it, )
_-e a-i)P : :
N FreE | | (4-15)

it : '
- cwe P ' -
X = (513:7) ' e | (4-16)

)1M-WE4M-%§%4%1t

- 5-1 ML P .
*3‘GMMym[ S Ty -a+i ] (4-17)
: /
dé-])CE(bé—a-i(é—l)) , 1/a-1)
E= T8V - T/6- D76 (4-18)
Coap (atp-i) YP o
PSLLYS (a+u;i) 146-D
D= {— ) (4-19)
Lok, (ue™ "P)] |
 ;115 N mmn-D e'*tc~<a+u-1> nin-1 - _ |
R R } ‘ (4-20)
S ' nle " "(a-1)P]
where T - :
_ m-1_1/m- "
Tu= mA'l]/m[g‘_:a] -
‘ N
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We impose the following restrictions on the parﬁmeters:

(1) A] > 0 as the output cannot be negative: i

.

(2) 'd 21 inasmuch as the second order conditions for profit

maximization require that the transformation function be concave.

(3) 0< B 1 according to the standard normalization condition
L) . »
for the CET function]B;
}

(4) ’The standard conditions for non-increasing retu?ns to scale require
that mén < 1, Y+6 < 1, and a< . Tﬁe conditions for marginal
products to be non—ﬁegative requiré that a0, ¥ 20,

620, m>0 and 'n 2 0. lfogether these conditgons imply that 0 <> ¢1

0751, 0 851, 0sgmg1and 0 <n g 1]4.

In the above system of équations, Ay Azand A

pricés. A,‘méasures the opportunity cost of producing the resource no

are the three shadow

R Y : . .
instead of in the future. 17 measures the opportunity cost of convertin

an additional unit of probablevreserves‘to proVed resefyes. It thﬁs
reflects the cost of rep]qtjng a unit of provéd reserves'théf has been
“produced. Finally, Afis the obpbfthn1ty'cost:df generatﬁﬁg an
additiqngl'gpit\éT prbbébIe Eeservés. 'Alternatively. As can also 5e said ‘

e

to measure the present value of the profits faregone.in the future ( Ay

)},or‘the present vajue of cdsts incurred in the futuré'( Xg. A3). Since

f the present Valde-dependS on a whble sefies of future prices and

\
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costs, A],.kz. and A3 also depend upon.future prices a%d costs, bn‘ﬁm,,—~
< : . \

%s ye are concerned with determining the effects Jf varfous variabtles
on exb]oratibn, development and production and heéce wfth estimating the
elasticities of response to various elements of these three activities,
we estimate equations (4-18), ({:19) and (4-20). These three equations
define the relationship between the various éxogehous variables, (for

’

example prices, cost, inierest rates etc.) and exploration, deQe]opm;nt

.and production activity respéc£iv€1y4A\ﬂg£e/fﬁat althou§h an estimable
expression for N is derived, N is not éstimated in lhe present analysis.
Instééd, N is substituted in to (4-12) to obtain an estimable equation

for Q. (The reader is referred to Appendix é). Note that we now break

the composite price of oil and gas (P) into its two components Poﬂ and
P;:s. Taking logarithms on both, sides of these three equations we

. N i .
obtain the equations in estimable form as given below: (for detailed

derivations the reader is referred to @ppendix 8)

For exploration activity the equation becomes

Y

(:f\ - Log E = 3, + a1‘10? CE +a, log [ u - 1log (@ +p -~ 1)]
, - +a, i+ a, log P°1] +ag log Pga§‘
+ag log Cp e (4-21)

F o
\ . A‘< ; K - . . . : ’ B
The signs of the_re:{ess1on coefficients in (4-21) above and in,(4-29), .

. (4-34) and (4-35) below dépend on the values of the parameters such as a, <Y



’ ' Y < .

6§ ,and g, m n, ¢, ¢, and d. Note that ¢ and w.are the share
parameters of P and P in. the composite price P with ¢ 2 0
. - 011 gas .
and ¢ 2 0. The signs of the estimated coefficients are as follows:
1 (8 ) g s Toq80-2) ) | .
3, = STT’[ 5 Tog 6- log o log a- 109 Y] (4 ?2)
' ]
and a, = 57T<'0 . (4523)
— - -
: ‘ .
= 4-24
3, = To1yen) >0 . (4-24)
ray =[E5Y (be-a)1Z0 iffbESe Ka-25)
a = >O A ' (4‘26)

and a5 = Gﬁ&_’]—y>o . o ' (4-27) ,

Lastly,

- .8

'36 ,=m<o ] : - (4—28)
The above are seven equations (4-22 - 4-28) in seven unknowns o, Y,

34

§ , ¢, ¢, aandb, and therefore can be solved to obtain unique

values of these unknown jparameters. //

3

For development activity the equatioﬁ in estimable form becomes:

- logu+ Yog (a +u-~-.1)]).

4 Log D.= po.f b] [log C%»
thplogky by leg Py e
, +b, lgg’Pgas ‘ (4-29)

84

At



" i . N \ . [ 85
The estimated coefficients have the fol]ow?ng signs: b

A 1
.

1f & < 1, thén by = - é%T[1dg §1>0 " (4-30)
b, = 5}T<O — (@-31L
b, = X750 i 4; T (e
b, = é%> 0 - ‘ (4-33)
ana b- = E¥T ' 2 ' ‘,3: ' .f” (4-34)

Again, the above are five equations (4-30 —'4~34)'in.fivevunknowns 9,

Yy '« & o, and . - .l

For production act1v1{y; the equations. jn estimable log form for’

each of oi1 and gas production taken separately become:

»

Log Qp7 = € * €4 [log C~ + log (a +u- 1) - 169((a—1)]

+ c2 log K2 + c3 log Poil + Cq log Pg s

Cs log 0 ‘s Llog 0011 4:log ans]

"+ ¢, log wop - £

) B : - . (a-35)

2

1

Log QGas = d0 + d] [log CN

‘+ d2 ]Qg Kz + d3 ]og P01] f_d4 Iog Pg

S d5 log 001] + d6 [Tog 0011 , log Q

+ 1og (a +U —'1) - 1og'(a—1)]

2
gas]

i . (4-36)



']he estimated coefficients have. the following signs:

) |
\'C0=-B—G‘-_—]—;‘[]OQA+‘]OQHJ>O P

(o)
)

- n
1 = 8(r-1)°

(2}
)

- m
2+ g(n-T1) >0 ¢

o

" And,

A\
\

- ' : , -
dg = [GDIC] [Tog Ay + Tog n]>0 4 | 4

“ n L .

- m , \ e ’
PR () CRED R 4 4 :

. L o np - ; |
,égsvg-nlés 5o }>0 A

n

4= =) (n-17 > °

2 S8y R
d5== T-8 <0 : _\.\ . \'O

i

~Since (4- 37 - 4-43) and (4 -44 - 4- 50) are eacn seven equations in

unknowns 'B, m on, ¢, ¥, d and A1, each of txe two equations is

identifiable.

. o S
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" {4-37)

(4-38)

(4-40)

(a-41)

- (4-39) -

(4-42)

(4-43}

(4-44)

 (4-35)

(4-46)

(4-47)

(4-48)

(4-49)

(4-50)

seven
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Although each of the equations seperate]y y1e1ds unique parameter

yalues 1et us see if the system-as a whole is- 1dent1f1ab]e In order ;?/‘J)

‘do that,we app11 thé order condition and.rank condition to detect

1denttf1cat1on of.thetequatjons. The order condition of identification
is a nece;sary coﬁ@jt}on‘but the rank tonuit1on is both a necessary and
sufficient condition‘of identification. According to the order condition
all equations‘44-21,*4~29, 4-35 and 4—ﬁ6) are over identified.
0ver—1oent1f1cation of theee equations implies that.we will obtain more
than one va]ue of the structura] parameters (m,n,d, @ ,8,Y.6,¢
w ) being est1mated in the model. According to the rank condition

equat1ons (4- 21) and (4 29) are identified and equations (4-3%) and

(4f36) are not 1dent1fied. However, because all four equat1ons satisfy

" 16

. the order condition, the parameters in the model are stil estimable ..

‘Moreouer' withgthe modifications 1ntroduced 1n3the next section of
this chapter equation (4-36) is also 1dent1f1ed Further wrth changgés
1ntroduced in Chapter V. (0 as and Q 1i on the right hand, side of
equations (4-35) and (4 36) are replaced by Q and Q

M

respective1y), equation (4—35) is a]so;identified.f

Because the equations are over- 1d%nt1f1ed we wi]l not obta1n un1que
values of the structura] parameters For example we wou1d obtain four

va]ues of " and v , from four 1nd1v1dual equat1ons and- two values ?f 8,

m, n. o v Y and 5. This prob]em could be solved by est1mat1ng these

,Jfguations simultaneous]y_hﬁth equity restrictions 1mposed on the:.

parameters , For example the va1ue of ¢ obtained from each of the four

/ R . P
/

/ . ~‘ o - ‘V '- R ) E <t 7 - f ) ' h..-"‘

&



~ o .« ' '
F . \

./

-

.equa’cmns should be eﬁué].’ Sj_gilarly, the ~values of m, n, d, a9 vy, §
. . i

.~

B,d obtained from various equations should also be equal‘ Estimating
the model with these equality restrictions would yield unique values of

these parameters for the entire modé].

-

A S

The regression coeff1$ients of the log-linear equétions (4-21), (4-29)
(4-35) and (4-36) yield elasticitiq; with respect to various exogenous
Variables. The elasticities of all variables except u and i, are equal

. /
to their respective regression coefficients. Elasticities of u - the
/

'.1abour productixity, and i - the interest rates. are, howeve#, dérived

, : /
through further calculations involving the regression coefﬁicjents and

/

the values of 1 and i themselves. These e]asficities are calculated as

. 3 gy

-

follows: .

-

log £ _ 1 - (v-_w ) ;
3 Jogp (a-1)(8-1) atp-1i

Q

3 log E _ 1
9 Tog i (a-1)(s-1)

(i ) . 81 (i)
atp-1 (a-1)(bs-a)

élogD - 1 ( u -1) L o .
5 Togu  6&-1 - (a+p-1i) .
BlogD . 1 (i) i
v 9.log i -1 atp-i
: ' . : §
3109 Q, n (_u ) - S - o

3 Jlogp n-1 atp-i

,1ogidr; (i, )' _‘“' .
N

log 1 n-1 .Ka+u7i)'+a-i

ol

*
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tach of the above expressions incorporates the effects of sucEess,
parameters in both exploration and development. ( a and ¢ ); productivity
of the variable input in the production‘phase { ¥), the discount rate (1):;N
and‘the rate of nominal output price inflation (&) and the rate of
nominal input price inflation (by). 'Thus it can be seen that the
elasticities of t, D, and Q activity with respect to uand 1 are .

determined in a complex fashion by the above parameters ang variables (m,

qvivu'avét¢owos)-

4. Modifications o .

An ideal model should take into account the peculiar characteris

of,the industry in question, but often the actual model, jn the,1nteres
 of simplicity and manageability, faiis to incorporate a]f'important ,
- variables. Such is also true of the mode] developed in this thesis. It
is a partial,equilihriunA m1cro nodei and because it is not embedded in a
macro framework it is unabde to effective]y capture 1nter industry and
inter-regional 1nteractions. These 1nteract10ns may affect the
”1nvestment decisions in any particular 1ndystry. For example{ an
1nvestor in the o1l and gas industry wou]d weigh the rate of return in -
the 011 and ‘gas 1ndustry with the rate of return in other 1ndustr1es In '
other words, the 1nvestor is concerned with the rate of return on - |
‘1nvestment in the oil and gas industry versus the opportun1ty cost of

. ‘§
that 1nvestment wh1ch could be measured by the discount rate 1.

Alternatively, he may weigh the opportunities 1n s1m11ar 1ndustr1es but
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in different-regions both domestically and abroad. However, the discoypt

‘rate 1 as measured in this thesis is unable to capture the opportunity

,,//fpest of ipvestment in other regions. Further, some regqulatory or

>

institutional factors unique to the 1ndustry in question cannot be
modelled within a restrictive pFofit maximization framework w{thoat
affecting the ease of estimatien. We thus mo&ify-the model slightly to
1ncorporate"the effect of some relevant but so far omitted variables.
The preaeht section’of}érs an exp]anation for introducing each ef these
hew variables. The period of estimation of the model is 1960~ 1979
(1965 - 1979 for disaggregated data) and therefore only v&rjabJeg of
importance in this period are chosen. ¢ o

- _ , .

First, equation (4—21) (exploratdry footage dri]]ed) s modified to
include an 1ndependent Y;riab]e representing the relative price of oil in
Alberta vis-a-vis the price in the U‘S A. (Another relative\pr1ce

variable comparing the price of oil in Alberta vs the World price is also

. experimented with.f.For calculation of this variable, the reader is

referred to Appendix A).  Given the fact that exp1oratlon and development .-

are essentia]]y 1nvestment decisions, and that the majority of the f1rms

operating in the oil and gas 1ndustry are mu1t1nationals with relative]y

‘unfettered opportunities to 1nvest elsewhere, such a variable might well

figure prominently in an 1nvestment‘19cat1dh decision. Assdming the -

firms operate with budget constra1nts. the firms involveds in expToration

N ahd-deve1opment activities will be concerned with maximiz1ng‘profit§ on

v

p(ospects not only 1n A]berta but also ifn other regions or countr1es

Given the geology of alternative 1ocat10ns. the: relat1ve rate of

P
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prj;ggctive\}afger—tax)_return on simiflar projects in other countnies ™~

£

A

~—

could aftect activity levels in Alberta N Thus we argue that the higher
: N\
the prospective rate of return in Alberta vis-a-vis other world

locations, the ﬁigher the footage likely to be drilled in Alberta. The

‘fost appropriate variable to measure this effect would be an after-tax

rate of return on investment activities in Alberta vis-a-vis a simflarly
defined after-tax ra}e of return on 1ndu§try 1nvestmen{ elsewhere. But
the tax structure is very complex and an éccurate measurement of taxes
requires detailed study of tax systems in other countries. This,

howevef, is outsidé the scope of the present study. We thus take the

'wgllhead price of o0il in Alberta relative.to the wellhead price of oil in

the U.S. (RP ) as our proxy variable.

01] u.s.

Equation (4-29) (development footage drilled) is modified to

1ncorpoQate the variab]e‘%P as above, and also a variable

0il U.S.
reflecting the influence of market demand prorationing (MDP)]7. The

arguments for intr03UC1"9 Rpoil u.s.

are similar t§ those advanced -
above. We assume that an oil and gas firm faceS liquidity constraints
not just at the exploration phase, but also in thgwdeyelopment phase. 1In

this phase, the exploratory expenditures have been made, but the firm
‘ g

still faces a choice of whether or not to continue investjng. One of the

If the

factors that may affect the firm's decision is RP . |
: - ofl UnS‘ﬂ -

relative price of oil in Alberta is higher than that fn\;he U.S. the firm

may atce]erate development and ultimatély product1on.u However, if the
) h _

relative price is.lower in 41berté;;then the firms may restrict

development investment.

Tt ;o 91
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‘productive capacity in AJber
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_ MDP is a constraint imposed bﬁ}the government to ensure a prorated

share of the current market de_domestic 011 to all producing
: [ 3

wel]sla. This variab]e,'1nsofar as it reﬁtricts the amount

operators can produce from each well, could act as a disincentive to

building or replacing reserve inven;ory, and perhaps especially the

4nventory of proven reserves. However, the negative impact of MDP on

" development activity is subject to the effects of the well-spacing

regulations in the Province. To elaborate, when the MOP quota is
binding, then in region§ where'there is little activity, and room for
further drilling (given fhe well spacing regulations), the firms may
tend~to drill more -wells to achie?e a larger share of the market.

3

That MDP m#y have lead to excessive drilling dufing the initial phases
of devglopment’of pools is also illustrated by AERCB (1983) (more
detai]s are provided in Chapter V). Thus the negative.effect of MDP
wouid be reduced. 1In regions where activity has been concentrated
heavily in the past, the MDP would continue to generéte a negative

effect. Thus the older (or mature) regionS‘%q,the province are

heavily penalized by MDP both directly by cutting ddwn the output that

the firms can actually prpduce, and indirectly, through reductions-in

allocated quota resulting firom incréased,dr{l11ng in newer areas. -

. 3
We take g;ces$‘capat1 y for ofl, i.e. a ratio of maximum

‘to dctual production, as the relevant
}.

'broxy variable‘for MDP. Both the productive capacity and actual
production are measuﬁed in cubic metres pek yeér. Given other

variables, we postulJte that the highér the excess capacity in the

i

)] ’ e
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previous year, the lower will be the development footage drilled this

93

year.

Finally, equation (4—35),(001]) is modified to incorporate MDP.
It is postu}ated that the more restrictive the effect of market demand
prorationing or level of excess capacity per producing well, the lower
would be the production. Although MDP imposes a more direct
constraint on production (than development), so ﬁuch so"that if
binding output may be exogenous, im cases wﬁere?the optimal production
level (imposed through the production constraint)’is less than the

: : «

market allowable quota, MDP may not be a binding constraint. As MDP
is measured by lagged excess capacity.’we'hypothesize that the
restrictive trends as evident in the prgvious year would conf;nue, and
these would generate a negative impact on qua%'s*product1on levels.
Note that because the hroxy for MDP;is'é lagged variable, the

oqelfb—one correspondence that may be evident in tﬁk case of MDP being

a binding constraiﬁ@ is eliminated.- We do not modify equation (4-36):

~ -

Since the equations (4-21).'(4—29), (4-35) and (4-36) are
loégjiﬁear, we aﬁsume'that the new variables also enter the equations
in legarithmic form. This form has an advantage of yielding the
elasticities dirett1y f;bm thé regrgssioh.édeff1;1ent§. -Thus, the

modified equations are given as fallows:
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5. Policy Instrument

]og CE +

"t aéi +a,

<, [log C

[]og v -log (a +u- 1)]

log P ' .

log P + a gas

0l 5

log (i) + a, log RP

1 oil U.S.

(4-51)

]ogACD - Togu + log (a + u- )]

log K] + b3

Tog pg + b5

log RP:

log Poi] u.s.

log MDP
oil U.S.
(4-52)
+ log (a + -~ i) - log (a-1)]
1og P 0i | + 4 log Pgas
2
]

log K + <

log ans Ce [ log Uiy - log Q

gas
log MDP

(4-53)

7

s and Implications

-

~ The instruments of publig pol1cy dealt thh in this study are the

prices of both oil ang -gas,
' corporate 1ncome tax,

”1011 and gas 1ndﬁstry

qt

'framework=d1rectly,

- net prfﬁes or’ effect1

.'prices and effective

market demand prorationing, roya]ties.,

and the var1ous tax concessions available to the

'

Harket demand prgrat1on1ng enters the above.

-while the otner tax parameters enter through the

ve costs The exact yormulation of the netback

cost ut1T?zed in th1S study 1s as fol]ows
U S P . .

94
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Poir = [V = RoIWP e = Ton
P .= [1-RIW _ -T
gas g gas gas
CE = [1 - A YL) - T(DE)]'ACE
‘. ! \
CD = [1 - T( YD) - 1(DbE)) ACD
Cy = [0 - T -RA)] AC,

In the above equations,
wéoi] is the wellhead per barrel price of oil
wpgas is the wellhead per Mcf price of ?as |
ACE is the actual per foot cost of expioration
ACD is the actual per foot cost of development
ACN is the actual operatding cost per '000 BTU of oil and gas
Rélis an average b4 rate of royalty on per. barrel wellhead
price of 011 :
Rﬁ is an)average'§ rate of royalty on per Mcf.wellhead pr1ce of'gas
T {s the corporate 1ncome tax rate per $ of dincome
' %E is the % expimration expenditure writeoff rate ;n.cost per foot
YD is the % development expenditure writeoff rate on cost per foot
DE 1s  the ¥ earned deplet]on allowance on cost per foot . of
| exp]orat1on and deve]opment " S
RA ¥s the reso"rce:a]lowancerrate'on $ of resource'profjt.
Toi7 and T;‘ aré the provincial‘and municipal taxes
' excludlng the corporate 1ncome tax, paid by’the 011 and gas
1ndqstry, per barre] and per Mcf produced

'.,_'~

"To Caicn1ate T 1] and Tg S,.,we first calculate the average tax

pa1d per m3 of oil or gas ‘Then for oil, we convert it to tax paid

‘e I
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per barrel and for gas we convert it to tax paid per '00 Mcf (one

hundred thousand cubic feet). ‘As can be seen from the equations in

the begining of this section, P and Pgés are the netback prices

0i1l
of 011 and of gas, (i.e. net of royalties on oil and gas and taxes

other thén income tax) and CE; CD

effective cost of exploration and development, and C~ the effective

are respectively the per.foot

operating cost per '000 BTU of o011 and gas.
4 N

Note that the above accounting relationships app]y‘to firms that
have a taxable income. If a firm has no taxable ‘income it cannot make
use of the depletion allowance or the exp]oratory and development
writeoff allowances. However, the firms can carry forward any

.available writeoffs against future profits.-:

To derive pb}icy jmplications from our behavioral model (4-51,
4-52, 4-53, 4-36), let us first look at the elasticities of

1ndepe?dent variables (Poil' Pgas' CE' CD',CN) with respect .

to the policy parameters (RO, R., DE, RA, ,YD; YE). From the

G'
above equations, the elasticity of Poi] with respect to RO-

Unpoyy, po) €Quals,

poil, Ro = ~(WPaj1 X RD)
' 0il

Thus a change of s% inAR0 will léad to a changeLof

(.S X 0) in P By similar logic, a change 6f.r% in - .

X Tpoi1, R oll”
.Rg will lead to a change of (.r x nPgaé, Rg) in PSaS '

Ml



97

tlasticities of yarious costs with respect to changes in different
policy paramefers are as follows:
nCE, bE =~ Tx Dt x ACL o
C
3
co, pE = Tx DE x ACD :
. ’CD
nCN, RA =" T.ﬁ.Ble.éEN ’
—_ cN
g, ve T T TIWpX AG
C
E A7
Nep, Y = - TxY_x AC
C
i}
Given the above elasticities, the effect of change in any one or
more of tﬁe policy parameters on various activities (&, D, 001].'-
ogas) can easily be demonstrated. These are d1$cus§ed briefly in.
the following.
Lgl_Induggg*Effects of Changes in Po]icy,lnstrqpénts on ‘Exploratory
Activity: Equation (4-51) 1s as follows:
» Log‘t'f ao + a1log CE + %2 [[og v - log (8 +u- 1?]
* a31 ta, log Pd1l * ?5 tog Pgas 1:)
+ag log (i) +a; 1og RP 4y 5~ | N S



a, through a_ are the various elasticities of exploratory activity.

1 1

The effect of change in R0 on exploratory activity can simply be

;qﬁven as ,

)

0 will lead to a chapge of (.s x nE' RO

in exploratory activity. . Similarly, the effect of change in DE on

and a change of s% in R

%

exploratory act1vjty will equal

"o T H % "ce,oe T % % nco, o0

and a s% change in DE wi-ll 1ead‘to (.s x } change in

| e, DE
exploratory activity.

{b) Induced tffects of Changes in_Policy Instruments on Development

Activity: Similar effects of the various public parameters on .

. - . ) o 3
development activity can be analyzed as follows:

logD=b +b, [logC. -logh + log (a + 1 - 1)]
' y 0 1 D ) o

"+ b, Tog K

5 + b4,1og P

* by log Poyyus.

log MDP + bs‘log.RP

1 gas

. DS

oil U.S.
- (4-52)

98



99

4

As for explioration, the effect of change in R0

activity can be giVen as -

on"de&elopment

"o, R0 - ®3 % Tpeil, RO Cr

apd a change in DE as -

5 T

‘Mg, pe T P2 X Mo, oe

(c) Induced Effects of Changes in Policy Lg§§£gmgﬁis on

! o
Production: . B
L
/ o ) ‘
. Log 9011 jﬁco + c] [log CN + log (a +{:— i) - log (a-1)]
,/ + c2 log K2.+ c3 log,Poii + c4 log Pgas ,
o+ ¢y 10g Qg o + cg [109 Qpyy = Tog Qu, (]
' / + ¢, log MDP ' -
/ ; | (8-53)
Log Qgés =g + c] {1og CN + log (a +u-~1) f_iég (a-1)]
//  +cy log Ky +cylog Poy e, log P
/] "+ cg 109 Qgyp + cg (109 Qg - log Ogas]”
/o | | (4-36)
‘Thé eféect of chahge in R0 on production of-0117can‘be g1vghbas w

“

"Qoit, RO T €3 % "poil, Ro.

and a change in RA as

. :1’)
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Tgoil, RA ~ S1 % "cN, Ra”

\

Similarly, the effect of change in R

5 on production of gas can be . \

calculated as f

TQgas, RG B d3 X nPoﬂ, RG -

and a change in RA as .

Nqgas, RA - 91 % ncn, Ra

elatiye Effects of Policy Parameters on Exploration, Development and~™

I

©

|

As a matter of further interest, let us consider the effect of a
change in the same policy parameter on changes in three activities. -

This will depend upon the relative elasticities of E, D, Qoi]’ and

ans with respect to the independent variable in yhiqh the policy ~

parameter enters (see equations 4-22 - 4-28, 4-30 - 4-34, 4-37 - A-so
“at the beginﬁmgg of this section).

Comparing the elasticities of E, D, and Qo1| with respect to
Ro.,we can see that ‘

“she

g, RO > "D, RO > "Qoil, RO

™~

roduction. - ; - o

\ - an
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iff <« >0, and § < [T+ 8(n - 1)/n]

If these two conditions are ﬁet, a chang: in R, will effect ,

0
exploratory activity the most. Production will Have the least effect.

Simtlarly, the effect of a change in DE on exploration will be

lafggr than the effect of 4 similar change on development ' i.e.,

g » )
"E, DE > "D, DE - S

1ff—a‘n > (6-1) n

ch ce’

' Congidering the‘naturé of the indusfry,'such relative élast1c1t1es afe
hardly surpkis1ng.. As noted .above, exploration is tﬁe riskiest of all
phases of the petro]eum 1ndu§try; and involves large %?tlays.
Therefore, the firms arevqﬁite sensitive to ;haﬁges in priCES‘OF

'costs. Once in development phase, the firms are sensitive to‘p}ices
and éosts but to a.1esser degree, as large investments have already

been made in the first phase and this will restrict their sensitivity |

to changes in prites or costs. Finally, in the production phgse;?hhere

K marginalvéosts'are small in comparison with large sunk costs, the firms

are relatively insensitive to‘changes in prices and costs.
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6. Alternative Exploration Sub-Model

The model outlined above 1s derived as a problem in profit
maximization taken across all activity phases of the industry. It is
restr1ct1v; in that only such variaples that fit into a profit
ma*1m1zation framework are incorporated. In this section, we formulate

"an alternative sub-model of investment, wﬁich emphas%zes exploration as
the key e]e;ent of the 61] and'gés industry. Implicitly, it assumes
that the decision-making takes place in the firsi phase where the
investors weigh the economic incentives, geological characteristics,
and the institutional structure of the oil and gas industry. This
sub—moﬁe] theé assumes that the prime cdncern of the investors is to
’generate reserves through exploration. 0nce exploratory outlays have
'beeh made in the-oil and gas 1nghstry, development and production

follow.

The structure of this model is simplistic. It is an Q§En model 1in
thét it is ﬁot constrained by a pfdfit maximization TramerEk. " Three
equations based on a'gr1o}i understanding of the industry are ’
specified. As is evident from the review Settion, these types ofA
models have been quite popular in energy economics. The obvious reason
1s,tha§%tﬁe complexity of the fesourée TndJ;tFy makes it difficult to
mode thelvsrious activitiés in a realistic manner. Being an ég_ngg
spec1f1éat10n (see Chapter‘III; section 2.a), the model 1in this seciion

resembles some of the earlier work done in this area (Fishe? 1964,

Erickson and Spann 1971, MacAvoy and Pindyck 1973).



The first cohponent of this three equation modél explains the
extent of exploratory activity in tefms of the price of oit ?n Alberta
relative to that in the U.S., the expécfed profitability in the oil and
gas industry, the rate of return in a]ternativeyindustries, the level
of retained earnings in the q11 and gas industry, and the number of:r
acres held (both newly acquired and old) under the various regulato];'"?r;i}.g}tf
arrangements. In the second equation, the expected profit&ﬁ?]ity in
the o0il and gas industry is further defined by an expected SUCCess
ratio, the expected wellhead price of oil, the éxpecfed wellhead price
of gas and'the expected cost per ;bot of exploration and develobment.
We assume that expetfétions are fqrmgqﬁ?n the basis of past |
experiences. Specifica]}y,pexpectg 0;5 aré assumed to equal thed

weighted average of past experiences where higher weights are assigned

to more recent experiences.

-

N 'éﬁ;hat:as oppbsgd to the previous model, prices-and costs do not
diré%tly affect exploratory activity; rather, the effect is indirect -
through expectations of profitability. Eipected'rather ;haﬁ,actual

netback prices are hypothesized to affect the decision-making process.

The third equatior in this model explains the success ratio in

103

exploration as a,functidn of the "level of undiscovered reserves. The .

undiscovered reserves are defined as that poftion of the resource which

"4s inferred to exist on the basis of general geological interpretat?on.
but not yet discovered and classified as either probable or proved

reserves.
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The model is thus written as

e
Log £ = e0 + e] Tog RPO1] u.s. + e2 log ExP
+ e, log Rpa]t te, log REt-]
+eg log L (4,54)
e A !
Log ExP = fo + f] log SUE + f2 log ?01]
A ~
+ f3 log qus + f4 log CE+D | (4-55)-
Log SUg = g4 * g, log UDR (4-56)

where ExP is the expected profitability of producing oil and gas;

Rpa]t js the relative rate of return in a]térnative

1ndu§tr1es;

-

RE, _, is the absolute level of retained earnings

in the o1l and gas industry in the_previous year;

- L 1s the total number of acres held uhder the various

regulatory provisions.

13

PaS
SUE is the expected success ratio in exploration.

~

oil

"P"S is the expected wellhead price of gas per Mcf

ga

CE'; p 1s the expected cost per foot"of'exploratory

and development driiling.

P is the per barrel exngted wellhead price of oil

and UDR is the level of undiscovered reserves.
ap .

’

The first of the variables in equation (4-54) is the same as«that ,
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used in equafion {(4-51) 1in the previous section. It measures tﬁb/
relative attractiveness of the investment of the expected price regime
in Alberta vis-a-vis other regions (U.S.). As the mobility of cap1ial
is high between Canada and U.g., and as the firms 1nvo{ved are mainly
mqltinatibnals, they have a chgicg of investing in Alberta or

elsewhere. Their choice to some extent depends upon the relative
aftér—tax rate of return in various regions. As exp]ained in the
brev1ou§ section, 1n>the absence of accurate measures of taxes in
other regions, we use the wellhead price of oil in Alberta relative to
that in U.S. as a proxy variable for the relative attractiveness of
the Alberta oil and gas industry. We hypothesize that the higher the
wellhead price of oil in A]berta relative to U.S., the higher will be

the exploratory activity.

The second of the variables in equation (4-53) is used as a
measure of the expected profitability in the oil and gas jndustry.
Bonus bids paid per acre in a given geological region in any given
time period are taken to be a proxy for expected brofitab111ty and it
is these annual payments which afe used to define EXP. Wwhile making a
bid, the investor is concerned primarily with two factors - first, the
discovery prospects on thaf tract Qﬁjc?:ﬁqngbe represented by an
expected success ratio measured in iéFﬁgﬁof the ratio of §uccessfu1 to
tbta1 wells An that tract. Second, the financial return that thé§ can
achieve on the output from tha£ tractﬂ- this is influenced by fhe

expectations of future prices and costs.
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o ) .
As menticned at the beginning ‘of this section, capital is mobile

between-regions as well as between industries, and therefore the
investor is faced not only with a choice of regions in which to
jnvest, but also a choice of industries. We hypothesize that when
considering an investment {n\th 011 ahd gas industry, the investor
compares the rate of return in alternative industries. We thus take
an average return in seven industry groups which include total mining,
primary meta]s. metal fa5r1cation, non-metallic mineral pfoducts,

petroleum and coal products, Cﬁem1ca] products and public utilities.

Even 1f there is a higher expeéted,profitabil?ty and higher
ré]at1ve rate of return in the Alberta o1l and gas industry vis-a-vis
other regions and other industries, industry activity may nevertheless
be constrained by the amount of capital avéi]ab]e and by the amount of
land available for acquisition. Of these two consiraints, the first
s a 11qu1d1t§ constraint - the extent of 11qu1d assets available for
investment. Althouéh it is recognized that debts do form an important
part of the capital structure, wk take the retained earnings génerated
each year in thevdi1 and gas industry as a proxy fof available
capital. Impiicitly we assume that because exploration is risky, debt
availability is restricted. Evidenée from the pétro]eum industry in ‘
the last few years supports our assumption. The proportion of
investment fgnded by debt in this industry is much lower than that in
other industries. 1In 1981, 1982 and 1983,\the jndustky funded 39%,

9respect1ve1y'of its 1gvestmént'from long term debt.

—

38%, and 37% !

For all industries considered togetﬁer, the ratio of debt-financed
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investment for these years was 495%, 46% and 46% 20 respectively.

For utilities, this ratio is much higher - for 1981, 1982‘and 1983, it
remained constant at 64%. In previous years, evidence suggests that
the ratio of debt-financed investment was even lower. For example, in

b 21
1974 this ratio was 16.6% .

Retained earnings are measured by the undistributed after-tax
profits in the 01l and gas industry. We hypotﬁesize a lagged
relationship - the higher the level of the earnings retained in the
last year, the greater tﬁe amount of capital available and hence a
higher level of 1nvest$ent spending and activity.

&

The second constraint 1imits activity to the amount of land held
by the industry. As discussed in Chapter II, altﬁough the government
owns the resource in the province, it relies on the private sector for
the development and production of the resource. The private sector
obtains a claim on the resource through a system of leases and
licences which confer a right to drill as well as to produce. The
Jease and licences are offered by the government for bids by the
private sector. The number of wells that a firm can drill is
constrained by the amount of leased land that is held under the
various regulatory provisions. We hypothesize that the larger the
number of acres held (under»varibus leases and licenses) by the firms,

: ~
thg higher the activity. Note that once the firms aﬁeuire a
particular piece of iand; ;hey are forced to drill within a specific

time 1imit .or else the1r.1ease/11cence is subject to cancellation.
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The number. of acres heId under various leases and licenses is not

‘2

“The decision to acquire 1‘nd
’ - %
‘nddcates an 1ntent10n to dr111 Thus both E and L are governed D%

51m11ar forces such. as “the expected pr0F1tab1]1ty and the pr1ce of oil
N4

in Albert{ relative to U S. Since a separate eqpation for L is not

spec1f1ed*although it 15 an endogenous var%ab]e there ex1sts some';.
i

simu]taneity b1as 1n the mode] Th1s 1s e11m1nated by estimating the ,

b
< 'g‘ -
O N N

model through 3SLS T ey

° o<
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As mentioned above expected prof1tab111ty is. 1nf1uenced by three
::¢factors« the d1SCovery prospeqts (how much is ]1kefy to be found and\

':broductble from a given tnvestment) the pr1ce at un1ch the output can

» Lo ‘x

- pe son,and the.nntt cost at which’ it can “be prqduced ‘ Thus in

e 4

8

tndependent variables are the expected exp1otatory success ratio

,\

'(SU ). the expected netback price of 0il (P ;?), g@ xpected

netback pr1ce of gas (P ). and the expecteﬁtunt cost of

'exploratory and development footage dtilled (C Each of these

_.D
four variab]es is ca]culated as a we1ghted average of the three most

'recent annual values. Whtle current values may be an accurate

reflection of producer s expectations of the variables in question we

;hypothesize that it is more 11ke1y that the expectations are ba&ed on

the observeq pattern of vaIUes over several years (Note while 1n

e"

_expectations formation may be true ~1in the period between ]974 - h979

e -
‘lf“‘ N
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t‘equation (4 ssy, whtch purports to exp?ain expected profttab1]1ty, the,

LI

vﬁinhen the pr1ces esca]ated dramatica]ly, it may not be a va]id f;?‘.;f”h,

»much of the period .under observation this assumption regarding the g

LY cl EUET

3.



a;éumption.) As prices and tﬁe»success ratio affect revenue and hence
brofitabi]ity, w;'assume that thé higher the netback price of both oil
and, gas, and the ratio of success, the higher the expected
p?ofitabi]ity, assuming no other_change. Thus f] >0, f2 > 0 and

f3 > 0. Costs are assumed to have a negative affect on
profitability, implying that theﬂhigher the unit cost of exploration
and development, the lower thg expected profitability. -Thus f4 <
Olb Note the dnclusion of development costs. We assuhe that
exb]oration phase by itself is not sufficiént for the production of
resource. The resource has to be developed and thus requires
significant outlays. Thus the firm in the exploration phase is not

Qn]y sensitive to costs in that phase, but anticipated costs of

developing the resource.

I@e«dﬁbve equation is simplistic - and the use of aggregated unit
bonus bids to depict expected profitability has. not been used in
previoﬁg»studies. However, historical trends of bonus bidding

"’tndita%éftﬁét'EUCh bids do'?espond to changes in price, and are

RN T

’”g“sensit1ve to expectatxons of success in terms of reserve discoveries.

B

rdvides historica] information on bonus bids for

A%ppend‘i % A -

'dgtaks&ggestg that bids per acre 1ncrease with prices.

R A W7 3

&,
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F4inally, equation (4-56) explains the success ratio in any time
period t by the level of undiscovered reserves (UDR). The UDR is
defined as that portion‘of the resource which is inferred to exist but
not yet discovered as either probable or proved reserves. It is a
given potential which is said to exist and is independent of the effect
of prices and costs. UDR is calculated on the basis of such geolagical
information as area of closure and reservoir thickness. (The reader is
referreé to Appendfx A for more details.) Thus, it varies from
established reserves or economic reserves which are related to price
and costs. For example, in a given region we may assume.on the basis
of avai]ab]eﬁinformation that X million cubic metres of oil reserves
are located. Now at some given prices10% of this ultimate potential
may be economic. if the prices increase, 20% may be economic.

However, irrespective of the level of prices, the ultimate poten£1a1 is

constant.

It is hypothesized that tﬁe UDR could have a negative or positive
effect on};he'success ratio depending on tBe phase of exploration. In
. the initial phase, firms do not/have a great deal of information. with
further drilling they acquire moré knowledgé about the geological |
composition and gradually may teﬁd to drill in areas which produce a
reTative]y higher §uccess”ratio. Thus the success ratio méy increase
in the'{nitia] phase. As Uaﬁ decreases, in the initial phase g1'< 0.
‘As the tract matures,lgood prospécts are'exhausted and the success
" ratio declines 1ndi£atipg a depletion effect. In this phase of

exploration"gi > 0 i.e. with decreases in UDR the success ratio also
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‘The discussion to this point has attempted formula}1ons of a supply
model for oi}] and gas, and a variant of that model. \The models are
estimated for various samples obtained from the Alberta oil and gas
industry. The exact procedure of estimation and the results %o

obtained are illustrated in the following chapter.

Footnotes:

A
1. Although there are a number of common risks such as political
risks, general economic risk, and risks about future oil and gas
prices, which have to be borne throughout the exploration and
_development phase, we here refer to the risks of (a) drilling a dry
hole, and (b) a small size of discovery per well. Risk of such kind
are not uniform for exploration and development. For example, because
exploratory drilling is generally concentrated in newer areas with
little knowledge about the geology, location or the size of the
resource,. the risk of drilling a dry hole or discovering small reserves
per well is substantially higher in the exploratory phase. But as the
field is developed, drilling is concentrated in better known areas,
generating a higher success ratio - both in terms of wet wells
discovered and larger size of discovery.

2. See Canadian Petroleum Association, Statistical Handbook, 1976.

3. The production leases in this industry are more often held by the
larger firms. They can either do the exploration themselves or .let the
smaller firms do the exploratory dri1ling for the lessee. In such a
case these firms. meet the exploratory costs in exchange for an interest
in any later production of oil and gas.

4. For simplicity of exposition, we leave the introduction of
royalties, taxes and various writeoff rates until the estimating
equations have been derived. Also the per-foot cost of exploration
used here is prior to the payment of cash bonuses and rentals paid by
: the operators

5. The presgnt thesis does not concern 1tse1f with fhe question of
directionality. Thus in the exploration and.development phase, we do
not distinguish between exploration for oil from that of gas, and
development for oil from that of gas. It is only in the production
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phase that the two products are seperated.

6. For example the Generalized Leontief (Diewert, 1971, 19?@) the
Translog (Christensen, Jorgenson and Lau, 19]3). the Quadratic (Lau,
1972) and the Generalized Cobb-Douglas (Diewert, 1973).

7. Let Z(Y, W) = 0 be a production possibility frontier, where Y is

the index of aggregate output and W is the index of aggregate input. )
Group-wise additivity of the production possibility frontier in the two )

N

groups consisting of outputs and inputs implies that the production \
possibility frontier can be represented by \
Z(Y) = X(W)

The above group-wise additive production function is said to be
commodity-wise additive if Z(Y) = X(W) can be represented by

(Z(Y7) + 2(Y2)] = [X(Wy) + X(W2)]

where Y; and Y, are the two commodities in the output group and
Wi and Wy the two commodities in the input group.

A Constant Elasticity of Transformatidn - Constant Elasticity of
Substitution (CET-CES) frontier of the form,

[ B1Y1 + (1 - By)Y2 ] = Al BoWy + (1 - B o)Wyl ,
is group-wise additive in two mutually exclusive and exhaustive
commodity groups, and each group is commodity-wise additive in the two
commodities that comprise the groups. The CET-CES function restricts
the substitution parameters to two. For (Translog frontier) under
homogeneity, symmetry and normaiizatfon restrictions, there are five
substitution parameters. If group-wise additivity in inputs and
outputs is imposed, then the translog frontier would also have two
substitution parameters. (For further discussion of Translog
production functions, the reader is referred to Chr1stenson Jorgenson

and Lau (7973))

8. There is strong- ‘evidence of multicollinearity in these flexible
‘functions. The. attempt to deal with this is at the cost .of biased
est1mates, or an ad hoc parameter se]ection process (Vinod 1976 ).

9. R\though 0il and gas can be both measured in terms of “cubic feet
(cf) or tubic metres (m3),. the BTU content of a unit of oil (cf or
m3 ) is different from that of gas. Therefore, when adding the
reserves of oil and gas or der1v1ng a composite output (0), we convert
them to a common base in BTU terms. It is assumed that,

o cf‘of’gas = 1000 BTU of Energy
1 cf of 011 = 1000,000 BTU of Energy
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This conversion factor is widely used in the industry by geoleg1sts and
engineers.

Another way of aggregating the reserves of oil and gas &s on t&e
basis of their value added. But since in much of the period under
consideration, the price of gas was artificially kept below the oil
price, the true relative value og gas reserves could not have been
obtained.

. Perhaps a better way would be to incorporate the reserves of o1l

and gas as seperate variables in the model. (For example see Epple
(1975) 1in which reserves of oil and of gas are treated as multiple
outputs of the exploration process). But this would complicate the
functional form of the equations currently derived in the model and
make estimation difficult.

10. d determines the elasticity of transformation between the
production of o1l and.gas, (i.e. transformation between the two
products only at the production stage) o = 1 which measures the %

a‘I .
change in the ratio of output of oil and gas when the level of inputs
is held constant.

11. The exact solution is given in Appendix B. "

12. The given solution is based on the assumption that the constant of
integration in the integral for )y is zero. This assumption is
important, for in order to arrive at a solution for £ we have to solve
for g3, and the only way to solve for >3 is to assume that the
constant of integration, g = 0. .

Appendix B gives the exact solution. First Ay, X, D and Q
are soived making no assumption about g. The values of A2 and D are
then substituted to get an 1ntegra1 for 13, which is of the
following form -

[C]eit + CzeUt]C3dt

Note, that the solution of this integral is difficult and one way to
solve it is to assume -that g = 0. Although D and Q can be solved
without making this assumption, to be consistent we assume it
throughout the model. However, in the next chapter we do test for the
empirical implications of this assumption. - -

13. See Powell and Gruen (1968). PR Kol

Q

4. These cond1fions are assumed on the.basis of standard economic .
theory. qu details, see Henderson and Quandt (1958).

15. The Composite Price of oi1 and gas P can be further.broken dowh_
into separate prices. We assume that P = Po1]¢P as ¥ where ¢ and
- are the respective we1ghts of the prices of 011 and gas



16. See Madalla (1977) p 225.

t

17. MDP could be introduced endogenously in the model through the
production function. (See Cox and Wright, 1976). However, such a
formulation would generate non-linear equations which are difficult to
estimate given high collinearity in our sample data.

18. As MDP restricts supply, under some circumstances it could be used
as a tool for a price stabilization policy.

19. Statistics Canada, Corporation Financial Statistics, 61-207, 1981,
1983, Table 2a. o ’

20. Quirin and Kq]ymon (19717) .,
21. The relationship captured by equation 1(c) can be compared with
that shown by Uhler. Uhler (1976) indicates how the discovery rate

could initially increase with the cumulative exploration effort and
then decline. We may thus have a relationship as shown below:

Figure 4-1

The Rate of Discovery Function. (a)
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" As this f1gure 1nd1cates 1n1t1a11y with “increases in tumulative effort

- the discovery rate increases due to the predominance of the geological

. 1nformation\effect. (The discovery rate is measured as barrels of oil
discovered per exploratory well drilled). But as the cumulative effort
"increases beyond K, the depletion effect dominates and the discovery

X rate declines

In our. formulation -UDR is rep]aced by cumulative number of we]]s
drilled (CWXT). UDR is fixed at the beginning of a discovery at 0S.

- In the earlier stages of a discovery, we assuine that the success ratio o

increases.  In the later stages as depletion sets in the sucess ratio



? . ' 115

~declines. But as more and more is discovered, UDR also declines. Thus
while UDR declines all through the discovery and development of the
resource, the success ratio first increases and then decreases giving
rise to a relationship as illustrated in tigure 4-2. In this figure,
success ratio (SUg) is measured on the vertical axis and UDR on the
horizontal axis. The curve indicates that as UDR declines, SUp first
increases until K is reached and then declines.

“Fiqure 4-2

The Rate of Discovery Function (b)
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Although, theoretically the above curve is fixed for a particular
reservoir, empirically this UDR curve may change. This would occur
primarily if-the UDR estimates change due to better information available
on the reservoir. "
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CHAPTER V: EMPIRICAL RESULTS

The previous chapter formulated two models of the oil and gas
industry. fhe first is a profit maximization model wherein an oil and
gas firm maximizes its present value of cash flow subject to certain
constra{nts. Such a maximization yields estimating equations for
exploration, development and production. The second model is an
exploration investment mode] ~ three equations explaining the level of
exploration, expected profitability and success ratio in exploration
are specified. Al{ the equations from the two models are estimated
with various techniques. In this chapter, we report and analyze these

' empirical results.

The chapter is divided into eight sections. The first discusses
the data used in the econometric analyses. The second section
outlines the methodology utilized in estimating the two models. The
third section provides a brief sumhary of the overall embirical
estimates, with emphasis on several important results. The fourth,
fifth and s1xth sections respectively 1ntorporate discussions of the
results for each of the equat1ons cqmprising the profit méximization

7 ’

mode] - 1.e., exploration, development and production of oil and gas.

The seventh section deals with the results arising from the

‘o 116
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alternative exploration investment sub-modei. The last section
compares the results of the profit maximization model with the

alternative a priori exploration sub-model.

1. The Data.

Detatls concerning the sources 6f~the déta are given in Appendix
A. In this section we define.the variables and assign their units of
measurement. We also {11ustrate the methods used Lo construct certain
inferred mig?o data as a substitute for information not directly

available through published sources.

The entire data are grouped into four data sets and separate
estimation runs are made on each set. Both models are estimated for
all four daté sets. TheAfirst group encompasses information for the
province of Alberta as a who]e: These data are taken from publi?hed
sources.  They consist of 20 annual observations for the years
1960-1979. For the purpose of forming the second, third and fourth
data sets, we take a sample of 15 major oil fields in Alberta, with

annual observations of 15 years between 1965 and 1979]. tach of the

second, third and fourth data sets is defined as fo]lows:

1) The éecond data set consists of the 15 fields sub-divided into four
sub-groups, each sub-group representing fields falling within the four )

zones of the province (Plains, Central, Northern and Footh1lls);‘ This

3
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zonal ¢lassification is the same as that used by the provincial
government's dri1lling incentive program, and the four zones comprise
the entire area of the province. Each of the first three zones
include four selected major oil fields, but the last (Foothills)
consists of only three major oil fields. The second data set thus has -
60 observations for each zone (45 for Foothills), obtained by pooling
cross section (4 or 3 fields in each zone) and time series data (15

annual observations).

»> ©

2) The third data set includes 15 sub-groups nreferring now to the 15

separate fields.carrying 15 annual observations for each.

!

3) The last data sét has 225 observations (1% x 15) obtained by
pooling the data across all 15 fields, and ail 15 years, from

1965-1979.

(1) The Dependent Variables — E, D, Qoil, Qgas. The.data then consist

of annual observations on eaéh.of the exogenous and endogenous
variables included in the two models developed in Chapter IV. Rgca]]
that these models have seven equations - four in the profit ,
, pmax1m12at1on model and three in the élterﬁative exploration investment
sub-mod¥1. The first equation in both models explains the same
variable (E£). Thus we have six dependent variables to be explained ?n
' “cons1Qer1ng the two models‘together. The f1(st two variables,
”ﬁexploratory drilling activity (E)2 and development drilling activity

(D), are measured in total number of feet drilled per year. The .third
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and the fourth, the production of 01} (Qbil)' and the production of
gas (Ogas),‘are measured respect1veiy in cubic metres of o1l per
year and 103 cubic metres of Qas per year. The fifth dependent
variable, expected profitability (EXP), is measured by proxy via bonus
bids paid per acre for the acreage on which the wells are drilled.

For each area considered (example - fjeld, zone or province), an
average bonus bid is calculated by taking into éccount all the leases
and licences bought over time under the concerned area. The last
dependent vartable, the success ratio (Sué), is defined as £he ratio
of successful exploratory wells to tdtal number of exploratory wells

drilled.

(i1) Reserves of 0il and Gas - Probable, Proved and Undiscoveceg, The

-

reserves of o1l and gas - probable, proved and as yet undiscovered .-
are given in millions of cubic metres. The data on probable (K])

and proved (KZ) reserves for- all Alberta are available through
published sources. However, although the proved reserves for each
field are given, the probable reserves are not published by field due
to confidentiality restrictions. -Therefore, to obtain én estimate of
the level of annyal probable reserves, for each‘sample'f1e1d, we first
calculated a ratio of probable reserves found per successful
exploratory feet drilled fo? Alberta as a whole for each yeaf. This
provincial ratio was th;n muitiplied by the total number of-succéssful
exploratory feet drf]]ed in eachifield to get the total probable
reserves for each field, and for each year. A cumulative sum of this

yearly data then -produces our inferred estimate of,the level of
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probable reserves for each of the fifteen fields included in this

study.

Another way of calculating the level of probable reserves would be
to take the provicial ratio of probable to proVed'reserves and apply
this ratio to individual fields and zones. In this case we will
implicitly assume that J;" in equation (3) of Chapter IV is the same
for all fields, zones and the province. (Recall that "Y" measures the
change in proved reserves due to a change in probable reserves). On
the ofher hand in applying the provincial ratio of probabie ;;serves
to number of successful exploratory footage, we implicitly assume that
a part of "a" in equation (4) éf Chaptér Iv is constant. (Recall that
“a“.measures the change in probablé reserves due to a change in
exploration). Since £ can be divided into sJEcessful and unsuccessful
- footage, “a" will depend upon two factors: (i) probable reserves
additions per successful well and (ii) ratio of successful‘wells to
total exploratery wells. (11) is available for each field, therefore,
by following the first approach we take into account a greater degree

of variability (geological and otherwise) between fields and zones..

UDR is defined as the amount of resource in a given area which is
presumed to exist but is not yet discovered with any certdinty_(i.e.
Eannot be classified as either probable or proved). The UDR eS%imates
for the province are established by the Geo1ogical Survey of Canada on
the basis of suqh factors as area of closure, reservoir thickhess, and

- porosity.. Note that these estimates are based primarily-on geologic
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rather than econdmic variables.
7
The estimates of undiscovered oil and gas reserves (UDR) are
expressed in probabilistic terms. Thus we have a UDR estimate with a
high (90%) probability, a low (10%) probability and also an estimate
+ with a medium (50%) probability. "To evaluate the effect of different
levels of UDR on success ratios angau1t1mate1y on investment, we use
the estimates associated with both the low and the medium
probabilities. The UDR estimfates for the province are given for a
single year (we took the 1977 stimate)3. In order to generate data
for previous years we added the yearly proved reserves to the 1977

)

estimate. For example, to obtain the UDR estimate at the begining of
1976, the incremental proved reserves for 1976 were added to the UDR
estimates for 1977. Similarly, to get UDR estimates for 1978, the

added proved reserves generated in 1977 were subtracted from the UDR

“estimate ob 1977.

Similar data for the fields are not published. Hewever, we
calculated (inferred) the -UDR for fieids from information provided by
the Geq]ggical Survey of Canada (GSC). The most recent data provided
by GSC prior to 1979 (1977) was used. The exéct procedure is ouflined

in Appendix A.

(ii1) The Interest Rate. In our analysis we have used several proxies

\

for 'i', i.e. the rate at which anticipated profits are discounted in

the present value function. Three alternative proxies for i were

—)

)
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used. First, 'i' for a particular year was definedfas the average
rate of return on equity in the mining and ene}gyarg1ated 1ndustrf€s
in Canada; second, for the same year, 'i' was;takeﬁ as the average
rate of return on long term capital employed’in the mining and energy
related industries in Canada for the same year; and lastly, 'i' was
“calculated as the average yield on the Canadian Government's long term
bonds. Particular industries included in the group were total mining,
pr1mary metals, metal fabricating, nonlmetallic mineral products,
petroleum and coal.produots. chemical products and publig utilities.
“The rate of returp on equity was calcula;ed by takihg a ratio of. net
profits (including non-recurring items, but excluding 1nterest .
deprec1at10n and taxes) to total equity (book value) of sharehplders |
and aff1l1ates, averaged over these seven industry groups ';The rate
of return on long-term capital employed, on the other hand, was
| ~talculated by taking a ratio of after-tax profits, plus ngn é@’urr1ng
term 1iabi11t1es plus net worth across the above'industria] groups.
Both nominal and real- intefest rates were exper1mented with. In the
product1on equation (4 ~53 and 4- 36) where the rate of return on
Cgaad1an long term bonds was used as a proxy of 'i', nom1nal rates
weﬁe used In the explorat1on and development (4 ~51%and 4~ -52) rea]
rates were used. The industrial pr1ce ipdex’ was used as a deflator in

!}

calculatfng these real rates

(11) The Productivity Variable in the Product1on Phase AThe'

: pnbduct1v1ty of variab]e (1abour) inputs in the product1on phase of

items to capital, plus interest payments on funded debt, to total long’

122
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the oil and gas industry as represented b; the var1ab|é v o, is
calculated by taking a ratio of the total oil and gas indust[y output
measured in $ 1971, to total amount spent on wages and sa?ar1es; again
In $ 1971 per year. Note that we take labour as a proxy for all

variable inputs.

This measure suffers from some inherent bias. First, it not only
captures the changes in the productivity of labour, but also
incorporates changes which may result due to better utilization of
capital. Thus it does not exclusively measure the productivity of
labour. Se&énd, tncreases in wage would lead to an increase in.the
share of labour without necessarily increasing its productivity. Thus
we think that u as measured here is not the besl measure of
productivity of lébour.‘ Ideally, physical units of both labour and
‘production should be used. However, éuch data (especially laboﬁr
fogce data on man-hours worked in the petroleum industry) are
unobservaple for much of the 60s. After 1966, the data is ava1lable
but the grdﬁping includes not only the petroleum sector, but also

K

" other mining industries.

(v) The_Market Demand érorationigg Variable. . The market demand <
prorationing variable is measured im each year by excE§§ short run
capacity, 1.e. the ratio between immediately available productive‘

6apac1ty and actuql-allowable production for that year. The.

~N

/

‘productive capacity is defined and assigned by the AERCB_as the

-

» - ‘ o
‘maximum sustainable capacity per well. Perhaps a better measdre would

|

/

el
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have been an inverse of this ratio because as -actual market allowable

tends to zero, the ratio tends to infinity.

{vi) The Price variables. The prices of oil (Pdil) and gas (pgas)
are respectively the netback prices per barrel and per '00 Mcf.

(P a per '00 Mcf is awkward but has been g§ed by the Canadian
Petroleum Assoq1at10n.)’ They are-~calculated by subtracting the
respective average royalties and taxes (municipal and others,
excluding income tax) from the wellhead price of o1l and of gas.
These taxes dre taken from the Canadian Petroleum Association, and
then gllocated between oil anq gas on the basis of the relative values
of production, to obtain tax per unit of oil and of gas. The yearly
average world wellhead price is calculated by taking an average of

- five sources: (a) Venezuela”tﬁé Juana - Light (b) Arab ex Sidoﬁ (¢)
Arab ex Rds lanura (d) Arab Light and (e) Libya ex Marsa el Breja.
The yearly average wellhead price of oil in the U.S.A. is calculated
by taking an average of seven different types of 611 in U.S.A. The
relative pr1cefof oil.in Alberta relative to the world price

(RP01I w) is calculated by tak1h§_the ratio of the Alberta wellhead
price to the average world price. Similarly, the price of‘dil‘in .

Alberta relative to the U.S. price (RP_ ) is calculated by

_ i1, U.s.
~taking the ratio of the Alberta wellhead prite to the average U.S.

price. ' Note that prelimtnary resultscindicated that the produéers

" than to RP Therefore in the final

’respond more to'Rpoil u.s. oil W'

estimating equations, the Former was used.
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(vii) The Liquidity variabie. Net income for the oil and gas

industries after taxes and royalties is taken to be a proxy for the

liquidity variable.

(viii) The Corporate Income Tax Rate, Royalty Rates, Write-offs and

Allowances. The reguiated corporate income tax rate applicable to all
industries was' used. Royalty rates for both o1l and gas were used in
our netback price calculations. A ye1ghted,average of new o0il/gas and
old oil/gas royalty rates was useq, the weights being the respective
production of old oil/gas or new oil/gas. The federal expenditure
write-off rates and allowances were obtained from published sources
(the reader is fgferred to Appendix A for more details).

(ix) The Costs. Considerable effort has been devoted in this study to

establishing some unobserved micro data - especially those related to
costs. The unit costs of éxploration and development are calculated
as $ per foot drilled in the respective 3ctivities, and the unit cost
of broduction for any year as $/5TU of combined oil! and gas produced

- that year. The choice of a deflator fo; the cost of exploration and
development in most caség depends upon how exp}oration and development
are measured. The choicekof'an abpropkiate measure of € and D 15 |
often quite arb1trary. Théy are either measured by thé,ngmber of
wells drilled o} footage drilled. In the_bast. studies have used
pither'one. (Tﬁe reader is ngerred to the discussion of Section 2 in
Chapter 1V.) Thése annual co%t estimates covering all of\Aiberta aré

{ ‘ o
provided by the Canadian Petroleum Association, but are not published
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for individual fields. ‘tor our zone and field data sets, therefore,
we used cost data provided directly via questionnaires (given in
Appendix C) from the relevant oil company operators in the sampled
fields, and from supplementary information held by the Department of
Energy and Natural Resources in connection with their Geophysical and
Exploratory Drilling Incentives Programme.

In liﬁe with the sub-classification adopted by the Canadian
Petroleum Association, we sub—divided-each of the exploratory,
deve1opmenf and operating costs for the fields -in each zone into the

-

following sub-categories:

7

(1) . Per foot cost of exploration éé]culated on the basis of: *
(a) per foot cost of exploratory drilling;
(b) per crew cost of séismic activity;
(c) per acre cost of land rentals and lease acquisition. o

‘Each of these cost components is multip]ied by the respective activity
for each year to yield the total éost for that year. For example,
per-crew-cost-of seismic is multiplied by toté] §e1sm1c érews in a
partiEu]ar year and per;acrercost—of—rentalsﬂis multiplied by total
acres occupied under the dri]ling agreements. . The total cost is then
dil1ded by the total exploratory feet dr1|led to obtain the per foot
cpst of_exploration. Nete that (c) was calculated both gross and net
of bonus bids. The former was u§ed for the first model and .the 1atter‘

in the alﬁernative exploration model. This dual ;pproach was followed
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for the foilowing reasons: first, inasmuch as bonus bids are used to
acquire the resource to explore and produce, it is a cost which the
operator incurs; second, because the size Qf the bid depends upon the
operator's expectations of profitability , it is also a measure of
expected profitability. 1n the first model, a distinction is not made
between costs and expected profitébility and hence, we use
exploration costs érosg of bonus bids. However, in the second @ode]
we make a distinction and hence the costs are calculated net of~€onus

e
bids.

(i1). Per foot cost of development was calculated on the basis of:

(a) per foot cost of development drilling;
: 3
Q@ (b) cost of capital employed per foot of development drilling.

The capital expenditures include such expenses as tangible well and
lease equipment, pipelines and ré]ated facilitie;, secondary recovery
and pressure maintenance projects, natural gas processing plants,

office holdings, land, and other machinery and equipment.

(iii). _Per BTU cost_of operating was calculated on the basis of:

(a) cost of surface equipment per BTU of annual production;

(b) cost of natural gas processing,p1ant per B1U of oil/gas

~

produced; ! ,

(c) cost of taxes per unit (excluding income tax) of -oil/gas

pfoddétion.
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Here we include all taxes expensed and paid to Canadian federal,
.provincial and municipal governments, inc1udingvm1neral taxes, but
excluding income taxes and those taxes that are incliuded as part of
the list price of purchases. We calculate each of these categories of
cost by generating a cosi series, by sub-components, and by fields,
for the years 1962 to 1979. A cost series was calculated for each of
the four zones, namely Plains, Central, Northern and Foothills, from
the data prov1deq by field operators. The exact procedure used to
calculate these cost subcomponents is gjven in Appendix A.
v

Once thése cost seﬁies were established it was then possible to
experiment with two a]ternative~ways‘of arriving at a per foot cost of
exploration and of déve]opment for the various sub-groups in‘the 0il
and gas industry. The first is the regression method, ahd the second
is the ratio allocation approach. Although we discuss both these
approaches in Appendix A, for our empirical estfmatiﬁn we used the

latter method.

—

£
2_Estimation Procedures.

#5° ,
As explained‘jn the above section, the data are grouped into four

e

sets. For the first data set, equations (4-51), (4-52), (4-53), and
(4-36) are estimated through various econometric methods. First,
three stage least squares (3SLS) was used to estimate the four

equatfons. 3SLS is a straightforward extensior of the two stage least
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squares method (25LS) in which the third stage involve$ the
.application of least squares to a set of transformed equations, in
which the transformation required is obtained from the reduced form

residuals (Koutsoyiannis, 1973).

In the second estimation method, each of the four equations was
estimated first with simple OLS and then through Principal Components
(PC). The latter was applied due to high multicollinearity among the
exogenous variables. The correlation coefficients between the
exogenous variables are provided in Table 5-2. Ffrom a set of
explanatory variables (X's), PC constructs a set of new variables
called the principle components which constitute a linear combination
of the X's. These new variables are constructed in such a manner
that, firstly, the principal components are uncorrelated, and
secondly, the first principal component absorbs and accounts for the
max imum proPdrtionate variation in the set of all X's, the second
principal component absorbs the maximum of the remaining variation in
~the X's, and so on. Once the principgl components are formulatéd, the
dépendent.variable is regressed on th; principal components with the
restriction that one or more of the principal components is zero.
{Note fhaf if all pfincfpal cdmponents are fakeh into.accpunt then we
simply have OLS esﬁimétes). The coefFicients so obtained are
transformed baék into the original coefficients through an inverse
linear transformation. Tﬁe coefficients obtained through this process
are sometimes referred to as principal components estimators ahd J}ké'v

all restricred. least squares estimators are known to have smaller ;
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Qariance than the least squéres estimator. Also these estimators may
be biased unless the restriction imposed on the principal component is
true. Since it is often difficult to interpret the various brinciu£1
components, it is diffi;u]t to test whether these restrictions hold
true. (For a detailed discussion on the use of this method in solving

multitol]inearffy see Judge, Griffiths, Hill and Lee (1982).

The &se of PC in estimating multicollinearity is sometimes
questioned. The method is criticized as being a purely statistical
device. Recognizing these objections in the cu;rent analysis PC is
used as an investigative tool rather than the only method of
estimation. \ As compared with OLS, in the present analysis the use of
PC reducesuthg standard error of some coefficients. Also, it changes
the coefficients of variables with unanticipated s{gns. Note that
large standard errors and unanticipated signs coupled with high R2

are the two obvious outcomes of multicollinearity. The R2 for most

OLS equations is substantially high.

Data ‘sets two, three and four are estimated through the OLS, and
PC methods of estimation. 3SLS is not used. The estimates from the

first data set indicate that there is no statistically significant

wﬁff difference between the estimates from 3SLS and OLS for equations 4-51

(exploration) and 4-52 (develbpment). This may be due to the inherent
simultaneity between the two equations which is not eiplicit in the
mathematical formulation. Thus 3SLS does notﬂyield superior estimates

-

than OLS.
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for equations 4-53 (QOIL) and 4-36 (QGAS) such is not the case.
3SLS is superior to OLS largely because}of the explicit simultaneity
between equatioﬁs (4-53) and (4-36). However, as equation (4-36§ﬂ15
not estimated for data sets two, three and four (these data sets
consist of major oil fields where all gas produced is primarily
associated), (4-53) for these data sets is estimated only through OLS

and PC.

The a priori exploration investment model (equations 4-54, 4-55,
and 4-56) for all the four data sets are estimated through OLS 1nd PC
methods. The model is also estimated through 3SLS for the first data
set. For all estimation, SHAZAM - an econometric computer package

from fhe University of British Columbia - was used.

Apart from collinearity, the other etonometric problems N
encountered in the study relate to the presence of autocorrelation and
ﬁeteroékedasticity. The Durbin-Watson (D,w.) statistic was used to
test for autocorrelation, and wherever it was detected the
Cochrane-Orcut iterative procedure was used.  However, it should be
noted that in SHAZAM, the Cochrane-Orcutt procedure cannot be used
with 3SLS and PC.» Heteroskedasticity was detected in the grouﬁed data
- especially in the second set consisting of observations on cross
section and timé séries. An attempt was made to eliminate such

heteroskedasticity, and the results so obtained are reported in the

fo]lowingvsections.



3. Empirical Results: Profit Maximization Model.

[}

The fo]]owing section provides a previéw»of the results obtained
1n the study. It outliines the major resultigfrom all the four data
sets and the estimating equations, 4-51 (p 52). 4-52 (p 94), 4-53 (p
94) and 4-36 (p 85). In subsequent sections, the results for
individual equations are d1scussed4. Thé 3SLS estimates are

presented’1n Table 5-1 (p 133). The OLS and PC estimates are

s,

£

presented in. faples 5-3 (p 145), 5-4 (p 146), 5-8 (p 159) and 5-13 (p
. 5Y VO UL U

ERAN 2 A

172). For ease of comparison we repeat the 3SLS estimates in these

tables. \>

Recall that in equation (4-51), we anticipate that a]< 0,

-~

>0,a,>0, a_>0and a_< 0. In equation (4—52),it

a> 0. 3, 4 5 6

is expected that b]< 0, b2> 0,'b3> 0, b4> 0, b5< 0 and |
be> 0. For equation (4-53), we anticipate that ¢,< 0, c2>‘0,
e 0, 4> 0, cg< 0, c6>-0‘and €< 0. Finally, for (4-36),
we expect that d1< 0, d2> 0, d3> 0, d4> 0, d5< 0, and

dg> 0.

~N
)
I3

K

The results now to be discussed indicate that the best estimates

4

were'obta1ned for the first set of data, which /;f pertains to the
province as a whole. (The resuits are containéd<1n Tables 5-1, 5-3,

, ) !
5-4, 5-8, and 5-13). Most parameters are of expected sign and

®

s1gn1f1cant at Jeast at the .95 level of sighificance. A high R2

indicates a relatively good fit. The results obtained for the second

P

132
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and third data sets, and the fourth (which pertains only to the
fifteén selected o1l fields) are a little less sat1sfactory_S The

stgns of some coefficients do not follow the pattern that would be
anticipated from economic theory. Further, the R2 are not as high
as that obtained for the first data set. 'However, some of these

results could reflect particular features of the individual fields

(and zones) over which the data were grouped.

For Alberta as a whole (first data set), two iﬁteresting but
unanticipated results are worth mentioning. First, in equation (4-51)
(exploration, Table 5-3 and 5-4) we anticipated negative signs for

CD (per foot cost of development drilling) and for CE' Our
results suggest a positive coefficient for CD. The coefficient of
CE in this equation is negative but insignificant. A possible

explanation of these results is that t?:aequation may be capturing a
e

supply effect - i.e., an jncrease in d nd for exploratory inputs

b}
will lead to an increase in C Thus the causality may be

£
switched. Instead of measdﬁCng the effect of a change’in CE on

exploration, we may be observing the effect of a change\in £ onm CE'

£ As CE and‘CD

This will lead to a positive coefficient of C
follow similar trends, it will also imply a positive coefficient of

Cy That this may have actually taken place is evident from the

following trends. Note that during the period under observation,

exploration activity increased dramatically from 737,103 metres in

1960 to 2771‘103 metres in 1979, amounting to an increase of QYS%.

An increase of such a magnitude may have lead to a substantial _

7
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increase in cost of explor§t1on. Table 7-1 provides trends in costs

of exploratory drilling between 1970 and 1981. Contrary to

substantial 1ncreases‘1n exploration, except.in 1978 and 1979, the
development activity increased ohly marginally from 2142 103 metres

in 1960 to 2961 103 metres in 1977 - an increase of only 38%. \(In

1978 and 14979, however, the.deve]opment activity increased to 3408

f03 metres ahd 4138 103 metreé respectiuely)- Because of marginal

increases in D, the invérse causality between 0 and C, may not be

evident. Hence, in egqwation (4-52), we still obtain a negative

Ccoefficient of C . <

~

Tﬁe second surprising result is that,'contrary to our_expéctations

. -
//1n eqU&tion (4-53) (production of oil, Table 5-13 for data covering

) the prov1nce as a. whole), the production of oil is positively related

-

*to the product1on of gas. A detailed analysis of this unanticipated

vresult is provided in Section 5. As indicated there the entire»gas

production can be d1v1ded into two parts - the hssoc1ated gas

‘product1on which 1s in d1rect proportlon to ‘the product1on of 011
. because gas is produced as a by product of oil; and the non-associated

. gas production which is produced out of purely ‘gas wells. wt_h'o

»'1ncreases (or decreases) 1n the production of 0il, the production of

_associated ‘gas. would 1ncrease (or decrease) Thus part of the total

gas product1on 1s a1ways pos1t1ve1y related to the product1on of 01|

_Th1s observat1on becomes more ev1dent when we 1ook at ‘the results

,obta1ned for 1nd1v1dual f1elds (which are al] major oil fields) and

‘ . . - '



production of gas, i.e. Ogas in equation (4-53) for all fields and

Zones .

137

Also, technica}ly and as reflected 3y the production funét1on, the
markets for oil and gas are independent of each other.ﬁbut they may
still be subject to similar external forces,‘and therefore the trends
in both the production of gas and oil may be similar. iff such were
‘grugi then the non—agsociated gas production would also be positively
relafga-?o the production of oil, generatiné a positive coeffjcient
between thg\tota] production of gas and that of oil. The trends. in
the production of oil and gaézgre given and discussed further in

. ) }
section 5 of the present chapter.

I's
The wide variation in the size and §ignificance of some of the
elasticity paramefers (areaé of éxp]oration, deve]opmént and
production), and the different sié s for the same paramet;r in the
various zones and fields, calls for discussion. Although the
inadequacy of sample data could account for some part pf these
variafions and anomalies, particular government programs as we]f'asr

variations in geological factors could also be responsible.

If we compare and analyze the results obtained from each of the

four sets of data for the same equation, we see that the trend in the .

results obtained from the-firét set (all pfovincia]) and the fourth

2

set (all'ls fie]ds)‘is simitar. For example, the signs of all.the -

’ Coefficients-(except those for cost of operating and level QF probable

LI
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reserves) are the same, although the magnitude of the elasticities

-

vary. However, when the fourth data set is broken into groups to form
the second and the third data sets, we obtain opposite signs for some
of the same elasticities. For example, consider the explanatory
variable C_ in equation (4-51). The elasticity of exploration

3

activity for Alberta withlrespect to CE obtained from both the

first and fourth data sets though insignificant is negative, and this
is wh;t we expect a priori. However, when we analyze the second data
set we find that the elasticities of exploration activity with respect
to CE are negative for three zones (Plains, Central, Northern) but
posit?ve'and significant}for one zo?e (Foothills). Similarly, this
elasticity parameter has different ;igns for different fields. Thus
it can be said that although on average, physical exploration activity

varies inversely with changes in C_, this relationship may not

E’
always hold true in individual fields. Other factors included in the
model (regulatory, institutional etc.) besides pure cost
considerations may play an important role, and the effect of these may
be stronger in particular fields'at certain times. '
" Besides Cpv two other'explanatory variables - market demand
prorgtion1ng.(MDP) and price of oil in Alberta relative to that in the
U_.S.-('RP0
develbpment responsiveness for different fields and zones, and“each of

{] u.s ) - show different elastic%ties'of.exp]oration and

ey
S

these is discussed in the foildwing sections. -

*

The generally similar direction of-results obtained from the first

SN
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and fourth data sets assists in the task oé interpretation in several
ways: first, the ﬂourth data set is constructed by pooling the
observations on individual f1e1d§, and subject to the reliability of
the sample should represent an average in the province.\ The first #
data set re]étes to'aggregate provincial data and it too represents an
average in the province. The similar results obtained for both these
data sets establish the re{iability of the sample of fifteen fields
and the related micro data which is obtained primariiy from
non-published sources. Second, inasmuch as the fourth data set is an
average in the province it could be used as a bench;;rk for comparing
the variations between the provinciai average and the individual zones

and fields. Note that the reliability df the benchmark itself is

important.

Our empirical estimates suggest that exploration activity is often
more sensitive to product price changes (for both o0il and gas prices)
than development and production activities. Thus in the exploration
phase, where firms are still évaluating the prospects of investing
further in the oil and gas industky; it might be argued that the
decision to explore or not to explore is quite sensitive to’prices and
pfice—expectations. But once substantiai capital as been invested in
exp]qratiop. then the concern of the operators may well turn‘to a
recovery of funds through deVe]opmeﬁt and evéntua1 production, and
these latter ac;ivities may be 1es$ sensitive to prgduct price changes
as such, and more sensitive to immediate market outlets, markét

allowables and thé like. Also, the land tenure system imposes a



constraint in terms of the duration over which a lease or a licence is
valid. Under the current regulatipns, the duration of a lease is 5
years 1.e., the lessee can only produce before the terminatipn of 5

A
years.

-
In the absence of government interference (through, let us say,
the drilling incenﬁive program,) we might also expect that the
elasticity o} exploration, with respect to upit costs of exploration,
would be higher than the response elasticities of development and
production act}vifies, with respect to changes in their respective
unit cost. But government influence is not absent. Since part of the
exploration cost is shﬁred by the government through the drilling and
geophysical incentives programs (1972 - 1979), we find that

dev8lopment activity is now the most sensitive to changes in cost.

There is no significant difference between the cost elasticities of

explorat1&n and production. - The null hypothesis that ,ﬂCE = nCOP
is tested against the alternative hypothesis nCE # nCOP. Since
- the F

calc < FO.O]' we cannot reject the null hypothesis.

In general, we find that government policies do have an effeéi on
exploration, deQe]opment and production. Préduction and development
(Tables 5-8 and 5-13) are noticeably affected by MOP, royaltiés
-f(through pr{ces)~and the various téx‘al1ohances (ihroughICOSts).
Exploration (‘Tablés 5-3 and 5-4) is affected by royalties (again
through pr1;es), various %ax a]lowances>(through cost);and apparently

by the drilling incentive program of the government.

140
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In the following sections, the elasticity estimates are provided
in the various tables. For ease of analysis, the tables also provide

the t-statistics and the respective R2 for each of the equations.

4. The Profit Maximization Model: Exploration.

Log £ = 3y * a]logct + az(log uw~ log(a + u - 1))

+ a31 + 64]09P0 + aslongaS

+ aslogcD + a

il

logRP (4-51)

7 0oil U.S.

Alberta (data set #1): Equation (4-51) is estimated by using two

a}ternative proxies for 1, the rate of discount. (As discussed in
section 1 of this chapter, 'i' is first defined as the average rate of
return on equity in mining and energy rela}ed industries in Canada;
second it is defined as the average rate of réturn on long-term
capital employed again in the mining and energy related industries).
The éstimatés of elasticities are given in Table 5-4 ..To see whether
the discoveries of new fielés or pools have an effect on éxplorétion
~activity, we further modify equation (4-51). ,We hypothesiie that
given some level of price; and costs, the discoVefy_of a newvfield is
followed by a surge in exploration activity (due to expectations. of
finding high level of reserves). This efféct is 1ndependeht qxiﬁia
‘particular time period of the effect of prices and costs. ”fbué ;e'
ihtroduce‘in the explaration equation two duﬁmy yafiables vf:andEVZG?

. such that;
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1 if a new major7 field is discovered anywhere in —

vl =
Alberta in that year
= 0 otherwise.
;
and v2 = 1 if a new major field is discovered in the preceding

year

0 otherwise.

Figure 5-1 gives the trend in exploratory activity measured by total
exploratory feet drilled. The asterisks on this curve indicate the

years in which particular major fields were discovered.

-Tablés 5-3 and 5-4 respectively bresent the elasticities of
physical exploration activity with respect to chénges-in other
variables, with and without Eﬁe inclusion of the dummy variables in
the spec1f§c5&10n. As a high degree of collinearity was detected
among the Variableé, the model was estimated with both the OLS and PC
methods. jhe signs of both OLS and PC estimates are the same,
a]thodgh Pb éstimaies are more significant and thereforé in Jiscussing
the results we sometimes discuss the PC est1mates only. The results‘
obtained by using the rate of return on capital versus the results
obtained by using the rate of return on equity are not significantly
different. Thus it is a matter of indifference as to what opportunity
rate Of»returh 1s used. ‘The magnitude of the coefficient for the rate
of return on equ1ty is h1gher than that for rate of return on capital,

although the s1gn1f1cance of the two coefficients is sim1]ar The
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introduction of the two dummy variables improves the significance of
several variables and increases the R2, but the difference between

the two regressions is not statistically significant. We test this by

applying the appropriate F - statistic which is,
2 .2 2 - 8
[(RQ - RK)/(1-RQ)],* [(N-0Q)/(Q - K)]

and then by combaring it with the tabulated value of F at (Q - K), and
(N - Q) degrees of freedom. Here RS is the regression estimate

with Q variables and Ri the fegression estimate with K varijables,
where Q > K. N is fhe number of observations. The calculated value
is 3.75 which is less ‘than the tabﬁ]ated value of 4.26 at 5% level of
significance. Thus the nu11>hypothesis that there ;s no significant

differehEe petween the two regressions or alternatively, the inclusion

N

N -
of additional éxp]ana;gry<var1ab1es does not significant1y.improve‘the

regression, is not rejected. As v2 has a higher and more significant
elasticity coefficient than V] there seems to be some suggestion of an
exploration lag which lasts for more than a yéaf. However, the
co-existence of Yy and v, in the estimatjng equation could also

have made Vi 1n§1gn1f1cant. Also, the question of t1m1ng is

important. If a field is discovered at the end of the year,

exploration would likely be stimulated in the next year.

Regardind the unit costs of exploratory drilling as an explanétory

~variable, the resu]ts.appear someﬁhat anomalous. The coeff1c1enf of
B . : ’ NS
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FIGURE 5-1 -
EXPLORATORY FOOTACE AND MAJOE FIELD DISCOVERIES
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CE is insignificant in equation (4-51) (except Table 5-3 with PC
estimate, where i is defined as thé rate of return on equity). To

investigate this result further we regressed £ on C 9, although

3
we realize that the impact of CE on exploration may be dré;tically
different when other variables such as the price co-exist. For the
period 1961-1979, the coefficient is insignificant and negative. But
for the period 1974-1979, it is positive and significant. The latter
result, could perhaps be due to the impact of demand pressures on
costs. These have been discussed aﬁove. In all the regression runs
using alternative rates of return, with and without the dummy
variables, exploration activity is most sensitive to the price of
gas. Also, we find that the patte;n of exploration elasticities with
respect to C P and PgaS is consistent with the parametric

£’ o1l
10,

restrictions imposed in Chapter IV i.e. n and

ct S T ot]

ncg < np gas’ where n is the elasticity.

The elasticity of exploration with respect to u is positive,
indicating that with increases in the productivity of variable inputs
(labour) in the production phase,'exploration increases. However, as

stated in section 1 of this chapter, the way u is defined, it may

i

‘ga&g%éo capture the productivity increases due to other factors rather

than just labour. Further, when the dummy variables are included, the

.

elasticity of'exp1oration with respect to i is positive, again

o
indicating that with increases in the real rate of return on capital
empioyed, exploration activity would increase. From our discussion in

Chapter. IV (Section 3), the above twq results would occur only if the
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rate of otl/gas price inflation together with the productivity o?

labour were greater than the rate of return on capital (or equity)
employed. Thys between 1960 and 1979, (a + u ) must have been greater
than 1. (Here 'a' ts the rate of oil/gas price inflation). In other
words,’between 1960 and 1979 the price of oil/gas coupled with the
productivity of variable inputs must have increased at a rate nigher

than our measure of the opportunity rate of interest. (During 1960 -
1979, 'a' was 20% per year, 'u" was 5.18% and 'i' - the real rate of

return on capital employed was 2%.)

Zones (data set #2): Table 5-5 (p 149) provides elasticities of

exploration for the set of data grouped by zones? For this data set,
equation (4-51) is modified to include three regional dummy variables
to represent the pooling of data across three fields for each of the
zones (two for the Foothills). We do this to eliminate the divergence
1ntr§duced by péoling the data across 4 fields for each zone (3 in the
case of Foothills). P]a1€s, Central and Foothills have a high RZ,
”1nd1cat1ng a reasofably gdod fit., Most of thé variables are.of the
anticipated sign and those that appear with an unanticipéted sign are
not staéistica]ly significant. In three out of\fohr zones,
expioration acfivity 1s the most sensitive (and with the anticipated
negative sign) to changes in the unit cost§ of’exp]oration,'CE.L;The
elasticity of explorafion with respect .to the unit cost of
deve]opment; CD is large and significant, although the signs are
'reversed'for the two newer zones - Northern and Footnilrs. In this

data set, prices, both of o1l'and gas, appear to have exerted
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rélatively less influence on exploration activity than in the first

set co;er1ng'a]] wells in the province. Poi] is significant only
for the Foothills zone. PgaS js significant only for the Central
zone.

The elasticity of egp]oration with respect to CE’ as'indicated_
in Section 3, has aifferent signs for different zones. Again the

supply effect may have b‘he cause of a positive coefficient of
ote

C_ for certain . zones. N evthat due to the Exploratory Incentive

E
Program, activity in.some zones may have increased much more than in
others:_ The way in which this incentive proé?am 1; formulated affects
various zones of the prov1nce”oifferent1y. The definition of wells
qualify1no'ﬁpr the exploratory incentive is sucﬁ'Qhat a greater
ofrcentége of wells drilled in tne Nofthern and Foofhills zones
qualify for 1ncent1ve crediis. Note that in order eo qualify as an
1neent1ve weI}, a well has fo be drilled at least a distance of three
miles from any other we]]t (The definition of an {ncentjve we]]rist
;different f}o&'that of $n°exp1oratory.we]1. ExB]oretory,we]1s consist
- of f1vemcategor1e§ -vthe reader is referred fé Appendix-A for:

details. ) Thi requirement is d1ff1cu]t to meet ?n o1ﬁer zones (eg

Plains and Centra') where there a]ready has been extensive

f

~to 1ncrease’exploratory footage But this may lead to an increase in

- dr1111ng . f s in the newer regions. there wil] be an 1ncent1vé

‘-costs of dril]ing in these areas and thus may resu]t in a positive _ -

“ fcoeff1c1ent of € Suqh a possibility is at 1east suggested by the

£’
'vresults obtqined for fields in the Northern and Foothi]]s zones

- : (W ' coe
s
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Another possible cause of the varyiong s 445 and s1gn1f1canc€ of
CE cOu]d be that firms are not responsiye so much to CE per foot
drilled as to cost per unit of reserve;vof oil and gagpfound. If -the
former cost increased with no increase in the latter, then exploration
activity might still increase implying a positive sign for the
coefficient of C_. 1In relatively worked-ovgr and depleted zones, we

E

may find that both the C_ per foot drilled and the CE per unit of

£
reserves found are increasing, thus exerting a negative influence on
exploration. On the other hand, in newer zones (Northern and >
Foothills) which have not been explored to a similar extent, we may

* find that although CE per foot drilled is increasing, C_ per unit

3
of reserves found is Aot. Note that of the fifteen major oil fields

comprising the zone and field data sets, the age since discovery and

the s;tate of maturity vary tonsiderab]y.

- "~

- . ' LA

« Note also that costs are not norma]iésd for depth and this may
have caused a\problém in areas where per unit costsyincrease
expoﬁeﬁt1a]1y with depth. In these akeas. as footége increases ( not
necessarily the number df wells), éosfs‘wi]] alsb increase. - Hencg the
&1rect10n Qf causality may change leading to a~bos1tfve re1atioﬁ
between footage drilled and pér unit‘costég Evidence'suggests that in

foothiﬁﬁs area, Costs increase exponentially with footage.

(/From the resu]ts obtained nothing can be said wﬁth certainty about

_thekeffect of RP on 1nd1v1dua1 zones For three zones

11 u.s.
(P]ains, Northern and Foothi]ls), the variable appears Q}th an

gE
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insignificant coefficient. Ffor Central it is significant but of

unexpected (negative) sign.

As dis€ussed earlier, the investment decision of a prospective oil
and gas firm in a particu]qr.region is based on not‘on]y the retgrn'in
the o1l and gas industry but also on the relative return in other
1ndustrie§, and the relative return in similar industries in ofher

regions. was taken to be a measure of the return in the

RP011 u.s.
Alberta oil and gas industry relative to the return in the oil and gas

industry ig the U.S.

The results in this section indicate that a]t;ough RPoﬁ] u.s. is
an important determinant of inves%ment in the province as a whole, it
is relatively unimportant in a firm's decision fg*jnvest in a
particular zone or field rather than another zone or fie]d.‘ In
allocating investment funds within the province, the investor chooses
between various zenes. Thus the decision to invest in a specific zone
A depends on the return to other zones, let us say B,C and D. Return

-~

may be defined in terms of costs, price of the crudes which vary

v according to its quality, ahd the geo]og?ba] success. Similarly, in

allocating funds wi;hin a zone, the investor chooses between various

. fields in that zone. Thus investment in field A will depend not only
. . : 1

upon the. return in field A, but also on the return relative to field

.8, C and D, all in the game zone. Although RPOil U.S. is a

determinant of choice of ihvesting in either Alberta or the U.S., it

does not determine the choice bf'investing bétweén zone AVB}”Edﬁéhémér .

S
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alternatively between field A or field B.

Thus we realize that equation (4-51) in its present form may be
more appropriate for the aggregate analysis i.e., for the aggregate
o1l and gas industry in Alberta. For individual fields and zones, it
should be modified to incorporate the interfield or interzonal choice
available to the investor. But to maintain uniformity in the

analysis, we do not modify 4-5%

Fields (data set #3): Table 5-6 (p 154) gives the exploration

elasticity estimates for each of the 15 fields. The estimates for
Q .

most variables vary significantly. The elasticity with respect to

CE'ranges from -15.23 for Judy Creek to 13.51 for Turner Valley.

The elasticity with respect to Po. ranges from -.160 for Leduc to - -

il
3.78 for Virginia hills; and the ‘elasticity with respect to P a

gas
ranges from -3.25 for Judy Creek to 2.58 for Ferrier; The explanation
for a positive sign for CE for fields in the Northern and Foothills
zones is the same as that advanced above. The CE has a negative and
significant cqefficient for fié]ds in the Plains and Central zones.
Note that most fields in these zones are o]der]we11 established fields
with small chances of find;ng new deposits of oil and gas: Thus,
increases in CE may lead to significant de;reaseé.in exploratofy
activity in these areas, but this éctivity may be trahsferred
elsewhere to take fuller advantage‘of the exploratory drilling su6§1dy
program. 1&0 specifjt’pattern ca; be established. for the gffett of
RPoi%'U.S. on individual fie]ds, It is significant for somelfie}ds

roo =
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(Ferrier, Pembina, Red Etarth and Wizard Lake) and insignificant for

others. The results confirm our above discussion.

Alberta -~ Pooled Fields - Sample Data (data set #4): Table 5-7

(p 157) gives the results obtained ;rom the fourth data set, in which
the field data is pooled over all zones. Note that because we have
grouped the data over 15 groups (fields), we introduce 14 cross -
sectiaﬁ dummieslz. The coefficients of these dummy variables

measure the difference betdéqﬁ the 1nfercept of the first group and
that of the other groups. Specifically, the intercept of the first
“field would be the 1ntercept_57_fhe equation; the intercept for the
second field would be the intercept of the equation plus the .
| coefficngt éf the first dummy; theiintercept of the third field would
be the 1n£;rcept of the‘equation plus the coefficient of the second
dummy; and so on. For ease of exposétion, we do not quote the
coefficients of these regional dummies. The R2 is not as high as

that obtained from the first data set. CE has a negative

coefficient which is significant at the 5% level of significance. The
magnitude of elasticity with respect to‘PgaS js smaller than the
e1a§t1C1ty with respect to Pyt although the former elasticity is
nof?s1§n1f1cant.. The variables u, 1; ¢, and RP°1] u.g. have the

same signs'on their respective elasticities as those obtained from.Ehe

first data set, although the sign1fi;ance Tevels aré;uniformly lower.
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5. The Profit Maximization Modei: Development.

Log D = bO +'b](1ogC0 - log v + log(a + u ~ 1))
+ bzlogK1 +'b3logRoil + D4'°9Pga5‘ A
+ bslogMDP + bslogRPOH u.s.
' (4-52)

Alsér;a (data set_ﬁlif“llhe results obtained by estimating equation
(4-52) for aata covering A}berta as a whole are given in Table 5-8 (p
159). As for exp]oration] ;e estimated equation {(4-52) with two
alternative rates of return: There 1s‘no significant difference

between the results obtained by taking either the rate of return on ,
all capital employed in the industry as-a discounting variable or the
rate df retqrn on equity in the 5ndustry. The variables, except K],

' (probable reserves), ‘are &f anticipated sign although some are
insignificant. As predicted by the theoretical analysis in Chapter 1V

(Section 5), the elasticity with respect to CD is greater than the

o : 13
elasticity with respect to Poil and with respect to Pgas'

(Note. that the elasticity of development with respect to per unit cost
of d;velopment is [1/¢ 6?])]:8"d with reﬁpect to the price of oil and
the pfice of_gas respectively is [ ¢/( 6-1)] and [ v/( 6 -1)].

Howe?er. the difference between these élasticities is not

significant. We test the null hypothesis nCD = nPoﬂ against

the a]ternative_hybothesis ”CD = ”Poi] using an F ratio at

vy = 1 and v, = ‘n—k)ldegrees-of ffeedom. As the Fca] <

FO.O]' wé capnot réject the null hypothesis. (As ¢and yare greater .

than zero but less than one, [ 1/( 6 -1)]>[ "¢ /( s-1)] and
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(V/(6-1)]<f ¢ /(6 -1)]. The elasticity with respect to CD in

absolute value is less than the elasticity with respect to Pgas'

Again, by using the F ratio, we test for the significance of
difference between the elasticitiey with respect to CD and pgas'

The null hypothesis ”CD = npgas is tested against the

is nNC. =N i
alternative hypothesis CD Pgas' Since Fcal > Fo 01 e

reject the null hypothesis and accept that the elasticity with respect

to C,, 1s significantly less than the elasticity with respect to

D

Pgas‘ Looking at the PC estimates we observe that development is

most sen§1t1ve to changes in the price of gas and a little less to
changes in CD and Poil' _
The unexpected (negative) sign for the level of probable reserves,
‘K] is rather curious. Several experimental estimations were made to
determine the exact cause of this seemingly anomalous sign. If D is
regressed only on K], then K] shoys a positive and significant
(.90 level) coeff1c1ent.]4 We therefore assume that K] appears in
such a re]a;ion with other independent variables that even the
application of PC does not solve the pfoblem of collinearity.
'Analyz1ng the correlation table of exogenous vafiables. it was found
fhat K] is highly correlated (.74) with MDP. We therefore estimated

the equation (4—523'om1tting MDP. However, the coefficient of K]t

although insignificant. isostill rllegativne.]5

As an alternative we specified a general formlﬁ of equation

(4-52) and estimated it with and without MDP. The difference between

v
-



the general form and that of equation (4-52) is that in the former the

term (log C. - 1og u + log(a+ u-1)) 1is disaggregated into 1ts three

D

components, log C log and loq(g + o -1) i.e. the restriction on

0

b] is dropped. Thus the coefficients of these three variables w1TH

no longer be equal.The results are as given below:
7

(a) Log Dy = 16.14 - .572 logCp + .053 log u + .230 log(a + u - 1)
(19.35) (-6.72) (1.89) (5.35)
- .00821logKy + .152 logPyj; + .165 1ongaS
(-.203) . (7.50) (9.24)
+ .088 TogRP;iy . 5. - -394 logMDP
(2.69) ’ (-5.38)

R = .88 RZ = 86 D.W. =1.71 df = 15
- 5

(b) Log Dy = 13.23 -.64%10gCpy + .16 logu + .247 log(a + u -~ 1)

(8.84) (4.14) (2.33) (3.37)
+ .145 TogKy + .147 logPgyy; + .148 longas
(1.795) {4.89) {(6.38)
: - - .1060 log RP,i7 y.s.
(-2.38)

: % B
RZ = .81 RZ=_.77 D.W. =135 df =15

In the abdve equations, when MDP is excluded, K] has a positive

and signific ht (.95) coefficient. Also the goodness of fit (.81 as
compared té'.76 in Table‘5—8)\and the signifitance of the variables
improves under these genera1,formulations.]7 Thus from the aﬂove
econometric evidence,vwe conclude that'the unanticjpated sign of

K, may be due to_certajn econometric problems (viz. high

]
collinearity among the explanafory variables).

As in the case for exploration, the:elast1c1t1es of -development
: ~y

with respect to u and { are positive. However, the significance of

161
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these two'variables cannot be estimated. Again, the discussion in
Chapter [V (Section 3) indicates that the rate of inflation in the
oil and gas findustry combined with the productivity change in this
industry has been greater than\t:e opportunity rate of return on
capital emaloyed over the period’sampled. This was also the
conclysion reached by the results obtaingd from equation 4-51. Thus
éven with increases in the ;ost of capital, firms would invest in
the oil and gas industry, in anticipation of higher profits due to a
higher rate of output price inflation, and productivity changes.

KL
AS discussed in Chapter IV, the elasticity with respect to Mogf,
can either be negative or positive. For the province, we get a
negative elasticity with respect to MDP, implying that restricted
markets constrain the development activity. For.individuai zones

4

and fields, however, we obtain varying signs.

' Zones (data se. #2):  Table 5-9 (p 163) gives tﬁe results of

;¥}4aequation (4-52) for the four zones. The coefficient of CD is of

v

%4 the expected negative sign for Plains, Central and Northern but of

s

reverse sign for Foothills. R has a positive and

‘ Po1l u.s..
significant coefficient for only Plains and Central. As observed

forvthe first data set, tn§ elasticities with respecf to wand i are

positive. MDP has a negative coefficient for Plaihs and Centrat,
and a positive sign for the other two. This is in line with what we

hypothes1sed eariier. The MDP 1s’11ke1y‘to have two opposing
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e ’1ndependents increased dramat1cally from 33% in 1950 to 76% in

A

effects on development: first, by restricting the amount of oil or
allowable market assigned to every producible well it proves to be a

disincentive to added development activity; second, inasmuch as the

program assures a share of the market to all producers, it leads to
increased dr1l]1ng Note tﬁ%t the 1950 program cleafly encouraged
excessive drlll1ng as prorat10n1ng was oased on allocatlon per
well 'Since 1964, the allocation was made on per pool basis, and
therefore encouraged the discovery of pools 8. Since after
discovery, major 01l pools require extenslve development drilling,

. ) : S
the changes 1ntroduced in 1964 may have indirectly contributed to an

increase in development activity]9

In newer areas, where new pools nere discovered the posltive
effect of<MDP both before and affer 1964 may have ou?Lelghed th§7
'negatlve 1mpact of MDP. Also note that MDP wlll have a negative
1mpact on producers such as the major 1ntegrated companles Wwith )
s1gn1f1cant market outlets. The effect on 1ndependents th no-

' ;market outlets wlll be positlve The- share ln dr1Tl1ng actlvlty of_

S

0

,.‘

--1970

e

dlstlnguish between the two producers

P . ‘ . :‘.- w\_,_

’ o <

Because we have pooled the data (from different flelds), we Wff

:ltested for the presence of heteroskedasticlty Follow1ng that we

21

.;transform the data by dlvidlng al var1ables by HDP and then

;applylng the Pc to the transformed variables The results are shown

N A, . L4 . . . .

. ¥ § > . o . - oo , -
. 3 o : D B o S
KA 2 T . ot . v . s N ¢ T

Unfortunately, the analyses 1n thts thesls doés not - . ;f

165
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in Table 5—i0 (p 164). Note that the R2 increases substantially

and the significance of some coefficients changes. ‘This indicates
that the low R-2 indicated by our PC and OLS estimat®s is due to

the presence of heteroskedasticity. However, as indicated by
Maddala (1977, p. 266),.the intent of this deflating procedure is to
get more efficient estimates, but once tdese estimates are obtained,
they cannot be used for.anvhfurther inferences. For any inference
"the untfans formed or.the originai*equation should.be used. 'Hence
for our sensitivity and forecasting anaiysis in the next Chapter we
use the coefficients given in Table 5—9;

i s

Fields (data«;et 23); “The eiasticity estimates of development

activity for individuai fields are given in Tabie 5-11 (p 167) . In
most cases thebprice of oil has a.high eiasticity coefficient.

Also the: price of gas has a 51gnificant coefficient aithough it is
negative in some cases. ‘ As the, fields in question are baSica]iy oil

22

' fields such a result is not unexpected (Tevei of probable

reserves) does not show any consistent pattern It appears with the
anticipated positive sign for some fieids and with an unantic1pated
-negative sign for others The coefficients of CD and RP 0il U.S.
dappear with the anticipated 51gn in most cases, although they are:
not significant in some MDP has a positive effect on the newer
r;ffieids ') and 1 in most cases have positive elasticities, again
impiying that between 1960 and 1979 (a +i1) > 9. Thus even if (i"
| had increased over the period this result suggests that firms

1 continued to invest in the industry in anticipation of ‘even higher
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profits in the future. However, as u and i have derived
‘coefficients, the significance of these estimates cannot be

‘established.

2

Alberta - Pooled Samﬁle Data (data set #4): Although the R
obtained for equation (4-52) from the fourth set of pooled samé1e~

data (Table 5-12, p 170) is not as h1gh as that obta1ned from the
Dl.t
first data set, all variables 1nc1udmgﬂK1 are of the ant1c1pated

N S ) AT S

signs and are sigpificant (except u and i¢for which the:s{gnificance *
cannot be establishedi. " MDP has the highest elastitity parameter . :

"~

and as in the first data set is negative and significant. 'ngs

has a higher elasticity than P However, we test for the

oil”
significance of the difference'by us1ng'thé t-test for equality of

coefficients at n¥k1degrees of freedom: We test the hypothesis that , -

P ‘= NP, which is not rejefted because the difference
oil r~r gas : )

~between ™ .. and P fis foudd to be insignificant at 203 . .
_ . oil gas s

4

degrees of fEeedom -The elast1city of almost all varwab]es is

e’

| ~higher for th1s set of data than- for the first set.

3

A consistently pos1t1ve and siguificant elast1c1ty of

vdeve1opment activity with respect to K1 usirg the second and

“_,fourth data sets 1nd1cates again that a negative sign. obtained from

the f1rst data set‘may be due to particular econometr1 pro blbms

i'Note that fbr the third data set K] has- a negative c0eff1c1ent

-~ for four f1e1ds, although these coefF1c1ents are statistical]y Co ﬁ*ﬂfgi'

:1nsign1f1cant S BT . J,} R g O S
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6. The Profit Maximization Model: Production.

i

Log Q. = ¢ 4 c,(logC, + log(a +u- 1) - log(a - 1))
i

+ czlogK logP

+ C + c4logP

2 3 oil gas
2
+ cs]ogogaS + C6(109001] - 1ogqgas)

+ c7logMDP , ~ (5-53)

+ log(a +u- 1) - log(a f 1))

oil * d4]°gpgas

- logans)

2.+ dalogP

+ dglogQ 4\ de(10gQ 4y

(5-36)

Alberta (data set #1): The production equatfion performs very well

for all the data sets. Due to exp1§cit sjmultaneity between poil

and Q__., we estimate these two equatfofis only within the 3SLS

' ) gaS D ] —————— - ] ]
framework. Table 5-13 provides the 35LS estimates. Note that we
have three sets of egtimates‘ The first is dbtained by es{imating

,4553 and}4—36'w1th 35LS. The second set 1s obtained by estimatin%g

-4i51 “4- 52 4-53 and 4 36 aga1n w1th 3SLS Because of high

2, the .

corre]ation between 0 0l or Q and (Q

s 011 _ ans)

'3 resu]ts are b1ased we thus derive the reduced form equat1ons of

Q 1] and Q‘ é and estimated the model with four equations -Thé”
2 i . ,")
third set provides these est1mates Note that (4 53) and (4-36) no
Y

2
1ongar naye anslon‘dggu and (Qon Q ) as exogenous

, 'van{ab1es. Thus,-
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c,. + c](logCN + log(a + v - 1)

%i1 = %o - log(a - 1))
+ c2 logK2 T c3 ]°9P011 *q, ]ongaS
*+ ¢, log MDP ‘ )
and .
ans = qo + d](logcN + Jog(a + ¥ - 1) - log(a - 1))

logP +Cy fogP

czu‘]ogK2 +C 0l

3 gas -

In all the empirical esgimates of equations (4-53) and (4-36),
most variables are not significant, although the R2 is ye?y high.
W . - . Y

Market Demand Prorationing is significant in all equations. The

. " o
results indicate that in the prodiaction phase, the operators are

less sensitive.to changes in prices and costs, but their decision 1o

produce 1is cohtrolled largely by the market.

The first two sets of resu}ts 1n‘Tab1e'5—13 indicate that 0 j
and Q ‘ are pos1t1ve1y related in both the equations (4-53) and
(4 36) % Our model however predicts a negative relationship A
negatiye coeffic1ent of 0 f and a positive coefficient of (001]

- O )2 1mp1y that: 0 1 and d 21 which'are the conditions

Tmposed on. the parameters 1n our mode] (see Chapter Iv Section 3).

Note that the cond1tion d> 1 1s required for the concavity of the

1.;6« transformation function The concav1ty 1mp11es 1ncreasing

opportunity cost of trdnstrmation of production of 017 to .

-

production of gas or v1ce versa Becausa of the problem of

6ver—1dent1f1cation, we obtain—z vahues oﬁ d From the 2 equation;‘

' l model (see Tab]e 5 13) d=‘ 7499 (eqdat.on:4~63) or d = -,1052
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t ) ) .. .

(equation 4-36). From the 4 equation model, we obtain d = 1.018

L]

(equation 4-53) and d = -.027 (equation 4-36). S

~

Interpretation of results given such varying values of d is |

quite difficult. We try to deal with this problem by deriving the

\
reduced form of equations (4-53) and (4-36) and then re-estimating

v

the mode¥. Results are provided in Tables 5-1 and 5-13. -
Despite the re-estipation of the model with reduced'form
equations, 1egﬁys purgue why we may haue obtalned posit1ve
coeff?cients of c (coefficient . ofo 1n edUat1on 4-53) and
5 (coeff1cfent of Q 011 in equation 4-36). Note that the total

production of gas broken 1nto two components: 'non-associated’ gas

which is free of oil,~-and 'associated' gas which is a byibroduct of

oil. Opefators have ]ittle/tontro? over the latter quantity of gas N

.produced, 1 e. 1f X cubic metres of 011 is produced then Y cubic

A

metres of gas is also produced On the other hand, the

non-assqc1ated.gas can be broduced independentﬁy of oil from purely ‘¢

‘gas pools and wells. These pools have a minor amount of 0il in

. : < ) I d ° ’
them, and whatever oil there is, it-is produced as a by - product of ¢
g . . PR -y

~

‘gas.. . -

» . X .
* .

The production of associated gas genera]]y varies positively
with ‘the praduction of 011 - 1 e. with increases in the production

of 011 1t fncreases. and with decreases in the production of 011 1t v'4

,diminishes. The product1on of non—associated gas on the other

..
-
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*_ steadily up until 1980 Thus in the ‘605 and the early '70s due to

175

’

hand,is_quite independent of the production of oil. However, though
! 1

“the markets are independent both technically and as reflected by the

production function, they may still be subject to similar external

fo& viz. the international trehds, the state of the economy and

& . g
the general trends in prices. " These external forces may be strong

“enough to”generate similar trends over time in the production of

both oil.and gas.

s

-Table 5—14.(6 176) gives the histaorica! tevels of production of

oil and of gas ifs Alberta. Note that the general trends (increases
i “

or decreases) are sim1]ar. The ratio of gas to oil production does

not vary 51gn1f1cantly, especially during 1962-1974. These trends

r

are not only ev1dent for Alberta but are reflected ) ‘

internationally. Table 5-15 (p 177k gives the actual worid
prdduction of oil.and natural gas. Note that between 1960-1974, the

prodqction of both oil and gas increased steadily. The gas/oil

4

‘ratio befween4}960 = 1964 “increased dramatically, but remained

relatively stable betweer 1964 % 1974. Since 1974, while the

product kon of oil fluctuated, the production df‘gas increased

k3

'a generaggeconom1c boom in the world economy, the proabttion of 011

and that‘g( gas 1ncreased 1nternationa1]y ‘ Both in Qﬁberta, and

around the world there appears to be a change after 1973 when the

L4

oi] prices incceased substant1ally These pr1ce 1noreases have lead

_to a decreasetin ‘demand but this Qecrease has not constrained the

production of 011 in AIberta after 1974, _because of a declihe \g o11



TABLE 5-14
A1BERTA PRODUCTION OF OIL AND NATURAL GAS
106 m3
011 . GAS - Gas/011 Ratio

1960 20.69 Tose . T
1961 25.05 15.09 . 60+
1962 26.24 22.07 84
1963 - 26.80 24.52 T,
1964 27.719 27,99 . - - 1.00
1965 ~ 29.19 30.51 .04

1966 _ 32.17 32.29 . . 1.03
1967 L 36.67 35.36 .96
1968 39,86 40.43 1.01
1969 45.55 47.27 1.03
1970 52.39 54.44 1.03,
1971 56.77 59.59 . 1.06
1972 67.32 . 67.96 1.00 .
1973 83.01 73.59 .88
1974 " 79.10 7 .92°
1975 67.51 74.47 1.10
1976 6181 76.86 - 100, +
1977 60. 51 " 77,49 B O T
1978 . 60.01 ¥ S I8 X .
1979 68. 51 82,31 . 1.20
* 1980 63.02 77.35 1,22
1981 - 56.97 - ‘. 76.31 ‘.38
1982 . 543 . .88 5\1.-44

v

Source: Canadian Petroleum Association, .
7 ptatistical Handbook, 1982

—
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\- TABLE 5-15
WORLD PRODUCTION OF OIL AND NATURAL GAS
106 m3
o ~ : .
ﬁ 04t GAS Gas/011 Ratto .
4
- 1960 1219 476606 390 ' .
1961 1300 518050 398 -
) 1962 1411 566081 401 : ()
1963 - 1515 592185 390 - #
. 1964 1638 644293 393 ]
' A e e R
1965 1757 689701 392 -
1966 1910 743628 389
R -
1967 ‘W7 800075 389 ) R
1968 - 2287 i 884748 393, ~ : g
K4 - - . v
S 1969 2418 - 968761 a00 : "
1970 2656 - 1073255 - 404
e 2806 1160837 “a13 "
1972, 2955 1225955 a8 . .
1973 3236 - 1299599 a0 S
L o7a v 3263 - 1329004 - 407
1975 - . 3099 - 1330014 429 |
> 976 3367, )393ss . a3 vk
1977 " 80 1anss - 405t 't
* ~ ‘ - . ‘
1978 N 3521 .- 1457979 414
1980 - s . 1essias, a8 . ‘ , S
) . : ’ . ¢ . .
SR L 33 . " 1645291 -+ 508 _ . o '
1982 082, . _n/a LY ‘ -
T e Source.ﬁ American Petroleum Assoc¢istion, )
. Petroleum Handbook, 1982 ~ - .

L NN
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reserves. Thus the eroduction of 01l has decfg;sed since 1974. On
the other hand, during the same period;'the production of gas has °
increased. (Note 1n‘A]berta, it dropped slightly in 1974). in
Alberta part of this imcrease has been due to a higher price of gas,
'1ncreased producer incentives and increased access to fdreign
markets. ‘Government programs to encourage the consumption of. gas
have also been instrumental in generating an 1ncrease in che'
production of gas. ‘The ratio of gas/oil brgduction for Alberta
increased between 1975 and 1978 and then again after 1981. 'But in
;much of the per1od_under review it has not varied significant]y."
“{'Thus our model has captured a positive relationship Petween the

production of oil and of gas. ‘
Of interest 15 the unit efasticity of production with respect to
(1 09). It appears that producers tend to maintain a g1ven
1eve1 of production to reserves ratio and hence an 1ncrease br
decrease in reserves leads to proportionate increase or-decrease in
production. The prodUCtidn to reserves rafioxover 1960 - 1983
" varied between a narrow range of 3% to 6% with the exception of 1973
.- 1974, and again in 1979 - ]980 when 1t 1ncreased to 7%. Note 7
. ‘that these two periods coincide with the dramat1c 1ncrease 1n wor]d

il prices. R

The production'to reserves ratio for'gas»has varied in an even
narrower: range than. oi1- 3% - 5% over 1960 - 1983. But note that.

the elasticity of production of gas with respect to proved reserves

2
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s greéter than unity (1.6). We feel that an introduction of a

marketability variable (such as MDP) may decrease this elasticity.

lones. As can be seen from Table 5-16 (p 180), the production
equation performs very well;for all zones. The coefficients. of

P and P are significant for all zones although the
0l gas ’ . )

elasticities are quite low. The coefficient of CN'is negative and
significant for three zones and poSitiQe and significant for the

other one. MOP is significant and negative for three zones but

"

positive and significant for one.

As opposed to'the:first data set, the elasticity of production

<N

R

of oil with respect to K, is inelastic (and in some cases the

2
coefficient ii even negative). This is not surprising, given that

the reserves for a field or a pool wil) generally be established in
the earlier bnases of discovery‘and development. In the production

phase, there -are small reserves additions, and the reserves decrease

as the resource is extracted. Thus the causality may be sWitched.'//

i

Instead of changes in reserves causing a change in production, we

"'may_observe changes in production cuﬁéing a change in reserves.
Th1sAmay.generate a negative coefficient. - Note that in Plains area
- which~1§vthe oldest érea 1n3the.pf0v1nce, we have'a‘sighificant

negative coefficiént of K, On the other hand, 1in Northefn area

2 .
we have-a sighificqgt.positjve coefficient. The coefficients of the-

other two areas are insignificant.
. PR
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fields. Analogous to the case for Alberta and for the separate
zones, the production equation does quite wel].‘ Tgp]e 5-17 (p 182)
1nd1cate§ that almost all variables are significant and of the ”,
anticipated sign. ans has a positive regresston coefficient.

j}he elasﬁicity of 01l production with respect to ans is close to
unity -in most cases and the coefficient s s1gn1ficani.~ MDP jr
consistently appears, to be the most statistikél]y significant
variable. For fields be]oﬁging to the Plains and Central regions,
ihe elasticity with respect to MDP is higher than all other
variabies. The level of proVed reserVesJ(Kz) is sign{ficant for

~all fields in the.Northern and Foothills*zones, but for the other
two zones no consistent pattern is evideﬁfp However, the;e]asticityv

~ with respect to K, is quite Jow. This can be explained by similar
arguments as épt forth for the zones. These”;rgumentE will also

| explain the negatiye and significant coefficient ?f xz for Turner
valley. ﬁote that Turner Valley is the oldest field in the

’ province.. Ricinus and Ferrier which are‘ré]atiVely newer fieids‘

: 'havé_a positive and significant coefficient.

A]berta:.PéoTed Sample Data. ;Table 5-18 (p 184) gives the results

" for equation (4-53) with the fourth set of data. The R’ is high  +

‘and al variab1e549xcépt'K2;aré significant. =~ However, CN does
“'not ha#g the‘ant1cipated sign. ans is positively re]étéd~to
Qoil and the coefficient is significant. |

surr
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'3, Empirical Results: Exploration Sub-Model

2

log t = e0 + e] 1ogRP 0il U.S. +-e2 logEXP
) + e, 1ogRPa't te, ]ogREt_1
+'eg logt (4-54)

3 p

Log EXP = fO +§f] logSUh + f2 logP il
+ £l ]ongas + f, ]ogCE+D (4-55)
Log SU, = g, + g, TogUDR ; (4-56)

t = 9%

* As discussed in Chapter 1v, the above model is quite simplistic.
The first of the equations explains exploratory activity in terms of

the price of oil in Alberta relative to that in U.S. (RP );

oil U.S.
the expected profitability in the oil and gas industry (EXP); the rate

,fof return in alternative industries (RPa]t)?/the level of retained
" earnings:in the oil and gas industry (RE,_;); and the number of

acres held-(L). The second equation explains the expected
. : C _ ¥

-profitability.in the oil and gas industry as a function of expected
’ N

sut;ess ratio in the 0il and gas 1ndustry (SU ), the expected

\

~ugllhead‘nzice of o1l (P 1]), the expected we]]head price of gas |

(Pgas and the\EYﬁEtted‘per foot cost of- exp]orat1on -and , ’
\ %

deve]opmeﬂt (C The last~equatipn expresses the succes§ ratio

exD)- eque
1n_egploration ‘as-a function.of the level of undiscovered reserves

(UDR).

185
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The above three equation'modei is estimated for each of the four
‘data sets. The first data set is estimated with both the 3SLS and OLS
- method of estimation. The other three data sets are estimated\oniy
through OLS. ihis model performs quite well for the first}data set
(all Alberta) but not so well for the second; third and foun}h data

sets.

Alherta. ‘The results for Alberta for this model can be seen from

Tables 5-19 and 5-20. The results obtained for 35LS and OLS are

similar but diffe; from those for PC. The PC estimates indicate that
alivvariqpies‘are significant'at 97% ievel‘of significance. The rate —x

of return.on alternative investment RP has the highest e]asticity

alt
parameter,  followed by the expected profitabi]ity. EXP. The OLS and

§SLS;meth6d of estimatidn yield the highest e1asti§gty for retained
éarnings although the coefficient is insignificant AT1 varigbles

under alil three methods of estimation are of the aﬂticipated signs. -

-
<

~

For equation (4-55), 3SLS and OLS yie]d unanticipated signs. for
'€°th SUE ‘and CE 0 aithough the ]atter is insignificant PC.yie]ds

significant estimates for SUE, 01] and Pg * and an

insignificant estimate (with unanticipated sign) for CE 0’ 234

The results obtained from equation (4-56) are very‘interesting.
we find that for 3SLS and oLs, SU is inverse]y related to the level
’Aof undiscovered—reservesvUDR. _Nota howeVen that UDR might be
interpreted?as a trend variable which also cantuhes”the“effect of the -

.
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4

existing geo]ogy. jf UDR is replaced by cumulative numher of
exploratory we]lg drilled (CWXT) and assumed that higher CWXT
regresents'dimtnishing UDR, which is commonly ueed a; a trend
variable24, then our results indicate a positive retation between
.SUE and CWXT. The results from the two re]ation;eare consistent
with eath other in that they both 1ndtcate thatﬁQe are on the rtsing
portion of the discovery rate curve.25 ‘Note that this result could
largely be due to the high success ratio obtained in gaslpr improved
search tethnoLng for-both o1l and gas. |

Zones. Tables 5-21, 5-22 and 5-23 (p 190, 191, 192) provide the
results of this model for each of the four zones. 1In lable 5-21 the
number of acres acquired under the varﬁous agreements for drilling
purposes, L, (both leases and licenses) is significant ih three out of
four zones implying‘that L does impeee a constraint on the amouht of

26

activity that can be u aken . This variab]e has the h1ghest

elasticity parameter EXP is s1gn1f1¢ant for only two zones.
Further, 1n zones where tXP is/a significant variable RPa]t ls'not
significant. Eq atﬁon‘(4—55) performs relat%veiy better for Plains

and Foothills zones. The'sign of the xoeff1c1ents except for ¢

\ t D
are. as ant1c1pated and a]so most of them are s1gn1f1cant fFor the
Northern zone, the signs of aI] the coeff1c1ents are unant1c1pated

For the Central zone SU and C

£ E4D - have unantic1pated signs.

The results of equation (4-56) might indicate that in three out of

four zones, we are on the decreasing portion of the.discovery rate
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.curve (as per the Uhler notion). For the Foothills zone, we are still
on the rising portion of this curve. However, as the coefficients of
UDR are not significant‘except in the case of the Northern zone, it is

difficult to arrive at definite conclusionsa

Fields. The alternative model does not perform well for_most fields.
Equation (4-54) (Tab]e‘5—24, ﬁ 194 - 195) explains well the timing and
extent of exploratory activity only for Pembina, Rainbow, ﬁed Earth,
Ferrier, and Ricinus. Note that these are all new fields. Similarly,
equation (4-55) (Table 5-25, p 196 - 197) explains the variations in
expected profitability for Pembina, Ferrier and Turner Valley. From
“the Qesu]ts on equation (4-56) (Table 5-26, p 198 - 199) it is again

difficult to derive general conclusion3.

8. Emp1r1ca1”Résults Obtained from Both The Models: A Comparison.

Comparison of the tw¢.models‘can on]y_be made by cémparihg the ”
‘results obtajhed from equation (4-51) with those from eduétion
(4f54); ‘thg.that both these équations attempt tb‘exp1ain';ériat16ns y
ih explora;1op activi;y in Eelat1on to.changes ih parficular L
independent variables. Due fo.wﬁdevvariations in results obtained
from the fields and zone§ for;bdth the models, we compare only the
results obtaiééd'for Alberta és a‘whq]e.'i.e:,fho;e from the first

data set.
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Both equations explain the variatfons in exploration activity

well. Equation (4-51) has an estimated R2 of .89 and equation

(4-54) an R2 of .84. A1l the variables in (4-54) are of the 5

expécted sign and are significant. For (4-51), the variabie CE' is

not significant, and CD' though sighificant, is not of the *

anticipated sign.

o~

The second model suggests that exploration is most sensitive to

4

perceptions of the chrent rate of retii*p in alternative investments,

. i _ \ :
and to the expected profitability as #asured by the unit size of . ‘.

bonus bids in the oil and gas industry. It is less sensitive to
RPoﬂ u.s.’ to L (thegguwber of acreS acquired under 1ea§esland
licences) and to REt_iﬁ(épe~1eve1 of. lagged retained earnings in the

4

oil an

fﬁggfindustry)- The first model suggests that exploration is

A
25

most~§énsit1ve'to prices, both of oil and gas. There is one common

variable in both the models, i.e. RP It has a higher

01l U.S.”
elasticity in the first model, although it is significant in both

cases.

Aslindigated earTier in ouf theoretical analysis, a comparison of
the two models for exﬁ]oration}does not“suégest that structdra]
factors p]éy‘a gfeéter role than financja] variab1es."Both variabies
- play a sign1¥1cant_ko1e. Thus a]thpugh‘the total amount of land
-acquired for exp1qration under the various government'agreemenés

places an uppef 1imit on the'extenf of exploratory drilling, the

financial variables also influence the decision to explore or not to



. r &
explore. Expected profitability in equat1on dAASS) is exp]ained by

expected Po11' expected Pgas' CE+D and SUE' Note that as with

~
\

equation (4—51),'Pgas has a high elasticity. Also, the elasticity
of expected profitability with respect to Pgas is higher than .

~
similar elasticity with respect to Poil‘

\

Footnotes:

1. This limited time frame is due to (a) the difficulty in obtaiping

data on micro units and (b) the fact that fdive of the above fifteen

fields were discovered later than 1965; and four other fields, though

already discovered earlier, did not have any significant activity

‘ before 1965. As explained later Jn Appendix A to select 15 major oil
fields, we first classified all major oil fields in the province (as

201

defined by AERCB) into four zones. Then for each zone we selected the

first four. In this selection procedure, some fields which were
discovered prior to 1965 were not taken into account. Thus the size
of the fields rather than the year of discovery were the criterion
used to select fields. Note that the micro-analysis (individual
fields) in this thesis is restricted to ol f1e1ds '

2. Exp]oratory expenditures and exp]oratory footage within the areal
boundary of an established field are assigned to that particular
‘field. Exploratory expenditures/footage which do not fall under any
established field (i.e., are in newer areag) are classified under
miscellaneous. Some of these expenditures can later be assigned to a
new field - while others remain under this category. A
.reclassification of these exploratory expenditures under the

miscellaneous category would depend largely on the success obta1ned in

these: exploratory ventures.
3. Geological Survey, of Canada

4. In equation (4- 53) and (4-36), there 1% a one to one correspondence
between the right hand variables [log Qu47 - 109 Qgas]? and the
dependent variables Qg1 and Qgas. As a result, tge results

obtained from (4-53) and (4- 36? may be misleading We tried to
eliminate this problem by replacing the Qg4 and Qqag on the right,
hand side by 001] and 0, as» where‘%b11 and’& as are predicted

values; These are obtained by first regress ng Qg41 and:Qqas

separately on all exogengus variahles. Second, the estimated equation.

is utilized to generate oi1 and Ugas- The estimated equations
are as follows: ’ . S oy



202
Log Qgpjj = 5.2247 - .0508 [log Cy + log (a + v - 1)- log (a - i)]
) -
(6.090) (~.4069)

+ .995 TogoK,-+ .0720 log Pgy)
(14.949). (.4447)

- .39549 log Pgas - .6345 log MDP
(-4.8139) (-9.03)

R = .9898 RZ = 9859 D.W. = 2.0497 df = 13

Log ans = -4.4997-.11288 [log Cy + log (a + v - i) - log (a - 1)]
(-2.937) (-.388)

+ 1.6347 log Ky + .2445 log Pyq9

T T T N

(13.519) (.5859) P
- .33039 log Pgas 7
(-1.5681) 7

7

/s

R2 = .9542 R2 = .9411 D.W. = 1.2269 df = 14

oy S

5. The assumption underlying any behaviofal relationship is the presence
of a direct correspondence between depéndent and one or more independent
variables. 1n a properly specifieq/ﬁgdel, the macro data captures this

direct correspondence. Micro d on the other hand are based on limited
information and are of poor quality with low reliability. Therefore, the

information contained in the/micro data may not be adequate to capture
the direct coFrespondentE”Tﬁglied by a behavioral model. .

6. An alternative specification with three dummy variables was also
experimented ‘with, but the third dummy . Var1able was found to be
insignificant. ot gj_if'

7. As stated in Apgend1x A, a major oil fie]d is defined as produc1ng
more than 222.6 10 m3 per year A major gas field is defined as .
producing more than 222.6 103 m3. ' :

8. See Kmenta (1971), p 371. -
: 4

9. Some alternatice specifications were also experimented with. For
example, we tested £ = f (Cg) and obtained the following resu]gs:

N
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1961 - 1979: Log £ = 15.11 - .05358 log (¢
(19.05) (-.285)

L\
RZ = 0035 R%= -.0551 D.W. = .2039 df =17
{
1974 - 1979: Log E = 12.68 + .8731 log Cg
(22.91) (5.56)
=4

R = 88 R = .85 D.W. =3.14 df

10. See Chapter IV, Section V.

11. Note that due to geological and transport problems wh1ch affect the
economic viability of any project, most of the drilling in the last two
decades has been in the Plains and Central zones of the province.

12. See Maddata (1977), p 134

13. Normally both the price and cost elasticity of development and
production activity will be equal (see equation v in Chapter IV). But
since we break the composite price into two components, P,57 and

Pqas. theoretically we get a larger elasticity of development with
respect to Cp. However, empirically we find that this does not hold

true.

14. The exact regression equation is as follows:

Log D = 11.143 + .253 Log Ky ~
(3.74) (1.50) - ,

R = .11 RZ=.11 D.W.=.21 df =17
“15. LogDy = 16.793 - .066 (log Cp - logu + log (a + u - 1))
(2.73). (-1.78)

- .102 log Ky + .038 log Pyy7 + .066 1og Pgas
(-1.35) . - (.76) - (1.90)

+ .238 log RPoj] u.s.
’ (] ]5) . )
R = .62 RZ = .57 D.W. = .47 df =16

16. This form is general in that the coefficient by which was common to
Cp» 'and i is now divided into its three companents. Thus Cp, and (a
+u- 1) have individual coefficients. E -

17. Similar general spec1f1cations were estimated for exploration and
production. For exploration, where the term (log u- 1og(a+1: -i)) 1is
decomposed the results are as follows: . ,
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Log £ = 12.29 - .059 log Cg + .179 Jog w + .055 log (a + v - 1)

(25.79) (-.67) (2.99) (2.82)
I .
) + 025 1 + .21 log Pyyy) + .51 log PgaS
(1.08) (7.72) (8.39),

+ .217 log Cp + .161 log RPG47 y 5.
(2.98) (7.95)

R = 87 R = .83 D.W.<=1.47 df =1
.- ~_The general form of equation C' yields the following results:

\

Log Qgj) = 5.62 + .0170 Tog Cy + .160 log (a + u - 1)
(10.55) (.730) {7.50)

+ .011 log (a - 1) + .108 log K, +
(.487) (5.45)

+ .067 log Poiy - -193 log Pgas - .377 log MOP
(1.55) (11.47) (-24.33)

+ .688 10g Qgas + -019 log (10gQoi) - 109Qgas)?
(36.81) (3.51)

R = .99 RZ = 99 D.W. =2.3 df =10

Note that in all three general formulations the goodness of fit and the

significance of variables is improved. However, the t-value in both the
s specifications in all three cases is significant at the .99 level.

x18. "The AERCB believes that Alberta market prorationing was largely

instrumental in increased competition in the industry and resulted in

various discoveries that may not have been made to this time" (AERCB

(1983) p. 25).

19. AERCB (1983) p. 26.

20. Ibid, p.v25.

21. MDP is chosen as the apbropriatg scaTing factor.

22. Thus we may have a fradeoff possibility curve of the shape
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As the price of gas increases we may observe a shift from point A on
this curve to point B. s

. 23. Note that we have Jumped together both the exploratory and

'devegopment costs to get a variable which would more adequately

represent the cost that determines the profitabilit perations.
y f.‘i‘ .

<24, MacAvoy and Pindyek (1974) Uhler (1976 1979). o :

25. However the relationship 1nd1cated 1n footnote 18 of Chapter IV
between UDR and SUg, is not constant. * With appreciations in UDR due

-largely to better information, the curve would shift to~the rlght

although the curvature may remain the. same.

26. The significance of L be due to a one to one correspondence
between E and L. As-discussed earlier in Chapter 1V, Yand acqu1sit1on

preceeds exp]oration ‘and magsbe influenced. byfsimilar factors.

However, as the aim in the Sub model is to analyze the exploratofy
activity, no -separate functlon j< defined, and L is treated as an
exogenous variable. . ,

¥



CHAPTER VI: THE SEMULATIONS

N

In this chapter, we concentrate on further economic
intsrpretations of the.quantitative results obtained in Chapter V from
the moqe1 developed. Given the v&rious elasticity estimatég from the
previous chapters, we attempt to analyze the impact of hypothesised
éhanges in various public policy parameters on the dependent variables
in the model, i.e. on exploration activity, development activity,
production of oil and the production of gas. We also measure the
effect of such changes in industry activity, on the cash flows of the
industry, and of the two levels of government.

This chapter, then, is divided into fourbsectiqns. Section 1
gives a brief outline of the policy barameters being considered for
change in the subsequent analys¥s. Also, it specifies the method of
ca]cﬁ]ation of eacﬁﬁof the cash flows. Section 2bdea1s.with'a
éenSitjvity anﬁ]ysﬁ§ for‘various ﬁub1ic policy assumptions. '}t begins
'by‘out1ining the changés introduced in the policy parameters. and then
« indicates the-resulting changes {n’each of the dependent variab]es,
aTong with the .computed cash flow for'each of - the policy Changeé. We
consider a time frame of 9 years from 19}1 to 1979 for sensitivi;y

anaiysis. Section 3 yields a time series forecast of ‘exploration,
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deve]ophent; and prédﬁction of 0il and gas and the associated cash
flows for various policy scenarios. It first specifies the
assumptions for various scenarios considered in this Ptudy and then
provides estiﬁates of dependent variables and the cash flow in each of
these scenarﬁos. The results under this section can be divided into
,two parts: the first genérates forecasts for 1980-1984. The projected
estimates in the sub-section can be compéred with the actual,
estimates; the second pfojects results for 1985-1994. Finally, tﬁe
last section discusges the forecasting accuracy of the model.

A

1. Public Policy Parameters

- Chapter 4 indicates that exploration, development and the
production of oil and gas are each rgspoﬁsive to changes in prices,
cost and market demand proratibning. Prices refer to the wellhead
pricés.nét of royalfjes.] Similarly, the cost refers to cost net of
various write-offs and allowances. These costs are referred to as
effgctive cost, as compared to actua1mcoéts which are gross‘of any -
writé¥offs and allowances. Among the policy paraméters considered in
the'hode1. net costs, netback product prices and market demand
prorationing enter the estfhated equations directly, whereas
roya]ties;‘tai write-offs aﬁd a]lowances'entér the mode1'indirect12, ' ~
i.e. either through prices or costs. Note that as net prices areﬁﬁdt i

"en;jrely determined within fhe market but are part]y subject to

regulation, they are also treated as policy variables.
S _ & ) -

/



The various tax write-offs and allowances are discuseed in detail
in Chapter II. However, we briefiy repeat the main features of these
write—ofts and allowances. Two speeial write-offs, the exploratory
expenditure write-off and development expenditure write-off are !
provided to the resource industries. These write-offs are special in
that they allow certain-capital outlays to be expensed at an
accelerated rate. The rates at which the two types of expenditures’
can be written off has changed over time. For mich of the '60s and
| early '70s, both the exploratory and development exhenditures could be
written off up to 100% in the year in which the expenses were
incurred, provided the firm generated sufficient profits. In the
':absence of such profits, these expenses could be cafried forward and
expensed as soon as the‘profits were generated. Since‘1974, only 36%

of the development expenditures could be expensed in one year,

é]though 100% of the exploratory expenditure write-offs could still be

expensed. Both exploratory ahd development expenditures are expected
" to continue throughout the '80s. - |
The‘two specialja]lowances.inc1ude the depletion allowance and
the resource el1owance. These are special in that they are over and
aboue'the allowances ﬁrovided to the non-resource industries. .
‘Although the deP1etfon'a11owahce existed through the '60s and the
*70s, the'reSOJtce a110wance'was brought ihto effect on1y'1n 1976.
The resource a11owance is expected ‘to continue through the '80s, but
the dep1et1on allowance under the National Energy Program (NEP) was

phased out at the end of 1984. 1In addition to these tax write-offs'

208
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and allowances provided by the federal government, the Alberta

government operates a system of exploration incentives .- the ’ ///’\\\
exploratory and geophysical incentives program. The exploratory: /

incentive program was introduced im 1973 and the geopﬁysica] incéntive
program‘in 1975. Under both these programs qualifying expenditures
are reimbursed to about 30%. (However, under the new oil and»gas
incentive system, both these programs expire on July 31, 1985).
Besides these two incentives, since 1982, a ﬁew program called the
Petroleum Incentive Program (PIP) has been in effect. Though
introduced by‘thg federal government, the payments under this program,
for investment in Alberta are made by the provincial government.

In revenues, the royalties are collected by ihe provincial
government‘ahd the combined corporate income tax by the federal
government. Since the introduction of the NEP in 1980, the Federal
government has levied a new tax called Petroleum and Natural Gas'
Revenue Tax (PGRT), which is collected on totai revenue net of ,
operéting cost. On January 1, 1982, anofher tax called IORT‘was
llévied on 011,-a1though it was su§pended from June 1, 1982. IORT was

calculated as follows:

& . , '
. 'IORT = (Actual domestic wellhead price
-~ o1d NEP domestic wellhead price) x .50 |
With the signing of the Western Accord on March 28, 1985 several
changes haVe‘been made to the federal energy pricing and fiscal
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regime. These are illustrated in Section 3.

In the present study, the various policy parameters are

calculated as follows:

1. The netback wellhead price of oil, P is calculated as

oil’

Poit1 = WPoi1 = (Rojp X WPg4q)

where NPOﬂ is the per barrel price of oil at the we]]héad, and

Roil is the average rate (%) of royalty per barrel of oil.

2. Similarly, the netback wéllhead price of gas,.PgaS, is

calculated as

=WP___ - (R

Pgas = "Pgas gas * WPgas)

.r

where wpgas

cubic feef) at the wellhead, a"d‘Rgas is the average royalty rate on

¢ Y4
gs. R ‘ S

>

is the price of gas-per '00 Mcf (one hundred thousand

Q

3. We calculate the ‘effective’ per foot cost of exp1oratfon

(CE) as

Cg = ACp - (Tvg)AC; - (T)(DEIACE



Note that Tt is the actual federal corporate income tax rate
(applicable to all corporations), vg, the exploration expenditure
write-off rate, DE the depletion allowance, and ACE the actual per
foot cost of exploration. Due to the presence of the exploratory
expenaiture write-off allowance, the industry saves in taxes an amount
equal to (T)(v ) AC;. For example, if T were 36%, AC were

$1.00, and ‘the firms were a]]owéd to write off all the exploratory
expenditures (i.e. Yg was 100%), then the amount savéd in.taxeé
would be $.36. Thus the second term in the above‘;;La ion measures
the total exp]oraton} write-off out of the actua1'cost,_ACE. By the
same reasoning, the third term reflects the total dep]etign allowance
out of the aptua] cost. It should be noted that the above formulation
and the formulations to follow apply strictly to those firms which are
in the taxable bracket in-a giveh'year.

B}

4. Again, the 'effective' per foot cost of development CD is

>

calculated as

- C

p = ACy - (DAl - (1) (DE)AC,

where, ’YD is the development expenditure write-off rate and ACD
| the actual cost of development per foot. In line with 3 above, the
second and third terms bn the right hand side give the total

_1development write-off, and total dep]etion a11oyance respectively.

211
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Finally, the 'effective’' cost of operating per '000 BTU of oil

agd gas is calculated as

CN =ACy (1T - T(1 - RA))

- where ACN is the actual cost of operating per '000 BTU of oil and

gas and RA is the resource allowance. Note the treatment of RA in
this;fdrmulation is quite different from the treatment of TEs
A and DE 1ﬁ tﬁe above two formu]ations.. This occurs because
YEs Yp and DE are definéd over expenditures, and RA is defined
over net revenue. |

Table -6-1 provfdes the rates of roya]%ies, allowances and
write-offs for the period 1960-1979. Table §-2 provides the netback
prices of oil and'gas (net of royalties) as against the wellhead
prices for the same period. Finally, Tab]e 6-3 compares the net or

effective cost of expldration, development and operating with actual

nominal costs.

The cash flow generated within ;he oil- and gas industry is shared

between the federq] and the provincia] governments and the industry

jtself. The industry's net cash flow is the sum of (a) the net
revenue {after costs, royalties and taxes) generated within the o1l
and gas industry, and (b) the incentive credits earned by.the :l‘; )

-

industry. It is,thus calculated as, N

212
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Industry’'s Cash f]owt

= TJotal Revenuet (PQ) - total Operating Costt

total Exploratory Costt - total Development Cost

total federal corporate income tax

total provincial corporate income tax

+

exploratory incentive credit

+ geophysical incentive credit

+

petroleum incentive credit.

Note that as P is the netback price, i.e. net of royalties p]us‘;aées
(excluding the corporate income tax), we do not subtract the roya};jes
separately. After 1982, PGRT is ifeluded in the ca]cu]ation‘of‘thew
netback price. Also, note the costs here are net of "tax allowances,
i.e. costs are total 'effectivef. As the petroleum incentive credit
was only introduced in 1982 it does not enter the cash flow

calculations for the years between 1970-1979.

The cash flow accruing to the provincial governmenf»is comprised
of the provincial income tax and the royalties after the payments of
incentive credits. We calculate it as,

{

Provinéia] Cash F10w£
= Total Provincial Corporate Income Tax
for the oil and gas 1n4psfn}£ + royaltiest
- exploratory 1ncentivé creditt
- geophysical incentive credit,

- petroleum incentive creditt

26
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The provincial corporate income tax is calculeted as

Proviﬁhia] Corporate Income Tax = (Federal Corporate Income Tax
Base + Resource Allowance
- Royalties) x o

where Tp is the actual average provincial corporate tax rate
assessed on the above tax base. Note that the provincial corporate
income tax is calculated on the same base as the federal corporate
income tax, except that there is no resource allowance and that
royalties are non-deductible. Since 1975, when resource allowance was
introduced, royalty deductions were dfsal?Bwed from the calculation of
the federal income tax base. Royalties are still deductib]e from the
provincial income tax ca]cu]atidns. The federal corporate income tax
‘base is calculated as given below. The resource allowance is
calculated on net revenue after subtracting the capital cost

allowance, but before deducting royalty payments.

Finally, the federal government's cash flow consists of the
petroleum and natural gas revenue tax (PGRT), the incremental oil
revenue tax (IORT) and the federal corporate tax. Thus,

Federal Cash F]owt = PGRT + IORT + federal corporate

income taxt

-

The federal. corporate income tax is calculated as,
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Federal Corporate Income Tax
= {(Total Revenue - Operating Costt - CCA)
- RA x (Total Revenue - Operating Cost - CCA)
- YD x total devg]opment‘expendituret

- Yp X total exploratory expendituret

DE x (total exploratory + total development

equ<:1tures)) X Tp

Note the costs are total actual costs i.e. gross of any allowances.
CCA is the capital cost allowance which is applicable to any industry
depending on fixed assets, and i3 is tMe actual federal corporate

income tax rate.

~ ..-The-tash.flows in the next two sections are calculated according

to the above formulae.

2. Sensiti&ity Analysis

Y )
" The effectiveness of various pub1ic‘bo1icy parameters applicable
to any major segment of the petroleum industry has often been '
debateds Much of this debate has céntered around the consequences of
a changed policy envirbnMent» Natura11y enough, 1ndu§try's?okesmen
have géneral1y argued for higher oil prices and/or reduced royalties.

" Regarding prices, the industry has argued that Canadian domgstic'

prices should be brought into line with world prices. Following the
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decision of the OPEC cartel in 1973, the price of oil increased four
fold in 1974 (frem U.S.$ $2.47/barrel to $10.97/barrel). Prices then
increased gradually until 1980, when there was again a twofold
increase (from $13 66/barrel in 12’9 to $28.51 in 1980). However,
Canad1an domestic prlces did not incréase to the same degreé:

197?, the Canadian price-of 0il was roughly 50% of the international
price. In 1980 the domestic prtce was again helf of the international

A

price. ‘ N\

. Moreover, with respect to taxes and royalty matters, industny'

spokesmen have often compared the Canadian industry with the U.S. oil"

and gas industry, and it is claimed.that the former is faced with b

90 |

higher tax rates than the latter.

Desnite the arguments of.theqindustry and support from provincial

govennments, the'federal government until the 1981 energy'agneement

.did not change the pricing ponE1es for oil. Nor did the prov1nc1a1
‘ gbvernéght reduce royalty rates at the industry s request.a:Instead
the industry has been partia11y compensated by a 1ucrat1ve package of

“special 1ncentives, credits‘and5a110wances. . e

However, from the po11cy po1nt of V1ew questions such as what

xiwould the industry investment be if- the Canad1an prices had equa11ed

the wor]d 1evels,vor a1ternative1y what wou1d be the 1eve1 of

\finvestment under reduced roya1t1es or what wou]d be the 1mpact on

'1nvestment and prgductionrjf~the specia1~§ncent1ves package was

219
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withdrawn are important. Some of these possibilities are pursued in

the following analysis.

‘As major changes‘in the 0il1 and gas industr; occurred only in the
'70s- (as opposed to thé '60s) we select a period of nine years from '
1971 to 1979. .Four cases with a total of five variatiohs are
sﬁeé?fﬁ%d, In each of.these‘glternatiye cases we-change one of the
policy parameters assuming that everything else is constant. Thé
effect of each of these changes on.exploration development and
product1on act1v1ty in Alberta's oil and gas 1ndustry, and the
associated cagh flows of the-industry as well as the two levels of

governments, -is then studied separately.

(i)-Sensftivity Stgnarios. The  scenarios specified, and the

assumptions. made in each one of them, are as follows:

Case 1: Case 1 assumes lower royalty rates for both oil and gas as
~applied to actual regulated domestic prices over the period. We,
specifx two subcases, i.e. .50 and .25 of the actual Alberta royalty

~ratgs.

Case 2: The second case assumes that all thfbugh'the tgst;peridd

(197 ;197§) the domestic wellhead pm"ce of 0il is equal to the .
Montrea1 price of offshore crude minus the transport cost from A]berta
<to Montreal. This implies that the we]]head price of oil in Alberta ;

throughout the period would.have been Tower than the actuallwe11head
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price in 1971, 1972 and 1973, and higher for the years 1974-1979.

Case 3: The third case assumes that there are no production
restrictions, and firms therefore are producing at full capacity.

Thus the MDP parameter measured as a ratio of productive capacity to

actual production is 1 for the test period.

Case 4:. Case four assumes a complete absence of the earned depletion
allowance:; The actual rates of the various allowances, write-offs aﬁd

priées are gi@en in Tables 6-1 and 6-2.

4 -
L~

The resuits derived for each of the above cases are given in
1Tab1es 6-4 through 6-10. Column 1 in each of these tables gives the
actual annual figures for the particular dependent variable treated in
that table (exploration, development, production of oil and gas and
cash flow). Column 2 gives the vg]des as generated from our model,
assuming no hypothesised changesl?roh 1971 to 1979. .Co1umn$ 3 through

‘ 5‘give the projected values for the dependent variable as a résu1t of -
a hypothesised bo1iCy assﬁmption - everything else being unchanged.
Each column Eorresponds‘to'one of the four policy variationﬁ discqssed
above, and assumes fhat each one of these chénges was introduced by
itself in 1971, and susté{ned thereafter, without Ahy change in the

q,

other nine years.

T-

"Homever,'before deriving the sensitivity estimates as set out, we

2 R

made a Furtﬁer change'in.equétionv4-51 (exploration) for the following
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reasons: the results of Chapter V indicate that the cost of

~ development per foot drilled C, (which is an independent variable in
equation 4-51), is positively correlated with E (exploratory footage
drilled). Thus, with’increases in CD’ E would increase too.

Because of this seemingly anemalous result, the movement in E is
contrary to what we might expect from economic theory. For example, a
decline in the federal development expenditure write-off rate would
increase thé'effeetive unit cost of development drilling, and this
wou'ld increase E. In the or%ginal specification then, if the
gerrnment reduces or withdrawé its special allowances on development,
invéstment in exp]oretoryvphase ofvthe 0il and gas industry would
increase,.and a change in these allowances or write-offs would seem to

lead to the opposite of what was intended.

. Because of the anomalous sign of CD in equation (4-51), we

re-estimate the equation uﬁthout CD. Thus the equation now becomes,

Log't = ag-* a;log Cp f\ezlog‘(u -.logla +u- 1))

e

4'a31 + a41eg Poi1 ¥ aslog Pgas |

tag RPo4y uls.

\

Further, we use the reduced form equations of (4-53) and

———
-

2 7 S
ans) no 1onger ‘

,,appear on the r1ght hand s1de of the equation Both these -changes,

hoviever, do not affect the resu1ts, both in terms of the goodness of

fit of the mode1 and the sign1f1cance of the variables3.

y



In analyzing the results obtained from the various sensitivity
runs we divide the rest of this section into two parts: predictions
for investment and production of o0il and gas, and the cash flows of

the industry_and the two governments.

(ii) Sensitivity of Exploration, Development and Production. The

results given in Table 6-4 (exploratory activity) indicate that out of
all the policy options considered, on average a move towards the World
'prices'(case 2) would hqyg,yie]ded the. highest level of exploration.
Between 1976 and 1979, exploration activity would have increased by
31% (compare column 5 and 2). Note the comparisons made in this
secfion and the one to follow are between the mean projected values

and the mean value of the case in question.The Towest level of"

223

investment in exploration would have been achieved in the case with no

depletion al]dwance (case 4) . However, here exploratory activity
changes by only .63%. This modest change is due baéféa]]y to lTow cost
" elasticities. Tab]é_6—5 indicates fhat, as in the case of |
exp}oration, investment in development activitx would have been
highest had the price of oil moved to world levels. In this instance,
deve16pment activity“woulﬂ have incréased by 35.29% (compare columns 5
ahd;2); " Development acfjvity is 1owes£ when the depletion allowance
is'eiiminated. .A.decline of 4%'fs evident (compare columns 7 and .2).

If the royalty rates on both 0il and gas were halved as hypothesized

(Case 1), exp]oration*would}have increased by 19%, and development by

27% (compare columns 4 and 2). - e



Tables 6-6 and 6-7 respectively give the production of 0il and of
gas under the various policy scenarios. We see that the production of
011 is the h1ghest under the third policy option, i.e. with no market
demand prorationing (see columns 6 and 2). The production level over
the 9 year period is 15% higher under this policy optien. The !
production of gas is highest under Case 2. An increase of 18% is f
observed (columns 5 and 2). ﬁote that this increase however, would be
.subject to market outlets. Like exploration apnd development, 0011
and‘Qgas do not change significant]y‘in response to change in the
dep]efion allowance. In the present model the changes in E and D are
carrfed over to Q7 and ans‘through changes in K, (level ef
probable reserves) or K, (level of proved reserves). Note that R]
is a function of E, and kz is a function of K], D and Q.

When comparing the overall effects of the various policy options
on the three activities, it can be seen that an increase in netbacky
price eitfer through decrease in roya1t1es or increase in the abso]ute
pr1ce generates a tremendous increase in investment act1v1ty (E .and
D); The production responds more to thevava11ab11ity of markets as
indicated by the coefficient of MDP. Note that Q. and Qgas have
insignificant price COeffjcients for*P011. The Péas has a '
Significant regression coefficient but a perverse sign. Note as

mentioned earlier-in Chapter V, Poﬂ and P are highly

gas .
correlated thus distorting the re]ationships to be captured in the
ode1 A negative coefficient,for Pg' dampens the effect‘of

-reduced roya1t1es of both o0il and gas,’ on Qoﬂ and ans The

224



225

LLy9 9€¥9 62v8 1L9L 290t 9EP9 S6¥9
696 (496 6186 (812t £€601 1v96 61001
§5¢8 60v8 1008 2Lt 8156 60v8 6016
2298 858 05101 2896 8eLe whma 209¢
0€6$ 1685 688 S6EL ¥599 168S 1299
9065 998§ 2626 seaL 6559 9986 eLLY
6EES 90€$ 01201 £8¢9 2065 90£$ 5516
628% £8LY H 125 666 g8ty LL8s
$18% 9Ly Nmﬁm 0z1s (1713 aLLy ovls
toLy 99 9€85 £10§ S¥8y 9L9¥ 662¥

uo(13(daq ON JOW ON $3dt44 Se9 pue (10 Seg pue ({0 sangeA mu:—m>

pLiOM bupysix3d jyo 0§° Butisyxa jo gir  pIIaLpPaLd tenyay
Ay eAoy Jamo
y ase) £ ase) 2 ¥ase) L ¥se)

(1004 000.)

ALTATLOY AY01V¥0TdX3 NI ISNOASI¥ LSVIIWOL *STSATYNV ALTATITSNIS

9 NavtL

.

(sL6t
-LL61)

ueay

6161
8L6l
L6t
9L6L

SLsL

vi6l
€Lt
ZLe6t
L6t



226

b . (6161
90¥( 0888 2E¥0L 8186 6vL8 ttee - Loo8 -LL61)
‘ ueay
66111 Lt 22é6bl £865 1L 68SEL £6GIEL ¥652L - 616t
1€06 ottt 9p2lLt ) 6LLey ' vEOLL 6¥€6 €8601 8L61
2ot 8eLet 905€!t 265¢€L teeet €9t , {656 LL6t
Svi8 povolL tevol 955 L1 2Loot - 2668 hnmm 961
696¢ 58€6 S691¢1L SLy0L 2226 eL6L o8lLL -StL6t
1609 1869 6EVE L . 2LE8 (121 oyt9 S089 vnw—
$699 £9¢€9 6658 ¥589 €229 2686 62L9 nwo—
£OEY 2L2s 0§1$ 958¢% 2H9¢% 62vd L6y Lt
988¢ 222§ 568¢ 9SEY 9ty 996¢ eLLe LL6L
uoyla{dag oN dOW ON $Sa3jdd seg pue [0 SO pue (10 SN ep , sanjep
PL4OM bupisixa jo 0§ bugysixs jo g¢° PaldLpadd Lenydy
A1 eA0Y JamoY
g Ise) £ ase) 2 ¥se) L ¥se) .
(1994 000, )

ALTATLIV IN3WA013A30 NI 3ISNOASIY LSVIIYO0J :SISATYNY ALIATLISNIS

$-9 navi , «



227

9€929 06221 882¢9 0Lt29 ¥8429 62629 85LL9
vLL69 952 1L ¥6258 9¢81L 020tL oot 91589
(255 (v(89 80649 9885 19185 _ ¥9BLS 51009
982 ¥8(89 ¥9€69 96L LS ELELS 26915 r1509
(96 01659 LL999 LLO¥S vLYS v2EYS ZvL09
(29¢s 16089 905+9 EPLLS . 005L5 086L5 LLSL9
(2v8L 15€58 00699 ©0E6SL 281LL 8218t 8016L
8961/ $955L BLLLS 8v22L oeozt 1081L £10¢8
96929 vEWYL L9669 98629 £6529 £1929 ¥2EL9
LO1LSS 66%2L 281y 9169S 08056 95256 0895
0313430 ON JQOW ON $3d4d seg pue (0 SR9 pue (0 saneA SINLRA
« PL4OM Bupisixa jo 0§ bupasixa 4o gL paydjpauy Len3oy

A} RA0Y J43m0Y
g 3se) £ asey . 2 ase) { 9se)

ANE OOO.V -~ o
110 40 NOT13NQO¥d NT ISNOJS3I¥ 1SVIIY03 :SISATVNY ALTATIISNIS

9-9 318Vl

(616t
-1L6L)

URIY
6L6L
8L6L
Lest
96l
L6l
vi6l
£L6t
26t

LLet



228

: (6161

68859 50599 08$8¢( ZLeet L5€69 LL£99 995EL  -LL6L)

ueay
90208 (€608 000011 S6L¥6 699(8 (8108 L6618 . 6L6L d
LLSSL 06€9¢ 000001 9918 2TICE 8291 - €St 8Le6t
$99€( £65Y( 00000 05218 So6LL LShoL o2s8s Leel
6€629 012€9 28616 0910¢ 15L99° LLLES 8251 9L61
§9969 98209 210¢e8 : 26299 €6429 61209 E9bvL SL6lL

. k ) -
82(89 62269 LLOwL 886LL 1960L 82169 E9EEL yL6L
50009 v 19 166¥9 166€9 11929 S00L9 609€L €Ll
59695 29€1(S ZyLbY 6v265 SE28S 961 LS L9619 a6l
LV6¥S (EESS 02wy 8599S §265S eLLSS 26565 teel .
3
uo}313(d3g ON  JOW ON $334d Se9 pue (40 Se9 pue {40 S3aNnLeA SIN| LA
PL4OM buiisyxa jo 0g° Bulisexa Jo GL°  PaYILPAUd Len3dy <
Ay ehoy J¥m0"

p ase) ¢ ase) 2 ase) L ase)

(gw 000°000,)

SY9 340 NOI11)000¥d NI. ISNOJS3Y 1SVYIIY0d :SISAIVNVY ALIAILISN3S

{-9 318vL



229

[}

change in the depletion allowance or changes in effective costs does
not change the three activities significant]y.ég

(iii) Cash Flows: Tables 6-8-through 6-10 summarize the cash flows of

both the governments and the industry computed by using the method
outlined in Sectiop ]: Due to increased prices and royalties, the
cash .flows oﬁ\%gﬁbgﬁﬁﬁ governments increase tremendously after 1973,
in‘abso]ute.zkbﬁngg{. On the other hand, the cash flow of the industry
declines in\>974. Of all the cases compared, the federal and
provincial revenues are highest under Case 2 (world prices) and least
under Case 1 (lower royalty). The industry revenue is highest under
Case 1 with .50 of existing royalties. Note the industry revenue
calculated here is gross of explofatibn and development outlays.

Revenue net of these outlays may be negative depending upon the

reinvestment levels.

Téﬁ]e 6-11 i]lustrafes the revenue sharing in the oil and gas
industry under the various policy options. ‘in all cases, the industry
enjoys the 1arge§t share. The federal government has the least
share. Royalty revenue constitutes a big part in the provincial
revenues and therefore, fhe provincial goyernment's share is highly
sensitive to/Case 1. Undﬁr Case 2, Case 3 and Case 4,'§he relative
shares are fairly stable. The model projects the relative shares
quite accurately - 17, 38 and 45% as opposed to the actual estimagzgv
of 18, 38 and 44%. Because the former are based on the projectkd

rather than actual values of E, D, QOiA and ans'-it ref1ects the
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accuracy of the model. »

3.7 Forecasting Analysis.

Forecasting by nature is very sensitive to the assumptions made
about the exogenous or predetermined variables. There areﬁmany
sources of uncertainties - some that we expect and some that are
unexpected. “The inclusion of these uncertainties is often difficult
although they do affect the forecasts. Thus the forecasts may not be
very accurate. Nevertheless; these forecasts are often interesting |
'and insightful as to what would happenhif the assumptions turned out

to be valid over the forecast period.

Much debate over the last few years has centered on the effects
on the petro]eunlindustry of the National Energy Program (NEP) =~ ° . _
introduced in Canada on Oct 28, '1980 The enormous amount of effort s
‘_directed towards tQJs debate by the 1ndustry and by prov1nc1a1
_ governments is well deserved for two reasons: F1rst1y, the energy

(011 gas and coa1) 1ndustry contributes a s1gn1f1cant amount to the -
vA1berta GNP, and any adverse effects on the 1ndustry wou]d hamper thet
' prov1nc1a1 growth rate (in 1970 the oil and gas industry contributed
42% of .the prov1nc1a1 GNP'and-1n 1981 it contributed 34%.) Sec0nd1y,
with the onset of recess1on, any unnecessary setback t6 a vibrant
1ndustry cou1d simply deepen the recession. Fgllowﬂng strong .

oppos1t1on from both the 1ndustry and the provincia1 government the
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NEP of Oct, 1980 wa§ modified, and a provincial - federg] agreement
was reached on Sept 1, 1981, although even this agreement‘ﬁégzyery
favourable to the federal government. In this section, we fly»
state the features of the NEP - both the 1980 program and éi:4e
subsequent change in 1981. Later in this section, the highlights of
the newly signed Western Accord arelalso'included. Further, we statg

the changes introduced by the new provincial 0il gnd Gas Incentive

Prograﬁ. A11 this provides a framework under which the forecasts are

made in this section.

—//

(i) The NEP: 1980 and 1981: The NEP‘of 1980 contained substantial

changes for prfcing and fiscal measures. The program introduced three
distinct price series for the wellhead price of oil. Conventional oil
was fixed at $14.75 per barrel, with 1n§réqges of $1.00 evernlsix
months until the end of 1983. Thereafter the price was to increase by
‘$2.25 évehy six’mohths until the end of 1985, and then by $3.50 évery
six months. The oil sand reference price was fixed at 538;00‘per
barrel in Jan, 1981, with increases to $41.85 in Jan, 1982 to $45,80
in Jan, 1983, and, further at preset rates. ‘This .price was gubjeét to
a cap of not more than 100% of the price of imported crude in
qutrea1.' Tertiary recovery oil was fixed at $30.00 per baErel on

" Jan, 1981, with increases to S33.05uin Jan, 1982, to $36.15 in Jan,
1983, ahd then agaiﬁ at a prespecified rate. The iéét'tw¢ pfice '

. categories related to high cost oil.
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According to the program, although producers received the above
we]]head prices, the Canadian consumers paid a separate price. The
price, more commonly referred to as the b]ended or 'made in Canada' ‘
price, was derived by adding a petroleum compensation charge to the
domestic wellhead price. It was proposed that this price would not
increase to more than 85% of the international price.

Since 1975, the price of gas had increased by 15¢ per Mcf for
every $1 increase in the price of crude oil. Cemmencfng Nov 1, 1980,
the price of gas was to increase by'45¢ per Mcf per year resulting in
a 65% parity (in BTU terms) to the blended price of oil outlined in
NEP, 19%0. These price increases were applicable only to gas being
traded between the provinces. Within the provinces of Alberta
British Columbia and Saskatchewan, the price of gas beiﬁg produced and
consumed in the province has been determined by the provincial
govern@ent.

The fisca] measures that were introduced or modified included the
petroleum compensat1on charge, the natura] gas tax, the oil export
charge, and the petroleum and gas revenue tax. The petroleum
compensation charge was épécified\fn the NEP (see'The National Energy
Program, October 28, 1980 p 30) - it was $2.55 in Dec’ 1981, and-
increased to $5. Og‘?ﬁ 1982, to $7.55 1n Dec 1982, and to $10 05 in Dec
”1983. This charge, although 1mposed to cover import subs1d1es being |
provfded to 011 importers, could generate net revenue for phe federal
‘government as early as.the end‘of.1§82, on_the assumption that
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"primarj]y_on;the'extent'of‘Canadian ownership.
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interpational prices rose slowly. ‘A natural gas tax at the Trate of
30¢ per Mcf was imposed on Nov 1, 1980. This tax was increased by 15¢
on July 1, 1981 and then by another 15¢ every six months until Jan 1,
1983. The oil export charge, which was equivalent ‘to the difference
between the -domestic price and the export price of oil, was to

continue, but the revenue was now to be shared equally between the

federal and the provincial governments. The petro]eum and gas revenue

tax was introduced at a rate of 8% of net operating oil and gas

revenues, but this was to increase when the price of oil increased by

more than $1. '

%

Besides the above measu;es, the federal government also
introduced some changeés in:the\tben-existing incentive structure.
First, the earned depletidn allowance applicable to eip]oration and
deve]opment,expenditure was to be phased out by 1984. It was to be
reduced from 33% in 1981 to 20% in 1982, and to 10% in 1983. However,

the dep1etion allowance on synthetic oil production from oi1‘§ands‘was

maintained. Second, the federal government introduced a petroleum

'incentiveﬁ'program which partially compensated for exploratory and

development expenditures. The extent of compensation depended:

As stated above, a]though the NEP was 1ntroduced to 1ncrease

activity in the 1ndustry and also provide equ1tab1e shar1ng of

revenues between the federal and provincial governments, ths program

received heavy cr1ticism from the industry, the prov1nc1a1 governmeut
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and energy specialists. The result was that the original NEP was
modified by an agreement reached between the government of Alberta and
the federal government. Changes were introduced in both the pricinpg
and the tax measures. Two'sets of price series for o0il were
introduced - one was for conventional old o0il which was to increase
from $18.75 ber barrel in July 1981, to $21.25 in Oct 1981, to $23.50
in Jan 1982, and to $25.75'in July 1982. After that, the price of
conventional old oil was to increase by $4.00 per barrel every six
months. This price was subject to a ceiling of 75% of internationq]

prices. The second set of prices covered new oil, incremental oil
{i.e. enhanced recovery oiT), and synthetic oil. New conventional oil
was defined as oil discovered after Dec 31, 1980. Thig catégdry of
0il price was subject to a ceiling of 100% of the inierqationa] oil

.

price.

The modifications introduced in the tax and incentive structure
were as fJiIows.' TQe petroleum compensation chargé was to be modified
in such‘a way that it could only pay for»impone suﬁsidies and,for .
higher'pfices pafd éo domestic prbduction receiving the world
Equivéleht price, andvﬁOt géﬁerate net revenues for the federal
govérnment. The natural gas and gas 1iquids tax was reduced to zero
_ for nafura] gas-exports, but was to continue on éxports of propane and
" butane and also on the'ﬁomestic productioh of.natJ;al gas. The
' petroIeum and gas revenue -tax increased to 16% (effective]y 12% due to'iu

the resource a11owance) of the net oil and gas revenues, and this: tax A

was decreased to 10.7% on A1sands and Cold Lake synthetic‘productign.



A new tax called the incremental oil revenue tax (IORT) at the
rate of 50% of, the difference between the new NEP price and the old -
NEP price was introduced, although it was later reduced to zero
between June 1, 1982 and May 31, 1983. Another change affected the
Petroleum Incentive Payment (PIP) - the Alberta government agreed to

administer and pay the incentives applicable within the province.

Following tﬁe 1981 agreement, there was an update of NEP in 1982,
which did not bring about significant changes. ' The NORP was extended
to tertiary recovery projects, experimental projects, and suspended
wells. The earned depletion was extended to tertiary projects.

R

The provincial governmentdin order to mitigate some of the
negative 1mpaék of the NEP, brought several changes to its incentive
structure. The royalty tax credit program which had been in effect
since May 6, 1974, which provided a credit of 25% of royalties to a
maximum of $1 mi]Iion; was enriched to 75% of royalties to a maximum
of $4 hil1ion. This ChangevWas'effeCtive between September 1,f1981 to
December 31, 1983. ‘Effective January 1, 1984, the royalty tax credit
rate was changed to 592,0{)royd1ties to.a maXimum of $2 million. A
" new one yeaf royalty‘hoTidéy forvexp1oratory dri]}ing was introduced
on April 1, 1984. " A one year naturallgas.}a}e1ty holiday for
certﬁf{ab]e wells was_fntroduced in 1982, and was later extehded to 3
years. Another program ¢a11ed the’ﬁeveTopment Drilling Incentive

System (DDIS) was brought into effect on August 15, 1982. Under this

program, the firms were reimbursed approximately 25% of the1r dr1111ng

239
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costs. The DDIS expired in September, 1983. . Further to abdve,
special incentives in'terms of royalty relief paciages have been in
effect since October, 1982, 3

(ii) Western Accord and the New Provincial 0il and Gas Incentive

Program: Major changes in the regulatory structure governing the
energy industry have been introduced recentiy by the Western Accord
signed on March 28, 1985. ‘The chord abolishes the regulated pricing
of 0il effective June 1, 1985. The price of 0il will now be

. determined throggh negot{atiobs between the buyer and the seller. The
Alberta Border Price of natural gas is to be frozen at its current

. Tevel of $3:00/G.J. until November 1, 1986 when a new pricing scheme
is to be brought info effect.

The NGGLT, IORT, Cost of Sérﬁice Charge (COSC), Crude 0il1 Export
Charge, PCC are terminated as of June 1, 1985. PIP is to continue
until March 31, 1986 and PGRT is to be phased out by the end of 1988.
Further, no PGRT 5111 be charged on production out of wells drilled

after April 1, ]985.

On June 24, 1985; the Governmeht of Alberta announcéd a new oil
and gas incentive package.. Under this program, the exploratory and
geophysiqa1 incentive programs,and one year royalty holiday for oil QQ
wells, will expire on July 31, kgﬁs. Alberta Petroleun Incentive - |
Program will exbire at the énd'of March 31, 1986 togethgr with the

Federal PIP. On the positive side, marginal royalty rates on both oil
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and gas will be reduced in stages over a 24 month period from 45% to

40% on old production and from 30% to 25% on new production. The
Royalty Tax Credit to small producers will be increased to 75% of
réya]ty payments to a maximum of $3 million, effective April 1, 1986.
A new one year royalty holiday program for oil and for shallow
gxploratory gas wells is also brought into effect starting June 1,
§9ss. Both-these royalty holiday programs.are to exist until May 31,
1988, -Under the oil royalty holiday program, the firms can obtain a
maximtm of $1 million per well and under th? gas royalty holiday
program a maximum of $2 million per well. Finally a royalty holiday
program covering all deep gas wells drilled was also introduced on

June 1, 1985.

(iii) Future Trends: The spirit surrounding the 0il and gas industry
has changed since‘the intrbduction of the Western Accord. The tax
chan;es, especially the termination of PGRT'is expected to provide
" extra cashflow to‘the industry to reinvest. 'Besides, the abolishment
of IORT, COSC, PCC etiminates the.uncertainty’and‘negativism that has

surrounded the industry since the introduction of NEP in 1980.

The de-regulation of prices may not bring a positive impact on
activity largely becéuse‘aTthough COOP-will now get a higher price,
NORP will be substantially reduced, due to a downslide in the World

prices. In the next decade, the general consensus in the industry is

that the world prices will either remain constant in real terms or

241
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change at minimal rates in real terms.

The oil and gas market deregulation would further help to
alleviate problems of shut-in capacity, of course subject to market
availabilty. For the Alberta petroleum industry, the abolition of PIP
on the frontier exploration would bring the investment dollars back

into the province.

Thevnet impact of both the ﬁestern Accord and the changes in the ,
provincial fiscal structure is that the investment in the province is
expected to increase. Although the total investment may increase,
there may be a switch"from investment in conventional reserves to

investment in non-conventional and enhanced recovery projects.

(iv) Forecasting Scenarios. Similar to Section 2, we analyze the

effect on the investment, production and cashflows of various
forecasting scenarios. The cashflows are calculated in the same
fashion as illustrated in Section 1. We select a period of 15 years
which is'divided into two parts: 1. 1980 - 1984; 2. 1985t> 1994.
Four alternative cases are. specified whiéh are as follows:

Base Case: For the years 1980-1984, this Case assumes the actual
roya]fies/taxes and actual average price in the province. Prices
assumed in this scenario are provided in Table 6-12. It also assumes

the actual values of all exogenous variables such as the costs,

interest rates, market demand proratfoning;_gp})tive price of ofl in
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’

Alberta vis a vis U.S. and an average labour productivity. Table 6-13
. ¢
provides the values assumed for the various write-off allowances and

royalty rates. Table 6-14 provides the estimates for cost of
: ¢

exp]orélion, development and production. The reserves, however, are

generated within the model through the equations:

IN /
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For the period 1985—]994, we assume the new fiscal regime
introduced in the Vlestern Accord and the new provincial incentives
program. The prices, again, for this period ére listed iﬁ Table
6-12. The prices for ojl are in line with the general industry
consensus. The costs are assumed to increase at the rate of
inflation. Here the implicit assumption is that although the cqsts
increase as firms drill deeper and in more remote areas,.technological
improvements comgensate for such increases. The reserves are

generated within the model.

September '81 Agreement: This case assumes that the pricing. and

f{scal regime of 1981 continues through the 1980-1994 period. Note
the prices are higher in this scenario than under the Base Case (see
Table 6-12), . The cdsts.and other exogenous variables are the same as

assumed in the Base Case. - -
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" Low Case: Again, for the

High Case: For the years 1980-1984, High Case is the same as the Base

éase. After 1984, the High Case assumes: 1. higher prices (see

~ Table 6-12); 2.7 30% increase in the level of reserves in 1985.

[

jLs 1980-1984, Low Case is the same as

Base Case. After 1984, howe ¥, the Low Case assumes: 1. Jower

prices (see Table 6:12); 2. 30% decrease in the level of reserves in

1985; and 3. increase of 3% real in costs (see Table 6-14).

©

The estimates of exploration and development activity, the

-production of 0il1 and of gas, and the cashf1ows of the two governments

and the,inoustry as obtained from the various scenarios, are given in

"‘Tables“6-16 through 6-21, again for the period 1980-1994. As in

“section 2 we divide the resu]ts into two parts - the forecasts of:

1nvestment and product1on and forecasts of cashflows. Iha/equations,

o

for generating the forecasts are those 1]1ustrated in footnote 3 of

e

this chapter.

w

(v) Exp]oratlon Deve]gpment and Production Tab1e 6-15, 6-16, 6- 17

' a1though the trends in

6 18 provide pro;ections of exp]oratory and deve1opment act1v1ty and
the, production of oil. and gas respective]y 0ver a five year per1od,
1980 1984 _the’ model s projections of exploratorx footage drilled
d'l-verge -hy 1%. from the ual investment'%’ver the same per1od
;j;§iv1dua1 years are somewhat differen+ The

project1on for deve]opment activity differ by approximate]y 15% from

’_:the actual vatues. ihg(proaectionsgonuboth oil and gas product1on,:
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1980
1981
1982
1983
1984
Mean
(1980~
1984)
1985
1986
1987 -
1988
1989
1990 -
199
1992
1993
1994
Mean

(1985~
- 1994)

TABLE 6-15

®

FORECASTING ANALYSIS: PROJECTED RESPONSE IN EXPLORATORY ACTIVIPY

Actual valyes

Base Case

13148
11362
8585
7188

5095

9076

) S

12214
8079
" 6073
8002

10468

8379

10425
11583
12344
12158
11973
11739
11396

11056
10i§1'
10498

1139

(‘900 foot)

September '81 High Case Low Case
Agreement
12274 . 12274 12274
8767 8079 : 8079
", 6825 6073 6073
10815 8002 8002
12740 10468 10468
10284 - 8979 8979
1421 10927 10016
15672 12086 11084
16598 12922 * 11402
17042 12860 .. 11261
17463 12809 - maz
17816 12132 10885
18210. 12294 10490
18634 1928, 10178
18679 115817 9887
18842 11325 9664
17323 2147,

10539

248
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h

TABLE 6-16
'FOR{QASTING ANALYS1S: PROJECTED RESPONSE IN DEVELOPMENT ACTIVITY
('000 foot)
Actual values Base Case September ‘81 High Case Low Case
Agreement
1980 14392 ‘ 13193 13193 13193ﬁ 13193
1981 11075 14073 15235 14073 14073
1982 10928 12728 14137 12728 12728 °
1983 . 11867 ‘ 16199 20225 - 16199 ) 16199
1984° 13619 * 14775 - 20821 14775 14775 °
Mean .
(1980- 12376 14194 16722 14194 14194
1984) |

1985 - 14856 21386 15537 15560
1986 » 16526 21904 16633 - 15474
1987 - 16690 20424 16357 14969
1988 - 16482 22907 \ 16538 1487
{89 - . e " 22507 16499, 14560
990 - " Y5533 22980 16319 13975
1991 . - Caees 23043 15455 13070 - _
1992 ) - e 22882 14861 12497
1L93 - 13813 22842 4362 . 12016
1994 - ' 187 22928 13983 1615
wean , , -
(1985- - 15257 - 22580 . 15651 13861
1994) : , ,
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TABLE 6-17
FORECASTING ANALYSIS: PROJECTED RESPONSE IN PRODUCTION OF OIL
('000 md) i
Actual values Base Case Septeﬁber ‘8 High Case Low Case
Agreement
1980 63200 66664 66664 66664 66664
1981 56978 10884 71800 70884 70884
1982 54384 73799 15224 73799 73799
1983 55317 73457 15774 13457 73457
1984 59200 75019 79968 15019 75019
Héan '
(1980- 57816 71965 73886 71965 71965
1984) ;
1985 - 19287 86004 15151 76650 |
1986 - ‘ 81754 90693 110000 57529
1987 - . - 83165 92484 110000 66482
1988 - 83817 93702 100000 70395
1989 - 85291 - 96225 100000 174449
1990 . - 87250 98886 " 100000 18532
S 1997 - 88783 100000 100000 . 83018
1992 - " 90036 1100000 . 100000 84893
1993 - -~ 909m 100000 100000 86383
1994 - 91732 130000 ~ . 100000 87656 ‘
Mean ‘ . ‘ . L
(1985- - 86202 96799 99515 76598

1994)



1980
1981
» s
1983
1984
Mean
(1980-
1984)
1985
1986
1987
1988
1989
- 1990
1991
1992
1993
1994

Mean

(1985- -

1994)

TABLE 6-18

FORECASTING ANALYSIS: PROJECTED RESPONSE IN PRODUCTION OF 6AS

(000 m3)

Actual values Base Case September '8} High Case Low Case
Agreement
77358 79077 79017 719077 7190717
763175 84737 87439 841737 84737
78522 93574 97746 93574 93574
75006 96824 100000 96824 96824
68300 100000 120000 100000 100000
15112 90842 96852 90842 90842
- 110000 130000 110000 110000
- 120000 140000 200000 68051
- 120000 150000 190000 82998
- 120000 150000 180000 91081
- 130000 160000 170000 98885
- 130000 160000 170000 110000
~ 1130000 <7 170000 170000 110000
- 130000 1170000 160000 110000
g 130000 - 170000 160000 120000
- 130000 180000 160000 - 120000
- - 125000 158000 167000 , 10210}
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however, do.not correspénd very g]ose]y with the actual production of
0il and gas. The projected values for production of oil differ by as
much as 24% and that of productioh of gas by 21%. Part of the .
difference may be explained by forced shut-in of oil in 1981 by tﬁe

Government of Alberta.

For both periods, 1980-1984 and 1985-1994, the Septé;ber ‘81
Agreement generates higher exploratory investment than the Base Case.
This is largely because the prices assumed in the Agreement were much
hjgher than what éctual]y happened, and from our currens assumptions
of world prices of oil. The High Case again‘yields greater investment
than the Base Case (an increase of 6%). The investment projections
for. development follow similar trends. Under September '81 Agreement,
the investmént is higher by 50% and in the High Caée by 3%. Both for
exp]oration aﬁd development activities, investment is the lowest under
the Low Case. 4

- -

The production of oil and,ga§‘a1§o follows similar trends for--

alfernative forecasting Sii?aribs. “However, thé difference between

the Base Case and Septem ‘81 Agreément is notAsubstant1a1. The

produttion of oil is 12%4higher than the Ease Case, and the production.

of gas 26% higher. This result is 1ar§e1y dﬂe to low price -
elasticities for oil.l-The ﬁrqduc£1on of oil and o% gaé show greater \
“sensitivities to High éhditoijaﬁe, This’is 1érge1y‘because‘pf high
elasticities with-réépect toyfesérves of oil éﬁdvof'gé;. |
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1980
1981
1982
1983
1984
Mean
(1980~
1984)
1985
1986
1987

1988 -

1989
1990
1991
1992
1993
1994
Mean

(1985-
1994)

TABLE 6-19

FORECASTING ANALYSIS: PROJECTED RESPONSE IN FEDERAL REVENUE
($ '000,000)

Actual values Base tase September '81 High Case Low Case
Agreement ’

670 920. 920 920 920
2500 - 2700 3000 2700 210f
3800 4200 4700 4200 4200
©100 . 4600 5500 46Q0 4600
5100 4600 7300 - - 4600 4600

! ]
3234 - 3404 ‘4284 3404 3404
. )

- 5500 9300 5700 5300

- - 5900 11000 11000 2800

- . 6000 13000 10000 3400

- , 6200 14000 9400 4000

- 6200 16000 8900 4200

- | 6500 18000 . . 9100 4600
- 6700 flzoodo 9100 4900

- 6900 . 21000 9100 - 5100

- - 7000 23000 9200 5200

- . 1200 20000 9200 5400

.’//
- 6410 . 16930 9070 4390

-
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1980

1981

1982

-1983

1984

Mean
(1980-
1984)
1985
1986
1987
1984.
1989
1990
1991
1992
1993
1994
‘Mean

(1985-
1994)

TABLE 6-20

FORECASTING ANALYSIS: PROJECTED RESPONSE IN PROVINCIAL REVENUE

Actual Values

Base Case

3900
4500
4600
4900

1600

$100

4100
5400
6000
6600
7000

5820

8500
9700
9600
9600.
10000
10000
11000
11006
11000
11000

10140

(% '000,000)

September '81 High Case Low Case
Agreement
4100 4100 4100
5900 5400 . 5400
6800 6000 6000
8300 6600 6600
11000 7000 7000
7220 . 5820 5820
. «
13529 8755 8214
16890 16790 5730
18960 14690 6250
20000 13640 6770
22200 13640 1390
o 24200 13650 1910
26300 13650 8230
27400 13650 8530
29500 13650 8740
31600 . 13650 . 8940
23048 i;575 7670 °

.
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- ~
'
Vg JABLE 6-21
FORECAST]ING ANALYSIS: PROJECTED RESPONSE IN INDUSTRY REVENUE
($ '000,000)
Actual values Base Casé September ‘81 High C&e Low Case
Agreement :
1980 4600 4500 4500 4500 4500 i
1981 3500 4300 4800 4300 4300
1982 3600 5200 6000 5200 5200
1983 4600 6700 8600 , 6700 6700
1984 1400 7100 11000 7100 7100
Mean
(1980- 4740 5560 6980 5560 5560
1984) : . )
1985 ¢ - 7900 13000 8250 7585
1986 - 11000 15000 15210 - 770
1987, - 12000 17000 = 16310 8750
1988 - 13000 » 19000 17360 © 9730
1989 - 14000 21000 . 18360 10710
1990 :— : © 15000 « 24000 19350 11690
1991 L 16000 " 27000 19350 - 12670
1992 - 16000 30000 © 19350 12670
1993 - 16000 . 32000 20350 12660
1994 - 17000 35000 . 20350 13660 - \ ¢
"Mean : ' R
(1985~ ' 13190 - 23300 17424 10730

1994)
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(vi) Cashflows: The Cashflows of the two levels of government and the

industry are provided in Tables 6—19.through 6-21. The tables suggest
thdt under the September '81 Agreement, the éhare of the federal
government is much larger than under the Base Case (increase of 164
percentage points). The Lrovincia] share also increases considerably
but less than the federal share (127 percentage points). The industry
gains the least under this Agreement (69 percentage points). The

impact of the High Case and the Low Case is fairly uniform over the

three sharing parties.

Table 6-22 provides the revenue shar;ng under the alterpative
cases. The iﬁdustry'share increases over 1985-1994 period to 45%.
The federal 'share decreases by 2% and the provincial share by 5%.
Over the period 1985-1994, the Base Case yields the highest industry
share. In contributing to an increased industry share, the provincial
government-tékes a larger cut. Revenue sharing Qnder the High and Low '

Case is similar to the Base Case.

ad

Again, the results indicate that'bétween 1980-1984, the model
approximates the revenue sharing quite well. .The actual federal,
-provincial and the indﬁstry shares of 25, 39, and 36% respettive1y°can

be compared with the projected share of 23, 39, and 38%-respect19e1y.



3. The Model: Forecasting Accuracy.

Tables 6-4 to 6-10 in Section 1, and Tables 6-15 and 6-21 in
Section 2 indicate how the model érojections compare with the‘observed
phenomenon. These comparisons are summarized in Figures 6-1 to 6-4.
It can be seen that the projections of the exploratory and development
activity over the~pefiod 1971-1979 and 1980-1984 on average, track the

observed values quite well. However, in 1984, tﬁquodel over-predicts

the exploratory activity by as much as 100%. A]thougq the model

258

projects the production of 0il and gas quite accurately for the period

1971—f§79, it over-estimates the produstion between 1980-1984.
Comparing the mean of actual and projected (Base Case)igggyeég it can
be seen that the mode] over-predicts the production of oil by 24% and

of gas by 21%. The divergence between the actual and projected values

-

increases with years.

The wide variation between the actualiand,predicted values may be
explained by the following: Qoﬂ and ans are highly sensitive to

changes in KZ’ the level of reserves of 611vand gas. Q 1 has an

oi
elasticity of 1.09 and ans an elasticity of 1.65. The values of

K2 used t%/generate the projécted values of Q i and ans are

generated through the constraint which defines the changes in

4

. : . o
K (Kz) . The projected values of K2 are over-estimated by

'approx1mate1y 5% between the years 1980-1984 with the divergence

increasing with years. In 1980 the difference between the - actual and

proiected va]ue,of~K2 is 2% and in 1984, it is 73. A 7% variation
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in the projected value of K, from its actual value translates into a
roughly 7% divergence in QOﬂ and 11% divergence in Qgps

Further, a negative coefficient for the price of gas in both the

Q i1 and ans equations may also have contributed to

over-predictions of Qoi] and ans

Figures 6-1 and 6-2 indicate that investment in exploration and
development activity will increase significantly. These projections
compare well w}th the general industry consensus. However, for lack
of approbriate studies in this area, no specific comparisons with the
}orecasts generated in this section, for years 1985-1994 can be
provided. The deregulation of the petroleum industry, the abolishment
of certain taxes, and the reduction of réya]ties ﬁi] cont?%bufé.to a
brighter outlook and.positive producer expééiaticns in the industry.
-The specific role of producer expectaiions in driving the energy
:1nvestment is emphasized in a study éy ‘the Economic Council of Canada -

‘}/L§carfe and R11koff December, 1984h Expectat1ons of future prices

b 3y of o0il and gas, the costs of finding oil and ga§, the cost of

' financing thetinvestment, all p]ay;an important‘part in determining
-the activity levels. More 1mportant1y,'ohr results indicate that the
policy parameters have an even larger impact as'they not only affect
the net price or net cost to the inve§tor but effect general
expectations.' The drop in activity following the 1980 NEP, was not %
¥ only due’ to a drop in net price due to additional taxes, such as the

PGRT, but also because the program created an environment of

uncertainty and distrust in the government. Note the risk taking



DO P> DO DM,

Mo» 00N

260

FIGURE 6-1

ACTUAL AND PROJECTED EXPLORAT@RY ACTIVITY

(1971 - 1994)

# ~ ACTUAL IN 1000 FOOT

- - PROJECTED IN 1000 FOOT
+ - BIGH CASE IN 1000 FOOT
Z - LOW CASE IN 1000 FOOT
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ACTLAL AND PROJECTED DEVELOPMENT ACTIVITY

(1971 - 1994)
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| FIGURE 6-3
ACTUAL AND PROJECTED PRODUCTION OF OIL

(1971 - 1994)

# - ACTUAL IN 1000 CUBIC METRES
-« — PROJECTED IN 1000 CUBIC METRES

+ - HICH CASE IN 1000 CUBIC METRES

Z — LOW CASE IN 1000 CUBIC METRES
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FIGURE 6—-4.
ACTUAL AND PROJECTED P{?ODUCTION OF GAS
(1971 - 1994) .
Ii ACTUAL IN 1000.000 CUBIC llETRES
- PRQJECTED IN 1000,000 CUBIC METRES
, ‘ ‘ + ~ BIGH CASE IN 1000.000 CUBIC METRES
Z - LOW CASE IN 1000.000 CUBIC NETRES
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REVENUE SHARING IN THE OIL AND GAS [

 FIGURE 6-5

(VARIOUS FISCAL SCENARIOS) -
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behavior declines significantly under an environment of unceftainty.

Table 6-22 indicates that following the revisiods made under the
Western Accord, the induétry will restore its pre-NEP.share in the
“total revenue generated in the petroleum~seétor. Figure 6-5 1ndica£es

the revenue sharing between the three parties in three significaﬁ@]y
different periods: pre-NEP, NEP and post-NEP. The graph also
indfcatés the‘revenue-shéring under the Septembé? ‘81 Agreement. Note,

Athe federal share is the highest under the September ‘81 Agreement and

S

| the NEP period. . The provincial share in the posthE;aPeriod does not
' .. . - P , “
go back to the pre-NEP share. This is largely because of the reduced

royalty rates under the new o0il and gas incentive.program.

T . ‘ S ) -

1

o . o _
Footnotes: . SR C -
1. Note that taxes (various Canadian federal, provincial and municipal
“w.. taxes, including mineral taxes but excluding income taxes) as a % of the
¥ price of ‘both 0il1 and gas are assumed to be insignificant and are - S
... therefore omitted. For example, the tax per-barrel of oil ranged befween: .
%50 '$.01:4n 1971 to $.11 in 1979. When converted to-a ratic of the price, of
01, :it ranged from .0036 in 1971 to .008 in 1979.. The prigce is not = .
,,ééi' ca1cuiated.before>corporategincome,taxfbasica11y because we later ‘deduct
¥ ‘this tax from the 'cash flow of the industry. Includirg them here would
mean -double counting. FEE Coleel

& 2, Statistical problems, for example collinearity, might :be -another cause.
;. of such a result. A low degree of reljability of- the data on costs might
" be. yet ‘another Yeason. -However, we- feel that this might not.be the -
" ¥ "-case. Cp is sfgnificant and is_of the expected sign when regressed in
" @ ;-equation 4-52 (developrient). Also Cp appears with expected sign in B
3. equation. 4-51, .and CN’Mith,thegggpected’sign'in‘gquation5,4553jand'4-36.T'1'

c 4

“,4 i3;fThé?éxdé%ifg9ﬁe$$i6n{reéﬂité[are g{veh}ésff911bws:,.U :

" "::4‘
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CHAPTER VII:  CONCLUSIONS

The discussion to follow summarizes the model formulated in the

. .,
L

uresent study‘and highl1ghts:some,of the results obtained from
estimating the model.‘ It also discusses-certain policy %mp]jcations
1nd1cated‘by the empirical results. The discusston ts;divided into
three sections: Section 1 presentS'a'summary qf the model and the
empirical resu1ts; Section 2 highlights the policy imq]icat%ons; and

finally Section 3 outlines the lipitations of the study.

1. __Summary.

-
b

The present study has formulated a m1cro¢ partial equ1l1br1um Iy

model of the, o1 and gas. 1ndustry in Western Canada wherein the

g

: u]timate product1on of 011 and gas is analyzed within three activ1ty

,phases. v1z-=explorat10n ~devetopment and final extraction

a

'Vf;txploration and deve}opment are treated as investment dec1s1ons and

P

extract1on€as a production decis1on The fmrm 1s assumed to max1m1ze

- the present va1ue of a stream of future ant1c1pated profits = subject

‘e "

tO‘a CtT production function and the two cap1ta1 f]ow constraints,

Ty

' v1z. change 1n the level of probable reserves and change 1n the Ievel

: o e .‘

Y i
iy :

{ r



of proved reserves. The process of maximization yields fourq
estimating equations. The flrst two explain the extent of exploration
-

and development activity respectively in the oil and gas industiry; the
last two explaln the level of production of oil and of gas. The
'de{ermlnlng variabies 1nclude the cost of various input actlvltles
the pdhtes of 01l anp gas; the level of reserves both probable and
provedi royalty rates, the income tax rates, allowances and writeoffs;
the extent of market demand prorationing; and the price Ofvoll in
Alberta relative to that 1n the U.S.A. The latter two Variables'are
1mposed on the model. The model can then be used to analyze in detail
the effects on act1v1ty decisions of specified changes in particular

-~

exogenous varlables or public pollcy parvameters such as prices, market

268

,outlets royalties, taxes and related incentives. The supply model is‘

' not directly linked to a demand model, but demand 1nfluence5'are_
refﬂected through the lncluslon of a market demand proratlonlng

. %
varlable 1n the supply equatlons Note that the varlable 15 a ratio

‘ . . . ‘
of‘capaclty (sbpply) to production (demand)

e . i

An alternatlve part1al exploratIOn sub - model 1s also formulated - -

: i e
whlch seeks to explaln exploration actlvlty more in. terms of the.,

unlque 1nst1tut10na| siructure of the 0il’ and gas 1ndustry Three""“

x

' l-equatlons are speclfled wlth 1nterdependence between each of the

equatlons The f1rst seeks to’ explain the level of exploratlon ;'\h“ ‘

~.activ1ty. the second the expacted profitability 1h the oll ‘and’ gas
-nlndustry, and the last purports to explaln the drilllng succese

"g,ratlo Among the 1ndependent varlables consldered are the prloe of
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oil in Alberta?relative to that in the U.S.A., returns on employed
capital in alternative and:generally similar industries, the‘ievei\of
retained earnings.generated’in the oil and gas industry, the number of
acres acquired under existing drilling agreements (leases and
iicensésjt expected'netback prices of both oil and gas, the expested
costs of exploration and deveiopment; and. the ‘estimated lével of
undiscovered reserves. The interdependence between the three

'
dependent variables is explicit in the specification. The first
variable is explainedmamong other variables, by expected
profitabiiity txpected proﬂitability in the second equation is
exp]ained partiy g& success ratio which is then expiained by the 1evel
of_undiscovered ‘reserves appearing in the third equation.

P
s

.
S
A

Both models are estimated with aggregated annuai data for Alberta

&

I -
as a whole from 1960 to 1979, and with disaggregated annual data u51ng

T a sample of- ‘the fifteen major 0il fieids over the period 1965r1979
In. the case of disaggregated data the model is estimated first for
each of the fifteen fieids over the fifteen year period, second for

Yo

- each of four zones formed by sub- group‘?iTtﬁ'ese‘ fift‘ fie“rﬁ'S‘Uver,

"pthe same time period and third ‘by grouping all the fields over the

vsame'period Both the aggregated and disaggregated anaiyses heip us
to identify the geoiogiﬁatéfeatures which distingu1sh one field from ot

"another or one zone from another The results presented in Chapter IV

.

‘indicate that the modei is most successfui in expiaining the
. e ‘
exploration deve]opment and’ production activities for the province as

'v7a whoie without regard to particular fieids or ZOnﬁs withiﬂhhhe

b . : o . Te . | S Y
. . . v . AN e
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province. The model's pe&iprmance for disaggregated data is

- relatively Iess prom{sing,'bdt the mode| succeeds in distinguishing

\,

between the behavioral relatignships'underlying the operations d?.a
- ‘ .

mature field as bpposed to a newer field (or zones) over the period

- %’
studied. It also illustrates how the same government policies or
o .
regulatory mechanisms could impact differently on the actj¢1ty
A : - re A . ‘.

decisions in the various fields or zones.

o .
Among thelvariab]es considered in the exploratory equations,

activity is found to be the most sensitive to changes in the relative

nrice of 0il in Alberta vis-a-vis the’U.S.. and the domestic price of
oii. These two variables aﬁfect the_ekp]oratory activity in both- ‘
models: the first enters direct]y in both models; and'the second
enters dnrectTy 1n the f1rst and through expected prof1tab1lity in the

second._ The per- fqgt cost of ¢€xploration as a determining yar1able is

= -

1ns1gn1f1cant in both the mode]s A non- finanancial variab]e, the
number of acres held under dr1}1ing agreementsr 1s significant in

explaloing exp10rat1on'1n the second model. The empirical resu1ts
L]
indjcate that exploratory activity is influenced by:both monetary

N\

var1ab1es (pr1ce§. costs, re]ative returns in sim?ﬂar 1ndustr1es

-

elsewhere and in a]ternat1ve 1ndustries) and non-monetary var1ab1e§

(c1a1ms on the~resaurce) - of- course,‘in some 1nstances the 1mpact of

3 example the amount of land held under lease 1tself may be 1nf1uenced

v‘v by the genera] f1nancia1 outlook- : . ;.,;v? . fﬂ}t__s'."

‘n

270

the f1nanc1a1 and non- f1nanc1a1 variab}es may. not be 1ndependent _Eor e

~



.
) upuld be that a re]ative]y Tow 1eve1 of reserves would be found by

_ regions The percentage 1ncrease 1n reserves may be higher than

271
~

® .
The models consider cost per foot drilled as an explanatory

. -
variable as opposed to cost per unit of oil and gas found. The -

elasticity of explorat1on with respect to footage cost is not
\

uniformly éignificant. 1t is thought that for the fo]low1ng reasons,
the cost per unit of reserves found may be a more s1gn1f1cant Lo
exp]anatory variable than cost per foot drilled. An ihcregse in cost

per foot drilled with marg1nal or no 1nc;eases in cost per unit of
o
reserve¥ d15covered may not exert a negatlve eﬁfect on exploratory

investment. 0On the other hand, if the cost per foot drilled were

relatively stable but the cost per unit of reserves found ,ncreased, a

negative‘impact on eﬁploration might take place. This phenomenon may
be evident from our resu]ts./ For zones, we find that exploration cost

per foot, C., exerts a 51gnificantly negative in?]yence in the

» P

Plains and Central regions. Note that these reglons have beenrsubJect

‘to heavy drilling in the past and therefore the'general expectat1on .

- .-

further. drilling. Thus the percentage jncrease if the reserves ing

these reg1ons may be 1ower than the percentage 1ncrease 1n cost of

expToration resu]ting 1n 1ncreased cost per unit of -reserves found
)

iThis may 1ead to, a negative 1mpact on exp!oratory activity

.Interesting]y, C exerts a positive and s1gn)f1cant 1mpact 1n the

Foothills_zone and«a negative but insignificant influence in the ~

;.Northern zone. These two'ﬁegions‘are'yet to be fully expTored;” The -

reserves discovered per foot dr11led may- st111 be 1ncreasing in these :

8 v

1ncreases in cost of“exploratdon resulting 1n a decrease of . the cost‘

.- ‘ . -
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per unii of reserves. Thus, in these newer regions, althougn'the cost
_ peri: drilled may ée'increasing:fthe exploration activity may aiso
‘e increasing, largely because dt'deereasing cost per unit.of
reserves. niso, because the costs‘are not normalized for depth, in‘
newer regiens whereicdsts increase exponentially with depth, and
wherein the average depth of a well iinhigh, a poSitive impact through
suppivfeffects may be evident. In general then, the varied response
. of "exploration tdftost per foot drilled for different zones and fields

could be explained with reference to the above arguments. b

-

r

Development activity‘over all data sets appears to be uniformly .l

sen%itive to the price of oil, the pricemof gas, the market
constraints and the per foot cost of development drilling.‘ The

reiative price of «0il1 in Alberta vis-a-vis the U.S.A. has-a different

Q

- effect on deve]dpment act1v1ty in different zones ~In reiativeiy

newer fieids (or zones) it has a positive impact but in older fields
“(or zones) the impact is negative Thus in oider fields which a;e
"more ful]y depleted there may be a movement in investment funds from

such fiei&? to newer ones as a result of more attractive pkices for

% Canadian ofy. Thus even if the Alberta price of oil vis-a -vis the -

TU.S.A inecreased, thiS may not generate increased deveiopment activitx
winfreiativeiy-mature.fieids. o e
A = .o . , =
‘ ‘1 >: ' . ' . . .
Marketzdemand prorationing again has .a different effect on \r

"dEVeibpment aetivity.in different‘fields; In older areas where ther

'Lthpe.for further drilling is;ljmited»by the weii~spaeing'regdiatiOns,

.7

>
j : Lo
g BT

212

2



and where new discoveries are hard to find, more severe market demand

prorationing has a negative impact., But in regions where newer

e

drilling can be undertaken and there are‘newer discgyeries leading to
further developﬁent drilling, more restrictive market demand
prorationing has a positive impact. Thus in these~regﬁ0ns the
operators can acquire a greater share of;the é%yen totai market by
drilling more wells and discovering new pools.

Production of both oil and gas across almost al1 data ‘sets is
found to be significantly sensitive to market avaitabi1ity as
reflected in market prorationing quotas, and to the level of proved
reserves. The empirical elasticities of production with respect’ to
various independent vartabjes suggest that-in the production phase
operators are keener to produce partly to recover their exploratory
.and development cost and partly due to the 1nherent‘nature of the
;frule of capture’. The structyre of the 011 and gas 1ndustry

resemb1es that of the common property resource. The resource be!ongs

“to whomevér drills and extracts the resource. - Thus operators are .

~
a

1ikely to produce their market aliowable share, 1rrespect1ve of the

level of prices or'eosts. But the'amount they can actua]ly produce is

restricted by the market outlets. The results also 1nd1ca\e 3 further.

Ajnteresting feature of the oil and gas 1ndustry Oil\and gas

prpduction appear to follow similar trends Thus, although

273

techn1ca11y the two markets are 1ndependent they have been subject to -

similar externa].forces in mach of the period under observation,

Therefore. not only -the associated gas but also the non- associated gas
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is positively related to the production of oil.

o v )
- -
o '
The alternative model suggests that the success ratio in

-~

exploration for the province as a whole is still jncreasing, though at @
a reduced rate; therefore we are still on the rising part of the
"discovery curve. Sinceqﬁur success ratio isp,defined as a rgtio of thés
total number of successful exploratory wells (oil and'or gas) to the
tofal number of exploratggy wells drilled, the increase in succgsjf

ratio could have been a result of %ncrea§es in the success for -

. gas-only discoveries. o

2. Policy Implications

&
y

Certain policy {mplicationsiderivéd from the,g;udy can nd@; e ¥

-z
458 EY

- summarized as follows: - ; ‘ ‘ \ e

-

%

(1). The h1gh elast1cit1es of exp]dration and deve]opment activity
w1th respect to net prices. of both <011 and gas stre§§ the
effedtiven@ss of roya]ty rates and of we]lhead prices 1nsofar as ‘these
can be said to- be. 1nf1uenced by public policy. Of all ‘the alternat1ve-

scenarios cons1dered in the sensit1v1ty runs described in Chapter VI
v, )
explorat1on and development are the moiigsensitive to. changes 1n net

prices Two types of cnanges affecting the net pr1ces are considered

< 1. the roya]ty rate on’ both oil and 9as is f1rst reduced by 25% and

then»by 50% of the existing royalties' 2 the pr1ce1pf otl: 1s chand}d
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"to the world prices which implies that the Canadjan pttges are lower
for year§‘1971—1973 and higher fof years 1974-1979,4igvéomparison with
the existing prices. 1lhe highest level of activity is achieved under
the latter scenario:~exploratory activify increases by 31% and
development acfivity by 35%. - Under the first scenario, with
'reductionS of 50% in tﬁe royalty rates of oil and gas, exploration
1ncrease§,ﬁy 19%'and.deve]opment by -27%.
) .
Although inve;tment is highly sensitive ‘to changes in net price,
production is mafgina]]y affécted by (1) and (é) above. Low
elgsticities with respect to price of oil and a negative elasticity

wfth respect to price gf gas, both contribute to a negligible response

of Qoﬂ and ans to changes in net prices.

Both the magnitude of revenues and the revenue sharing is-
affected by changes in net price; With 50% reduction in royélties,
tﬁe federal and proy%ncial revenues-detfease by 10% and‘41%
respectively. The.ihdustry gains as much ‘as 50% in revenues. A part
ofvfhe revenues lost by the provinciai{government can be regained
fhrouéh higher bonﬁs‘bids on the vdiidés leases and licenses leqsed

@

out by the government. (Thj54w11]'occur throbgh increases in expected
pfofitabi]ity, resuﬂting from>1ncrea§es‘1n'net prfce].";(The reéder
is referred to the alteénativé mode]fjn Chapter IV. Note bonus bids
aré takén‘tq be a proxy f5r\éxpe6ted profitability.) With the price
of 01l equal to the wor}d.prite. the revenues for all three parties

increase: the federal revenue 1ncreéses by 92%, provincial by 60% and

-
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the indusxry share by 42X. The above indicates that the effect of
changes in netback price fis oﬁ exploration and development investment
outlays, and ﬁot on production apart from a re-distribution of

‘revenues between provincial governfient and the industry.

(2). Due to the low cost elasticities, the effect of, changes in
federal allowances and.writeloff rates, through their influence on
effective cost, is not as pronounced as that of¢changesL%n royalties
or prices (point 1 above). Absence of depletion a]lowahee,does not
trigger 51ghif1cant changes in investment or production. Exploration,

Q and ans change by less than 1%. Development activity

oil
changes by 4%. In revenues, and revenue sﬁaring; there i1s a
red15tr1but1on of 1ncome from the industry to the federal government. \\\\;\
The federa] revenue 1ncreases by 15% and the 1ndustry revenue
decreases by 13%. ¥

Thus, due to the Tow e]asticit!es the effect‘of phasing-out the
depletion a]]owance under the NEP would likely have margina1 effects <
on investment levels directly; but could affect the revenue straocture

and, depress the tota) revenues left with the oil and gas industry, and

thus may decreage the investment eventually.

(3). while investment activity in exp]oration and development 1s
inf1uenced most by prices, the production of oil and gas is 1nfluenced
most by physical constrain‘s - the level of proved reserves and

restricted market avaiTabjlity. In our”sensitivity‘analysis.'a

Y

i B '
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’reducti&ﬁ/of royalties changes production marginally bué~the absence
of market constraints increases the production of oil by ?Sx_and that
of gas by 19%. |
(4). The resuits directly or indirectly suggest that goyern&ent *
programs such as market demand prorationing, we]]—spacing.éhd the
drilling and geophysifal incentive program have influenced 1nvestmeﬁt
'16 the industry. :A significant (observed) effect of market demand
'Lprorétioning, which primariiy has to do with the inadequacy of markets
41& relation to caﬁacity, has important implications for programs such
asAiagreased export markets.. Note that ihadequacy of‘markéts‘would
have a unifofm)y négative produciién impact inrall zones. But the way
in which the profationing system is structured to allocate production
‘to restricted markets may generate differential effects on zones. In-
»Aiberta, prior to 1964 the prorationing program directly.encouraged
‘ dri]iing as the market a1lowablé was per well based. Since the amount
of drilling ié constrained by-well-spacing regulations, the program
-may,ﬁayg had a discriminating effeﬁt on various zones. Iﬁ newer ‘
<“iones; Qhéfe‘the cumulative number of wells drilled is sma]],'1t may
haQe héd morebof an effect'thaﬁ in mature areas where small numbe?lbf
new:we]1s could be drii]ed. given.the weil—sg}cing regulations.‘ After.
~1964, theiallotqtion was made on per p061 basis and therefore
_encouraged the diécovery of new pOo1§. ‘;;Tnggbg-thevdiscovery, the
program may ﬁndirect]y,encoqrage’dri]]ing of development wells.
Again, most pools were discovered in néygr areas and hencétMDP may

have exerted a\posftive ﬂmpéct on development drilling in those

|



areas. That the effect of MDP differs between the regions indicates

that nofepn]y do government policies influence activity in the oil and

218

-

' gas industry, but also they may have differential effects depending on’

geology and historical experience. ‘ —

~

Tpe'geophysical and exploratory dril]iog incen}iie‘program jr
introduced in 1973-1975 aimed’orimarily at curtailing the movement of
anestment funds in the oil and gas 5ndustry from Alberta to
e]sewhere. After the introduction of the program, exploratory
‘activity in fhe province increased 71% by 1979. But the same per1od
also saw an 1ncrease in exploratory costsgper foot drﬂled2
Through this program, the costs were subs1d1zed by as much as $20 per
foot drilled on average Table 7-1 provides exploratory opst per foot

drilled, with and without the incentive payments.

However, the effect oo costs and”the efeect of fhe program in
increasing the exploratory activity may not be uniform across the
province. In newer areas where a larger number of we]]s qua11fy ‘for
exploratory 1ncent1ves the program may have had a s1gn1f1cant effect

with re]ative]y little effect 1n older areas. Our results 1nd1cate

4

that despite 1ncreasing costs, activity 1ncreased 1n these newer areas -

and the exploratory 1ncent1ves program may have been 1nstrumenta1 in,

br1ng1ng about thls differentiated effect.



TABLE 7-1

~

EXPLORATORY COST PER FOOT DRILLED: PROVINCIAL AVERAGE

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

1981

Source: CPA,.Annual’Statistics, 1981 Sectfonily.

_Tables 3A and 3B; Alberta's Reserves, 1981

(excluding land costs)

Without incentive With incentive

payments

317

34.
33.
34.
50.

'51.

62

81

. 108.

136.

189

215.

~

.05

Q3
1
39
22

97

.90

.43

23

65

.32

98

—

’

payments

31

34.

33.

32.

46

45,

53

70.
98.
126.
1.

195.

ERCB 80-18, Tablé A-1.

.06
03.

o

11

23

.96

19

.12

T

72

99

96 -
34
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3. t1m1tat10ns

& IS .: . ) ~
The present study suffegs from two basic limjtations. First, the

model dete]oped in\this study is a partial equilibrium model. It is
ngt embedded in a macrommodel and therefore cannot take into agcount
the-interactions between the various 1ndustries.“¢1t is incapable,
therefore; of taking fully into‘aceount factors such‘as relative
returns in other ihdustries or 7n the same industry elsewhere in
Canada or abroad. It therefore cannot deal adequately with the
;movement of funds frbh the Alberta o1l and gas industry to other
“industries wtthin.Alberta, or to the same er other 1ndusth1es
elsewhere.- We have incohhorated the relative price of oil tn Alberta
.. vis-a-vis the"U S.A. as an exp]anatoryévar;ab1e to take into accoant
the movement ‘in.investment funds which may take place from A]berta to
the U.S.A. Because this variab1e is based on‘wellhead pr1ce rather
‘ : v
thah;a;netchk price, (price net of'roya]ties_and taxes), it may not
ref]ec@fchange§z1n'roya1t1es‘Lh either countries. Also, because it is
a suaply model, it excludes the demand,related determinants of |
production. Thus, though the model fohecasts 1nvestment and
produetion levels as we]l as cash flows under various scenarios, the
above shortcom1qgs may 1nd1cate that a comparison of genera]
tehdenc1e5”1s more meaangfulathan one involving exact magn1tude§.e
>Second because the disaégregated data were obtained from -

unpub]ished sources.l1t 1s difficult to check their re]iab111ty ~ For

examplg, to obtain 1nformation on the cost data for- each field,



questionaﬁres were sent to 30 maJor 01] companies ' But a reasonab]e
response was {fceived from only 7 .of them Thus there was a lack of

sufficient data on some of the variables used in the model. This may'

have been a cause of significant variations in the magn1tude and sign

of coefficients for obtained for various fields and zones. However,
[N . .\ .

the model heeds to be re-thought in case of sma]ler regions - such as

.

the field or a zone.
, . 3
y i : :
Third, there is a& lack of a marketability variable for gas.
Since the lack of markets is ohe‘éé\the key factors contro]ﬁ1ng the

production Tevels and the deve]obment of gas reservoirs which have

already been discovered, this is a serious shortcoming of the model.

-

Whatever may be these limitations the remaining pages of the

4

study set out certain supplementary 1nformat10n coverﬁng such things .

as -the calculations and the source of the data dsed in the study
(Appendix'A); detailed infofmation on the derivation hf theﬁmodel wt’h
symbols and technica] defjnitions used on some of the variables dealt -
‘within this study (Appendix 8); and some exhibits 1nclud1ng a samp]e |

of the questionnaire (Appendix C).

Footpotes

ST, The trends in the 1ast decade suggest that the expected
prof1tab111ty (as indicated by land paymepts per acre) is sensitive .
to, among other variables, changes in oil .prices. Land bonuses per
. acre which were on a decline through the early *70s -increased after

+1973. The following table givesithe historical trends in expected

N . —
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profitability as indicated by land bonuses per acre anl the wellhead : -

‘prices of oil.

s TABLE 7-2
HISTORICAL TRENDS IN LAND BONUSES/ACRE AND
’ . - WELLHEAD PRICE OF OIL
Land Bonuses Pet Wellhead Price of

. Acre(nominal $) oil/bb]
1965 16.45 2.4
1966 N 1413 2.39
1967 11.20 2.38
1968 13.09 2.40
1969 15.36 2.42
1970 . 5.55 - 2.69
1971 3.92 2.75
1972 ° - 4.73 2.717
1973 ‘ 9.39 3.41
1974 - ’ 18.93 5.72
1975 21.18 - 7.18
1976 41.35 o ) 8.38
1973 169.98 10.75

. 1978 . 152.98 12.75
1979 : 193.00 - 13.75

Source: CPA Annua] Statistics, Sectionl, Table 1
Section IV, Tablel, Section IV, Table 1.

2. There seems to have been an Jﬁusua11y severe increase 1& costs
in 1974. The Canadian non-residential construction costs
increased in 1974 by as much as 21%. In previous years (much of
the '60s and the early '70s), the annual increase in costs was
under 10%. In United States, drilling costs in the oil and gas
industry increased by 32% in 1974. In the '60s, drilling cost in
" the U.S oi1 and gas industry increased at an average of 3% and in
the early ‘70s by less than 11% per annum. The cost increases in
the years after 1974 have been ‘much greater than in the '60s. The

- following table illustrates the changes in the Alberta oil and gas . -

~ drilling costs, U.S. onshore drilling costs and the Canadian
~-non-residential material costs. v . o T L
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] TABLE 7-3
ANNUAL CHANGES IN VARIQUS COST INDICES
~— N ¢ N
Alberta 0i1 and U.S. 011 and gas Canadian non-
Gas exploratory onshore exploratory residential
“\grill{ng cOsf drilling cost construction
o material cost
1970 -.07 .10 .03
1971 -.08 .02 .02 TN
1972 ' -.009 .086 .06
1973 .02 1 .10 X
-~/
1974 .46 .32 3 “
1978 .034 25 01
' 1976 A .20 , .06 .06,
1977 30 a4 .05
1978 33 . .08
1979 .25 d9 .16
™80 .38 A5 ‘ .10~
1981 « .14 ; .24 10

Source: 'Calculated from CPA, Annual Statistics, 1981 Sed&ion 3,
Table 3a and 3b: ‘American Petroleum Association,
1Petro]eum Handbook, 1981, Tables 10 and 1@p.
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APPENDIX A: THE DATA

S/ :
. The following Appendix is divided into two sections. Section 1
details the data used for the regression analysis in Chapter. V.

Section 2 discusses the data used for generating Chapter VI forecasts

of the endogenous variables.

1. Historical Data

~

The data on all variables - endogenéus and exogenous - pertain to
the province of Alberta and to fifteen major oil fields within that
province. 'Major' oil fie]ds are defined on the basis of level of

annual production, and the size criterion employed isvtha; used by the

AERCB. A field is said to be a major oil field if its annual

production is more than 222.6 103 m3. A list of major oil fields

was bbtained from AERCB's Alberta 0il and Gas Industry - Annual

Q

Statistics , 1979. The fields were then classified as belonging to

" one of the four drilling incentive zones. The third step was to

select th% four largest oil fields in each zone.

A time period of 20 years from 1960 to 1979 was selected for the

- province of Alberta, and a time frame of fifteen years from 1965 to

292
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1979 was selected for individual fields. As explained inh Chapter Vv,
Section 1, the limited time frame for the individual fields was chosen ¢

because of two factors: firstly the difficu]gy of.obtainfng data on

., 3

micfgﬁunits, and secondly the fact that of the fifﬁeenff1e1ds selected
for the present study, five were discovered after 1565 and fivé, :
though dﬁscovered prior to i965, did not experience much activity
until after that date. The observations on each of phe varﬁables.

both for the province of Alberta and the fifteen fields, are annual.

~ While the data for the province of A]beria were obtained mostly
from’published sources, the data for the 5nd1yidua1;f1e1ds were
obtained from unpub]ished.sources. Part was provided by organizations
such as the AERCB and the Geological Survey of Canada, and part was
calculated oﬁ the basés of certain reasonable assumptiohs; |

Information on each 3L the variables used in the present study is

given in the followiﬁg'sections:

Exp1oratﬁon and Development Footage. A1l of the data on physical

Aunits for the fifsgen major oil fields were obtained from the Alberta
Energy Resources COnservatlon Board (AERCB) through their information
system on computer tapes. The total exploration and dev;]opment
 footage drilled/is given for each year for each of the 15 f1e1ds.
Each well dri]fed is c1assif1ed as either an exp]oration or a

development wé]l according to the Lahee c]assification

e Al
.”‘

* There are four types of_explOratoky and three types of development



\

wells. For our purposes, we do not distinguish between each of the
categories within exploratory and development wells. However, we do
state the different categories. The five types of exploratory wells

!

are as follows:

(1) New Field Wildcat. A new fie]d Qi]dcat js a test located on a

stfuctura] feature or other type of trap which has not previously
produced oil or gas. In regions where local geological conditions
have 1itf\le or no control over accumulations, these tests are
generally [at least three kilometres from the nearest productive area.
Distance, howeve;, is nqt the determining factor. Of greater

importance is the degree of risk assumed by the operator, and his

1ntent10ﬁ to test a structure or stratigraphic condition not
-~

-

X .
previously proved productive.

{(i1) New Pool Wildcat. A new pool wildcat is a test located to

explore fdt a new4p001 on a structural feature or other type of trap .

AN
nb area. In some regiens where local geological,

-

already prodUciEQ oil of gas but outside the known 11m1tg of the
presently produci

! } .
conditions exert an almost negligible control, exploratory holes of
this type may be called "near wildcats". Such wells will usually be

less_ than three kilometres from the nearest produétivg well,

294

(111) Deeper Pool Test. A deeber pool test is an exploratory hole

located within the productive area of a pool or pools already partly

e

or wholly devéloped. It is drilled below the deepest productive'poo1s

" in order to exp]ogg for deeper‘unkﬁgwn prospects. ‘ e

SR

i
i

%,

1
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(iv) Shallower Pgol Test. A shallower pool teSt'1§ an exploratory

295

A

test drilled in search of a new productive reservoir, unknown but
possibly suspected from data secured from other wells, and shallower

thaﬁ?%nown productive poo]s, This test is located within the

A

productive area of a pool-or pools formerly developed.
-~ Q;‘ i

(v) Outposts. An outpost is a test located and drilled with "the .o

. . v

expectation of extending for a considerablie distance the productTve“‘n

area of a partly developed pool. It is usually two or more locations 7 )

14

distant from the nearest productive site.-

The three categories of deve]obment wells are as follows: .

(i) Development Well. A development well js defined as a well drﬁ]]eav

within the proved area of an 0il or gas reservoir to the depth of a

QEtratigraphic horizon known to be productive. If the well is
' ) T .

completed for product1on, it 1s classified as an oif or gas 4 :
%development well. If the well is not compléféd for production and 1s4
abandoned it s .classified as a dry deve]ophent well.

(ii) Development Portion of a Deep Pool Test. Prior to 1979 the

footageldr111ed as a deeper poo1'test was split between the
exploration and deve1opmentv€ategor1es. Since 1979,_the entire

drilled area under a deeper pool test is assignéd to exploration.

(ii1) Development Service Well. A service well is drilled or
‘completed for the purpose of exploratory production in an existing
field. Wells of this class are drilled for one or more of the

B

fo]iowingfspec1f1q purposes: gas injection (natural gas, propane,
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butane), water injection, steam injection, air injection, salt water
disposal, water supply for injection, observation, and injection of in

situ combustion materials.

T

The data on exploration and development footage drilled for the
province of Alberta, over 1960-1979 were obtained f%omAAERCB's Alberta

01) and Gas Industry - Annual Statistics (AERCB 80-17), 1972, 1979,

Table A-1.

Production of 0il apd Gas. The data en yearly production of oil and
- 4

" natural gas for each of the 15 fields were given by the 01].and Gas
Departments of AERCB. The production of o1l is given in cubic meters
and the production of gas in millions of cubic metres. The data for

the province of Alberta were obtained from Canadian Petro]eunr@

‘Association, Annual Statistics, 1980, Section III, Table 1 and Table
g.

’

. : . { .
Reserves of 011 and Gas: The-data on reserves of oil and natural gas

were qptaiged partly from AERCB and partly from the Geological SurVey,
of Canada. The data on proved reserves for each field were provided

by AERCB through their Reserves Réporfs; The data for Alberta were

obtained from Tables A-4 and A-5 of AERCB's Reserve Reports, 1980.

’ The datémon probable reserves for bdth 011 and gas for Alberta

»

were obtained from Tables A-4 and A-5 of the AERCB Reserves Reports,

1979. Such data are not’pub11§hed by AERCB for individual fields.



291
Thus to generate estimates of probable reserves for individual fields
first, we calculated 5 ratio of probable reserves found per successful
foot drilled in Alberta. Second, we multiplied this provincial ratio Qi;
with the successful footage drilled in the field being considesed.
This gave us probable reserves for that particular field.  Note that
this procedure_was applied separately for oil and for gés reserves.

L
=

The data on undisquéred reserves (g%g) fbr both o0il and gas
pertaining to Alberta and ta the.l5 fﬁé%}f were calculated on the ~
basis of information given b& the Geological Survey of Canada (GSC).
The UDR is thatbport1oq46f the resourcé which is inferred to exist but
has not yet heen discosg}ép and therefore not classified as either
proved ormp{qbab]e reserve;. The above definitipn of UDR_is
coﬁ?istﬁn{qﬁftﬁ AERCé's definition of Ultimate Potential. Tﬁe GSC
estimates of UDR are expressed in.a probability context. Thus we have
_ UDR estimates with a h%gh (90%) probabi]ity,‘a Tow (10X) probability,
and a medium (50%) probability. The calculation of oil and gas
. reserves potential by the GSC involves (1) establishing the data 1npuf/
(2) generating poollsize distnibqtion,‘(B) evaluating glay poténtia]ﬁ,
and (4) predicting discoveries . The data used include such
geolog1éa1 characteristics as area of cTosure, réservoir th1cknéss,
effeciive.ﬁorosity, net pay, trap we11, recovery factor,‘water

saturation, shrinkage factor, gas fraction, hydrocarbon f?action, and

depth.
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The UDR est1ma¥§§~are revised periodically and are given for a
particular year, For Alberta, we took the 1977 estimates of UDR and
gené?ated‘data for the previous years (1960-1976) by adding the yearly
proved: reserves to each year. Ffor example, to get the UDR est{mates
at the beg!nning of 1976, the proved reserves for 1976 were added io
the UDR estimates for 1977. Similarly, to get estimates for 1978, the
proved reserves generated in 1977 were subtracted from the UDR

estimates for 1977.

To ca]cu]ate the UDR for each £ield we first consider the data

'§1ven by the GSC for each play. Any oil or gas play is said to

consist of a group of prospects and(pr discovered fields having common
geological characteristics such as source rock,’trapping mechanism,
etc. Because of these similar characteristics it is assumed that the
probabil1ty of finding oil and gas is uniform within a play. Each
play consists of one or more poo)s,ﬁand each pool can furthef be
ass1gneq to a field. In some cases a field could con§ist of more than
one play. Note that a field as opposed to a play re{ates to a
geographica1lérea - it is defined as a large tract or area containing
valuable minerals. A play on the other hand, has a geological ~
dimension - it is a natural undeﬂbround potentfd] container of oil,

gas or water. It thus relates to potential oil or gas bearing

formations. In a hypothetical example we may have:

298
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Play A Play B
o -
Pools Pools
IA IfA IK{:\\ ////////IB 118

Field 1 Field 2 Field 3

The Geological Survey of Canada provides data for each play rather
than for each field. 'To calculate the UDR data for each field we
first identified the d%o]s belonging to each play. Secondly, we took
a ratio of proved reserves for Pool f to proved reserves for Play ]
(where Pool i belongs to Play j) and multiplied it byAthe UDR for Play
j. This gave us the UDR for Poof i. Thirdly, we identified the pools
belonging to each of the 15 fields and summed up the UDR for the

relevant pools to get the UDR for eachlfie)df Finally, to generate

data for each year we use the same procedhré as followed for Alberta.

’

The data on UDR for each field are given in Tables A-1 and A-2.

-

Success Ratio. The success ratio in this study is defined as the

- A
ratio of successful exploratory wells to total number of wells ©

drj]]ed. The source of this data is the>same as that of total

exploratory footage discussed above.

. The éipected success ratio for both the province and individual
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.r N .
fieTﬁ% is calculated by taking a weighted average of two years

9
(current and prior) where the weights assigned are .7 and .3 for t and
'S4

t-1 respective{&. } - 5
. .

. ] I : . | o ) ,
Expected Profitagjlttyl The expected profitability in any time period

<

kY ¢ . kY

is measured by the bonus bids paid per acre. The data for each field
. . I 4

‘were obtained from the internal files of "Alberta's Department of
N .ﬁa L2

«Energy'and'Natura] Resources (ENR) o1l and gas sales branch. The data

for Aiberta were obta1ned from various fall review and forecasf 1ssues
of 011 Week (land act1v1ty section). The data on expected
profitability for individual fields are given in Table A-3.

~—

N o -0
Land Sajes-jAcggs Acquired). The number of acres acquired rnder the

licences for each\field was again obtained from the in Qﬂa]lfiles of

ENR's 011 and.gas sales branch. The data- for Alberta however, were

'obta1ned from the A ual Reports of Alberta’ s Department of ENR.

Market Demand Prorati 1_3. The market demand prorattoning is

meaéured by7the 10 of product1ve capafity (i.e. thelmax1mum amount
: 1
t tan be produced given the maximum efficient rate) to actua]

production of.ot]. For Alberta the,data on productive capacity and .

wactual production of 011 were obta1ned from AERCB Alberta 011 and Gas

Picture F~1947*1974 and Selected Statistics (Slst December, 1980) -

: pub]1shed by ERCB Note that the data on productive capacity is
céﬁcu]ated by adding the productive capacity of each we]] in the

For,fields the data were provided by AERCB

302
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Prices: The average wellheéd prices of oil and gas were obtained from

the Canadian Petroleum Association - Annual Statistics, 1980, Section

VI, Table 4. As the quality of the crude produced from the 15 fields
does not vary significantly, we use the average wellhead price as
.applicable to 1ndividqa1 fields. To calculate an average wellhead

world price of oil we consider prices from five sources:

(a) Venezuela tia Juana - light
(b) Arab ex Sidon

(c) Arab ex Ras Tanura

(d) Arab Light

(e) Libya ex Marsa el Breja

The data on each of these five types were obtained from the July

issues of Petroleum Economist. A1l these crudes are given equal
.weight. The quality of these crudes in terms 5? their sulphur and API
;ontent is similar to that of the average Alberta crude. To calcplate
the price of 0il in Alberta relative to the world price we took a
ratio of the average wellhead price of oil in Alberta to an average of
the above five types of 0il. Note that a]tﬁough a relative price of
0oil in Alberta vis-a-vis the average world price of oil was
ca]cu]atéd, this variable was not used in the fina] estimating .
equations as it was found to bé statistically less significant than u 
" the relative price of o011 in Alberta vis-a-vis the average price'1n
U'S An average we]]head pr1ce of o1l in the United States was

ca]cu]ated by takfng an average of severa] different types of oi] in
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the United States. The relative price of 0il in Alberta vis-a-vis the
Uﬁited,States was ca]cu]ated by taking a ratio of the average wellhead
price in Alberta to an average wellhead price of o1l in the United
States. The data on these different types of oil were again obtajned

L

from the July issues of Petroleum Economist.

The expected wellhead price of o0il and gas for Alberta was
calculated by taking a weighted average of time period t and t-1 whére

the weights are .7 and .3.

Interest Rate. Three alternative proxies for the rate of discount '§'

were used in fhe present siudy.. First, '1' was defined as the rate of
return on equity in alternqzjve industries. Alternative industries
include of total mining, p?h%ary metals, metal fabricafing,
non-metallic mineral products, petroleum and coal products, chemical
products and public utilities. These industries are assumed to |
provide an a]ternatfve to investment in the oi) and gas industry, and
hence the rate eafned in these alternative industries is assﬁmed to
represent the opportunity cost of investment. The rate of Eeturn on
edu1ty was calculated by.tak1ng @ ratio of net profits - including
non—recufring items, less interest, depreciation and taxes -~ to total
equity of shérého1ders and affiliates. |
: A v

Second, 'i' was defined as the ratio of return on long term

capital empioyed in the above industries. This was ca]cu]ated'by

taking a ratio bf the sum of after-tax profits interest payments on
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.

funded debt and non-recurring items, to the sum of long term
11abilities, and equity, in the above industrial group. The data on
these two proxy rates of return were obtained from annual issues of

Corporation Financial Statistics, ngtistics Canada 61-207, Table 2.

Lastly, '1' was defined as the yield on Canadian government long
term bonds. The data for this proxy were obtained from the December

jssues of International Financial Statistics, Canada section..

n

Relative Rate of Return in Alternative Industries. This was measured

by the rate of rethrn on capital employed in seven alternative
industries consisting of total mining, primary metals, metal
fabricat1ﬁg, non-metallic mineral products, petroleum and coal
products, chemical products and public utilities. Note that this

coincides with the second proxy used for 'i' ahove.

proxy for Rpalt

Productivity in the Production-Phase. This was measured by taking a

ratio of the total output of the oil and gas industry, measured in $
1971, to total amount spent on-wages aﬁd salaries, again in $ 1971.

The data were obtained from Statistics Canada.

i

s
®y

4

The above measure of product1v{ty suffers from an inherent bias:
inasmuch és production is sensitive to prices, dn increase in price
woﬁ;d'generate-an increase in production, without necessarily
increasing the amount ofllabdur emp]dyéd. Thi$ increase, which is ‘\\\\

primarily due to better utilization of capital, is attfibuted‘to
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labour, although it is never clear just how such an increment should

be split and imputed to the various factors of production.

Retaineq tarnings. The retained earnings generated annually for the

01l and gas industry are measured by the net profit after taxes.
These data were obtained from the yearly issues of Statistics Canada

Corporation Financial Statistics 61-207, Table 2. Note that the data

are given for the Canadiah o011 and gas industry rather than the
Alberta oil and gas industry. Data on retained earnings for
individual fields were not available. In order to éﬁta1n data aon this
variable, we first cajcu]ated the totaf revenue generated for each
field, and then deducted royalties and an estimate of corporate income
tax from total revenue to obtéin revenue after tax. This variable was
then used as a proxy for retained earnings for the year.

.

Corporate Income Tax Rate, Rovalty Rate, Write-offs and Allowances.

The regulated corporate income tax rate applicable to all industries

was used. These data were obtained from the yearly isues of

Corporation Taxation Statistics, Statistics Canada 61-208. The

: - @
exploration and development expenditure deduction rate waQﬁpbtained

QO

from Holland, Schuill and Kemp, Canadian Taxation of Mining Income,

Chapter 10, published by CCH Canadian Ltd. The provincial income tax

rates were obtained from Principal Taxes in Canada - Annual
Statistics, Statistics Canada 68-201. The average royalty rate.for
o1l and for gas was obtained from the internal f{1esydf the Alberta

Department of Energy and Natural Resources (ENR)i The depletion and
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resource allowances were calculated from the information given in

Breeding, Burke and Burton, Income Taxation of Natural Resources,

published by Prentice Hall, 1977.

Costs. Much of the effort in this thesis was devoted to acquiring
primary micro data directly from industry sources. Ih pérticular, a
Tot of effort was directed at establishing the cost data for
individual fields. The first step in establishing these cost series
was to calculate a cost séries for each of the sub—cqmponents of the
types of cost under consideratlon. The source and method oﬁ

&

calculation of each of these sub-components are given below:

We consider three kinds of costs:.exp]oration cost per foot,
development cost per foot and operating cost per BTU of 0il and gas.
In line wth CPA methods each of these cost categories is divided into
the fo]iowing sub~-components:

s -

(1) Pef foot cost of exploration

. ' ‘ ’
(a) per foot cost of exploratory drilling,
(b) per unit cost of seismic activity,

(¢c) per(acre'cost of rentals.

"~ (2) Per foot cost of development

(a) per foot cost of development.drilling,

(b) per foot cost of non-drilling éapita] employed.
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2(b) above includes tangible well and lease equipment, pipeline and
refgted facilities, secondary recove}y and pressure maintenance

projects, natural gas processing plants, office buildings, land and

other machinery and equipment.

(3) Per barrel of 0il cost of operating

(a) per barrel cost of surface equipment,
(b) per barrel cost of natural gas processing plant,
(c) per barrel cost of taxes (excluding corporate income

tax).

3(a) includes field, well and gatherihg operation. We calculate each
of these categories bf cost by generat1hg a cost series for each Bf
the sub-components for each field for the years 1962-1979. The cost
series is given for four zones:bhamely P}ains, Central, Northern, and
Foothills. Each of the 15 fields be]ong‘to one of the four zones.
The Plains, Central and.Northern zones have four fiefds, and the

. -
Foothills zone has three.

The per foot -tost of exploration and development drilling and the
per mile cost of seismic activity are obtained dn'thé basis of
1nf0rm;tion provided“by'six oil companies along with information held
by the ENR under its Exploratory Driliing Program. In line with the
'drilling incentives program procedures, it is assumed that these costs
differ sfgnificantf& between the zones but are uniform within a zone

/ ]
for a given depth. (Note that the incentive credits are. uniform
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within each zone for the same depth of well.) As the average depth of
the o1l fields differs widely we first establish the cost for each
zoné and then adjust it for average depth. Tables A-4 and A-5S
respectively give the'exp1oration and development drilling costs in
the four zones for the period 1964-1979 for an average well depth in
that zone. This average depth is calculated by taking an average of
the depths of the four fields belonging to each zone (three in the
case of Foothills). The depth-adjusted costs for each field are given
in Tables A-6 and A-7. The depth adjustment factgfs are given in
Tables A-8 and A-9. |

The per mile cost Qf seismic activity is also obtained from
information provided by the companies and the irformation held by ENR
under‘its Geophysical Incentives Program. Table A-10 gives the
seismfc cost for the ‘four zones over the period 1964-1979. The-per
acre cost of rentals is uniform throughout fhe province and was $1.00
per acre for the time period under consideration. The bonuses paid
per acre on the leaSes and ]1éenses for each field are for the years -
1964—1975, and were'derive& from 1nformat?dn availablie thréugh the
internal files of A]bérta ENR. |

: e .

The per foot.cost of capital employed under the development cost
category is obtained from the CPA annual statistics and is adjusted
for depth by an adjustment féctor. The road cost and natural gas

plant ‘cost are then added to obtain the total capital cost. The

adjusted development capital costs are ﬁrovided in Table A-11.



TABLE A-4

ESTIMATED EXPLORATORY DRILLING COST

($/FO0T)
Year Plains " Central Northern Foothills
1964 13.16 16.44 20.94 43.99
1965 13.71 17.02 21.81 2582
1966 14.77 18.43 24.38 49.70
1967 17.25 21.53 27.8 57.85
1968 18.50 23.10 29.98 ’ 61.13
1969 17.73 22.49 29.12 61.16
1970  18.64 23.93 30.71 64.89
1971 18.82 28.17 31.02 7 65.55
1972 19.83 " 25.18 33.64 68.40
1973 73.31 27.64 35.85 89.67
1974 26.30 47.18 42.13 100.91
1975 29.62 £§3.42 53.56 122.62
1976 34.34 49.04 76.83 145.48
1977 41.88 75.65 93.24 177.00
1978 - 49.97 115.58 92.83 234.78
1979 68.84 - 137.96 123.89 28171

1980 91.42 141.14 169.70 365.71



Year

1964
1965
1966
1967
1968
196§
1970
197
1972
1973
1974
1975
1976
1977
1978
1979
1980

ESTIMATED DEVELOPMENT DRILLING COST

TABLE A-5

1.
1.
12.
14.
15.
15.
15.
16.
16.
18.
a2.
25.
29.
~35.
42,
58.
77.

Plains

19
65
55
66
73
07
84
00
86
81
36
18
19
60
47
51
n

($/F00T)

Central

13.
14.
llS.
18.
19.
19.
20.
20.

21

23.
™ 40.
45,
41.
64.
98.
nz.
119.

97
47
67
30
64
12
34
54

.40

49
10
1
68
30
24
27
97

17.
18.
20.
23.
25.
24.
26.
26.

28.
30.
35.
a5.
65.
79.
78.

105.

144,

Northern

80
54
72
64
48
75
10
37
59
47
81
53
3
25
91

3t

25

37.
38.
42.
49,
51.
S1.
5.
55.
58.
76.2
85.
104,
122.
150.
199.
239.
310.

foothills

39
95
25
17

96

85

312
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Note:

TABLE A-8

PLR FOOT EXPLORATORY DEPTH ADJUSTMENT FACTOR

Bonnie Glen
Ferrier -~
Judy Creek
Leduc

Pembina
Rainbow

Red Earth

Red Water
ficinos

Swan Lake
Turner Valley
Utikune Lake
Virginia Hills
w$}ard Lake

lamer

\

.

1.01
.00

.96

.98
.96
.93

A

.67

This adjustment factor is calculated by taking a ratio
of the average exploratory well depth of respective
fields to the average well depth of the respective zone.
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1964
1965
1966

. 1967

' 1968

\

§ 1969
© 1970
1971
1972
1973
1974
1975
1976
197%
1978
1979
1980

TABLE A-10

ESTIMATED SEISMIC COSTS

($/SEISMIC MILE)

3588.

Plains Central
752.24 862.17
827.47 948.39
1058.83 1217.66
1316.51 & 1422.70
1380.00 1760.47
1366.23 1742.40
1206.94 1540.28
- 1610.65 2060.61
2132.56 2734.84
3608.48 4670.35
2900.16 3758.71
3466.51 4497.35
3132.29 . 4065.01
2686.77 ‘3489.29
2304.91 4710.73
2596.63 3416.50
40 4740.89

1M1s.
1227.
1608.
1857.
2368.
2285.

2022.
2724.
3652.
6436.
5203.

6247.
5652.
4863.
4245.
4793.
€724.

Northern

63
20
35
22
51
49
43
41
90
25
50
13
36
60
63

»

15
86

2731.
3008.
3854.
4502 .

5568.

5517

4871 .
6509.

8630.

14677

11806.
14118.
12759.
10949.

9503.
107,
14841.

Foothills

45
60
18
63

51

.95

19
43
01

.25

25
55
55
02
80
50
34

3117
[
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The pér unit costs of taxes, surface equipment and natural gas
processing plant are given in Table A-12. The surface equipment costs
are adjusted for each field, and then the above two components aré
added to arrive at the operating cost per barrel. These costs are

given in Table A-13.

Once the above series were established two alternative approaches
were experimented with to arrive at the per foot cost of exploration
and development. '//

N

A) Regression method. in this method we run the exploration andf
development cost %uncbioﬁs for Alberta and.then use these macro
parameters to predict cost for each field. SeveraT specifications of
cost. functions, (viz. translog, log linear andljinear'funct1ons), were
estimated. The translog function did not woriqﬁell due to high
multicollinearity between the. 2nd and 1st order terms. Here we state

the results obtained from the Tog linear and linear functions:

Ce = -187.35 + .00002Y, + .000028Y5 + 10.932H;
(8.74) (.279) - (.9851) (4.90)

- 1278.27Wp + .00001 CWXT - .0209 D1
(1.62) (2.23) (-.59)

RZ = .94 R2 = 4 D.MW.=1.31 dof f=18

\
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TABLE A-12

ESTIMATED OPERATING COST COMPONENTS FOR ALBERTA
($ PER BARREL OF OIL)

Surface %uipment Natural Gas

Year Cos Taxes Process Plant Cost
1965 .25 .03 12

1966 .25 .03 12

1967 . .23 .03 13

1968 .24 .03 .13

1969 .21 .03 .12 -
1970 .24 .02 .13

1971 .26 .03 .16

1972 .26 .03 .15

1973 .29 ’ .08 .18

1974 3R .10 .23

1975 .45 .13 .27

1976 55 - 13 .34

1977 ' .66 .15 .41

1978 .84 : 15 . A

1979 1.03 . 15 42

Note: This Surface Equipment Cost is adjusted for average well
o depth for each field by using the K.W. adjustment factor in
"~ table A-5B. Taxes and Natural Gas Plant Costs are then added
to arrive at final operating cost. These operating costs
are given in Table 7.
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log Cg = 1.74 + .0679 log Y, + .060 log Y,

(.66) (1.40) (.983)
+ .963 log Wy - .184 log Wp + .00005601
(7.174) (-.953) (.887)
+ 056t
(2.148)

R2 = .935 RZ = 915 D.W. =2.41 dof f =18
In-the above,‘cE is the per foot cost of exploration; Y and v,
are respectively the probable reserves of 0{1 and gas; w] and w2
are respectively the per foot cost of exploratory driling and per acre

cost of seismic; D1 is the average depth of exploratory well in the

province; CWXT is the cumulative number of wells drilled; and t is a

time variable.

Cp = 143.05 - .00026Y3 + .0074Y4 +2.919Vy + 1.326V,
(1.49) (-1.305)  (1.316) (3.378) (3.211)

- .0233D2
(-1.347)

RE = 99 RZ = .99 D.W. =1.61 dof f=19
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log Cp = 1.94 + .080 log Y5 + .10 log Y
D 3 4

(1.958) (1.651)
+ .96 log Vy - .070 log VvV, + .000100
(5.74) (-.59) (-1.509)
+ .028t

(1.517)

RC = 94 R2= .92 D.wW. =168 dof f =18
Again, in the above, Y3 and Y4 are respectively the reserves of

0il and gas; V] and V2 are respectively the per foot cost of
development drilling and the per foot capital cost of development
drilling; D is the average depth of a development well; and t is a

time variable.

Note that in all the four eqﬁations, the cost of exploration and
the cost of development are explained well by the independent |
Qariab]es considered in the equations. R2 varies from .93 to .99.
Cost of exploration is most sensitive to changesifn the per foot
drilling cost of exploration and the cumulative number of wells
drilled in the province.f The positive coefficient on CWXT indicates
that the exploratory costs per foot in Alberta are 1ncreas{ng wfth
further drilling implying that the cost of reserves discovered is

increasing over time.
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The cost of development is mqst sensitive to changes in the per
foot cost of development drilling and per foot capital cost of
development drilling.. The aim here was to use the-above macro
coefficients along with the cost series generated above to predict the
per foot cost of exploration and development for each field. As the
use of these coefficients introduces an aggregation bias we followed
Theil's method. Though this method reduces this bias it requires that
the dependent variable for the micro units be available. As the
dependent variables are the per foot cost of exploration and per foot
cost of development, they are not available for each field. Thus
despite good results for the .nacro data this method was discarded and

we followed the second method.

B) Ratio Allocation Method. Given the various cost series for

§ubcomponents, we calculate the per foot cost of exploration, per foot

. cost of development, and per unit cost of operating, for each of the

{
15 fields for the years 1964-1979. The per foot cost of exploration

for the 1th field is calculated as:
Té?'
Ce ¢4 = TC E ti

FE t3

= [Fg ¢tj x Cost per foot of exploratory drilling
+ total seismic miles covered x cost per mile of seismic
+ total acres of land held x rental per acre]/Fg ij

where CE ti is the per foot cost of exploratory drilling in t for
;he 1th field, TCE fi is the total cost of exploration jn t for

the ith field, and.FE £ is the total exp1oraiory'footage

. ) ) s
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th ‘
drilled for the i field. The data on total exploratory footage

drilled are obtained from the AERCB. The total number of acres of
Iahd held under each field is obtained from the Qi) and Gas Sales
Branch of ENR. The data relating to individual fields for the total
miles sf seismic activity afe however }ot-availéble directly. To
construct £hem we consider a ratio of seismic miles covered per
exploratory foot drilled in Alberta. This ratio is then multiplied
by totail exp1oratdr¥3footage drilled for each field.

[ 3

. 14
To construct the per foot cost of development for the 1t

field we consider:

Cp ti = IC D ti
: Fo ti -
= [p ti x cost per foot of development drilling
+ Fp tij x k per foot capital cost cf development
drilling]/Fp tj

-

where CD ti is the per foot cost of development drilling in t for

th . "
the i field, TCD ti .
the it" field, and FD,p is the total footage drilled in t for the ~—~—~

ith fierd. : :

is the total cost of development in t for

Finally the per unit cost of operating for the ith field is
constructed as follows:

k]

CN ti = Per barrel of oil cost of surface equipment
+ per barrel cost of taxes (excluding corporate income tax)
+ per barrel cost of natural gas processing plant

h

where cN'ti is the per barrel cost of operating in t for the 1t

~
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field. The per foot costs of exploration and development for each
field dre given in Tables A-14, A-15, and A-16. The operating cost
per barrel of oil is given in Table A-13. The cost data for the

province of Alberta were calculated from the CPA Annual-Statistics,

1980, Section 1v, Tables 3, 3A and 3B.

NOTES.

1. These 0il companies are Aquitaine, Canadian Hunter, Esso Resources,
Home 031, Husky 0il and Texaco. A copy of the questionnaire sent to
these companies is in Appendix C. \\\*



APPENDIX B: DERIVATION OF THE MODEL AND NOTATIONS USED

, In the following appendix, we derive the model and the
estimating equations as specified it Chapter IV. The notations

useéd and the definition of some spedific variables are attached

at the end of this appendix. N

t) , R
(PQ-Cp + E-Cy** D-Cy
+ 5 (t)(Q - AlemNn)
+ g (8)[Ro-Ak D0 Q7

L= sre’! )

T+ ()R- AER D)

Uifferentiating the above Laorangian with respect to the various

.o )
varidbles we have,

%5= e_/]tP + A (t) .+ xzft) =‘Q_ ----------- (a)
LAk -é'_"‘tcE A.va'(lt)faEa;-l’.f 0 - S - - - (b)
g_LD_ - .-e“'tcl') ) ‘Az.(u'tnglYDS‘l‘ =0 - - e (c)
%ﬁ .-_-e_""tc‘Nv\:- X\;(ﬁ)nAlkszﬁ'l =0 - - - - (d)

. " : : . : F; . ; , ;
7 & R MO s () -l (o)

°o
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FLE T a3 T
ol _ _ ma 0
3}?10 AleN O

.Y
?L:K2=K1Dd_Q:O __________
ELY:

from (a) we have

e TP (1) £ a(t) =0 - a oo

4

from (e) we have
1.n

fo(t) = A (tmAk,™ N Lo Lo o

Differentiating (a) with respect to time, we have
“ite
e

Substituting (i) into (ii) we get

e tp . et R+ A MGTANY -0 - - - -

Simplify A,mK,™ N as follows -

Ak, INY = Alm(gzo” : Casm+n=1]

P ie P 4d, 4,20 - - - e oo oo
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Further from (g) we have 332
1/m

Substituting the value of K above into (iv) we get

n ///A\\“
2
Ak, N = Am :/m p,n/m o0t /m
, Q
A m+n/m Nn/m
! Qn/m
n/m

Thus (iii) can be rewritten as

‘ n/m
e (B - iRy R o 0A™ T - 0
. n/m
or e 't (P -1iP) + x; + X (t)u= 0 where i = A1m+n/m (%) °

or e 't (P-iP) + A(t)u + &y =0

The above is a differential equation in x;and P and can be solved

for A, as follows:

A, = e-“f fe“t[-e—it (P - iP)]dt

We -assume that B

- ut
P = Poe



there fore

)\1 = ‘e

or

Substituting

-ut

e gp et L ipLedtygr

- - + -1 -
= e Map, - qpgJeld T HTTIE ot

(a+tri

the constant of integration

e 'Yra - igp 4 g™t
' atu-1 :

K
the value of »;(t) from (v)-into (a) we get
it '

A (t) = -e P - x(t)
R A C L ge_“t
(a+u—1i
= a7 % - pe Tt 4 et 4 aeTilp jeltp _genwt
(atu-1)
= 'Ue-]tp - ge—UtKa‘*U—i) ______________ (V'l)
(a+p-1)
Substituting the value of A,(t) from (vi) into (c) we get an expression
for D '
. ) [
e e+ et ce MM anei)tek, 0% = 0
(a+p-1)
or : _ '
| e tC (atu-1) 1/6-1 -
D= { - _ SRV (vid
sk, "Cue TP + CeMY(atp-1 ]
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Substituting the value of X, from (v) into (d) we get

A

et - e Y ami)p 4 @t nA K, ™1 < o
N e }
p-1

—1'tl
N = { e CN(

or

1An-1)

—3 - }
n/\lem[e 1t(a-1)P - ge “t(am—i)]

aty-1) (viii)

Substituting the value of N from (viii) into equation (g) we get

n ethN(am-i) nn-1 _

Q:AIKZ m -1t ~ut - - - = = (1)()'
nA K (e (a—i)P—ge (at »1))

)

Now substituting the value of A,(t) ard D into (f) we obtain the
followin®a. °

Y—lK ~YSA5-D -it SAS-1)
1

’){e CD(a+u-i)}

A, (t) = {le—itP - Ce-“tjam—i)}w‘(l
(atp-1) :

-1

t - .
s(pe” ' tprge M H(atp-i))

§/6-1

) (atu-i)

(;873%1‘9(e-itco)

“The above integral (x) is of the form | , {

. : €0 .
f(ciedt + ety gt and is difficult to solve. In order

to solve it, we assume that ¢g=0 in (x) and such that i;(t) is



-1/8-1
-u X
XS?5/6—1

] /- ] 335
IRRERVCE ISV Dtoélé D,

or
. - T _ _ _ B
B(t) = MO M, ) MO0 yyp(p o2ty 1B D (OY)8M0- Ly
ST

at

Assuming that Pt Poe

C Coebt, we have

t

il

- - - ~1 /8- _p (22 4 b
() = O ey, ) ME-D vePe e DCD -1 T st g Y
§/6-D Y |
6 (___a_ + BS__) .
’ | 5-1 " 5-1
or
Aﬂt)'—flm_%am-ﬂlm‘v Yflm'%§u&v ______ (x1)

Finally, substituting the value of A3(t) from (xi) into (b) we obtain

-9 - - - - - - -
ity 71/6-D 1/6-1 Ve 146-V. 648-D  _ca-1

§048-D _a_ bé_ 4
§-1 6-1
-~ )
or
- 'itc _addﬂB-l) b(526ﬁﬁ-l>

Sy ter ) o e
-~ - - - - -
o 8= 4 ) - Tp 18 I)CD(S/{G D
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ESTIMATING EQUATIONS

for g# 0 (where g= constant of integration)

it
D - e

{ — — }
6K, y(ue ", ce Ut(a*u-i))

Taking logarithims on both sides we have

Log D = _}_jog(e‘1t) + _11log Cy+ 1 Tog (atp-1)
5-1 §-1 §-1
-it -it .
- 11096 - ¥ log Ky - 1 log{(ue P +ge  “(atu-i)}
&-1 §-1 §-1
. o ~it -ut : -
Simpli<ying log ue " P + (e " (atu-i)} as follows
= log ge_ut(a+p—i){l s pe 1t }
‘ . qe_“t(a+p-i)
_ -ut . -it
= Log g+ log e + log (atp-i) + log{l + pe P }

ge M H(atu-i)

Using Taylor series expansion we get
Tog' g+ log e’ut + log (atp-i) + ue'1tP
e Waty-i) -

Substituting the above expression in the equation for D we obtain



33/

1ogD=_lv]09(e1t) ot
6-1 ‘ 6-1 6-1
-1t
- 1logé - vlogKy - 117og C- 1 log (e "")
6-1 8- 8- ¢-1
. -it
- 1 log (a*tu-i) + 1 e ¥
6"1 ) g(—é_l) e_Ut(a+U-1)
= -1(logé- log o) + 1 (log Cp - it + ut)
§-1 6-1
«°
- ylog K, + 1 ) pe 't (i)
5-1 ‘9(6-1) e " am-1)
-it . n/n-1
qQ - Al—l/m—lkz-m/m—l){ ‘e CN(am—1) }
' n(eqt(a—i)P - ge_“t(am—i)
’ - it
log Q= -11Tog Ay - mlogK; *+ n log e
n-1 n-1 n-1
+ _n log Cy +' _n log (atu-i) - _n logn
n-1 n-1 n-1
-ut ] -it .
- _nlog (% "“(atu-1)) (1 +e “(a-i)P)
n"l ' SE_Ut(a_*.u-])
=~110g A - nlogn+ _g_]og‘CN - m log K,
. n-1 n-1 n-1 ‘n-1 .
-it : -ut
+ nloge + _n log (atu-i) - n log g- n log e

n-1 n-1 n-1 n-1

- n log (atuy-i) - n e°it(a-i)P
n-1 . g(n—(l) e-”t(a+u-i)



338

= -1 (log Ay + Togn + Jog C) + n Tog Cy
n-1 n-1

- mlog K; - n (it) + n (ut) - n e ' Ya-i)p
n-1 -1 n-1 an-1) (a+p-i

1
]
—
—
@]
@
»
+
—
(@)
e
>
>
—
o
@
IS
h—
+
l:
—
—
o
0
o
=
)
-
(a4
+
T
—*
N

e 'Na-i)p o oo oo (ii")

- n
n-1 T )

for a= 0 ¥ (where o= constant of integration)

D= et ) 1/6-D

atp-i
-1t

o
5KJ(U9

P)

Taking logarithms on both sides we get

Log D= 1 log Cp+ _1 log (atu-i) - _1 Tog = - _¥log K,

8-1 6-1 §-1 6-1

-1 logu - 1 logP

§-1 §-1

lTog (a(1+u-i))

—

" Log fo— 1
§-1 a

1 logs+ 1 1log CD +
5-1 §-1

- Yy log Ky ~:_1logu--_11og P
§-1 §-1 §-1

=-1(log 6 ~ log a) + _1 (log CD - log u)

(S-lv k! 6‘1



B _ _ ) -1t nfn-1)
Q- A, 1/n le m/th-1 e“A“EHKéjL,1{ 339
n{e ]t(a—1)P)
or
tog Q = - 1 Tog A, - mlog K, + n log CN
n-1 n-1 n-1
+ n Jog (atu-i) - 1 loan - n log (a-i) - n log P
n-1 n-1 n-1 n-1 -
|
or
Log 2 = -1 (log A, + log n) + n (log CN + log (atu-i) - log (a-i))
n-1 n-1
- mlog K, - nlogP - - - - - - - - - - - - - . (iv')
n-1 n-1 ”
1/a-1
e_itc (:2§§/6—1)+ _9§?6/6—D
£ o EY8-1 §-1 )
o= -D . -D. -1/ _
Yo 148 1(a+u—1)1A6 DP /5 DCDGAB D

Log E = 1%0g (e7'%) + 1 log ¢z + 1 log (-a¢

a-1 a-1 a-1 §-1 §-1

- 11logy- 1 logu - 1 log (a+u-i)
a-1 §-1){a-1) {(a-1)(8-1)

- ] log P - é Tog Cy - _1 loga
a-1){s-1 (a-1)(5-1) a-1

- _-—1.—(_&6/6’1 - £2(5/(5-1 + ]Og _Y+ -Iog a)

a-1 §-1 §-1 - '

+ 1 (log CE'n) - 1 | (log u + log (a+u-i)

Ca-1 {(a-1)(6-1) :



log P log ¢, - - - ~-- - - - 4 (v')

- 1 - é
CRVERY (a-17(6-1)

MODIFICATIONS

Note that in equation (iv'), Q is the composite'Output of 011 and
gas in BTU terms. To get individual outputs let us cdnsider the

left hand side of the CET function,

(BQoi]d * <1_B)ans

We assume that
d 1/d
n: -
1= (8Q, * (1-8)0, 9

gas

Taking logarithims on both sides of the above equation we get

Log 0 = 1 log (BQéi]d + (l—B)anSd) L G2

o

Using Taylor Series Expansion1 we can rewrite (vi') as follows

Log Q = Blog Qiq * (1-8)10g Q- %_as(l-s)
(1og Q .. - Tog q___)°
0il gas
Or .

Log Q sy = 1 Tog Q - (1-8) log ans

B B.

- %_d3(1-8)(109 Quiq - o9 ans



A

Using (jv') and (vii') we obtain expressions for QQi] and ans

341

Log Q ., = - 1 (logA, +logn) + n (log C, + log (a+u-i)
MR CEY) sto-1y N
- log(a-1})) - m log K, - n
8(n-1) £(n-1)
‘ 2 i
- L}éﬁ) log ans + d(1-8)(1og Qoi] - log ans) - (viii')
Log Q as - -1 (log A, + log n) + _n (
9% (1) (T8 (=17
+ log (atu-i) - log (a-i)) - m
1-8
- n log P - 8 logQ ., + d(1-8)
(T-8)(n-1) I-8 o1l
(Tog Q - log Q )2 ——————————— (ix'
0il gas
Note that-in all the above estimating equations P is the composite
R ' ‘ ! -
price of oil and gas in BTU terms. To sepa:ate this composite
price in Poﬂ and Pgas we assume that .
P = s ¢P ‘P
oil " gas
Taking logarithims on both sides we get
Log P = ¢log P oy *plog P - - - - - - - - - - - (x")

gas
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We substite (x') in all the estimating equations to obtain separate

and P

coefficients for Poi] gaé'

FOOTNOTES:

1. Kmenta, J. Elements of Econometrics, McMillan Publishing Company,
P. 463




Notations of the variables used in the model

. 343

The definition of each variable and its method of calculation is

given below:

Cg = the effective cost of exploration per foot and is calculated as

Ce = ACe - (1) (vg)ACe - (DE)(x) ACg

where ACg is the actual per foot cost of exploratory drilling

T 1s the regulated corporate income tax rate

Tg is the exploration expenditure write off rate

DE is the federal depletion allowance rate.
Cp = the effective cost of development per foot calculated as
Cp = ACp - (1) (¥p)ACp - (DE)(T)ACD

where ACp is the actua] per foot cost development dri1]5ng

YD is the development expenditure write off rate” '

CN = the effective cost of operating per '000 BTU of oil and gas. This
is calculated as

Cy = ACy (1 - (1)(1 - RA))

where ACy is the actual cost of operating per '000 BTU of oil and
gas :

A RA .is the resource allowance rate. o ‘
CE+D = the expected cost of exploration and development calculated as

‘'

-7C(E+D)t + -3C(E+D)t-1



D = total development footage drilled in time period . 344
DE-= the deplétion allowance rate
£ = total exploratory footage drilled in time period t

EXP = expected prof1tab1l1ty in time per1od t measured by the bonus
blds paid per acre in time period t.

i = interest rate s

[

Ky = level of probable reserves

K2 = level of proved reserves ‘

, total number of acres acquired for exploration through licenses
and leases.

—
|l

~

MDP = market demand proratidning in period t and calculated as excess
" capacity i.e. d ratio of-the productive capacity to actual

production.
'
N = amount of variab]e inputs used in period t for field i.
P = composite price of 0il and gas measured in terms of per '000

BTU, and weighted by production proportions in that year.

-

Pgas = netback price of gas per 'oo Mcf in-time period t and
is calculated .as

Pgas = APgas - (Rq) APgas
_ _ =

Whére_ﬂpgas is the we]]head.price of gas per f00 mcf

Rg is the average royalty rate on gas.
A ' : ’ )
Pgas = Expected price of gas where it is calculated as

-TPgas++ .3Pgas t-1

Poil.= fetback price of 0il per Barrel in period.-t and is
ca]culated as-

Poﬂ = APoil - (Rg) Aan

where APy is the we 1head per barre] pr1ce of 01l per
barrel . ~ v

o



Ia

"N
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and Ry js the average rate of royalty for oil in the same
year.
w
~
Poil = Expected price of 0il calculated as -
“TPoily 4 13pgi1 to
Q = Composite output of 01l and gas produced in t measured in '000
of BTU .
Qgas = total output of gas measured in '000 of cubic metres per
year
Qoi1 = total output of oil measured in cubic metres per year
RA = the federal resource al]owance rate.
RE = change in after tax retained earn1ngs of the 0il and gas
industry. .
Rq = the average royalty rate on gas
RQ = the averag€ royalty rate on 0il
RPa]t = Rate of return on capital in alternative industries.
This is calcualted on the basis of seven industry groups which
| are total mining, primary metals, metal fabrication, non
* metalic mineral products, petroleum and coal products, chemical
products and pub]ic utilities. -
RPGi1 = we]]head price of oil in Alberta relative to that
in the U.S.
SUg = success ratio where success ratio is defined as
probable reserves found per foot
) of exploratory drilling.
Pa
SUg = the expected success ratio in exp]orat1on calculated as
SﬂE .7SUgt + .3SUE t-1 , s
T = life of reservoir
UDR¢ = level of undiscovered reserves at the beg1nn1ng of
e period t. y ‘
F = the actual federa] corporate income tax rate :
N\
TP = the actual provincial corporate income tax rate
YE = the exploratory expenditure write off rate



Yp = the development expenditure writeoff rate

346

v = the productibility of the variable (labor) input in the
production phase.



APPENDIX C: EXHIBITS
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NAME :

PRESENT ADDRESS:

TELEPHONE:

DATE OF BIRTH:

MARITAL STATUS:

CITIZENSHIP:

ACADEMIC QUALIFICATIONS:

~
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RESUME

Ms. Abha Bhargava

- D
2334 Angus Street
Regina, Saskatchewan, S4T-Z2A4

Res - (306) 352 - 3437
Off - (306) 787 - 7644

July 16, 1955
Married
Canadian

M.A. (Economics) University of
Rajasthan, India, July, 1976

M.A. (Economics) University of -
Waterloo, Canada, August, 1977
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WORK FYPERIENCE:

July 1983 - Present i

Working as a Policy Analyst with the Saskatchewan Department of Energy
and Mines. The job involves:

- general policy analysis in minerals sector including o0il, gas,
uranium and potash with special emphas1s on taxation and supp]y
side economics;

AN

- 4ﬁabnometric including supply, demand and revenue models in the \
mineral sectors. Emphasis is on utilization of the existing
models or formulation of new models to obtain quantitative
response to changing policy environment;

- project analysis of major provincial projects with emphasis on
possible macroeconomic impact utilizing both Canadian and
Provincial macroeconomic models.

September 1985 - Present

- part-time instructor in economics.

¥ay 1983 - June 1983

Worked as summer research student with the Alberta Department of
Housing. The job involved formulating an econometric model for the
housing industry to forecast housing starts in the Province of Alberta.

September 1982 - April 1983

Worked as a Teaching/Research Assistant at the University of ‘Alberta.
The job was tqg assist in data collection and coordination as was as
empirical estimation on some of the ongoing projects at the Department
of Economics and the Department of Businggs Administration. Also,
assisted in evaluating student course woM-in Economics and Business
Administration. 7

May 1982 - August 1982 _ y

HWorked as a-Summer Researc Student with the Alberta Department of
Occupagdonal Health and Saffty. The Job involved an evhluation of the
effect®¥f extended hours in a coal mine on Occupational Safety. A
report 1nc1ud1ng a review of existing literature and recommendatiaons
was submited to be used later on for instituting changes in the

existing legislation on working\HourQn the coal mines.
’ . }
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May 1982 - April 1982

Worked as a Research Analyst with the Alberta Department Of Energy and
Natural Resources. The work involved a project (also my Ph.D. thesis)
evaluating the effects of public policy on the supply of crude oil and
natural gas in Alberta. The scope of the project included:

- formulation of the mathematical model encompassing the effects of
various government regulations, tax regimes and price expectation
on the supply of crude o0il and natural gas;

- collection of both secondary and primary data on past and present
performance of the o0il and gas industry;

- forecasting the industry activity under the various tax and policy
assumptions.

September 1977 - April 1980

Worked as a Research Teaching Assistant at the University of Alberta,
collecting both U.S. and Canadian data for various projects and
evaluating student work in International Trade and Macroeconomics.

September 1976 - August 1977

Worked as a Teaching Assistant at the Department of Economics,
University of Waterloo. -:>



