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MEMORANDUM OF THE CHAIRMAN

To Members of the Senate Committee on Energy and Natural Resources:

Earlier this year, the committee asked the Congressional Budget
Office to analyze the possible economic impacts of future interruptions
of oil imports, accompanied by oil price increases. This report, prepared
in response to that request, makes clear that such interruptions and
price mcreases would have a significant impact on the U.S. economy.

The report underscores the significance of an effective strategc
reserve, and the importance of an equitable allocation system to mim-
mize the disruptions caused by oil import shortfalls and price increases.
Specifically, it concludes that a 500 million barrel reserve could avert
an additional $20 billion loss in real GNP in 1982 if a reduction in
imports of 3 million b/d oceurred in that year.

vy assessing the economic costs of supply interruptions and price
increases, this report will be helpful to Bongress in evaluating the
strategic reserve and other programs designed to minimize these costs.
The report does not purport to deal with the longer-term political and
economic consequences of U.S. dependence on foreign oil. The recent
cartel price increases and the current situation in Iran have once
again reminded us that our growing reliance on o1l imports is politically
unwise and economically unsound. As a Nation, we will ignore these
new warnings at our peril.

The committee is grateful to the Congressional Budget Office for
its cooperafion in the preparation of this report.

Henry M. Jackson, Chairman.
(II1)






PREFACE

The threat of another foreign oil production limitation and price
increase has been a major concern of U.S. energy policy since the
1973-74 oil crisis. This report, prepared at the request of the Senate
Energy and Natural Resources Committee, examines both the impact
on the economy of another supply interruption and the effectiveness
of a series of policy options, such as the strategic petroleum reserve
and oil allocation regulations, for minimizing that impact.

“The Economic Impact of Oil Import Reductions” was written
by Robert F. Black of the Congressional Budget Office’s Natural
Resources and Commerce Division, under the general direction of
Raymond C. Scheppach and Richard D. Morgenstern. Special thanks
go to Bill Finan and George Schink of Wharton Econometric Fore-
casting Associates for providing technical assistance for this project.
Marion F, Houstoun edited the manuscript, which was typed for
publication by Misi Lenci. In accordance with CBO’s mandate to
provide objective and nonpartisan analysis, this paper contains no
recommendations.

Axice M. Riviiw, Direclor.
December 1978.
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SuMMARY
BACEKGROUND

The Arab oil production limitation and quadrupling of oil prices,
which occurred from October 1973 to March 1974, significantly affected
the American economy. In the aftermath, real Gl\% and income de-
creased by several percent and, by 1975, unemployment increased by
almost 2 percent. Perhaps even more significantly, the rate of inflation
accelerated, causing major adjustment problems during the next
several years. These aggregate effects do not, however, tell the whole
story: certain industries, firms, and individuals cxperienced con-
siderable hardship during this 5-month crisis, which is difficult to
measure in terms of economic loss.

The severity of that oil supply interruption provided a major im-
petus for lefislation designed to mitigate the impact of another oil
production limitation and price increase. In fact, reducing the de-
pendence of the U.S, economy on foreign oil imports is a major objec-
tive of most recently proposed emergy legislation. Although it is
extremely difficult to determine the probability of the occurrence of
another oil preduction limitation, in developing future energy policies
1t is important to .assess the likely impact of another supply interrup-
tion on the economy. This is particularly true at the present time,
because both the level and source of U.3. oil imports, as well as
Federal policies designed to mitigate an oil supply interruption, have
changed markedly since 1973.

Since the 1973-74 crisis, U.S. imports of erude oil and products
have increased sharply, from 6.2 million barrels a day in 1973 (36
percent of total U.S. oil consumption) to 8.6 million barrels a day in
1977 (47 percent of total U.S. o1l consumption). Not only have total
oll imports increased, but U.S. dependence on the countries that
imposed the previous supply limitation—the Organization of Arab
Petrolenm Exporting Countries (QAPEC)—has increased dramat-
ically, from 8 to 21 percent of total domestic 0il consumption between
1973 and 1977.

Government policy has also changed significantly since 1973. A
strategic petroleum reserve (SPR), atmed at offsetting the likely out-
put losses associated with a eutback, is now being filled; the Depart-
ment of Energy (DOE) estimates it will contain 500 million barrels
by 1980. New regulations allocating oil in the event of another produc-
tion cutback are also currently being considered by DOE. In addition,
the fact that the President no longer has clear-cut authority to invoke
mandatory economywide price controls—as he did in 1973-74—could
also affect the severity of another foreign oil supply interruption.

This report analyzes the macroeconomic effects of alternative levels
of OAPEC oil export restrictions and the effectiveness of the U.S,
strategic getmleum reserve in mitigating those effects. Four cases are
considered. Each case assumes that a yearlong oil supply interruption
occurs in 1982, with oil import prices remaining constant in real

)
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terms before that year, at which point they increase by 20 percent.
The petroleum allocation regulations now being considered by the
Department of Energy and price controls on oil-related products are
also assumed to be in effect.! Within the framework of those common
assumptions, the report examines the impact of oil import reductions of
3 or 4 million barrels & day (mmbd) and an SPR of 250 or 500 million
barrels, representing an 8, 11, 13, and 16 percent net reduction,
respectively, in the total amount of oil available for U.S, consumption,

THE EFFECTS OF AN OIL SUPPLY INTERBEUPTION AND THE EFFECTIVENESS
OF THE BTRATEGIC PETROLEUM RESERVE

An oil production limitation and price increase of the duration and
size assumed above would have a significant, but not a devastating,
impact on the U.S. economy. The policy options available to the
Feﬁeral Government could, however, offset some of those effects. The
sirategic petroleum reserve would help mitigate output losses and a
system oP petroleum allocation reguﬁmtions would help insure the
production of vital national E}?st and services; thus, both of these
policy options would diminish the adverse im%act of a foreign oil
production limitation and price increase on the U.S. economy.

Output and employment effects.~—As with most economic shocks, the
impact of another oil production limitation and accompanying price
increase would be greatest during the year in which it oecurred.
Nevertheless, the level of GNP and employment would also be
affected during the next several years. With a 500-million-barrel SPR,
the imposition of & yearlong 3-mmbd oil cutback (which would repre-
sent approximately an 8-percent reduction in domestic oil consunmption,
or about half the reduction experienced during the 5-month interrup-
tion in 1973-74) would reduce real output in the United States by 2.9
percent and increase the unemployment rate by 1 percentage point
above the levels forecast for 1982. An oil restriction of this nature
would also reduce real output over the next several years; for example,
in 1985, real output woulg still be 0.7 percent helow, and unemploy-
ment would be 0.5 percent above, the base case.

If the oil import restriction were increased, so that the net impact
was roughly equivalent to the 16-percent shortfall in oil supply
experienced during the 1973-74 interruption—that is, in the case of a
4-mmbd oil reduction and a 250-million-barrel SPR—output would
be reduced by 9.8 percent and the unemployment rate would be 3.2
percent above the base case level in 1982. By 1985, output and
employment would still be .8 and 1 percent, respectively, below that

rojected without an oil cuthack. In short, a larger il supply reduction
?a 16-percent shortfall) has a proportionately greater ei?ect on GNP
than a smaller reduction (an S-percent shortfall), because of the
}imjts that conservation and fuel switching have on mitigating output
osses,

Price effects—Altbough all the cases considered in this analysis
assume that allocation regulations and price controls on petroleum

roducts would be in effect, the 20-percent price increase on non-

APEC crude oil and the oil supply shortfall cause significant in-

t Despite the current Inck of aathority for mandatory price controls, this snalysis assutnies they would he
in offect in the event of an ofl supply interruption because an oil price incrense, when coupled with shortages
in sectors of the econamy that tise petrolenm, wonld canse serfous short-run problemns.
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creases in the general price level. For example, 8 3-mmbd reduction
and & 500-million-barrel SPR would increase general prices in 1982
by 1.3 percent; a 4-mmbd reduction and a 250-million barrel SPR
would increase prices by 4.3 percent. Similarly, in 1985, prices would
still be .7 and .1 percent, respectively, above that expected without
an oil cutback.

Strategic petroleum reserve.—A strategic petroleum reserve would
offset some of the economic disruptions caused by an oil supply
reduction and price increase. In particular, with & 3-mmbd oil reduc-
tion, an SPR level of 500 million—as opposed to 250 million—barrels
would avert an additional $20 billion loss in real GNP in 1982. That
would represent a net real output savings of about $30 per barrel of
reserve, and there would be additional output loss protection during
the next several years. In the case of a 4-mmbd interruption, each
batrel in storage above 250 million would avert $172 in real GNP
loss in 1982, with some additional offsets during the next several years,
Those savings in output losses would also be translated into the
saving of 430,000 and 960,000 jobs, respectively. The SPR would
also provide a limited amount of price inflation protection. Neverthe-
less, in making actual decisions about the rate at which the strategic

troleum reserve should be filled, these potential benefits must be
Egla,nced against its total cost and the probability of another oil
supply interruption.

Hocation regulations.—Regulations that would allocate petroleum
products across industries during a petroleum shortfall do appear to
provide some protection to sectors of the economy deemed vital to the
national interest in the Emergency Petroleum Allocation Aet of 1973.
In general terms, this means that agriculture, utilities, health services,
anf other industries would suffer proportionally less employment and
output loss than durable and nondurable goods, comstruction, and
wholesale/retail trade.

A FINAL REMARK

The data provided in this paper on the output, employment and
inflationary effects of alternative ol supply shortfalls are meant to
provide only estimates of the short-run vulnerability of the U.S.
economy to the current level of foreign oil dependence. These esti-
mates, when coupled with implementation costs and an assessment of
the probability and size of another oil supply interruption and price
increase, should be helpful to the Congress as it decides the rate at
which the strategic petroleum reserve should be filled. More im-
portantly, however, it provides background information on some of
the potential risks associated with the current high level of cil con-
sumption by the United States and, particularly, its increasing
dependence on foreign oil. The other major risks, which are not
considered in this analysis, are the possibility of a long-term world
oil shortage, a continuing devaluation of the dollar, and the extent
to which U.S. national security and international relations are
jeopardized by this oil dependency. These and other risks will be
assessed by the Congress as it debates additional proposed energy
legislation during the next session. The potential economic effects of
another oil supply curtailment and price increase, as addressed in
this paper, represent one aspect of that debate,






CHarrer 1. INTRODUCTION

Reducin% the vulnerability of the U.S. economy to another oil
production limitation and price increase is & major objective of most
recently proposed energy legislation. What would be the impact on the
economy of another worldwide production limitation, stemming {rom
either a political event or from a foreign oil production bottleneck?
What policies are available for mitigating its macroeconomic effects
on the United States?

In order to understand the dynamies of any future oil production
himitation, it is useful to review the 1973-74 crisis. The Arab oil supply
interruption, which occurred from October 1973 to March 1974,
resulted in approximately a 15-percent reduction in the amount of
petroleum ava.iﬁ'able to the U.8, economy.! This reduction in petrolenm
supplies and the subsequent quadrupling of oil prices affected all
sectors of the economy. The oil reduction led to the allocation of
existing supplies of such petroleum products as gasoline and home
heating oil to consumers, which led to shortages in some sectors of the
economy. These shortages, in turn, caused consumer prices to rise in
many sectors of the economy. Higher energy prices raised the cost of
almost every commodity and service consumed. Furthermeore, price
hikes led to an increase in wage levels, which further aggravated in-
flationary pressures.

Real growth and unemployment were also adversely affected by the
oil supply interruption. In many industries, the reduced supply of
petroleum forced factories to decrease their hours of operation or,
m seme cases, to close down. This situation was especially pronounced
in the antomobile industry, where falling demand for cars caused auto
manufacturers to cut back production and lay off large numbers of
workers. Finally, because consumers could not easily reduce their use
of gasoline or home heating oil when the price increased, higher
petroleum prices forced consumers to spend more of their income on
energy. As a consequence, less income was available for other fomls
and services, so the demand for other products dropped, and real
output and employment fell.

Although it is extremely difficult to quantify the impact of the 1973-
74 crisis on the U.S. economy, a number of studies, using a variety of
approaches, have attempted to assess the economic impact of that oil
production limitation and price increase.? The most recent analysis of

! Randall G. Holeorahe, ** A Model Egtimate of the Economic Impact on an Intetruption in the United
Etates Petroleum Im!.ports" final report tor 1he Federal Encrgy Adminis ration, April 1976).

2 Bee for exariple, Federal Energy Administration, “Project Independence Report'’ (1971), and Federal
Energy Administration, * Report to Congress on the Economic Impact of Energy Aciions” (1976),

(5)
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the 1973-74 ol crisis, undertaken by Data Resources Inc., concluded
the following:
-—The o1l price increase added nearly 1.8 percentage points to the
U.8. inflation rate in 1974 and 1975;
—By 1975, the energy crisis had raised the unemployment rate
by 1.7 percentage points; and
-—R);al NP was reduced by 3 percent in 1974.3

A number of Government policies were pursued in response to this
oil production limitation and price increase. In the first place, Phase IV
price controls and a voluntary petroleum allocation program were in
effect even before the preduction cutback. On November 1, 1973, the
Nixon administration implemented a mandatory allocation program
for middle distillates. During that same month, the Congress enacted
the Emergency Petroleum Allocation Act (EPAA), which required

romuhiafa.uon of mandatory petroleum allocation regulations. The
age 1V price controls and the mandatory petroleum allocation regu-
lations formed the heart of the Government response to the crisis. The
regulations, which gave priority to food, defense, emergency services,
and fel production, covered all petroleum products and directed their
allocation from refining to end-use, with the exception of gasoline,
which was allocated at the wholesale level. Finally, in December 1973,
the Federal Energy Office was created to deal with the energy crisis
caused by the production cutbacks.

An oil su pl»l interruption and resulting price increase in the early
1980's couh? iﬁewise reduce real growth and cause substantial infla-
tion. The severity of such a crisis would, however, be affected not only
by the duration and magnitude of a foreign oil supply interruption, but
also by the policies pursued by the U.S. Governmerit. Notwithstand-
ing the common belief on the part of the American public that another
foreign oil supply interruption and price increase would be disastrous
to the American economy, a number of Federal policies, such as the
strategic petroluem reserve, oil allocation regulations, and price con-
trols on oil-related products, could help minimize the short-run sco-
nomic problems that are likely to result from a foreign oil supply
interruption.

The objectives of this background paper are thus twofold. On the
one hand, it attempts to determine the impact of a new oil production
limitation and price increase on the U.S. economy in general and on
particular sectors of it. On the other hand, however, the analysis also
attempts Lo assess the effectiveness of several policy options available
to the Federal Government for minimizing the economic effects that
are likely to be associated with a supply interruption. Thus, this anal-
¥sis provides background information for the Congress on some of the
possible risks of a continuing U.S. dependence on foreign oil. A long-
term world oil shortage, a continuing devaluation of the dollar, and
the constraints on U.S. foreign policy generated by that oil depend-
ency are other major risks which, while not analyzed in this paper, are
also associated with the current high level of o1l consumption by the
United States and its increasing dependence on oil imports.

3 Dsts Resources Ine., T.8, Lonp-term Review, “1980 Oil Embargo Study” (fall 1977}, p. 2.



CaAPTER I1. FRAMEWORK FOR ANALYZING A FuTure O1L PrRODUCTION
LimirarioN aAND PriceE INCREASE

RECENT CHANGES IN U.8. OIL IMPORTS AND ENERGY FOLICY

In the years since the 1973 crisis, significant changes, which could
alter the effect of another Arab oil production limitation and price
Increase, have taken place in the level and source of oil imports and in
Government policy.

The volume of l},.S. oil imports has significantly increased since 1973.
In 1973, refined and crude imports totaled about 6.2 million barrels a
day, which represented 36 percent of total U.S. oil consumption; by
1977, U.S, imports amounted to 8.6 million barrels a day, or 47

ercent of U.S, oil consumption. Moreover, the countries respongible
for the 1973 oil supply interruption now provide a much larger share
of U.S. petroleum imports than they dig at that time. In January
through September 1973, the Organization of Arab Petroleum Ex-
porting Countries (OAPEC)'~the world’s major oil preducers—
provitred the United States with 23.6 percent of 1ts total oil imports,
which constituted 8.4 percent of domestic oil demand. But, by Sep-
tember 1977, OAPEC’s share of U.S. oil imports had risen to 42
percent, or 20.5 percent of domestic demand.? This shift in supply
reflects a U.S. demand for light, low-sulfur, crude oils, which provide a
higher volume of gasoline and fuel oil from distillation than does
heavy crude oil.?

Government policy has also changed since the 1973-74 crisis.
Clearly, one of tﬁe most significant changes was the decision to build
a strategic petroleum reserve (SPR), aimed specifically at minimizing
the output Iiosses associated with a production hmitation. Petroleum
allocation regulations have also been developed and tested. But, unlike
the 1973-74 period and despite the fact that, without a modified form
of price controls on oil-related products, the economy would face a
number of serious short-run problems in the event of another oil
supply interruption, the President today has no clear-cut authority
to invoke mandatory economywide price controls.

THE ANALYTIC FRAMEWORK

In order to analyze the macroeconomic impact of future oil supply
interruptions and assess the effectiveness of the strategic petroleum
reserve, a framework was developed incorporating data regarding the

! The OAPEC nations involved in the supply infermuption were Algeria, Egypt, Kuwait, Lihya, Qatar,
Sandi Arabia, Syria, and the United Arab Kmirates.
ti{QPEC Shars of U 5. Petroleum Imports 5till Increasing,” 0il and CGas Joumal, vol, 76 (May 13, 1078},

p. 1.
3 Data Resources Tne., “ 19580 Oil Embargo Stedy,” p. 2

4 Another change in Government policy, which is not specifically examined in ihis analysis, is the develop-
mant of the Internaiional Energy Agency.
{7}



8

1973-74 experience, the changing oil import position of the United
States, and energy policy changes that have eoccurred since 1973.
Table 1 specifies the key variables central to the anpalysis of any
future oil production limitation and price increase. All of these assump-
tions were then integrated into the Wharton annual energy model,
which was utilized to carry out the analysis. (Details concerning the
Wharton annual energy model can be found in Appendix A.)

Four particular eases are examined within this framework. In all of
the cases, 0ll import prices are assumed to remain constant in real
terms before a yearlong oil supply interruption in 1982, when oil
import prices are assumed to incresse by 20 percent. The analysis
also assumes that price controls on oil-related products and oil alloca-
tion regulations would be in effect and would be identical in all four
cases. Within the framework of those common assuroptions, the
macroeconomic effects of a yearlong 3-million-barrels-a-day (mmbd)
oil production cutback are analyzed on the assumption of a strategic
petroleum reserve level of 500 million barrels {case 1, a resulting

etroleum shortfall of 8 percent) and on the assumption of an SPR
evel of 250 million barrels (case 2, an 11-percent shortfall). The effects
of a 4-mmbd production cutback with an SPR level of 500 million
barrels (case 3, & 13-percent shortfall), and with an SPR of 250 million
barrels (case 4, a 16-percent shortfall) arve similarly analyzed. Esach
of the key variables affecting the magnitude of a future oil supply
interruption are discussed In subsequent sections of this chapter.

TABLE 1,—SUMMARY OF ANALYTIC FRAMEWORK FOR A HYPOTHETICAL YEARLONG OfL PRODUCTION LIMITATION
. AND PRICE INCREASE i 1982

Key variables tase 1 Lase 2 Case 3 Case 4
Amaount of oil supply reduction (milkions of barrels a day). 13 L3 14 24
Percent increase in oil prices. ... . ke ae e an s 20 20 20 20
Strategic patroleum raserve leve) (millions of barrets)____ 500 250 500 250
Allocation regubabions. .. ..o vrocreeae s e meaas ) [ o
Pricecontvobs_____ ... ___.. ... ... S’ ?} i
Resulting petrolenm shortfalt{percentr . ... oeenooe 3

1 Represenls 7 percent of telal U.5. energy consumption in 1982,

# Represents 10 percent of total UL.S. energy consumption in 1962,

* [n place and identical in all 4 cases, .

1Rep ts; the t ot petrok {ost to the U.5, economy in 1982 aftec accounting for SPR.

Duration and Magnitude of an Od Production Limitation.

Both the duration and the magnitude of an oil production limitation
will affect the severity of another oil crisis. Although the 1973-74 Arab
oil production limitation and price increase lasted for only about §
months, in order to determine the maximum effects of an oil supply
interruption on the economy, this analysis assumes it will last 1 year.

In order to provide a range of results and to test their sensitivity,
two further assumptions about the reduction in oil supplies were
made. The first case assumes that the United States woulcf) F&ce an oil

"import reduction of 3 million barrels a .day, representing approxi-
" mately 7 percent of total U.5. energy consumption in 1882. The second
case assumes oil imports would be teduced by 4 million harrels a day,
or about 10 percent of total energy consumption. Although a number
of events eould cause oil reductions of that magnitude (for example, a
fire in the Fersian Cull), this analysis assumes a situation analogous
to the 197374 supply interruption, when the major OAPEC nations
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itnposed o production cutback. Thus, the analysis assumes that the
remaining 6)]?]5.‘.(1 countries as well as such other exporting countries us
Mexico and Canada would not pm'ticil!lmt,e in the production cuthack.

These two assnmptions regarding the probable level of a future oil
import reduction were developed, first, by surveying various forecasts
of future U.S. oil imports, in order to obtain a reasonable range of
Eossible oil imports for the early 1980’s, The historical relationshi

etween .S, oil imports and OAPEC countries was then examined.
Finally, the international reserve position of the key OAPEC nalions
was reviewed to determine their ability to limit oil production without.
suffering financial difficulties. These factors were then integrated
together to obtain the ¢il import reduction levels used in the analysis,
(See Appendix B for details on how these oil import reduction levels
were developed.)
World Oil Prices During an Oil Production Limitation

Assessing future world oil prices during a supply interruption is quite
difficult, due to the wide range of political and economic factors that.
could affect the price of oil. Although world oil supply and demand
conditions during the 1973-74 crisis enabled OA&E countries to
increase the price of oil significantly, if an oil production limitation
occurred in the early 1980°s current political factors and world oil
market conditions make it less likely that world oil prices would sky-
rocket, as they did in 1973. Several other lactors may also constrain
the price of oil during another supply interruption. A marked increase
in the price of 01l would no doubt make many synthetic {uels, which
are currently above the world price ol oil, economically feasible. In the
long run, this development would clearly be disadvantageous to
OE%’EU; thus, it might constrain the amount of the oil price mecrease.
On the political side of the equation, a significant increase in the price
of oil could be more detrimental to Third World countries than to the
United States. Although the United States could afford to pay for a
dramatic increase in oi%prices, many Third World countries could not.
As g consequence, OAPEC may not want to absorb the political costs
of a dramatic increase in prices.

Nevertheless, this analysis does assume that non-OAPEC oil
exporters would marginally increase oil prices, to take advantage of
the oil production limitation instituted by OAPEC. Thus, this analysis
assumes that world oil prices would remain constant In real terms
before a supply interruption in the early 198¢’s, as they had before
the 1973-74 cutback. At the point of the quply interruption, however,
oil prices would increase by 20 percent and remain at that level.?

Strategic Petroleum Reserpe

The 1973-74 Arab oil production cutback and the increasing
dependence of the American economy on imported oil led Congress,
in the Energy Policy and Conservation Act of December 1975 (EPCA),
to mandate the development of a stralegic petroleum reserve. In order
to expedite development of the SPR, the EPCA legislation provided
for an early storage reserve {ESR), which was to be al least 150
millien barrels.

EPCA also mandated that the Federal Energy Administration
submit & steategic petroleum reserve plan, detallmg proposals for

# Aliernative 0il price assumplions were made Lo lest Uie sensitivity of e Wharlon medel, Only wlien oil
prives doubled did ihe resulis of Lhwe analysis chongs signilicandy. For example, a $0-pereanit inerease in ol
prices, 68 opposed tn the 20-percent increase used In (e analysis, had only 4 marginal effeet o3 the resnlts,

36-379—78 3




10

designing, constructing, and filling the reserve. In February 1977, an
SPR plan was submitted to the Congress; it hecame effective in April
of 1977. This plan superseded the ESR plan, but retained the goal of
storing 150 million barrels of 6il by December 1978,

Concomitantly with the national energy plan, an amendment to
SPR was submitted to the Congress on May 29, 1977. This accelerated
plan called for the storage of 250 million barrels by December 1978
and of a total of 500 million barrels by December 1980. The adminis-
tration hag also recently requested and received approval for an addi-
tional 500 million barrels, which will bring the total crude in storage
to 1 billion barrels—the maximum amount authorized in EPCA—by
1985.° About 35 million barrels are in the ground now, according to
the latest DOX data.

The SPR is clearly one of the major policy options available to
mitigate the effects of an oil supply interruption on the economy. Two
SPR levels are assumed in the analytic framework. In the first case,
500 million barrels are assumed to be in storage; in the second ecase,
only 250 million barrels are assumed to be stored. Both cases, however,
assume that the oil in the reserve is depleted after 1 vear.

Alloeation Regulations

During the 1973-74 oil produetion cutback, the Emergency Petro-
leum Allocation Act of 1973 (EPAA} led to the development of a svs-
term of petroleum allocation regulations, which represented a major
part of the Federal Government's response to the supply interruption.
Tn essence, the alloeation system distributed petro]let.lm produets to
particular sectors, with priority going to sectors that protected public
health, safaty, and welfare and mantained nafional defense, mineral
production, and agricultural operations.’

Since the 1973-74 foreign oil supply interruption, the Federval
Energy Administration and, later, DOE have engaged in a careful
review of the policies pursued during the 1973 oil production cutback.
To that end, DOE has [unded a number of studies to evaluate the
existing priority classification system, and the agenecy will probably
issue a new set of regulations within the next year. A priority classifica-
tion system developed Hy Resource Planming Associates (RPA) of
Cambridge, Mass., was utilized in all fonr of the cases analyzed in this
report.?

Price Controls on O

In terms of macroeconomic poliey lor dealing with the 1973-74
energy crisis, the Nixon adiminisiration wtilized Phase IV price con-
trols, which were in effect when the erisis occurred. Phase I'V was intro-
duced in mid-Tuly of 1973, Excepl lor lifting the {reeze in the agricul-
tura! sector ol the economy, Phase IV regulations allowed most firms
to pass through the increased costs only on a dollar-for-dollar, vather
than on a percentage, basis. Furthermore, only certain cosi mereages
after the last quarter of 1972 were permitted.

¢ Binge Lhe supply intorruption is agsuraed fo take place in 1l early 1930°8, only SO0 neillion barcels are
eslimated to he In place at that 1ime. 'The full 1 hillion baveels is nod likely £0be instorage nntil the raid-19800s.

T Another componen| of the sisiem incladed a feeeze in sippller-pogeliaser slatims that rerquirad shora-
tiong eyond crude 1o be baged o s refined product allocation 1o cach gt keter or distribator of prodaction,
The allocation also had o 3tate aet-asido program and o crale oF bav-s-il progyam,

3 For maore teiail on this classifieation approach, see Reaource Planning Assiwiales, A Reviwed Priondy
Massifleation Avsiem for Allocating Petrolenin® {Deeomnle 1977073,
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Phase IV niso included deiailed plans Tor selective decontrol of
industries, which began in Qctober 1973. Removal of an industry
irom regulations was generally based on a commitment by the industry
coueerning its [uture price, mvestment, or industrial relations he-
havier that would aim at increasing productivity and restraining price
increases. Furthermore, prices and wages In an industry were usually
decontrolled at the same time. Authority for wage, price, and profit
controls ended in late April 1974, when the Economic Stabilization
Act expired.® Today, the President has no clear-cul authority to
invoke price apd wage confrols under existing legisiation, such as the
Delense Production Act, or through the (Councit on Wage and Prico
Stability.

Price controls are quite controversial; yet they arve one ol the major
policy options available in a national emergency, such as a {oreign oil
production limitation and price incresse. A modified form of price
controls was developed specifically for this analysis. The analysis
assumes that these controls would permit prices to mncrease enough to
compensate for increased production costs of petroleum-related prod-
ucts on 2 dollar-for-dollar basis. Similarly, loreign oil import price
increases would also be allowed to pass through the economy.

What are the andvantages and disadvantiagzes of this particular form
ol price controls? One of the major reasons Tor utilizing price controls
mn the analytic framework relates divectly to the petrolewm allocation
regulations. Because Congress mandated development of a system for
rationing oil to key sectors of the economy in order to prevent pro-
ducers from making excess profits, some potential benefits of these
01l alloeation regulations would clearly be negated without a sysiem
of prire controls on oil. Price controls were also assumed to be in effect
beeause they help prevent a transfer of income away from consumers
to producers, which is likely Lo oceur in o petroleum shovt{all. In this
instance, price controls alleviate some of the disryptive effects of an
immediate redistribuiion ol income. Finally, in the short run, price
controls on oil-related products may lessen the rate of inflation,
although the erapirical evidence on this point is not clear cut.

But price controls also have a number ol serious limitations. The
{emporary short-run gains from controls may lead to & higher rate of
inflation In the long run, because they suppress the rate of inflation.
Price controls may also lead to nuinerous market inefficiencies and
inequities, which weuld not occur if markets were Iree to operate.
Moreover, in order for controls to work effectively, monetary and
fiscal policy must be closely coordinated. Clearly, this did not happen
during the 1973-74 crisis, ihasmuch as the Federal Reserve did not
increase the money supply. Controls are also very difficult to ad-
minister and requwe a laree bureaucracy. And, finally, in linple-
menting any lorm ol price controls, it is very difficull to develop a
lair set of standards: ope that can be readily applied m specific
instances aswell as in a broad range of cases. Because of these negative
factors regarding jprice controls, the results presented in the next
chapter are essentially minimum estimates of t(he Impact on the
economy of an oil supply interruplion and price increase.

% Thia disrmssion on pwice controls is taken divectly from Coogressions] Buwdget Oilice, “Incone Polives
i1k the United States: Historical Roview and Some Issues " (May 1977).






Cuaaprer I, Macrotscovoure ErrEcrs AND
Povicy IMPLICATIONS

This chaptler summarizes the vesults obtained [rom the analysis of
the four oil production fimitation and price increase cuses considered
by this repori. Each case is compared with a “base case” economic
forecast of the 1978-85 econcmy.' The first section of this chapter
briefly reviews their short- and long-run eflects on real output, un-
employment, and inflation. The seeond section examines the effective-
ness of the ol allocation regulations and the strategic petreleum
reserve in mitigaling those macroaconomic effects.

Belore presenting the specific results of the analysis, however,
several poinis that help to keep them in perspective should be noted.
All of the cases analyzed in this paper assume a yearlong oil supply
interruption, in sharp contrast, to the 1873-74 crists, which lasted less
than 6 months.? These cases also assume o 20-percent increase in the
real world price of oil, as opposed to the 1973-74 quadrupling of ol
prices. Further, the cases considered assume that the composition of
final demand is essentially determined through the oil allocation
regulations and that price controls on oil are in effect throughout the
time period under consideration.

MACROECONONWIC EFFECTS

Ffieets During the Interruption

As expected, larger petrolewn shortfalls lead to larger output losses,
greater unemployment, and more rapully rising prices. As table 2
shows, the 4-vear-long oil production Iimitation cases examined n this
report have wide-ranging effects on real GNP.? For example, in case
1, the smallest petroleum shortfall, real GNP losses relative to the
base case woull be 2.9 percenl. At the other extreme, the largest oil
production limitation, ease 4, would result m & 9.8-percent decrease
m real GNP. The impact of the oil limitation on unemployment
closely parallels that of veal GNP, In case 1, the unemployment rate
would increase by 1 percent over the base case; in case 4, it would in-
crease by 3.2 pevcent. ) ‘

The impact of the supply interruplions on prices in the short ron is
similar to their impact on real GNP and unemployment. For instance,
in case 1, the inflation rate would increase 1.3 percent over the base
case; in case 4, it would inerease by 4.3 percent. These price inereases
would also affect GNP. 1ligher prices reduce both real income and the
teal wealth of houscholds, thereby causing househoids to reduce
purchases ol goods and services, which sfows real economic growth.*
mwnjectiuu is nsefu! for meaguring the velative outpul loads associnted with specifie supply
futerraptions, The forecast used in this analysis assuimes 3 growth rate of about 3.6 percent and ap inflation
rate of slightly more than 6 peveent between 1978 and 1985, The unemployment rate is projected to decline
te just aver 3 percent by 1482 and 4.4 percend by 1085, .

% in the 197374 ofl crisls, about 15 percent of the 1.8, petroleum supply was cut off, resulting in a 3-pereent
redpetion in outpat. Sea chapter T of thig paper for more details,

# Uncertainty as to how consevvation muasures, fuel switching, tha drawdown of the 2PR, and the ]twgl
and drawdown of oil pipeling inventories wonid mitigate the effect of the production limitation makes it
extremely difficult to estimate the jreeise impact of 3 briefor ;upply Interruption; hence, the results of the
anglysis ave presepted i anunal terms. Nevertheless, for an ofl production Hmitation of less than_ a year,
the impact ou rgal output (as well as prices and unemployment) is assumed to be livearly related to the
atnual cesults, For exwmple, ease 1 would regult in a $22.5 bilidon loss to the sconomy tn a G-month supply
interruption, as compared with o $45 billion loss during a yearlong eathack.

+ The price controls applied i this analysis permlt price increases suffteient 1o compensate for incressed
costs of produetion, whieh wouold lead to Severe bottlenecks and incifliciencies in the costa of producing all
gods aud services 10 the economy. These Giellicioncies would ohviously be grester at hivher levels of oil
shorttall, which, tn turn, would lead {0 more ropid Hiereases in priges. A fuller disenssion of the interaction

betwesit prices and GN D can Le found in o monber of CRAY publications. Bee for example, “Presidend
Carter's Eneryy Proposal™ (1977), chapter Li, and © Hecovery Tlow Fast and ITow Far'' (1975}, chapter 5.

(13)
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TABLE 2.—IMPACT OF A YEARLONG QJL PRODUCTION LIMITATION IN {582 ON GNP,
UKEMPLOYMENT, AND INFLATION DURING THE SUPPLY INTERRUPTION !

[tn percent}

Unem-
i ployment
) Changa in Change in rate i
) Resulting  real GNP3 unem in1982  Changain
Level of cif raduction and of strategic  petroleam {billions Ghange  ployment with oil iuflation
petrolsum reserve shortfal?  af dollars) in GNP rate  limitation tate
Cage 1, 3,000,000 bbl/d oil reduclion,
500 PR ... 8 —~45 -2.9 410 6.1 +1.3
Case 5, 3,000,500 bbi/d oit reduction,
c250’3""2%%5&1,@'"|"'&"ii"" 11 —B5 -4.1 +1.4 6.5 +1.8
as5e oil reduction,
500,000 bbl SPR... ... __ - 13 -2 -7 42,3 7.4 43.0
Casa 4, 4,000,000 bbl/d oif seduction,
250,000 bbY SPR. ... ... 16 —155 —%.4 -4+3.2 8.3 +4.3

1 A5 compared with the Baseline economic forecast, i . i .
2 Represants the t of petrolenm lost 1o the y during the interruption, after accounting for SPR.
GNP is in 1972 dollars.

Effects After the Interruption

In the 3-year period following the oil production limitation, the
economy would rebound substantially, with real output increasing,
unemployment declining, and price increases subsiding. But all of these
key macroeconomic indicators are still at variance with the base case
forecast for 1985: Real GNP would be below the forecast level and
the unemployment and inflation rates would be higher.

More specifically, as Table 3 illustrafes, real output by 1985 would
remain .72 to .82 percent below the base case forecast. Similarly, the
unemployment rate in 1985 would continue to remain above the base
case forecast (by .5 to 1 percent) in all four of the cascs examined.
Price inecreases 1n each case would alse remain sbove the baseline
forecast in 1985, but the smallest oil production limitation would have
a slightly lower rate of inflation. The slightly lower rates of inflation
for the larger supply interruptions is the result of their higher rates of
unemployment, which tend to suppress price increases.

TABLE 3—IMPACT OF A YEARLONG QIL PRODUCTION LIMITATION IN 19852 ON REAL GNP,
UNEMPLOYMENT, AND INFLATION IN 1985¢

[In percent]
Unem-
i . ployment
. Change in Change in rale i
. . ) Resulting  real GHP 3 unem- in1935  Chzngein
Level of oil reduction and of steategic petroleum ¢hillions Ghange  ployment viith oil inflation
petroleum reserve shprtfalls  of deltars) in GNP rate  limitatlon rale
Case 1, 3,000,000 bblfd oil reduction,
SPR.__ ..., 3 -12.6 —-0.72 +0.5 51 -+0. 68
Case 2, 3,000.008 bblid oif reduction,
bbISPR. ..o eeeeeannas 11 -12.8 ~.73 +.6 5.2 +. 55
Case 3, 4,000,600 bbi/d oil reduction,
500,000 bbISPR, ... _....._. 13 -13.7 ~18 +.8 5.4 .32
Casg 4, 4,000,000 bblfd ail reduction,
250,600 bbESPR ... T ~14.2 - 82 +i.0 5.6 +.13

haenlt Py

1 As compared with the t.
* Reprasents the amouny of petroleum jost 1o the economy during the interruption, atter accounting for 3PR.
TGNF is in 1972 dollars.
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THMPACT OF RPR AND PETROLEUM ALI/OCATION REGULATIONS

Significant losses in real output could be averted through the
s{.-mtsewi}(é petroleum reserve, Table 4 vividly illustrates the benefits of
the .

Comparison of a 250- and 500-million-barrel SPR in a 3-mmbd
production cutback indicates that the additional 250 million barrels
mn the ground would save $20 billion in real output ($65 minus $45
billion). In this case, there is a net 1.2-percent savings in real GNP from
the base case. Thus, on the margin, $30 in output loss is averted per
SPR barrel in the ground during a 3-mmbd supply interruption with
a. 5H00-million SPR.°

In the 4-mmbd oil supply interruption, the total output loss averted
by an additional 250-million barrel SPR is even more striking. As
Table 4 indicates, about $43 billion in real output loss—more than
twice the SPR savings in the 3-mambd supply interruption—would be
averted, representing a net 2.7-percent savings in real GNP relative
to the base case forecast. A 500-million barrel SPR with a 4-mmbd oil
production cutback would save $172 per barrel in real GNP, as com-
pared with $30 in the 3-mmbd case. In short, although the SPR is
effective in preventing output losses under the conditions assumed for
this analysis in both supply interruption cases, it is clearly more effec-
tive in averting output at hicher levels of o1l shortfall.

TABLE 4—IMPACT OF STRATEGIC PETROLEUM RESERVE (SPR) ON REAL GNP DURING A 3,000,000 AKD
4,000,000 BBL PER DAY OIL SUPPLY INTERRUPTION IN 19821

3,000,000 bht per day 4,000,000 hbl per day
Change in real Change in real
GNP {in bil- Percentchange GNP # {n bil- Percent change
Level of SPR lians of dollars) inGNP lions of dollars)  in GNP
250,000,000 bareels ______________________ .. __._____ —65 =41 —155 —-3.8
500,000,000 Barrets . .o —45 —2.9 -1z =71

t As compared with the basetine economic forecast.
GNP in 1972 dollars.

Another perspective on the impact of the SPR can be gained from
Table 5, which shows the effect of the reserve on the unemployment
rate. In the 3-mmbd supply interruption, the additional 250 million
barrels ol the reserve would reduce the nnemployment rate from 6.5
to 6.1 percent. By taking about four-tenths of 1 percent off the
wemployment rate in 1982, about 430,000 workers could be kept
from unemployment.

Ii: the 4-mmbd case, the 500-million SPR would reduce the un-
employment rate by 0.2 percent (3.2 minus 2.3 percent), which is
slightly more than twice the 3-mmbd case. This implies that an SPR
of 500 million barrels would keep approximately 960,000 workers
cmployed. It should be noted, however, that even with a reserve of
500 million barrels, an annual nmemployment rate of 8.3 percent in
1982 would be very high for the postwar era.

4 The marginal benefit per barrel 1s determined by dividing the additional benefit of $20 billion in the 3-
nuubd case by the additional 250 million bartels a=soclated with o f00-inHlion-barrel reserve. The same
t}:udurle}was carvied oot fn the 4wl ease (543 Dillion, or $138 mninng $112 billlon, divided by 250 milllon

arreksl,
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These results indicate thai the sirategie petroleum reserve is an
effective policy optlion for mitigating the output losses thal are likely to
oceur during an oil production cutback. Several key points concerning
its effectiveness can he summarized. First, the reserve appears to be
more useful in reducing output losses at higher levels of oil shortfall.
Second, the marginal benefit—in terms ol output loss averied—of
increasing the reserve from 250 to 500 million barrels in hoth the
3= and 4-mmbd supply interruption is significant.

TABLE 5-~YMPACT OF STRATEGIC PETROLEUM RESERVE ON UNEMPLOYMENT DURING A 3,000,000 AND 4,000,500
BEL PER DAY OIL SUPPLY INTERRUPTION IN 1982

[In parcent?

3,000,000 bbl per day 4,000,000 bbl per day
Change £hange
in unemploy- Unemployment in ploys  Unemploy
Leved of SPR ment ratet  abe in 1982 ment rate? rate in 1982
250,000,000 barrels_ .. ... .- +1.4 5.5 +3.2 8.3
500,000,000 barrels. ... . . oo +1.0 6.1 +2.3 7.4

1 As compared with the baseting economic forgcast of 5.1 percent unemployment,

Despite those benefits, it is important to note that final assessment
of the effectiveness of this policy option must be balanced against both
its cost (the 500-million gPR will cost around $8 billion) and the
probability of the occurrence of another oil production limitation and
price inerease. The sctual value of the strategic petroleum reserve to
the Federal Government ean be estimated only by doing a form of
risk analysis. Morcover, the probability of another oil production
limitation cannot be determined.

Effectiveness of Petrolewm Allocation llegulations

Several observations about the pefroleum allocation regulations can
be made as & result of the analysis of the impact of the various oil
production limitation and price increase cases on key sectors of the
economy. Of prime importance (rom a policy perspective is the finding
that the higher priority sectors generally lose proportionately less
output than the lower priovity sectors. The relative advantage of the
high priority sectors, however, depends on the magnitude ol the ol
limitation facing the economy. In addition, certain sectors of the econ-
omy, such as finance, insurance, and real estate, sustain the smallest
output loss on a percentage basis because these sectors consume
very little petroleum; hence, they are relatively insensitive to supply
reduction.®

In the smallest petroleum shortfall, relatively minor changes in
output take place in the sectors thai constitute the higher priority
industries, as compared with those constituting the lower priority
mdustries (zsee Table 6). For example, communications, utilities, agri-
culture, and mining experience small output reductions, while durables,
nondurables, and the wholesale and retail irade undergo significantly
larger output losses. This result holds (or all of the cases, at hoth high
and low levels of oil shortlall, because durables, nondurables, and the

§ Several points should be noted in futerpreting the data in this section, First, the relative seetor effects are
essentially determined by the criteria selocted by KPA for the alloeation regulations, which ave consistend
with EPAA of 1973. Becond, the impact of allernative petralenn alloeation regulation plans on total GNP
and on the distribotion of GNT has nol been reviewed,
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wholesale/retaill sectors continue to absorb the largest output losses
while vital sectors undergo proportionately less ontput loss.

The data also indicate that at higher levels of oil shortfall—around
15 percent—significant changes in both cutput loss and rates of decline
oceur In most sectors. This finding indicates that at some intermediate
level of supply interruption, further oil reductions cannot be ahsorbed
as efficiently as smaller reductions. This, of course, varies by sector.

Thus, through the allocation regulations, sectors of the economy
defined by Congress in the Emergency Petroleum Allocation Aect of
1973 as vital to the national interest generally do not suffer output
losses as large as those in other sectors. More specifically, such vital
sectors as agriculture, mining, utilities, and communications suffer
proportionately less output loss than durable and nondurable goods,
contract construction, and wholesale and retail sales. Alloeation regu-
lations of this kind thus help make the composition of final demand
during a foreign oil supply interruption compatible with the national
interest, as defined by the Congress.

TABLE &.—IMPACT OF AN 8-PERCENT PETROLEUM SHORTFALL tN 1982 ON MAJOR SECTORS OF THE ECONOMY
DURING THE SUPPLY INTERRUPTION: IN PERCENTS

Rank Seclor OQutput loss }

Financial, insurance, real estate. ... .. ..........
gn‘htles

L r S
A Nore_ . e m —— -

Seryices. ..
COngtruction. . e e
Transportation. .. .
Wholesalefretall . ... ... -
Nondurables. .. . e m
Drab s e e e e e e e aa -

e =1"-T. R T- T I s P
L e e

F LDy
ERESLBRARNES

Pt

1 As compared with the basetine economic forecast,

In sum, although this analysis indieates that another oi! limitation
and price increase would significantly affect the American economy,
both the strategic petroleum reserve, which would reduce output
Josses, and a system of petroleum allocation regulations, which would
help insure the production of vital national goods and services, would
help minimize tﬁe resulting output loss and inflation.
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DESCRIFTION OF THE WHARTON ANNUAL ExEreY MobEL
INTRODUGTION

Input-cutput analysis offers one of the most effective techniques for studying
the relation between the size of 2 petroleum shortfall and aggregate economie
‘activity because it allows the direct as well as the indirect effects of the shortfall
on output to be captured.

Applying conventional input-output analysis alone to the study of a supply
interruption does, however, have some disadvantages. First, conventional input-
output analysis assumes fixed technologies and Erices; no substitution among
in]i-uts is allowed. Second, although it permits the determination of industrial
deliveries to final demand, it does not determine the distribution of these deliveries
by GNP component—that is, consumption, investment, public expenditures,
and net exports. Third, it does not recognize inherent output restrictions, which
exist in such industries as oil and gas.

These problems can be resolved by combining conventional input-cutput
analysis with a framework which permits input substitution, distributes industrial
deliveries to final demand across the GNP components, and resérains oil and gas
output. The Wharton Annual Model (Energy Version), which combires input-
output analysis with a macroeconometrie model, eliminates many of the short-
comings of conventional input-output analysis.

In studying the impaet of petroleum import shortfalls, the Wharton Annual
Energy Model is “solved backwards.” Restrictions on industrial output, as
determined by the Resourco Planning Associates (RPA) sllocation regulations,
restrain the gross output of the model’s 63 industrial scetors. The input-output
table is then used to determine the feasible set of deliveries to final demand.!
By comparing the “feasible’” set of deliveries to final detsiand with the set required
by the existing final demand composition, necessary sallocation adjustments to
final demand are determined. The purpose of these adjustments is to elimipate
excess demand for the output of each incustrial sector. This procedure is repeated
until the final demands are consistent with the constrained outpus.

The presence of excess demand in the system is an ohvious source of inflation
during an oil production cutback. The model is structured to allow these infla-
tionary surges io either be passed through to the general price level and wages or,
alternatively, to be suppressed. The latter option posits the existence of price
restraints to prevent primary prices from adjusting because of excess demand.

INPUT-QUTPUT ANALYSIS OF A FOREIGN OIL PRODUCTION CUTBACK

Consider an input-output medel of a fictitious three-industry economy eonsisting
of agriculture, steel, and oil {see Table A-1). Each column provides a list of the
inputs needed for the produiction of an industrial good. For example, for each
$100 of oil output, $25 of input is required from the steel industry, and 365 in
labor and capital inputs. Each row gives the distribution of an industry’s output,
Again, for the oil industry, $35 are delivered to the agricultural industry, $50
to steel, $10 to ¢il, and $15 to final demand, For each industry, the row/ecolumn
sum eguals the fotal gross value of output for that sector,

TABLE A-1.—SIMPLE INPUT-OUTPYT ACCOUNTING EXAMPLE

[In dollars]

Industrial de-

liveries to
Agriculture Steel &t final demand  Gross outpuk
Aprlcubture_ . 50 '} 0 00 150
Steel_ ... 25 100 pi 50 200
Oil......... 25 50 i 13 00
Value added. 50 50 65 | L
Gross ouput.. .o oo oo 150 200 W e 450

Note: GNP=Z valug added=X industrial deliveries ta finzl demand =165,

1 The appropriste starting polnt is the final demand distributlon that would exist in the absence of @
production cutback.
(21)
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TABLE A-2Z—SIMPLE INPUT-QUTPUT ACCOUNHTING EXAMPLE WITH EXPANDED FINAL DEMAND

[la dollars)
Intermediste inputs Final demand
Consump-
Agricetiure Steel 0il tign Netoxposts Other  Gross cutput
50 Q 0 80 10 14 150
25 100 25 0 50 a 200
25 50 10 10 5 1] 100-
50 50 65
............................................ 9 2] L1
Grosy ootput ... 150 200 J00 e rarerm e 450

Note: GNP=Z value added = Z GHP components=165.

Now, consider the same example, except the single final demand category is
broken down into three categories: consumption, net exports, other final demands
(see Table A~2). Both the summation of the value sdded and the summation of the
GNP components yield GNP.

If the intermediate sector colurn recipes are divided by the gross output of the
sector, the proportions for $1 of gross output are obtained (see Table A-3).
Similarly, if each component of final demancf is divided by its column total, the
industrial distribution of $1 of each category of final expenditure is obtained.

TABLE A-3.—SIMPLE INPUT-QUTPUT TABLE IN COEFFECIENT FORM

Agriculture Steel 0il  Consumption  Wet exports
Agriculture. 0.33 0 0 0.89 0.15
Stael.... 17 .50 I S N
ol_._._ 17 .25 .10 1 -
Valus added_____ .33 .25 D U
GNP COMPONENES et o e e e e e mm e e i e .00 1.00 .
Gross output. .. 1.00 L0 L0 e ——————

Finally, the basgic form shown in Table A-3 can be redefined. Figure A-1 shows
the bagic structural elements of the single table, In solving the Wharton annual
model, a vector of GNP components is first determined (the G vector). The H
matrix (or bridge matrix) translates the final demands by GNP component into
final demands by the industrial sector (the F vector). The technology matrix {or
A matrix) then translates the F vector into gross output by industry {the X
vecbor). Value added is determined by fractioning the gross outpui into inter-
mediate and primary inputs.

Figure A-1.
Basic Input-Output Structure

Industrial
Deliveries to Consumption Net
Agric. Steel  Gil Final Demand Cther Exports

Agric.

Steet A F H

il

Value
Added VA

Components

Gross
Gutpuis X

—_
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Figure A-2.
Direction of Solution of Input-Output Relatiohships

A - F oo H
3
VA
G
X

Figure A-2 shows the direction of solving the input-output relation—translating
final demands into industry output requirements. The difficulty with solving the
model using this standard procedure to sbudy the impact of an oil production cut-
back is that restrictions will be applied to industrial outputs. is means that
rather than using the compoagition of final demand to determine the composition
of industrial output, to gorne degree, industrial ot%puts are prederterminecF by the
RPA petroleum allocation regulations, Defining XE to be the vector of constrained
gross outputs induced by the oil production cutback, Figure A-2 must then be
solved “backwards,” Thus, a new set of final demands must be derived, given
XE.? Although the industrial deliveries to final demand can be determined in a
rather straightforward manner, given the technology, a difficulty in implementing
this step arises because no unique relation exists between the industrial deliveries
vector, F, and the vector of GNP components, G.

There are several ways to circumvent the indeterminancy problem of directly
translating the industrial deliveries vector into the final demand components.
One way, used in several earlier studies of oil production cutbacks, is to reduce
fina] demand through some ad hoe procedure until the output constraints are
gatisfied. An alternative methodelogy, however, was developed for this study, The
basis for the methodology can be summarized by examining Figure A-3, which
shows the direction of price conversion in the model, Prices are built up from both
unit labor and capital costs, which in turn determine gross output prices, The
%'oss ontput prices are then used to determine the implicit final demand deflators.

he direction of price conversion in the model parallels the direction of the oil
production cutback solution—from the output side, back to final demand.

$ XE Is derfved by utitizing the RF A allocation schernes
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Figure A-3.
Direction of Solution of Price Relationships
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Before describing how new excess demand is translated into price adjustments,
it is useful to discuss first how the constraints on industrial output affect the level
and composition of final demand. The adjustment of final demand can be broken
down into an income effect and a price effect.

The income-price effects are summarized in Figure A-4. If we are dealing with
just {wo goods, A and B, let U,U, represent the pre-oil produetion cutback indiffer-
ence curve. Line Y, Y, is the pre-oil preduction cutback budget line; the slope of
the budget line is determined gy the relative prices for A and % Now assume that
income is reduced in the oil production cutback 6 YgYg. A reduced level of con-
sumption of goods, A and Bp resulis,? The relative prices of A and B ean then be
adjusted to eliminate excess demand for industrial deliveries to final demand,

Figure A-4.
Income and Price Effects
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Price adjustment due to excess demand can be treated in two ways. The meth-
odology can best be explained by writing cut the basic relationship for determin-
ing gross output prices:

Gross output price sector j equals value added deflator sector j plus material

input prices.
PWPIl¢;=~*PVA;+; Laif*PWPI,

This relation states that the weighfed sum of the primary input price for an
industrial sector plus the material input prires vields the gross output price for a
sector. This relation is modified in the production cutback period to account for
excess demand for the sector's cutput. The revised specification reads;

PWPI®=v*PVA;4+ > aif*PWPIL+j
i

Where the additional term, Aj, is determined by the relation:

_ FE,-—F,»]“
af_[ Fy

That is, ¢¢f represents the adjustment to prices due to the reduction in deliveries
to final demand. The term, ¢j, t8 an elasticity—the fraction of the percentage
shortfall in deliveries that is passed into gress output prices. By assumption, the
¢ was set to 0.5,

Alternatively, the Aj term can be suppressed. The argumeni is that price
controls permit price increases only sufficient to compensate for increased costs
of production. But a mechanism is required to adjust the allocation of final
demand. The methodologica! approach is to bypass the model’s normal price
channels and transmit the allocational information to final demands by way of
“shadow prices”; that is, although the aggregate price level is not affected, relative
prices are. The final demands are adjusted by the relation:

P embargo i
s=ppnf £ CODATES
Fbjr=FD, P preembargo)

where FDj*, is the final demand for category j after adjusiment for changes in
relative prices due to the production cutback, This o¢j term is an elasticity parame-
ter. These terms are assumed for each component of final demand.

This discussion has greatly simplified the price-income effects, but the main
thryst of the argument is that the proposed methodology systematically solves
for a feasible final demand set. The RPA allocation plan determines XE, the
constrained set of gross outputs, Given XE, a vector of industrial deliveries to
final demand, FE, can be determined, Using an initial estimate for final demand,
G, a corresponding required deliveries vestor, F, can be obtained. By comparing
the two vectors—FFE and F—on a sector-hy-seetor basis, an excess demand vector
is derived. This is used to revise the gross output prices for each industrial sector.
In turn, the revised gross output prices adjust final demand prices. For each final
demand category, then, a revised estimate is obiained by comparing the con-
strained and unconstrained final demand prices. This methodology permits either
the pass-through of excess demand inflationary shocks or the suppression of those
shocks by some form of price controls.
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DEVELOPMENT OF AssUMPTIONS REGarpiNG OiL ImPorT Brpuverion Levels

The four scenarios analyzed in this report assume yearlong oil import reductions
of 3 or 4 million barrels a day, with the OAPEC nations again instituting a pro-
duction cutback, These oil import reduction levels were developed by assessing
forecasts of future U.S. oil imports, the OAPEC share of U.8. oil imports, and the
international reserve position of the key QAPEC countries. These factors, each
one of which is discussed below, were then combined to develop plausible assump-
tions concerning the level of a future oil import eutbacle.

FORECAST OF FUTURE U.S. OIL IMPORTHE

In developing the assumptions regarding future oil im(I)ort levels, six recent
studies of U.8. energy supply and demand, employing & wide range of methodalo-
gies and assumptions, were reviewed,!

Despite differences in method of analysis, all conclude that U.8, oil imports in
the early 1950’z will range between 9 and 11 million barrels a day. Hence, while
each of the studies is subject to a great deal of uncertainty, together, they provide
a reasonable range of future oil imports, which effectively bounds the import
range for the United States in the early 1980's.

CGAPEC BHARE OF U8, IMPORTE

As Table B-1 illustrates, QOAPEC’s share of total U,3. oil imporis has increased
substantially since the 1973-74 oil produection cutback.

TABLE B-1.—DAPEG SHARE OF 1.5, OIL IMPORTS
fin thousands of barrels a day]

 OAPEC

impens asa

percent of

Total U.S. OAPEC ~ total

Year ail imports imporis imports
6, 256 1,377 22

6,112 1,108 18

&, 056 1,79 ]

7,313 2,713 k]

&, 696 3,693 42

Source: .S, Departmeni of Energy, Monthly Energy Review (July 1972).

OQAPEC imporis decrensed from 1973 to 19874, primarily because of the oil
roduction cuthack, but its share of total U5, oil imports has grown since 1974,
n 1977, QAPEC totaled 42 percent of all .S, oil imports, Within OAPEC, the

major supphiers of oil imports to the United States are Baudi Arabia (42 pereent),
Libya {28 percent), Algeria (16 percent), and the United Arab Emirates (12
percent}. Kuwait, Ira% atar, and several other smaller countries combine for
about 7 percent of all OAPEC imports to the United States.

L Thesa studies included: 1.5, Department of Energy, “Profections of Energ{ Bupply and Demand and
Their Impacts™ (1978); Petrolevm Indusiry Research Foundation, “Omlook for World O] Into The 2ist
Century’’ (1978); Congressional Resesrch Service, “Project Interdopendence: U.5. and World Energy Out-
look Through 1900" (1677); Organization for Ee ic Cooperatipn snd Development, “World Energy
Outlook™ (1077); Central Intellience Agency, “Major Developed (ountries: Changlag Trade Flows aud
Increasing Vulnersbility in 19827 (1977); and Irving Trust Co., “International 01l Revislied: Could The
Experts Ba Wrong?™ (1977),

(29)
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This analysis assumes that the OAPEC share of total U.S, oil imports in 1982
would range between 35 and 43 percent. That range both captures our most recent
historical experience and takes into aceount a variety of likely future develop-
ments affecting OAPEC's future share of U.S, oil imports.

FINANCIAL CONDITION OF OAFPEC COUNTRIES

A yearlong oil prodyetion cutback oould clearly have an adverse financial
impact on & number of OAPEC nations, which eould conceivably limit the partici-
pation of particular countries. To agsess the ability of the major QAPEQC countries
to sustain a yearlong production eutback, their international reserves and the
ratio of reserves to ¥mports were reviewed on a country-by-country basis.

The financial condition of all OAPEC countries appesrs to have improved
gince 1973 (see Table B-2), Further, these reserve estimates refiect only public
holdings and do not include the private reserves of individual Arab monarchs or
families.? Nevertheless, assessment of this increase in reserves should be balanced
by the fact that, since 1973, almost all of these countries have begun large-scale
development projects, which require substantial capital.

TABLE 8-7 —FINANCIAL CONDITION OF DAPEC COUNTRIES, 1973 AUD 1%7
I millions of U5, doflarsi

Ratio of reserves 1o

Financial reserves Imports imports
Country 1973 1977t 1973 1977 1973 1977
Sandi Arabia. .. ... 3,57 27,784 1,840 2,935 2. 11 946
United Arab Emirates......oeoeemeno 92 1,798 744 989 .12 1.82
. 2,127 3,087 E, 838 1,061 1.16 2.91
1,143 2,153 2,129 1,148 .54 151
601 1, 831 910 553 5% 20
1,553 5 020 817 430 1.9 .35
16 137 176 2251 .43 154

L1zt quarter of 1977,
 4kh Guarter of 1576,

Source: knternational Monetary ¥und, International Financial Statistics {Apsil 1978).

Table B-2 suggests that during a lengthy preduction cutback gome OAPEC
countries (such as Qatar, Libya, or Algeria, which together currently aceount for
40 percent of QAPEC oil imports to the United States) might have some financial
diﬂ?cultiaﬁ. Thus, in view of the likelihood that these countries and some gmaller
QAPEC countries might have to limit their parficipation in the production cut-
back because of their need for foreign exchange, the analytical framework devel-
oped in this paper reduced the magnitude of the Arab oil production cutback.

OIL IMPORT REDUCTION LEVELS

As the preceding analysis has indicated, a range of factors eould affect the size
of the Arab oil production cutback. This section considers those factors and con-
cludes that two conservative yet plausible import reduction levels are 3 and 4
million barrels a day,

Threg-million-barrel-a-day-case.—A 3-mmbd oil production cutback, which
represents a “‘best case’” for this analysis—that is, the lowest level of 1.5, oil
imports—can be developed in a number of ways, Tahle B--3 illustrates two of the
ways in which the 3-mmbd estimate can be derived.

TABLE B-3.—DERIVATION OF 3,000,000 BEL PER DAY CASE

Level of U.3, imports OAPEC share of U.S. imports DAPEC financial limitation Total OAPEC cutback
(million barrels per day) Cin percent) Cin parcent) (millicn barrels par day)
] 35 ]
$ 40 18 g

1 In addition, itis Ijkelg that almost all of the Arab Btates involved in the production eutback conld expect
to obtain needed capital by borrowing irom either international banking ingtitations or from richer QAPEC
ovountries, such as Saudi Arabla,
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The 9-mmbd level of U.B. imports was used in both of these cases. The OCAPEC
share of U.B. oil imports was, however, varied: in one case, QAPEC is assumed
to contribute 35 percent; in the other cage, 40 %ercent.. Thus, for example, muiti-

lying the 8 mmbd by the 35 percent OAPE import factor yields imports of

.15 mmbd. But the apalysis also assumes that s combination of smaller CAPEC
countries, beaded by Qatar, would be forced to limit its participation by 5 percent,
which would reduce the ¢il production cutback to about 3 mmbd. Similarly, for
the other 3-mmbd case, one of the large OAPEC countries, such as Algeria or
Libya, iz assumed to limit its gart.icipation, causing a further (iI5 percent) re-
duction in the production cutback.’

Although a number of alternative assumptions can be made with respect to
the key factors affecting the magnitude of the ofl production eutback, the 3-mmbd
figure, which can be derived in a number of ways, is a reasonable “best case”
estimate.

Four-million-barrel-a-day case.—The 4-mmhd case, which represents a “worst
case’’—the highest level of U.8, oil imports—was developed in the same fashion
as the 3-mmbd case (see Table B-4).

TABLE B-4.—DERIVATION OF 4,600,000 8BL PER DAY CASE

Level of {).S. imports ~ OAPEC share of U.S, imports OAPEC financlal limitation  Total OAPEG cutback
¢million bazrels per day) ¢in percent) {in percenty  (million barrels per day)
11 k] 5 4
11 43 15 4

The major difference in this case is that both 2 higher level of U.5. oil imports
(11 mmbd} and a higher range of the QAPEC share of U.S. imports (38-43
percent) are assumed. However, the same factors used to capture the reduction
in particular QAPEC countries participating in the cutback because of financial
strain were uged again. Obviously, all of these factors eould be combined ip a
variety of ways and the same result could be achieved. The intent of the analysis,
however, is to provide a reasonable “worst cage” oil import reduction level ju
order to effectively bound the magnitude of the oil supply reductions.

1 For al) of thess cases, the TUnited States is assumed a prior] to meet it commigment to the International
Energy Agenty.








