:
A
$
;
4

ED 153 034

DCCUNENT RESUME

CE 015 672

Eckstein, Albert J.; Heien, Dale M.

AUTHOR

TITLE A Review of Energy Models with Farticular Reference -
to Employment and Manpcwer Analysis.

INSTITOUTION Employment and Training Admlnletratlon (rci),
Wwashington, D.C.

PUB DATE Mar 78

CONTRACT 20-51-77-43

NOTE 172p.

EDRS PRICE MF-3$0.823 HC-$8.69 Flus Fostage;

DESCRIPTORS Econcmic Researchs; Euplcylert Employment Problems;
*Employment Projections; *Energy. *uanpcwet Needs;
*Models; Research Needs; Sccial Problems .
ABSTRACT

i~

To analyze the application of quantitative models to
energy—employment issues, the energy prcblee ‘was vieswed in three
distinct, but related, phases: the post-emtargo shcck effects, the
intermediate-term prccess of adjustzent,..and the long-run
equilibrium. Against this background eighteen existing energy models
{government supported as well as private efforts) were reviewed to
-~determine their usefulness in addressing exployment prcklems related

to the three phases. The models were divided intc three main
categories: (1) general-economy energy-sectcr interactions models,
(2) energy sector models, and (3) energy suksectcr models. Thus far,
the models have not Ecen utilized in ary significant way for the
study cf employment and manpower issues. Only cne c¢f the category 2
models. generates detailed manpower reguirements asscciated with
increased investment activitys; others ir that grcup as well as
~ several coal sector models could be adapted to dc sc. 0f greatest
interest were the category 1 models, but mcst lack rrocper price
determination mechanise to address long-ter¥ questicns of adjustment
to energy price changes. While most of thea inccrpcrate an
input-output block to which labor demard estimates are attached, the
gquality of the specifications was found inadequate. EFased on the
analysis, £ive categories of employment and manpcwer research issues
associated with the energy rroblem were iderntified: substitution
effects, balance-of-payments effects, investment and new ccnstruction
effects, e2conomic growth and inflaticrn, and distribution of income.
{Reviews of each individual model are appended.) (JT)

-

sk ko ek s sl sk Sk sk ok ok sk ok 3 ok ok s ok ok sk ok ol sk ok ok sk ok ok sk ok ok o ok ok o o ok ok ok ok o ok okok sk o ok ko ok ok kol sk akok sk dkook ok ok ok kK

* Reproducticons supplied by EDRS are the best that can be made *-

* from the original dccument. *
sk sk e o ek s ook sk sk ek ok e s ok ok o ok s ook A ook ek 3 ok o 3k ok ok ok o ok o ok ok b ok ok ok ook ok o sk sk ok okokok o ok kok koK

0y VUG e e e e e = .~ a— —— e ~ —_ B T R .

l EKC

wll Toxt Provided by ERIC




ED153034

i
i

1

b » N

A REVIEW OF ENERGY MODELS
WITH PARTICULAR REFERENCE TO
EMPLOYMENT AND MANPOWER ANALYSIS

Albert J. Eckstein
and

Dale M. Heien ;

This report for the Employment and Training Administration, U.S.
Department of Labor, was prepared by Albert J. Eckstein and Dale M. Heien
under purchase order number 20-51-77-43. Since those conducting research
and development projects under Government sponsorship are encouraged to
express their own judgment freely, this report does not necessarily re-
present the official opinion or policy of the Department of Labor. The
authors are solely responsible for the contents of this report.

US DEPARTMENT OF HEALTH.
EOQUCATION R WELFARE
NATIONAL INSTITUTE OF

EDUCATION

THIS DOCUMENT HAS BEEN REPRO-
OUCED EXACTLY AS RECEIVED FROM
THME PERSON OR ORGANIZATION ORIGIN.
ATING IT POINTS OF VIEW OR OPINIONS
March, 1978 STATED DO NOT NECESSARILY REPRE.
SENT OFFICIAL NATIONAL INSTITUTE OF
EQUCATION POSITION OR POLICY

4 e e i e

e g




PREFACE

In the course of conducting this review it became increasingly evi-
dent that percéptions of the energy problem vary widely. In much of the
exposition on models, perception of the energy problem is given only impli-
citly, in the strquure of the model and the simulations performed., In pari

this is due to the fact that different models address different aspucts of a
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larger set of problems and to the fact that various—ﬁOdél bu{lﬁé;; pércei?é“
the prob]ém differently. Hence a useful context for discussing the-inodels
“and their development includes some attempt at defiuing the nature and scope
" of the energy prdblem. From this vantage point, the heritage of a particular
modeling effort becomes more understandable, as does the set of primary
employment-energy issues which are likely to be most important over the next
decade. Thus, Chapter 1 defines the energy problem and introduces the policy
issues which predated much- of the modeling effort.. Chapter 2 assesses the
main employment~energy issues. Against this background, general conclusions
from the model review are presented in Chapter 3. Chapter 4 discusses issues
that v rrant further research and presents recommendations as to further
evaluation of models for Departmental purposes. Because of the wide variation
in their scope and technical nature and because of the large number of models,
individual models are reviewed in detail in Appendix A. These reviews are v
meant to provide information on what the models are designed to do, their
major variables and relationships, and their suitabi]igy for addressing prob-
lems of employment and manpower analysis. Discussion of the purely technical
aspects of the modgig;i;“kebf at a minimum,

The authorg were aided by many people in gathering and evaluating
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the information on the numerous modeling efforts. In particular we would
like to thank Edward Cazalet, Robert Crow, William Finan, Paul Groncki,
William Hogan, Edward Hudson, Thomas Joyce, Dale Jorgenson, Dave Knapp,

John Kraft, Ror Kutscher and Loren Solnick.
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EXECUTIVE SUMMARY.

This report begins by surveying the origins of the energy problem,

It notes that the problem, while serious, is not of cFisis dimensions. The
solution to the .energy problem, whth is -basically a problem of price, 1%es

in making the necessary economic adjustments required when any good or input
becomes relatively more expensive. Namely, substitution must occur: It i$
further noted that the energy problem arose during a time of considerable
economicrand political ‘turmoil, The monetary "crunch" of 1973, the food

price inflation, and Watergate, tended to obscure.the perception of the

energy problem. The intense effort to do quantitative modeling reflectad a
_widely felt need to fil1 the knowledge void regarding the degree of inter-
dependence .between the general economy and the energy sector, and the need

to explore the potential for energy conservation. Initial research was con- -
ducted within the government by ERDA, FEA and the NSF. Early private efforis '
included the Ford Foundation, themgﬁeétric'Power Research Institute and the -
MIT Energy Lab. Initial and subsequent modeling efforts and policy discus-
sfons .ave focused little attention on the employment aspects of sthe energy
problem,

The application of .juantitative models to energy-employment 1§Sues
can best be analyzed by viewing “he energy problem in three distinct, but -
related, phases: (1).-the post-embargo Shock effects, (2) the intermediater
term process of adjustment, and (3) the long-run equilibrium, The post-
embargo shock effects, which fortunately are mostly behind us, relate mainly
to radically altered expectations, increased uncertainty, and rapid incrzases

in energy prices. The employment impacts during thisvﬁgFiod«were direct




2
(autos, travel, etc,) and readily observable. The second phase, the adjust-
ment process, reiates to the manner in which firms and individuals, having
perceived fully the permanence of relatively higher energy prices, undertake
to make the appropvriate substitutions. For consumers this will involve
adjustments such as purchasing more energy-efficient cars, retrofitting
homes with insulation, geographic shifts, etc. For firms?“gzsimi1ar process
of substitution will occur wherein the present énergy-intensive capital $tock
is replaced with one which is relatively less energy-using., These adjust-
ments will not be accomplished quickly or painlessly. The employment. adjust-
ments of this period relate to the construction and manufacture of the capital
required to implement these.‘new consumption and production patterns, The
final phase, the long-run equilibrium, is perhaps the most important in terms
of manpower policy. The adjustment phase will create capital stock, consump-
tion and employment patterns'that give rise to a mix of skj]]s which wiil be
different than the mix required for the pre-energy problem era, The demands
for these skill levels will not be of the transient nature of those required
for the adjustment process.

Against this background, we undertook a review of existing energy
models to determine their usefﬁ]ness in addressing employment problems related
to the three phases mentioned above. Energy modeling efforts wure\divided
into three main areas: (1).genera1-economy energy-sector interactions
models, (2) energy sector models, and (3) energy sub§ector models. The first
category includes models which treat both energy and non-energy industries in
approximately the same level of detail. The purpose of the models is to /
measure the degree of interdependehce bétween enérgy industries and the rest
of the economy. Most of these models contain disaggregated labor demand

relations by sector, They are national in scope with very little regional
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3
detail. The second category of models includes those which deal with all of
the various energy 1néustries. The main purpose of these models is the
study of inter-fuel substitution and the introduction of new eneigy technol-
ogies. These models are generally optimizing (}inear programﬁ?ﬁg. etc.),
have regional breakdowns, are highly detailed, and are capable of being
modified*wi%h reasonable ease to study manpower problems. The third category .
covers energy subsector models (the natural gas industry, coal, electricity
demand) , world energy models, macroeconomic models and single-equation
studies. Among these models, probably the most useful are the coal models,
given the present emphasis on coal development in the U.S,

Thus far, the modéls have not been utilized in any significant way
for the study of employment and manpower issues. This situation has stemmed
from the predominant interest in questions pertaining to fuel substitution,
technology creation, conservation, regulation and legislation, and the effect
of higher energy prices on the 'growth of GNP. The studies dealing with GNP
growth showed that higher energy prices, whi]e retarding growth, will not -
produce disastrous effects. This result is due mainly to the fact that con-
sumers and producers can substitute away from the energy-intensive goods and
processes, However, the impact on employment is a much more complex question,
Reduced output and slower GNP growth means fewer jobs. However, higher -energy
prices mean the substitution of labor for energy, which will increase the
demand for labor. Which effect is dominant is an extremely difficdlt and im-
portant research issue. Chapter 3 presents general conclusions about the ,
prospects of employing madels to study these longer-term issues. A detailed,
model-by-model critique is presented in Appendix A.

This survey has led to a few principal conclusions regarding the

appropriateness and usefulness of particular models or groups of models for
i
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4
employment and manpower analyses. In the energy sector, which is capitai-
intensive, the muin employment adjustments are likely to prevail only during
some intermediate-term period, while the U.S. expands its domestic enérgy
supply sector. The long-run equilibrium labor demand associated with energy
output is not likely to be large. Thus, the main émployment effects in the
energy industry will stem from.construction activity and the indirect labor
demand associated with increased investment .activity. Presently; only the
Bechtel ESPM model generates detailed manpower requirements associated with
changing patterns of energy septor activity. Other energy sector models,
Such as the DFI-SRI-Gulf model or-any of ‘a number of the coal sector models,
such as the Bechtel RESPONS model, could be adapted to genérate manpower
requirements. The difficulty associated with modifyﬁngkthe§e“mdaéls lies v
primarily in the area of establishing a reliable data base at the highly
detailed industry and regional specification level of these models. The
fixed coefficient framework of such models would require, at a minimum, that
extensive study be made of regional differences in labow productivity, At
the present time, it is probably fair to conclule that the activity detail
embodied in these models exceeds that warranted by the quality of the data
néeded to support such detailed specification. Hence, for valid estimates
of‘manpOWer requirements to be derived from such models,- the reliability of
both the -data bases and the model specifications ‘Warrants further testing
and development,

Of greatest interest to the manp ter-analyst are the general-eccnomy
energy-sector interactions models. This is particularly true concernind
those models which allow for substitution in demand and production as a

function of changing patterns of prices. The Hudson-dorgenson model, in
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5
particular, focuses on adjustments within the economy which derive from
price-induced behavior. Among the'remaining models, only the WEFA annual
energy model embodies some form of pricing méchanism in both the demand and
production sectors of the model. Other models, such as BLS, Lawrence
Berkeley Labs, and INFORUM do not allow for endogencus price determination. ‘
This omission may be permissible for some scenarios. However, radical
changes in energy prices would not appear to be one., For models other than
the Hudson-Jorgenson model and the WEFA model, the lack of a proper price
determination mechanism within the structures is aHSo a main deficiency in
terms of the ability of the models to-address the longer-term questions of
adjustment. to energy price changes. The models with inadequate specification
of pricing behavior are mostly useful for near-term impact analyses, where
assumptions about habit forﬁa;izn by consumers and fixity in production tech-
hologies are more plausible. In this category. of models would be the BLS
growth model and the INFORUM model, and the modeling efforts by the Lawrence
Berkeley Laboratary,

The Hudson~Jorgenson model focuses on long-run equilibrium values,
and largely ignores the short-run adjustment processes. On the other hand,
the WEFA model concentrates on these adjustments which arise out of the
Prasence of habit, capital fixity, cyclical behavior and economic inertia in
general, With a detailed lag structure, the WEFA model is best equipped ‘to
trace out the time path of the intermediate period adjustment process, While *
most of the energv-economy interactions models incorporate an input~output
block to which labor demand estimates are éttached. it was found that the
quality of the specifications leaves much to be desired. Many of the models
determine employment estimates by multiplying average productivity by output

determined from the final demands. Effects of prices (i.e. real wage rate
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6

effects), substitution of capital for labor, etc., are generally not speci-
f%éd explicitly. Consequently, 1=bor demand is exclusively a function of
output in most of these models. Under conditions of smooth growth, in a
non-inflationary economy, such a construct might produce plausible results,
However, under conditions of rapid cost and price inflation, rapid and sub-
stantial changes in enerdy and materials prices, and hence more significant
substitutions in both demand and Production, such simple methods for deter-
mining labor demand become highly inadequate. In Our judgment, a major area .
for work in adapting present modeis to the task of exploring employient
effects related to energy sector changes is in the arez of detailed develop-
ment of data and empirical estimation of labor demand. functions or produc-
tivity functions. However, it would be desirable and feasible .to utilize
the high degree of industry and manpower detail such as is contained in the
BLS model. This could be accomplished by using, for example, the output of

the Hudson-Jorgenson model which contains far fewer sectors (ten versus 134)

as a “control total" for projecting the BLS estinates.

The report concludes with a discussion of the various emp]oymentuand‘
manpower research issues associated with the energy problem. These issues
were divided: into four categories: (1) substitution effects, (2) balance-of-
payments effects, (3) investment and new construction, (4) economic growth
dnd inflation, and (5) the distritution of income. The substitution effects
relate to tho types of decisions made by consumers and producers as they face
relatively higher energy costs. These problems were outlined briefly above.
The balance-of-payments issue arises out of the fact that the U.S. is
presently running a substantial deficit as a result of massive oil imports,
Continued deficits imply a further~qeva1uation_of the dollar in order to

correct the deficit.. This decline in the dollar has direct§b0n§equences for
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7

employment and prices in the U,S. economy. The third issue looks at the

types of new investment (energy-efficient machines and structures), and
exp?brétion which might be expected to occur as a result of higher energy
prices. The fourth category examines the relation between higher energy
Prices and economic growth., Considerable controversy exists over whether or
not reduced GNP growth as a result of higher energy prices will reduce or
expand employment demand. On the one hand, Tower output growth means fewer
jobs. On the other .hand, higher energy prices mean greater demand for sub-
stitute factors such as labor, The 7ast issue relates to the income transfers
which will result from higher energy prices and the impact of these transfers

on real wages,
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Chapter 1
INTRODUCTION- AND OVERVIEW

1.1. The Energy Problem. The 0il embargo which was in effect from

October 1973 to March 1974 imposed a large shock on the economies of the non-
Communist world. In a matter of three months, world prices for crude oil:
escalated to roughly three and one-half times their pre-1973 levels. The oil
embargo was the instrument used by the oil-producing and exporting countries
(OPEC) to validate the price increases and to solidify their position as the
world price leader for crude oil. The embargo and the attendant long lines
for gasoline produced the desired shock effect on American consumers.
thterestingly, the radically higher energy prices did very little to reduce
consumption immediately. It is estimated that_the:tota] reduction in oil
exports to non-Communist countries during this period amounted to perhaps
seven percent of consumption requirements.l The actual disruption in

physical supply was thus much less important than the impact which came from
radically higher prices and the uncertainty generated by the threat of an even
more stringent embargo.? The embargo, coupled with the gradual depletion o;-
domestic "reserves,"3 led to the "energy crisis" psychology. The uncertainty
generated by this shortage psychology -had its greatest impact on the demand

for automobiles and related goods and services, such as travel. Occurring

1fried and Schultze [174], p. 1.

2Initially the embargo was intended as a political weapon to shaE;
Mideast policy. Threats of a 25 percent embargo were made, although the
final figure was 10 percent.

3pomestic production of crude oil peaked in 1971 and "oroved reserves'
have been gradually declining also.
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9
concurrently with (but somewhat obscured by) the oil embargo, was the monetary
"crunch" of 1973-74 which was brought ;;out by a policy directed at containing
the 1972-73 price inflation. Sharply higher interest rates and reduced credit
availability precipitated a substantial recession in the construction industry
and exacerbated the energy-related contraction in auto demand.

As can be seen from Table 1, the employment reductions during the
November 1973 to March 1974 period were highly concentrated in these cectors.
The combined effect of the oil embargo and monetary policy reduced real GNP
growth by two percent for major industrial countries during the first year
afte; imposition of the emb;rgo.4 For the United States economy.'GNP is
estimated to have dropped by $10-$20 billion at annual rates during the em-
bargo, and as much as one-third of the rise in the CPI during that period
has been attributed to higher oil prices.”

Although the employment reductions were substantial and reached
their highest level since the 1930's, public attention and governmental
policy focused more on the price increases than the unemployment.® Three
main _conomic consequences of the anti-inflationary policy merit discussion.
First, price controls for crude oil and natural gas were instituted and

subsequently extended. Since import prices were not controlled, this led

to a two-tier pricing system, with consumer prices determined by the rela-

Spried and Schultze {1741, pp. 18-21.

SSee Perry [194], pp. 96-97. ?

6Back,--of-the-envelope calculations on the respective costs of infla- .
tion versus unemployment are $65.0 billion inilost jobs versus $165.0 billion °
in cost-of~living losses. The public was "inflation conscious" at this time,
having just gone through the food price inflation period. Also, "Watergate'
was diverting considerable public attention.

15
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Table 1
Employment Changes Duriﬁg the Embargo, 1973-74"

" Percent.
Change
Total Employment November
(000) 1973 to
November March October Change . March
Industry, Sector 1973 1974 1977 (000) 1974
Total Nonagricultural 78,728 77,442 82,926 -1,286 ~1.7
Private Nonagricultural 64,627 63,162 -1,465 -2.3
Construction 4,194 3,762 3,940 ~432 -10.3
Manufacturing 20,480 19,987 19,632 -432 -2.4
Durables 12,147 11,847 11,561 -300 -2.5
Motor Vehicles
& Parts(SIC 371) © 766 625 -142 ~18.5
Nondurables 8,333 8,140 8,077 -193 -2.3
Trade 17,188 16,564 18,429 -624 3.6 .
Wholesale 4,205 4,162 4,409 -43 -1.0 ™~
Retail 12,983 12,402 14,020 ~581 -4,5
Auto dealers & -
service station 1,810 1,628 -183 -10,1
Eating & drinking
places 3,098 3,052 -47 ~1.5
Finance, Insurance & o~
Real Estate 4,133 4,167 4,564 +34 +0.8
Services 13,275 13,345 15,523 +70 +0.5
Government 14,101 14,894 15,368 +793 +5,6

*Source: U.S. Department of Labor, Employment and Earning§! United
Statés, 1909-75, November was chosen as the first month to fully reflect
the impact of the embargo.

tive amount of domestic versus foreign crude supp]y.7 Second, as a combined
result of long lags in supply response, increased costs, environmental re-
strictions, price controls 2nd uncertain government policy, domestic production
continued the decline begun in the mid-1960's. Hence, over the past three
years the U.S. has continued to import more crude oil and as a result has

incurred increasing balance-of-payments deficits. Third, prices and wages,

7S0~called "new" domestic crude is exempt from price controls,
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particularly in the non-competitive sectors of the U.S. economy, were escglated
in response to increased energy costs.® Higher wage rates were passed on in
the form of higher prices in. the private sector, .and Eontributed to inflation-
ary budget deficips in the public sector.’? These escalations produced a
general inflation which over time reduced the nominal rise in gasoline prices
from 68 percent to a relative rise of 30 percent. The net effect of "general-
izing" the particular energy price increases was to reduce the incentives to

conserve on energy.

1.2. Energy Policy and Quantitative Modeling, As noted above, the

pubTic perception of the energy problem was colored b& the events of time.
Furthermoré, as a result of these events and other commodity shortages, the
government was not prepared to analyze this new-found problem.1® Although
some experts had warned-of the consequences of continued price controls on
natural gas, the slowdown in domestic exploration, and the heavy dependence
on Mideast oil, iitt]e if anything-had been done in the way of analyzing

the industrial impact of an oil embargo and/or radically higher o0il prices.
Hence, policymakers were at a genuine loss in terms of their ability to
understand the dimensions of the problem. The lack of an organized basis for

making judgments and asking relevant questions was recognized and steps were

8See Hall [179] on market structure and wage behavior. Kosters [186]
has also analyzed the effects of increased coverage of cost-of:-1iving adjust~
ments in raising overall wage-push inflation during this time period. His
study suggests that higher wage sectors were better protected against real
wage erosion.

9similar increases were granted recipients of transfer payments,
particularly social security benéficiaries who received a "double dip" in
1976 due to a technical error. .

loFor an anélysis of these other shortages, see NCSS [191].

17




R

- .

- e - - OO U

12
taken to rectify this intelligence void. -One of these steps was the initia-
tion of energy modeling efforts.

One of the main purposes of any economic model is to organize
information. At a very basic level this may be nothing more than asking which
variables are supply factors and wﬁich are demand factors. On a more sophis-
ticated level it may give detailed information on prices, output, employment,
wages and capital for hundreds of sectors of the economy. Hence models, inter
alia, provided a means for describing the dimensions, assessing the magnitude
and ramifications of the problem, as well as performin§ the analytical tasks
of measuring the feasibility and impacts of various conservation programs on
the demand side and various technology adaptation and development policies on

the supply side. Support for and interest in quantitative modeling of the

-energy problem came from two main sources--the Federal government (through the

Federal Energy Administration, the Energy Research and Development Administra-
tion, and the National Science Foundation) and private organizations,
especially the Ford Foundation and the Electric Power Research Institute. A
good deal of the impetus to government-sponsored research arose out of the
Proje * Independence mandate for energy self-sufficiency. Strong emphasis was
placed on the development of alternative technologies, especially nuclear.ll
This type of outlook was more in the nature of planning for new technologies

and meeting specified energy requirements given various institutional and

-economic constraints, as opposed to simulating the impact of various energy

programs or policies. The planning~type efforts tended to center on optimi-

zation or linear programming models.

llOriginally ERDA was composed of a conglomeration of energy-related

agencies, The most dominant by far of these agencies was the Atomic Energy
Commission.
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One example of this approach is the work done at the Brookhaven
National Laboratory (BNL) on the Brookhaven Ehergy System Optimization Model
(BESOM).12 The BESOM-model incorporates -detailed engineering information for
a variety of new, as well as existing, energy technologies. The BNL recently,
for example, conducted-an analysis using the following four submodels: (1)
the Data Resources Inc. (DRI) macroeconomic growth model, (2) the DRI inter-
industry energy model, (3) the BNL-University of ITlinois (U of I) inputs
output model, and (4) BESOM. These various models were linked in order to
study the energy and economic impact of a wide range of government energy
policies.13 While policy at ERDA emphasized the technological-type models,
the government's other energy arm, the FEA, was more concerned with the econ-
omic adjustments actually taking place. Although many models were. developed
at FEA, the main one used: for policy planning and forecasting is the Project
Independence Evaluation System (PIES) model. The PIES is a fully integrated
model which includes sectors for commercial and residential energy demand,
transportation, refineries, utilities, coal, gas and oil supply, and inter-
natioﬁa] trade. Since the FEA was the agency responsible for supply alloca-
tion administration during the emsargo (and would have presumably been the
agency in charge of rationing should it have been deemed necessary), this
type of model is appropriate for their purposes,

Concern over the interactions between the ‘general economy and the
energy sector has not been lacking, In particular, the Ford Foundation,
through its Energy Policy Project (EPP), was among the leaders in perceiving
this aspect of the energy problem., In a report to the EPP in September of

l2A11 BNL work is gponsored by ERDA (now DOE).

1see Behling [3].
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1973,14 Professor Dale Jorgenson and Edward Hudson presented an interindustry
transactions model for use in analyzing energy-general economy interactions.
This model, in conjunction with the DRI long-term growth model, was used by -
Jorgenson and Hudson to analyze the impact on prices and output of the propos-
ed BTU and @xcise tax under consideration by the Congress, This modal was
then further used by Jorgenson and Hudson to analyze three separate economic
growth scenarios (historical, technical fix and zero growth) which were a

major input into the EPP final report, A Time to Choose.l® The model has been

used in many other applications including the interindustry sector of the BNL
model. One of the most important features of the model is that. it gives
direct measurés of the degree of substitutability between the various factor
inputs.,

Another institution in *ne forefront of ene?gy research is the Electric
Power Research Institute (EPRI), which is supported by the electric utilities
industry. One large-scale effort supported by EPRI is the Wharton Econometric
Forecasting Associates (WEFA) energy model. The WEFA energy model combines
econometrically estimated demand relations for 67 categories of final demand
with a 63-sector interindustry model. As such the model portrays the economy
in great detail, especially the energy-producing and using sectors, and is
very useful in studying the interactions between the general economy and the
energy sectors. Developed in 1976, the WEFA energy model is fully operational
and was used recently to simulate the effects of the crude oil equalization

tax.1% The EPRI, along with supporting research in other energy-related areas,

14Houthakke: and Jorgenson [182],

15preeman [170].

16schink and Finan [196].
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is also developing an in-house energy subsector model, .In addition to the
above activities t4ie EPRI also provides support to the Energy Modeling Forum
(EMF) of the Institute for Energy Studies, Stanford University,. The EMF
provides a forum for interested parties from academia, government (congres-
sional and administrative), and private industry tg meet and formulate energy
po]iéy and research issues,. As a first effort, the EMF has conducted an
assessment and comparison of six major energy-sector general-economy models,l7’
Additional work was also carried on at Stanford University in the Engineering-
Economic Systems and Operations Research Department under sponsorship cf the
Office of Naval Research (ONR), ERDA and NSF.18 Additional university-
supported energy research is conducted at MIT's Energy Lab,19

The above overview is not intended to be all-inclusive wifh respect to
individuals and institutions involved in energy modeling, Such a detailed
review of modeling efforts is the purpose of Appendix A. The purpose, rather,
is to convey the main impact of government policy on energy mode]ing.zo More

importantly, it hopes to show how and why certain models were developed and

how modeling entered the policy process. The lérge number and wide diversity
of energy models reflects the wide divergence of perceptions of the energqy
problem and attendant policy issues or priorities to be addressed. In jhdus~
try, government; and academia, the use of models tends to be related to the

type of responsibility or activity in which the decisicn~making unit is

Lsee EMF [19].

185ee pantzig and Parikh [16], Dantzig [15], and Parikn [35].

19see Berndt and Wood [133], Berndt and Wood [134].

20rhe converse, the impact of modeling on government ‘policy 18 not
dealt with here. For a treatment of this interesting topic, see Greenberger,
Crenson and Crissy [176].
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involved.
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For example, within the Federal government, such interests en-

compass a wide range including the following sorts .67 issues:

economic disruption and naticnal security

exploration and development of alternative energy sources
consarvation techniques L '
macroeconomic; policy adjustments, price ‘level and balance-
of-payments effects

long-term economic growth and eimployment effects

Each particular model structure incorporates specific advantages and limita-

tions with respect to particular applications. Hence, it is important for the

decisionmaker to be-able to chocse a model which is apprcpriate for assessing

the particular issues with which he has to deal; while at the same time being

fully aware of what is not included. in the model and technique. In réviewing

and assessing existing energy models with a view toward their applicability

for studying problems of labor demarid, two central questions must be borne in

mind. First, what are the energy-employment issues? Second, are the models

capable of addressing these issues? Before going into the detailed assess-

ment of the models, it is desirable to give focus to that assessment by

reviewing the energy-employment issues, The following chapter is devcted to
that task.
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Chapter 2
EMPLOYMENT-ENERGY ISSUES OVER THE NEXT DECADE

In assessing the employment-energy issues it is useful to do so in a
manner which attempts to project a changing economic environment, at least
as it relates to energy problems. This changing economi¢ environment may be
characterized in three distinct but interrelated phases. The first phase is
the initial shock, which produces substantial reductions in GNP, double-digit
inflation, and huge income transfers to the energy-producing sectors. This
phase is of interest because its effects still persist to some degree ans’
because, conceivably, it could be repeated, The second phase, which is the’
adjustment process, is in the early stages. This phase is characterized by
reductions in energy consumption by consumers and producers in response to
higher prices, the initiation of new technologies such as solar heating,
exploration for new energy sources such as the Alaskan north slope or the.
North Sea gas fields, energy-saving investments, and government policies de~
signed to facilitate the transition and give economic relief to those who are
adver-ely affected. The third phase relates to the equilibrium vaiues for
economic variables such as prices, employment and output once all tﬂé adjust-
ments are complete. This is not meant to imply that the economy will
eventually end up in & static equilibrium, but rather that the adjustments
to higher energy costs will be completed and a new economic-energy -morphology
will have .emerged. This configuration will have manpower-skill requirements

which are conceivably quite different from those which exist today.

2.1. Post-Embargo Shock Effects. As recounted above, the oil embargo

created considerable economic uncertainty, the main direct effect of which

17
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was to reduce the demand for autos and travei. The other main direct
employment effect was in housing where desiand was curtailed more by the
"credit crunch" than energy-related actions. A good deal of the economic

distress usually identified with the energy crisis can be ascribed to the

inflationary conditions prevailing in.1972-73 and the consequent restric-
tive monetary nolicy. There i5 no doubt, however, that the oil embargo and

its aftereffects intensified recessionary pressures, added substantially to

the inflation aiready under way, gn&.had Hisastrous effects for the balance-
of-payments. Nonetheless, it is difficult to foresee even with the help of

hindsight what policy options might have .been taken to avert the preblems,

Should an embargo be reimposed, even under more stable economic and social

conditions, the effects could well be the same, mitigated perhaps by petro-
leum stocks-and‘the experience of having "muddled through" the first embargo.
Valuable lessons were, of course, learned from this period, However, thz
main consequences relate to how é&ents during this period set the stage for
the second phase--the adjustment process. The employment impacts during this
period were immediate, obvious, and as s _h did not require any particularly

sophisticated modeling effort to analyze them.

2.2, Sustained Higher Relative Prices for Enerqy--~The Adjustment

Process. The main consequence of the formation of OPEC appears to be per-
manently higher energy prices. While the authors do not share the view that

the world 1s fast running out of fossil fuel,2l it does appear true that most

210: for_that matter, that the U.S, 1s running out. On this point, see
Houthakker [125], PP. 13=17. While it 1is not the purpose of this zeport to
detail the history of commodity shortages in the U:iS., an historical perspec~
tive is useful in assessing some of the positions taken and claims made with
respect to fuel "reserves" and prospects for discovering new sources, The.
U.S, first experienced a petroleum shortage in 1917 when the Diractor of the
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of the “readily accessible" (hence economical) fuels have been discovered..
This means that OFcC's final price will be equal tec the cost of bringing out
the marginal barrel of new crude, which is likely tc be quite high, providing
OPEC countries with substantial econoﬁic rents.

Adjustments to permanently higher energy prices can be expected in
three main areas. First, relatively higher prices will create incentives for
consumers and producers to conserve on energy-intensive items. For consump-
tion patterns, this. will mean more fuel-efficient cars, electrical appliances,
and homes, for example. Retrofitting existing homes thrcugh better insula-
tion, storm windows, or partial solar heating are other options. If markets
are "freed up," and most indications are that eventually they will be, then

relative pricgs will rise in proportion to the energy-intensiveness of the

product. A]thbugh consumers may not make the kind of "fine Tine" adjustment

to price differentials often portrayed in economic texts, a definite tendency
to conserve will be present. The impact on employment is, however, difficult
to assess, As consumers turn away from energy-intensive produc;s, they will
substitute other products whose labor requirements may be such as to raise net

employment, Most basic energy products--i.e. . gasolire, electricity, natural

Bureiu of Mines recommended that oil shale would soon become the country's
main gource of petroleum, because of the shortage of oil fields. (U.S, Dept.
of the Interior, Bureau of Mines, Seventh Annual Repoxt, 1917, p. 78). This
statement was followed by a study in 1919 which concluded that petroleum re~
serves in the U.S. were 40 percent exhausted (Engineering and Mining Journal,
October 4, 1919, p. 572). In 1924, then President Calvin Coolidge established
the 011 Conservation.’Aoarde The Board's conclusions issued in 1926 were even
more startling--only six years left., This prediction was followed by two
decades of oil gluts, during which time not even the most gullible of the
citizenry would support any more scarcity scares., However, by 1944 the
Congress had succeeded in paiising .the Synthetic Liquid Fuels Act which inclu-
ded -substantial funds for the-BOM for research on synthetic fuels. Again the
rationale for the passage of this act was the alleged shortage of petroleum,
which according to the testimony would be "of the most serious proportions by
1950" (Synthetic Liquid Fuels, Hearings before the Subcommittee of the Senate
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gas~~have very low labor requirements. Furthermore, labor in these industries
is more of an overhead item, in that employment is not proportionate to out-
put. Hence, a 20 percent reduction in refinery output would not be likely to
induce a 20 .percent employment ;eduction at the refinery. When assessing con-
sumer substitution passibilities, the outlook for' generating additional: labor
drmand is quite good, especially with regard to home insulation-and solar
heating.22 On the other hand, the production of energy-efficient cars may te
accompanied by continued trends toward labor-saving -technologies. The real

danger to employment here is the threat from foreign imports. If foreign car-

-doubt) in the production of fuel-efficient,cars, then employment in the auto

industry could suffer considerably, leaving aside exchange rate effects, and
foreign direct investment in U.S. production of foreign makes.

The other major aspect of the substitution question is the extent and
direction of. incentives or producers to substitute labor for energy as a
result of higher energy costs.23 if an input-output analysis for three sepa-.

rate tine periods during the pastwar period, Reardon [44] found that energy

Interior and Insular Affairs Committee, Jenuary 29, 1948, p. 27). These
"shortages" 'have not been confined merely to petroleum. For accounts of
shortages in general see Bruce Netschert, Shortage, Scarcity ard Doomsday
Fears (National Economic’Planning Associates). Various Presidential Commis-
sions have been established to deal ‘with commodity shortages. These have
included the President's Material Policy Commission (1951), popularly called
the Paley Commission, the National Commission on Materials Policy and most
recently, the Nationel Commission on Supplies and Shortages, -See Government
and the ‘Naticus Resources (Report of the National Commission on Supplies and
Shoxtages, December 1976).,

22gee ziegler [202], pp. 71-24 for a description of the CETA~sponsored
Solar Technician Program at Sontma State College.

233ee Berndt and Wood [134].
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gical changes. In production, energy efficienﬁy gains, even prior to the
1970%s were substantial, though these were offset by shifts in demand (more
autos, air travel, chemicals and plastics, electrical appliances and services

tended to raise overall energy consumption requirements over time). If, as

some initial studies have shown, capital and energy are complements and both

are substitutes for labor, then it is 1likely that the high energy prices will
bode well for labor demand. This very point has stirred considerable contro-
versy,24 both with respect to the validity of the complementary relation
between energy and capital and, more importantly, whether or not energy im-
pacts will be output and hence labor-reducing. The argument turns on whether
the amount of reduced output will be greater or less than the demand generated
by the substitution of labor for energy. Professor Jorgenson has advocated
the position that higher energy prices will expand the demand for labor (the
substitution effect will dominate), while others such as Professors Domar,
Bischoff, and Asimakopulos have taken the opposite position (the output effect
will dominate). Clearly, the energy-producing sectors such as refineries and
electric utilities will attempt to substitute labor and capital for energy,
Unfortunately, direct substitution effects will probably favor capital and not
labor, as employment is very small in these capital-intensive sectors. Hence,
even substantial percentage increases will not be a great source of new jobsﬂ

The indirect effects on employment generated by increased capital expenditures

‘may be the more significant response here.

The second main way in which permanently higher energy prices will
affect the demand for labor is through their effect on the general level of

prices. The U.S. economy has already experienced a great deal of price in-

24Bysiness Week, September 12, 1977, pp. 134-138,
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flation as a result of the energy price increases. This inflation has had
adverse effects or. investment and hence economic growth and employment.
Inflation tends to raise interest rates by an amount reflecting a price
expectations premium., Higher interest rates tend to reduce investment in

general and construction sector activity in particular. Inflation also in-

creases the replacement costs of existing capital goods rendering reserves

from depreciation based on historical costs inadequate to meet replacement
requirements. It also increases (in conjunction with higher interest rates
and higher capital goods prices) the user cost of capital, which reduces the
incentive to invest. Perhaps most importantly, inflation reduces investment
because of the. uncertainty which it generates. Investments require consider-~
able b]anning and generally are spread out over time--plans must be drawn,
contracts let, equipment purchased, labor hired, etc. If businessmen cannot
know with some reasonable degree of certainty what prices they must pay at
these future times (or what price they will receive for their product), risks
associated with investment can become prohibitive, Higher inflation rates
push both individuals and corporations into higher tax brackets. In combina-
tion with understatement of depreciation charges, this tends to shift
resources ‘from the private to the public sector, which if not offset by
appropriate tax reductions tends to reduce incentives to produce. Finally,
inflation removes the differentials between energy-intensive goods and other
non-energy-intensive goods which, in turn, reduces the incentives to conserve
on the scarcer resource--energy.

The third effect of higher energy prices on employment is through the
balance~of-payments and exchange rate mechanism. For reasons mentioned
earlier the U.S., since the 1ifting of the oil embargo, has steadily imported

more crude ofl and more natural gas. This increased importation at prices
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three and a half to four times their pre-embargo levels has led to massive
U.S. trade deficiis and contributed to the weakness of the dollar in foreign
exchange markets. Continued .devaluation of the dollar will imply that the
U.S. must devote more and more of its resources to the export sector, whiéh

implies an overall reduction in living standards for U.S c1tizens. S1nce

' many other nat1ons, both 1ndustr1a1 and 1ess deve]oped are a]so runn1ng

trade deficits, the final outcome of this international realignment is ex-
tremely difficult to analyze. For example, while a net devaluation of the
dollar might lead to higher exports, the higher prices for imported goods
would contribute to domestic inflation, and the net employment effect of the
devaluation might well be negative, as recent experience seems to show. Much
of the longer-term outcome depends on what the OPEC countries do with their
petro;do11ar surpluses, If they import goods for consumption, or lend funds
to other deficit countries, the U.S. will probably benefit. If they invest
in U.S. and foreign businesses and "live off" the interest, then the effect

will be quite different.

<
‘ H
-

t -~

2.3. Long-Run Energy Developments--The New Equilibrium. Once adjust-

ments to the four-fold increase in energy prices have occurred, the econgmy
Will, in the absence of other disruptions (which presumably will occur), take
on a new set of equilibrium values. The term equilibrium does not imply that
there will be, for exampie, no growth. Rather, it simply. means that a new
growth rate (a new set of balances between supply and demand) will be estab-
lished, More importantly, as related to energy, it means that the new
technologies such as solar heating, nuclear or geothermal electricity gener-
ation, new insulation standards and, most importantly, ideas and innovations

not yet conceived, will be nearing their long-run market shares. The U.S.

29




24
econony will be somewhat m.re labor and capital-intensive, somewhat less
energy-intensive. With regard to labor demand, there are two aspects of this
new equilibrium which are §f~in;erest. First, there are the industry parti-
cular effects such as what will be the emp]oymeﬁi:;kgll configuration in the
solar heating industry. It is these industry-specific effects which will be
of great interest to manpower analysts. The second aspect deals with the
configuration of the general economy as it relates to the increased scarcity
of energy. General industry and trade will, as a result of higher energy
prices, require a different skill mix in the labor force as a result of the
adjustment.

Assessing the manpower requirements and labor demand configurations
which will occur as a result of economic changes implied by each of the three
. adjustment phases mentioned above is indeed an ambitious task. In a manner
similar to the way in which they were. employed to.analyze the initial energy
issues (mainly conservation), models 6;n make a contribution to understanding
the issues outlined above. The earlier objectives for energy models were to
provide a "map" of the terrain and to determine the extent and feasibility of
conservation measures. This type of analysis, wihile difficult, did not in-
volve conf]%cting goals. However, the analysis of the employment impacts of
conservation policies or, for that matter, price controls, will indicate
trade-offs between the two. Indicating trade-offs is one -of the main
functions of economic aralysis. In doing this analysis, models will, of
course, be useful. However, such analysis will also prompt a closer scrutiny

of the models and their results,
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Chapter 3
GENERAL CONCLUSIONS FROM  THE MODEL REVIEW

The purpose of this section is to provide analytic summaries of the

various types of energy models, to.categorize the various models according to

the types of problems which they can address, and to assess the capability and

adaptability of these existing models for the study of employment and manpower
problems. The models are categorized by three main subdivisions, First are
the general-economy energy-sector {nteractions models. These models attempt
to portiray how, and to yhat extent, the general economy depends on the various
energy sectors and vice-versa, These models are typically highly disaggrega-
ted in order to show differential effects on various non-energy sectors,

Next, the review focuses on the large energy sector models. These que]s
encompass all of the various energy types and/or sectors, but do not contain
non-energy sectors. Lastly, we Took at individual energy sector models, such

as natural gas, electricity, etc.25

3.1. General-Economy Energx-Sector Interactions Models. Models included

under this heading are those wh1ch genera]]y portray both the energy economy
and the rest of the economy and a]low for feedback both ways. For example,’
these models are capable of analyzing the effect of a crude oil price increase
on employment in the machine-tool industry as well as its effect on er.argy-
related industries. Hence, the main purpose of these models is to analyze the
prices of primary energy inputs. In fact, these models were built primarily

to analyze the impact on GNP growth of restricted energy supplies. Models of

25Detailed reviews of individual energy moc-ls are given in Appendix A,
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this type can be conveniently divided into two distinct, but sometimes over-
lapping groups. The first group includes models whose relations are specified
on the basis of économic theory, whose solution technique is simultaneous and
whosegprinéipaY architect is traihed in economics. This group is referred to
as simultaneous models. The second group of models relies on’relations based
on engineering data and known physical processes. These models use optimiza~-
tion techniques, such as linear programming, to arrive at the solution and are
frequently designed by engineers, mathematicians and‘individuals with training
in operations research. These models are referred to as optimization models,
As such they tend to downplay the role of demand and price vis-a-vis the
simultaneous models, By the same token, ‘the simultaneous models tend to
ignore the detail of alternative engineering processes and detailed supply
-considerations. Ideally--i.e. 1if both types of models were correctly
specified--they would yield identical results. Such, however, is not the
case., The optimization models, because of their detail and because of the
ease with which physical constraints such as énvironmenta] reguiations can be
adapted into the models, are perhaps more useful as .planning devices. This is
not. a trivial consideration since large parts of the enérgy economy are
presently planned through considerable government regulation. On the other
hand, the simultaneous models portray more of a "free market" solution and
frequently lack the detail necessary to model particular restrictions and
regulations. Another important difference is that in the simultaneous model,
relations based on economic theory assume maximization by individual micro
units--e.g. consumers naximize utility, producers maximize profits. However,
the optimization models wmploy aggregate objective functions, such as the
maximization of gross national product, etc.

The simultaneous modeis include the Hudson~Jorgenson model, the WEFA

32




27
energy model, the Kennedy-Neimeyer model, the BLS growth model, the Hnyilicza
model, and the INFORUM model. These models are centered around an inter-:
industry transactions model, varying in size from two industries in Hnyilicza
to 185 in INFORUM. They are typically "driven" by a set of econometrically
estimated final demands for consumption, investment, exports and (exogenous)
government. These final demands are converted from expenditure categories to
interindustry (SIC) classifications by bridge matrices. The interindustry
sector is then used to determine total output by industry, labor demand by
industry, imports, etc. Next, prices and wages are determined, either
behaviorally or via I-0 accounéing identities. Given wage rates and employ-
ment (plus other components) income can be determined and. the model is closed,
since incom: is the main driving force in the final demand vector mentioned
above. The interindustry sector in these models is handled in a manner which
allows the I-0 coefficients to respond to price change (Hudson-Jorgenson and
WEFA) or which are modified in some judgmental or structural method (BLS and
INFORUM). The energy sectors represented in these models are portrayed in
the same level of detail as the non-energy sectors. As a result, the degree
of industry-specific knowledge or detail contained in these models for any
given industry is quite low. This is not unexpected, nor for that matter un-
desirable. Depiction of each energy industry in detail in a model which also
contains the general economy in some detail would lead to models which are
unmanageable in size and incomprehensible for analytic purboses. A1l of the
above-menticned models contain labor demand relations for each of the indus-
tries within the model. The BLS model has the added feature of determining

manpower requirements by industry by skill group. The other models could be

easily modified to incorporate this feature since they also determine industry

employment.
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The simultaneous models typically assume full employment, This is
done either by letting population (which is exogenous) determine the labor
force and then setting the unemployment rate at, say, four percent and compu-
ting labor demand or by adjusting government employment. Labor demand can
then be fed into the aggregate production function along with otheﬁJinputs to
yield total output. At first it may seem quite contradictory that the models
assume full employment. There are perhaps two reasons why this. is done.
First, economic theory has no real explanation for unemployment in a growth-
oriented potential output model, Neoclassical economic theory assures full
employment of all factors through assumption of competition in factor markets,
i.e. factor prices will adjust until full employment is reached for each
factor. The Keynesian model shows how to create sufficient aggregate demand
to meet some given historical potential output level. However, the Keynesian
model ignores the crucial issues of growth and supply of output, thus making ‘
its usefulness limited. The second reason is a more practical one. As pro-
Jjections are made further and further into the future the errors from each
equation become successively larger.A A two percent error in the labor demand
equation coupied with a two percent error in the opposite direction in the
laber supply relation will produce a 100 percent error in the unemployment
rate. Hence, long-run projections can,. quite easily, produce forecasts for
the unemployment rate which are prima facie suspect. This can be remedied by
changing labor force and/or labor demand estimates, or (as is more likely) by
fixing the unemployment rate at some predetermined level. In this sense the
unemployment rate is a control variable. The same can be accomplished on the
capital side by setting the rate of interest exogenously,

Among the hode]s mentioned above, the Hudson-Jorgenson is perhaps best

suited to study problems of long-run equiiibrium. The Hudson-Jorgenson model,
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as noted in the Appendix, ignores lags and habit formation in consumer and
producer behavior. Also, the estimates of the model reveal considerable
flexibility in terms of price responsiveness. Given institutional, techno~-
logical, psychological and financial rigidities present in the U.S. economy
today, this degree of flexibility is to be expected only in the long run
after full adjustments have occurred. However, the manrner in which the I-0
ccefficients are determined (i.e. from relations estimated from time series
data) is superior for Tong-run analysis to the Jjudgmental approach of BLS
and INFORUM.26 The H-J model is composed of two main submcuels. The fiest
submodel is a nine-sector interindustry transactions model with four general
economy sectors and five energy sectors.2? The energy sectors are coal
mining, crude oil and gas, refining, electric utilities, and gas utilities.,
The main function of the interindustry model is to determine prices, I-0
coefficients and, hence, interindustry flows and industry employment. The
other submodel, a macro econometric model, determines total-employment, out-
put, consumption, investment, the wage rate, price of capital services,
capital stock, wealth and leisure time. The two key relations in the macro
model are the production possibility frontier and the household consumption=
lTeisure utility function. The former yields the investment supply, consump-
tion supply and labor demand, while the latter yields—consumption demand,
leisure time demand and, implicitly, savings. The production possibility

frontier relates labor and capital inputs to-outputs of consumption and in-

26The WEFA model also emp’oys, price-sensitive I-0 noefficients,

27The nine-sector aggregation level is based on the model described in
Jorgenson and Hudson [26]. This model was modified to include eighteen
sectors, fourteen of which are energy, for DRI in March 1977. See Dullien,
Hudson and Jorgenson [18] for a description of the DRI long~term interindustry
transactions model. See also Appendix A for a further description,
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vestment goods. The labor demand relation is derived from this frontier and
displays unitary elasticity with respect to the wage rate, price of capital
services, and quantity of capital services. Investment supply is expressed
as a transcendental function which has no closed form representation. Hence,
the elasticities cannot be comput.d. ignoring the transcendental term, the
supply elasticities for investment with respect to the price of investiment
goods, price of capital services and capital service flows are all unitary
also. Through the use of multiperiod utility function, present and future
consumption are linked via the interest rate.and the subjective discount rate.
Hence, increases in the interest rate should affect leisure demand, consump-
tion demand and hence savings. However, although the slope coefficient for
income in the consumption demand relation should be a function of the interest
rate,28 it is treated as a constant.2® Furthermore, the ifdividual demand
relations for consumption and {nvestment for each sector have unitary price
and income. elasticity and zero cross-price elasticities. Because of the
assumption of constant returns to scale, all individual industry supply curves
have zero supp]y-brice elasticity, i.e. they are perfectiy flat. However,
since the model is a general equilibrium model, the operational properties of
individual relations when the whole model is solved simultaneously may be
quite different. An interesting exercise for the H-J model would be to compute
the reduced form multipliers and multipliers for selected endogenous variables
to gain a better understanding of the cperational characteristics of the

model, Despite the shortcomings mentioned above, the Hudson-Jorgenson model

: 28éee Dullien, Hudson and Jorgenson [18], pp. 12-13,

295ee Dullien, Hudson and Jorgenson [18], p. 13 and Jorgenson and
Hudson [26], p. 487.
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is an impressive accomplishment. It is the first internally consistent,
fully simultaneous empirical model of economic growth, It is based on a solid
theoretical foundation and is implemented with. a system of accounts, designed
by Jorgenson, which are compatible with growth concepts (mainly flows of
capital services) used in the model. The model is not overburdened with
detail, but is presented in sufficient depth to delineate the major sectors
of the U.S. economy. Also, the model overcomes an important data limitation
of 1nterindustpy models. Interindustry flows and totals are available only
for a few selected years. Hence, a time series is unavai]ab]e_for estimation
of total output production functions by industry. The use of the translog
Price frontier allows the model to capture interindustry cost relations in a
satisfactory manner and, at the same time, impose none of the restrictions
implied By the lack of availability of output data,30

As was noted above, the H-J model is strictly an equilibrium model,
No attempt has been made to build in the lags and adjustment processes which
must accompany the movement from ¢ne equilibrium point (or path) to another,
A model perhaps better suited to study these shorter run adjustment .problems
is the WEFA energy model. The WEFA energy model ‘consists mainly of a Keynesian-

type system for the final demand block, a price-sensitive interindustry

30The analysis of the Hudson~Jorgenson model presented above iz based
on the model as described in Jorgenson and Hudson [26], Jorgenson and Hudson
[27] and :Torgenson [184]. since the time of these publications.:considerable
changes have been made in the model, Many of these changes were in response
to criticisms of the type given above. The model presently contains ten
bectors instead of the nine listed above, The crude petroleum and natural
gas sector has been disaggregated into two Separate sectors, The macro model
no longer contains a production possibility frontier, but now relies on the
Production relations (price frontier dual) of the interindustry model., The
demand relations have been geéneralized to include cross—-price effects snd the

witary elasticity agsumption for own-price and income have been replaced by
estimated values,
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transactions model, and a wage-price block built én "Phillips curve" and key
industry wage relations and price equations based on wages and J-0 prices.
The WEFA model is based on annual data. The variols demand-relations were
estimated using the Almon lag techrique. These lags imply lengthy adjust-
ments, some extending back seven years. The price-sensitive I-0 coefficients
display a geometric adjustﬁent process over time,

However, in comparison with Hudson-Jorgenson, the WEFA energy model
has important differences. These basic differences reduce primarily to the
fact that the WEFA energy model, while containing important extensions,
remains basically a Keynesian model, This is revealed by the Timited role
which the interindustry sector actually plays in the model. Given wage rates,
implicit value-added deflators are determined by unit labor and capital costs
and rates of change of value-added outpht. Next, interindustry prices (WPI's)
are determined by the value-added price for that sector and the (I-0 weighted)
other interindustry sector prices. The final demand prices are then related
to the WPI prices through the use of the I-0 final demand bridge matrix.
However, although total industry outputs and interindustry flows are computed
in the model, their unly use appears to be in the computation of the I-0
coefficients to compute the WPI's. Labor demand. in manhours by industry is a
function of value-added (not total) output by industry and industry capital
stock. Tiis is referred to as an inverted production function approach, If
S0, the sign on the capital stock variable is often incorrect. Also, this
specification fails to distinguish between the level of capital stock and the
flow of services from the stock. More important is the exclusion of all

intermediate and primary factors (except labor and capital) from the labor
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demand relation.3l Exclusion of these inputs has impiications for the pro-
duction function wnich are c]egr]y unrealistic.32 Also, this implies that
changes in energy costs affect labor demand only indirectly, i.e. through
demand-induced changes due to changes in relative prices. A similar critique
can also be made of the investment demand relations. Furthermore, another
fundamental question arises concerning the lack of use of the interindustry
sector, This question centers on the supply or offer curve for each industry.
Given prices and income, output (both value-added and total) is determined,
Hence, the supply relations, as in the H-J model, are buried in the price
formation relations. However, the H-J model explicitly assumes constant :
returns to scale and hence flat supply curves. Close examination of the WEFA
value-added price equations reveals that they imply supply curves with both
increasing and decreasing returns to scale., However, as specified, the price
equations are not intended to reflect the degree of returns to scale. Rather
the specification is based on the short-run relationship between prices, unit
costs and profit margins, ?urthermore, such factors as differential trends
in unit costs and prices by industry due to data errors will be absorbed as
returns to scale pheromena. Such is not possible in a growth model with a
fully integrated set of accounts. Also the ties between present and future
Consumption and production of investment and consumption goods are not as
Specific as in the H-Jmodel, For example, no aggregate consumption function
exists in the WEFA model. Hence, ties between future and present consumption

occur mainly via the effect of the interest rate on durable demand, an effect

1’I'he other primary factors are raw materials including crude oil,
natural gas, coal, etc, For a further discussion of the inclusion of raw
materials in a production function context, see Eckstein and Heien [164],

32See Berndt and Christensen [156] and \Denny and Fuss [162],

-
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which has more to do with financing arrangements than present-future consump-
tion trade-offs.

abhe above critigue is not meant to 1mpiy that the WEFA energy mode}
is: not useful in -addressing questions of energy policy as it relates ton labor
demand. The degree of industry detail is very useful, aspecialiy for manpower
analysis. More important is the treatment of lags and adjustment processes,
‘the WEFA energy model is the only general=-izconomy encigy~-ssctor model to deal
with these adjustment processes in a-me2ivingful manner. ‘Furthermore, the WEFA
model does not require the assumption of full employment. making it.even more
useful for the shorter-run adjustmers question. Even for ionger-term analyses
this may be important since, as:noted in Chapter 2, the issue of whethér
hjigher energy prices produce a larger substitutian effect or output effect is
still not fully answered by present presearch efforts, The interactions of-
differential lags structures, especially on the demand side, should reveal
interesting characteristics of the adjustment path for output, prices and
emp]Byment. However, the labor demand relations should be reworked before any
such analysis is undertaken.

Tge remaining genefa]-econbmy energy-sector simultaneous models which
are of’%ﬁterest are the INFORUM model by Clopper Almon at the University of
Maryland and the Bureau of Labor Statistics (BLS) economic growth model,
Although containing important differences, the BLS and INFORUM models aye
quite similar in structure and operation. Both models. rely on an I-0 matrix
driven by a vector of final demands. Furthermore, both models share common
shortcomings such as lack of market adjustment processes, Tack of price
behavior, Tack of financial sectors and financial links, ad hoc adjustment
procedures, especially with regard to input-output coefficients, and inade-

quate labor demand relations. At present both BLS and INFORUM Tack price
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determination equations of any kind. In INFORUM, prices are exogenous33 while
in the BLS model only aggregate consumption goods prices are determined via a
Phillips curve relationship in order to determine real disposable ingome
which drives the consumption functions. Prices apparently have been removed
from the consumer and investment demand relations, so relative price adjust-
ments are not modeled. Basically, there is no price behavior in the BLS
model, Without endogenous price behavior, no real adjustment between supply
and demand occurs within these models. There are no supply relations, not
even existing implicitly as price equations, In the INFORUM model, consumer
and~investment demand does depend on prices. However, since the prices are
exogenous, demand is supply, as in the BLS model. Furthermore, since there
is no price behavior, the effects of wages on costs and prices is non-existent,
By the same token, interest charges play no role in the model as there is no
financial sector to iink savings, investment, and the money supply to interest
rates, BOER models rely on non-economic mechanisms for the adjustment of I-0
coefficients, In the INFO§UM model I-0 coefficients are adjusted on the
basis of logistic curves, estimated with historical data, and ad hoc judgment.
Eithe, way, the behavior is not price-induced as economic theory would
suggest, BLS also uses ad hoc adjustment of the I-0 coefficients, although
work on a price-responsive system is under way. For ]ong-run projections of
an economy under assumpt1ons of a relatively unchang1ng structure (or contin-
uation of past trends), such adjustment procedures may be adequate. However,
for simulations of the effects of a major change, such as energy prices,
employing this procedure will lead ‘to erroneous projections. Of particular

weakness in these models is the treatment o. labor demand. Labor demand (L)

33Future versions of INFORUM will have a full price determination

sector.. §

41




36
by industry is arrivéd at by multiplying labor productivity (L/Q) by Q whére
Q is the (previously arrived at) industry output. However, the estimate of
Tabor productivity is made independent of wages, prices and output, This
implies, inter alia, that the elasticity of labor demand with respect to
output is unity, a highly implausible assumption. More importantly, it
excludes from labor demand the important effects of changes in wage rates,
other input costs, output prices, and technological change--all of which have
been found to be important determinants of labor demand in practically every
successful empirical study of the subject, Reservations notw’thstandiug,
these models can play a role in energy-employment analysis if used in the
proper manner. The level of detail, 185 sectors in INFORUM and 134 sectors
in the BLS model, and the incorporation of employment projections by occupa-
tional category in the BLS model, makes theséfmedels‘quit; appealing for
manpower analysis. Also, the BLS model has the advantage of Bureau-wide
expertise in productivity, employment, wagé§ and prices. TheA;odels could be
used: within bounds prescribed by the results of analytically more rigorous
models, such.as Hudson-Jorgenson or WEFA.. It would be possible to take total
and sectoral output and prices from various runs of the H-J model and use them
as input assumptions (control totals) in the BLS or INFORUM models. However,
before any such exercise is .undertaken, the. labor -demand-relations -should-be
reworkeas.

The second group of models in the general-economy energy-sector
interactjons group includes those models which use -explicit optimization
techniques as their basic methodology. These models include the ETA-MACRO
model (Energy Technology Assessmént), the PILOT model, some of the work at

Brookhaven National Laboratory with the BESOM model, and work at the Lawrence
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Berkeley Laboratory.,34 Although it contains only one non-energy industry;
the ETA model uses non-linear optimization techniques to choose among sixteen
energy processes. Constraints on savings, investment, labor, and output come
from the macro model while energy outputs are determined by the ETA optimiza-
tion model, The PILOT and LBL (Lawrence Berkeley ‘Lab) models are structured
somewhat the same, utilizing highly detailed process models of the energy
industries and input-output representations for the non-energy sectors.
Unfortunately, the suppression of price behavior and the use of fixed I-0
coefficients (as process coefficients) in PILOT and LBL effectively reduces
the scope for economic choice to the point where these models cease to be
attractive as instruments of analysis for economy-wide scenarios. This group
of models is characterized by disaggregation of the production side. Typi~
cally, the models incorporate both an interindustry structure and a detailed
energy sector. This detail reflects recognition of the extensive substitution
possibilities which exist among both primary energy forms, and means for power
conversion. In :ddition, this structure permits modification of energy and
other nroduction technologies in the way of allowing for introduction of new
energy supplies and technologies. More fundamentally, it reflects a recogni-
tion that energy is a derived demand, and that its immediate importance is to
the. supply potential. of .the..economy.. Hence,. the. focus is..on.detail for the-
supply side of the economy in the modeling structure.

Among this class of models (general-economy energy~-sector interaction
optimization models), ETA-MACRO and BNL portray the economv with sufficient

realism to warrant use as manpower forecasting tools. Even then there are

34In Appendix A the BESOM and l.awrence Berkeley models are included
in the section on energy sector models. This was done because although the
non-energy sectors are represented, their role in these models is minor.
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serious drawbacks. ETA-MACRO has only one good produced for final demand.
Hence, output is generated from the supply side by the mix of inputs--electric
energy, non-electric energy, full employment labor, and capital., The model
could be substantially improved by providing for the output of two goods--one
energy-intensive, one not. Then price-sensitive demand relations could be
addé&~to capture the differéntia] demanu'effects as energy costs (and hence
prices) rise over time. As presently constituted, output is more like a
“control variable" which tracks the model out over long perivds of time,
rather than a summation of individual fndustry outputs, Hence, the model can
address questions of employment and occupational demand only within the energy
sector where, as has been noted previously, employment is not large anyway.
However, the model does represent a varied array of alternative energy techno-
logies33 and use of the model will yield growth patterns for each of these
various technologies (such as are found in the Bechtel enerygy supply planning
mode1), construction manpower requirements associated with various energy
scenarios could be analyzed. Hence, ETA-MACRO is useful for simulation of
long-run energy sector developments with some interactions with the general
econonmy. In order to add realism to the model, additional work, indicated
above, needs to be done on the general-economy (MACRO) sector. .

The other optimization model which shows promise for general-economy

energy-sector interaction analysis is the Brookhaven energy supply optimiza-

35Those various technologies include: for electricity~-~hydro, fossil,
low-cost coal, high-cost coal, light water reactors (LWR) no plutonium re-
cycle, LWR plutonium recycle, fast breeder reactors, and advanced solar
electric; for non-electric~—petroleum and natural gas, coal-tased synfuels,
shale oil, electrolytic hydrogen, low-cost non-electric alternstive ($5/mil.
BIU), high~cost non-electric alternative ($8/mil. BTU), aad coal {other than
synfuels),
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tion model (BESOM)36 Tinked- to the Hudson-dorgenson DRI interindustry growth
and macro models. This configuration uses the H-J DRI models for the non-
energy sectors and links the BESOM linear programming and BNL-University of
I11inois I-0 models to them. These 1links are not simultaneous, hence the
models are iterated back and forth until certain consistency checks are met. 37
BESOM contains more technological.detail than ETA-MACRO. For example,
synthetic fuels, one category in ETA, is divided into coal synfuel and oil
synfuel, Also, environmental and regulatory constraints are included in
BESOM, The model is fully adaptable for the study of manpower analysis and

projections, and contains considerably more non-energy industry detail (110

I-0 sectors) than does ETA-MACRO. However, the size, the degree of detail,

and the lack of documentation tend to make the model almost incomprehen-
sible, 38 Nevertheless, it is a useful tool, especially for energy-sector
analysis where some interaction with the general economy is required but is
not the primary focus.

Recently, the Energy Modeling Forum (EMF) completed a comparative

analysis of the major general-economy energy-sector interactions models,>?

- - et

3611 some versions referred to as Dynamic Energy Supply Optimization
Model (DESOM).

37vSee-Appendi—x»-A-‘for a--further -description--of ‘the  linking ‘procedure;

381n reviewing the model, Professor Lave expressed a similar sentiment,
"This size, complexity, and wedding of models leaves me slightly uneasy; I
cannot find precisely what assumptions or structure of the model produces the

" results observed in the scenario." Hitch [22], p. 285, As noted in the

Appendix, lack of proper documentation plagues all of the models reviewed and
BNL should not be singled out, This lack may have resulted from the .time
pressure under which-much of the work was done.

3%ee EMF [19]. The Energy Modeling Forum, directed by Professor Hogan
at Stanford, is administered by the Institute for Energy Studies, Stanford
University, and sponsored by the Electric Power Research Institute. The Forum
is composed of individuals from industry, business, government and
universities who share common interests in energy modeling.
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Included in this analysis were the WEFA, H-J, BESOM-H-J-DRI, PILOT, Kennedy-
Neimeyer and Hnyilicza models. The comparison was based mainly on operational
characteristics of the models, i.e. by comparing actual model outputs from
runs made under a common set of assumptions, Such an undertaking is quite
formidable and the EMF s to be commended for accomplishing such a task. The
main results of the comparison are worth quoting in full:

"In the presence of constant energy prices, increases in
economic activity produce similar increases in energy demands,
although these may be moderated by trends toward less energy
intensive products and services.

But higher energy prices or reduced energy utilization need
not produce proportional reductions in. aggregate economic
output. There is a potential for substituting capital and
labor for energy and the contribution of energy to the eco-
nomy, relative to these factors, is small,

Tne models do show some significant reductions in economic
output resulting from higher energy prices, The magnitudes
of these reductions are very sensitive to the substitution
assumptions implicit in the models. Further, the impacts may
be large for individual sectors of the econonmy.,

The benefits of energy substitution may be lost in part if
energy scarcity impedes capital formation. Reduced energy
inputs may cause lower levels of investment and, consequently,
reduce potential GNP, This indirect impact may be the most
important effect of energy scarcity." 40

The following shortcomings were also observed:

"A11 the models examined focus on the long run potential of
the economy.. Abnupt,changes-in~energy‘avaiﬂabiiity~or“other
policies with short term implications may affect the reali-
zation of this potential GNP, but are not within the scope
of .the models studied here,

The models require assumptions about future papulation or
labor force growth and the rate of technological change,
which other things equal, determine the growth path of the
GNP. The analysis here is directed at the changes in growth
due to changes in the relative scarcity of energy, not to
absolute levels of future economic activity.

“Onr [19], p. 1id.
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The representation of nonmarket behavior is difficult; to

include in the models. The effects of regulation, industrial

organization, or the expectations created by government®s

future role are not well understood,

The models treat environmental considerations ifh a rudimen-

tary way. They do not address the causes and effects of

persistent unemployment nor the impacts of unexpected em~

bargoes. Financial sectors are highly stylized or absent in

many of the models. Such important issues require different

analytical approaches or major model extensions." 4i
In addition to the above comments, various empirical measures were extracted
fram the models' performance characteristics. A1l of the models showed
approximately the same relation between output expansion and changes in
energy demand, at constant energy prices.42 The results indicate approxi-
mately a 6.7 percent increase in energy use for each 10 percent increase in

. real GNP, However, important differences do exist with respect to the

elasticity-of substitution (o) between energy and other inputs. Also, for
some models & varies over time, becoming greater in the long run. The short

’

and long-run values for ¢ are given in Table 2. The figures in Table 2

Table 2

Short and Long-Run Values of the Elasticity
of Substitution for Various Energy Models

Model Short-Run .. Long=Run
PILOT .03 .03
Kennedy-Neimeyer .06 .06
WEFA .10 .20
Hudson-Jorgenson .30 .54
Hnyilicza ’ .37 .38
BESOM~H-J-DRI, .28 .58

41
m [19]’ Pe iv,

MEnergy ugse for the same GNP level was somewhat higher (20%) in
PILOT end Kennedy-Neimeyer,

o ‘4‘7
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verify the earlier observations regarding price-induced changes in the I-0
coefficients in H-J, WEFA, and BESOM-H-J-DRI, as well as the price-induced
demand effects in these models. These figures also reveal the fixed price,
fixed I+0 coefficient nature of PILOT. The almost doubling of the elasti-
city in the Tong run (here about 25 years), in H-J, WEFA, and BESOM, reveals
that habit and adjustment play a role in these models. The change in the
WEFA model is due to the lags discussed earlier. In the H-J model it is
probably due to the transiog price frontier wﬁich allows o to be a variable
depending on the p}ice level., In either case, the realism of the model is
enhanced.

A1l of the models considered in detail here are capable of studying
problems of labor demand and manpower projections and analysis. However,
most models, with the exception of BLS, would have to be modified with a
manpower requirements estimator, as is used in the BLS model. A1l: of these
models estimate employment by industry and, with the exception of H-d, all
have considerable 1ndqstry detail. In application, these models assume full
employment, As indicated av.ve, this is a virtual requirement of long-run
growth models. Hence, analysis of labor demand should center around average
hours worked, real wage rates, and the occupational and iuterindustry shifts
which occur as a result of energy policies and prices. None oﬁ the models in
this category deals with regional effects,43 Demographic and regional shifts
will play an impirtant role in the future and their importance must not be
minimized. However, if these models attempted to deal with regional effects,
they would most 1ikely be unmanageable. The models considered in the next

section include regional effects.

43;.'CI'1'e WEFA model does contain an eight=region electric utility sub-
model based on Griffin's pseudo-data model. See Griffin [138].
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3.2. Energy Sector Models, Models included in this category are those
which encompass all of the energy industries but which do not portray the non-
energy industries. Included in this group are the BESOM (BNL) model, the
DFI~SRI-Gulf model, the FEA-PIES model, the Bechtel ESPM, and the :BL
(Lawrence Berkeley Laboratory) model. The energy sector models have two dis-
tinct advantages over the models discussed in the previous section. First,
they are regional in orientation, which is a crucial aspect of many energy
research issues. Second, the models portray the individual energy industries
in much greater detail. Within this group the BESOM model, the LBL model,
and the supply side of the PIES model are linear programming models. The
demand side of PIES, which it econometrically estimated, and the DFI-SRI-Guif
model are: simultaneous supply and demand models, The parameters for the
relations in the DFI-SRI-Gulf model are obtained from technical experts in
energy industries. The Bechtel ESPM is an accounting-type modei which, given
final energy demands by region, determines requirements for 75 categories of
capité], manpower, materials and equipment. The model does determine in con-
siderehle detail the manpower requirements needed to construct energy
extraction and conversion facilities. The LBL nodel also contains relations
for detailed manpower requirements (adapted from the BLS model). The other
-models -could--be -modified -to- do-sos

The practical difficulties in modifying most of these models to incor-
porate estimates of manpower requirements revolve around data problems
associated with obtaining independent information regarding productivity and
Tabor costs on a region-specific and activity-specific basis. Typically, for
a given plant or facility (technology), such models assume costs to be homo=
geneous nationwide, which ignores differing wage rate and productivity

behavior by region and by plant. In addition, to properly estimate future
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‘wage rates and thus labor demands, regional labor supply'would have to be
estimated. If this is not done, labor requirements estimated by multiplying
average labor-output requirements by outputs generated by the models will
exclude important elements of economic- behavior. Ignoring regional impacts
of wage rates on labor demand would be plausible only if wages were set equal
by a nationwide collective bargaining agreement, or if the elasticity of
demaﬁd for labor were insignificant. However, in the energy sector, particu-
lTarly in activities such as the drilling of oil and gas wells, or in the
construction of facilities, wage rates are known to differ significantly by
region and even within region, Hence, to properly augment these regional
energy sector models, regional labor market models would have to be developed,
a formidable task given data limitations, but.one that merits further research.

As noted above, the energy sector is capital-intensive. This, in fact,
is the central point to the energy sector employment analysis. Human energy
(Tabor) and animal energy have, in industrialized sociesties, been replaced- by
fossil fuel and nuclear ;hergy. This is particularly true in electricity
generation and crude oil refining, and to a lesser extent in coal mining and
oil and gas drilling and transmission. Hence, the main direct demand for
labor at this level will arise from construction and equipment requirements
for new nefjneries,Mnewmelectnic“genenatibnnplants,-new“oiJ~and~gas~we115;
etc, Thus, the long-run equilibrium demand: for labor in energy-related in-
dustries is likely to be quite small. The main long-run problem relates to
the efféct on the demand for labor (and the skill mix required) in nor-energy-
producing industries, i.e. to what extent will labor be substitutable for
energy as energy prices rise relative to labor.

Within the energy-producing sector, thz question of government regula-

tion and energy legislation becomes relevant. Environmental restrictions,

o0
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conservation policies, price controls, fear of even greater price controls,
government inertia with regard to leasing public land for exploration, and
the myriad of other governmental regulations surrounding the coal, electri-
city and natural gas industries are the main inhibiting factors retarding
construction in these industries. Process-type models such as those reviewed-
in this section are reasonably well suited to modeling restrictions of the
type referred to above. However, in order to incorporate new construction
activity and the subsequent labor demands, most models require some reworking
and augmentation,

The principal energy-sector models are all of the optimization or \
process variety, It is argued that this is an advéntage in evaluating the
impact of energy price or supply changes which lie outside the range of
historical experience as would be captured by an econometric model. Optimi-
zation or process models always “solve", so-to-speak, no matter what values
are inserted for the parameters (such as demand elasticities), apd in this
sense are a flexible tool for simulation purposes. However, this same flexi-
bility carries with it some important drawbacks. First, such models are
typically not oriented so that economists can readily understand and evaluate
them. For example, basic measures such as elasticities of demand and supply
are. implicitly buried in. the :engineering structure--and-must -be-extracted-
through simulations--an exercise which, in most cases, has not been carried
out. Second, models such as these are based on engineering data whicl: related

to processes., It is difficult to link this type of data to national economic

§ data, particularly for employment purposes. Third, the models, once the con-
straints are specified, concentrate on minimizing the cost of specified energy
demands. Ignoring lags, inertia, and interactions with other economic condi=-

tions, and being non-stochastic, such models present no information on the

ERIC o1




1

46
statistical precision with which the estimates are known, Furthermore, the
results are quite sensitive to price assumptions. Quite 1arge shifts from
one technology to another are observed as a result of small cost changes 44
Most importantly, the results are quite sensitive to the estimates of the
supply curves, These estimates are, however, quite arbitrary. Hence, the
models display an 1mba1ance--mfnute optimization on the one hand, arbitrary
parameters on the other. In addition, although solution of these models
conceptually represents optimal, long-run equilibrium resource choige where
relative prices and relative marginal products are equated, in practical
operation, errors made in esiimating various technical or cost variables may
negate the value of being able to "optimize" in terms of model soiution. A
useful test for such models would be to assess how well they determine a
historical data point, or how well they can "backcast."45 As it stands, we
do not have any real information on the sensitivity of various components of
such models to error, or the sensitivity of particular solutions to changes
in-particular variables or parameters. -

Among the models reviewed, the Bechtel ESPM and DFI-SRI-Gulf models
are most amenable to being modified for estimation of manpower requirements,
In fact, the Bechtel model already generates detailed manpower requirements,
butﬂthenmodelfjsnweak‘£r0m~a~behaviora1—point—of'view; Tt appears that some
of the data in the Bechtel model could be utilized in the DFI-SRI-Gulf model
(as there is already sghe data commonality between these models), and perhaps

unit manpower requirements can be derived for remaining activities in this

44gee Lave in Hitch [22], p. 298.
45A useful exercise for these models would be to test their prediction
accuracy, either ex-ante or ex post. Experience with what appears to be
perfectly plausible optimization models in agricultural economics has led to
wholly unacceptable predictionz,
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model not included in the ESPM. However, as noted above, if technical and
cost information is limited to national averages, without modification for
regional differences, the regional aspect of the output will not be of great
accuracy. In addition, augmenting the models with simple labor-output
relationships will not be a substitute for a more complete labor market model
which would assure consistency between the labor demands and the costs which

enter into the technology choices presently derived by these models.

3.3. Energy Subsector Models. Models reviewed under this heading are

those which pertain to a particular energy industry, Coverage includes the
coal industry, natural gas, electricity demand, gasoline and automobile
demand, world energy models, single-equation studies and, for the sake of
completeness, conventiona] macroeconometric modéls, Much of what was said in
the preceding section applies here also with perhaps the only drawback being
that most of these models do nov capture interindustry substitution effects
between competing fuels. As beforet the long-run equilibrium labor demand for
these industries is small relative to the potential employment demand associa-
ted w'.h building new facilities. Comments pertaining to-medification of
enerd} secfor models to allow for determination ¢f labor requirements apply
equally to the subsector models, The regional detail of the larger coal,
natural gas and e]ectriéity demand models imposes the same need to further
develop and complete a regional datﬁ base including wage rates, productivity
estimates, and information on manpower availability, Particu]arly for the
coal industry, deriving reiiable point estimates of average productivity over
longer time horizons will be a challenging task confronting the manpower
analyst. Among the difficulties encountered in estimating future producti-
vity trends in the coal industry will be the effects of technological changes,
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shifts from deep miniﬁé to strip mining, aad the :2ffect of government-mandated
health and safety rules and wankmen's compensatice and healti insurance pro-
grams, To a lesser extent, parallel problems in measuring future productivity
will be encountered in electricity production as a result of regional output
shifts, technological shifts (t6 nuclear generation or to more coal-fircd,
steam-generzting riants), and health and safety regulatiens. The present,very
imprecisé analysis of facility, regional and national trends in productivity
in these sectors will hecessarily make any estimates of manpower requirements
based on output and average productivity estimates very tentative. Detailed
skill requirements will be even more subject to douht, :particularly for peints
further out in time. Consequently, for existing models to be adapted in a |
meaningful way to produce manpower projections in the energy sector .and sub=-
sectors, for longer-term analyses, considerable work will be required to -
develop reliable information about 1ikely productivity trends,

Despite reservations such as those noted aboﬁE} some initial attempts
at modifying these models would appear feasible. For example, if the
regional data base for the Rechtel coal model could be expanded to include
manpower data such as contained in their ESPM model, then some of the implizra=-
tiéns of national energy and environmental policies couid be assessed in term,
of emp]gymgnt,reqyf?ément;, Thus far,. there has. not been.a. great; .deal .of
interest in evaluating the employment and manpower effects of policies which
would affect regional coal production (or aggregate coal output), as the
concern has focused on the implications of emissions standards on regional
output, transportation and capital requirements. Similarly, the MacAvoy-
Pindyck natural gas model, which is regional, could be ‘modified to generate
enployment demards associated with new drilling and investment activities -

corresponding to various market prices for natural gzs. The same sort of
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reworking of thg‘Baughman-Joskow electricity demand model is-possib1e. Given
government policies with respect to price setting, environmental standards,
etc., employment effects accompanying adjustments on the supply side of the
industry could be derived from the model, if the requisite regional data base
can be developed. Other electricity demand models, having less specification
of the supply side of the industry,. are less amenable to use for manpower

analyses. In this category are models like the Oak Ridge National Laboratory,

For models of this type to be utilized, they would have to be tied to a more

comprehensive model or set of models (such as BESOM or PIES), and this sort

-of effort is in fact presently underway, though not with an emphasis on de-

riving manpower estimates.

Demand models for gasoline, 1ike most of those for electricity demand,
are 111-equipped for use in the study of employment. However, the demand for
autos, which is dependent on gasoline prices, does have substantial employment
effects. The question of the effect on durable goods of higher energy prices
has received 1ittle attention thus far despite its relevance for the employ-
ment question. The macro models, to the extent chat there is sufficient
detail can, of course, provide some answers to this question, However, more
detailed analysis is needed. The macro models have been more usefully adapted
to analyzing short-run impacts of demand reductions, such as accompanied the‘
0i1 embargo and its aftermath. Most of these types of simulations have been
performed and the results are reasonably well known. worldﬁeconomic models,
such as Project LINK, could conceivably be used to examine the-employment-
related questions of a continued balance~of-payments problem by the U.S. The
problem of a steadily falling dollar due to o0il imports is immense and has so
many facets that it is perhéps too much to ask one model to analyze. This.is

particularly true in view of the fact that there is virtually no historical
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experience to indicate which industries will be affected and what various
ramifications might be expected, Nonetheless, the LINK, or similar multi-
country models, are prime candidates for use, as well as domestic macro
models, especially for estimation.of the irmediate impacts.

The one remaining area which has been touched on above is that of
regional or locational analysis. As discussed .above, the energy problem will
prompt relocation of industries, workers and consumers--each for reasons of
their own. The move to the Sun Belt, by both industry and individuals, will
no doubt be accelzrated by the higher energy prices, as well as the. changing
demographics of the U.S. population. The energy sictor and energy subsector
models are regional and can be used to analyze this phenorenon for those
industries. However, for the macro economy, regional-disaggregation makes
for models of uowieldy size.*6 The most important gap in this area is
analysis for non-energy industries of regional location and migration, for it
is from these non-energy industries that the greatest impacts will be felt,
Scme work has already begun in this area by Sandoval and Schnapp [150],

Sandoval and McHugh [149], Huntingten and Smith [147], and Solnick [151].,

46por an attempt at this combination, see Donnelly gt_:__g_];,[l43] and
Donnelly and Hopkins Elélo].




Chapter 4
EMPLOYMENT-ENERGY RESEARCH ISSUES

As discussed in Chapter 1, the initial modeling efforts were aimed at
assessing the possibilities for energy conservation and/or new technologies,
and were particularly aimed at analyzing the interaction between the energy
sector and the general economy: The question of most importance was the
éfféct of higher energy prices on economic growth. With the passage of time a
and the benefit of reflection, it is becoming increasingly clear that higher
energy prices and the policies adopted have substantial consequences for
employment and job creation. However, these consequences have not been fully
explored, with the result that u.S.. energy policy is still a void with respect
to the employment issue. This chapter hopes tc illuminate what these issues
are and how- the ‘models survéxed above might or might not assist in their
evaluation. The employment-energy issues may be divided into five broad cate~
gories: (1) substitution, (2) balance-of-payments, (3) exploration and invest-
ment, (;) relation between energy pricss, economic growth and employment, and
(5) ‘.e distribution of income.

Tha substitution question has two main aspects--substitution by consu-
mers and substitution by producers. As energy prices rise relative to other
prices, consumers will buy less of the energy-using or energy-intensive
products. In products or services where direct consumer purchases of energy
are involved, such as for autos and utilities services, more immediate sorts
of adjustments should be expacted. For example, heating of homes with elec-
tricity is presently a re]a;ive]y expensive method due to the technical

inefficiency of electric heating in this application. Depending on how
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various fuel prices change, consumers may respond by switching to gas or solar
heat, insulating, wearing warmer clothes indoors, turning down thermostats, or
even moving to more moderate climates, or some combination of the above, This
substitution process may take some time, as habit,. technological and finahcié]
constraints must be overcome. The degree of response to price which can be
expected will depend in large measure on the permanence of changes in relative
prices of various consumption goods and services. In the longer run, the
kinds of adjustments will reflect direct and indirect effects of energy prices
and "energy policies. For example, higher prices of primary energy inputs used
by electric utilities to generate power can be expected to be bassed through
to consumers of electricity., If regulatory policies also change the pricing
of electricity according to marginal cost of service, such institutional
changes will produce further price effects. Similarly, until natural gas
pricing methods become fully visible to consumers, choices among alternative
sorts of household appliances and their utilization rates remains problematic.
For consumer products where consumption of the basic item, such as the auto-
mobile, requires joint purchase of other commodities or services (gasoline,
insurance, etc.), final adjustment to direct and indirect energy-related price
effects can be expected to involve a-éomp1ex set of interactions, If the
magnitude of the direct and indirect price effects is significant over the
longer run, substantial employment effects can be expected as a result of
increased demand for less energy-interisive (and hence more labor- or capital-
intensive) goods and services. Whilé it is true®’ that less will be purchased
of the relatively more expensive good, it is not clear that more will be

purchased of other competing goods. This, in the jargon of the demand analyst,

—

47Accm:ding to the conventional economic theory of consumer behavior,
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depends on whether the income effect outweighs the substitution effect. How-
ever, on balance, one might expect that these substitution effects away from
énergy-1ntens1ve products and serv1ces would tend to expand employment.

In the production sectér of the economy, similar substitution processes
prevail, but with probably even more variety than in; the consumer sector, as
habit {s perhaps less binding and the variety of Sectoral differences in sub-
stitution possibilities may be greater. Althougti, ability to adjust capital
stocks or organizagional‘methods imposes similar constraints in the short run,
Thus, in the energy secto}, changes‘in basic. input prices will alter fuel
choices for producing, say, electricity, In the longer run, technological
substitutions, new methods for pricing energy products, etc., will be derived
and applied. In other parts of the .production sector, where va;?Zﬂimgoéhé'Z;;
produced, forces for substitution will derivg from both final product market
responses (consumer demand adjustments, for example) and from changes in input
prices, Direct responsés to higher energy input prices are Tikely to result
in only modest adjustments in the production.structure due to the short-run
fixity of the capital stock. .Over the longer run, however, producers can be
expected to reviée the configuration of inputs and outputs in response to more
permanent price signals., The exact manner in which this substitution process
i 1iKely to cccur is difficult to predict. An important aspect of adjust-
ments by producers, for example, stems not from prices per se, but rather from
the certainty (or uncertainty) with which expectations about prices and other
variables can be held. A good deal of this aspect of the path of substitu-
tions revolves around responses to actual or expected government policies,

For example, uncertainty over the availability of physical supply of energy
inputs, such as natural gas, ma& induce producers to relocate in  Sun Belt

States if there are also other reasons to do so. The final interface between
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supply and demand ‘will ‘result in a new configuration of final product demands
and’ input requirements (capital, labor, energy, raw materials, and inter-
mediate produgts). Resulting longs in adjustments will remain to be measured
empiricaﬁ]y, Sgt. in general, it will be true that an increase in the price
of an input (or a-decrease in its availability) will result in increased use
of substitute inputs.48

A final sector to be included in any study of the effects of h1gher
energy prices on employment is the government sector, which is.a major
Consumer of energy. In the past, the rapid growth of state and 1oca1 goverkl—
.ment construction activity, as for building highways and schools, has produced
extensive growth in demands for energy. At the federal level, a defense
est$b1ishmentﬂbased on conventional means of warfare has been relatively
energy-consuming, at least in terms of fossil fuels. In the future, military
hardware relying on nuclear power, rocket fuels, etc., to a greater -extent
than in the past will alter the mix and }eve] of fuel requiréments, State and
local-government art1v1t1es Shifting away from highway and school construction
and toward other forms of services more appropr1ate to an:aging population
will also imply significant substitutions.,,

While models will not be we]]-suité; to the study of detailed substi-
tutions, which will no doubt take place as energy prices change relative to
other prices, some of the basic, broad patterns of input and output substitu-

tions which can be expected in the longer run can be studied using some of the

general-economy energy-sector interaction models (such as the Hudson-dJorgenson

48This depends, to some extent, on whether or not labor, capital,
energy and materials are substitutes or complements. For recent e »irical
work on this subject, see Berndt and Wood [134], and Hogan and Manne [140],
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~mdde1).49 From such-analyses, broad trends in sector shifts in employment and

manpower demands can be studied,
f The second major area of research interest is with respect to the

effects of energy prices and imports on the U,S. balance-of-payments, znd the
resulting feedback effects on domestic output, income, employment and price
level, Presently, this country is running a substantial trade déficit, in
considerable part related directly to energy imports, and also betause export
demands‘are‘being moderated by thev§iqy growth of other economies. The growth
of the world economy is itself ivery much a function of world o1l price effects
on'price levels, output Jevels and balance-of-payments deficits. Domestic

energy policies (price controls, entitlemerits programs, etc.) have not induced

" expansion of domestic supplies or restrained consumption, but have contrisuted

to the rise in energy imports to cover domestic demands. Failure to reconcile
domestic energy pricing policies with realities of the world: energy market has
contributed to the devaluation of the dollar against stronger currencies of
some Western European countries and Japan., To the extent that a large trade
deficit-cum-devaluation continues or recurs, further cos; pressures are
imposed on the U,S. economy, particularly if world oil producers are able to
implement increases in the dollar-dominated world oil price, as the dollar

devalues against other major currencic  Resultant higher domestic inflation

" rates and interest rates coming from this source engenders "fisca]agrag" on

the economy through the tax system, and dampens investment (particularly
interest rate-sensitive construction sector activity), and otherwise iakes

management of domestic monetary policy difficult. Offsetting output and

1

’¢

49The above discussion intentionally abstracted from the employment
and manpower aspects of the new investment undertaken as a result of these
changed patterns of supply, This subject is dealt with below.
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employment rédudtions from interest rate-inflation rate effects of devalua-
tions and rising dollar oil prices are théoretically positive effects on
demé%dsxfor domestic outputs for sectors that face jnport competition--steel,
autos, texti]es; shoes, tourism, etc, Net employment effects from adjustments‘
in such industries will depend on whether net export price elasticities of
demand are greater or less than domestic and foreign income elasticities of
.demand for the products and services in question. Given the way in which
higher import prices affect costs, and the way in which domestic industries
adjust pr&ces in response to reduced import competition, the basic question
to be asked here is whether -or not the Jjob preservation and creation aspects
of a falling exchange rate will offset the real income decline which will
accompany it,

For the longer run, terms-of-trade deye]opments between the U.S. and'
oil-exporting countries will raise questions about the size and nature of real
resource transfers. Petro dollars not used for purchases of U.S. exports will
take the for@ of real and financial investments, Investments in the U.S. will
earn interesty -earnings which if converted to stronger currencies will put -
sustained pressure on the dollar. Given uncertainties about future trade and
payments positions of other major industrial countries, determination of the
impact of petro-dollar investment flows on income growth and stabilization in
industrial economies has become a complex issue. Studies are underway at the
Federal Reserve Board, employing trade and financial flows models, to détér-
mine some possible outcomes of changing petro-dollar flows on industrial
economies, but many questions hg?e remain unanswered,

A third set of issués involves investment responses in the economy
(both energy and non-energy sectors) which can be expected to accompany sub-

stitutions away from energy-intensive consumption and production, In the -
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eflergy sector, the production of new energy sources 'such as nuclear, geo-
tﬂermal and solar power, etc., will entai] new construction and new equipment.,
Continued exploration for conventional fuel sources such as oil and gas, as
well as their extraction, will require skilled manpower .resources in unprece-
dented numbers. Coal mining, while highly capital-intensive, requires
equipment, the production of'which does require considerable manpower, It is
pérhaps in this area that the potential for manpower analysis is the greatest.
Models such’as the Bechtel ESPM can be modified (work is currently underway)
to incorporate detailed labor r;quirements categories for energy plant con~
struction activities. Various energy scenarios could be outlined as a
function of different assumptions concerning energy policy and develapments,
and evaluated with either general-economy energy-sector interactions models

or from energy sector models.

Research in this area could perhaps be conveﬁfent]y divided into three
aneas. First would be the manpower requirements from increased exploration
and development of new and existing energy supplies. Second would be the
construction of new electricity generation plants and gas or oil transmission
pipelines, i.e. c§nversion and transmission facilities. Third would be the
new plant and equipmeng in the non-energy sector which would be constructed
im response to new capi%a] needs determined by substitytion effects. An
important aspect of this research would be to assess the effects of govern-
mental regulation, especially on new exploration and construction of power
plants (particularly nuclear). Environmental restrictions, land-use planning

and zoning, Interior Department policy regarding private exploration on public

lands, etc., all figure prominently in decisions to build new plants or other-

[
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wise commit capital.”0 Also figuring proﬁihently, particularly for non-
energy industries, is the question of relocating to areas where energy (and
other) costs are lower. Analysis of locational responses also applies to new
home construction, as homeowners relocate to more energy-efficient areas.

The final area of possible research is the effect of énergy prices on
economic growth. Some initial work by Jorgenson [26] and EMF [19] has dlready
been accomplished in this area. However, further research is warranted,
particularly concerning the velationship between growth and employment,

Studies tend to indicate that the general economy and the energy sector can

be "decoupled" to-the extent the growth is not substantially siowed. Further-
more, the relation between growth, employment, inf]éﬁion, the distribution of
income, and balance-of-payments should be examined in a systematic interrela-
ted manner.

An issue in the area of applied empirical and econometric research

connected with the growth, employment and substitution questions will bé that

productivity estimates. In this review, it was found that productivity
egg}matés (from which most employment estimates are derived) associated with
input-output models, or models such as the Bechtel ES%M, are very weak esti-
mates and not based upon adequate data or econometric methods. Consequently,
for the state-of-the-art to advance inldeveloping employment estimates from
detailed. énergy-economy -or energy sector models, considerable further work
will have to be devoted to deve]obing labor demand gnd productivity concepts

and measurement.

sODwe to environmental restrictions, nc new electric generating plants
have been constructed in California during the past elght years. Total elapsed
time from lease acquisition to geothermal power generation in California is six
to nine years. (See Santa Rosa Press Democrat, Dec. 27, 1977),




Appendix A

DETAILED REVIEW OF THE MODELS

*
»

A.1. General-Economy Eggggx;SectorAInteractions Models. The models
surveyed in this section are those whico portray both'the general economy and
the energy sectors. Furthermore, the energy and non-enargy sectors are linked
together so that feedback effetts, both ways, are captured, These models are
the most general of all the energy ‘modeling efforts, are typically quite:
large, and utilize econometric or interinduatny -approaches (often both) as
opposed to optimization techniques. The models reviewed under this heading
inslude: (1) the Hudson~-Jorgenson model deve?opeo:by Dr. Edward Hudson and
Professor Dale Jorgenson for Data: Fesources Inc. (DRI) under a contract with
the Ford'Fcundation‘Energy‘Poiiqy~Pro§ect;~c2)~the"wharton"Economib“Forecast-
ing- Associates (WEFA) energy model, which. 1s an enlargement of the WEFA annual:
model and was ‘sponsored' iy the Elactric Power Research Institute; (3) the BLS
growth model which has been adapted tv study energy problems; (4) the energy
-technology assessment (ETA)-MACRO imodel developed by Alan: Manne at Stanford;
(5) the INFORUM model developed by Clopper Almon-at the University of Maryland
which, 1ike the BLS model, has been adapted to study energy problems; and (6)

R

ogher general-economy’ energy-sector interactions models,

A.1.1.. The Hudson-dorgenson Model. This modél, which:has been used
¥ T ~ ’
extensively to analyze energy policy issues, has as 1ts core a nine-sector

interindustry transactions submodel. This submodel contains the following:

" Ihe model vas first described in Chapter 5 of Houthakker and Jorgen-
son [182], Later studies included Jorgenscs and Hudson [26] and Jorgenson
and Hudson [27], -
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Figure A-1, Hudsori-dorgenson Intcrindustry Econometric Model:

Diagrammatic Representation
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These nine intermediaté‘§ec§g§§ﬂare<integrated with four final demand sectors

(consumption, investment, government, and exports), and three primary input
sectors (capital, labor, and imports) to form the complete model. The Hudson-
Jorgenson model seeks to remedy two major faults of previous models, Einst,
conventional macro: models are demand-oriented and other than the use of "price
equatjons” have little to say regarding supply;, especially in the long run
when capacity generation becomes more crftipa]. Second, the other main type
of model in use, the input-output model, while having the capability to
address the capacity question, relies on unrealistic technological assump-
tions, i.e. fixed coefficients, )

The H-J model is Composed of two main submodels--the interindustry
model mentioned above, and a macroeconomic g}owth model which drives the
industry model. The macro model consists of five behavigral relations which
determine lejsure demand, consumption demand, labor demand, investment supply,.
and the production possibility frontier which shows, for given levels of Tabor
and capital input in the private sector, the trade~-ofif between the production
of private Consumption goods and private investment goods. The macro model
determines employment, output, consumption, investment, the wage rate, the
price of capital services; capital stock}_!ealth. and leisure time. This is

Fa
accompiished through identities and behavioral relations which are based on _
e T C ‘!‘E";,; T

neoclassical. conceptions..of -economic behayiom. andormeie  Tre e i
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variables are the-prices of imports, net exports, labor force, population and
government purchases of goods and servicgs. The bridges between the macro
growth model and the industry model are the vector of final demands and the
Prices for labor, capital and imports, Total consumption expenditures, total
investment expenditures, govéfnment purchases of goods, and exports are
allocated to each industry by a series of fixed budget proportions for each
sector. The sum across these four categories gives total final demand for
each of the nine interindustry categories. These final demands can then be
used ip conjunction with the input-output coefficients to compute industry
output levels and associated prices. However, for the Hudson-Jorgenson model,
the input-output coefficients are not fixed, but vary as functions of input
prices through the ingenious use of a factor price frontier and its related
theoretical properties.

The factor price frontier in this model relates the price of output of
each of the nine individual I-0 sectors (including- the energy sectors) to the
price of capital (K), labor (L), energy (E), and materials (M). Hence, the
name KLEM price frontier. These factor prices (for K, L, E and' M) are them-
selves aggregate price indices. For example, the aggregate price index -for
energy is a function of the price of coal, price of crude petroleum, price of
refined petroleum, price of electricity, and price of natural gas (i.e. the

output prices of each of the five energy sectors). The same is tirue for the

‘materials price index, which is composed of the output prices of the four rion-

energy ‘sectors--agriculture, manutacturing, transportation and communications,
and trade and services, These price frontier relations were first estimated
im budget share form which imposed various restrictions on the parameters.,
Through various transformations relating to the mathematical properties of

these relations it is possible to derive the input-output coefficients to be
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used in conjunction with the final demand levels to determine total industry
output, labor demand, capital services demand, and all interindustry trans-
actions and pfices.

The model, asisuch, presents an elegant theoretical representation of
an economy operating under the neoclassical péradigm with pure competition,
profit and .utility maximization, rational future discounting, complete divis-
ability of capital goods, frictionless adjustments, and regular (and smooth)
consumer preferences and producer production functions, However, it is tviicse
very neoclassical assumptions-which are also the weakness -of the model, as
has .been -pointed out by Kuh [30], Dhrymes [17], and Sewell [39]. Adjustments
by producers to changes in fundamental parameters (such as energy prices) are
often not smooti and are frequently characteiized by a great deal of inertia,
The model, By 1ntention,'doe§ noz attempt to pcrtray these adjustments. The
consumption side of the model, by ignoring habit, is also guilty of the same
charge, Furthermore, the consumption sector of the model with its linear
logarithmic utility function (and hence fixed budget 'shares) impliec unjtary
own-price and income elasticities and zero cross-price €iasticities. The same
is true of the individual investment functions, The translog price possibility
frontier can best be defended as a second ordér Taylor series approximation to
any continuous price possibility frontier. Kuh [30] has expressed three re-
servations about the translog function. ,Fir§E'is the concern expressed above
about the essentially static character of the implementation which ignores
cyclical variation and inertia, Second, che particular version o¢f the trans«
log emp]oyed by Hudson and Corgenson assumeés constant returns to scéle.: As
Kuh puints out, even small departures from this assumption can, over a long

period of time such és the model is used for, have substantial impacts.

~n

However, over time (between years) iriput productivities do change, Although
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strictly speaking, these changes are not returns to scale phenomena, they do
have the effect of increasing output for a given level of input. Third, the
translog was estimated with data from a time period 1947-71 in which there
was little variation in cost-shares and input prices. This criticism éﬁu]d
be leveled dt almost any econometric model ever built, and although quite
valid, is no more applicable to Hudson and Jorgenson than to any other mode]l
estimated from actual data. Dhrymes [17] has pointed out a number of
problems, some of which are discussed above. One which is not is .the question
of whéther or not feedback exists from the interindustry model to the macro
growth model. Dhrymes maintains that the feedback loops are "closed" only if
the sum of the individual (real) consumption quan@ities equals total real con-
sumption. The same must also hold for investment. Unfortunateiy, the docu-
mentation of the model is not sufficiently precise to determine if these con-

ditions are fulfilled.2

A.1.2. The REFA-Annual Energy Modg]. This model is the Wharton Annuval

Mdde]i(wAM) with a.high‘degree of disaggregation in the energy sector.3 WAM'
can be divided into nine major blocks: (1) final demand or GNP components,
(é) input-output or interindustry transacticns, (3) labor requirements, (4)
wage determination, (5) value-added price sector, (6) wholesale price sector,
(f) final demand prics3, (8) other income sector, (9) monetary sector. The
model i{s based on annual data and- (although described sequentially) is fully

simultaneous and is.quite detailed.

Zravk of adequote documencation is, as we shall see, a problem which
blagues almost all the models revierved, Hence, agein, Hudson~Jorgenson should
not be singled out. On lack of documentation, see aXso Lave in Hitch [22],
PP. 278-301. In private correspondence with the authors, Edward Yudson has.
iadicaced that tlie model. is, in fact, .closed.,

3 3Detailgd descriptions of WAM can ba found in WEFA [éﬁ] and WEFA [46].
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The final demand or GNP components sector is composed of 67 categories
of which 14 are consumption, 33 are investment; 6 are government, 6 are
imports and 8 are exports, The consumption: sector consists. of demand rela-
tions for personal consumption expenditures (in real terms) for autos,
furniture, other durab{es, food, clothing, -gasoline, -other nondurables,
housing, natural gas, electricity, fuel oil, other household services, trans-
portation services, and other services. The demand relations are typically
of the relative-price real-income. variety, frequently employiag Almon lags.
Additional explanatory variables include the ratio of the money supply to
personal disposable money income, the money supply, the difference between the
bond rate and the commercial paper rate, auto stocks, and-housing stocks. The:
investment sector contains behavioral investment plant and equipnient relations
and cabital stock-plant and equipment accounting identities for farm, ore and
non-metallic m1nera1stmining, coal mining, crude petroleum and gas mining;_
iron .and steel, aluminum, other primary nonferrous, electrical machinety, non-
e]ectriba] machinery, autos, nohauto transportation, cement, gthe? stone clay
and glass, fabricated metal products, lumber, furniture, instruments, food and
beverages, textiles, paper products, chemical products, petroleum products,
rubber products, apparel, leather, printing and publishing, transportation,
utilities, communications, and all other. The other investment relations are
for residential fixed investment and the .change in business inventories. The
main determinants of investment behavior are output prices, user costs of
capital, iﬁdﬁ§tﬁy’outpuf; and capital stock. The determipants are-.typically
estimated using an Almon lag with Tength as far back as seven years, Capital
stock and user cost of capital identities exist for each of the plant and
equipment investment categories. The demand block is closed with six export

categories (food, crude materials, manufactures, coal, other fuels, and
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services), eight export categories (food, crude materials, manufactures, crude

011, res.idual o0il1, natural gas, other fuels, and services), and six categories

of exogenous government expenditures,

| The interindustry transactions sector of WAM consists. of 63 SIC indus-

tries.® Both the I-0 matrix and the final demand bridge matrix are allowed to
vdry as functions of time and relative prices via an adaptive expectations
mechanism, Given the I-0 matrix and the final demand vector (converted to
industry sectors 'via the bridge matrix), total industry output can be genera-
ted" for each sector. These industry outputs are then used, along with capital
stocks, as inputs into inverted production functions to give labor demands.,
Tﬁese labor demand relations are estimated for 28 industrial sectors aggrega-
ted from 63 in the I-0 table, and are Fhe same as the 28 sectors for investment
demand or- the GNP side of the model, Similarly, manhour functions are alss.
estimated for each sector. These labor demands are ‘then summed over.all.
iqﬂustries to give total labor demand, which in conjﬁnctjon with labor force
equations yields the unemployment rate. Nexf, wage formation equations for
each of the 28 sectors are specified. The specification follows the: key sector
approach, ® Wage rates in the key sectors depénd on prices (fenucost-of-1iv1ng
adjustment), productivity and labor market conditions as represented by the
unemployment rate. The wage rates in the remaining sectors then depend on
wages in these key sectors, as well as price trends and the unemployment rate.

Finai]y, in order to close the model, relations are needed for the three price

SIt must be borne in mind that the final demand (GNP) categories do not
correspond (one to one) to the SIC classification. For example, auto output
(SIC~-83) goes to consumer demand for autos, private business investment pur-
chases of autos, and government purchases of goods, all of whivh are. different

GNP categories, Hence, a bridge matrix must be employed to transform the GNP
demand to: I-0 sectorse §

6These key sectors are autos, steel, textiles, petroleum and chemicals.

73




68
sectors: value-added’prices, final demand prices and wholesale or I-0 prices.7
Prices for final demand (GNP components) are a bridge matrix weighted sum of
the WPI I-0 sector prices. The I-0 prices are, in turn, a function of the
value-added prices and the I-0 prices from other industries. Using the I-0
coefficient information and the value-added information for each identity,
the vactor of industry sector prices is solved simu]t;peously. Finally, the
value~added prices are a functionvof industry unit Tabor and capital costs
and rates of change of output, The model is then closed with the standard

national income identities and a monetary sector.

The WEFA energy model also employs price-sensitive I-0 and final demand
bridge coefficients. The specifitation used relates flows from sector i to
sector j to the difference between prices in sector i and Jsoto a time
variable and to lagged flows. The estimation is .done jointly for all sectors
by constrained 1east-squages. Unfortunately, the procedure a;d its results
are not documented. Hence, it is impossible to examine the results to deter-
mine, for example, the magnitude (or sign) of price effects on the I-0
coefficients. "While the WEFA energy model remedies one of the main defects of
the Hudson-Jorgenson model by introducing lags in the adjustment process, it
creates additional ones by the rather ad hoc nature of the specification,
especially in the production sector. The extremely Tong polynomial lags (up
to six years) found on the determinants of consumption and inVestment in the
demand sector are also somewhat suspect. ,

Basically, the WEFA energy model is a .disaggregated Keynesian system
with an I-0 sector as the‘supply side along with the labor force generated by
_Population, However, the treatment of capital within the model is not

TSevere data problems exist, especially with respect to I-O prices,
See WEFA [46].
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completeiy satisfactory. ,fhvestmeng and, in some sectorss prices are a
function of the user cost of capital which ir turn depends on the price of
capital equipment, tax rates, and depreciation rates. Capital stock enters
only as a lagged value for depreciation in the investment and labor demand
equations. Hence, the level of capital stock plays no direct role in deter-
ﬁfning output since Tabor is related to output only through the demand- income
side. Furthermore, in the employment and manhours. demand relations the sign
on capital stock is positive in some relations, riegativé in others. If the
relaticn is an "inverted" Cobb-Douglas then the sign on capital should always
be negative. Also, the output variable entering the inverted function is
value~added output. Hence, interwediate sector effects are excluded from the

labor demand equations.

A.1.3. The.BLS Growth Model. Since 1966, the Office of Economic Growth

of the Bureau of Labor Statistics has published Tong-term projections of out-
put and employment by industry. These projections provide a framework for
eﬁp]oyment projections by occupational category, and also serve various needs
of the Labor Department's training and job programs. Projections with the
s&stem are typically for 5 or 10 years into: the future, and are made as point
estimates with cyclical adjustments being largely ignored.. .

In outline form, BLS long-term projections derive from the coupling of
a'macroecoromic model with an input-output system. In practice, the model is
best described as a set of well~-defined procedures, operated in recursive

fashion. A brief description of the projection procedurés follows, succeeded

by discussion of the methods and the capabilities of the model.
‘ The main steps in making a set of projections are the following:

1. Supply GNP is estimated in real terms,
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2. Demand GNP is estimated together with incomes and prices.
3

. Demand and supply are balanced by adjustments of fiscal policy
variables.

4. Aggregate demand components are distributed to detailed in-

dustry sectors,

5. Given trade margins, industry outEuts are determined,

6. Given assumptions about hours worked and :average productivity,

a set of labor requirements is derived from industry output
estimates. ‘

7. Given capital/output relationships, a set of capital require-

ments is derived from industry output. estimates. "

8. Industry output, employment and capital requirements are
balanced within the input-output block, and employment esti-
mates are made consistent with the macroeconomic estimates
‘through an informal iterative process.,

In carrying out a projection exercise within this framework a large
number of variables are explicitly or implicitly exogenous, :either by estima- "
tion or by procédure. Consequently, much of the formal consistency which is
normally imposed by a model solved simultaneously is attained only up to some
approximation in fhe}?ggursiVe steps actually foilowed. ‘As an economic tool,
the crucial probah]eQWeSkness of the BLS model is that the solution adjustment.
methods may fail to correspond to the kind of adjustments which would actually
occur through the price mechanism in equi]ibrating market solutions., Some
further detailed description of key steps in the process aids in bringing out
the "model" aspects of the procedures followed.3

Supply GNP, Conceptually, supply GNP projections are derived within
the framework of an aggregate production function: The following steps are
included:

a. Labor force growth. From Census Population Survey data, participa-
tiqn*rnte projections,. and projections of female group fertility rates, total
labor force projections are derived. Present procedures do not, however, Jink

these éstimates formally with endogenously gererated vafiablés in the macro-

B‘fhe most complete documentation of the BLS procedures is found in
Kutsctier [31] and BLS [11].
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economic model which affect, for example, labor force participation rates.
An’ estimate of Armed Forces is netted from the total labor force to produce
an estimate of the civilian labor force.

- b. Total employment. The agjregate target unemployment rate is an
assumed variable. Together with the civilian labor force estimate, this gives
an‘ estimate of total employment, on a household survey basis. This figure is _ §
then adjusted to conform with an establishment basis employment concept.

Next, total employment is brioken down between farm, private and government
sectors, assuming shares for each, in order that 1nd1v1dua1’product1v1ty and
weekly hours estimates can:be applied to each component of total employment
inl generating aggregate manhours 1nbut into tﬁe production function.

. Private sector maniours, Productivity and average weekly hours
estimates for the private nonfarm and farm sectors are used to generate total
private manhours,

, d. Capital services. The capital input into the production function
for real private GNP is derived from the capital stock and net real Snvest-
ment, Net investment is a function of private sector output and corporatel
cash flow, among otlier variables, The corporate péofits tax rate is the only
policy variable affecting cash flow, Degreciation rates, investment tax
credits, etc., are .not formally treated in the model,

e. Total supply GNP. Private sector capital and Tabor inputs deter-
mine private sector real GNP within the production function, Added to this is
an estimate of real government sector output (the mix of estimated government
employment times corresponding real wage rates), giving total real GNP.
Although steps a-e are followed theoretically, BLS applications suggest that B
implicit productivity estimates from the production function are often sup~

pressed in favor of an exogenously given rate of productivity growth. The

3
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latter is then multiplied by ‘total manhours to produce priva%é real GNP; In
this approach, problems related to -consistent estimation of income and supply
GNP (and hence investment and capital stock determination) are short-
circuited., An examination of steps a-e indicates that most of the supply
Projections are derived by ad hoc methods, rather than from specified
behavioral relationships. This makes a large part of the macroeconomic pro-
Jections judgmental in character,

Income and Demand GNP. Income determination in the model involves a

relatively simple set of relationships specified primarily to determine
_personal and disposable incomes, A simple wage-price block is embodied in
which private sector prices are related to umit labor costs and the PCE de-
flator. A function for compensation per manhour‘together with the produc-
tivity iestimate determines unit Tabor- cost, .and the PCE and private sector
def]atons‘arezlinked through a simple .correlation.? Energy price variables
do not enter the macro model price determipation process as they do,, for
example, jn thg current versions of the DRI macro model.

Items:which comprise corporate cash ‘flow are made common to both supply
and demand GNP jetermination, and in operational terms appear to be essen-
tially exogenous income estimates. Most policy variables in the model appear

in the incbme determination block as tux and transfer items, and include the

following:

1. Federal tax rate on gaso]i&é

2. Employer-employee combined tax rate for OASDHI

3. Coverage ratio for OASDHI

4, Taxable wage base. for QASDHI

5. Average employer contribution rate for unemployment insurance
6. Federal tax rate on median family income

7. Transfer payments

9Barth [2 ] .
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In terfis of policy variables, the model is structured pretty much as a fiscal
policy model. It contains no monetany sector, and only two exogenous interest
rates enter as proxies for monetary 'sector .activity. An exogenous estimate of
publicly held debt is also included as @ determinant of interest income.

Cons@mer demands are largely determined by disposable income, while
ihvestment demand is estimated as a factor demand. Government demand.and net
exports are exogenously determined, Any gap beiwgen supply and demand GNP
estimates at the aggregate levél is eliminated through fiscal policy adjust-
ments--either changes in expenditures, or changes in taxes, transfers, etc.
It is important to note that, in economic terms, this sort of equilibration
amounts to saying that product and factor pfices will not be the primary de-
terminant of the equilibration process. This process, relying on adjustment
of fiscal policy variables, is more akin to a planning model. In addition,
since there is no formal monetary sector, the cinsistency between adjustments
of fiscal policy variables: and. interest rates is highly questionable, The “'
main reason all the adjusgments are made to income and demand is that initial
values of labor force'utilization (the employment rate) and capital services
are exogenous, making the Phillips curve price determination model  largely
inoperative in altering product and factor demands in terms of the price
adjustment mechanism,

Industry Sector Output and Employment Detail. The input-output block

of; the BLS mode}  executed by developing a "bill of goods" for each
aggregate demand cumponent determined by the macro model which, in turn,
establishes a vector of final’demands by industry sector.0 Consumer demand

is; allocated over some 82 demand categories through use of a modified version

>

P 01s [11].
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of the Houthakker-Taylor demand model.ll A “bridge" between these demand:
Cateyuries and producing industry sectors is then established. Estimated
margins for transportation and distribution enable these final demands to.be
converted into estimates of final demands at the producer output level. The
allocations of investment, inventories and Federgl government expenditures
-are made in a less formal manner than consumption, depending largely on
historical trends in expenditure shares relative to private sector GNP growth.
The allocation of stats and local government expenditures by industry sector
is somewhat more formal, as the macFo model provides a breakdown Sétween eX=
penditures for education and non-education categories, and an allocation
between employee compensation and purchases of goods and services. In
addition, a submodel currently under development will derive purchases and

employment in terms of eight end-use categories.l2 Export demand is allocated

accordjng to past trends and other judgmental factors. For imports, a spiit

s made between ‘intermediate requirements and final demand purchases, and
between competitive and non-competitive imports, i.e. 1if imports are a sub-
stitute for similar domestic output, they are aliocated to consuming industries
in parallel fashion. It may be noted that the-determination of intermediate
imports, and the resulting coefficients matrix relating these imports to the
level of output, has important implications for the model's pertrayal of the
economy's supply behavior. This is particufarly“true since energy imports

have begun to play a larger role as a potential constraint on the U.S.

economy's supply potential,

llHouthak}cer and Taylor [183].

12pn extension of the BLS framework in the area of specifying the
functional detail of government expenditures has been made by Bezdek [9]. The
greater detail, however, requires increased use of gﬂ_ﬁgg methods to derive
appropriate, corresponding price measures.
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The vector of final demands multiplied by the I-0 inverse produces
éstimates of industry output requirements. Similarly, matrices of industry
employment-output ratios and capital-output ratios together with the I-0
inverse permit estimates of employment and capital requirements to be made,
by industry. Alternate employment estimates can also be made by converting
industry cutput requirements using estimated average productivity anq annual

hours assumptions,

Adding Up and Feedbacks., Documentation of the BLS model indicates that

a feedback and balancing procedure is employed to achieve consistency between
micro and macro projections of employment, investment and imports.}3 In
Practical application, niowever, most of the reconciliation appears to take
place within the I-0 model; rattier than between the macro and I-0 blocks. For
example, in balancing imports against the industry pattern of aggregate import
demind, both the distribution of imports by sector and the intermediate co-
efficients are adjusted in ad hoc fashion. Moreover, it appears that aggre-
gate imports in the macro model are derived from the detailed industry bill of
import goods and services, rather than from a macro import demand function,
Similarly, for investment, it appears that aggregate requirements are essen-
tia®ly exogenously determined as a component of demand GNP, and that any
factor demand concept theoretically embodied in estimating supply GNP is not
rigorously tied to underlying implied industry level factor demands of assumed
pital-output ratios. Finally, the sum of indus*ry employment requirements
is made to accord with aggregate unemployment implied by ascuited labor force
and unemployment rate values used in estimating supply GNP, In practice, most

adjustments are usually made in the assumed industry average productivity

Yhrs [11], p. 34
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coefficients rather than in the aggre¢ate unemployment rate, which would imply
price adjustments, therefore demand distribution adjustments, etc. ‘In this
system, also, no consistent relationship' is established between the assuined
aggregate productivity (or that which is implied by the aggregate production
function) growth rate, and the assumptions underlying the industry producti-
vity growth rates,

‘Evaluation of the Model. The methodology of the BLS projections places

more emphasis on the detail than it does on modeling the behavior of the
economy at any given level of detail. Within the framework of the projections
methods, it has been shown that the largest source of error in industry
empioyment projections stems from errors made in estimating industry
employment-output relationships.14 In general, the contribution of errors
made in the I-0 block tc-a total forecast error were greater than those atiri-
butable to errors in final demand forecasts. Moreover, as might be expected
in a Jarge system, many errors at the industry level offset each other, so
while overa™ errors might appear acceptable, very large errors could be
occurring at the sectoral ievel. It has also been found that the tota] BLS
model does not produce significantly better estimates of industry output and
employment than do more naive, single-equation regression methods.l5 Much of
this result is attributed to the fact that so many key economic variables are
either assumed exogenous, or projected ay if they were zxogenous-~in effect,
though the detail is great, thé behavioral 'model as such is very simple, and
very responsive to initial values chosen ‘for exogenous variables.. |

The most important deficiency in the BLS model is in the area of

[

1"Pe'::som’.ck and Sylvester [37], p. 1l4.

L5parsonick and Sylvester [37], p. 23.
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consistent price determination processes between micro.and macro behavior,
The BLS model is primarily a model of relationships between real quantities--
labor force, -employment, réal output, etc. Prices enter the model in the-

income block, primarily because many policy variables affect income items,

and are in nominal terms, and because the demand equations require an estimate,

of real rather than nominal disposable iricome. Hence, the price mechanism: is
a simple Phﬁ]]ipsfcurvé mocel designed to generate a PCE deflator for con-

verting nominal disposable income into a constant deilar estimate. Although
the modeled pricé determination process is highly aggregate and straightfor~
ward, most. of the procedural adjustments made. to "balance" or solve the model
imply price adjustments and technological adjustments. However,. there is no
way to determine what kind of price adjustment behavior is implied by the

methods. Consequently, it is di“ficult to Jjudge the economic reasonableness

of the real .resource allocations impiied for the growth of output and employ-

‘ment @t thei industry level.

At the present time, work fs underway at BLS tc compenéate for some of
the deficiencies in :the price determination process. In particﬁlér; efforts
are being made to adjust input-output coefficients for changes in relative
prices. However, this is only one area of deficiency in the model's price
determination process, For example, since energy prices have changéa'radi-
cally, a number of relative price Changes canbe ‘presuméd: to.-have. ‘taken place
both in final product markets and in factor markets," Consequently, price
effects from energy would have altered the composition of final demand, the
mix of outputs with an industry sector, and the mix of inputs. This would

obsolete some of the price relationships impliad in existing "bridge" tables,

Presently based on 1970 demand patterns. Another source of change in relative

price relationships which would be particularly affected by 1ntraindustry

: 83




78 ,
output}shifts'%é’fawfhe markup relationships assumed to hold for transporta-
fionfand distribution margins. These relatienships, too, are 1ikely to be
substantially altered from 1963 or even 1970 values, as a result o¥ ‘changes
in energy prices.

In its most recent projection, BLS has made adjustments in basic
assumptions about productivity, unemployment and inflation. As they state
i£:16 |

"Some of these alterations were made. because of the changed
energy outlook.. The new projections, unlike the 1973 set, do
not assume the availability of relatively cheap, néarly un-
1imited energy supplies. The effects of the changed energy
outlook on labor productivity, capital requirements, and

prices, as well as: the relationship of these changes to economic
growth, are complex issues.

Although a greaf deal of effort was devoted to these ques :1ons,

BLS has not developed a satisfactory method of dealing with

them in the industry and employment projections."
In addition to finding.a method for adjusting I-0 coefficients for relative
price changes, the BLS macro modeL could also be modified to incorporate
energy into the projections in a simple way, as has -been attempted in other
macro modeis. This could be done by introducing an energy variable into the
aggregate production function, or the cost function "duai" of the production
functicn-~i,e. in the price eqﬁation. If employment .demand is then made
endogeifous; solution o% the macro model would.then give some indication of
feasible sets of price, output, employment, productivity and demand configu-
rations compatible with a given set of energy price assumptions., A second,
somewhat more ambitious. project would involve estimation of producﬁjon

functions for the key industries which produce interwediate outputs in the

economy. In this way, real wage rate changes in various inputs would cause

16 utscher [31], p. 6.




79

- . . _ . s . 1
factor demands to- adjust in response to price variations.t’

AJ1.4. The ETA-MACRC Model. The ETA-MACRO model is an extension of the

energy technology assessment modei (ETA) deve?oped by Alan Manne, 18 A macro-
economic model {MACRO) providing for substitution between capital, labor and
energy inputs, has now been: grafted onto a modified version of ETA. The over-
all scheme is a dynamic, nonlinear optimiza¥ion model designed to evaluate the
feasibility of fuel substitution and technology choices for horizons up to 75
years. ETA-MACRO is specifically designed to analyze interdependences between
the energy sector and the economy as a whole. The implications of energy
§upp]y4ccns;raints on investment and GNP growth can be evaluated in view of
various assumptions regarding. iong~run substitution possibilities between
energy and otner inputs which define supply GNP,

The MACRO Submodel, Whereas the earlier ETA model took GNP growth as

exogenous,:EfA-MACRO generates supply r\P éndogenously from the production
function, The production function is a “"nested" CES, with input pairings for
capital and labor (K, L) and for electric and non-eléectric energy inputs

(E, N). Thus, gross output is defined by the inputs, K,L,E,N, and the para-
meters of the functional form, The conditions imposed on the functionat form
;of the. production function are as follows:1?

a. there are constant returns to scale;

b. there is unitary elasticity of substitution between one pair of
inputs--capital and labor--with the optimal value share of
“capital, o , being given within this pair;

J‘7Such werk is currently being undertaken by Dale Jorgenson for a 35-
sector I~0. model.

185 TA-MACRO 18 documented by Mamne [33], pp. 1-45. An earlier version
of ETA is described by Manne [32],

19gee Manne [33], p. 5.

Q | /,85
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Cc. there is unitary elasticity of substitution bétween the other
-pair of inputs--electric..and non-electric energy--with the optimal
value share of eleccricity, @ , defined within this pair; and

u. there is a constant:gidstf?itylof substitution between these two
pairs of inputs--the: constarit denoted by o .

Key -parameters for the production function ‘are ‘given exogenously as follows:

O = .333 = capital's value share
B =40 = eiectri city's value share
€ = .25 = elasticity of substitutioh between energy and non-

energy inputs
Other values are, of cou-.a, possible and 1gad i~-quite different results.
The above values are based on the author!s jhdgmént andiare not based on

‘econometric estimation. Labor force and productivity growth (at constant

c e e -

-energy prices) aég ¢iven exogenously, and eriergy input values ‘for E and-N are
Provided by the ETA submodel. Capital accumulation is provides by gross
investment'less discards, where lags are introduced between gross investment
activity jand .changes in the useable capital stock.

The model optimizes the pattern of .consumption and investment over
successive time periods. Consumption is defined as the difference between GNP
and the investment and energy inputs. Using a Togarithmic utility function, a
discount. factor is applied to the "utility" of consumption to: reflect time
preferences yf;h‘respect to present versis tuture consumption (thus higher or
lTower -rates -of -saving and investment). Consistency between the -utility dis-
count rate, which is the key saving parameter, and the marginal productivity
of capital defined by the production functichi is achieved cqﬁceptually Dy a

simple formula suggested by Ramsey. A 10 percent discount rate is used.20

ZOSee Manne [33], pp. 27-28, Expeviments with alternative values of
the discount rate (8 and 12 percent) suggest that many energy policy results
may turn out to be invarlant with respect to aggregate. saving rate behavior,
or so at least the model would inlicate.
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The key exogenbus factors driving the MACRO model are the saving-
investment process (the utility discount rate), "the growth of the labor force
-“(and-its productivity at constant energy prices), and the elasticity of sub-
stitution, O , between.energy and non-energy inputs. The latter two factors
dominate the behavior of MACRO., It Shou}d be .noted that the overall model
results are very sensitive *o values chosen‘férxﬁh% production- function para-
meters. The author discusses the implications of alternative vatues of the
elasticity of substitution. In general, higher elasticitiés permit more
flex!bi]ity in the substitution of resources. Therefore, any given energy
supply constraint creates a smaller impact -on GNP growth. The author does not
-discuss the implications of alternative values for elasticities within nested
pairs)(e.g. -between K and L, or betweer E and N). The unitary elasticities
assumed may not be plausible, particularly for sectors such as manufacturing
(some studies riava shown these substitution elasticities to be significantly
less than one for the more capital-intensive industries)., A second factor not

iscussed is the role of technical change in the lohg-run production function,
It is not clear what, if any, -consistency exists between the technology
changes in the .eriergy supply submodel and technical changes implicitly
embedded in the aggregate production function, as specified. However, it
seems reasonable to suppose that major techng]ogica] shifts in the energy
supply sector would have important implications for both technical change in
the aggregate and the sdbstitution elysticities among production factors, both
Qithin and between "nests,"

The ETA Submodel. The ETA model is structured so as to interface two

basic demand categories--"electric" and "non-electric"--with energy supplies.,
A total of sixteen technologies is specified for energy supply. Electric

power is generated from coal, nuclear, -hydroelectric and other advanced tech-
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nologies such as solar pewer. Non-electric power is generated from oil and
gas imports, domestic oil and gas, -0il shale, synthetic fuels and electrolytic
hydrégen cenversion. Basic Sfuel supplies are specified, therefore, in the
form of w2al, oil and gas, uranium, shale, and other. Prices of primary
energy are given, along with own and: “ross-price e]astipitiés of demand., The
GNP p&th_from)MACRQ determines overall energy:.demands, Constraints take the
fom of enerdy conversion factors, .and capacity or expansion irates in the
energy sector. The optimization process app: ximates perfectly competitive
conditions, where prices are equated to marginal costs and fuels are used up
to the point where price to marginal product ratios are equated across
alternative fuels. Thus, given demand; technqldéy and fuel mix choicés are
made which minimize the total cost of satisfying that demand. Given exogencus
assumptions, the ETA model determi..as the time path for alternative supply
modes-~-the expan~ion or decay which satisfies demand requirements. Substitu-
“tions between electricity and ron-electric energy take place in ‘response to
shadow prices determinad through the cptimization process.

The Tebor input is not specified in the ETA process model, but only
shaws up in the macro production function. Labor costs are embedded in
exogenous estimates of current asnnual operating costs for technelogies speci-
fied in ETA. If these costs were decow.osed, factor demands for labor could
be attached to the ETA’s process sectors. However, as these are generally
capital-intensive technologies, the derived labor requirements would probably
not be large. Impliad in the MACRO sector production function is a labor
demand relationship. Using the marginal productivity relution, this labor

demand function could be derived.’* Given trends in average hours worked,

21This would also‘imply adding wage a..d price determination velations
to the model.
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these results could be converted into employment estimates. Unemp}oymeht, or:
deviations from full employment could be evaluated if labor force growth is
specified, It might be interesting to solve ETA-MACRO in. this way, fow
alternative assumptions about s;bply cinstraints and long-run substitution
possibilities,,in ordér to determine what kinds of flexibilities the -economy's

structure needs tu portray in order to keep the labor force fully employed.

A.1.5, The INFORUM Mode]a The work begun by Clopper Almon at the
University of Marylard's Interindustry Economics Research Project has evolved

over time into the current INFORUM model.22 Support for the model's develop-

ment has come mainly from private sector soirces, and the main use of the

\

modi1 has been in making industry forecasts. INFORUM is a 185-sector input-
output model- -designed to produce annual projections ovér a 10 to 15=-year time
‘horizon, In earlier versions, .the model was primarily a "real® mecdel, without
a wage-price+income determination mechanism, and without a financial..sector,
More recent versions include income and price level determination, Lt
financial variables, main]y,interest rates, remain exogenous. Other main
exogenous variables are the labor force, exchange rates, world income or

" activity, and Federal government expenditures.

The model incorporates a considerable amount of detail in the break-
down of government expenditures by functional category. Similarly, extensive
detail is provided for the functional specification of construction industry
investment (structures), and for capital equipment investment. Five func-

tional categories are given for exogenous Federal government expenditures.

Four detatled categoriés 6f state and local governmient expenditures are -given,

2283& Almon, et al [l].
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specified endogenously by functions relating expenditures to variables such as
population, schooﬁ-age populatiun, and real disposaﬁie income per capita.
Cofistruction investmént is specified: for 28 private and public investment
activities, ‘with endogenous relationships determining 22 of these. Energy-
related construction activity is specified for (exogenous). 6i1 and gas
exploration, electric and gas utilities, and pipe]ings. Equipment investment
is modeled fon 90 sectors (combination of the 185). Investment behavior is a
function of ohtput, the cost of capital, and lag adjustments. The "user

cost" of capital includes tax and depreciation rate informétibn as policy

variables.

A principal reason for formally inciuding investment functions in the
mode] S structure is to provide- for a linkage betwaen‘labor product1vi¥&
growtn. and the growth oi the capital stock per worker. il practice, however,
«a number of methods are relied upon to determine projected values of labor
productivity, so the applied -model is somewhat less rigorous than tne

‘theoret1ca1 con:truct. The productivity estimates, together with output
projections determine employment for the 90 1ndustr¥ sectors in a fashion
quite similar to that of the BLS long~-term growth model. In solving the
medel., iterations are made back-and-forth hetween industry outputlexgguctivityn
employment estimates and final demand, with most adjustments being made in
consumption (i.e. the saving rate).

Many of the tochnical adjustments in response to prices in the economy
are introduced into INFORUM via ad hoc methods and judgment. Logistic curve
fitting provides some guidance in the adjustment of input-output coefficients
over time, as a proxy fof price and technology effects, Similarly, in con-
sumer demand patterns, cross-sectional information is used to check or replace

time series estimates of income elasticities, or elasticities are specified
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exogenously according to other information, :As with a number of input-output
models, a main deficiency of INFORUM in the current contuxt is that price :!
effects ire not Consistently modeled, as between intermediate :and’ final demand !
blocks of the model and, in gené}al, the price determination process is
inadequately specified,

INFORUM has been tentatively applied to the study of selected energy-
related problems. For example, Blankenship, g;;gi_[]SS] used the model to
study the embargo and the drawdown of strategic petroleum reserves. This was
done by ‘taking assumed Price elasticities for consumer demand’ categories and
converting energy price changes for crudeioi1 into changes'in consuner
‘demands. Changes 1in outpht and,;mployment were then calculated from tre im-
Plied changes in final demand by the model, This exercise siggests that
INFORUM has not yet been successfully adapted, in formal térms, to the study
of eﬁergy sector .changes upon the general -economy. With a ot of Judgment
Ehe model can, however, be used to calculate effects of near-term quantitative

shocks to “he economy in broad terms.

A.1.6. Other General-Economy Energy-Sector Interactions Models. Other

energy modeling efforts related to the general economy are those of Kennedy
and Neimeyer [28], Hnyilicza [25], the PILOT model,23 and Data Resources Inc.
(DRI). The DRI model, somewhat Tike the WEFA energy model, is based on an
extension of an existing econometric model of the U.S. economy. 24 The DRI
model treats residential, commercial, industrial and transport electricity

demand regionally for 13 regions corresponding to the Petroleum Administration

235ee Dantzig and Parikh [16] and Parikh [35].

24The DRI energy model is proprietary and is undergoing extensive

modification, Hence, documentation on the current version was not avail-
able at the time of this writing. . e
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for Defense Regions and the Census Regions. Electric utility demand for cgai,
petroleum, natural gas, nuclear power and hydroelectric power is also tieated
regicaally along with residential, commercial, industrial natural gas demand,
The Hnyilicza model divides the econémy's output inte two sectors: energy and
non-energy. Output for each sector is then treateu as a function of labor,
capital, energy, non-energy and imports. The PILOT model is an optimization
(Tinear programming) model covering 18 industrial non-energy sectors and five
energy sectors. Tne model seeks to answer questions concerning physical flows
of -energy and has as its objective the maximization of a price weighted sum of

industry outputs. Prices do not “tary within the model.

A.2. Energy Sector Models. This section surveys those models which

deal with all of the various energy séctors (0il, gas, electricity, etc.)‘but
do not treat their interactions with the general economy. For example, income
and non-énergy prices, to the extent they enter these models, are assumed to
bé unaffected by energy prices and quantities. These models have the advan-
tage that they portray individual energy industries in greater detail than the
general-economy energy-sector interactions models., Models reviewed under this
section inciude: (1) Decision Focus Inc. (DFI)-Stanford Research Institute
(SRI)-Gulf Corporation Energy Model, (2) Bechtel Energy Supply Planning Model
(ESPM), (3) Lawrence Berkeley Laboratory Models (LBL), (4) Project Independence
Evaliatich System (PIES) Model, and (5) the Brookhaven National Laboratory's
Brookhaven Energy Supply Optimization Model (BESOM).

A.2.1. The DFI-SRI-Gulf Energy Model. This model is a highly detailed

dynamic regional model of the U.S. energy supply sector, Originally, the
model was developed to enable the Gulf 0%l Corporation to assess the viability .

of synthetic fuels production. Since then, the model has been expanded

33
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considerably and has been widely used by several Federal government agencies,
the Electric Power Research Institute, and various private sector firms,25
Presently, versions of the model are being further developed, independently,
by Decision Focus Inc. and SRI. SRI’is also developing.a world energy modéi:
based on a similar methodology,26

Model Structure and Outputs. The model is designed to evaluate the

viability of alternative energy supply technologies. over a 50-year time
horizon; End-use energy demands are given, and choices betWeeh competing
energy conversicn, distribution and primary resources aFe determined on the
basis of re]ative~price$ which, in turn, are determined by individual deinand
and supply schedules,. ‘fhe outputs of the modd% in.lude the time path of
prices and quantitigs of various energy futms. Also-produced are the capa&ity

additions in various activities needed 't sunply intermediate and final energy

demand plus transportation and distribution f=cilities.

The model incorporates 17 end-use demand categories, for each of niﬁe
U.S. census regions, and'currently‘éontains about 2,700 separate processes (or
activities) within its structure. Each activity has a price-cost relationship
in which price is determined by fixed and variable cost items. Input~output
relationships among activities determine derived demand requirements. Output
requirements relative to existing capacity along with discounted profit
streams determine capacity additions over time. Profits are given by price-
cost relationships. Capital costs: are influenced by exogenously provided tax
rates, Costs of secondary materials required in main processes are determined

endogenously through simple lag relationships between capacity utilization,

2op0r example, see the report of Synfuels Irteragency Task Force [40].

26cazalet [56].
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price and capacity additions in the secondary inputs sector.. Prices of
secondary inputs then enter the computation of capital costs for the main

activities, Important lags are introduced into the supply dyhamics through

relationships which specify capacity additions and retirements, and through
lags in the price-outpu adjustment process.

The main exogenous variables and parameters entering into: the model

include the following:

gy

. Technical input-output relationships, and thermal efficiency
conversion relationships '
. Cost estimates for new technologies
. Growch 1n end-use demand, by region, as related to regional GNP
growth, and pepulation growth
. The aggregate inflation rate in the economy -
. Required economic rents in primary production activities
. Discount or interest rates
. Growth in potential reserves of basic resources
. Imports of crude oil or other energy forms

Regulatory or other constrairts.on the adjustment of prices
or costs

. Assumed lag relationships
+ End-use demand elasticities

N N AR o Y ey T e B A T e b

The model solves iteratively until a set of output levels and‘brices is
determined for all activities which satisfies the final demand requirements.
In addition to determining an efficient supply allocation, the model output

indicates how much capacity expansion is required over-t¢imé in varinus acti-

O

vities. However, direct labor inputs are not presently included in tie input

framework, although the model structure would permit this if labor-cutput

estimates for various activities were specified (as, for example, in the

>y ¢

Bechtel energy supply planning medel). e

N

Eva]uatjon of the Model. The SRI-Guif model attempts. to tie together

-

the advantages of a detailed structure of the energy supply sector, using

[

engineering data on costs and technology, with the advantages of a supply-

demand model which determines market-clearing prices for various activities.

S :
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The model's great detail permits easy modification to represent the introduc-
tion of new technologies, 1limitations on basic resource supply (foreign or
domestic), and the operation of government regulations.

The principal limitation of the model lies in the reliability of
estimates of various parameters (such as in lag relationships) and in the
specification of functions which determine prices and capacity expansion.
Limitations in the price determination process are particularly important,
since prices (and lag effects) determine market shares or activity levels,
which determine output requirements, capacity additions, etc. - Capacity
additions, in turn, are related to capital costs and total costs over time.
Other aspects of the price-cost determination process also present diffi-
culties. Economic rents, discount rates and interest rates are assumed, as
is an economy-wide inflation rate. The latter is used to "move" a number of
costs and prices in the model over time, but linkages between the economy-
wide inflation and interest rates or rental values are not addressed. In
addition, although enginsering information may permit estim&tion of regionai
differences in costs of various activities (as in extraction or power conver-
sion), it is rot clear that thé mcdel specifies similar differences for price
or cost formation. Thus, the effective amount ofiﬁnfonnation with respect to
price formation processes may fall considerably short of the detail in the
model permitted by engineering data.

Because the dynamicsdof price-cost and capacity change are determined
by simple lags and rate-of-growth assumptions, rather than by estimation of
actual cost functions from data, the optimizing allocation of supply activity
via prices appears less appealing as a practical result than one might expect,
A useful test for this model would be to compare acttal and predicted alloca-

tions and capacity additions over time.
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A.2.2. The Bechtel Energy Supply Planning Model (ESPM). The ESPM was

developed by the Bechte1~Corporatiqp for the National Science Foundation and
the Energy Research and Deve]opmen; Administration. The model was designed
to estimate regional requirements for capital, manpower, materials and equip-
ment, The main intended use was feasibility analysis of various national
energy scenarios in the 1975-1995 time frame. These scenarins included the
depiction of annual incremental requirements for various inputé needed to |
supply the overall energy demandéd by the economy.

The ESPM model simulates a detailed energy supply system-including 91
types of energy extraction, Processing and transportation facilities., It
determines requirements for 75 categories of capital, manpower, materials and
equipment for.each of 14 regions. The model is basically an accounting tool
and is not constrained in any way by “he availability of the input require-
ments derived from the exogenously given fuel mix associated with end-use
demands. Facility requirements are modq]ed for the supply of energy in
various forms from coal, natural gas, crude 0il, 0il shale, nuclear, hydro-
power, geothermal, solar and solid waste sources. Numerous conversion
facilities are modeled which describe the conversion of basic energy sources
into final fuel and power forms at end-use, e.g. gasoline, e]ect%icity, heat,
etc. The model contains a total of 251 detailed energy flows--by type and by
region--and 66 types of facilities in the energy sector, and 25 types of
transportation facilities. Outputs of the model are "direct" requirements
only, derived from engineering data which specify the input-output relation-
ships in physical or cost terms for each activity. Gestation periods associ-
ated with planning and construction of4facilit{es ére also specified in the

model. These data were derived from actual experience of various divisions

of the Bechtel Corporation involved in the design and construction of many of

38
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the facilities, and from other industry contacts and technical literature.
Much of the data w§i>deve1bped jointly with the Stanford Research Institute,2’
The ESPM model includes considerable detail with respect to ﬁifect ﬁanpower
requirements associated with the building of energy: extraction and conversion.
facilities. The attached table indicates the detail contained in the model.
The "Reference Case" referred to in the tables is the FEA's base projection
presented in the "1976 National Energy Outlook,” Appendix F. Fuel demands
and location coefficients for energy supply facilities were generated by the
FEA-PIES model, and were made definitionally compatible with :he ESPM
mode1,28 The detal]ed occupational manpower demands generated by the ESPM
mode1 demonstrate one of the key advantages of process~-type models, ramely,
that if the requisite data are available and the input-output relationships
are plausible, direct manpower requirements associated with expanding the U.S.
domestic energy sector can be derived explicitly by the model. Since ‘the
model estimates refer to labor requirements, they do not indicate anything
about how labor markets balance supply and demand. Consideration of supply
conditions could, in reality, impose constraints on construction of facilities.,
Experience has shown that most manpower projections suggest impending short-
ages of particular types of personnel, but in reality such shortages have not
materialized as initially projected because of various labor market adjust-
ments.29 On the other hand, one reason that labor shortages have not
materialized thus far is that the overall economy is operating well below

full employment. A company survey of ‘manpower supply-demand matchups suggests

27Car;asso and Gallagher [54], p. 5.

28Gallagher and Zimmerman [175], pp. 2-5 to 2-8.

29Gallagher and Zimmerman [175], p. 8-5,
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CATEGURY

{CHEMICAL ENGINEERS
CIVIL ENGINEERS
ELECTRICAL-ENGINEERS
MECHANICAL ENGINEERS
#INING ENGINEERS
NUCLEAR ENGINEENS
-GEOLOGICAL ENGINEERS
PETROLEUM ENGINEEKS
UTHER ENGINLEIS

© TOTAL ENGINEERS

YOTAL OTHER TECHNICAL
TOTAL TECHNICAL

PIPEFITTERS
PIPEF I TTEW/wELDERS
ELECTNICILNS
-HUII.ERMARERS
140 L ENMAKER/WELUERS
IRON WORKERS
CARPENTERS
LUUIPHENT OPERATORS
-OTHER OPERATORS
HETER READENS
UNDERWROUND HINERS
WELDEWSy UNCLASSIF IED
TEAMSTERS & LABORERS

"OTHER MANUAL
TOTAL MANUAL

TOTAL OESIGNERS & DRAFTSMEN
TJOTAL SUPERYVISORS & MANAVERS

TOTAL NON“TECH (NON<MANUAL)

GROWTH IN MANPOWER REQUIREMENTS FOR THE
OPERATION AND MAINTENANCE OF ENERGY-RELATED FACILITIES
» OR THE REFERENCE CASE (@)

{man-yearciysar) " - ..

cevncocancancactNNUAL REQUINREMENTSevnccccacnnnns

® INCLUDES REQUIREMENTS FOR ENERGY SUPPLY AND IRANSPORTATION FACILITIES

=~ A-5, Manpower Requirements Table for Bechtel ESPM

| |

1975 _ 1976=-85 AVG PEAK (YEAR)
(CALC*O)
2059, 2324, 2796, (1985}
3a3l, 46ls, 5050, (198S)
6007, 7448, -8972: (1985)
5156, 6043, 7038, (1985)
645, 78R, 963, (1985)
33, @R, 177, -11985)-
703. 709, 742, (1985)
20317, 1966, 2056, (1974)
7612, 8700,- 10125, (1985)
28091, 32490, 37805, (1985)-
7346, 8072. 9002, (1985
82661, 96237, 108222, (1985)
23370, 27465, 32688, (1985)
161245, 162272, 187513, (198S)
236453, 28498, 364812, (1985)
12935, 15214, 17726, (1985}
15150, 16506, 18151, (1985)
29718, 35155, 61634, (1985)
690, 834, 1072, (1985)
2918, 3930, 4964, (1985)
219, 279, 348, (1985)
1706, 2261, 2913, (1988}
18535, 25320, 32547, (1988)
44088, 52649, 64293, (1985)
14598, 20174, 26310, (1985)
50348, 57775, 67604, (1985)
1347, 1753, 2349, (194S)
195186, 225688, 260999, 11985)
232001, 261532, 296156, (1985)
619470, 718209, 836917, (198S)
: 165
Uy

AVERAGE GROWTH RATES. ($/YEAR)

1975-80 1980-085 1975-85
0.7 S.4 3.1
2.2 3,4 2,8
3ol b8 ~ “hel
2.6 3,9 3.2
2.7 5.5 b,
18,6 18,1 18,3

00k 155 0.5
1,0 0,1 0,5
146 6,2 2.9
2.0 4,0 3.4
102 209 2.1
1.9 3,7 2.8
203 4,5 3.3
1.9 3, 2.9
2.7 S.6 6.0
2.6 3,8 3.2
1.0 2,8 18
2,6 h,h 3,6
1e6 7.5 65
409 6,0 5.5.
3.7 S.7 &7
4,0 7.0 5.8
Se0 6,9 5.8
2.2 5.8 3.8
S.1 7,0 Gol
16 b4 3,0
3.2 8,3 Se?
2.1 - 3,8 T 248
1.6 3.6 2,5
20l 601 ?0‘
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that much more information is needed with respect to regional supply poten-
tialities by occupational category, as well as information on the drain of

skilled U.S. personnel to foreign jobs.30

A.2.3, Lawrence Berkeley Laboratqny Models. The modeling work at the

Lawrence Berkeley Laboratory (LBL) is best described as developmental. This
work has been a series of projects employing one general approach, rather

than one model applied in several applications. The approach is to apply
static Tinear or quadratic programming, input-output techniques to the study
of energy use and the impact of shortages of basic energy inputs on ‘industrial
outpht’and employment. One objective of the modeling work has beén to explore
the éﬁtent‘to which input-output and linear programming can be used tc analyze
energy problems. This research has been supported by EPRI, £RDA and the FEA,
LBL work has emphasfzéd tracing the feedback effects on Outpuf‘gﬁd employment
of constraints imposed on energy inputs. In some applications, detailed
specification of processes in energy conversion and in iron and steel produc-

tion are modeled within the 1inear programming construct. The prices which

-determine such substitutions are those inherent in the LP model--the shadow

price allocation mechanism. No other price substitutions are modeled within
the I1-0 tableau, and the implied adjustment system of the LP-10 model is one
of "full equilibrium" adjustment, as if all markets were perfectly competi-
tive. The static model is applied to scenarios which consider the effects of
shortages for specific future time points, such as 1980 or 1985. While the
modeling effort attempts to consider substitution in fuel use, the instanta-

neous nature of LP price allocations is not of great predictive interest,

30ga11agher and Zimmerman [175], pp. 8-5 to 8-9,
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since fixed coefficients are assumed everywhere else in the model. Also, no
price effects are moceled in the configuration of final, demands. .

A matrix of coefficients for labor-output requirements, including 40

BLS occupational categories, is appended to the I-0 model. However, for pro-

jection purposes, the 1972 coefficients are assumed to hold. Consequently,
the role of capital formation oveé time and substitution possibilities is not
considerad. On the whole; much less attention was paid to developing plaus-
ible adjustments of coefficients, or plausible values for constraints on
industry capacity or labor input,Athan was given to developing an LP model For
the energy subsectors of the economy. It is not entirely clear why the
modelers chose to apd@nd the I-0 model to LP-process models for key energy-
producing and consuming sectors.

One of the more recent LBL exercises is discussed briefly below. This
study involves the use of a 97-sector input-output tableau. designed for the
study of energy and fuel-mix supply effects on the U.S. economy.3! For elec-
tric power generation and the iron and steel industry, further detail was
added to the sectoral specificazign, as the major focus of the study is upon
electricity production and industrial consumption. The irch and steel in-
dustry is a major industrial consumer of electricity. Generating technologies
are explicitly modeled using coal, gas; oil, and combinations thereof, and
hydroelectric and nuclear electricity generation are explicitly represented.

A detailed analysis was made of the difference between peak load electric
power generation and total .annual electricity demand requirements, with the
pedduction boundary constraint defined in ierms of peak load,

The model was used to simulate impacts of energy shortages, as in

31Glassey:and Benenson [62] and. [63].
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crude oil imports or power generating capacity, which are introduced as para-
metric constraints in the linear programming solution. Constraints are
introduced which cover upper 1imits for domestic industrial output, total
labor supply, and peak electric power generation. Lower bounds are set on
GNP, which the program attempts to maximize. Balance constraints equating
energy -demand with domestic production plus imports are applied to the six
main energy sectors detailed in the model. Point estimate projections are
made for 1975, 1980 and 1985, Final demand vectors and 1972 I-0 coefficients
were obtained from BLS. Labor-output ratios and occupational data by industry
category were also obtained from BLS and apply to 1972. Main outputs of the
model are GNP and gross output by sector, employment (total and~by occupa-
tional category), fuel substitutions in electric utilities and the iron and
steel] industry, energy outputs in various forms, and shadow prices for energy
and steel. These show how prices vary as the energy supply constraint is
successively applied in the solution of the model.

The static nature of the model makes it useful for tracing impact
effects which mighi have been plausible around 1972, For projections for 1980
or 1985, the model is less useful. For example, BLS final demand projections
for those years are used to describe :the allocation of final demand, but those
allocations reflect BLS aggregate price assumptions and BLS methods for estab-
lishing the bridge between final demand and industrial output sectors.
Clearly, even the hypothetical price adjustments implied by the shadow prices
in the LP program would imply considerably different configurations for final
demand prices, and final demand itself. In short, one of the limitations of
this construct is that price behavior is not modeled, This. js true also for
the substitutiohs in energy production and use implied by LP shadow price

allocations. The LP model treats all energy forms as joint products, and
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quantities demanded are independent of price'prior to the operation of the
boundary constraints imposed upon the solution. In the general behavior of
the model, increasing the scarcity of a fuel leads first to its decline to
the Tower bound established by the consumption-production balance constraint.
Its .use: then increases up to the boundary imposed by the import constraint.
Then, fuel substitution in the electric utilities and iron and steel sectors
takes place up to the point where use of the scarce fuel is reduced to zero
or the substitute fuel is used up to production capacity. The nature of the
LP solution is thus to alter a shadow price for a scarce factor only after a
boundary condition is reached, after which the demand for the next most scarce
resource is successively raised until it, too, encounters a boundary con-
straint, its price risés, and so forth. The final equilibrium maximizes
cutput and selects the ‘east cost combinations of ehergy supplies that will
do so,-given initial constraints. One attribute of the LP output combined
with the I-0 framework is that, with fixed labor output ratios {and upper
bounds for 1labor supply by sector and occupation), Tabor requirvements derived
in a simulation reflect only the output patterns. The course of capital
formation and producﬁivity growth, by sector, and corresponding relative price
changes imply that the static model is highly inadequate as a tool for por-
traying projected labor requirements.

Lawrence Berkeley Laboratory (LBL) developed a very preliminary
regional-occupational manpower model for ERDA as a tool for analyzing manpower
constraints on energy industry plant construction and operation. §The objective
was té see if trained manpower in all required operations will be available in
adequate numbers to construct and operate the energy plants implied by con-

sumption forecasts associated with the economy's growth,32 Because energy

—

323engnson, et al, [47], p. 2.
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impacts on industrial and labor markets have important regional characteris-
tics, the modelers somehow thought it appropriate Fo specify a great deal of
static, sectoral and regional accounting detail in preference to a more
aggregate but more behaviorally-oriented modeling approach. Ip-this effort,
the model treated two regional sectors (Rocky Mountain states and the rest of
the United States), 79 I-0 industrial sectors, and 40 occupational categories
applying to labor demand and supply. The I-0 model utilizes the Harvard
Multi-Regional I-0 Model (MRI0).33 Thé two regions treated are aggregated
from I-0 tables for 51 states. The 1963 I-0 coefficients were adjusted to
1972 for relative price changes.3% Final demands are estimated according to
1972 constant dollars, for each state, althousch production sector technology

is assumed to be the same in each state as in the national economy. The

to follow national patterns. Given the same I-0 definitions in all states and
regions, differences between state patterns of final demana and gross outputs
also define the trade flows as the difference between consumption and produc-
tion. The labor-output coefficients were developed from the BLS 1970
industry-occupation matrix, updated to 1972, These coefficients are assumed
applicable to conditions in 1980, a typical forecast year. Five energy
sectors are explicitly considered in the model, with all outputs expressed in

terms of BTU's. These sectors are coal, crude petroleum and natural gas,

refined petroleum, electric utilities and gas utilities.
In order to impose a linear programming allocation process on indus-

trial choice, and indirectly the demand for various types of labor, con-

33polenske [148].

34Benenson, et al, [47], pp. 15-16 aid p. 73.
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preted as market ?rﬁces. Thus, as with many static I-0 models, there is no
acceptable price allocation mec@anism working on the adjustment of final
demand patterns, industry trade margins, or technical relationships within the
industrial sector. This lack of a pricing mechanism is precisely the reason
that the constraint of equality between energy production and consumption
cannot be imposed within. the model while other constraints are operating--
there is no concept of scarcity ‘incorporated in‘the model. Similarly, there
is no state level or regional model which .describes. how labor markets would

function by occupation, or how capiié?—would‘be allocated, which would be of

great importance in defining actual regional laber demand.

A.2.4. Project Independence Evaluation System (PIES) Model. The PIES

system s a comprehensive energy sector model developed by the Federal Energy
Administration. PIES is designed to evaluate mid-~ to Tong-term equilibrium
conditions in the U.S. energy economy. It is perhaps the most extensive

energy model in terms of scope and complexity. The system has been tused ex-
tensively in analyzing national energy scenarios, such as those presented in

the National Energy Outlook. The model seeks to answer questions concerning

the level of U.S. 0il imports under various world oil price assumptions: and
assﬁmptions about the supply responsiveness d?‘the U.S. energy sector. The
integrating model (PIESIM), numerous supply submodels, and the Regional
Demand Foreéasting Model (RDFOR) compare the PIES and are described in general

terms in a 15-volupe FEA series, Project Independence Evaluation System (PIES)
6

Documentat10n.3

The core of PIES is the integrating model (PIESIM) which is a detailed

e

36’1’1\0 most useful general description of the system is found in FEA
[59]. The demand model is outlined in FEA [58]. A very good overview of the
original modeling effort ie given by Hausman [180].
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regional description of the U.,S. energy economy, wherein production, conver-
sion, transportation, distribution and consumption are interrelated. Although

PIESIM ties &gmand and supply together, most of’§§3~structure of the overall

PIES model is concerned with energy supply and distribution. Figure A-6 shows

the overall structure of the model in much simplified detail. PIESIM brings
together the following main components of the domestic energy economy:
1. Fuels demands from the Regional Demand Forecasting Model.

2. 0i1 and natural gas drilling activity, primary supply, and
preduction from the oil and gas supply models.

3. Coal mine and coal supply from the coal model., °*

4, Imports of oil and gas, given exogenously, or derived from the
International Energy Evaluation System (IEES).,

5. Energy supply from nuclear, synthetic, solar, and geothermal
technologies, given exogenously.

6. Power conversion in refinery and electric utility activities.

7. Transportation and distribution facilities.

The detailed energy flows modeled with PIESIM are illustrated in Figure A-7,
This detail is expanded again by the regional specification of these .activities.
PIESIm also reconciles differences in regicnal definitions appropriate to
demand. and- to supply activities in various energy forms.

PIESIM is a static, 1inear programming model which produces optimum
energy supply and equilibrium price configurations for the complex energy
sector for 1980, 1985 and 1990. The linear program.-chodses minimus cost fuel
combinations which satisfy demands, and chooses optfmum locations for produ-
cing basic fuel supplies, and for refining, generating and transporting
activities. As an optimization model, it operates according to prices,
assumptions about the fesource base, technical (input-output relationships)

and cost data pertinent to numerous supply activities. It also operates
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within the boundaries provided by various capacity and policy constraints and
policy-derived market conditions such as price regulations (as for "old" oil,
natural gas, oil entit]gments, etc.). Tax measures which affect conservation
are the main exogenous factors which interfere with a perfectly competitive
approximation to market equilibrium implied by the linear programming solu- -
tion,

In implementing a PIES simd]ation, exogenous values are given for
import prices and avai]aﬁi]ities, for conservation, for primary energy supply
conditions, for technical and price-tax-cost constraints, and for macro-
economic varfables. The macroeconomic variables are produced independently
from one of several widely-used models.37 The main variables here are for
GNP, unemployment, population and income (or an activity measure such as value-
added or industrial production appropriate to the demand sector in question),
These are taken as equilibrium values for 1980, 1985 and 1990, These macro
variables are used to drive the demand model. Demand is specified according
to four main categories--residential, commercial, transport and industrial
consumption.38 The main features of the demand model are its regionality, its
allowance for dynamic adjustments which represent economic costs aqd inertia
associated with converting existing capital stocks in response to sudden
energy price changes.

The manner in which fuel demands are specified and integrated into the

PIES framework has important implications for the consistency and validity of

37bRI long~range forecasts have been typically used for this purpose,

for example,

38Demands in the transportation sector, for auto and truck gasoline
and diesel use, rail diesel use and commercial jet fuel use, are obtained by
a separate methodology emphasizing end-use, as interfuel substitution is not
a main {ssue. The auto gasoline demand model 1s described in Sweeney [118].
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resuiting projections. As noted above, there are four main categories of
demand. Within each of these, total demand is met by one or inore substitute
fuels such as electricity, natural gas, distillate and residual fuel 011;
kerosene, etc. The modeling problem is sizeable, as' total demand, component
fuel demands and regional characteristics in each of the four sectors must be
accounted for. In order to 1imit the simultaneous demand estimation problem
to something more m&nageab]e than the 63 equations implied by seven fuels in
nine regions, a three-step procedure was devised to simplify the analysis.
First, for each of the four major demands, an index of total energy demand is
specified .as a function of an activity variable (income, value-added, etc.),
and the absolute level of a deflated (constant price) fuel price index, also
éxogenous. Second, estimates of intermediate fuel demands for electricity or
petroleum refining are determined “(within the PIESIM model). These estimated
demands are then sgbtracfed from the total energy demand in each category.
The third step is to divide the net total demand for fossil fuels among com-
peting fuels in each of the nine regions of the country. Regional quantity
and pric~ values are constrained to add to national totals in each demand
category by specification of total quantity and price indexes as log~linear,
value-weighted averages of regional prices or‘quantities. The regional value
shares (weights) remain fixed over the entire projection period, a very
stringent condition. 39 The regional fuel mix within each demand category is
arrived at by using a simple share function, where the ratio of each specific

fuel to the total energy-index (in each region) is determined by the price of

391¢e may be noted that total energy demands, by region, are calculated
by varying the intercept value in regional equations, which are constrained
on all other coefficients to national aggregate values (derived from pooled
estimation methods). Thus, the adjustment response to prices and incomes is
assumed to be homogeneous across all regibns, a highly restrictive assumption.,
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each specific, competing fuel relative to the total energy price index (in

~ each region), and the lagged value of the dependent variable,

Since demand estimates and elasticity ca]éu]apions entering into the
PIESIM integrating model are critical to the equilibrium price and allocation
choices made within the system, several results and limitations associated
with this set of procedures are worth noting. First, the exogenous aggregate
fuel price index developed for each demand category for 1980, 1985 and 1990
is determined by adding an assumed markup to prices of primary energy'
supplies, and weighting the fuel prices together by 1972 value weights for

all years in the projection period. Consistency between these assumed equil-

ibrium prices and the equilibrium prices generated within PIESIM is not

guaranteed by the model. Nor is it clear what, if any, consistency exists
between these exogenous prices and macroeconomic projections of income or
activity, also exogenous to the demand model. Second, exogenous income and
activity levels are apportioned to regions according to the 1974'regfona1

income share estimates developed by the Commerce Department (Survey of Current

Business, April 1974).40 Hence, regional income share adjustments which could

be expected to accompany regional energy price changes generated within PIESIM
are not permitted. Third, the activity variables enter only the overall
demand eguat{bns for the four main demands, and do not enter directly into the
demand equations which determine detailed fuel mix demands for the fossil
fuels where fuel shares .are re]ated to the own-price relative to the total
energy pricé in each demand category. Thus, regional fossil fuel demands do
not vary directly in response to regional differences in income levels. In

addition, with only an own-price variable to determine fuel choices, cross-

“40pga [591, p. 20.
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price elasticities of demand-with respect to all other fuels become identi-

demand's total in each region are constrained to be equal, much of the
robustness of the regionality of the specification would appear to be lost.
Fourth, the fixed weights or shares determined fdr regional incomes, demands
and prices is a very restrictive assumption, particularly if regional demands,
prices, and incomes vary substantially in the projection years from values
implied by shares applicable to the early 1970's. Most of these reservations
regarding the PIES dem&nd model are known to FEA analysts. However, the
operational implications of these factors 'do not appear to have been empiri=
cally evaluated, and documentation regarding the way in which the model was
handled to compensate for implausible results related to these deficiencies
is not available.%?

The demand model provides PIESIM with a set of initial quantities,
prices and demand elasticities. In a-solution iteration to derive equili-
brium conditiqns in the energy sector, PIESIM starts with estimated
quantities demanded. These are interfaced with energy supply schedules to
determine a marginal supply price (point estimate). Variéus market condi-
tions, such as price regulations, are permitted to override the initial
marginal prices, to give a set of supply prices. Addingtin various markups
for interim activities generates an estimated set of retail prices. Given

the demand elasticities, a.new set of quantities demanded are determined.

‘natural gas falls--a counterintuitive result. It is not knowa how later

“lyausman [180], p. 538.

42Kausman [180] found, for example, that cross-price elasticities of
demand between coal, natural gas -and fuel oils had incorrect signs. Hence,
fuels appeared to be complements when it is most prokable that they are
substitutes. The result was that with higher oil prices the demand for

versions of the model were corrected.
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Initial and final prices are compared and, if not equal, PIESIM iterates
successively until all constraints are satisfied and a set of equitibrium
prices is ;omputed which balance supply and demand in all sectors and regions.
As noted above, the equilibrium prices determined within PIESIM will not
necessarily agree with original point estimate prices entering the demand
model. Consistency here is achieved by ex post ‘evaluation.

The main computer output of the PIES model is "Wonder Cookie."3 The
main tables in this output provide the following information:

1. Sumaries. of national levels of production, consumption, and
imports by fuel and sector:; .

. Regional details of 0il and gas production and distribution, and
the allocation of natural gas shortages under price regulation;

3. Regional details of coal production and distribution;
4. Sectoral/regional energy consumption by fuel;
5. Regicnal refinery fuel consumption;

6. Regional electric utility fuel consumption and generating
characteristics; .

7. Regional prices, including retail fuel prices in final demand
sectors, and wholesale prices in demand regions, utility regions,
refinery regions, and oil ‘and gas supply regions,

In its pregent formulation, the PIES system does not generate any in-
\fbrmation on employment requirements within the energy sector, Moreover, as
there are no feedbacks (except ex post assessments) from the energy econony
to the macro-ecenomy, aggregate growth, employment and policy remain indepen-
dent of the energy sector. Current macro models are not well~suited to
meaningful integration with the PIES system, because of aggregation and

emphasis on income determination rather than on prices and quantities in

individual markets stressed in PIES. The PIES model does not appear to be a

4

3rEA [59], p. 60.
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usefu}xconstruct for consiqering employment questions re]ateg to behavior in
the energy sector. It is primarily useful as a tool for deterﬁining domestic
energy demand, short-run supply and, thus, oil import requirements.

The current status of development of the PIES system is also unknown,
as FEA has been absorbed into the new Department of Energy. Changes in the
PIES system to rectify some of the deficiencies noted are not known, Avail-
able documentation indicates that consideration of some of these problems was
underway, particularly in the supply side 6f the system, but it is not known

how, if at all, formal modifications to the system were made,

A.2.5. The Brookhaven Enérgy Supply Optimization Model (BESOM). The

Brookhaven, National Laboratory (BNL) modeling effort, under the direction of
Kenneth Hoffman and William Marcuse, has been directed at constructing a
system for integrating various independent models in order to jointly evaluate
economic, technological and environmental factors of importance in the opera-
tion of the U.S. energy economy. This work has been sponsored by ERDA, whose
principal mandate has been to assess medium~ to long-term effects of alterna-
tive government policies in the areas of research and development, energy
supply and conversion technology development, and measures affecting energy
conservation. vaen this emphasis on supply and technology, BNL developed
the BESOM, which is a linear programming energy supply model. However, since
the main emphasis of BNL work concerns the system of linked models, this
systém will be briefly outlined, and the BESOM model will be discussed in its

component role within that system.%

4I'The BNL system, including BESOM in various forms, is described in
general terms by Behling and others [48], [49], and [50]. Numerous BNL
reports to ERDA describe applications of the system to policy issues ‘such
as nuclear moratorium legislation [152], and economy impacts of greater use
of electricity in couparison with imported oil [197].
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-<The BESOM system is mostly -utilized for medium-tgnm projections to
1985, although some runs have been made for the year 2000. In order to

interface demand and supply, and also take into account important environ-

‘mental and technological factors operating at the disaggregatéd level within

the energy sector, a bridge was constructed«Between the DRI-Hudson~-Jorgenson
model and the BESOM Tinear programming model. Although the long-term macro
growth modeT provides a time dimension to the system, the solution of main

"components is static. Thus, price adjustment reflects equilibrium resource

allocation, rather than dynamic price-costyadjustment, '
In the BNL systém, the H-J model 1s used to provide the overall

configuration of energy demands and provide the entry boint for tax policy

variables affecting the cost of capital and demand conservation. Thesé

aggregate energy demands are then disaggregated into functional demand re-
quirements according to end-use (transportation, space heating, air

conditioning, water heating, etc.). This is done in BTU terms for 20 detailed

- sectors of the 110-sector input-output model. These sectors dovetail pre-

cisely with the BESOM linear programming model‘s sectprai specification. The
coefficients for these 20 detailed sectors are not predetermined, but rather
are determined by the BESOM solution. The remaining I1-0 sectors coefficients
are taken as an average of the results obtained by BLS and by Almon, and BNL
judgment (see Tessmer and Sanborn [81]). Final demand, both for functional
energy configurations and for non-energy demands, also rely heavily on BLS
and Almon work and on .BNL. judgments about the composition of detailed energy
demands that are con51stent with the results of the Hudsor-Jorgenson model.

The I-0 functional energy demands became an’inout to the BESOM optimization

model. As an energy sector linear programming specification, BESOM' contains

detailed specification of technical-engineering and cost characteristics which

116




INTERFACE

- Fimma A-8, Integration of DRI and BNL Models

ERIC

Aruitoxt provided by Eic:

119

A=

INITIAL AND - INTERPACY BNL 110-ORDER BETWEEN ~THE INITIAL AND
EXOGENOUS INPUTS LINEAR BETWEEN THE DAI AMD BNL DRI MODEL EXOGENOUS INPUTS
TO BKL MODEL PROGRAM LP AND 10 M. LS 10 MODEL MODELS, " 70 DRI MODEL
- R-5ECTO
—t £ I PRICE RATIOS
A
— e —_—— e — — ——— | § 1o PHYSICAL
f— . UNIT CONVERSION
—_— Il A racrors
DEMAND ] Le TOTAL, - | ]
TRANSLOG PRICE
DEMAND  DEMANDS | / ! POSSIBELITYsPRON
CONSTRAINTS [z T2ER coerricIE
(4) i QUANTITY OF
- I0s soLvE l{ 1veorts 1nt0 TE
’ ror rorar |} Y AGGREGATE ( ENERGY SECTORS *
\ Py, P -
DEMAND x P
70 coerricaEnTs| | | | ALzocarzows e | ¥ Y TS OF ALL
AND PINAL | ACTIVITY A, (3) ) Y J oy ]
DEMANDS nax ) o acho: [ ExporT FInAL
| | N ’ COMPUTE 4] pEMANDS’
v
0 M
I C ] \ i ¥ D AGGREGATE )| coverent PR~
H g R PINAL DEMANDS, | CHASES OF OUTPUT
— e e e — o ——— -} |# NONENERGY IMPORTS |} | OF EACH COMPANY
7 vI CAPITAL AND
= PRODUCTIVITY &
P .
BNI, MODEL [ R LASOR PRICES [N o TATION TREN
. ¥ (s)
. > — §{ vxTIAL capzTaL
. e STOCK, DEPRECIA~
< N TION RATE(S) SEC-
Bl TORAL DIVISION OF
INVESTHENT
~1’-:-»( RATES I
0 SUBSCRIPTS1 NOTATEON:
L]
I0 :  INPUT - OUTPUT S &+ ENERGY SUPPLIBS (BNL MODEL) £ t+ LP objective function cost coefficients
LP :  LINEAR PROGRAM(MING) P : ENERGY PRODUCTS (BNL MODEL) Rt price vector in DRY modsl
BNL :  BROOKHAVEN NATIONAL LABORATORY I : INDUSTRIAL SECTORS (NON-ZNERGY) w : shadow prices in Lp
DRI DATA RESOURCES, INC. E 1 ENERGY SECTORS (DRI MODEL) I0 coefficients and final demands:

(underlined variables are vector quantities)

A A -
II 1B y PRI - 1

Apr e g

,AIII.

- My 0%y Y
e A1

Mgy Asp O, B




REFERENCE ENERGY SYSTEM, YEAR

RANSPORY TRAL STA TRANSW ) Ut Al
wonc | oomeron | S0PSS | W | wRad | B d BECONTAALED COWERSON DGR 0 T
LA f . 30Ch T &
USIoN * — o ALAL ACTMITY. #C ST e SITOS L COvmAC,

' e ¢ DUERSY ALOCS
L] Lures ~ _
- / . Con T - L. RATR

FISSION e —TY T ] T
RENEWARR.E ) i — T e
-~ - Stonat "
HYOROPOWER o e s . | ‘ —
GEQOTHERMAL -0 - - . / N e IR

WOOD WASTES,
BoMASS
FOSUL FUELS
COAL

COAL 01580 TARCY

TOTAL AESCURCE
CONSUMPTION

Figure A-9, BESOM: Diagrammatic Representation

118 119




114
describe numerous activities in primary energy supply, conversion and distri-
bution within tke energy sector (much the same as the detail specified within
the integrating model of the PIES system). BESOM also gets as inputs, supply
and/or supply price schedules for primary energy inputs (coal, gas, 0il),
usually supplied by ERDA analysts. Given an upper bound for oil imports, the
model endogenously calculates oil1 imports as a residual, given total energy
demand, and domestic supplies. Consiréints are set for environmental factors,
capacity, peaking and load factors in electricity production, resource deple-
tion, and demand balancing requirements. BESOM solves for a least-cost mix
of energy supplies and conversion activity levels provided that supply and
demand are in balance given the constraints. Iterative solutions to attain
convergence involves the adjustment of the detailed functional demands within
the I-0 vectort If these cannot be made to converge, total demends are
adjusted at the level of the Hudson-Jorgenson model's detail, and a new price
configuratipn is determined at that level. Through successive iteration be~-
tween these models, an attempt is made to achievc quilibrium in quantities
suppli~d and demanded, and in prices. '011 imports derived in BESOM are also
checked against the: net exports determined in the Hudson-Jorgenson model.

As noted in the review, a major weakness in the BLS and INFORUM models
has to do with the lack of a properly specified price determination mechanism.
The data and assumptions underlying the construction of real quantity "bridge
tables", or sectoral labor productivities or capital flows, involves a large
number of arbitrary factors and introduces incunsistency in the pricing
behavior between demand and production. Thus, much of the price consistency
achieved in the Hudson-dorgenson model may be lost ift the transition to 110~
sector level of detail. Moreover, the I-0 model Qeakens the consistency that

should exist between the BESOM linear programs shadow prices and the prices
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determined by the interindustry macro model. The iterative solution of the
system achieves consistency in prices in some unknown way determined by the
quality of the I-0 disaggregation process.

Attached to the 110-sector I-0 model is labor productivity matrix and
a capital flows matrix, enabling estimates to be derived for employment on an
I-0 basis, As with the price analysis, consistency between productivities
implied in the aggregate production functions in the macro model, and those
implied by labor-output ratios in the I-0 model, is not assured by the
methodology. Moreover, there is nothing in the model which adjusts these
detailed productivity estimates in response to energy sector adjustments
except the vague assumption that future productivity growth is likely to be
lower, requiring some sort of scalar adjustment of average labor-output
relationships from historical trends. A similar sort of economic behavior
appears to be embodied in the system in the way in which capital requirements
generated in BESOM become reconciled with those in the aggregate model (the
capital submodel 1is run as an option). Apparently, increased supply side
investment requirements are satisfied by reducing consumption and rerunning
the models with the new demand configuration, rather than being considered to

alter the rate of overall real growth in the economy.

A.3. Enengy Subsector Models. The models reviewed under this section

are those which deal with particular energy subsectors such as natural gas.
Typically there are several different models within each subsector classifi-
cation, These models view the various subsectors in isolation with no feed-
back effects to the general economy or other energy subsectors., The sub-
sectors covered in this section include: (1) the coal industry, (2) the

natural gas industry, (3) electricity demand, (4) gasoline and automobile
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demand, (5) world energy models, {6) macro econometric models, and (7) single-
equation studies. While ‘the last three are not, strictly speaking, energy

subsectors, they are included in this section for completeness.

A.3.7."Coal Industry Models. A cornerstone in curient official energy

policy is; the priority. being accorded to increasing coal supply. Among the
many considerations bearing on expanded coal supply are the development of
infrastructure for production, transportation costs, regional manpower avail-
at lity, mine safety rules, air pollution and environmental reclamation
standards.> The large influence of government in.mziiy aspects of the
industry's operation presents po]fcymakers with a greater than usual need for
systematic analysis of various economic of environmental trade-offs. For
example, the Federal government is the largest single owner of western lands
céntainihg 1arge,‘aﬁd as yet uncommitted, Tow-sulfur coal reserves., While
greater use of low-sulfur coal may be desirable from an-air-pollutisy abate-
ment standpoint, various ecological and iVironmentai costs are associated
with developing the low=sulfur coal supplies in these wilderness areas.
Weigh.ug one environmental -coal agiinst another becomes a formidable task
because ofvthe externalities involved.46 Policies which contemplate a large
expansion of westerr coal supply also confront other difficulties. Labor
costs (including mine safety costs) are a significant component of the' cost-
competitiveness of eastern coal, whereas stripmine reclamation costs, trans-

portation costs, and severance taxes are a significant determinant of the

cost competitiveness of western coal. An interesting institutional question

45parikn [77)s p. 2.

46Sae Macrakis, et al, [188], Chapter III for a discussion of various
externalities associated with increased low-gsulfur coal production.
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in the labor area may arise from the social cost of and labor union resistance
to. displacement of miners from one region to another which would accompany
supply shifts associated with somé of the tighter air pollution abatement
standards presently being considered,*’

Coal models are numerous, and generally of two main varieties. First,
there are important coal subsector models within large economy-wide energy
models (e.g. the PIES model). A second, more important group of coal models,
is specifically oriented toward coal supply, transportation and environmental
considerations. Because coal reserves, production costs and transportation
facilities as well as end-uses vary considerably by geographic region (and by
installation), most coal supply models contain a fair amount of regional
detail. The pervasiveness of government regulation in so many facets of the
industry's operations, and the substitutability of various «coal types with
,each other (and with other energy forms) has made detailed linear programming
models more appealing than demand-supply models. This also foilows from..the
fa;t«thg;;itﬂha§ been difficult to determine the supply function in terms of
iﬁput prices aq% factor productiv{ties. Costs vary considerably, installation
to insta]]atioﬁ, even within a region, and even for the same techno]ogy.48
Thus far, most of the analytical effart has been on estimating the delivered
price of coal to end-users, taking into account transportation costs, sulfur
content (pollution regulations), and production costs measured in very simple
terms, Much less emphasis in research work has beenAgiven to detailed speci-
fication of the cost structure of the industry, and ihéwcorresponding factor

e e ————,

demand relationships, including manpower requirements. Perhaps more than for

*“TLibbin and Boelfe (751, p. 466.

48y number of difficulties in this area were the subject of .the
excellent attempt by Zimmerman in [82] and [83] to éstimate a coal cost
function for the eastern U.S. .
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most other energy technologies, labor requirements over the next decade asso-
ciated with expansion of coal supply are relative unknowns. This follows from
a rather questionabie understariding .of the labor demand function, the rela-

& Fe
tionship between real wages and use of capital~intensive technologies, and
the operatfon of government regulations. The models do suggest, however, that
a main factor which will affect future labor demand is the mix of output,
between east and west, and between deep mining and strip-mining.

In this review, .a brief discussion of the Bechtel RESPONS model is
given, This model is illustrative of the Tinear programming- coal supply
models, Most of these models provide fairly consistent results with respect
to assumptions about demand and emissions regu]ations,‘gr RESPONS- is also
somewhat more detailed than most other models in.specifying transportation
costs and alternative modes, supplies of alternative fuels, etc. Finally,
documentation on the model is more complete,

Main coal models can be categorized into two grbups, as follows:

1. Linear programming, regional coal supply models:

a. Argenne National Laboratory, Asbury [70]; and in Parikh [77]
b. Bechtel Cval Model--RESPONS [76]
c. Charles River Associates (for PEPCO)
d. ICF National Coal Model (for FEA)
e. Libbin and Boehlje [75]
f. Oak Ridge National Laboratory
g. Alan Schottmann's dissertation [80]
2. Regional demand-supply models:
a. DRI Coal Mode1”?
b. Resource Planning Associates' Model

C. Coal Sector of the SRI-Gulf Energy Model [56]
d. Coal Sector of Bechtel's ESPMV[S4§ .

——————

“L1bbin and Boehlje [75], p. 466.
50rhe DRI coal model is currently being developed by Zimmerman., It
will integrate the coal demand equations of the existing DRI energy model

with a supply model provided by Zimmerman, presumably an extension of his
dissertation work.
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Most of these models are reviewed by Gordon and Parikh.%l The SRI-Gulf and
Bechtel ESPM models are discussed elsewhere in this review. At present, only
the Bechtel ESPM generates estimates of manpower requirements, but this is
not a coal sector model, per se, Although none of the Programming models
attempt to specify input costs in detail, this is conceptually feasible.
Hence, manpower requirements associate&‘with coal supply expansion could be
attached to the models. The difficulty would be in deriving reliable esti-
mates at the regional level of detail. As Parikh [77] has noted, much more
attention. is required in developing the data base for the regional supply
models, and this is particularly true if the models are to be used with any
confidence for projection purposes. Unless reliable point estimates of labor
Productivity can be made, the efficjent output sets determined by the
programming optimization Process will not be translatable into plausible
estimates of labor requirements, Zimmerman®'s work, cited above, suggests that
analysis of productivity trends in this industry is, indeed, a difficult
subject, and one which has not been given adequate attention thus far, Lack
of more specific information and understanding in this area is no doubt a
major reason why none of the Programming models has yet been augmented to
include detailed specifications for labor requirements.

The Bechtel Corporation developed the Regional Energy System for Plan~
ning and Optimization of National Scenarios (RESPONS) model [76] for ERDA.
RESPONS is a large~scale planning model, containing parametric data inputs
which describe coa1‘supp1y and distribution activities. In this model,
various activities(associated with extracting, handling, processing, trans-

porting, converting, distributing and consuming energy are specified according

315ee Parikh [77] and [78], and R.L. Gordon's survey report onm coal
models for EPRI [73].
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to a set of static, linear relationships. Energy demands are given exoge-
nously, and the model solves for a minimum cost combination of supply and
distribution, given capacity and othér constraints within the supply system,

The main general categories of activities incorporated in the model
include the following:

1. Production and availability of coal and other fossil and non-
fossil fuels,

2. Transportation of primary energy forms by various modes--rail,
barge, slurry pipeline,

3. Conversion of energy from one form to another, including syn-
thetic liquids, and gas and electric power generation.

4. Distribution, including electrical transmission. )
Important constraints on activities which are incorporated: in the model per-
tain to the avaiiability of coal reserves, capacity levels in production,
coal-fired power generation, advanced coal conversion (synfuel), sulfur dioxide
emission levels in power generation, regional water availability, supplies of
alternative energy forms (principally petroleum-based), capacity limits for
transportation and distribution, and balance requirements that cause all
demanus to be satisfied. Exogenous demands are specified in detail for resi-
dential, commercial and industrial uses, and for coal-fired electric power
generation, Coal supply is in terms of existing mining capacity plus endoge-
hously determined expansion of mining activity. The outputs from the model
include quantities of different types of coal, by sulfur and BTU content, by
region, and the share of coal output for electric power géneration. Activity
levels and, imp]icit]y.Ainvestmeht requirements in various activities in the
supply chain are also determined. The main use of the model is in determining

the number, types and feasible locations of new energy conversion facilities

that are required to meet the demands and satisfy environmental considerations.
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The regional detail contained in RESPONS is quite extensive, The model
output provides detail at 5 and 16 major regional levels, defined by the
Petroleum Allocation for Defense (PAD) Qreas, and/or for 243 Air Quality
Control Regions (AQCR).2 RESPONS has somewhat more detai] in temms of
regional breaks and transportation modes than most other coal supply models.

This is advantageous, as an important aspect of the industry's structure is

‘the wide variation by ggographic area in coal types, cost conditions, and

distribution possibilities. The advantage of a programming model such as
RESPONS is that it permits the user to evaluate the feasibility of alternative

assumptions within a methodological framework that imposes efficient choices.

- Simultaneously, the user of the model is required to make consistent projec-

tions of the cost and technological parameters. It is likely that the
engineering data upon yhich many of the technical coefficients are based are
considerably more reliable for 10~-year projection scenarios, than are the
projections of unit costs. The methods for projecting unit costs for various
activities do not appear to be wholly satisfactory, either conceptually or
statistically. Few attempts are made to specify and estimate traditional
forms of cost functions. Thus, coal priqes are projected as a function of
relative coal qualities, Transportation costs are most commonly stated in

relation to distance traveled, Many variable costs and fixed costs for con-

version facilities are simple functions of output measures, thereby indicating

how costs vary with capacity utilization or scale. These methods omit the

important role played by factor prices in the cost functions. This is parti-

cularly important as a limitation in the methodology, since for many erergy:

sector activities, marginal cos:s will be determined by the way in which

szBecht:el Corporation [76], pp. 47-51.
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factor markets.clea¥, regionally or nationally, for important inputs into the
production and distribut{on activities, Moreover, the behavior of factor
prices for inputs to the coal sector are not 1hdep6ndeﬁt of demand and supply
conditions related to activity in non-ehergy sectors of the economy. As the
model's projections of cost items are made, there is no way of knowing if
the set of costs projected are consistent with each other, or consistent with
demands; supplies and prices elsewhere, in the economy. - _

At the present time, the Bechtel RESPONS model does not derive man- 1
power requirements which wouﬁd-accompany capacity changes for various
activities embodied in the model. Neither capital nor manpower availabilities
in any way constrain the so]ution=of,the model., _Capité} items are specified
in the cost function, but these are not converted into estimates of additions,
discards or replacements for facilities. Adding sectors to the model for
determining manpower requirements would appear to be feasible, and some of
the necessary data may already be available in Bechtel's energy supply plan-
fiing model. Further research would be needed to determine the possibilities
for merging the two data bases and decomposing the cost variables in RESPONS

into input prices and quantities.

A.3.2. Natural Gas Industry Models. There are four main models of the

natural gas industry: the FPC effort developed initially by Khazzoonr [85];
the North-American linear programming analysis by Waverman [91]; the MacAvoy-
Pindyck model [87]; and the American Gas Association's_Tota] Energy Resource
Analysis (TERA) [84]. Because of the limited direct impact of natural gas

on labor and employment problems, only the MacAQoy-Pindypk model will be
reviewed in detail. Developed by professors Paul W. MacAvoy and Robert S.
Pindyck of the Sloan School of Management, M.I.T., under a grant -from the _
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Nationif'Science Foundation, early versions of this model were comp]éted by
late 1972, The model has undergone successive modification since that time.>3
The model was designed to evaluate the impact of regulatory policies on the
developrient of natural gas shortages in the 1970's. The demand-supply model
formulation §presses prices, gas reserves and production quantities, and
final demands. Relationships describing behavior in each of these main
activities are specified within a simultaneous econometric model. In appli-
cation, the model has mainly been’ used to evaluate the response over time of
supply and demand to variations in the regulated wellhead ceiling price: for
natura]'ggs. Thus, the deviation of prices from market equilibrium values
permits estimates to be derived for the size of the shortage in each tife
period.

The model structure focuses on behavior in two principal markets. One
is the field market for gas reserves, which defines the basic supply poten-
tial, The second market is the whelesale market for gas production, where
production out of reserves, or supply, reflects the interaction of the ceiling
prices at wellhead (e.g. pipeline companies selling gas to retail utilities
and consumers). Prices at the wholesale level are linked to field prices via
a markup relationship, where the markup includes transmission costs and an
add-on for profit determined by FPC regulations. The markup items are given
exogenously, and reflect variations associated with delivery detailed between
8 production regions and 5 demand regions.

Demand relationships are defined for two consumer groups: residential

and commercial sales, and industrial demands. For each demand region, resi-

SaﬁacAvoy and Pindyck [87], See aiso, Bernanke and Jorgenson [7], for
a discussion of the integration of the natural gas model into the Hudson-
Jorgenson energy model to study interfuel substitutions in response to natural
gas shortages created by price regulation, For a review of the MacAvoy-
Pindyck and TERA models, see Neri [78].
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dential and commercial demand is determined by the wholesale price of gas, the
average price of oil, disposable incomes;.-population, and capital expenditures,
Industrial demand is determined by the same two price variables, and by manu-
facturing value-added and/or investment as a proxy for activity levels, also
by region. ,

The supply side of the model also has two main components., Current
pProduction or supply out of reserves is a function of reserve levels and the
wholesale price of gas. Reserve levels..are determined by several endogenous
functions which define behavior in the field market. These include explana-
tion of discoveries of gas reserves, both associated with and independent of
0i1 discoveries; extensions and revisions of existing reserves; and the in-
Cremental and cumulative number (stock) of wells drilled. Physical drilling
activity ‘is exogenous, being a function of lagged drilling revenues, lagged
drilling costs, and a risk ‘variable defined és the variance of payoff size
for drilling efforts in each production region. The size of new discoveries
by well -depends positively on the field price (the regulated ceiling price),
averaga total costs, and inversely with respect to the cumulative number of
wells drilled in a given region. This latter relationship reflects an attempt
to account for the depletion effort, or declining marginal productivity
associated with incremental drilling efforts. Extensions and revisions of
existing activities are described by lag relationships with past drilling
levels, new discovery rates, and the growth of reserves in a given region.

New additions, extensions and new discoveries together determine the increment
to reserves each year. At the end of each year, reserves are defined by past
reserve levels, new additions, current production and inventory changes.,

Since the regulated field price is given exogenously for most simula-

tions, and since average total drilling costs are given exogenously, most of
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the supply side of the model is predetgrmined. as most other variabies are
lagged. Similarly, on the demand side with other prices and activity vari-
ables given exogenously, and the own-price essentially as an exogenous scalar
to the regulated field price, the model determines excess demand, given the
lagged structure, and the values assumed for all the exogenous variables in
all time periods, Perhaps the most important feature of the model's structure
is that the richness of differences in regional behavior, so important in

this industry, are taken into account. Multipliers for the model are-mot
evaluated, but alternative simulations are discussed, and the results are
plausible, As might be expected, the estimated shortage is very sensitive to
how rapidly the ceiling price is permitted to adjust to market prices. Phased
deregu]ation over 4-5 years basically brings supply and demand into balance.
The model is rather insensitive to values for exogenous variables, and the
results mostly reflect lagged reactions and regional adjustments of demand and
supply to changes in the ceiling prices, as these prices are the main variable
driving the model.

As presently specified, this model does not incorporate 1ab§r“requfre=
ments in explicit fashion which are associated with drilling and discovery
investment activity. However, the unit cost assumptions given exogenously
could be decomposed into assumptions about wage rates, labor productivity and
thus labor requirements, if the information needed is available with regional
detail. Since gas prices have a large effect on investment actiyity. demand
for labor could be examined in relation to wege rate assumpiions and price
assumptions, through the effect of these on drilling activity, Similarly,
labor requirements associated with transmission and distribution activities
could be attached to the current model. This could be accomplished if the

exogenously specified costs of such activities were decomposed, and labor
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either endogenously related to activity lTevels; -or expressed as a labor-output
ratio multiplied by the activify levels, Again, this amounts to attaching a
factor demand specification to part of the supply side of ‘the model. While
feasible, it is brobab]y not of great inte:est, as the capital-intensive
nature of much-of supply activity does not lead to unusual changes in labor

demand that are not easily absorbed in the longer run.

A.3.3. E1ectric1§y Demand. The higher energy prices of recent years

have promoted a considerable increase in research on electricity demand, with
a particular emphasis on conéervation potentiai. Eariier studies were, in
. general, too aggregated, and failed to capture consumer responses to prices
at the margin--prices associated with consumption of the marginal kilowatt-
hour of energy usage. Recent studies have tried to tie together hqusehoid
formation, stocks of app]iances, prices for appliances, prices for electricity
and naturai gas, and effects of pricing on‘the*margin and peak~load-seasonal
factors in electricity demand and utility pricing structures. Of particular .
interest is work by the RANC Corporation, and by the Oak Ridge National
Laboratory (ORNL) discussed below. o

Major deficiencies have existed in the estimation of ihe price elasti-
related to three main factors--the use of price data on average rather than
marginaluprices, the failure to account adequately for peak-load -demands, and
insufficient attention to seasonal demand variations.”4 The first of these
deficiencies is probably the most important. The Teve] of aggregation in the

analyses has made it difficult to answer these questions.,

S4raylor [110].
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Prior to 1870; most electric utilities in the United States enjoyed a
period of declining costs provided by the combination of cheap inputs and
scale economies resulting from technical advances in power generation and
transmission. As a consequence, utilities sought to ﬁﬁomote consumption.
Rate structures were designed accordingly. Rate setting typically considered
recovery -of incurred costs, allocation of these costs by class of customer,
determination of a fair rate of return on invested capital, and use of average
pricing methods to recover the costs.’® For commercial and industrial
Customers, this led to the use of "block" pricing., Block prices reflected a
fixed, peak-load demand charge (for each class of customer), and a per unit
charge for actual kilowatt-hour consumption. Charges were lower for larger
usages, with the charges declining in discreet steps, or blocks. This pricing
structure permitted the utilities to recover costs under peak-load and initial
block charges, and to aggressively sell marginal units of electricity at very
low rates, p}omoting consumption and assuring a high utilization rate of
capital stock. The energy problem brought these rate setting practices into
quest’n, and prompted intensive study of electricity demand. Interest in
energy conservation and financial difficulties facing many utilities have
raised interest in marginal pricing and flattening the daily load curve for
power generation, practices which have been followed in European countries for
a number of years.. Revising pricing methods and pricing structures in this
industry has important implications not only ;or demand, but also for capital
and input requirements associated with a different ¢onfiguration of demand.

RAND Corporation Studies. The RAND Corporation work has been carried out

under the leadership of Jan Acton and Bridger Mitchell. This work has been

55Mi'.:chell and Acton [108], Pe 2,
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supported by the Federal Energy Administration, the National Science Founda-
tion, the Los Angeles Department of Water and Power, and the California Energy
Resources Conservation and Development Cohmission. Most of the work evolved
from an analysis of electricity rationing in Los Angeles County during the
energy crisis. This evaluation led to an intensive anaiysis of disaggregated
data from which hew estimates of demand elasticities were derived, along with
an ev$1uation of load factors and seasonality.

Based upon monthly cross-section, time-series data for Los Angeles X 1
County, covering the period July 1972-dune 1974, electricity demand equations
Were estimated. A main feature of the data base was that it permitted esti-
mation of marginal prices. Based on marginal pricing behavior, significant
negative price elasticities of demand were obtained. From cross-section data,
the estimates varied from -0.3 to -0.5. Cross-price effects with respect to
the impact of natural gas prices on electricity demand ranged between 0,7 and
0.95. The authors attribute these large cross-price elasticities (1arger than
the own-price elasticity) to implied adjustments in electrical appliance
stocks and intensity of their utilization in response to changes in natural
gas prices.”® The elasticity of demand with respect to real per capital dis-
posable income is estimated to be 1n the range of 0.4, implying continued
growth in electricity demand as the economy grows in real terms over time. An
important finding of the demand analysis was that 1ump-sum components of the
declining block rate structure (customer charges and amount of payment above
the marginal price in preceding blocks) have a negligible effect on the amount
of electricity consumed--which places emphasis on the importance of using

marginal prices, not average prices, to determine the price..elasticity-of. —-. -

56Act:on, et _a_l_, [93], ppe. 36~37 and p. 48,
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demand.>7 The large cross-price elasticity for natural gas suggests that
substantially higher natural gas prices would promote large increases in the
demand for electricity. The elasticity estimates also indicate significant
short-run impacts on utility revenues in response to large price increases,
and thus the ability to cover large fixed costs, and this in turn suggests a
re-examination of the pricing structure to cope with larger-than-historical
price changes,

Additional studies by RAND have been performed in the area of peak~
load pricing, applying some of the concepts developed by European utilities
to electricity demand in California. A study of 18 industrial consuming
categories indicated that reductions in electricity used during the peak
period permits utilities to supply the same quantity of electricity at off-
peak hours more efficiently, therefore lowering the cost per kilowatt-hour
supplied. Over the longer term, reductions in electricity use can poten-
tially permit utilities to 5ostpone or eliminate additions to peaking capacity
and to achieve greater efficiency from a given mix of generators. The result
of thi= study suggests that, statewide, on an all-industry basis, a reduction
from peak-load demand of about 5 percent could be achieved through changes in
load management.58

Oak Ridge National Laboratory Engineering-Economic Model of Residential

a

Energy Use, The ORNL modeling work, sponsored by ERDA and FEA, has been
directed by Eric Hirst. The ORNL model is a complete electricity demand model
which is sensitive to major demographic, economic and technological determi-

nants of residential electricity use, The modei has been used extensively by

?Tgcton, et al, [93], p. SL.

*84itchell, et al, [109], pp. 81-82.
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FEA and ERDA to evaluate long-run effects of energy conservation programs:
designed around- appiiance efficiency standards, housing construction stand-
ards, and tax credits for retrofitting ékisting homes.,

The main objective of the model is to calculate electricity constmption
over the long run in response to the following main varia%ies:

1., Stocks of occupied housing units and new iconstructisa.

2, Equipment ownership per housing unit; by fuel and end=use.

3. Thermal or technological efficiency of equijment and housing units,

4. Average energy requirements for ea~h type of equipment,

5. Other usage factors that reflect household behavior,
Household formation is determined by population (by age -aroup), by real dis=-
posable income {exogenous), and by lagged variables. New housing requirements
are a function of household formation. and retirements from the existing stock
of housing units, New units plus existing units match the number of house~
holas, The choice of housing type--sing]e-famiiy dwellings, apartments, and
mobile homes--is .given exogenously. Given the number of housing units of .each
type, energy use is then determined as a function of prices and incomes.
Household energy use is a chofce between electricity, natural gds, il and
other fuels, with the prices of these fuels given exogenously from Tong;run
projections of the Brookhaven BESOM model, spanning the 1985-2000 period.

Electricity demand is modeled for each housing type as a function of
end-uses, The end-use demands modeled are:
. Space heating
. Water heating
+ Refrigeration
. Food freezing
. Cooking
. Air conditioning

Lighting

1
2
3
4
5
6
7,
8. Other
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The demand submodel estimates elasticities with respect to income, fuel
prices, and equipment prices. Each fuel price and income elasticity is.de~
composed into two effects~-an elasticity o% equipment ownership, and an
e]asiicity of equipment usage. Equipment ownership is sensitive to fuel
prices, equipment prices and income, while usage of equipment (ownership held
constant) is made responsive to changes in own-prices of required fuels, and
incomes. The detail gives a total of 272 elasticities within the model.

The technology subsector of the model is based upon detailed engineer-
ing studies of equipment: energy requirements and equipment prices as a function
of design characteristics. Projected thermal efficiencies and input-output

relationships from. this analysis are exogenous inputs into the simulation

.model which calculates eiectricity use.

The model outputs can be used to evaluate appliance and thermal stand-
ards, alternative fuel price- ¢cenarios and financial incentives‘for retrofits
of existing structures. For a scenario composed of these elements, the model
generates energy use changes in the residential sector by fuel and end-use
over time. In addition, estimates are provided for changes in household
energy costs, capital costs for equipment, and costs for upgrading structural
thermal integrity.

The actual €lasticities used in the simulation:model appear to be some
combination of results obtained from ORNL work, and other studies.”’? The ORNL
demand estimation apparently involves three steps. The first is to derive
hodseho]d demands for three types of energy use, in aggregate--for electri-
city, for gas, and for oil. From state cross-sectic~al data for selected

years, 1951-1974, elasticities are estimated with respect to the own-price,

Sgﬂirst’ Cope, Cohn and Hoskins [105], PP. 19-20,
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the price of substitutes, real income and climatic variables. Estimated own-
price elasticities averaged -1.0 for electricity, -2.1 for natural gas, and
-1.3 for oil. The cross-price elasticity of oil with respect to gas averaged
1.8, higher than the own-price elasticity for oil. This anomalous result is
attributed to non-availability of natural gas in some states in the cross-
section, The income elasticity of demand was estimated at 1.8 for .gas, ~.1
for electricity and 0.1 for oil, in&icating a clear preference for natural
gas in high-income states.

To determine how these estimated demands fO( electricity, gas and oil
get divided up by end-uses, a set of logit share functions were~§st1mated
using cross-section data for 1970, Fuel choice shares are a function of fuel
prices, equipment prices, per capita real income, heating and cooling degree
days, and cther variables which serve as proxies for equipment demands and
usage. The fuel shares are shown to be sensitive to both own-prices and
equipment prices, but prices of equipment appear to have a greater influence
on the choice of equipment (by fuel type) than do the fuel prices themselves.

The elasticities estimated for the model are considered the weakest
part of the overall model structure at this point.60 For example, both the

price and income elasticities for electricity are much larger here than those

estimated by RAND. while the RAND estimates pertain only to a very limited

sample (Los Angeles), they have &he advantage of being based on marginal
prices rather thz. average prices (statewide average prices in the case of
ORNL). Wsrk is underway (ORNL [105]) to introduce more regional detail into

the analysis, but this amounts to applying the samé model structure to more

detailed data within the nine census regions. Clearly, more effort is called

604irst, Cope, Cohn and Hoskins [105], p. 53.
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for in dealing with the fundamental demand estimation problems relating to
marginal versus average pricing, and with peak-load and seasonality factors.
With respect to employment issues, these studies of electricity demand
have several implications, First, to the extent that better demand elasti-
cities are achieved, larger energy sector models which incorporate estimates
derived from these studies will be improved. Secondly, to the extent that
models such as ORNL illustrate shifts in the demand -for appliances, household
equipment, etc., they provide a useful means for assessing shifts in consumer
demands over time, in response to higher energy prices. If, for example,
plausible results for effects on appliance demand can be derived from such
models, these can be translated, by simple means, into estimates of employment

requirements in the appliance industry,

The MIT Regional E]ectripity Model (REM). Under a research grant from
the National Science Foundation, Baughman and Joskow [98] developed the REM
for the M.I.T. Energy Laboratory. The result of this research is an
engineering-econometric simulation model of electricity supply, demand and
price regulation. The principal application of the model has been in the
analysis of derived demands for commercial nuclear reactors and nuclear fuel
cycle requirements (raw uranium and uranium enrichment) for the period'T§75-
1995, ‘Simulations with the model focus on the impacts of alternative govern-
ment -policies with respect to pollution control standards, reactor licensing
procedures, and electricity rate-setting policies. Tax and depreciation
policies are entered via their impacts on the cost of capital, Alternative
expectations regarding prices of various fuels and construction costs can
also be evaluated. Unlike most other electricity demand models, REM's simul-
taneous determination of supply, demand and price permits important supply or

cost-related variables to be incorporated in the price determination process.
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This incorporation is important to a (galjstic determination of economically
viab]e»alternativgs among supply technglogies in satisfying overall demand
for electricity. ) e

The main submodel within REM is the supply model. Detailed behavior
is specified in each gf nine census regions for investment in capacity
expansion, power generation, and transmission and distribution activities,
Given alternative leadtimes for plant construction (ten years for nuclear,
five years for conventional steam, and two and one-half years to reach
peaking capacity), and given different planning horizons, the model calcu-
lates how much and what mix of plant investments should be undertaken to
minimize expected costs. Technical choices are made among eight alternative
technologies with hydroelectric capacity given exogenously.bl Technical
considerations and firms' expectations for cost variables are specified exoge-
nously, based on engineering -and survey data from the electric utility
industry,
| The power generating component of the supply model takes into consid-
eration the important linkages between investment in capacity expansion and
load dynamics associated with utilization of existing production facilities.
In general, since there is an inverse relationship between the-degree of
-cgpital-intensity~of-produétion'and”operating“tbsts, cost minimizZation
requires detailed consideration of capacity utilization and load dynamics.
In selecting among existing plants to satisfy a given load requirement, the
model specifies a hierarchy for utilization in which the least cost plants

are utilized first., The hierarchy is determined by- operating costs only

6l’]:hese alternative technologiaes are: gas turbine and internal com-
bustion units; coal-fired thermal; natural gas~fired thermal; oil fired
thermal; light water uranium reactors; high-temperature gas reactors; plu-
tonium recycle reactors; and liquid metal fast breeder reactors,

e e,
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(fuel and variable costs), since once a technology is put in place, capital
costs are sunk costs, and thus the generating cost profile varies only with
variable costs associated with load factors. The model uses extensive
industry operating "rules of thumb" and cost information in order to specify
these behavioral conditigns:

Transmission and distribution is handled very simply, more or less
as an accounting system, rather than as a behavioral model. Given the
characteristic of the service area (regions) with respect to 1oad patterns,
type of consumer (residential, commerc1a1, industrial), and physical condi-
tions (distance, etc.), and given information on operating, maintenance and
equipment costs for various activities, total transmission and distribution
co;';ts can be computed directly.

The demand model consists of a set of econometric demard equations for
electricity, oil, natural gas and coal for the residential and commercial and
industrial sectors (with coal only in the industrial sector)., These equations
are estimated from cross-section data for 49 states for the period 1968-1972,
For residential and commercial demand (and simiTar]yAfor industrial demand),
total per capita energy demand is determined by per capita personal income,
population density, temperature, and a weighted energy price index in which
“Consumption and end-use efficiencies for various fuels are used as weights.
A Tagged dependent variable is used to approximate dynamic’adjustmeﬁt consi-
derations., Total energy demand is then “split" between consumption of oil,
natural gas and electricity according to a set 1dgit-€ype:share function with
. respect to price (which permits a convenient means for adding up individual
prices to equal the weighted price index), temperature variables, and lagged
share variables. The large coefficients for lagged dependent variables,

compared to price and. temperature variables, suggests that capital stocks
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associated with particular demand patterns adjust rather slowly, moderating
the size of demand responses in the short run which might be implied by
radical price changes, These results are generally consistent with those
obtained in other studies. In addition, for long-term projegtioﬁs, the use
of fixed weights to establish the aggregate weighted energy price index is
quite restrictive, as radical price changes can be expected to significantly
alter consumption shares over time. Industrial demands are not only split
among fuels, but also allocated among states by logit share functions using
relative price and population values, ;nd*lagged dependent variables., Since
the locational function is estimated from cross-section data, the same coef-
ficient (and behavioral response) is made to apply -to all states, which is a
highly restrictive assumption. The large and significant coefficient for the o
lagged dependent variable in these locational functions also suggests that
supply side factors (rather than demand factprs) may be more important than
price and population variable$., " I'n addition, the negative coefficient shown
for the population variable seems implausible. In summary, the demand sector
of thr model contains many similarities to the demand sector of the FEA-PIES
model, with the same type of weaknessas with respect to the validity of
regional demand estimates for particular fuels.

The final sector in the model is %hg;price-financial block in which

price behavior is modeled after “rules of thumb" applied by state regulatory

commissions, embodying concepts such asa"fair rate of return" on capital.
Cost data from :the supply model plus tax, depreciation and rate of return
considerations are used to derive gross revenues. Gross revenues divided by
sales. gives estimated average prices.. Together with-prices of alternative
fuels and incomes, these average prices determine electricity demand for

residentia‘l‘; commercial and industrial compopents.
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REM is presently constructed for use in evaluating investment trade-
offs among alternative production technologies for electricity supply, given
government policies and prices of alternative fuels. The model is primarily
a capital and fuel requirements model. Moreover, capital requirements are
defined only broadly in terms of basic technologies, and not in terms of
detailed menss of capital requirements and possible trade-offs within a given
technology viith respect to specific types of capital. Labor requirements are
not specified anywhere in the model, and labor costs are embedded in an
unknown fashion in the engineering cost estimates for building various tyées
of faci]ities. Presumably, detailed labor cost components could be determified
from‘engineering studies, and costs dectmposed into wage rates and real labor
demands, Since both the construction and operation of electricity generating,

transmission and distribution facilities is capital-intensive, engineering

cost estimates focus primarily on determination of capital costs, as does the ‘

model. Hence, embedded estimates of labor and other costs, especially for
years beyond 1980, are tentative at best. Regional wage rates and necessary
Tabor supply will have some bearing on the decisions to install a given tech-
nology in a particular region. At present, a model 1ike REM abstracts from
the detailed market conditions which would determine actual new plant produc-
tion cosrs, This is an appropfiate modeling dec%§ion if key factors deter-
mining plant constructf;ﬁ“ére demand, prices of alternative energy sources and
government policies, and not factor market conditions related to ﬁ]ant con-

struction as such,

A.3.4. Gasoline and Automobile Models. Gasoline demand, by itself,

although quite important to the energy problem as a whole, has little rele-~

vance to the employment issue, 0il exploration and refining are highly
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capital-intensive and employment effects all around are likely to be quite
small as a result of decreases in gasoline consumption. However, auto pro-
duction is a different stbry. Substantial work has been done over the years
on the demand for new cars., None of these earlier studies addressed the
question of the 'effect of fuel costs on new-car demand. Recently, two com-
plete models of the gasoline and automobile demand sector have been produced.
The first, doneaby‘the Wharton Economic Forecasting Associates for the
Federal Highway Administration is described in Schink and Loxley [117]. The
other was developed by the FEA by Sweeney [118]. In the éﬁé;;ey model, t;e
efficiency (miles per gallon) of a given model year is determined by the real
Price of gasoline and a weight standardized fuel economy measureAbrovided‘by
the EPA, Next, new-car sales are determined by lagged car stocks, vehicle
miles traveled, income, real mew-car prices, gas prices per mile, and the
unemployment rate. The remaining behavioral relationship. is. the demand for
vehicle miles traveled which is a function 6f the cost per mile, income, and
the “unemployment rate.. Gasoline.dema. can-now be computed by summing over
all vintages the product of fuel efficiency times vehicle miles. The WEFA
automobile demand model relates the difference between desired and actual auto
stocks to a time-phased adjustment process. Determinants-of the desired /stock
of autos include demographic Qariébies;"incbmé and its distribution, cost of
purchasing and operating a.iew car, and the availability of public transporta-
tion, . Addi?iona] studies of the demand. for gasoline include Burright and
Enns [111], Chamberlin [112], Houthakker, Verleger and Sheehan [114], Kraft
and Rodekohr [115], McGillivray [116], and Verleger and Sheehan [120], 1In
much.the,same vein as the electricity demand models, the direct employment
impacts of gasoline demand are quite small. The question of the impact of

higher gasoline prices on automobile demand (both quantity and size, mileage,
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etc.) and the consequent implications of that demﬁnd for employment in the
auto industry, while an interesting question, is too complex for the present

models,

A.3.5. World gneégx_Modg1§, This section -of the paper treats two world
models in detail. Others have been reviewed elsewhere,®2 and are of less
interest to U.S. policymakers since they focus more upon OPEC pricing strate-
gies. There are several types of models which describe particular aspects of

world market responses to oi' prices and demand-supply conditions. First,

‘there are world oil models, which are consumer nation oriented, such as

Kennedy's model (reviewed be]gﬁf.'-TheQe mb&els détérmiﬁe prices-and trade
flows given demand-and supply conditions. Other models such as that of
Kalymon, emphasize the supply price determination process by OPEC, assuming

behavior which attempts to maximize the discounted value of depletion of oil

reserves over time, given OPEC's own future energy needs and the internal

production and marketing structure of the cartel.®? The World Bank model

i
emphasizes the payments flows from consumer countries to OPEC under alterna:
tivé pricing strategies of the cartel, which are mainly related to development

of alternative energy sources by consumer countries and others.®* 1In all of

__these models, analysis is focused on future world.oil prices.. -

More related to U.S.. conditions is work underway at the Federal Reserve
Board by Sung Kwack ard others, Presently under development are multi-country

trade and payments models’ in which petroleum imports and prices are tied to

S2v1gcher, et al, [122].

63Kalymon [125].

64B11tzer, et a1, [121].
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capital flows and -balance-of-payments behavior. OPEC portfolio choices rela-
ted to financial investment of 011 dollars can be analyzed in terms of their
impact on U.S. capital flows, U.S. deficits (interest payments on Government
bonds held by foreigners), and domestic interest rate, profit and investment
behavior. In somewhat less detail for financia? transactions, the LINK
system (reviewed below) can also trace trade flows and macroeconomic effects
associated with world oil supply and price developments. Some U.S. macro-
energy models, such as the Wharton energy model, are also capable of estima-
ting balance-of-trade effects of world energy sector developments, though
without the feedback effects of internaticnal trade and price iterations as
embodied in the LINK system,

Kennedy World 011 Model. This model was developed to assess the

impact of alternative crude ol pricing policies on the international trade
of 01l and associated products.5 The model is a static, quadratic program-
ming, multi-regional construct which determines demand, supply and prices in
each region, and energy trade flows between regions for a chosen point in
time, e.g. 1980, The model has -two main blocks«-one for the demand and
production of refined products, and a second for tfie derived demand and world
trade in crude oi1. The model thus has four main sectors: consumption,
refining, transportation and crude production in each of 16 world regions.
With supply and demand determined exogenously in each region, and with both
related to price,, the programming solution determines -equilibrium prices and
trade flows between regions simultaneously.

" The model contains a.large number of exogenous variables which can be

65Kennedy [126]. Support for this work we%s proviaced by the Federal
Energy Administration and Data Resources Inc, The original model was de=-
veloped in Kenmedy's doctoral dissertation at Harvard University, 1974,
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altered by the user fbrigssessmgnt of their impact on energy trade flows and
equilibrium prices. Income growth and demand and supply for crude oil are
exogenous in each region, Technological and cost factors in the refining
model are exogenous also. Although cost factors are assumed the same across
regions for a given refining activity, different refinery output mixes
produce different capital costs and requirements. In the trade activity,
transportation costs, tariffs, quotas, export duties and royalties, etc. are
exogenous. Within regions, excise taxes, taxes affecting refinery and supply
operations, and environmental restrictions are all exogenous.,

The centerpiece. of the model is the linear programming process model
for the refinery sector. In this model, six separate types of crude oil are
transformed into nine final product categories: four types of gasoline, two
types of residual fuel oil, kerosene, distillate and naptha., The technical
coefficients are estimated for each region, while capital costs per activity
are assumed the same, with total capital cost varying according to the output
mix. Demands for end products are estimated from pooled data on twelve
countries.66 Income growth for each region is taken as exogenous. The 1ink
between final demand prices for products such as gasoline, and refinery level
prices is made by a "bridge" or markup which reflects intra-region excise
taxes, retail trawe margins and transportation costs. Prices and incomes
determine the demand for various refined products in each region. Capital

costs and the availability of particular forms of crude oil determine the

refinery production and capacity structure, and import requirements, given

domestic crude supplies. Given the exogenous crude oil supply in each region,

that region's derived demand for crude (and exogenously determined demand

66k ennedy [126], p. 137.
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elasticity for crude), world demand for crude is determined. Given world
supply (the price elasticity of supply of crude, new discoveries, or OPEC
policies), the world price and trade in crude is determined. Transportation
costs also influence world trading patterns and are exogenously introduced.

The model's main use is to measure the impact on world trade and
prices of changes in OPEC pricing policies. «Changes in assumptions about .
refinery or transportation sector activity or costs can also be.made to simu-
late effects on trade flows, but these are not of such great interest. One ’
interesting application of the model has been made by Houthakker®? in which
”optimistjc" and “pessimistic” demand elasticity values were set exogenously
for the main refined products categories, by major region, permitting deriva-
tion of import requirements for crude. Given these elasticities, the model
can be simulated to determine “optimun" OPEC tariff levels which would
maximize their revenues over time. Other assumptions about domestic supply
responses of non-0PEC regions can also be introduced separately or in conjunc-
tion with elasticity estimates’to estimate optimum OPEC pricing strategies.
Simile -~ simylations by Kennedy indicate that an export duty by OPEC of about

half the current level, or about $3,50 per barrel on crude is most 1ike1y.to

occur.in the long run, given supply response that can be anticipated from
currently higher prices.®® In sum this modef, though static, is useful as a
tool for determining possible configurations of world and U.S. crude oil

prices, which can be used as inputs into other U.S. macro or energy models.

The LINK Models. The LINK system ties together major macroeconomic

models for industrial countries, with area blocks for the Middle East and

4outhakker [123],

68 ennedy [126], p. 174.

148




143

developing countries,%? Independent econometric models for 16 industrial
countries are linked together through a trade matrix, with all prices and
quantities determined simultanecusly, given exogenous assumptions, The model
has recently been used to evaluate the impact of changes in exchange rates,
the slowdown in world industrial activity in response to the 0il embargo of
1973-74, and to assess the impact of higher o0il prices on inflation, and
eccnomic growth, worldwide, through 1.985.70 The outputs of the system in-_,
clude all the standard macro-quantities, along with trade flows and prices,
The models give estimates for total employment and aggregate unemployment
rates.

T..e models in the LINK system are all typical Keynesian macro demand-
oriented specifications, and as such do not offer an optimal structure for
introducing supply and cost effects which result from higher oil prices.7l
However, by exogenously altering the prices of exports from the Middle East
for SITC categories containing crude oil, or similarly for the SITC categories
for raw materials, the impacts of such changes can be approximated. The LINK
model “as been used to evaluate the impact of $10 per barrel crude o0i1 prices
on industrial economies, Giorgio Basevi has applied LINK multipliers to the
case of Western Europe, and found that the increase in the price of o0il
reduced real GNP gfowth in Western Europe by 2.7-2,9 percent, annually, during

1974-76.72 The LINK system itself produced decreases of .4 percent, 1.8 per-

69Models for main industrial countries included in the system are:
Australia, Austria, Belgium, Canada, Finland, France, Germany, Italy, Japan,
Netherlands, Sweden, United Kingdom and United States.

70yae1broeck [129],

71K1ein [128], See, also, discussion of Macroeconometric Models, A.3.6,

72chapter 3 in Pried and Schultze [174].
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cent and 2.5 percent, respectively, in 1974, 1975 and 1976, The difference
between the two results reflects the actual values of exogenous variables in
the LINK system estimates vis 3 vis Basevi's linear extrapolations from the
multipliers of the model. Basevi notes two important effects on the Western
European econemies that can be traced using the LINK system. One is: the
direct effect on he dconomies" activity. A second is_the indirect effect on
a country's exports to other suuntries whose real éctivity is siimultaneously
depressed by the higher o0il price. Netted out against the latter are in-
creased exports to the Middle East. The LINK simulations also Show that
prices of all internationally traded primary products would have been 5.1 per-
cent lower than the level forecast as a result of the oil crisis, and that
prices of manufactured products in world trade would have been lower by 8.1
percent,

As with domestic macroeconomic mode]s, the LINK system is useful for
assessing some of the macroeconomic pnlicy risponses appropriate to price and
balance-of-trade effects associated with ‘higher 0il1 prices. To the extent
that effects of higher oil prices are adequately incorporated in the macro-
ecoromic model, effects of inflation on tax revenues and fiscal -drag on
eéond&?c activity can be assessed, The aggregate models will only show these
impacts in‘broad, general ways, however. For example, by treating only
aggregates, sh{fts in the mix of corporate profits in response to income
transfers to domestic energy industries will not be adequately handled, This
will occur because the historical structure embodied in profit, investment
and other relationships will not property reflect the new activity mix. As
a result, actual output,, employment, investment, trade and price effects from
higher oil prices may daviate considerably from simulate: results of the

aggregate models.

ok
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A.3.6. Macroeconomic Models. Due to their usefulness in forecasting
and simulation exercises associated with traditional monetary and fiscal
policy questions, macro models continue to find widespread use, and have even
been adapted with surprising success to incorporate impacts of essentially
supply-determined phenomena, such as food and fuel inflation éndwenergy
embai'goes.’3 The general method of adapting these systems to supply reduc-
tions or supply-induced inflation is to reduce demand and raise prices for
final demands to reflect supply-induced real output reductions or output
price increases.

Mos% macro models are Keynesian demand-oriented systems, structured
around national income accounting concepts, and the value-added concept of
real income and output. The more -complete models typically include a pro-
duction funq%ion with factor demands for labor and capital, so that the
supply side oF the economy is modeled to some extent, In this framework,
there are two areas of deficiency in treating supply problems. Ohe is that
imports are netted-out against other final demand components, which is con-
sistent with the value-added concept which considers domestic factor incomes,
and washes out intermediate transactions. Secondly, as imports of raw
materials, such as energy, affect the supply capabilities of the economy,
their effects cancel out only in the value-added definition, not in their
economic effects on output determinapion, or in their effects on the price
level,

The most extensive efforts to adapt macro models to assess the embargo

73Some of the more widely known macroeconomic models include those by
Chase Econometrics, Data Resources Inc., Georgia State University, Kent
Economic -Development Institute, UCLA, University of Michigan, General Electric
Corporation, Wharton EFA and the Federal Reserve Board (Washington, D.C. and
St, Louis), o
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impacts of 1973-74 were carried out by Klein [128], with the Wharton and LINK

Project macro models, Recognizing the role of energy as an intermediate in-
put, the Wharton annual growth model was run with constraints imposed-on the
I-0 sectors relating to energy. These constraints were translated into real
output reductions and higher prices. These output reductions were then used
as a basis. for making adjustments in final demand components in the Wharton
quarterly model. Imports Were reduced, reflectin§ the 0i1 embargo, Consump-
tion was simultaneously reduceQ*to reflect lower consumption of gasoline,
motor o0il, electricity and residential heating. As far as L3P is concerned,
reduced imports and consumption tend to offset each other., To otherwise
simulate the effect of the embargo on output, inventory investment was reduced
and import prices were raised, On balance, it is the negative inventory
change which was used to ntroduce supply limitations into the demand-oriented
macro model,

In the post-embargo period, most macro modelers have been concerned
with Tinking aggregate deflators to the WPI for petroleum products, and
linking the WPI, in turn, to the price of crude 0il. In the DRI and Chase
Econometrics models, this is accompiished with a distributed lag price
function between products and crude. The WPI products price then shows up
in other price functions which, in turn, détermine the GNP deflator price.
Import price deflators are 1ikewise modified to reflect the crude oil prices
being assumed exogenously in a given simulation. Most of the larger macro
models argléugpent]y‘being”modified along these 1ines to introduce energy

price effect§.74 The 1lag struc@dres embodied in the price equations between
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overall prices and crude prices determine the temporal impact of changing
energy prices..on. the rest of the economy. In using the models, most of the
modelers also make_gg,ggg adjustments in demand components to reflect

a priori information about shifts in behavior from historical patterns
embodied in the estimation equations. This adjustment procedure is also
consistent with the notion of "energy shock" wherein decreases in demand
were attributed to the uncertainty generated by the OPEC actions.

By introducing price effects, the models can then be used to evaluate
the impact of higher energy prices on the general economy., If the models
effectively capture the Progressivity of the tax system, the fiscal drag on
the economy due to energy-induced inflatiun can be assessed,’ Sﬁhi]ar]y,
the interaction of energy price§ and effects of monetary policy (thus interest
rate behavior) can be examined. In employing the Wharton model for such
simulations, for example, Klein has suggested that appropriate adjustment of
macroeconomic policies to deal with supply constraints are probably in the
direction of tax reductions accompanieé by continued monetary restraint, a
presciption which is aimed at maintaining real output growth while containing
inflation within tolerable bounds.

As indicated above, price considerations asSociated with energy supply
and demand are increasingly taking precedence as the problem to be addressed
by macro forecasting modelers. This is appropriate, since short- and
intermediate-term availabiiity problems associated with the embargo are be~
coming less important. An emerging problem which some modclers (mainly at the
Federal Reserve Board) are now addressing is the trade account effects, petro

dollar flows, and longer-term veal transfer effects. If world energy prices

75Dernbu1;g [163].
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remain high relative to other prices over time, there will be an adverse
terms-of-trade effeci as bétween 0i1 consumers and oil producers, A second
issue, which has tc do with domestic stabilization, will be the petro-dollar
flows and the nature of financial and reai investments made by OPEC
countries, 7® Monetary poticy may encounter new difficulty: in offsetting
short-term capital flows of possib]y large magnitude. Foreign investment in
the United States over time will earn: sizeable interast, and potential
monetary flows can affect U.S. balance-of-payments and interest rate behavior.
Potential conversion from-dollars to other currencies can lead to exchange
rate devaluation or higher dollar-denominated oil prices, and otherwise
produce a great deal of uncertainty in -predicting the outcome of monetary and
fiscal policies (effects of deficits) on domestic interest rates, output, and
employment. The FED is currently developing models which will enable these

financial adjustments to be coupled with the FRB macro mode].77

A.3.7. Single-Equation Models. In contract to other areas of applied °

economics, energy economics has witnessed very few single-equation sstudies.
Prior to 1973 most single-equation energy research related to the demand for
electricity and, to a lesser extent, the demand for gasoline, Post-1973
electricity demand research, much of which is also single-equation, was
discussed in A.3.3. In addition, work in. other areas, as for example the
ga;oline demand discussed above, has -also progressed. One of the;s}ngle most
important questions with regard to energy policy is the degree of substitut-

ability among energy inputs and between energy,. 1abor, capital and other

76A discussion of some of the potential problems which may arise here

is found in Robert Z. Aliber, "0il and the Money Crunch" in Eppen [166].

7Tye are indebted to Sung Kwack for useful discussion of FED activi-
ties in this modeling area.
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ingyts such as materials. Models such as Hudson-Jorgensun and many others
diécussed above address this question., If the degree of substitutability is
high, then higher energy prices can be easily accommodated, Curiously
enough, although production economics s one of the main areas of applied .
economics, prior to 1973 virtually no work had been done'@hfth attempted to
measure the degree of substitution between energy and Tafor and capital, As
a matter of fact, virtually no work was done which inc]uded‘ene§§& (in any
form) as a factor of production, -Thjs exclusion of "intermediate" inputs was
‘ condoned on the grounds that the real researchk issue in production economics
Was the- distribution of income and the ‘degree of returns to scale,’8 Recent
work, particularly by Berndt and Wood [134], has made substantial progress

in this area. However, a gi'eat deal of work remains, much-of it relating

to data development, Although applicable solely to the manu?ﬁéfﬁ?ing sector;
the Berndt-Wood findings are quite important. Utilizing data developed by
Jack Faucett Associates, Berndt and Wood constructed a complete set of cost
accounts (prices :and quantities for capital, labor, energy and materials

(as well as output) for the U.S. manufactufing sector, This data was then
used to estimate a constant returns to scale translog cost function. The
resulting estimates showed labor and energy to be substitutes, labor and

material to be substitutes and labor and capital to be substitutes.?9 The

78Technically, the exclusion of intermediate inputs is permissible if
one of three conditions is met, The first condition, called Leontief aggre-
gation, requires that all inputs be in fixed proportions, i.2. the elasticity
of substitution for each set of inputs is zero, The second condition, called
Hicksian aggregation, specifies that inputs can be excluded if their price
and the output price are perfectly correlated. The third condition, weak
separability, requires that the marginal product of included factors be
independent of the marginal product of excluded factors. Berndt and Wood
'[134] tested for all tlirec conditions and found that none held.

79For an interesting ‘discussion of the economic meaning of substitu-
tability in a production function with many inputs, see Hogan [141].
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values for these elasticities of substitution (for 1971) were

GLE = 068 [ ‘-G‘Lﬁ‘ = -06] al"ld ‘o RL = ]oO]

Furthermore, the results sﬁowed that the elasticity of labor demand with
respeci to energy price is .03, i.e. a 100 percent increase in energy prices
will result in a three percent increase in the demand for labor, The elas-
ticities %or Tabor with respect to materials and capital was .37 and -.05

respectively; Additional §tudjes in a similar vein include Denny and Pinto

_ [135], Griffin and Gregory [137] and Pindyck [i42].
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