DR. 44¥

DSE-4230-TT1(Vol.2)

ASTUDY OF CAPITAL REQUIREMENTS FOR SOLAR ENERGY

Final Report: Volume 2
Appendix B: The Hudson-jorgenson Energy/Economic Model
(“Long-Term Interindustry Transactions Model”}): A Description

By
Edward A. Hudson
Dale W. Jorgenson

july 19, 1979 MASTER
Work Performed Under Contract No. EM-78-C-01-4230

Urban Systems Research & Engineering, Inc.
Cambridge, Massachusetts

and

Dale W. Jorgenson Associates:
Cambridge, Massachusetts

DisTRIBUTION 0F i

H




DISCLAIMER

“This book was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
of their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
-product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.”

This report has been reproduced directly from the best available copy.

Available from the National Technical Information Service, U. S. Department of
Commerce, Springfield, Virginia 22161.

Price: Paper Copy $8.00°
Microfiche $3.50

]

N



b 14

"

DSE-4230-T1(Vol.2)
Distribution Category UC-59

A STUDY OF CAPITAL
REQUIREMENTS FOR SOLAR
ENERGY

FINAL REPORT: VOLUME 2

Appendix B: The Hudson-Jorgenson Energy/Economic
Model ("Long-Term Interindustry Transactions
Model"): A Description

T —
DISCLAIMER

Edward A. Hudson
Dale W. Jorgenson

This book
0k was Drepared
s s an account of
Nei i e
Wa"her the United Stares Government noo o
MY, eX0ress O implied. or ass
complateness, or usetulness ’ "

v an agency of thy
r 3Ny agency ¢ United Siates Go
#gency thereof, noy 3y o their emetoy r;erkrvmenx,

®es, makes any

mes any legal Tign;
18bility o responsibility for ghe accu
racy,

July 19, 1979

CONTRACT NUMBER EM-78-C-01-4230

Prepared for:

Department of Energy
20 Massachusetts Avenue
Washington, DC 20545

Prepared by:

Urban Systems Research & Engineering, Inc.
36 Boylston Street ‘
Cambridge, MA 02138

T i jIN PES
vioin Leddd

and DISTRIBUTION OF THIS BOSUS:

Dale W. Jorgenson Associates . .
This document is

P. O. Box 276 PUBLICLY RELEASABLE

Cambridge, MA 02138 ?B
Authorizing acml 2023

Date: 2-19~0¢T




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



ABSTRACT

The Hudson-Jorgenson Energy/Economic Model--formally known as
Long Term Interindustry Transactions Model  (LITM)=-is..an. |
econometric model of the structure of the U. S.'econohyl"LITM
integrates two separate models into one’ Inteégratedisystémi’ These
models are the Macroeconomic Model, a growth model incorporating
the underlying trends of economic development, and the Inter-
industry Model, an endogenous coefficient input-output model of
the structure of the economy incorporating patterns of expendi-
ture, prices, and production on a sectoral basis. LITM emphasizes
the energy system and its role within the economy. Applications
of LITM have, therefore, focused on energy, the effect of energy
changes on the economy, and the effect of econometric changes’
on the energy system. In addition, LITM can be used as framework
for long term economic projection and structural analysis.
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THE LONG TERM INTERINDUSTRY TRANSACTIONS MODEL:
A SIMULATION MODEL FOR ENERGY
AND ECONOMIC ANALYSIS

I. INTRODUCTION

The Long Term Interindustry Transactions Mcdel is a model of econoumic
structure and economic growth. Its sectoral specification is orentsd towards energy
so that the model provides a framework for the analysis of interdependence within
the energy system as well as interdependence between energy and the rest of the
economy. In addition, the model provides a comprehensive basis for meuium and
long term economic and energy forecasting, and for the analysis of economic growth
and structural change.

LITM integrates two models of economic activity. These models are the
Macroeconomic and the Interindustry Models. Within these models, economic
processes are separated into both national aggregate and sectorzl activities. There a-e
10 domestic producing sectors. 6 of which cover energy extraction and processing,
and 4 of which cover the main nonenergy producing sectors. Each producing sector
is modeled in terms of price determination and input patterns. Final demand is
separated into consumption. investment, government, and net exports. Consumption
expenditure is based on a model of household behavior in which labor suppiv,
consumption, and saving are all determined in a consistent manner. These final
demands drive the production side of the model with an input-output system used
to take account of the complex input requirements and interindustry flows required
to sustain the final output of the economy. This whole production procass is also
subject to the limitations imposed by the availability of primary inputs, in
particular, capital and labor. Over time, labor supply changes as a result of
popuiation and participation rate changes, while capital supply increases bv
investment net of depreciation. The LITM system places zll these components within
a consistent framework and produces a dynamic, general equilibrium model of the
U.S. economy.

The LITM system has many innovative and powerful features. The two principal
features are the endogenous coefficient, input-output models of producer behavior
and the comprehensive, operational, general equilibrium system. The producer
behavior models incorporate both price and quantity aspects of producticn in a
single, consistent tramework. This permits the consistent determination of output
prices, output quentities, and input patterns (the endogenous input-output
coefficients). In addition. household and other final demand behavior, input
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constraints, and input price determination are incorporcted, and balance in
interindustry transactions and input and output markeis is imposed to derive a
consistent, general equilibrium system.

Two tvpes of simulation solutions may be performed. The first [ the
development of base case projections. In this mode, likely values of the exogenous
variables are inserted and LITM is then solved to find the path and structwe of
economic and energy growth. The second tvoe of solution c¢oncerns the impact cn
the energy and economic systems of changes in economic conditions or policiss.
These impacts are introduced through changes in the values of exogenous variables
and coefficients. This can be used in sensitivity analvsis form (what is the effect on
the principal endogenous variables -of some specified exogenous variable or eguation
specification?); it can be used in policy or contingency anaiyses (if conscious policy
or uncontrolled events were to change in some specified way, what is the impact 2n
key wvariables of concern?); or it can be used for uncertainty -analvsis (for exampis,
what is the expected value of key variabies given a probability dictribution rcr
critical, but uncertain, exogenous variables?). The LITM system is also set up in a
framework which permits control types of analyses to be e:formed. This fromewori
permits target values to be selected for endogenous variables and finds, as part of
the model solution, the values of specified instruments needed to attain these
targets. This permits control type experiments in the design of policy to b=
conducted and constraints on endogenous variables to be introduced into the svstem.

This report covers the theoretical specification and underpinning of the Leng
Term Interindustry Model system together with examples of its application to
projecting the economy and policy analysis. Part II pressnts the theorv of the
model system in three components—the Macroeconomic Model (iIl.B). the
Interindustry Model (I1.C), and the integration of these two models into a unifled
system (II.D). Part IIl contains an example of the application of the svstem. Section
III.LA presents a base case projection of :he economy and the energy system over
the 1977 to 2000 period. Then, section III.B presents an analysis of a policy

package of energy demand management and conservation policies.

[38]
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II. THEORY

A. General

The major components of the Long Term Interindustry Transactions Moda!
(LITM) are the Hudson-Jorgenson, Macroeconomic and Interindustry Models.! These
two models are integrated into a consistent representation of economic structure and
economic growth to form LITM. These two models, together with the integration
procedure, are described in detail in this section, while applications of this system
are illustrated in section III. While the Interindustry Model covers the entire
economic System, it gives particular emghasis to the energy sectors. This provides
the capability of linking detailed energy supply submodels to the model svstem, to
produce a detailed representation of energy supply and demand and the econcmy as
a whole. This potential has in fact been exploited in using LITM as an integrating
framework for coal, oil, gas, and electricity supply models.?

The two major models in LITM are each self-contained models of the
economic system and can be operated independentlv. Each model contains a
representation of production activity. In the Macroeconomic Model, a production
frontier relates outputs of consumption and investment goods to inputs of capital
services, labor services. and productivity variables. The oproduction structure of the
Interindustry Model is an endogenous coefficient input-output structure in which
production behavior by each of the domestic producing sectors is represented by
price possibility frontier. In the integrated LITM mod2l. only one production
representation can be used and the detailed Interindusirv Model structure is
employed.

For some applications, the Macroeconomic Model in stand-zlone form may
be an appropriate analytical tool. These are applications where only the aggragate
structure and rate of economic growth are of concern. In this case, the basic
exogenous variables are the time endowment of the household sactor, the price of
capital services, productivity trends, and -government expenditures and tax rates. The
Macroeconomic Model then simulates labor supply, consumption output, investment
output, and capital stock, i.e., the main macroeconomic aggregates. For other

!These modeis are presented in E. A. Hudson and D, W, Jorgenson, “US. Encrsy Policy and Economic
Growth, 1975-200C,” Thz Bell Journal of Economics and Manazement Science, Vol. 5, No. 2 (Autumn 1974a),
pp. 461-514.

¥ The specific energy models included in this system are the Bauchmun-Joskow Regionalized Electricity
Model, The Macavoy-Pinc!vck Model of Oil and Natural Gas, th. NPC-Stitt Oil and Natural Gas Supply Model
and The Zimmerman Coa] Model,

w

2023



applications, the Interindustry Model alone may provide the required analytical
capability. These are applications where details of the ecoromic structure at one
time are the focus of concern. In this case, final demand expenditure aggregates and
primary input supply prices and quantities are taken from a previous solution of the
Macroeconomic Model. The Interindustry Model solves for sectoral output quantitiss
and prices, input patterns, and final demand expenditure pattems.

For most analyses, however, it is important to consider production and
spending activities in the. Interindustry Model simultaneousty and consistently with
the macroeconomic picture. This requires that the Interindustry and Macroeconomic
Models be run in integrated form. This is achieved by using the production
relationships of the Interindustry  Model as the production representation of the
economy and by using only the household submodel, balance eguanons, and
dynamic relationships frem the Macroeconomic Model. Equations in existence in the
original Macroeconomic Model relating to labor demand, production possibilities. and
investment supply, are no longer used. The equations of the Macrosconomic Model
are used only to provide the supply of capital and labor services and the demand
for consuinption goods in any given vear, and to account for population, capital,
and wealth accumulation over vears. The remaining endogenous variables are obtained
in the Interindustrv Model. The system is in equilibrium when all final demands are
equal to the supplies of final outputs and when all demends for inputs of primary
factors are equal to the supplies of the primary factors.

B. The Macroeconomic Model
1. General Description

The Macroeconomic Model separates economic activity into four types
of goods and services—output of consumption goods and services, output oOf
investment goods, inputs of capital, and inputs of labor. The demand and supply for
each of the commodities is calculated, and the equilibrium price and quantity
patterns determined. In addition, the progression of this system over time is
analyzed through capacity expansion resulting from capital growth, labor force
growth, and technical improvement. The central component of this model is a
macroeconometric production function, relating the output of consumption and
investment goods to the inputs of capital and labor services and the level of
production efficiency. A household sector submodel determines demand for
consumption goods and the supplvy of labor. Variables relating to government
expenditure, exports, and imports are exogenous in this model. The production
function constrains the economy so that output cannot exceed capacity. Also, by
determining the supply capacity of the economy, this function provides the means
of introducing into the model the three fundamental growth producing forces—the
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supply of capital services, the supply of labor services, and the level of production
efficiency. The capital services variable is obtained frcm the capital accumulation
equation which expresses 1 vear's capital in terms of the previovs year's canual,
deprecia‘ion, and new investment. The amount of investment is based on hou.choid
preferences between present and future consumption, which Getermuae the aiocation
of income between consumption and saving. Exogenous population growth. tozether
with an endogenous work-leisure choice determine the growth cf the labor force
which then enters the production function through the labor input variable. Fiaally,
disembodied, capital-~mbodied, and labor-emt.died technical piograss are incorporated
directly into the production function. (The rates of each type of progress are bascd
on extrapolations of past trends.) In this way, the basic dynamic causal factors of
economic growth are inciuded in the model.

The next step is to introduce submodels of producer and household
behavior to determine demand and supply for each type of product. The procduce
submodel generates ouiput supply and input demand functions on the basis of profit
maximization in response to prices and within the constraint of the prcduction
function. This gives functions for the supply of corsumption goods and of
investment goods, and the demand for labor input and for capital input. Househeld
behavior is modeled to simulate consumer response to market forces as consumption
and labor decisions are made by the household in an attempt to maximize
satisfaction. This generates consumption expenditure and laber supply functions that
depend on prices, wealth, time, and opreference parameters. The remaining elements
of demand and supply are government and rest of world net demands. These ore
introduced, exogenously, to gve a demand and supplv function for each aggregate
good—consumption goods, investment goods, labor services, and capital services.

These different demand and supply components are then reconciled
within a simulated market process. There are two types of market clearing
requirements. First, quantity demanded and supplied in each market must be
brought into equality (with the exception: that the labor market does not ciear, this
is recognized by the incorporation of an unemployment variable). Second, the value
of expenditure on each typs of good must equal the total value of receipts derived
from the sale of the good. Market clearing conditions of both types are inciuded in
the model. They result in prices, and hence quantities, adjusting until equilibrium is
achieved. In this way both prices and quantities for each of consumption goods
output, investment goods output, labor input, and capital input are generated.

Once these basic production and price variables are determined. the
national income accounting framework can be used to determine aggregate variables
such as GNP, real GNP, the GNP price deflator, and the components of each of
these variables.
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2. Theores of Production and Household Behavior

This section briefly outlines the theory of production and household
behavior underlying the macroeconomic growth model. The approach used in the
macro-model is based on the neoclassical theory of economic growth in which inputs
are related to output through a production function; household behavior determines
the split of output between consumption and saving; and capital is augmented by
net investment. (See for example Soiow® for an elaboration of the one sector
growth modsl and Burmeister and Dobell®* for a discussion of two sector growth
models.) The model wused, however, is more detailed and complex than the
theoretical growth models. First, the model has two inputs and two outputs and
incorporates both prices and quantities for each; second, it introduces government
and rest-of-world variables into the analysis; third, it introduces a household
behavioral submode! that covers both the consumption-saving and labor-leisure
choices; and fourth, the model is estimated econometrically to derive parameters
based on the course of U.S. economic growth from 1947-1971.

The production sections of the growth model involve two inputs,
capital and labor services, and two outputs, consumption and investment goods,
which are linked by the production possibility frontier. This production possibility
frontier is assumed to be separable between inputs and outputs and so can be
arranged as:

£(CS, IS) = g(KD, LD)

where CS and IS are the output quantities of consumption goods and services. and
of investment, and where KD and LD are the input quantities of capital and labor
services, respectively. The actual specification of the production frontier is chosen to
be of the most straight-forward, admissible form. The input function is taken to be
Cobb-Douglas. For the output function, however, the Cobb-Douglas form is
inadmissible as the resulting production 1:ontier is not concave. Therefore, the next
simplest form, the constant elasticity of transformation function, is used. The
functional forms permit the production frontier to be specified as:
1

(a * CS® + (1) * IS®)® = A * KD¢ * LD

3Solow, R. M., “A Contribution to the Thecr; of Economic Growth,” Quarterlv Joumal of Economics.

Vol. 70, February 1956, pp. 65-94. :

“Burmeister, E. and A. R. Dobell, ¥ .thematical Theories of Econcmic Growth, New York: Collier-
MacMillan, 1970.
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where a, b and d are parameters of the frontier and where A" is an index of
aggregate input to output productivity. The production frontier can then_ be
expressed in translog form (following Christensen, Jorgenson, and Lau (1973))° to

give:
1 in(a * CS* + (1-2) * IS*) = InA + d * InKD + (1<) * InLD

The left-hand side can be written as:

% * In(a * eb‘lnCS + (l-a) * eb‘lnIS)

If a2 second order Taylor’s series {around InCS = 0, InIS = 0) is taken, in terms of
the logarithmic variables InCS and InlS, this expression bescomes

a * InCS + (1-a) * InIS + ¥ba(l-a) * In?CS + Yba(l-a) * In?IS
- ba(l-a) * InCS * InIS
Therefore, the production frontier can be written as
a ® InCS + (1-a) * InIS + !}:ba(l-a) * (InCS - InIS) ** 2
=InA +d * nKD + (1-d) * InLD

For convenience in estimation, the parameters are altered slightly to obtain the
equivalent form:

(1+C1-C2)*InCS+C2+InIS+05*C3* (InCS - InIS) ** 2
=InKD + C1 * InLD + (1 + C1) * InA

where Cl, C2 and C3 are parameters to be estimated. The maximization of net
revenue, subject to the production frontier, corresponds to a saddle point of the

Lagrgngean: ‘
L=PCS *CS +PIS*IS-PKD *KD-PLD *1LD-m@{ +Cl -C2
*InCS+C2*InlIS+0.5%C3*(nCS-1IlIS)**2-InKD

~Cl*InLD-(1+Cl *InA).

*Christensen, L. R., D. W. Jorgenson and L. J. Lau, “Transcedental Locarithmic Production Frontiers,”
Review of Economics and Statistics, Vol. §5, No. 1, February 1973, pp. 28<45.
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where m is the Lagrangean multiplier.
The saddle point is characterized by the following first order condi-ns:
PCS - m((1 + C1 - C2)/CS + C3 * (InCS - InIS;/CS) O
PIS - m(C2/IS - C3 * (InCS - InIS)/IS) = O
PKD + m/iD =0
PLD + m * CI/LD = 0

(1+C1-C2)*tnCS+C2*MIS+05*C3*
(InCS - 1nIS) ** 2 - InKD - C1 * InLD - (1 + Ci
*InA =0

These can be re-expressed to give

¢)) %%_*_*_C_KS.B=(1+C1-C2)-+C3"‘(lncs-ln15)
(2) %:cz.cs*(mcs-mm
(3 PLD * LD _ ~

PKD * KD

4) (1+C1-C2)*lnCS+C2*InIS+O.5*C3*(1ncs_1nls)**2
= KD+Cl*mnID+(1+Cl)*hhaA

Equations (1)-(4) characterize the behavior of the production c<2ctor. vThey are
econometrically fitted to time series data by three stage least squares. The estimated
equations can then be used to depict production behavior in the growth model.

Household behavior is based on an intertemporal model of the
household sector. In any given year, the household must decide how to allocate its
resources between present consumption and future consumption, or squivalently, how
much to spend during the vyear, and also how to allocate the pattern of
consumption spending within the year. These two decisions are interrelated and,
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therefore, are treated as part of the same decision problem. This decision problem
can be viewed as that of maximizing an intertemporal utility function subject to an
intertemporal budget constraint. The household objective function used in the model
of household behavior is:

U=Z (1+0' W*hC +v=*hLl
t=0

i.e., the utility level is the total present value of the utility derived in each vear
from the consumption of goods and services, C, and from the consumption of
leisure, LJ. The househoid plans cver an infinite horizon, and 100r% is the
household’s rate of time p reference. The labor-leisure choice is explicitly included
because actual household behavior over time reveals that the consumption of
additional leisure is one of the principal ways in which higher living standards nave
been enjoyed.

The household sector formulates, bassd on the information available at
the initial period, an optimal consumption and leisure plan for the entire future
period. The first year of this plan is implemented. If extemal circumstances do not
change from those expected, the following years of the pian would also be
implemented. However, these external circumstances do change so the household
sector formulates a successicn of optimal pians. What is observed, then, is a
sequence of initial years of successive optimal plans. Since a new maximization takes
place in each time period, the current period is denoted by time index zero.

The expenditure choice is subject to a budget constraint, specifying
that the present value of expenditure cannot exceed the present vaiue of income
and assets. The total budget comprises the value of wealth, time resources an
unearned, or transfer. income; these elements make up the right-hand, or asse:, side
of the budget constraint. Expenditure comprises leisure, ie., the direct consumption
of time resources, and purchases of consumer goods and services; these items make.
up the left-hand side of the budget constraint. The budgst constraint can now be
expressed as:

I (1+ st (BC * C + PL * LI))

= WL + 20(1 + s)t (PL, * LH, + EL)
t=

where s is the discount rate used, PC * C is expenditurs on consumption of goods
and services, PL * LJ is expenditure on leisure, WL is the initial wealth, PL * LH
is the value of time resources, and EL is the value of net transfer receipts. The
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household decisions may be characterized by maximizing U subject--t0 the budget
constraint. This corresponds to a saddlz point on the Lagrangean:
L= 0+t (u"'lnCt*-v*]nLJt)-n(E(l + gt (PC, * C,

[+] ]
(1 +s" (PL, * LH, + EL))

o4y

+PL, * LJ) - (WL +

where n is the Lagrangean multiplier.

The first order conditions are:

U+t *u*Cl.-n*+s"*PC =0
t t

1+t *v*L -n(l+s*PL =0
(1 + )" (BC, * C, + PL, * LJ))

ou1s

WL +Z (1+s)" (L, * LH, + EL) =
o
The value of n can be found from the first order conditions by summing the first

two equations over infinity and adding them together.

1 1 1 =

S == * [}5 (1 + s)"(Pct *C, +PL, * L1)I]
(4t

o

The first order conditions may be solved for the current consumption and leisure
time for time t that is eyual to zero.

* _

PC, C, =

Sl< D

PL, * LJ_

which after substitution of 1/n is

(I+sy (®C, * C, * PL, * LJ,)

»
ol4g

PC, * C, = u/(utv) *

T+t
o]

1 - |
PL, * L, = v/urv * - * £ ()" (BC, * C, + PL, * LJ,)
Z(1+0)"
o) .
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at the aggregate level, PL, and EL_ are expected to increase at constant rates. Thus,
we may rewrite the demand functions for consumption gnods and leisure in a
simpler form for esiimation. First, we substitute the budget constraint, and sscond.
we consider the discount rate to be an unknown that will be estimated. Thus, we

have
(5) PC, *C, =C4 * WL +C5 * (PL* LH + EL)
(6) PL, * LJ =C6 * WL + C7 * (PL * LH + EL)
3. Specification of the Macroeconomic Model

The theory of production behavior outlined above generates the
following equations characterizing the input and output preferred by producers:

PLD * LD _ .,
PKD * KD

PIS * IS _ 7 g« )

PO+ x5 = €2 - €3 * (nCS - mIS)

These equations can be viewed as defining the input demand and output supply
functions of the production sector. The first equation specifies that the demand for
labor services relative to capital input depends inversely on the ratio of the prices
of the two inputs. The second equation specifies that the supply of investment
goods depends on the price of investment goods, the input of capital services, and
the volume of output alrcady being devoted to supply of consumption goods.

Production must satisfy two further relations. First, there is the
accounting identity between the vajue of output and value of inputs:

PCS * CS + PIS * IS = PLD * LD + PKD * KD

Given any three value components. the fourth is implied from this identity. In the
model, the value of consumption goods supply is derived by this identity from the
values of investment output and of capital and labor input. Second, there is the
production possibility frontier which enforces the constraint that the quantity of
total output is limited by the input quantities. Thus, output, whether of
consumption or of investment goods, is limited by inputs, comprising capital and
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labor services together with the level of efficiency or productivity. The production
frontier is, from the previous section, equation (4):

‘1+C1-C2 *InCS+C2*1niS+05*C3*(InCS - InlS) **2
= InKD + C1 * InLD + (1 + C1) * InA

The theory of household behavior provides equations precicting
household behavior under specified econonu: conditions. These equations are tae
demand functions for ths two consumption components: goods and services, and
leisure. These demand functions are:

(55 PC*C=C4 * WL +C5*(PL * LH + EL)
(6) PL » LI = WL +C3 *PL *LH + C9 * EL +
C6 * WL +C7 * (PL * LH + EL)

The value of household expenditure on each type of consumption is determined by
lagged household wealth, WL, the time resources of the household, PL * LH, and
the net transfer income of households, EL. (The prices in these equations are net of
tax, so PC is the price of consumption goods and services including any sales taxes
or subsidies, and PL is the price received for labor services, net of income and
payroll taxes.) The demand for leisure equation can alternatively be used to obtain
the supply function for labor services. This equivalence is found by introducing tie
time constraint for the household sector:

IH=L + LJ

ie., time allocated to labor plus leisure time must exactly match the total available
amount of time, LH.

Equilibrium in any market process is characterized by the conditions
that supply equals demand. This must be true in both quantity terms and in vaiue
terms. In quantity terms. the total sales in a market must equal the total purchases
and, in value terms, the total value of receipts must equal the total value of
expenditure. These conditions lead to a set of market balance equations. In each
market, there is a quantity and a value balance equation. For consumption goods
and services these equations are: '

CS+CE=C+CG +Cl +CR
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(I+TC)"PCS*CS+PCE*CE=PC*C+PCG“CG*-'PCI*CI
+ PCR * CR

Supply of consumption goods is from private producers (CS) or from government
enterprises (CE). The demand is from households (C), government (CG), net exports
(CR), and with changes in inventories (CI) absorbing any imbalance. The value
equation is similar, except that sales taxes and subsidies must be incorporated
because these absorb a portion of expenditure and do not accrus as receipts to
producers. Similar relations hold for the market in investment goods:

IS+Cl=1+1G + IR
(1+TIH)*PIS*IS+PCl*CIl=Pl *I+PIG*IG+ PIR * IR

The supply of investment goods is from new production and from existing
inventories, whiie the demand is from private purchases, gcvernment and net eXxports.
In value terms, sales taxes are incorporated as a wedge between the price paid by
the purchaser and the price received by the producer.

The demand for labor services must match the supply:
L=1ID+LlLE+ LG+ LR + LU

where demand is from the private domestic sector, government enterprises, genera!
government, net foreign demand, and unemployment is the exogenous remainder. All
demands are exogenous cxcept demand from the private sector. The corresponding
value equation is:

PL«*L=Q-TL) * (PLD * LD + PLE * LE + PLG * LG + PLR * LR)

Taxes form a wedge between the price paid and the price received for labor
services. Also, there is no direct payment to the unemployed. Income to the
unemployed is from transfers and so are included in net transfer payment EL,
which is incorporated into the household budget constraint.

The capital stock is, during any given year, fixed and so the supply of
capital services is generated by the capital stock, rather than determined in the
market. This process is summarized by:

KD = AK * KL

13



where KD are capital services and KL is the capital stock at the beginning cf the
year. The investment process is the means whereby tie amount of capital is
adjusted over time. This process operates through the dynamic relatici:

K=AI*I+(1-M *KL

where K is the end of year capital stock. This relation specides that the new
capital stock is gross investment plus the depreciated size of the previous stock. The
flow if income 1o capital is:

(1 -TK) * (PKD * KD - TP * PIL * AWL * KL) = N * PIL * AWL
* KL +D * Pl *AL *KL- (Pl * AL * KL - PIL * AWL * KL)

This specifies that income for capital services, less property taxes paid on the capital
stock, and less income taxes paid on capital income, must equal the various
components of capital income. These components, on the right-hand side of this
equation, are the nominal yield to owners of the capital stack, plus depreciation on
the stock, less capital gains.

The financial aggregate of savings and wealth can be constructed as:
S=PI*I+PG*(G-GL)+ PR * (R -RL) "
W=Pl * AW*K+PG*G+ PR *R

The first of these equations specifies that the value of savings must equal the value
of investment which, in tum, is the value of private domestic investment together
with new government and foreign investment. The second equation determines
private domestic wealth as the value of private domestic capital together with net
private claims on government and on the rest of the world.

The data base for the growth model is derived from the U.S. National
Income and Product Accounts (NIPA).°® These accounts arz modified and extsnded
to derive a full treatment of output and input flows and asset variables.” The

¢The National Income and Product Accounts are described in: The National Income and Product
Accounts of the United States. 1929-1965, S:atistical Tables, Bureau of Economic Analysis, U.S. Department of
Commerce, Washington, D.C.

On measurement of prices and quantties of input and output see: L. R. Christensen and D. W.
Jorgenson, “U.S. Real Product and Real Factor Input, 1929-1967", Review of Income and Wealth, Series 16,
No. 1, March 1970.

14 2023



TABLE 1

COEFFICIENTS OF THE MACROECONOMIC MODEL

Standard t
Coefficient Value Error Statistic
cl 1.562814 0186 84.02

C2 1.154118 0163 70.80

C3 0.476591 0173 27.55

C4 0.00280285 00118 2.37

cs 0.146139 00279 £4.20

Cc6 0.0161712 .00682 2.37

c7 | 0.843158 0156 54.20
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output variables are defined so that consumption excludes purchases of consumer
durables (these purchases are an addition to capital stock and so are included in
investment) and includes the imputed value of services of household capital stock
(the NIPA accounts include only the imputed value of services from owner-occupied
residential structures). Investment comprises gross pnvate domestic investment and
includes purchases of new housing and other consumer durable equipment. Labor
input is separated into price and quantity components with manhours-worked
forming the basis for calculating the quantity of labor input. Capital income is
separated from ' the NIPA accounts and treated as capital services to the existing
capital stock. This procedure permits the price and quantity of capital services, as
well as capital stock and rates of return on capital, to be identified. The capital
stock data are developed independently through a cumulative net investment process
for individual capital components which are then summed by Divisia aggrezation.
The capital accounts employ a methodology developed by Christensen and
Jorgenson.® Finally, the income accounts are linked to -a consistent set of wealth
accounts to obtain estimates of wealth, rates of return on wealth, private sector
claims on the government, and private sector claims on the rest of the worid.’

4. Linkage Equations to the National Income Accounts

The variables of the growth model presented in the previous section are
based on the Jorgenson system of economic accounting. This system is designed to
measure the inputs to and outputs from the production process. As such, it provides
an approprate accounting framework for the analyses of economic growth. It differs
from the NIPA in having a systematic accounting of the inputs into production,
including both czpital znd. labor inputs. The Jorgemson accounting system is well
suited to the analvsis of economic growth because it explicitly includes the main
causal factors involved. For example, inputs of capital services and of labor services
are explicitly measured, as well as the capital stock. the investment-capital dynamic
linkage, and indices of aggregate technical progress.

Many uses of economic projections are based upon the standard NIPA
definitions. Therefore, a set of linkage equations between the growth model and the
NIPA GNP aggregates have been inciuded in the growth model. Table 2 presents the
parameter values for these linkage equations.

'On the capital stock and capital input accounts see: L. R. Christensen and D. W. Jorgenson, “The
Measurement of U.S. Real Capital Input, 1929-1967", Review of Income and Wezith. Series 15, No. 4,
December 1969.

Y An overview of the accounting system including income and wealth accounts is given in: L. R.
Christensen and D. W. Jorgenson, “*Measuring Economic Performance in the Private Sector”. in M. Moss (ed.),
The Meacurement of Economic and Social Performance, Studies in Income and Wealth, No. 37, New York.
Columbia University Press. 1975 and in: L. R. Chnstensen and D. W. Jorgenson. “U.S. Income, Saving and
Wealth, 1929-1969, Review of Income and Wealth, Series 19. No. 4, December 1973.
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TABLE 2

COEFFICIENTS OF THE LINKAGE EQUATIONS

Coefficient Value
C8 -8.321
c9 0.2877
C10 -32.228
Ciui 0.4386
C12 0.366938
C13 0.364938
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Two changes must be made so that the growth n‘lodel,(yufput variables
may be mapped into the NIPA output variables. The first concerns the imputed
value of services of household sector capital (or consumers’ durables) which are
included in the Jorgenson measure of output but which are not, apart from imputed
value of services of owner-occupied residential property, inciuded in the NIPA
output variables.!® The second change concemns the purchases of new consumers’
durables which are classified as investment in the Jorgenson accounts but as
consumption in NIPA. '

The imputed value of services of consunicrs’ durables is one component
of the value of services generated by the total privaic capital stock. This component
can be modeled econometrically in terms of the total value of services of capital:

CDIM = C8 + C9 * PKD * KD

where CDIM is the imputed value of services of consumears’ durables and PXD * KD
is the total value of capital services. A similar relition holds for these services in
constant dollar terms:

CDIMQ = C10 + Cl11 * KD

where CDIMQ is the real value of imputed services of consumers’ durables and KD
is the real value of imputed services from total private capital.

Purchases of consumers’ durables are included, in the growth model, in
gross private domestic investment. The proportion ol total investment that is made
up of consumers’ durable purchases can be explained by:

CDI = C12 * PI * 1

where CDI is expenditure on consumers’ durables and PI * I is total private
investment. The corresponding relationship in real terms is:

CDIQ = C13 * 1
where CDIQ is constant dollar expenditure on consumers’ durables.

These equations permit the growth model variables to be expressed in
terms of the standard NIPA vanables. Personal consumption expenditure is equal to

'®The inputed value of services of household sector capital includes the services of owner occupied resi-
dential szuctures, as dver in the national income and product account., and the implicit value of services of
other consumer’s durabics.
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the value of consumption in the growth model, less the imputed value. of services of
consumers’ durables, and including expenditure on new consumers’ durables:

CNIA = PC * C - CDIM + CDI
The same relationship holds in constant dollar terms:
CNIAQ = C - CDIMQ + CDIQ

From these, the implicit deflator for personal consumption expenditures can be
obtained:

PCNIA = CNIA/CNIAQ.

Gross private domestic investment as defined in NIPA can be
constructed from the growth modzl, as the total vaiue of fixed investment plus
inventory changes less the value of purchases of consumers’ durables:

INIA =PI *1+ PCI * CI - CDI
and, in constant dollars:
INIAQ =1 + CI - CDIQ
The implicit price deflator for investment is then found as:
PINIA - INIA/INIAQ.
The government purchases component of GNP is equal to the value of

government purchases of consumption goods and services, investment goods, and
labor services:

GNIA = PCG * CG + PIG * IG + PLG * 1G.
The corresponding equation in ;:onstant dollars is: ‘
GNIAQ = CG + IG + LG
which permits the implicit price deflator for govémment purchases to be found:

PGNIA = GNIA/GNIAQ.
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Net exports is the sum of net exports of consumption goods, investment gcods and
labor services. An adjustment is necessarv to allow for the fact that CR in the
growth model is net of income originating in the rest of the world. Therefore, this
net income component must be added back into the net exports figure to obtain an
estimate for the net exports of goods and services:
XNIA = PCR * CR + PIR * IR + PLR * LR + XW
The constant dollar form of the net export equation is:
XNIAQ = CR + IR + LR + XWQ.

Gross National Product (GNP) can be constructed directlv from the
components defined above. GNP is the sum of personal consumption expenditures,
gross private domestic investment, government purchases of goods and services. and
net exports. Therefore, current dollar Gross National Product is:

GNPNIA = CNIA + INIA + GNIA + XNIA
and constant dollar, or real, Gross National Product is:
GNPNAQ = CNIAQ + INIAQ + GNIAQ + XNIAQ
so that the aggregate price index, the GNP price deflator, is:
PGNPNA = GNPNIA/GNPNAQ.
5. Equations of the Macroeconomic Model

a. Production and Household Behavior

Investment supply:

PIS* IS _ A, -
———_PKD*KD_C“°C°*(MCS'MIS)
Labor demand:
PLD * ID _ cl
PKD * KD
20
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Production }possibility frontier:
mMKD+Cl *lmLD+(1+Cl)®haA
=(1+Cl-C))*InCS+C2°InIS+05*C3°®({InCS-1InlS)**?2
Consumption demand:
PC®C=C4*WL+Cs5*(PL®LHS+EL
Leisure demand:
PL* LI =C6® WL+ C7 ® (PL * LH + EL)
b. Accounting Identities
Capital stock accumulation:
K=AI*I+(-M *KL
Supply of capital services:
KD = AX * KL
Values of input and output:
PIS * IS + PCS * CS = PKD ®* KD + PLD * LD
Value of consumption goods supply and demand:
(1 + TC) * PCS * CS + PCE * CE = PC * C + PCG * CG + PCI * CI
+ PCR * CR
Value of investment goods supply and demand:
(1+TH*PIS*IS+PCI*Cl=Pl*I+PIG*1IG+PIR *IR
Value of capitai services:
(1 - TK) * (PKD * KD - TP = PIL * AWL * KL) = N * PIL * AWL
*KL+D * Pl * AL * KL - (PI * AL * KL - PIL * AWL * KL)
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Value of labor services:
(1 - TL) * (°PLD * LD + PLE * LE + PLG * LG + PLR * LR) =_J,PL * 1
¢. Market Balance Equations
Consumption goods supply and demand:
CS+CE=C+C§';+CI+CR»
Investment goods supply and demand:
IS+Cl=1+1IG + IR
Allocation of time:
LH=L + 1J
Labor supply and demand:
L=1LD+LE+ LG+ LR+ LU
d. Financial Aggregates
Savings:
S=Pl*I+PG*(G-GL)+PR *(R-RL)
Wealth:
W=Pl* AW*K+PG*G+ PR *R
Transfers:

EL = BL * (PLD * LD + PLE * LE + PLG * LG + PLR * LR)
e. Linkage Equations to National Income Accounts
Imputed services from cqnsumers’ durables:

— CDIM = C12 + C13 * PKD * KD

CDIMQ = C14 + C15 * KD

(3]
tJ

2023



Purchases of consumers’ ciux;ables:
CDI=C16*PI‘I
CDIQ = C17 * I
Personal consumption expenditure aggregates:
CNIA = PC * C‘- CDIM + CDI
CNIAQ = C - CDIMQ + CDIQ
PCNIA = CNIA/CNIAQ
Gross privatz domestic investment aggzregates:
INIA=Pl *1+ PCl * CI - CDI
INIAQ =1 + CI - CDIQ
PINIA = INIA/INIAQ
Government purchases aggregates:
GNIA = PCG * CG + PIG * IG + PLG * LG
GNIAQ = CG + IG + LG
PGNIA = GNIA/GNIAQ
Net export aégegates: N
XNIA=PCR*CR+PIR*IR+PLR*LR+XW
XNIAQ = CR + IR + LR + XWQ
Gross National Product aggregates:
GNPNIA = CNIA + INIA + GNIA + XNIA
GNPNAQ = CNIAQ + INIAQ + GNIAQ + XNIAQ

PGNPNA = GNPNIA/GNPNAQ
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f. Lagged dependent variables

KL

PIL

g. - Parameter values
Cl
Cc2
C3
C4
Cs
C6
c7
C8
C9
C10
C11
Ci2

C13

WL

= K(-1)

PI(-1)

W(-1)

1.562814
1.154118
0.476591
0.00280285
0.146139
0.0161712
0.843158
-8.321
0.2877
-32.228
0.4386
0.366938

0.364988
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Variable
Name

Cs

EL

IS

LD

L]

PC

6. Variables in the Macroeconomic Model
a. Endogenous Variables

(1) Growth Model Variables

Definition

Personal consumption expenditures, including imputed value
of services of consumers’ duratles. (Billions of 195& dollars.)

Supply of consumption goods and services, including services
of consumers’ durables, bv private enterprises. (Billions of
1958 dollars.)

Government transfer payments to persons, other than social
insurance funds. (Billions of dollars.)

Gross private domestic investment, including purchases of
consumers’ durables. (Billions of 1958 doilars.)

Supply of investment goods by private enterprises, inciuding
supply of consumers’ durables. (Billions of 1958 dollars.)

Capitalr stock, private domestic economy. (Billions of 1958
dollars, end of year value.)

Services from the private domestic capital stock. (Billions of
1958 dollars.)

Supply of labor services.

Purchases of labor services by the private domestic
production sector.

Consumption of leisure time by the household sector.
Nominal rate of return on private domestic tangible assets.

Implicit price deflator, personal consumption expenditures,
including services of durables. (1958 = 1.)
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Variable

Name

PCS

Pl

PIS

PL

PLD

Variable

Name

CNIA

CNIAQ

GNIA

GNIAQ

GNPNIA

GNPNAQ

Definiticn

Implicit price deflator, supply of consumption good. and
services, including consumers’ durables, by private entarprise.

Implicit price deflator, gross private domestic investment,
including purchases of consumers’ durables. (1958 = 1.)

Implicit price deflator, supply of investment goods. inciuding
consumers’ durables, by private enterprisss.

Implicit price deflator, supply of labor services by the
household sector.

Implicit price deflator, purchases of labor services by the
private domestic production sector. (1958 = 1.)

Gross private national saving. ¢Billions of doliars.)

Private national wealth. (Billions of dollars.)

(2) GNP Aggregates

Definition

Personal consumption expenditures, NIPA definition. (Billions
of dollars.)

Real personal consumption expenditures, NIPA definition.
(Billions of 1958 dollars.)

Government purchases of goods and services, NIPA definition.
(Billions of dollars.)

Real government purchases of goods and services, NIPA
definition. (Billions of 1958 dollars.)

Gross National Product, NIPA definition. (Billions of dollars.)

Real Gross National Product, NIPA definition. (Billions of
1958 dollars.)
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Variable

Name

INIA

INIAQ

PCNIA

PINIA

PGNIA

PGNPNA

CDIMQ

CDIQ

Definition

Gross private do=:sic investment, NIPA definition. (Billions
of dollars.)

Real gross prive:: domestic investment, NIPA definition.
(Billions of 1958 ::ilars.)

Implicit price d:7:tor, personal consumption expenditures,
NIPA definition. .38 = 1.)

Implicit price c:7ator, gross private domestic investment,
NIPA definition. .238 = 1.)

Implicit price del:tor, government purchases of goods and
services, NIPA ds -ition. (1938 = 1.)

Implicit price d=7ator, Gross National Product, definition.
(1958 = 1))

Net exports of gz:ds and services, NIPA definition. (Billions
of dollars.)

Real net export: of goods and services, NIPA definition.
(Billions of 1958 :sllars.)

(3) Linkage Variables

Definition
Purchases of consumers’ durables.  (Billions of dollars.)

Imputed value of :ervices from existing stock of consumers’

~durables. (Billions :{ dollars.)

Real services frc— existing stock of consumers’ durables.
(Billions of 1958 :-lars.)

Real purchases ¢’ consumers’ durables. (Billions of 1958

- dollars.)
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Variable
Name

AW
AWL

BL

CG

CR

b.

Exogenous Variables

Definition
Aggregate input to output productivity index. (1958 = 1.)

Aggregation variable, relating real investment to real capital
stock.

Aggregation variable, relating quantity of capital services to
beginning of year capital stock.

Aggregation variable, relating lagged price of capital stock to
price of investment.

Aggregation variable, relating asset price to investment price.

Variable AW, lagged | year.
Rate of govemment transfer payments to persons, other than
from social insurance funds, relative to the labor income tax

base.

Supply of consumption goecds and services by government
enterprises. (Billions of 1958 dollars.)

Government purchases of consumption goods and services.
(Billions of 1958 dollars.)

Change in ©business inventories of consumption goods.
(Billions of 1958 dollars.)

Net exports of consumption goods and services, less income
originating in -the rest of the world. (Billions of 1958
dollars.)

Rate of depreciation for private domestic tangible assets.

Net private domestic claims on government, exciuding social
insurance funds. (Billions of 1958 dollars, end of year value.)

q
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Variable
Name

GL

IG

IR

LG

LR

LU

PCE

PCG

PCI

PCR

Definiticn
Net private domestic claims con government, excluding social
insurance funds. (Billions of 1938 dollars, end of year wvalue.)

(G lagged 1 year.)

Govemnment purchases of investment goods. (Billions of {958
dollars.)

Net exports of investment goods. (Billions of 1958 dollars.)
Purchases of labor services by government enterprises.
Purchases of labor services by general government.

Total time available to the household sector.

Net purchases of labor by the rest of the world sector.
Quantity of labor unemploved.

Rate of replacement for private domestic tungible assets.
Population. (Millions.)

Implicit price deflator, supply of consumption goods and
services by government enterprises. (1958 = 1))

Implicit price deflator, government purchases of consumption
goods and services. (1958 = 1.)

Implicit price deflator, change in business inventories of
consumption goods. (1958 = 1.)

Implicit price deflator, net exports of consumption goods
and services, less income originating in rest of world. (1958
= 1.)

Implicit price deflator, net private domestic claims on
government. (1958 = 1.)
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Variable

Name

PIG

PIR

PKD

PLE

PLG

PLR

PR

TC

TI

TL

Definition

Implicit prce deflator, government purchases of investment
goods. (1958 = 1.) '

Implicit price deflator, net exports of investment goods.
(1958 = 1.)

Implicit price deflator for services from private domestic
capital.

Implicit price deflator, purchases of labor services by
government -enterprises. (1958 = 1.)

Implicit ?rice deflator, purchases of labor services by general
government. (1958 = 1.)

Implicit price deflator, purchases of laber services by the rest
of the world. (1958 = 1.)

Implicit price deflator, net claims on the rest of the worid.
(1958 = 1))

Net private claims on the rest of the world. (Billions of
1958 dollars, end of year value.)

Net private claims on the rest of the world. (Billions of
1958 dollars, beginning of year value). (R lagged 1 year.)

Effective rate of sales taxes, less subsidies, on the value of
consumption expenditures.

Effective rate of sales taxes on investment expenditures.
Effective rate of tax on income to capital services.
Effective rate of tax on income for labor services.

Effective rate of tax on the value of capital stock.
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Variable

Name Definition

Xw Net income originating, rest of the world. (Billio.s of
dollars.)

XwQ Real net income originating, rest of the world. (Billions of
1958 dollars.)

C. The Interindusty Model
1. General Description

The Interindustry Model is an econometric mode! of interindustry
transactions for. 10 domestic sectors, the demand for primary inputs, and the final
demand for outputs. Thus, through a series of modeis of producer and czonsumer
behavior, each component of the conventional input-output model is constructed.
The principal innovation of the Interindustry Model i< that the input-output
coefficients are endogenous variables rather than fixed coeliicients, and the personal
consumption expenditure bridge shares are endogenous rather than fixsd. In addition,
the market balance equations ensure that the demand is equal to the supply in
physical terms for each type of energy. The Interindustry Model permits the
structure of technology to be determined as a function of the prices of sector
outputs, and of the prices of capital, labor, and competing imports.

The Interindustry Model incorporates an input-output accounting
framework which permits the entire chain of production to be traced through the
economy. Table 3 presents the 10 sector classification scheme for the 6 energy and
4 nonenergy sectors. Table 4 presents the direct links of the j*® producing sector
with the rest of the economv. The j*P producing sector purchases primary inputs of
capital services, labor services, and foreign imports as well as intermediate inputs
from the 10 producing sectors. The goods and services produced by the j'® sector
go partly as inputs into other producing sectors and partly to satisfy final demands.
i.e,, the demands of consumers, investors, government, and the rest of the worid.
This input-output framework permits the anaivsis of interdependence between the
various producing sectors in the economy. In particular, interdependence between
energy sectors and the rest of the economy and interdependence between sectors or
fuels within -the energy system are explicitly considered. Other types of
interdependence, for example between imports and. U.S. production and between
final demand and sectoral output levels, are also represented. This organization
scheme is presented in table 5 in the conventional input-output form. This matrix
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TABLE 3

INTERINDUSTRY TRANSACTION STRUCTURE:
SECTORAL DIVISIONS

Primary Input

Sectors Producing Sectors Final Demand Categories
1. Imports 1. Agriculture, Non-fuel 1. Personal Consumption
Mining and Construction of Goods and Services
2. Capital 2. Manufacturing, Excluding 2. Gross Private Domestic

Services Petroleum Refining Investment
3. Labor 3. Transportation 3. Government Purchases
Services of Goods and Services

4. Communications, 4. Exports

Trade and Services
S. Coal Mining

6. Crude Petroleum
Extraction

7. Petroleum Refining

8. Electric Utilities

9. Natural Gas Utilities

10. Natural Gas‘ Extraction
NOTE: Ih the computer model, the sectors providing inputs (i.e., the 10 producing
sectors and the 3 primary input sectors), are numbered consecutively, 1-13.

Similarly, the receiving sectors (the 10 producing sectors and the 4 final demand
categories) are numbered 1-14. This is the numbering scheme used in table 6.
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INPUTS AND OUTPUTS OF SECTOR j.

TABLE 4
|

Input from producing sector No. 1 K
. . v Q".‘";-‘,'
Input from producing sector No. 2 \ Outputs to S4Usd
; Intermediate
Input from producing sector No. 3 A\ Demangs by other
‘ Producing Sectors

Input from producing sector No. 4

Input from producing sector No. 3 Producing

Secter No. j

Input from producing sector. No. 6

Input from producing sector No. 7

Input from producing sector No. 8

Input from producing sector No. 9

Categories

Final Demand I

Input from producing sector Neo. 10

\
|
|
Outputs to the '

Input from primarv input sector No. |

Input from primarv input sector No. 2

(9}

Input from primarv input sector No.
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SUPPLYING SECTORS

O 00 3 O W b W) e

o

11
12
13

TABLE 5

INPUT-OUTPUT TRANSACTIONS TABLE

PURCHASING SECTORS

2 3 4 5 6 7 8 9 10

INTERINDUSTRY

TRANSACTIONS

PRIMARY INPUTS

I1

1213

14

FINAL

DEMAND

TOTAL INPUT

34

TOTAL OUTPUT
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representation is also used in LITM as the organizational basis for.the interindustry
accounting system.

The specific role played by the input-cutput framework in the
complete model is o link the primary, intermediate, and f{inal sales in the cconomy
into an accounting system so that these varjous parts of the economy form &
consistent whole. Supply is the gross output of the domestic producing sector, and
demand is intermediate input demands by all 10 producing sectors together with
final demands by the personal consumption, investment, government purchases, and
export sectors. Competitive imports of nonfuel goods are regarded as inputs Into
U.S. production and their levels are found endogenously. Imports of fuels are
regarded as perfect substitutes for the domestic product and so enter directly to
supplement the domestic supply “in these sectors; fuel imports are exogenous to
LITM. The model also includes accounting identities betwesn the value of domestic
availability of each type of product and the sum of the values of all purchases of
inputs, including capital and labor, ussd in production.

The segments of the model that fit into this input-output framework
come from twc sources: detailed mcdels of producer behavier and detailed models
of final demand. The model of (inal demand is based on the expenditure
components that are simulated in the Macroeconomic Model and has the rfunction of
allocating thess expenditures among the supplying sectors. Producer behavior is
modeled by 10 submodels, one for each producing sector. Each submodel reiates
sectoral output to inputs into the sector, incorporating information on input
requirements and interrelationships derived from actual production data. These
submodels are used, as described below, to determine the prices that producers must
charge to cover costs, given primary input prices and given production constraints in
each sector. Given the prices of each input, these submodels determine the efficient
pattern of inputs into each sector, which minimizes unit ccsts of production. This
efficient production pattern is represented by a set of input-output coefficients.

The input-output coefficients -in each producing sector are endogenous
which enables the model to capture a critically important feature of the modemn
economy—its flexibility in adapting to changes in relative prices. This flexibiiity
permits producers to change input patterns, and to substitute within technical limits,
the relatively less expensive or abundant input for the relativeiy expensive or scarce
input. There is a comnparable pattern of responsiveness of final demand pattemns to
relative prices in the models of final demand.

Once the production and final demand models have been solved, the

Interindustry Mode! is equivalent to a conventicnal input-output model—it has a set
of input-output coefficients, a final demand vector, and a fundamental equation
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relating gross output to intermediate demands for inputs and final demands in each
sector. Also, prices are part of the solution so the resulting transactions matrix can
be expressed in both current and constant doilars.

Once the transactions matrix has been found, further znalysis of the
energy sector is conducted. First, supply of each type of energy resource fron: U.S.
production and exogenous fuel imports are determined. Demand for each fuel, less
imports, then gives the quantity demanded from U.S. supplies. This demand is then
compared to supply possibilities to determine whether there are any imbalancss,
given the ruling price of the fuel. If the Macroeconomic and Interindustry Modals
are used without any attached energy supply models, these supply possibilities are
determined by judgmental estimates or by drawing upon governmental or indtry
supply analyses. If the model system includes the spzcific supply submodels, these
submodels serve as supply functions, giving the quantity supplied at the ruling prnce.
If the demand for U.S. supply is found to be infeasible at the ruling price, the
price is altered and the entire solution sequence of both interindustry and supply
models is repeated; this iteration process continues until resource demands are
consistent with resource supplies.

The second tvpe of analysis concerns the energy balance expression of
energy information in terms of physical energy units. The interindustry transaction
quantities are expressed in constant dollars, i.e., in the constant prices of the base
year. These transactions are then expressed in terms of British Thermal Units by the
use of BTU/constant dollar ratios, for each type of transaction, obtained from
historical data. Tne appiication of other physical units to consiant dollar ratios
permits coal variables to be expressed in terms of tons, petroleum variables in
barrels, natural gas in cubic feet, and electricity in kilowatt hours. The fuel prices
used in the model are indices relative to the base year price. Muitiplication of these
indices by the base year price in dollars per physical unit enables ths fuel prices to
be expressed in terms of dollars per physical unit. Thus, the price information can
be presented in terms of dollars per BTU. dollars per ton, dollars per barrel, dollars
per cubic foot, and dollars per kilowatt hour.

2. Theory of Producer Behavior

The Interindustry Model is based on models of producer behavior for
each of the 10 producing sectors.!' The production relationships within each sector

! Production submodels are required for each of the 10 producing sectors. Historical interindustry data are
available, however, for only 9 producing sectors; inputs into crude petroleum exuaction and natural cas extrac-
tion arc combined into a single crude petroleum and natural gas sector. Therefore, the pattern of inputs into
crude petrolcum and into natural gas extraction was taken to be the same, each being detsrmined by 2 produce
tion model based on the combined data. There was one aspect in which these 2 submodels differed. howsever,
and this was thz level of total inpui-to-output productivity. This difference permits the different supsly
possibiiities in each sector to move independently and permits the crude peurolcum price to be indspendent of
the natural gas price. For sectors other than crude petroicum and natural gas extraction. z full 16 sector
breakdown of intermediate inputs is possible, 25 data is available on crude peuoisum purchase; and on cruds
natural gas purchases by each sector.
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are represented by price possibility frontiers'? which express the relationship
between input prices and the sectoral output price. Although expressed in tzrms of
prices, these frontiers cmbody the same information as the standard production
function or production possibility frontier, i.e., information about input requiremants,
and substitutability and complementarity between inputs. These price (frontier
determine the sectoral output prices as well as the demand for each input into sach
production sector. These demand functions are, in fact, the input-output coefficients
which express demand for each input relative to the level of that sector’s output.
These sectoral output prices and input demand functions are independent of final
demand, depending only on the price frontiers. the sectoral efficiency levels and the
prices of competitive imports, capital services, and labor services. Once prices are
known, final demands for each sector’s output are calculated and the total level of-
output from each sector and the interindustry transactions are found by standard
input-output techniques.

This separation of output pricing from the pattern of final demand
draws on a set of nonsubstitution theorems that were first introduced by
Samuelson.!?® These thsorems state that when production takes place under constant
returns and primary input prices are given, output prices are determined solelv by
supply consideration, independent of final demand. Figure 1 illustrates this theorem
for a typical industry. The supply curve is horizontal because of the constant
retums assumption and the additional assumption that the time frame is long
enough to permit all short-run bottlenecks to be removed. In this case. gven the
supply curve, the demand curve determines the quantity produced and soid, but the
price is determined by supply.

The price possibility frontiers of the production sectors define output
price in terms of input prices and an efficiency index. The general form of these
frontiers is:

Pp=F Py - - » Prgp Pgpp Py Ppyy ) 151,10

where
P, = average price of output from scctor i;
Pji = price of sector j output purchased by sector i;

'*For a discussion of the price possibility irontier, see: L. R. Christensen. D. W. Jorzenson and L. J. Lau,
“Transcendental Logarichmic Production Frontiers™, Review of Economics and Staristics. Vel §5. No. 1.
February, 1973.

'Sce, for nonsubstitution thcarems: P. A. Samuelson, The Collected Scientific Paners of Paul A
Samueison, J. Stigiitz, ed., Cambridge MIT Press, 1966, pp. S1s-330.
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PK, = price of capital services purchased by sector i;
PL, = price of labor services purchased by sector i
PRi = price of imports purchased by sector i,

t = time.

This general form specifies the output price in terms of the 13 input prices and
time. The simplifying assumption is made that the productivity term is separabie
from the price arguments in the frontier. This means that efficiency or productivity
changes affect all inputs equally, and it implies that the frontier can be expressed:
- * =
P, = G (Pl e PlOi, Pei Pris PRy H, (1) 1=1,10
where H(t) is a muitiplicative factor representing disembodied technical efficiency.
This form can then be rearranged slightly by defining TE as the reciprocal of the
function H so that:

P, * TE, = G, (P,,, ., Pygp Pyp Pry Pry) 151,10

TE is an index of input-to-output productivity, or of Hicks neutral technical
efficiency. The greater the value of TE, the greater the quantity of output produced
from a specified set of inputs and so the lower the price of output.

The general price possibility frontier can be expressed in the translog
functional form. This form, introduced by Chrstensen, Jorgenson and Lau,'® is a
second order approximation to a general functional form and has the advantage of
imposing no a priori restrictions on parameter values or on interrelationships between
its included variables. In this form, the price frontiers become:

13 13 13 .
InP; + InTE; = §; + £ & P + % T T g, Inby WP i=1,10

=1 k=1

where the 13 input sectors comprise- the 10 domestic producing ssctors together
with capital services, labor services, and imports.

**The wanslog functiomal form was introduced in: L. R. Christensen, D. W. Jorgenson. and L. J. Lau,
“Conjugate Duality and the Transcedental Logarithmic Utility Function™, Economerrica, Vol. 39, No. 4, July
1971.
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An additional assumption is introduced on the form of these price
frontiers in order to facilitate the econometric estima:icn. This simplification is
necessary for three reasons. First, the data-base, a time semes of input-ou.put
transactions matrices from 1947 to 1971, doss not contain sufficient observaiions to
estimate a large number of parameters. Second, the estimation of the frontjers —ust
incorporate many restrictions over the parameters, i.e., for symmetry and concavity.
Lastly, the estimation program must have the capability of handling simuitanerusly
all 13 inputs into each sector.

In order to handle these requirements, the price possibility fron:iers are
constructed from a series of interdependent steps rather than direct estimation. The
first step aggregates the six individual energy prices into an overall energy price
index and the five intermediate materials prices into an overall materials price index.
Both these aggregations are performed with transiog functions. The second step is to
construct the pricz possibility frontier itself in terms of the prces of capital
services, labor services, the- aggregate energy price, and the agzregate materials price.
The price frontier remains a mapping between the individual input poices and the
output price; the computations in this mapping are made .hrough the intermediite
step of aggregate energy and materials price indices. ‘

Mathematically, this procedure may be viewed as follows. The price

frontier is:
P * TE; = G; (®pyy ws Prgp P Py Prp)
This frontier is then expressed as:
P * TE; = Gy i Puis Py (Prys Py Py, Pyys Py 5

PEi (PSi’ PSJ" P7i’ P8i’ P9i’ PlOi) )

where P, , and Pp. are functions of prices, the materials and energy prices, within
the overall price frontier. The output price can then be found first by finding the
\I;alues of Py, and P, then, using Prs PU’ P, Py and TE,, finding the value of

In specific terms, the output price index is <omputed from the price
possibility frontier as follows.

(a) The prices of the energy and intermediate materals aggregates are
expressed in terms of the individual prices:

10 10 g
Py, = £ 6 P, + % = ¥ gE 1mp ey,
j=s j=5 k=5 .
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=3 M ; M 1P InP,. for i=
Py, = 5 G WR v BS G IR Py for =110

Thus, the aggregate energy price Pp., depends on the prices of the six types of
energy—coal, crude petroleum, refined petroleum products, crude natural gas, gas
from gas utilities, and electricity. Simiarly, the aggregate price of intermediate
materials, P, ., is defined in terms of the prices of the five nonenergy intermediate
inputs—agriculture, manufacturing, transportation, services, and, for the ncnenergy

sectors, imports.

(b) The price of output as well as the Hicks neutral productivity
index is expressed in terms of capital, labor, energy and intermediate materials
prices:

InP; + InTE; = 8, + &y, InPp; + &, InPy; + Op; InPg; + 8y InPy,

1 W

+ 1 T z . .. . i=
) j,k:K,L,E,M {3)1“ lnPJl InP,; for i=1,10

This partial separation of the price possibility frontier is a
simplification imposed on the general transiog function. The overall price possibiiity
frontier is assumed to be separable and homogensous in the inputs within each of
the energy and the intermediate materials aggregates.!® This is a sufficient condition
for this tier structure to hold. The price possibility frontier is separable in the
commodities within an aggregate if and only if the ratio of the relative shares of
any two commoditiss within an aggregate is independent of the prices of
commodities outside the aggregate.!® For example, the six types of energy make up
an appropriate aggregate if the relative value shares of any two types of enerzy
depend only on the pricess of energzy and not on the prices of nonenergy
intermediate inputs or the prices of capital services and labor services.

The price frontiers express output prices in terms of other output
prices, primary input prices. technical efficiency indices, and the price f{rontier
parameters. These frontiers must be simultaneously satisfied if the domestic
production system is operating so that prices cover average costs of production in

'$For a discussion of the separability and homogeneity conditions see: L. R. Christensen, D. W. Jorgenson,
and L. J. Lau, “Transcedental Logarithmic Production Frontiers”.

! ¢Separability is further discussed in: -W. W. Leontief, “Intoduction to a Theory- of the Intemal Structure

of Functional Relationships™, Econometrica, Vol. 157, No. 4, October 1947,
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all 10 sectors. The econometrically estimated frontiers are used to solve for the
domestic output prices by the following steps:

1. The technical efficiency parameters are inserted as exogenous
data, based on extrapolations of recently observed data;

2. The primary input prices, ie., price indices for competitive
imports, capital services, and labor services are obtained from the Macroeconemic
Model, simulated in conjunction with the Interindusiry Model;

3. The prces at which interindustry transactions occur are
expressed in terms of average sector output pricss, i.e.,

P, =F; * P,

where the markup factors Fji are based on historical data;

4. Once the information 1.-3. has been inserted into the price
possibility frontier, there remains a system of 10 equations in 10 variables—the
output prices of the 10 domestic production sectors. The system is then solved for
these output prices before the pattern of final demand is caiculated.

Producers, organizing input purchases in a cost minimizing fashion,
behave so that the value shares of inputs satisfy:

P, * X; _ 3 InP
P, *X, 0 P,

ie., the share of purchases of the j'" input in total purchases by the i'" sector is
equal to the partial derivative of the logarithm of the output price of i with respect
to the logarithm of the price of the i*" input into sector i. (This result is derived
in appendix A.) The share equations for capital, labor, energy, and intermediate
materials inputs are given by:

P.. * K

Ki -

porx  xiT Biki InPy; *+ Byypy Py + Bygy InPy; + By InPyy

1 1

P * L

P * X e * By Py + By InPry 4+ By InPey + 5y g InPy,
1
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P, * E
pov g = % ¥ Pex; InPy; * Bpyy InPyy + Bpgy InPyy + Bpy LnPy,
1 1

P, * M,
5orx - i t Ak Py * By, WPy Bygy InPyy + By InPy,
1 1 ,

i= 1,10

Input quantities of capital services, labor services, energy, and intermediate matenals

are denoted by K, L, E, and M respectively, and X; denotes the quantity of output
from sector i.

The share equations within the energy and intermediate matenals
aggregates are analogous for sectors i = 1 to 10:

P. * X. 10

L =af+ I gh, P =5, 10

PEi E.l k=5
P. * X. y .
oM - % TS APy K= 1234R
Mi . 4R’

These share equations are used in the Interindustry Model to
derive the endogenous, input-output coefficients and are also used in the
econometric estimation of the producer submodels. Since output prices have already
been determined from the price possibility frontiers and the prices of capital, labor
-and imports, are determined in the Macroeconomic Mode!, the above equations can
be solved for the numerical values of each share. The quantity demand functions, or
input-output coefficients, can then be found as:

ﬁ = E‘__.. * ( v 3 InP.) ;
X, PK Ri o jex LEM “KIE T
1’-‘—=P‘—'*(cx.+- p) 3..1@..)-
X; Li Li " jeg, LM "L TTHTO
X. P 1o
1 = 1 E
f- i : (aEi * k=K L:E M 6Eki lnPki) (o:ﬁ +k§5 5;‘};1 mpki)
1 1 yd g
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for the energy inputs, j = 5, 10; and

J%. P.
= L .+ p CInP, ) (&M + z M. InP, .
X, Py Cot k=K .L.E.M Prexi I0Fyd) O k=1,2,3,4,R Biei InPy)

for the intermediate materals inputs, j=1,2,3,4 R. These expressions determine the
input-output coefficients endogenously, as functions of the prices which are already
known.

3. Econometric Estimation of Production Submodels

The econometric estimation of the producer submodels is performed on
the basis of the share equations presented on page 42. All the parameters in the
price possibility frontiers, with the exception of the constant terms, are identified in
the parameters of the shars equations. The constant terms are identified from the
base year values of the prices—as the price indices are, by definition, unity in the
base year, the constant terms of the frontiers must be zero for the frontiers to
apply in this year.

To be consistent with the economic theory of production, several
restrictions must be imposed on the parameters of the price possibility frontierss.
First, there is an accounting identity for each sector between the value of input and
the value of output (profit is included in the price of capital services so that this
identity always hclds). This condition implies:

Pt X = P "K P T L+ P FE Py * M

i i

for the aggregate price frontier, i = 1, 10; and

10
Pg; * E; "jgzs Py * X
* =
TS S BT

for the energy and intermediate materials aggregates. These identities mean that the
relative shares must sum to unity, which implies the following parameter restrictions
for the functions of aggregate output price:

+ a,. = 1

& M

ki T o toag;

Bexi * Puxi t Pex; tByg; =0
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Bxri * Bri *heLi tAuLi=0
Bxei * Prei * Pepi * Py =0
Bemi T Py *Bemi T Bym; =0 1=1,10

For the functions of the energy and intermediatc gouds aggregates. the
implied parameter restrictions are:

10
P
10 .
ngS Bjki =0 k=35 10
and
T M=
j=1,2,3,4, R !
10 M
_ z Biy; =0 k =1234R
j=1,2,3,4, R X!
for i = 1, 10.

These restrictions permit one equation to be dropped fromm each set of share
equations, and the parameters of this equation to be determined from the estimated
parameters with these restrictions. In the aggregate (KLEM) submodels, the shars
equations for capital services, labor services, and energy are estimated with the
materials share, determined from these three equations and the identity between the
value of input and the value of output For the share equations within energy
input, the share of gas from gas utilities is determined from the other fitted sha:gs
and the identity. For the input of intermediate services into the noneneray
producing sectors, the import share is determined from the four fitted shares ar;d
the residual. For the energy sectors, imports are exogenous so only three
intermediate materal input shares are fitted. The fourth input share, Sgr'vices) is
determined from the identity.

The second set of restrictions on the parameters of the price possibility

frontiers is due to the theoretical result that, if the losarithm of the price
possibility frontier is twice differentiable in the logarithms of the input prices, the
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Hessian of the frontier should be symmetric. These restrictions place conditions on
the second order parameters. For the aggregate (KLEM) submodel, the following
parametsr restrictions are implied:

Beri = Brxi > PxEei = Pexi o
Brei = Peri » Pxmi T Buxi

Bumi = Puri o Pemi T PmeEi i=1,10
Analogous restrictions apply for the energy and intermediate materials submodels,
Le.,

B =B, ik =510

Bei = By ik = 1,2,34R

for i = 1, 10.

The third set of theorestical restrictions is that the price possibility
frontiers be convex. This convexity condition is imposed at the base year, using a
method developed by Lau.!” (This is detailed in appendix B.)

Another restriction is that some of the shares are identically zero. This
is an empirical restriction arising from the fact that some sectors never purchase
some types of inputs. For these cases, the corresponding parameters are set to zero
and no estimation is required. The zero shares dealt with in this way are: crude
petroleum and crude narural gas into transportation; coal mining and electric
utilities; electricity into gas utilities; coal and gas from gas utilities into crude
petroleum and crude natural gas.

The estimation of the producer submodels is based on a time series of
input-output transactions data, in constant and current doilars, covering the period
1947 to 1971. The data are based on the Bureau of Economic Anaivsis
input-output tables for 1947, 1958, and 1963 and also incorporate many other
quantity, price, output and transactions time series and cross section data. The
intermediate transactions components of the interindustry transactions matrices were

'"The econometrics of the imposition of convexity at the base year are developed in: L. J. Lau,
Econometrics of Monotonicity, Convexity and Quasiconvexity, Institute for Mathematical Studies in the Social
Sciences, Stanford University, Technical Report No. 123, March 1974.
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constructed by Jack Faucett Associates.'® These data are based on the Burzau of
Economic Analysis input-output tables in conjunction vitu time series for energy
purchases (from the Bureau of Mines, Bureau of the Census, Federal Prwer
Commission, American Petroleum Institute, and Edison Electric Institute) and with
time seres for sectoral output levels. The value added data in the Faucertt
transactions tables were edited and separated between labor and capital compoients
in subsequent work by Data Resources, Inc. The capital service quantity data is
based on Faucett capital stock data, and is a Divisia aggregate index of se.vices
from producers’ durables equipment, non-r2;idential structures, land and working
capital in each industry. Developed by Christensen and Jorgenson, the capital services
price index for each industry uses data from Jack Faucett Associates, the U.S.
National Income and Product Accounts, and service price formulae for each assel!'’
The labor price and quantity data is based on a 67-industry dara base aggregated
into the 10 sector framework of this study. Chinloy, Gollop, and Jorgsuson
developed the labor data base.?®

A simultaneous equation, estimation system was used to estimate the
share equations. The estimation system had to accommoc:cte the simultaneity and
the nonlinearity of the equations. The method of “Iterative Minimum Distance”™ was
used which is among the class of estimators that are consistent and uniformly
asymptotically normal. This estimator has the advantage of taking into account
information on all of the constraints. When non-linearities in the variables ars not
present, the “Iterative Minimum Distance” estimator is equivalent to three stage least

'*The interinduswy transactions data are developed and presented in: Jack Faucett Associates, Data
Development for the [-Q Enercv Model Final Report to the Energy Policy Project, Chevy Chase, Maryland,
May 1973 and Jack Fauceit Associates, Data Deveiopment for the 10 Enerev Model: Commerts and
Revisions, Chevy Chase, Maryland, September 1973.

!*The capital data in the interindustry transactions tables are based on: Jack Fauceft Associates, Develop-
ment of Capita] Stock Serizs by Indusiv Secter, Chevy Chase, Maryland, March 1973: Jack Faucett Associates.
Data Development for the [0 Enersv Model. Final Report to the Energy Policy Project, Chevy Chase, Maryland.
May 1973, Jack Faucett Associates, Dawa Deveiooment for the [0 Encrev Model: Commeants and Ravisions,
Chevy Chase, Maryland, Sertember 1973: Jack Faucstt Associates, Measures of Workine Car:inal. Chevy Chase.
Maryland, September 1973; L. R. Christensen and D. W. Jorgenson. "“The Measurement of U.S. Real Capital
Input, 1929-1967"", Review of Income and Wealth, Series 15, No. 4, December 1969.

3%The development of the labor input data for the interindustry transactions tables is presented in: F. M.
Gollop, Modealline Technical Chance and Market [mperfections: An Econometric Anaivsit of Manufacrurine,
1947-1971, Unpublished PhD. thesic, Department of Economics, Harvard University, Camoridze, Massachusatts,
July 1974, Sce also, F. M. Gollop and D. W. Jorzenson, “U.S. Towl! Factor Productivity by Industry, 1949-
1973", paper presented at the NBER Conference on New Developments in Productivity Measurement,
Williamsburg, Virginia, November 1975.
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squares. The “Iterative Minimum Distance” estimator has been discussed by
Jorgenson and Laffont and Malinvaud.?!-22

Tables 6 to 8 present the estimated parameters of the translog price
frontiers for the aggregate (KLEM) function and the energy and intermediate
materials submodels for each of the 10 producing sectors. The asymptotic standard
errors of the estimates of the parameter values are given in parentheses in these
tables. For ease of interpretation of these tables, the list of producing sectors is

repeated:

Agriculture, Non-fuel mining, Construction.
Manufacturing, excluding petroleum refining.
Commercial Transportation.

Services, Trade, Communications.

Coal Mining.

Crude Petroleum.

Petroleum Refining.

Electric Utilities.

Gas Utilities.

Natural Gas Extraction.

OV IRAUHEWN -

Py

In addition, the nomenclature for the parameters and parameter subscripts in tables
6 to 8 are:

K. Input of capital services.
L. Input of labor services.
E. Input of energy.

M. Input of nonenergy intermediate materials.
Also, the subscript notation within the energy and materials submodels is:
Energy Input

1. Coal Mining.
2. Crude Petroleum.

310n the estimation of non-linear egquation systems incorporating parameter systems and on the minimum
distance estimator see:  E. Malinvaud, Statistical Meathods of Econcmetrics. Amsterdam, North-Holland, 1970:
D. W. Jorgenson and J. J. Larfont, “Efficient Esumation of Non-Linear Simultaneous Equations with Additive
Disturbances”, Annals of Social and Economic Measurement, Vol. 3, No. 4, October 19i4.

32 The computational algorithm emploved in the estimation is based on the Gauss method with variable
step size. The computational algorithm is discussed in dewi in: E. R. Berndt, B. H. Hall. R. E. Hail, and
J. E. Hausman, “Estimation and Inference in Nonlinear Structural Models’”, Annals of Socizl and Economic
Measurement, Vol, 3, No. 4, October 1974,
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TABLE 6

ESTIMATED PARAMETERS OF THE TRANSLOG PRICE POSSIBILITY FRONTIER FOR THE AGGREGATE (KLEM) SUBMODEL
FOR 10 PRODUCING SECTORS OF THE U.S. ECONOMY, 1947-71.

1785
(.0019)

2354
(.0081)

.0244
(.0009)

6616
(6121)

0851
(.0007)

-0366
(.0015)

-.0052
(.0002)

0435
0007)

0287
(.ouu1)

0023
(.0001)

2

.1149
(.0020)

2940
(.0063)

0202
(.0063)

5708
(.0089)

0590
(.0057)

0030
(0024)

-0055
(.0087)

- 0565
(.0322)

0737
(.0419)

0054
(.0029)

k]

1799
(.0031)

4096
(.0043)

.0380
(001N

3726
(.0069

1018
(.0148)

-.0601
(.0170)

-.0137
(.0043)

-0280
(.0304)

0582
(.0015)

-0180
(.0065)

4

.2994
(.00139)

4173
(.0030)

0182
(.0004)

2653
(.0056)

0595
(.0005)

0114
(.0002)

0011
(.0001)

-0719
(.0012)

0848
(.0001)

0098
(.0003)

Producing Scctor

5

1277
(.0039)

4139
(.0119)

.1857
(.0105)

2727
(.0158)

.0280
(.0036)

-.03157
(.0074)

0099
(.00406)

-0022
(.0012)

-0751
(.0964)

145
(.0380)

6

5616
(.0110)

0838
(.0044)

0947
(.0012)

.2599
(.0142)

2462
(.0668)

-0470
(.0293)

-0532
(.0128)

- 1460
(.1785)

0655
(.088)

0284
(.028k)

7

0753
(.0020)

RYLY)
(.0028)

.5490
(.0040)

.2595
(.0084)

.0402
(.0030)

0620
(.0569)

-.0706
(.0436)

-.0316
(0149)

- 0674
(.2259)

0066

(.0075)

.3458
(.0130)

1928
(.0043)

2120
(.0136)

2496
(.0071)

1310
(.0026)

0288
(.0097)

-.1682
(.1109)

0064
Qa3

- 1968
(.L385)

0239
(.0200)

9

3206
(.0084)

1008
(.0038)

A8935
(.0062)

0891
(.0115)

1224
(.0590)

0179
(.0048)

-0975
(3447

-.0429
(.251306)

0A42
(.0742)
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(.0293)
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(.0188)
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TABLE 6

ESTIMATED PARAMETERS OF THE TRANSLOG PRICE POSSIBILITY FRONTIER FOR THE AGGREGAYE (KLEM) SUBMODEL
FOR 10 PRODUCING SECTORS OF THE U.S. ECONOMY, 1947-71, (Continued)

Producing Sector

Parameter } 2 K 4 5 6 7 8 9 10

A mM 0056 -0821 0199 -.1059 -0037 - 0469 -0012 0441 -0015 -0169
(.0001) (.0846) (.0024) (.0018) (.0025) (.0281) (.0006) (.0953) (.0009) (.0281)
Peg 0072 .0188 0198 0020 0087 -0319 .1846 0638 .2128 -.0319
(.0003) (.0021) (.0023) (.0024) (.0070) (.0098) (.1110) (.0310) 170 (.0098)
By:ng -0044 -.0187 0119 -0129 ~1332 0566 -.1205 0805 -0347 0566
(.0002) (.0239) (.0152) (.0013) (.0524) (.0500) (.1515) (.1151) (231 (.0500)
Bram 0422 1573 -0038 1907 1392 1362 1533 -1311 .0790 .1362

(.0002) (.2419) (.0012) (.0034) (.0686) (.2619) (.2847) (.1600) (.0826) (.2619)

0s

€coe



IS

€c0c

Parameter

0053
(.0011)

.0021
(.0002)

8389
(.0039)

212
(.0074)

0325

(.0021)

0000
(Q000)

-.0052
(.0032)

0000
(.0000)

-.06068
(.0123)

0011
(.0023)

2040
(0177)

0002
(.0000)

3384
(.0055)

.2858
(.0062)

1716
(o0101)

L0000
(.0000)

1624
(.1844)

0000
(.0000)

-0690
(.0824)

-0543
(.0755)

"ESTIMATED PARAMETERS OF THE TRANSLOG PRICE POSSIBILITY FRONTIER

TABLE 7

FOR THE ENERGY (E) SUBMODEL FOR 10 PRODUCING SECIORS.

0799
(.0393)

0000
(.0000)

8107
(.0847)

0406
(.0065)

0688
(.0072)

0000
(.0000)

.0735
(.0930)

0000
(.0000)

-0648
(.0924)

-0032
(.0029)

C 1142

(.0553)

0051
(.0016)

3520
(.0295)

4136
(.0096)

1091
(.00352)

{0060
(.0019)

1011
(.1912)

-.0006
(.0016)

- 0402
(.0629)

-0472
(.0601)

Producing Scctor

5

8510
(.0200)

0000
(.0000)

0400
(.0055)

1062
(.0654)

0029
(.0014)

0000
(.0000)

-0118
(.0433)

0000
(.00M0)

0220
(.0683)

-0100
(.0138)

L0000
(.0000)

.8885
(.0041)

0365
(.0038)

0750
(.0052)

0000
(.0000)

L0000
(.0000)

L0000
(.0°20)

L0000
(.0000)

0000
(.0000)

0000
(.0300)

0021
(.0004)

8104
(.0044)

1180
(.0039)

0057
(.0004)

0267
(.0010)

0371
(.0002)

.0017
(.0013)

-.0095
(.0135)

0067
(.0107)

L0009
(.0054)

J165
(.0089)

0000
(.0000)

1173
(.0107)

L3829
(.0091)

AE7)
(.0053)

0000
.060D)

0762
(.1069)

0000
(.0000)

0833
(.0310)

-05178
(.0386)

0068
(.0039)

0000
(.00vV)

0190
(.003541)

L0000
(.0000)

.578s
(.U169)

3958
(-0057)

.0068
(.0115)

0u00
(.0000)

=00l
(.0002)

0000
(.00u0)

10
.0000
(.0000)

.8885
(.0041)

.0365
(.0038)

.0750
(.0052)

0000
(.0000)

0000
(.0000)

0000
(.0000)

.0000
(.0000)

0000
{.0000)

.0000
(.0000)



€202

Parnmeter
E
Bys
E
P16

£
P22

"53
54
"lzis
‘3!236
i3
"[334

E
B3s

.0005
(.0012)

0000
(.0000)

0010
(.0o11)

0007
(0112)

-0007
(.0010)

-0010
(.0028)

0000
(.0000)

-0252
(.0696)

0128
(.0219)

1854
(.2266)

2

-.0350.
(.0585)

.0000
(.0000)

-.0029
(.0029)

-.0001
(.0003)

0073
(.0292)

-.0043
(.0172)

.0000
(.0000)

2239
(2.2254)

-0967
(.2632)

-0581
(.0612)

TABLE 7

ESTIMATED PARAMETERS OF THE TRANSLOG PRICE POSSIBILITY FRONTIER
FOR THE ENERGY (E) SUBMODEL FOR 10 PRODUCING SECTORS. (Continued)

Producing Sector

k) 4 5 6 7
-.0055 -0125 -.0002 .0000 .0003
(.0075) (.0048) (.0003) (.0000) (.0005)

.0000 -.0007 .0000 .0000 0000
(.0000) (.0019) (.0000) (.0000) (.6000)
L0000 0047 0000 0239 -.0254
(.0000) (.0054) (.0000) (.0186) (.0281)
0000 -.0018 0000 -.0249 0389
(.0000) (.0022) (.0000) (.0180) (.1329)
0000 0040 L0000 0010 0126
(.00060) (.0112) (.0000) (.0246) (0102)
L0000 -0010 0000 0000 -0165
(.0000) (.0790) (.0000) (.0000) (.0075)
0000 0027 .0000 0000 0000
(.0000) (.0031) (.0000) (.0000) (.0000)
1534 2281 -0287 -.0232 -.02006
(.2169) (.5186) (.0311) (.0247) (.0668)
-0329 -.1456 .0064 0481 -0164
(.0491) (.3871) (.0128) (.0100) (.1125)
-0557 -.0384 L0003 0000 -0086
(.1172) (5297 (.0005) (.0000) (.(139)

8

-.1017
(.0136)

0000
(.0000)

L0000
(.0000)

0000
(.0000)

L0000
(.0000)

0000
(.0000)

L0000
(.0000)

0001
(.ooub)

-.0966
(.0211)

0162
(.0129)

9

-.0040
(.0081)

-.0027
(.0091

.0000
(.0000)

0000
(.0000)

0000
(.0000)

0000
(.0000)

0000
(.0000)

0186
(.0384)

0000
(.0000)

-0110
(.0212)

10

.0000
(.0000)

.0000
(.0000)

0239
(.0180)

0249
(.0180)

0010
(.0240)

0000
(.o000)

.0000
(.0000)

-0232
(.0247)

0181
(.0100)

0000
(.000V)



€c0¢

Parameter
556
":'4
"::5
"EG
"?5
ﬂE6

£
P66

.0000
(.0000)

-0410 .

(.4766)

0278
(1.2038)

0000
(.0000)

-0458
(9129)

L0000
(.0600)

0000
(.0000)

2

.0000
(.0000)

.1868
(.1566)

-0390
(3.8738)

.0000
(.0000)

1364
(3.77113)

.0000
(.0000)

0000
(.0000)

3

.0000
(.0000)

0389
(.2080)

-.0028
(.0210)

0000
(.0000)

0640
(1.1127)

.0000
(.0000)

0000
(.0000)

4

-.0021
(.0118)

2425
(.0974)

-.0451
(2.5537)

-.0006
(0017

0972
(2.2070)

-.0002
(.0002)

0009
(.0010)

TABLE 7

Producing Sector

5

.0000
(.0000)

0055
(.0059)

-0019
(.1668)

0000
(.0000)

0018
(.0257)

L0000
(.000V)

.0000
(.0000)

6

0000
(.0000)

-.0490
(.0162)

0000
(.0000)

0000
(.0000)

.0000
(.0000)

0000
(.0000)

L0000
(.0000)

ESTIMATED PARAMETERS OF THE TRANSLOG PRICE POSSIBILITY FRONTIER
FOR THE ENERGY (E) SUBMODEL FOR 10 PRODUCING SECTORS. (Continued)

7

.0000
(.0000)

.N038
(.6043)

-.0008
(.1103)

0000
(.0000)

0257
(.0578)

L0000
(.0000)

0000
(.0000)

.0000
(.0000)

2017
(.1358)

-.0502
(.1910)

0000
(.0000)

1351
(.0146)

L0000
(.0000)

0000
(.0000)

9

-.0075
(.0169)

0000
(.0000)

L0000
(.0000)

0000
(.0000)

0604
.1072)

-.0455
(.1031)

0557
1149)

30

0000
(.0000)

-0190
(.0162)

0000
(.00N0)

0000
(.0000)

0000
(.0000)

0000
(.0000)

0000
(.0000)



€¢0c

Parameter

M

)|

1

2578
(.0275)

3171
(.0225)

0653
(.0035)

2674
(.1948)

.0318
(.0027)

0799
(.0653)

- 1012
(.1332)

0629
(.0814)

-0672
(.0534)

0256
(.H207)

ESTIMATED PARAMETERS OF THE TRANSLOG PRICE POSSIBILITY FRONTIER

TABLE 8

FOR TUHE INTERMEDIATE MATERIALS (M) SUBMODEL FOR 10 PRODUCING SECTORS.

2.

.1348
(.0167)

.5933
(.0148)

0472
(.0022)

1643
(0141

0603
(.0026)

0376
(.0333)

-.0200
(.0263)

0043
(.0091)

-0571
(.0641)

0352
(.0459)

3

1221
(.0138)

1373
(.0149)

1932
(.0116)

4382
(.0192)

091
(.0083)

1072
.1129)

-0168
(.0220)

2369
(.5707)

- -.0535

(.0432)

-0133
(.0286)

4

.0819
(.0048)

2548
(.0194)

0532
(.0043)

57174
(.0204)

. .0327

(.0015)

-0454
(.29719)

.0848
(.0530)

-.0094
(.0038)

. -.0806
- (.0149)

0506
(.0533)

Produclog Sector

5

.0193
(.0032)

4270
(.0295)

0675
(.0055)

4839
(.0345)

0023
(.0017)

0190
(.0100)

-0083
{.b203)

-0013
(.0028)

-.0094
(.0218)

0000
(. 00060)

6

.0738
(.0097)

.1464
(.0027)

0894
(.0180)

6904
(.0369)

L0000
(.0000)

-0557
(.3647)

1098
(052

-0255
(.0271)

-.0286
(.0203)

0000
(.onvy)

1

.0448
(.0076)

2131
(.0293)

.2289
(.0366)

5132
(.0611)

L0000
(.0000)

-0163
(.0238)

0483
(.0621)

0005
(.0009)

-0323

(.0308)

0000
(.0000)

1134
(.0044)

1046
(.0062)

1200
(.oton)

6620
(.013))

0000
(.00L0)

..0170

(0367

0755
(.0210)

-0252

(.03712)

-.0633
(.0202)

0000
(L00Y)

9

.0909
(.0031H

1408
(.0087)

0940
(.0073)

6743
(.0310)

0000
(.0000)

~-.0752

(.1472)

1850
(.4780)

-0132
0171)
-.04 )6
(.0221)

0000
{.0000)

10

..0738
(.0097)

1464
(.0027)

0594
(.0180)

6904
(.0369)

L0000
(.000V)

. 0557

(.3647)

.1098
(.05v3)

-0255
(.0271)

-.0286
(.0203)

0000
(.0000)



99

€¢0¢

Parameter

B
M
23
W
i
0y
W
055
ol
s

M
Bss

2349
.1767)

-.0219
(.0316)

- 1009
(.1833)

-.0109
(.0069)

.0039
(u191)

- 0187
(.0214)

-.0263
(.0201)

1959
(.1069)

-.0090
(.0199)

L0206
(.0247)

ESTIMATED PARAMETIRS OF THE TRANSLOG PRICE POSSIBILITY FRONTIER

TABLE 8

FOR THE INTERMEDIATE MATERIALS (M) SUBMODLL FOR 10 PRODUCING SECTORS. (Continucd)

2

.1958
(.1225)

-.0361
(.0188)

-0710
(.1647)

-0607
(.0695)

L0435
(.0232)

-.0030
(.0035)

-0087
(.0107)

1218
(.1080)

0093
(.0089)

0329
(.0208)

3

1185
1177

-.0265
(.1009)

-0602
(.0995)

- 0150
(.0155)

1559
(.1135)

-0847
(.2363)

-0211
(.0256)

2462
(.2749)

-478
(.0420)

0972
(1134

4

0973
(.0726)

-0091
(.0109)

-1179
(.0687)

-0550
(.0414)

.0502
(.0849)

-0321
(.0159)

0005
(.0010)

2348
(.0774)

0042
(.0038)

0081
(.0064)

Producing Sector

5

2447
(.1098)

-.0288
(.1071)

-2066
(.0988)

-0010
(.0071)

0629
(1119)

-0327
(.0178)

-.0002
(.0101)

2497
(.1295)

-0011
(.0109)

.0023
(.0115)

6

0077
(.0292)

0053
(.0143)

-.1228
(.1095)

000
(.0000)

-0118
(.3994)

0620
(.5080)

.0000
(.0000)

0894
(.1003)

0000
(.0000)

L0000
(.H000)

7

A3
(27200

-.0592
(.0852)

-.1003
(0913)

0000
(.0000)

0680
(.2141)

-.0092
.0119)

0000
(.0000)

Q418
(.1450)

0000
(.0000)

L0000
{.0000)

8
0023
(0070

0037
.0054)

-.0d1s
(.0224)

0000
(.00L0)

1027
(.0641)

-071173
(.0383)

0000
(.0000)

.222)
(.0563)

0000
(.0000)

L0000
(.bOLY)

9

-1416
(A130)

.0155s
(.2054)

- 0889
(.0481)

0000
(.00

-0553
(.U753)

0289
(.02317)

ouon
(.0000)

1505
(.0568)

0000
(.0000)

L0000
(.0000)

10

.0077
(029

00s3
(.0143)

- 1228
(.1095)

0000
(.0000)

-0-418
(.3999)

0620
(.50K6)

0000
(.0000)

0894
(.1003)

0000
(.0000)

0000
(.0000)



Refined Petroleum Products.
Electric Utilities.

Gas Utilities.

Natural Gas Extraction.

O\Ui:kb)

Materials Input

1. Agriculture, Non-fuel mining, Construction.
2. Manufacturing, exciuding petroleum rerining.
3.' Commercial Transportation.

4. Services, Trade, Communication.

S. Imnorts.

4, F inal4 Demand

The next step in determining the interindustry transacticns flows is to
find the final demand for the output of the 13 supplying sectors—the 10 domestic
producing sectors and the 3 primary input sectors: capital services, labor services,
and imports. Thiese demands are based upon the total expenditures on each of the
final demand components—personal consumption, investment, and government
purchases—taken from the accompanying macroeconomic model together with export
demand. The final demand submodels in the Interindusiry Model serve to
disaggregate these totals to determine demand for the output of each supplying
sector.

The total valus of domestic private investment, from the macro-model,
is allocated over the supp.ying sectors in fixed proportions. Total investment includes
the value of consumers’ purchases of durable goods., These durablss yield benefits in
‘the form of a flow of services rendered to consumers ovar future vears and are
treated as additions to the capital stock of the economyv. This imputed service flow
is included in consumption, exactly analogous to the conventional treatment of
owner-occupied residential structures in the National [ncome and Product Accounts.
Government purchases of goods and services are also ailecated in fixed propertions
over the supplying sectors. The export components of final demand are entered as
exogenous variables.

The investment and government final demand components are computed
as

SI, * PI * I
1 =
i PL

1
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SG, * (PCG * CG + PIG * IG + PLG * LG + PLE * LE)
G = PG,

i=1,13

Where [, and G, are the real expenditures on commodity i; SI, ~ad SG, are the
shares of commodity i purchasss in the total value of investment and gcver. .n2nt
purchases; and PI. and PG, are the prices of commodity i to investment and
govermment purchases. The remaining terms in these expressions are the vail:z of
investment and :the total value of government purchases, both of which are takesn
from the Macrocconomic Model.

Personal consumption expenditure is directed towards R of the 10
domestic producing sectors, as well as towards capitr]l services and imports. There
are no consumption purchases of crude oil or gas since these products must pass
through the petroleum refining sector or the gas uiilities sector before thev can oe
consumed. There are no consumption purchases of labor services since such
purchases are classified as- part of the output of the services sector. Most imports
into the U.S. are of a competitive nature, i.2., they are imported and ¢»ld in direct
competition to domestic production: these imports are ciaw.fied as imports ‘nto e
producing sectors and not as imports directly into final consumpticn. Some imports
however, are of a noncompetitive nature, e.z., spending bv American toursts in
other countries, and these imports are classified as a direct purchase by consumers.
The personal consumption sector contains a substantial stock of durable goods and
these goods render services over a period of time. The imputed value cof thess
services is included as a purchase by consumers from capital services.
Correspondingly, new purchases of consumer durables are included not in
consumption but in investment, as they add to the capital goods stock.

The allocation of personal consumption expenditure over the supplving
sectors is based on a submodel of consumer behavior. This submodel incorporates
constant own and cross price elasticities of demand for the goods and services
available to consumers. The implied behavior can be represented by ecuations giving
the quantity demanded of each type of product in terms of the prices facing the
household sector. These demand functions are or the form:

€= S ek, m Tz for
j*i

where SC, is an expenditure share parameter, the e’s are elasticity parameters, and Z
is an aggregation variable which ensures that total consumption expenditure across all
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goods is equal to PC * C. The own price elasticity of demand for good i is ¢, the
elasticity of demand for good i with respect to the price of good j is e;. Th
present specification of the consumer demand models uses a structure in whlc’l the
cross price elasticities are assumed to be zero and the own price elasticities are
assumed to be unity except for petroleum (elasticity 0.6), eclectricity (elasticity
0.85), and natural gas (elasticity 0.9). In solving the consumption submodel, the
value of PC * C is taken from the Macroeconomic Model, and the PC, are based
on the output prices of the producing sectors and the prices of capiral services.
labor services, and imports.*® The values of the share parameters SC, are the 1971
consumption expenditure shares and are shown in table 9. (This table also shows
the values of the corresponding parameters for investment and government purchases,

SI, and SG..)

The final demand submodels generate a matrix of final demands fer
the output of each of the domestic producing sectors. These are then summed 10
derive the vector of total real final demand, Y.

Y, =C + L + G +EX
5. Interindustry Transactions and Energy Flows

The Inrerindustry Model has now generated real final demands, a
complete set of input-output coefficients, and the output prices of the domestic
producing sectors. The final demands and the input-output coefficients together can
now be treated as a conventional input-output system and used to determine the
gross sectoral outputs and the inputs into production. This determination is based
on a set of balance equations relating real output from each sector to real demand
for that output. These are:

X EX +Y; i=1,10
1 i=1

where X. is the gross output from sector i and X;; is the input from sector i to
sector j and Y is real final demand for commodlty i. The input-output coefficients
are:

X..
3 = E‘l

33The solution of prices prior to the calculation of final demand makes use of the non~substitudon theorem
of Samuelson, See footnote 13 on page 37.
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10.
11.

12.

TABLE 9

EXPENDITURE SHARE PARAMETERS FOR
TONSUMPTION, INVESTMENT, AND GOVERNMENT PURCHASES

Supplying Sector

Agriculture, Non-fuel
Mining, Construction

Manufacturing
Transportation
Services

Coal Mining
Crude Petroleum
Refined Petrolsum
Electricity

Gas Utilities
Crude Natural Gas
Imports

Capital Services

*" Labor Services

Consumptior:
(SC;)
0.0135
0.1621
0.0238
0.5811
0.000!
0.0000
0.0230
0.0151
0.0086
0.0000
0.0162
0.1565

0.0000

Share Parameters For
Investment
(s1)
0.3356
0.6185
0.0041
0.04u0
0.0001
0.0000
0.0003
0.0003
0.0000
0.0000
0.0012
0.0000

0.0000

Government
(SGy)
0.1992
0.2287
0.0164
0.5232
0.0001
0.0C00
0.0064
0.0022
0.0022
0.0000
0.0217
0.0000

0.0000

2023



so that

In matrix notation, this system is:
X=AX+Y
This can be solved for the gross outputs:
X=@0-A1Y

These are the gross outputs that ensure that exactly enough is produced by each
sector to meet the reai final demands and the intermediate demands for its product.
In addition, there are balance equations between the value of inputs into each
sector and the vaiue of its output:

10 , _

The transactions matrices can now be calculated. The constant dollar
transactions are found from the input-output coefficients and the levels of tortal
output for each sector. The constant doilar sales from secior i to sector j is:

X; =2 *X  i=1,10 and K,L,R

i=1,10.

The prices of these transactions are based on the price of output from each sector.
The transactions prices are calculated as:

P, =F.*P i=1,10 and K,L,R
i=1,10.
This gives the transactions price as a multiple of the average price of output from
the sector. The multipliers Fij are exogenous variables that are unity in 1971 and

reflect any systematic difference in the price of one type of sale from the average
price of output from the sector. The value of transactions can now be found as the
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product of the price and quantity of each type of transaction. Thus, the current
dollar transactions matrix is found as:

Value of input from i to j = Pij * Xi’. i=1,10 and K,L,R

=1,10.

This information on intermediate sales in the producing sectors, along with the final
demand variables alreadv found, permits the entire transactions matnx to ba
constructed in both current and constant dollar terms.

Fuel prices are part of the solution of the Interindustry Modal,
although these prices are expressed in terms of price indices. The conversion from
price indices to dollar prices is simply a matter of scaling. Thus, as the price of
each fuel is known relative to its price in the base year, the multiplication of these
price indices by the actual base year doilar price zives the simulatad price in terms
of dollars per physical unit. Likewise, fuel outputs are simulated in terms of base
year dollars. By multiplying fuel outputs by the number of pnysical units of ru=l
that could be purchased for one dollar in the base year, the output of each fuel
can be re-expressed in physical units—tons of coal, barrels of perroleum, kilowartt
hours of electricity, and cubic fest of gas, as weil as in terms of British Thermal
Units for each of those fuels.

The interindustry transactions matrix also gves the constant doilar
inputs of each fuel into each producing sector and each final demand sector. These
inputs are expressed in BTU’s per dollar in the base vear. This gives a2 6 by i4
matrix of energy tlows, i.e., input from each energy form into each type oOr use.
Finally, the energy flows are expressed in terms of the Bureau of Mines enerzy
accounting convention®® by mapping the 14 use classification into the conventional
4 use system, the 4 energy uses being househoid and commercial, industriai,
transportation, and electrical generation. ' '

140On the nature of the Bureau of Mines energy accounting system, see for example, W. G, Dupree Jr. and
J. A. West, United States Ener~v Throush the Year 200n. U.S. Department of the Imeﬁor, Washington, DC.,
December 1972 and Walter Dupree et al., Energy Perscectives 2, US. Department of the Iateror, Washington,
D.C., June 1976. )
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6. Equations of the Interindustry Model

a. Production Behavior

Price Possibility Frontiers:

InP, + nTE, =

InPg; =

InPy, =

1

Input-Output Coefficients:

aKj

a;

o

. = * .+
ij i (aEJ

-

ST -
IS Qe Y o+ s
% Pij (aMJ k=

K,L.EM

v

e

j=

XK,LEM

z
J=
1,2,3.4,

P,
P

z
j=5.10

R

Kj

!

P

K,LLEM

Lj

Beyj InPyy) (of + I

oot

&, lnPji + % ,‘.‘kZ

o

ji

ji

* (azLj +

InP, + 43 I
Jp] ik=

InP; + %

(czKj +

i=1, 10

K.,L.EM

E
Bk
510

) M
.._.'k? Bjki
1,2,3,4,R

g=110

) . InP.)
i=K ,L .E,M A ij ij

z .. InP..
i=X ,L E.M Buij i)

E InP
Bikj kj)
5,10

M M

b. Final Demand Behavior

Household Consumption Demand:

SC, * PC * C
)

i

PC.

l-e,
;“‘PCi ' 1 P

2,3,
4R

i=1,13)

j=1,13 }
j#i

62

InP; InP,;

Biii InP;; InPy;

InPji mPki

fori =35, 10

for i=1,2,3,4 R,

e..
C_Jl x 7
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Investment Demand: (i = 1, 13)

SI, * PI * I
L = PI;

Government Purchases: (i 1, 13

- (PCG * CG + PIG * IG + PLG * LG + PLE * LE)
G, = SG; * =

1

¢. Balance Equations

Interindustry Balance: (i = 1, 10)
10
Xx =j;$:1 Xij + Yi

i
[ Y
-
—
Q
N

Value Balance: (j

d. Identities

1
—
—
O
-~

Real Final Demand: (i
Y, =C +1 + G, +EX
Interindustry Input:
Xy =a; * X (i=1,13; j=1,10)

Interindustry Prices:

P. =F. * P (i=1,10; j=1,10)

1) ) 1

P, =Fy * P G=1,10)
Paj = Frg5 * B G=1,10)
Pi3; =Fi5 * P G=L10)
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Final Demand Prices:

PC, = Fo; * P,  (=L,13)
PL = F; * P,  (=1,13)
PG, = Fg, * P, (i=1,13)
Primary Input Demand:
10
RP =j§1 X tCy 1 L, + Gy,
p _ 10
X =j=z;1 xm +C, + 1,5, + Gy,
b
L =j‘;1X131 +Cyy L3+ Gy,

NOTE: For subscript definitions, refer to table 6. Subscript i refers to supplying
sector i (for i=1,...,10) while i=11, 12, 13 refers to input of capital services, lubor
services, and imports, respectively. Subscript j refers to purchases by producing
sector j (for j=1,..,10) and to purchases by consumers (j=11), investment (j=12),
government (j=13), and exports (j=14).

7. Variables in the Interindustry Model
a. Endogencus Varables

Input-output coefficient; input of i into j.

0

Real personal consumption of good i
G, Real government purchases of good 1.
L Real investment demand for good i
KP Total real demand for capital services.
LD Total real demand for labor services,
P. Price of output received by sector i.
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b.

Price of good i to sector j.

Price of energy input to sector i.

Price of intermediatz materials input tc sectcr L
Price of good i to consumers.

Price of good i to government.

Price of good i to investment purchases.

Total real demand for imports.

Total real output from sector i.

Real input of good i to sector j.

Total real final demand for good i.

Exogenous Variables

Ratio of price of good i paid by wpurchaser j to the
producers’ price of good i.

Ratio of price of good i to consumers to the producers’
price of good i.

Ratio of price of good i to investment purciiasers to the
producers price of good 1.

Ratio of price of good i to government purchasers to the
producers’ price of good i.

‘Price index of imported goocds and services.

Share of commodity i purchases in the total value of
government purchases.

Share of éommodity i purchases in the total value of
commodity purchases.
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sI,

c.

CG

IG

LG
PC

PCG
P1
PIG
PL

PLE

PLG

Shares of commodity i purchases in the total value of
investment purchases.

Index of input-to-output productivity in producing sector i.

"Variables from Macroeconomic Model

Real personal consumption esxpenditure.

Government purchases of consumption goods and services.
Gross private domestic investment.

Government purchases of investment goods.

Purchases of labor services by government enterprises.
Purchases of labor services by general government.

Price deflator for personal consumption expenditure.

Price deflator for government purchases of consumption
goods and services.

Price deflator for gross private domestic investment.

Price deflator for government purchases of ‘investmeﬁ: goods.
Price of capital services.

Price of labor services.

Price deflator for government enterprises purchases of labor
services.

Price deflator for general government purchases of labor services.

Aggregation variable for consumption.
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D. Integration of the Macroeconomic and Interindustry Models

1. Introduction

The next step in the development of the model system is to integrate
the Macroeconomic and Interindusiry Models so that a single complete and
consistent equilibrium solution may be found. This model solution incorporates ths
detailed analysis of production at the sectoral level, including price formation and
the determination of input-output coeificienis; the determination of final dem..ads
and GNP output aggregates; the determination of the supply of capital and of labor
and the growth of these over time; and ensures consistency between factor demands
and factor supplies and between cutput demands and output supplies. In a
theoretical sense, this integrated mode! corresponds to a Walrasian dynamic, general
equilibrium model of the economy, implementad on an operational basis.?’ In a
practical sense, this integrated model rrovides the capability of tracing out the direct
and indirect effects, in btoth price and quantity terms, and including dynamic
effects, of changes affecting the economic structure. This offers a very valuable tooli
for forecasting, policy analysis, and contingency analysis in the economic field in
general and the energy field in particular.

Integration of the Macroconomic and Interindustry models requires
that the information flows from one model to the other are inserted and that any
areas of overlap are resolved. The oprincipal information flows from the
Macroeconomic  Model into the Interindustrty Mode! are: final demands by
consumption, investment and government purchases, and the supplies of capital and
labor inputs. The information flowing in the reverse direction is the demand, by the
producing sectors, for caypital, labor and imported inputs, and the supplies and pricss
of output from the producing sectors.

The two models, in stand-alone form, have areas of overlap, and it is
necessary to remove these overlaps or at lsast to reconcile the two representations if
consistency is to be achieved. The main area of overlap between the two models is
in the characterization of production because each has its own function relating
factor inputs to production outputs—the Macroeconomic Model has an aggregate
production function, and the Interindustry Model has 10 sectoral price possibility
frontiers. This overlap is resolved by removing the macroeconomic production
function, and its implied factor. demand equations. The detailed sectoral price
frontiers, with their embodied information about all 10 intermediate inputs, 3
primary inputs, and all interdependencies between inputs, is used as the production
representation of the integrated model.

?*See L. Walras, Elements of Pure Economics, Translated by W. Jatfe, Homewood, lrwin, 1954.
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2. Design

The economy can be conceptualized as a circular flow in which the
decision-—akers arz households, as owners of factors of production. and prod.cers.
This flow, in its simplest form, can be represented as in figure 2. Househelds suvply
labor services or capital that they own directly or through the intermecianies cf
corporate and non-corporate business institutions. These factor services are purchased
by producers as inputs into production. Producers then orfer finished good: and
services which are purchased by househoids directly 2as consumption or indirectly.
through business insttutions, as investment (ancther indirect form of {inal demand is
government purchases). In the reverse direction to these real flows, there is an equal
value of financial flows: outlays on final demand form producers’ receipts wo.ch
are used to purchase inputs which then form factor income. To represent the
economy in this equilibrium system, four analytical components are required:

Demand for final output.
Supply of factor input.
Supply of final output.
Demand for factor input.

e

In addition, balance conditions are required !0 ensure consistency between thsse
components in the circular economic flow. The household sector of the
Macroeconomic Model simulates decisions on the consumption<aving choice whicia
generates demand or expenditure on consumer goods and services. Demand for
saving, by the household sector as well as by government and rest of world szctors,
represents the demand to transter resources into the future and is equivalent to a
demand for investment. Government purchases are introduced exogenously. These
items together provide the required elements of component (1), demand for final
output,

Labor supply is modeled in the household sector, and the supply of
capital services is generated by the existing capital stock. In turn, capital stock
changes over time by net investment, i.e., private domestic capital formation net of
depreciation. Thus, the suppiy of inputs, or component (2), is generated by the
Macroeconomic Model. (The production segment of the Macroeconomic Modsl, the
production possibility frontier and the impled output supply and input demand
equations, are not used in the integzrated model; this information is derived for the
Interindustry Model.)

The Interindustry Model provides the production structure that vields
components (3) and (4): the supply of final output and the corresponding demand
for factor inputs. The final demand totals are introduced into the Interindustrv
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flow, of incomes and of revenues, in the opposite direction.

Figure 2. Overview of Economic Flows
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Model where they are allocated over commodities to derive the required net output
from each domestic producing sector. These outputs are related to the producton
structure, reprasentad by the price possibility frontiers and associated input-output
coefficients, to find the required input of factor service

It remains to bring these components into cquilibrium by introducing
market balance equations and quantity balance equations that ensure thar demands
are equal to supply n both output and input markets. These equations are provided
by the balance equations in the two modals together with a further set of
conditions introduced as part of the model integration. The result is a dvnamn,,
equilibrium model of the economy, its structure, and its growth.

The actual structure of the integration system is presented in figure 3.
This relates the circular flow structure of figure | to the actual model components
involved, and also summarizes the price and quantity links in the integration. Thsz
household sector and the balance equations for ccnsumption output, investment
output, labor input, and capital input are used from the Macroeconomic Modzl
These equations, incorporating lagged capital, lagged wealth, input prices, and output
prices generar2 consumption and investment expenditures, and lebor and capital
supply. The price possibility frontiers from the Interindusiry Model are used to scive
for output prices and then for the input-output coefficients, based on the prices of
capital, labor, and imports. These output prices, together with final demand
expenditures, are used, in the final demand allomtion sections of the Interindustry
Model, to solve for the vector ot real final demands. These, with the input-output
coefficients, generate the required input of «capital services, labor services, and
imports. Finally, demands and supplies of capital and labor are compared and, if
unequal, used as a basis for changing these factor prices, after which the solution is
repeated until the entire system is consistent.

3. Solution of the Integrated System

The approach is equivalent to the solution of the circular flow svstem
just outlined, but the need to achieve full consistency within this complex system
requires, for computational tractability, the adoption of an iterative solution
procedure. This iterative procedure is, in essence, based on the prices of capital
services and labor services. An equilibrium economic system can only solve for
relative prices so one price must, therefore, be chosen as a numeraire. The price of
capital services is used for this purpose so that PKD (Macroeconomic Model) or P,,
(Interindustry Model) are set exogenously. PL, the price of labor sarvices, is soIved
for, iteratively using the net demand for labor as the criterion function.
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Taking PKD nad PL as known, the Macroeconomic Model is processed
as follows to find aggregate final demand expenditure ard aggregate factor supplies.
The supply of labor is:

L=1H-LJ

PL*L=PL*LH-PL*LDI

C6*WL+(1-C)*PL*LH-C7*EL

using the household demand for leisure equation. The value balance equation for the
labor market gives:

PLD*LD+PLE‘LE+PLG*LG+PLR*LR=EII~—1:i-I=

Transfers to persons are given by:

EL = BL * (PLD * LD + PLE * LE + PLG * LG + PLR * LR)

so that:
EL=3BL * L ° L
1-TL
Therefore,
EL=%LE*(-C6*WL+(1«C7)*PL*LH‘-C7*EL
and

. BL
EL—I_TL*(-Cé*WL+(1-c7)*PL*LH/(1+C7*.I__‘iTL_Lg

This permits labor supply to be found from the previous equation for
L. 'The labor market value balance equation then allows the value of labor services
available to the private domestic sector to be found:

PID * LD = B~ L prE » .
57— PLE * LE - PLG * LG - PLR * LR
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Also, the household sector consumption demand equation permits the value of
consumption expenditure to be found:

PC*C=C4*WL+C5S*PL*®LH+C6*EL
This expenditure, with the value balance equation for ccnsumption goods and
servicss, yields the value of the required’ output of consumption gcods to be

calculated:

PCS *CS=@®C*C+PCG *CG + PCI * (1
+ PCR * CR - PCE * CE) / (1 + TO)

The supply of capital services depends on the existing capital stock:
KD = AK * KL

The national income accounting identity between output and input values then
implies:

PIS * IS = PKD * KD + PLD * LD - (PCS * CS)
where the left-hand side is the value of output of investment goods. Finally, the
value balance equation for investment goods is used to find the value of expenditure
on gross private domestic investment:

Pl * 1 =(1+TI) * (PIS * IS) * PCI * CI - PIG * IG - PIR * IR

At this point, the Macroeconomic Model has vielded the information required to
interface with the Interindustry Model:

® supply and price of capital services (KD, PXD).
® supply and price of labor services (L, PL).

® personal consumption expenditure (PC * C).

® private domestic investment (Pi * D.

® government purchases (PCG * CG + PIG * IG
+ PLE * LE + PLG * LG).

In addition, the quantity of exports and the price of imports are exogenous.

73 2023



The solution procedure now enters the interindustiy Model which is
summarized in figure 4. The following steps are importan::

1. The price possibility frontiers, in conjunction with the prices of
capital services, labor services, and imports, are used to compute the pricas of
sactoral output. These output prices then allow the price indices for consumption,
investment, and govemment purchases to be calculated.

2. The price possibility frontiers, with the output prices just derived,
are used to calculate the input-output coefiicients.

3. The final demand allocation model, using the output prces,
allocate personal consumption expenditure, investment expenditure, and government
purchases over the domestic producing sectors. These, together with export demand,
are summed to obtain the vcctor of total real final demand.

4. The balance equations for each sector’s output are used, with the
real final demands and the input-output coefficients, to cumpute the gross outhut
required from each sector. This permits the inputs into each sector to be found,
including the demands for imports, capital services, and labor servicss.

5. The demands for imports, capital services, and  labor services by
each of the producing sectors as well as by each of the final demand sectors are
now known. These are summed to derive total demand fcr each of imports, capital
services, and labor services.

The solution algorithm now introduces some additional integration
conditions to derive the criterion function on which to base the price of labor, PL.
In the Macrceconomic Model, the national income accounting idesntitv ensures that
the value of primary inputs is equal to the value of final output. The
Macroeconomic Model’s final demands are inserted directly into the Interindustry
Model. In tum, the value balance property of the interindustrv transactions ensures
that the gross value of input equals the gross value of output and, therefore, that
the value of primary input in the Macroeconomic Model is equal to the value of
primary input in the Interindusiry Model. Since the solution procedure also enforces
equality between the value of net exports between the two models, this input value
equality reduces to the equality between the value of capital and labor services in
each model, or:

PKD * KD + PL * (L - LU) = P, * KD +P_ * LD
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In this equation, the left-hund side refers to the Macroeconomic Model whiie the
right-hand side refers to the Interindustry Model. The left-hand side is the value of
capital and labor supply, where the exogenous lcvel of unemployment is deductad
from L to obtain etfective labor suppiy. The right-hand side is the value of demand
for capital and laber services. The two sets of prices are equal by definition, oniy
the notation is differeni, so:

PKD * XD + PL * (L - LU) = PKD * KP + pL * LP

Now, the criterion function for the price of labor is the net demand feor labor
services:

f(PL) = LP - (L - LU)

The iteration proceeds until PL assumes a value that yields zero net demand for
labor services. At this stage,

IP =L-LU
Therefore, using the atove value balance equation, it must also be the case that
KD = XP

i.e., the supply and demand for capital services are in balance. Finallv, it can be
noted that a balance of trade constraint is also added to the iteration
prccedure—real exports are adjusted until net exports are the same in each modal.

This solution procedure is summarized in figure 5. The Macroeconomic
Model, or that part of the model that is retained in the integrated svstem, and the
Interindustry Model are linked sequentially within an overall iterative loop. This
iterative approach to this solution renders the computational burden more
manageable. Once the two models are consistent, ie., once the core of the
integrated system is solved, various sets of output informaticn are computed. These
include the macroeconomic aggregates, in both current and constant doilars, and the
matrix of interindustry transactions, also in current and constant dollars. In addition,
the energy flows in these interindustry transactions are converted to physical
units—British Thermal Units, tons, barrels, cubic feet, and kilowatt hours—permitting
energy prices and quantities to be presented in terms of these physical units.
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Labor demand and supply in balance? Net
exports equal between Macroeconomic and
Interindusiry Models?

v

Qutput in current and constant doilars:
energy variables in physical units.

Solution Structure of the Integrated Model
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