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ABSTRACT 

The Hudson-Jorgenson Energy/Economic Model--formally known as the 
Long Term Interindustry Transactions Model (LITM)-;-is an I 

econometric model of the structure of the U. S. economy. LITM 
integrates two separate models into one integrated. system. 
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. 

These 
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THE LOKG TERll INTERINDL'STRY TRANSACTIONS MODEL: 
A SJMULATIOS 3iODEL FOR E N E R W  

AND ECONOMIC ANALYSIS 

I. INTRODUCTTON 

The Long 'Term Interindustry Transactions hIcdel is a model of economic 
structure and economic growth. Its sectoral s?ecification is onent.-d towards energy 
so that the model provides a framework for the analysis of inleidependence 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 e n e r g  forecasting, and for the analysis of economic grow~h 
and structural change. 

LITM integrates two models of economic activity. These models a r t  the 
Macroeconomic and the Interindustry Models. Within these modeis, economic 
processes are separated into both national a g g e g t s  and sectorzi 2ctiviries. There are 
10 domestic producin,o sectors, 6 of which c w e r  energy exmcrion ana prccossip?, 
and 4 of which cover the main nonenergy producin,o sectors. Each prodilcing sector 
is modeled in terns  of price determination and input patterns. Fhal denand is 
separated into consumption. investment, sovernnent,  and net exports. Consumprion 
expenditure is based on a model of housenold behavior in w'hich lsboi sup?iy. 
consumption, and savLq5 are a11 determined in a consistent m z n e r .  These End 
demands drive the production side o i  the model with an input-output system used 
to take account of the iomplex input requirements and interindustry flows required 
to sustain the final output of the economy. This whol: production proccss is slso 
subject to the limitstions imposed by the availabiiity of prir.x-y inputs, L? 
particular, capital and labor. Over time, labor supply changes as 3 result of 
population and participation rate changes, wri12 capital supply increasss by 
investment net of depreciarion. The LITN system pizces aii these compoxents u j ;hn  
a consistent framework and produces a dynamic, genera! equilibrium model of t;?e 
U.S. economy. 

The LITXl system has many innovative and powerful features. The two principsl 
features are the endogenous coefficient. input-output models of producer behavior 
and the comprehensive. operational, general equilibrium system. T!x producer 
behavior models incorporatc both price and quantity aspects of producticn in a 
single, consistent framework. This permits the consistent determination of out?ut 
prices, output qumtitics, and input patterns ( the  endogenous input-outFut 
coefficients). In addition. household and other final demand behavior, input 
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constraints, and input price determination are incorporcted, and bdar,ce L? 
interindustry transactions and input and output markers is imposed ta derive a 
consistent, general equilibrium system. 

Two types of simuiation solutions may be performed. The first i. the 
development of base case projections. In this mode, likely values of the exogenous 
variables are insertzd and LITM is then solved to find the path and structll:e of 
economic and e n e r g  growth. The second tvne of solution cmcems the imaact cn 
the energy and economic systems of changes in economic conditions or  policies. 
These impacts are introduced through changes in the vdues of ssogenous ; ~ i a b l e s  
and coefficients. Tnis can be used in sensitivity anal:rsis form (what is the effect on 
the principal endogenous variables -of some specified exo_eenoLs variiibl:: or equation 
specification?); it c3n be used in policy or contingency anaiyses (if cons ious  poiicy 
or uncontrolled events were to cha.nse in some specifizd way, what is the impact 3n 
key varizbles of concern?); or it can be used for cncertainn, analysis (for 2 . ~ 3 m ~ i e .  
what is the expected value of key variabizs given a probability dicrribution ic: 
critical, but uncertain, exogenous variables?). The LIT'M system is also set up in a 
framework which permits control types of analyses to  be ;*e:formed. T1.A i ~ n e v . ~ : ! :  
permits target values to be selected for endogenous vaimbies and Finds, 2s part of 
the model solution, the values of specified instrumznts needed to  2 t n i n  these 
targets. This permits control type experiments in the design of poiicy to be 
conducted and constraints on endogenous variables to be introduced into the systcni. 

This report covers the theorerical specification and underpinning of the LCR: 
Term Interindustry Model system together wi;h examples of its 2ppLication to 
projecting the economy and policy analysis. Part I1 prestnts the theory of the 
model system in three components-the Macroeconomic Xlodel (1I.B). :he 
Interindustry Model (II.C), and t!ie inregarion of these two mode!: k t o  a ~n?:??Ci 
system (1I.D). Part I11 contains an oxample of the applicarion of the jl;jtem. S22tior. 
1II.A presents a base case projection of r5e economy and the energy syszem o - t x  
the 1977 to 2000 period. Tl:en, section 1II.B ?resents an analysis of a policy 
package of energy demand management and consenation poiicies. 
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11. THEORY 

A. General 

The major components of the Long Term Interindustry Transactions Mod?! 
(LITM) are the Hudson-Jorsenson, Xacroeconomic and Interindustry Alode!s. * These 
two models are h t e a a t e d  into a consistent representation of economic structure ana 
economic growth to form LITSI. These two models. together with the integarion 
procedure, are described in detail in this section, while apl icat ions of this qPstern 
are illustrated in section 111. While the Interindustry llodel covers thc entiie 
economic system, it gjves particulu emphasis to  the energy sectors. This pro\rides 
the capability of linking detailed e n e r g  supply submodels to the model system, to 
produce a detailed representation of enorgy supply and demand and the economy as 
a whole. This potential has in fact been exploited 111 using LIT31 as an integrating 
framework for coal, oil, gas. and electiici?.? supD!y models.' 

The two major mode!s in LITM are each self-contained mode!s of the 
economic system and can be operated independently. Each model contains ZI 

representation of production x t i i i t y .  In the Skcroecor,ox:c 11odel. a productis:: 
frontier relates outputs of consumption and investment goods to  inputs of capiraI 
services, labor services. and productivity variables. Tne production structure of the 
Interindustry Model is an endogenous coefficient h p u t - o u t p ~ t  structuie in which 
production behavior by each of the domestic producinz sectors is represented by a 
price possibility frontier. In the inregrated LIT31 modt!. only one production 
representation can be used and the detailed Interindustry Model stmctur:: is 
employed. 

For  some applications, the Macroeconomic Model in s tmd-done form may 
be an appropriate analytical tool. These are applications where only the ag_rrsg3te 
structure and rate of economlc growth are of concern. i n  r h s  case. tha basic 
exogenous variables are the time endowment of the household sector. the pnce of 
capital semices, productivity trends. and .government expendirures and t i x  ratis. The 
Macroeconomic Model then simulates labor supply, consumption outgut. investment 
output, and capital stock, i.e., the main macroeconomic aggregates. For  other 

'These model: are orerrnted in E. A. Hcdwn 3nd D. W. Jorpenson. "US.  Encr:!. Policy ~ , d  Economic 
Growth, 1975-2000,'' The FkI! Jou:nd I+ Econcyics 2nd \:zr.lz.-.mcnr Sci;.nce. Vo!. 5. No. 2 (Xummc 1974aj. 
Pp. 461-514. 

'The specific energ? models includ-d Lq this system y e  th: B a u ~ h m ~ . - J o s k s \ t ~  ilezion&td E!ec;riciy: 
hfodef. The Afacxo\;-Pix!ycj: Mode! 01' Oil md Nataral Cas, &i A X - S t i r t  Oil mnC; Satu:d G3s Supply !.iode1 
and The Zimmerrnsn Cod !.!ode!. 
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applications, the Interindustry Model alone may provide the required andyt icd 
capability. These are aFplications where details of the ecopomic structure at one 
time are the focus of concern. In this case, final demand expenditure aggregates 2nd 
primary input supply prices and qumtities are taken from a previou solution of the 
Macroeconomic Model. T'ne Interindustry hloael solves for sectoral output quantitizs 
and prices, input patterns, and final demand expenditure patterns. 

For most analyses, however, it is impofiant to  consider production and 
spending activities in the Interindustn, hfodel simultaneously and consistently w i l h  
th; macroeconomic picture. This requirss tha? the Interindustry 2nd hlacroxonomic 
hiodels be run in integrzted form. This is achieved by using the production 
relationships of the Interindustry. Model as the production representation of the 
economy and by using on!y the household submodel, bzlmce ecuations, md 
dynamic relationships from the Macroeconomic Model. Equations in existence in the 
origmal Xacroeconomic &lode1 relating to labor demmd,  production possibilities. ami  
investment supply: arz no lor,szr usxi. T'ne equations of the S l a ~ i o ~ ~ c n o m i c  hlodei 
are used only to provide the supply of capital and labor services and the d e m n d  
for consuinption goods in any given year, and to  account for population, czpital, 
and wealth accumulstion over years. The remaining endosenous variab!es are obtained 
in the Interindustry Model. T h e  system is iii equilibrium when ali final demands zre 
equal to the supplies of final outputs and when all demznds 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, outgut of 
investment goods. inputs of capital, and inputs of !abor. The demand and supply for 
each of the commodities is calculated. and the equilibrium pnce ana quantity 
patterns determined. In addition, the progession of this syskm over time is 
analyzed through capacity expansion resultin: from capita1 growth. labor force 
growth, and technical improvement. T'ne central component of this mod21 is a 
macroeconometric production function, relating the output of consumption and 
investment goods to  the k p u t s  of capital and labor services and the level of 
production efficiency. A household szctor scbmodel determines demand for 
consumption goods and the supply of labor. Variables reiating to government 
expenditure. exports, and imports are exosenom in this model. The production 
function constrains the economy so that output cannot exceed capacity. A!so. Dy 
determining the su~.ply capacity of the economy, this function proLides the means 
of introducing into the model the three fundamental growth producing forces-the 
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supply of capital semices, the supply of labor senices, and the level. of pi3dUCtiOn 
efficiency. The capital services variable is obtained frc-? :be capital accumdation 
equation which expresses 1 year's capital in terms of the previov: year's cmifzl. 
deprecia*:on, and new investment. Tne amount of investment is based on hou,dhoid 
preferences between present and future consumption, which tieterxrde the ziix&tiori 
of income between consumption ana saviqg. L x o g z ~ o c s  population gowth .  to,ether 
with an endogenous work-leisure choice determine the g o w h  cf the labor force 
which then enters the production function through the labor input variable. F; idly? 
disembodied, capital-mbodied, and labor-emt <.died technical pi.ogr?ss are imorporared 
directly into the production function. (The r3;es of each type of prqress  are bascd 
on extrapolations of psst trends.) In this way, the basic aynarnic causai factors of 
economic growth are included in the model. 

- 

The next step is to  introduce submodels of producer and housPho!d 
behavior to  determine demmd and supply for each ty re  of product. Tr,e produzer 
submodel generates ouiput szpply and iiiput demand functions on the basis of p m 5 t  
maximization in response to prices Lid within the constraint of the prcduction 
function. Thls gives functions for the supply of cortumption g m d ?  and of 
investment goods, and the demand for labor input and for capitai input. Huusehcla 
behavior is modeled to  simulate consumer response to market forces as consumption 
and labor decisions are made by the household in an atternpt to maximize 
satisfaction. This generates consumption expenditure and h b c r  supply func:ions r i x t  
depend on prices, wealth, time? and preference parsmeters. T i c  remainhg elznents 
of demand and suppllr are government and rest of world ner demands. T n e x  zie 
introduced, exogenously, to give a demand ana supply function for each aggegzte 
good-consumption goods, investment goods, labor services, and capital senices. 

These differznt demand and supply components are then reconciled 
within a simulated market process. Tnere are two types of marke: c1earir.g 
requirements. First, quant iq  demanded and supplied in each market mcsi Se 
brought into equality (with the exceptior. ;hat the labor market does not clear, rhis 
is recognized by the incorporation of an unemployment variable). Second, the v d u e  
of expenditure on each type of good must equal the to:al value of r ec ip t s  derived 
from the d e  of the good. Market clearing conditions of Goth types are inciuded in 
the model. They result in prices, and hence quantiIies, adjusting until equiiibriux is 
achieved. In t h s  way both prices and quantities for each of consumption gDOdj 
output, investment goods output, labor input, and capital input are generated. 

Once these basic production and price variables are determined. the 
national income accountins f m e w o r k  can be used to determine aggegate variables 
such as GAT, red  GhT, the GNP price deflator, anti the components of each of 
these variables. 
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2. Theories of Production and Household Behavior 

This section brieily outlines the theory of production and household 
behavior underljing the macroec,onomic growth modei. The approach used in the 
macro-model is based on the neoclassical theory of economic growth in which inputs 
are related to ourput thougin a production function; household behavior determines 
the spiit of output between consumption and saving; and capital is augmented by 
net investment. (See for example Soiow3 for an elaboration of the one secror 
growth mode1 and Surmeister agd Dobell' for a discussion of two secror growth 
models.) The model used, however, is more detailed and coni?l.-x than the 
theoretical growth models. First, the model has two inputs and two outputs ar,d 
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 submodel that covers bot!! the consumptionsaving and labor-leisurz 
choices; m d  fourth, the rr?gdei 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 hb0r  services, and two outputs, consumption and investment goods, 
which are linked by the production possibiliry frontier. This production Tossijiiity 
frontier is assumed to be separzble between inputs and outputs and so can be 
arranged as: 

f(CS, IS) = g ( D ,  LD) 

where CS and IS are the output qcantities of consumption goods and services, and 
of investment, and where KD and LD are the input quantities of capital and hbor  
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 io be 
Cobb-Douglas. For the output functio9, however. the Cobb-Douglas form is 
inadmissible as the resulting production irsntier 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: 

'Solow. R. M., "A Contribution to the Therr1 of Economic Growth," Oumer ly  JournA of Economics. 
Vol. 70, February 1956, pp. 65-94. 

'Burmeincr, E. and A. R. Dobell, , \ ' , thematid Theories of Economic Growth, New York: Collier- 
MacMibn, 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 out ru t  productivity. The producticn frontier can then be 
expressed in translog form (following Christensen, Jorgenson, and L m  ( 1973))j to 
give: 

1 - In(a * CSb + (I-a) * ISb) = 1nA + d * InE(D + (ld) * lnLD b 

If a second order Taylor’s series (around lnCS = 0, lnIS = 0) is taken, in terms of 
the logarithmic variables lnCS and InIS, this expression becomes 

a. * lnCS + (1-2) * lnIS + %ba(l-a) * LqICS + ?<ba(l-a) * ln21S 

- ba(1-a) * lnCS * lnIS 

Therefore, the production frontier can be writt, en as 

a hCS + (I-a) * LdS + ?/zba(l-a) * (lnCS - InIS) ** 2 

= InA + d * lnKD + (Id) * h L D  

For convenience in estimation, the parameters are altered sliglltly to obtzi i  thp_ 
equivalent form: 

(1 + C1 - C2) * lnCS + C2 + lnIS + 0.5 * C3 * (hCS - h1S) ** 2 

= + C1 * lnLD + (1 + C1) * InA 

where CI ,  C2 and C3 are pzrameters to be esrimated. The maximization of net 
revenue, subject to the production frontier, corresponds to a saddle point of the 
L-ngean: I 

L = PCS * CS + PIS * IS - PKD * KD - PLD * LD - m((1 + C1 - C2) 

In CS + C2 * ln IS + 0.5 * C3 * (In CS - ln IS) ** 2 - In KD 

- C1 * In LD - (1 + C1) * In A). 

’Christensen, L. R.. D. B’. JorScnnson and L. J .  Lau, ‘Trwscedcntal LqLrithmic Production Frontiers,” 
Rcview of Economics 2nd St2riz:ics. Vul. 5 5 .  No. 1, Februvy 1973, pp. 2S45. 
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where m is the Lagangean multiplier. 

The saddle point is characterized by the followin, (7 first order coni 

PCS - m((1 + C1 - C2>/CS + C3 * (InCS - inIS;/CSj 0 

PIS - m(C2/IS - C3 * (InCS - LnIS)/IS) = 0 

-PLD + m * Cl/LD = 0 

(1 + C1 - C2) * lnCS + CZ * lnIS + 0.5 * C3 * 

These can be re-expressed to give 

= (1 + c 1  - CZ) + c3 * (In cs - In IS) (1) PCS * cs 
PKD * E;D 

(4) (1 + C1 - C2) * In CS + C2 * In IS + 0.5 * C3 * (In CS - In IS) ** 2 

= l n K D + C l  * l n L D + ( l + C l ) * h . 4  

Equations ‘(1)-(4) characterize the behavior of the production zxtor.  They zrt 
econometrically fitted to time series data by three stage least squaE.s. The estimated 
equations can then be used to depict production behavior in the growth model. 

8 

Household behavior is based on an intertemporal model of the 
household sector. In any given year, the household must decide hon. to allocate its 
resources between present consumption and future consumption, or equivalently, how 
much to  spend during the year, and also how to allocste the partern of 
consumption spending within the year. These two decisions are ir,terrelared and, 
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therefore, are treated as part of the same decision problem. This decision problem 
can be viewed as that of mzximizing an intertemporal utiliry function subject to a!.! 
intertemporal budget constraint. The household objective function used in the model 
of household behavior is: 

i.e., the utility, level is the total present value of the utili- derived in e x h  year 
from the consumption of goods and senices, C, and from the consumption of 
leisure, U. The househoid p h i s  cver zn infinite horizon, and 1OOi”c is the 
household’s rate of time p reference. The labor-leisure choice is expliatly inciuded 
because actual household behavior over time reveals that the consumption of 
additional leisure is one of the principal ways in which higher livin: standards have 
been enjoyed. 

The household sector fonnulates. baszd on tht: informatior. available at 
the  initial period. an optimal consumption and leisure plm for the entire f u m e  
period. The f i s t  year of this plan is inpiemented. If external circumstances do not 
change from those expected. the following years of the pi3n would also be 
implemented. h‘owever, these external circumstances do change so the household 
sector formulates a successicr. of optimal plans. What is observed, thcz, is 2 

sequence of initial years of successive Optifr-131 plans. Since ;? new maxin in t ion  t&es 
place in each time period, the current period is denoted by time index zero. 

The expenditure choice is subject to  a budget cozstraint, specifyin? 
that the present value of ex7enditure cannot exceed the present value of hcome 
and assets. The total budget comprises the value of wealth. time resources azd 
unearned, or transfer. income; these elements make up the right-hand, or asse:, side 
of the budget constraint. Expenditure comprises leisure, Le., the direct consumptior. 
of t i m e  resources, and purchases of cons’L.lxer goods and services; these irems m i r e  
up the left-hand side of the budget constraint. The budyzt constraint can now be 
expressed as: 

W 

c (1 + SI-‘ (PC, * c, + PL, * LJ,) 
t= 0 

where s is the discount rate used, PC * C is expenditure on consumption of goods 
and services, PL * LJ is expenditure on leisure, WL is the initial wealth, PL * 
is the value of time resources, and EL is the value of net transfer receipts. Tne 
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household 
constraint. 

L 

where n is 

decisions may be characterized by maximizine U subject-. to  the budget 
Tllis corresponds to a saddle point on the La, 0r3ngtm : 

the Lagrangean multiplier. 

The first order conditions are: 

(1  + r1-t * u *>ql - n * (1 + s)'~ * PC, = O 

(1 + rYt * v * LJ, - n (1 + s) * PL, = 0 

The value of n can be found from .the first order conditioiis by summing the first 
two equations over infiniry a i d  adding them together. 

1 1 1 - = - *  
n m+v 

C(l+r)'t 
0 

The f i t  order conditions may 
time for time t that is equd to 

OD 

* [C (1 + s)yPC, * c, + PL, * LJJI 
0 

be solved for the current consumption and leisure 
zero. 

u - -  PC, * Co - n 
V 

PL, * LJ, = ;i 

which after substitution of l /n  is 

00 

* ?: (l+s)-' (PC, * C, * PL, * LJ,) 
1 PC0 * c, = u/(u+v) * 

0 
%1+d-t 
0 

1 * (I%)-' (PC, * C, + PL, * LJ,) 
0 

PLo * LJo = v/u+v * 
00 z( I*)-' 
0 
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at the aggregate level, PL, and EL, are expected to incrcase at constant rates. Thus. 
we may rewrite the demand functions for consumption g o d s  and leisure in a 
simpler form for esiimation. First, we substitute the budzet constraint, and second. 
we consider the discoun: rate to be an unknown that will be estimated. Thus, we 
have 

= C3 * WL + CS * (PL '* LH + EL) ( 5 )  pc, * c, 

(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 = c1 
PKD * KD 

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

Production must satisfy two further relstions. First, there is the 
accounting identity between the vaiue 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 togcther with the level of efficiency or producti\i',t);.- -The praduction 
fronticr is, from the previous section. equation (4): 

(1 + c1 - C2) * lncs + c2 * lnIS + 0.5 * c3 (lnCS - lnIS) **2 

The theory of household behzvior provid2.s equations predicting 
household behsvior under specified econon!! 3 conditions. Ti:ese equations Ere the 
demand functions for the two consum?tion componezts: goods and semires, and 
leisure. These demand functions are: 

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 cf the househo!d, PL * L3. LTd 
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 serviczs inciuding any sales t ~ e s  
or subsidies, and PL is ?he pric: received Cor labor semices. net of income and 
payroll taxes.) The demand for leisure equation can alternativeiy be used ta o b ~ i ?  
the supply function for labor services. This equivalence is found by introaucLTg t h e  
time constraint for the household sector: 

L H = L + L J  

Le., 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 d2mand. This must be true in both quantity te rns  and in viius 
terms. In q u n t i t y  terns.  the tota! sales in a mzrket must equal the total purchases 
and, in value terns ,  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 equztions are: 

CS + CE = C + CG + CI + CR 
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( I  + TC) * PCS * CS + PCE * CE = PC * C + PCG * CG +fCI * CI 

+ PCR * CR 

Supply of consumption _roods is from pivate  producers (CS) or  from government 
enterprises (CE). The demand is from households (C),  government (CG), net exporrs 
(CR), and with changes in inventories ((3’) absorbing any imbalance. The value 
equation is similar, except that salzs taxes and subsidies must be incorporated 
because these absorb a portion of expenditure and do not accrue as receipts to  
producers. Similar relations hold for the market in investment goods: 

IS + CI = I + IG + IR 

(1 + TI) * PIS * IS + PCI * CI = PI * I + PIG * IG + PIR * IR 

The s~ipply of in:les:ment gocds is from new production and frcm exis;in_e 
inventories, whiiz the dzmmd is from private purchases, gcvernment and net exports. 
In value terms, s d e s  taxes u e  incorporated as a wedge between the price paid by 
the purchaszr and the price received by the producer. 

The demand for labor services must match the supply: 

L = LD + LE + LG + LR f LU 

where deinand is from the private domestic sector. government enterprises, genex! 
government, net f o r e i g  acrnmd, and unemployment is the exogenous rernair,der. All 
demands are exogenous except demand from the private sector. The correpondir.g 
value equation is: 

PL * L = (1 - 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 m tht 
unemployed is from tramfers 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. Thls process is summarized by: 

K D = A I ; * K L  
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where KD are capital services and KL is the capital stock at the bl-ginning cf the 
year. The investment process is the mems whereby ?:le m o u n t  of capital is 
adjusted over time. This process operates through the dynamic relarim: 

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

(1 - X) * (PKD * KD - TP * PIL * AWL * KL) = N * PIL * AWL 

KL + D * PI * AL * KL - (PI * AL * KL - PXL * AWL * KL) 

This specifies that income for capital services, less property taxes paid on the cspital 
stock, and less income taxes paid on capital income, must equal the vr;,ous 
components of capital income. Tnese components, on the right-hand side of this 
equation, u e  the nominal yield to owners of the capital C x k ,  plus depreeiazion 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 = PI * A%' * K + PG * G + PR * R 

T h e  f i s t  of these equations specifies that the value of savings must equal the value 
of investment which, in turn, is the value of private domestic investment together 
with new government and foreign investment. The second equation determir,ss 
private domestic wealth as the value of private domestic capital together with net 
private claims on government and on the rest of the wor!d. 

The data base for the growth model is derived from the U.S. S'ationzl 
Income and Product Accounts ("IA).6 These accounts arc modified and extended 
to derive a full treatment of output and input flows and asset variables.' The 

'The Naaond  Income and Product Accounts are descnbed in: The  National lncorne u t d  Product 
Accounts of t h ~  United S t i t s .  19299-1965. S:xiwcd Tables. Bureau o i  Economic Analysis, US. Deparrmenr of 
Commerce, Washmgton, D.C. 

'On measuremint of cnces and aumutlcs of mput m d  outout see: L. R. Christensen and D. W. 
Jorgenwn, "U.S. Real Product and Red Factor Input. 1929-1967". Review of Income and ivcalth Senes 16, 
No. 1. March 1970. 
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Coefficient 

c2 

c3 

c 4  

C6 

c7 

TABLE 1 

COEFFICIEXTS OF THE hlACROECOXO3f~C MODEL 

Value 

1.5628 14 

1.1541 18 

0.476591 

0.0028028 5 

0.146 139 

0.0 16 171 2 

0.843 158 

Standard 
Error 

.0186 

.C) 163 

.O 173 

.00118 

.0027 r! 

,00682 

.0156 

15 

t 
Statistic 

84.02 

70.80 

27.55 

2.37 

54.20 

2.37 

54.20 
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output variables are defiied so that consumption excludes purchzses of consums 
durables (these purchases are an addition to capital stock and so are included in 
investment) a i d  hcludes the imputed value of services of household capital stock 
(the h7PA accounts inc!ude on& the imputed value of semces from owner-occupiea 
residential structures). Investment comprises gross pnvate domestic investmenr and 
includes purchases of new housing and other cmsumer 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 f rom'  the N P . 4  accounts and treated as capital senices to the existir.g 
capital stock. T i s  Frocedure pemits  the price and qcmtity of czpital semiczs, as 
well as capital stock 3nG rates of return on capital, to be identified. The ca2ital 
stock data are developed independently t h o u &  a cumulative net investment process 
for individual capital components' which are then summed by Divisia aggregstion. 
The capital accounts employ a methodology developed by Christensen and 
Jorgenson.B Finally, the income accounts arr linked t9 .a consistent set of wealth 
accounts to obtain estimates of wealth, rarzs of return on wealth, piivatc recto: 
claims on the government, and private sector claims on the rest of the world.9 

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 providcs 
 ai^ appropriate accounting framework for the analysas of economic growth. It differs 
from the NIPA in having a sysrematic accounting of the inputs into production, 
including both czpital 2nd. labor inputs. The Jorgenson accounting sysrem is weil 
suited to the analysis of economic growth because it explicitly includes the mzin 
causal factors involved. For example, inputs of capital services and of labor services 
are explicitly mtasurea. as vel1 2s the capital stock. the investnent-capital dynamic 
linkage, and indices of aggregate technical piogess. 

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

'On the capital stock and upkal input accounts see: L. R. Christensen and D. W. Jorgenson, "The  
Measurement of U.S. Real Capital Input. 1929-1967", Revie-. of Inzome 2nd Wc-,lth. Series 15, No. 4,  
December 1969. 

*An overview of the accountin! system including income anu wealth accounts is gven in: L. R. 
f is tensen and D. W. Jorzenson. "hleasunng Econonuc Pcrformance in the Pnvate Scctor". in X. Stoss (ed.), 
The hle3wrement of Economic 2nd Soci31 Prr;'oimzlcc. Swdies in Income and ~ V C Z ! : ~ .  No. 57.  Scu. York. 
Columbia liniversity Press. 1373 mil m: L. R. Ciinsrensea md D. IV. Jdrrenson. "U.S. Income. Saving and 
We;lth, 1929-1969", R e w w  o i  lncomc and \Veal:h. Series 19. No. 4, Decem'wr 1973 
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TABLE 3, 

COEFFICIENTS OF THE LINKAGE EQUATIONS 

Coefficient 

C8 

c9 

c10 

c11 

c12 

C13 

17 

Value 

-8.32 1 

0.2877 

-32.228 

0.4386 

0.366938 

0.364938 
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Two changes must be made so that thr yrowth model .output variables 
may be mapped into the N P A  output variables. ’l’lie first concerns the imputed 
value of services of household sector capital (or tonsumers’ durables) which are 
included in the Jorgenson me3sur: of output but ~ v f l t t h  3rz not,  apart from imputed 
value of services of owner-occupied residential properrv, induded in the NIPX 
output variables.” The second change concerns thr purchasts of new consumers’ 
durables which are classified as investment in [lie Jorgenson accounts but as 
consumption in N I P k  

The imputed value of services of cOr?Suiii~rs’ durables is one ccmponent 
of the vdue of senices generated by the tOtd PriVaIr capital stock. ? b s  componenr 
can be modeled econometrically in te rns  of the total value of services of capital: 

= C8 + C9 * PKD KD 

where C D M Q  is the real value of imputed senices of consumers’ durables and KD 
is the real value of imputed stMces from total pnv3tr capital. 

Purchzses of consumers’ durables are included, in the growth model, in 
gross private domestic investment. The proportion 0 1  total investment that is made 
up of consumers’ durable purchases can be explained by: 

CDI = C12 * PI * I 

where CDI is expenditure on cOnsumer5’ durables and PI * I is total private 
investment. The corresponding relzrionship in real teritls is:’ 

CDIQ = C13 * I 

where CDIQ is constant dollar expenditure on c o n s u i i l d  durables. 

These equations permit the g o w t h  m o h l  variables to be expressed in 
terms of the standard XIPX variables. Personal constimption expenditure is equal to 
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the value of consumption in the growth madel. lzss the imputed valw. of services of 
consumers’ durzbies, and including expenditure on new consumers’ dunbies: 

CNIA = PC * C - CDIM +- CDI 

The saine relationship holds in constant dollar terms: 

CNIAQ = C - CDIMQ + CDIQ 

From thesc, the impliciz deflator for personal consumptior. expenditures CLI be 
obtained: 

PCNLA = CNIA/CXIAQ. 

Gross private domestic investment a defined in “A can be 
constructed from the growh modrl, 3s the total vaiue of fixed invrsment s!zs 
inventory changes less the value of purchases of comumers’ durables: 

and, in constant dollars: 

MIAQ = I + CI - CDIQ 

The implicit price deflator for investment is then found as: 

PIMA - MIAJINIAQ. 

The government purchases component of G W  is equal to the value of 
government purchases of consumption goods and senices, investment goods, 2nd 
labor senlces: 

GNIA = PCG * CG + PIG * IG + PLG * LG. 

The correspondins equation in constant dollars is: 

GNIAQ = CG + IG + 
which pennits the implicit price deflator for government 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 necessav to allow for the fact that CR in the 
growth model is net of income ori:A;lting in the rest of the worid. Tnerefore. this 
net income component must be added back into the net exports figure to obtain m 
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: 

Gross National Product (GNP) can be constructed directly from the 
components defined above. GMP is the sum of personal consumption expenditures. 
gross private donesric investment, government purchases of goods and services. and 
net exports. Therefore, cu-rent dollar Gross Satiorid Product is: 

GNPMA = CXIA f INLA + GNLA + XNIA 

and constant dollar, or real, Gross National Product is: 

GhTNAQ = CNIAQ + INIAQ f GNLJiQ + k N A Q  

so that the aggregate price index, the GNP price deflator, is: 

PGNPNA = GNPiL’IA/GhTNAQ. 

5 .  Equations of the Macroeconomic Model 

a Production and Household Behavior 

Investment supply: 

* IS = c 2  - c3 * (In cs - In IS) PKD * KD 

Labor demand: 

PLD * LD = c1 
PKD * KD 

20 2023 



Production possibility frontier: 

In KD + C1 * hi LD + (1 + C1) In A 

= (1 + Cl - C2) * In cs + c2 In IS + 0.5 * c3 (In cs - In IS) +* 2 

Consumption demand: 

PC C = C4 * WL + C5 * (PL LH + EL) 

Leisure demand: 

PL * LJ = C6 WL + C7 (PL LH + EL) 

b. Accounting Identities 

Capital stock accumulation: 

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

Supply of capital senices: 

K D = A K * K L  

Values of input and output: 

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

Value of consumption goods supply and demand: 

(1 + TO * PCS * CS + PCE * CE = PC * C + PCG * CG + PCI * CI 

+ PCR * CR 

Value of investment goods supply and demand: 

(1 + TI) * PIS * IS + PCI * CI = PI * I + PIG * IG + PIR * IR 

Value of capitai senices: 

(1 - TIC) * (PKD * KD - TP * PIL * AWL * KL) = N * PIL * AWL 

* KL + D * PI * AL * KL - (PI * AL * KL - PIL * .4WL * KL) 
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Value of labor services: 

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

c. hlarket Bdance Equations 

Consumption goods supply and demand: 

CS + CE = C + CC. + CX + CR 

Investment goods supply and demand: 

IS f CI = I + IG + IR 

Allocation of time: 

L H = L + L J  

Labor supply and demand: 

L = LD + LE + LG + LR + LU 

d. Financial Aggregates 

Savings: 

S = PI * I + PG * (G - GL) + PR * (R - RL) 

Wealth: 

W = PI * 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 consumers’ durables: 

CDIM = C12 + C13 * PKD * KD 

CDINQ = C13 + C15 * KD 
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Purchases of consumers' durables: 

CDI = C16 * PI * I 

CDIQ = C17 * I 

Personal consumption expenditure aggregates: 

CNIA = PC * C - CDLM + CDI 

CNIAQ = C - CDIMQ + CDIQ 

PCNIA = CNLA/CNIAQ 

Gross privatt domestic investment aggegates: 

INIA = PI * I + PCI * CI - CDI 

LUIAQ = I + CI - CDIQ 

P I N U  = INLA/INIAQ 

Government purchases aggegates: 

GNIA = PCG * CG f PIG * IG + PLG * LG 

GNIAQ = CG + IG + LG 

PGNIA = GNIA/GNIAQ 

Net export aggregates: 

XNIA = PCR * CR + PIR * IR + PLR * LR + XW 

XMAQ = CR + IR + LR + XXQ 

Gross National Product aggregates: 

GNPNIA = CNIA + INIA + GNI.4 i XXIA 

GhTNAQ = CMAQ + INIXQ + GNIAQ f X N A Q  

PGNPNA = GhTSI.&'GXPNAQ 
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f. Lagged dependent variables 

KL = R(-1) 

PIL = PI(-1) 

W L  = W(-1) 

g. I Parameter values 

C1 = 1.562814 

C2 = 1.154118 

C3 = 0.476591 

C4 = 0.00280285 

C5 = 0.146139 

C6 = 0.0161712 

C7 = 0.843158 

C8 = -8.321 

C9 = 0.2877 

C10 = -32.228 

C11 = 0.4386 

C12 = 0.366938 

C13 = 0.364988 
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Variable 
Name 

C 

EL 

I 

IS 

K 

KD 

L 

LD 

LJ 

N 

PC 

6. Variables in the Macroeconomic Model 

a. Endogenous Variables 

(1) Growth Model Vaiiables 

Defition 

Personal consumption expenditures, inc!uding imputed value 
of services of consumers’ durables. (Billions of 1958 dollars.) 

Supply of consumption goods and services, including services 
of consumers’ durabks, by 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, including 
supply of consumers’ durables. (Billions of 1958 dollxs.) 

Capital 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 consump tion expenditures, 
including services of durables. (1958 = 1.) 
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Variable 
Name 

PCS 

PI 

PIS 

PL 

PLD 

S 

W 

Variable 
Name 

CNLA 

N A Q  

G N U  

G W Q  

GNPX’W 

GNPNAQ 

Definitioq 

Implicit price deflator, supply of conscmption good:, z ~ d  
services, including consumers’ durables, by private entrprise. 

Implicit price deflator, gross private do3estic investment, 
including purchases of consumers’ durables. (1958 = 1.) 

Implicit price deflator, supply of investment soods. inciudiiig 
consumers’ durables, by private enterpriszs. 

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. (Billiuns of dollars.) 

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, h?PA definition. 
(Billions of dollars.) 

Real government purchases of goods and services, N P X  
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 

E I A Q  

PCNIA 

PI" 

PGNIA 

PGhTNA 

XNIA 

XNIAQ 

Variable 
Name 

CDI 

CDIM 

Definition 

Gross private dor.: j:ic investment, hqPA defiiiition. (Billions 
of dollars .) 

Real gross priv~:.? domestic investment, N P A  defiitior,. 
(Billions of 1958 xiiars.) 

Implicit price I t  .-::9r7 persoml consumprion expe2dituiEs. 
NIPA definition. 1 ::58 = 1.) 

Implicit price cf:l;tor, gross private domestic investment, 
NIPA definition. ;.?58 = 1.) 

Implicit price dtr:Ior, Sovernment purchases of goods a:id 
services, NIPX dc:'---.ition. ( 1 9 s  = 1.) 

Implicit price dt:lxor, Gross National Product, definition. 
(1958 = 1.) 

Net exports of g:l:ds and services, XIPA definition. (Billions 
of dollars.) 

Real net export: of goods and services, h T A  defiiition. 
(Billions of 1958 13llzrs.) 

(3) Linkage Variablcs 

Definition 

Purchases of conszxrs '  durables. (Billions of dollars.) 

Imputed value of services from existing stock of consumers' 
durables. (Billions : f dollars.) 

Real senrices frc-. existing stock of consumers' durables. 
(Billions .of 195s i-.'ilars.) 

Real purchases c:' consumers' durables. (Billions of 1958 
' dollars.) 
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b. Exogenous Variables 

Variable 
Name 

A 

AI 

Definition 

AL 

AW 

AWL 

BL 

CG 

CI 

CR 

D 

G 

Aggregate input to output productiviry index. (1958 = 1.) 

Aggregation variable, relating real investment to  real a p i t d  
stock. 

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

Aggregation var'able, relating lagged price of capital stock to 
piice of investment. 

Aggregation variable, relating m e t  price to investment price. 

Variable AW, lagged 1 year. 

Rate of government tramfer payments to persons, other than 
from social insurance funds, relative to the labor income tax 
base. 

Supply of consumption goods and services by govexnm~nt 
enterprises. (Billions of 1958 dollars.) 

Government purchases of consumption goods and services. 
(BiUions 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 1953 dollars, end of year value.) 
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Variable 
Name D efmi tir, 'I 

GL Net private domestic claims cn governmelit. exc!udinz social 
insurance funds. (BiUions of 1958 dollars, end of year -"slue.) 
(G lagged 1 year.) 

IG Government purchases of investment goods. (Billions of 1958 
dollars.) 

IR Net exports of investment goods. (Billions of 1958 dollars.) 

LE Purchases of labor services by gmernmen t eriterpn'ses. 

Purchases of labor services by general gover~lrn~nt.  LG 

LH Total time available to the household sector. 

LR Net purchases of labor by the Test of the world sector. 

LU 

M 

Quantity of labor unemployed. 

Rate of replacement for private domestic tmgible assets. 

P Population. (Millions.) 

PCE Implicit price deflator, supply of Consumption goods ana 
services by government enterprises. (1958 = 1.) 

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

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

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

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

PIG 

PIR 

PKD 

PLE 

PLG 

PLR 

PR 

R 

RL 

TC 

TI 

TK 

TL 

TP 

Definition 

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

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

Implicit price deflator for services from private domestic 
capital. 

Implicit price deflator, purchases of labor sex-Jices by 
government enterpriszs. (1958 = 1.) 

Implicit price. deflator, purchases of labor senices by general 
government. ( 1958 = 1 .) 

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

Implicit price deflator, net claims on the rest of the world. 
(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. (Billioris of 
1958 dollars, beginning of year value). (R lagged 1 year.) 

Effective rate of d e s  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 serrices. 

Effective rate of tax on income for labor senices. 

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

xw 

D efmi tioli 

Net income originating, rest of the world. (Billio Is d 
dollars.) 

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

C. The Interindustry ?,lode1 

1. General Description 

The Interindustry Model is an econometric model of interindiistry 
transactions for 13 domestic sectxs,  the denand for prirxr;  hputs ,  and the fkd 
demand for ou tpus .  Thus, through a series of modeis of producer and xmmrner 
behavior, each component of the conventional input+utput model is con:trucred. 
The principal innovation of the Interindustry Model k that the input+ut?ur 
coefficients are endogxnous variables rather than fixed codicients .  and the 9ersom.I 
consumption expenditure bridge snares u e  endogenous rather ?h3n f i x d .  In addition. 
the market balance equations ensure that the demmd is equal to the supply in 
physical terms for each type of e n e r a .  The Interindustry Model permits the 
structure of technolog  to be determined as a function of '.he prices of sector 
outputs, and of the prices of capital, labor, and competing imports. 

The Interindusrry Model incorporates an input-output accounthg 
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 e n e r p  and 
4 nonene rg  sectors. Table 4 presents the direct links of the j r h  producing sector 
with the rest of the economy. The j Z h  producing sector purchases primary inputs of 
capital senices, labor services. and forei-gn imports as well as intermedizte inputs 
from the 10 producing sectors. The goods and serrices produced by the j t h  sector 
go partly as inputs into other producing sectors and partly to  satisfy fir,al derzands. 
i.e., the demands of consumers, investors. 2overnment. and the rest of the worid. 
This inpu t-output framework permits the andysis of in::rdependence between the 
various producing sectors in the economy. In particular. interdependence between 
energy, sectors and the rest of the economy and interdependence between sectors o r  
fuels within the energy system are explicitly considered. Other types of 
interdependence, for example be tween imports and U.S. production and between 
final demand and sectoral output levels, are also represented. This organizarion 
scheme is presented in table 5 in the conventional input-output f o m .  This matrix 
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Primary Input 
Sectors 

1. Imports 

2. Capital 
Seriices 

3. Labor 
Services 

IPJTERINDI 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

10. 

TABLE 3 

STRY TIL;UVSACTION STRUCTLJE: 
SECTORAL DIVISIONS 

Producing Sectors 

Agriculture, Non-fuel 
Mining and Construction 

Manufacturing, Excluding 
Petroleum Refining 

Transportation 

Communications, 
Trade and Services 

Coal Mining 

Crude Petroleum 
Extraction 

Petroleum Refining 

Electric Utilities 

Natural Gas Utilities 

Natural Gas Extraction 

Final Demand Categories 

1 .  Personal Consumption 
of Goods and Services 

2. Gross Private Domestic 
Investment 

3. Government Purchsses 
of Goods and Senices 

4. Exports 

NOTE: In 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 demmd 
categories) are numbered 1-14. T’his is the numbering scheme used in table 6. 
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TABLE 4 

INPUTS .4ND OUTPUTS OF SECTOR j. 

Input from producLqg sector No. 1 \ 
Input from producin: sector No. 3- 

Input from producinc sector No. 3 
I 

4 1 8, 
Input from producing sector No. 3 

I Sectci NO. j -, Y Input from Droducing sector 40. 5 j Producing 

Input from producing secTor No. 6 

147.. dl Input from producing sector 30. 7 

Input from Droduch!! sector No. 8 VI 
Input from producing sector No. 9 

Input from producing sector No. 10 

1 I \ \  \ 
Input from prirr?avr input sector No. 1 

Input from p r i m a r ~  input sx to r  No. 2 
I t \ 

\I Outputs to che I 
i Final D e m n d  

Cat egoiie j 

\ 
Input from primary input sector KO. 3 
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12 

TABLE 5 

INPUT-OUTPUT TPbINSACT'IONS TABLE 

PURCHASING SECTORS 

1 2  3 4 5 6 7 8 9 10 11 12 13 14 

NERIhDCTSTRY 

TIUNSACTIONS 

l 1  I 
13 1 I PRIMARY INPUTS 

I TOTAL INPUT ' 1  
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representation is also usrd in LITM as the organizational basis for . the '  interindustry 
accounting system. 

The specific role played by the inputcu tput  framework in the 
complete model is 10 link the primary, intermediate, and Cia1 sales in the economy 
into an accounting system so that these various parts of the economy f o m  a 
consistent whole. Supply is the gross output of the domestic producing sector, and 
demand is intermediate input demands by all 10 producing sectors together wirh 
final demands by the pzsona l  consumption, investment, government purchzes,  ana 
export sectors. ConpeIitive in?r.orcs of noniuel goods are regarded as inputs inx 
U.S. production and their levels are found endogenomly. Imporrs of fcels are 
regarded as perfect substitutes for rhe domestic product and so enter directly to 
supplement the domzstic supply ' in these sectors; fuel imports are exosenous to 
LITM. The model also includes accounting identities between tn t  value of dones;ic 
availability of each t)';?e of product and the sum of the values of aI! purchxes of 
hpu t s ,  incluciirg capita! and labor, used in production. 

The segments of the model that fit into this input-output framework 
come from twc sources: detailed mcdels of producer behavior and detailed models 
of final demand. The model of 5nal demand is based on the exprnditur? 
components that are simulated in the Macroeconomic 3fodel and h s  the functior, of 
allocating these expenditures among the suppiying sectors. Producer behavior is 
modeled by 10 submodels, one for each producing sector. Each submodei r c i m s  
sectoral output to inputs into the sector, incorporating i i foma t ion  on in??ut 
requirements and inter;e!ationships derived from actual produciion data. These 
submodels are used. as described below, to deteznine the prices that producers must 
charge to  cover costs, @.en primary input priczs and given production constraints h 
each sector. Given the prices of each input, these submodels determine the efccient 
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. 

T h e  input-output coefficients in each producing sector are endogenous 
which enables the model to capture a criticzlly important feature of the m o d m  
economy-its flexibility in adapting to  changes in relative prices. This flexibiiit!. 
permits producers to chmge input patterns, and to  substitute within technical l i i n i x  
the relatively less expensive Oi abundant input for the reiativeiy expensive or scnce 
input. There is a coinparable pattern of responsiveness of final demand patterns 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 conventicnd input-output model-it has 3 set 
of input-output coefficients, a final demand vector, and a fundamental equation 
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relating p s s  output to intermediate demands for inp::ts and final demand< in each 
sector. Also. prices are part of the solution so the resu1tir.g transactions matlix czn 
be expressed in both current and constant dollars. 

Once the transactions matrix has been found, _Curthe:. znalysis of L!e 
energy sector is conducted. First. supply of each type of energy resoxce 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. ims demand is then 
compared to supply possibilities to d e t e n r h  whether theye acy L~Lalanc:~, 
given the rcling price of the fuel. If thz hfacroeconomic and Icterindusrn' >lod:!s 
are used without any attached e n e r g  supply models, these suppiy possibilities are 
determined by judsmental estimates or by drawing upon govemmenta! or h d - '  try 
supply analyses. If the model system includes the sptcific suuply submodels, thcs:: 
submodels serve as supply functions, giving the quantity supplied at th2 ruling ?rice. 
If the demmd for U.S. sil?ply is four,d to be infeasible at the ruling pi,cz, ( h e  
price is altered and the entire solution sequence of borh in t ehdus t ry  and s u p l y  
models is repeated; this iteration process continues until resource demands are 
consistent with resource supplies. 

.-F.' 

The second type of analysis concerns the e n e r g  balance expression of 
energy information in terms of physical energy units. The interindustry transac1ion 
quantities are expressed in constant dollars, Le., in the constmt prices of the b s e  
year. These transactions are then expressed in terms of I3C:ish Thermal Units by the 
use of BTUlconstant doI1x ratios, for each type of transaction, oStair?e5 from 
historical data. Tile appiication of other ph!;sical units to cons~sn t  dol!a: r21ios 
permits coal variables to be expressed in terms of tons. petroleum varizbles 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. Muitiulication of these 
indices by the base year price in dollars per physical unit enables the fuel prices tc) 

be expressed in terms of doIlars per physical unit. Thus, the price information c3n 
be presented in terms of dollars per BTU. dollars per ton, dollars per barrel, doiiars 
per cubic foot, and dol las  per kilowatt hour. 

2. Theory of Producer Behavior 

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

llProCuc:ion submodeb are requlred for each of the 10 producing sectors. Historical interi?dus?ry da:~ are 
available, however, for an& 9 producinz sectors: mpu:s h t o  m d e  petroleum esu2c:ion and narurd $35 est :x-  
tion a r c  cornbin-d m:o 3 single crude petroleum and natural p s  secior. ihereiore ,  the pattern o i  inputs mto 
crude petrolcum and into n31ural :as extramon w?s taken to be :he m e .  cch being demnmined by a prodac- 
tion model b2scd cn rhc cornbmed b t a .  Thcre \vas on: aspect in which t!ier- 2 submod:.!s d i f f c x d .  hon.evrr. 
and this was :I!: k v c l  of total inpui- to-oupu:  productivity. This diiifcrsnce p:mmlts tnc different su??Iy 
possibiiiries in e3ch s c t o r  to move inacocndcntly 2nd permits thc crude c:uoli.um p:ice to be LTa:?ender.t of 
the m:ur31 gas price. For sectors 0 t h  than crud? pcmicum 3nd nstural  rls estrac;ion. 2 full  1 G  sectsr 
breakdown of intcrnicdhtr mputs  :s posublc, 3s cku is avrtil;b!e on crude pc;.oi:un p u r c n x s  m d  on c i u c ~  
natural g3s 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 p r i c ~ .  Although expressed in tzrms of 
prices, diese frontiers crnbody the same information as the stsndard production 
function or production possibility frontier, i.e., iyformation about input requiiem:nts, 
and substitutabilih and complernentanty between inputs. These price frontiers 
determine the sectoral output prices as well as the demziid for f3ch  input into =ach 
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 sectorai output prices and input d2mmd functions are independent of F~q?al 
demand, dependin: only on the price fro?.cizrs. thc sec:oral efiicisnc:; lxek  and the 
prices of competitive imports. c3Dital senices. ard hbor  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. 

miis separation cZ o u r y i  pricing from thz pattern of thd demL-,a 
draws on a set of nonsubstitution theoi:ms that were first introduced by 
Samuelson.' These theorems state that when production rakes place m d e r  const3nt 
returns and primary input prices are given. output prices are determined solely by 
supply consideration, independent of final demand. Fizure 1 illustrates this theorsm 
for a typical industry. The supply curve is horizontal because of the constsnt 
returns assumption and the addition21 assumption that the time frzrr.2 is long 
enough to pennit 311 short-run bottlenecks to  be removed. In this cxsc'. g k n  ths 
supply curve, the demand CUN: determines the quantity produced and soid, but the 
price is determined by suppiy. 

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

where 

Pi = average price of output from s x t o r  i; 

Pji = price of sector j output purchased by sector i; 

i=1,10 

''For a discussion of the price possibility frontizr, see: L. R. Chnsten=n. D. C. Jcycnson  LTd L. j. LU. 
Transcendent31 Lnrxiiiunic Producrlon Frontiers", Revicu. of Economics m d  S r ~ ~ i s t i c s .  \'e!. 5 5 .  sa. 1. 
February, 1973. 

1 1  See, for nonsubsti:urion thcorcms: P. A .  Samuelson. The Cc!lecwd Scienr2ic P-nsrs  ~ i '  P ~ s l  -4. 
Samuelson, J .  Sti$i:z, ed., Cambndgc MIT Press. 1966, pp.  S l i - 5 3 0 .  
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Figure 1. Industry Supply and Demand 
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PK, = price of capital services purchased by sector i; 

PL, = price of labor services purchased by sector i; 

PR, = price of imports purchased by sec:or i ;  

t = time. 

This general form specifies the o u t p t  price in terms of t h e  13 input prices tmd 
time. The simplifyir._c assumption is m3ce thst the productivity term is scpsrabie 
from the price arguments in the frontier. Ti& means that efficiency or  productibiiit). 
changes affect all inputs equally, md it implies that the fiontier can be expressed: 

where Hi( t) is a nuitiplicative factor representkg disembodied technical efscienc:;. 
This form can then be rearranged slightly by defiiing TE as the reciprocal of :he 
function H so that: 

Pi * TE, = G, (Pli7 ..., P I o i ,  P,,, PLi,  PRi)  1=1,10 

TE is an index of input-to-output productivity, or of Hicks nwtral  technical 
efficiency. The geater  the value of TE, the greater tne quantity of ourput produccd 
from a specified set of inputs and so t h e  lower the price of output. 

The general pricc possibility frontier can be expressed in the traiislog 
functional form. This form, introduced by Cnristznsen. Jorgenson and L3u,I4 is a 
second order approximation to a general functional form and has the advantage of 
imposing no u priori restrictions on parameter values or  on interrelationships between 
its included variables. In this form, the price frontiers become: 

1 3  13 1 3  
lnP, + lnTEi = 6,, + S 6ji lnPji + ?h C S 0. . lnPji lnPki i=1,10 

j=  1 j = 1  k = l  Ik 1 

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

“The nanslog iunctiorul form was introduced in: L. R. Christensen. D. W. Jorgenson. and L. J. Lau, 
‘Tonjupte Duahty and the Transcedental Logarithmic Uril~ty Function”, Economev~ca. Vol. 39, No. 4,  July 
1971. 
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An additional assumption is introduccd on t’le fcrm of these price 
frontiers in order to facilitate the econometric es!ima:ic/r,. This simpfification is 
necessary for three reasons. First. the data-base, a time series of input-iru,$ut 
transactions matrices from 1937 to 1971, does not contain sufficient obsenailcns 10 
estimate a large number of parameters. Second, the estimation of the frontiers ~ u s r  
incorporate many restrictions over the paramzters, i.e., for syrximetv and concaviry. 
Lastly, the estimation program must have the capability of har,dims sirnuitmenusly 
all 13 inputs into each secror. 

In order to handle these requirements, the prize possibility frcn5ers are 
constructed from a series of interdependent steps rather than direct estimation. The 
first step aggregates the six individual energy prices into a~ overall energy piice 
index and the five intermediate materids prices into an overall materials price index. 
Both these aggregations are performed with trmslog functions. The second srep is to 
construct the pnc: possibility frontier itself in terms of rhe prices of c a p i t i  
services, labor services, the aggegate energy price, and the aggegate marerids pricz. 
The price frontier remaix  a mapping between the individual input p”es 2nd th: 
output price; the computations in this mapping are made ,hrough the i i t e rmedAe  
step of aggregate energy and materiais price indices. 

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

Pi * TE. 1 = Gi PIi, ..., Plo i ,  PKi, P,,, PRi)  

This frontier is then expressed as: 

where PSfi ar,d PEi  are functions of prices, the materials and energy prices, within 
the overall price r’ronrier. Tine output price can then be found f i s t  by finding the 
values of PMi and PEi then, using PKi ,  PLi,  P E i ,  PMi, and TE,, finding the value of 
Pi. 

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

(a) The prices of the energy and intermediate materials aggregates arc 
expressed in terms of the individud prices: 
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~.?f hp. .  + ‘/2 c c 0;ii hpji  h p k i  for  i=1,1O 
J 1  J I  j,k= 1.2.3.4 .R 

s - - 
In’’ j =  1 , 2 . 3 , 4  ,R 

Thus, the aggezate energy price PEi ,  depends on the prices of the six t y p s  of 
energy-coal, crude petroleum, refined Fetroieum products, crude natural grts, ?as 
from gas utilities, and eiertriciry. Similarly, the azgegate ?rice of intzmeaiare 
materials, P h f i ,  is defined in terms of the prices of the five nonenergy ir,termediate 
inputs-qiculmre.  manufactunng, transportation, services, and, for the noneneigy 
sectors, imp~rts.  

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

+ X I: 2 Pjki Wji i d k i  for i=1,10 
j,k=K ,L ,E ,M 

This partial separation of the price possibility frontier is ;1 

simplification imposed on the general translog function. The overall pric: possibiiity 
frontier is assumed to be sepsrzble and homoscneous in the inputs within each of 
the energy and the intermediate mat:ria!s agregates.” l7-1.~ is a sufficient condition 
for this tier structure to hold. The price possibility frontier is sepaiable in rhe 
commodities witAhn an aggegare if and only if the ratio of the relative shares of 
any two commodities within a!~ agge2ate is independent of the prices of 
commodities outside the agge,oare.l6 For example. the six types of energy m A e  up 
an appropriate aggegate if the re!ative value shares of any two types of ener;y 
depend only on the prices of  energy and not on the prices of nonenerri  
intermediate inputs or the prices of capital services and labor services. 

The price frontiers express output prices in terms of other output 
prices, pLimary input prices. technical efficiency indices, and the price frontier 
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. C’nristensen, D. W. Jorzensor., 
and L. J. Lau, ‘Trmscedcntal Loganthmic Production Frontiers”. 

“Separability is further discussed in: 4’. W. Leontief, ‘Inuoducuon to a Theory of the Internal S t r u m r e  
of Functional Rcht ionhps”,  Economctnca, Vol. 157, No. 4,  October 1947. 
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all 10 sectors. T h e  econometrically esrirnated frontiers are mLd to solve for the 
domestic output prices by the following steps: 

1. The technical efficiency parameters are inserted as exo=- opnoxs 
data, based on extrapolations of recently observed data; 

2. The primary input prices, i.c., price indices for competitive 
imports, capital services, and labor services are obtained from the Macroeconcmic 
Model, simdared i i i  conjunction with the InterindusTry Model; 

3. The prices at which interindustry transactions occur are 
expressed in terms of average sector output prices, Le., 

pji = Fji * Pi 

where the markup factors Fji are based cn historical data; 

4. Once the information 1.-3. has been insertzd into the price 
possibility frontier, there remains a ?stem 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 psttern of final demand is cAculated. 

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

P . ~  * x . ~  - a lnpi 
Pi * xi a Wji 

-- 

ke., the share of purchases of the j t h  in ru t  in total purchases by the i th  sector is 
equal to  the partial derivative of the logarithm of the output pric: of i with respect 
to the logarithm of the price of the j r h  input into sector i. (This resd t  is dzrived 
in appendix -4.) T'ne share equztions for capital, labor, energy, and intermediate 
materials i iputs  are gven by: 
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i = 1,lO 

Input quantities of capitd services, labor senices, energy, and intermediate materials 
are denoted by I(, L, E, and M respectively, and Xi denotes the quantity of output 
from sector i. 

The share equations within the energy and intermediate materials 
a s e g a t e s  are analogous for sectors i = 1 to 10: 

These share equations are used in the Inte,rindustry hlodzl to  
derive the endosenous, input-output coefficients and are also used in th? 
econometric estimation of the producer submodels. Since output prices have aire3dy 
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 demmd functions, or 
hput-output coefficients, can then be found as: 

K. P. I = L *  
Xi PK, j =  K ,L ,E ,hl 

( f f K i  + s P,ji Wji> ; 

L. P. 

43 2023 



for the energy inputs, j = 5 ,  10; and 

for the intermediate materials inputs, js 1,2,3,4,R. Tnese expressions determine the 
input-output coefficients endosenously, as functions of the prices which are already 
known. 

3. Econometric Estination of Production Subrnodeb 

T i e  econometric estimation of the producer submodels is performed on 
the basis of the share equations presented on page 3 2 .  -411 the parameters in rh: 
price possibility frontiers. with the exception of the constant terms, are identified in 
the parme1er-s of the shar: equations. Tin: constant terms are identified from tke 
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 f ront iex  
First, there is an accounting identity for each sector between the value of inpm ar,d 
the value of output (profit is included in the price of capital services so that this 
identity always hclds). This condition implies: 

Pi * xi = PKi  * K, + PLi * Li + P,, * E. 1 + P M i  * Mi 

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

j- 5 
P,, * E, = C Pji * X.. 

J 1  

Pji * x.. 
J 1  

P,, * Mi = c 
j= 1 ,2 ,3 ,4  ,R 

for the energy and intermediate materials agpegates. Tnese identities mean that the 
relative shares must sum to unity, which implies the following parmeter  restrictions 
for the functions of aggregate output price: 
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i = 1, 10 

For the functions of the e n e r g  and intemediats goods asregates .  the 
implied parameter restrictions are: 

10 
c & = 1  

j-5 11 

1 0  E- 
Pjki = O k = 5 ,  10 

j= 5 

and 

z: 
j= 1.2,3,4 ,R 

1 0  z: $Li = 0 k = 1,2,3,4,R 
j= 1,2-,3,4 ,R 

for i = 1, 10. 

These resuictions permit one equation to be dropped from each set of share 
equations, and the parameters of this equation to be deternrincti from the estimated 
parameters with thesc restrictions. In the 3g”~ezate (KLEM) submodeis, the share 
equations for capital services, labor senices, and enerm art! estimated with the 
materials share, determined from these three equations and thc identity between t n 2  
value of input and the value of output. For the share equntions within enerz; 
input, the share of gas from gas utilities is determined from tlle other fitted shxes  
and the identity. For the input of intermediate semices into the nonene rg  
producing sectors, the import s h x e  is determined from the four fitted shares and 
the residual. For the energy sectors, imports are exogenous so only ti;ree 
intermediate material input shares are fitted. The fourth input share, s:nices, is 
determined from the identity. 

The second set of restrictions on the parameters of the price possibihty 
frontiers is due to the theoretical result that, if the 1o::lrith of the price 
possibility frontier is twice differentiable in the logarithms of the input prices, t he  
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Hessian of the frontier should be symmetric. These restrictions place conditions on 
the second order parameters. For the aggegate (KLELI) submodel, the following 
parameter restrictions are implied: 

Analogous restrictions apply for the energy and intermediate materials submodels, 
Le., 

j,k = 1,2,3,4,R E 
Pjki  = Pkji  

for i = 1, 10. 

The third set of theoretical 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 identicdiy zero. This 
is an empirical restriction arising from the fact that some sectox never purchase 
some types of i?puts. For these cases, the corresponding parameters are set to zero 
and no estimation is required. The zero shares dealt with in this way are: cmde 
petroleum and crude natural gas into transportation; coal mining 2nd 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 bzsed on a time senes of 
input-outpur transactions data, in constant and current doilars, covcring rhe period 
1947 to 1971. The data are based on the Bureau of Economic Analysis 
input-output tables for 1947, 1958, and 1963 and also incorporate ?any othcr 
quantity, price, output and transactions time series and cross section data. T i e  
intermediate transactions components of the interindustry transactions matrices were 

"The econometncs of the imposition of convexity at the base year are developed in: L. J. Lau, 
Econometrics of 5ionoroniaty. Convexity and Quasiconvexity, Ins:iate for kiathematical Studies in the Social 
Sciences, Stanford University, Technical Report No. 123, hlarch 1974. 
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constructed by Jack Faucett Associates.ls These data are based on the Bur2au of 
Economic Analysis input-output tables in conjunction v:i:h time series far e n e r g  
purcliases (from the Bureau of hlines, Bureau or̂  the Census, F e d e r i  P-*v:.r 
Commisslm, American Petroleum Instimte, and Edison Electric Institute) arid with 
time series for sectoral output I:ve!s. The value added data in the F<mcert 
transactions tabIes were edited and separsted between labor and capital cornpoliexts 
in subsequent work by Data Resourcq  Inc. The capital service quantity data is 
based on Faucett capital stock data, and is a Divisia agFegate index of se vices 
from producers: durables equipment, non-r- idential s t ruc tu rq  land and w o r b g  
capital in each industry. Deyeioped by Chnstensen and Jorgenson, the capital S C ~ V I C C S  

price index for each industry uses data from Jack Faucett Associates, the U.S. 
National Income and Product ,4ccounts, and senice price formulae foi  each asse:.' 
The labor price and quantity data' is based on a 6i-industry data base x_ r regxed  
into the 10 sector framework of this study. Chinloy, Gollop, and Jorgexon 
developed the labor data base.'O 

A simultaneous equation, estimation system w3s used to r s t h d t e  the 
share equations. The estimation system had to accornmorfrte the simultneiry 2nd 
the nonlinearity of the equations. The method of "Iterative Minimum Distance." wds 
used wluch is among the class or" estimztors that are consistsnt and uniformly 
asymptotically normal. This estimator has the advanrage of taking into account 
information on all of the constraints. When non-linearitis in the variables are not 
present, the "Iterative Minimum Distance" estimator is equivalent to three staze leasr: 

~ 

"The interindunry trmnucrions d3ta are deve!oped and prewnted in: Jack Faucett Associates. & 
peveloument for the 1-0 en err^. Slndel .  Find Report to  the E n e r p  Policy Project. Chevy Ch3se, h r y h d ,  
May 1973 and Jack Faucetr r\ssociatts. D1t3 Develoomen! for the 1-0 Encrrv Mode!: 
BevitionJ, Chevy Chase, h r y i a n d ,  Scpternber 1973. 

Cornrnerrs and 

"The capital data in the interindustry rraxuctions tables are based on: Jack Faucett Associates, DeveloD- 
I ~ C * J S T T  Sccrc:. C h e w  Chase. Maryland. Much 1973: Jack Faucctt Associates. 

C o m ~ e n i s  2nd Revici ins .  

ment of Cauitd Stock Ce+s 

May 1973; Jack F i ~ ~ c e t :  Asjoci2t-s. D ~ ~ ~ D e v c i s ~ r n ~ r . :  for t h z  I 4  E n ~ i c y  ' - :ode! :  
C h e v  Chase, Mayland. Serfember 1973: Jack Faucetr ~ s s o a 3 t e s .  
Maryland, September 1973;  L. R. Chnstensen and D. W. Joreczxn. ' T h e  .\leasurement of L.S. R e d  C a p i d  
Input. 1929-1967", Review ~ . f  Income and Wedth, Series 15, No. 4, December 1969. 

"The development of the labor input data for the in:erindustry tranuctions tables is presented in: 
GoUop, Modellinr Tcchni,xl CF3n-e m d  Marker 1moe:fec:io"s: 
1947-1971, L'npubiisiira PhD. : n e s ~ . .  Depcment o i  Economics. kkTard  Linivcrslry, Carnoedge. .\lsssi~cnus:r:s. 
Ju ly  1974. Sce also, F. M. Gollop and 3. W. Jorztnson, "U.S. T o d  Factor Producrivirv by IndusJy ,  1049- 
1973", paper prexnred at the N B E R  Conrerensc on New Developments in Productivlty Sfeasurement, 
Williamsburg, Virpnia, Xovember 197 j. 

. Fin31 Re;ort io the Enere? Policy Project. Chevy C h s e .  .\laryland. 

F. 11. 
An E c m o m c r i c  .%nliFsiq of \tznuf3cv~:i?c. 
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squares. The "Iterative Minimum Distancz" estimator has been discussed by 
Jorgenson and Lzffont and Zllalinvaud.' ' *' 

Tables 6 to 8 present the estimated parameters of the translog p i c :  
frontiers for the aggregatz (KLESI) function and the energy and intermediate 
materials submodeIs for each of the 10 producing sectors. The asymptotic standard 
errors of the estimates of the parameter values are gven in parentheses in these 
tables. For ease of intenreta~ion of these tables, the list of producing sectors is 
repeated: 

1. 
2. 
3. 
4. 
5 .  
6 .  
7. 
a. 
9. 

10. 

AgricuIture, Non-fuel mining, Construction. 
Manufacturing, exciuding petroleum refining. 
Commercial Transporration. 
Services, Trade, Communications. 
Coal Mining. 
Crude Petroleum. 
Petroleurn Refining. 
Electric Utilities. 
Gas Utilities. 
Natunl Gas Extraction. 

In addition, the nomenc!ature for the parameters and panmete: subsciipts in tables 
6 to 8 are: 

K. Input of capital services. 
L. Lnput 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. 

l 'On the esrimstion of non-bear equation systems incorpontLng parameter svsterns and on the minimum 
disrancc estimator see: 
D. W .  Jorzenson m d  J .  J .  Liifont. "Elilc:ent Es:i;nat:on 01' Yon-Linear Simultaneous Equxions with Additive 
Disturbances", Annals of Son31 and Economic S l e x m m c n t .  Vol. 3, No. 4, October 1974. 

E. \Ialinvaud, Statistical ?I:thods of Econometncs. Arnstcdam. Nor:h-HoUznd, 1970: 

*lThe cornputanonal llgonthm employed in the estunsfion is based on the Gauss method with v x n b l e  
E. R. Bernat. 3 H. 3d.l. R. E. Hail, r.d step sue. 

J .  E. Hsusrnm, "Estmarion m d  Inrerence m Nonilnear Structural Slodcb", .Anna!s si S O C : ~  3nd Esoiornic 
himsurernent. Vol. 3. No. 4, October 1974. 

The cornpuutional alconthrn 1s discussea JI dcrJll ut: 
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EnIhlATEI) PARAMETERS OP TIIE TKANSLOC PRICE I'OSSIII1I.ITY FRONTIER FOR TIIE AGGREGATE (KI.Eh1) SUUb1OI)EL 
FOR 10 I'RODUCING SWTOltS 01: TIIE U.S. ECONOMY, 1947-71. 



ISTlhlATED PARAMLTERS O F  T1IE TRANSLOG PRICE I'OSSIUILITY PRONTlllR FOR THE AGGREGATE (KLEM) SUUhlODEL 
FOIt 10 I'11ODUCING SECrORS OF 'J'llE U.S. ECONOMY, 1947-71. (Continued) 

I'roducu~g Sector 

Parameter 1 2 3 4 5 6 



L
 

i
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ESTIMATED I'ARALfETERS 01' Till! TRANSLO(; PItICE POSSIUII.I'TY FRONTIER 
F011 TllE ENERGY (E) SUUhlODEL 1:011 10 PRODUCING SliCI'OHS. (Co~~tinued) 

I'ruduciny Scclor 

Frmnletcr 

fib 

PC 
PL 

fib 
1.: 

fi24 

P% 

E 
@ 2 6  

fly3 

E 
p 3 4  



TAULE 7 

ESTLMATED FARAMIXEKS OF TIlB THANSLOG I'HICE FOSSIUII.I'CY 1:RONCIER 
FOR TIII! ENERGY (E) SUUhlODEL FOIL 10 IbKODUCING SECI'OHS. (Conlilrued) 

I'rod~~cing Sector 



E!XIMATEL) PARAMETERS 011 TllE TItANSLOG PRICE POSSIIIII~I'I'Y 1;HONTIER 
FOR TIlE INTERhlEDlATE hfA'I'ERIA1.S (hl) SUUhlODEL I;OR 10 YIIODUCING SECTORS. 



ESTIMATED PARAMkTICRS 01: TIIE THANS1.OG III{ICE 1'OSSII~ll.I'IY I'RONTIER 
1:OR 11IE INTIIHhlEDIATE L1ATEItIAl.S (hi) SUlIhIODEL FOR 10 l'I(OUUC1NC; SIXTOKS. (Conlitrucd) 



3. Refined Petroleum Prodxcts. 
4. Electric Utilities. 
5.  Gas Utilities. 
6.  Naturd Gas Extraction. 

Materids Input 

1. Agriculture: Son-fuel mirins, Construction. 
2. 
3. ' Commercial Trmsportation. 
4. Services, Trsde, Ccmnunication. 
5. Imports. 

- .  Mmu fac t u ri? s , 2 x d  xi i 2 2 7 e LT o ic:! m re I in1 E:. 

4. Final Demand 

The next step in determining the interindustry trunsacticns flows is to 
fmd the tin31 demand for the output of the 13 supplying sectors-the 10 domestic 
producing sectors arid the 3 prim3.ry input sectors: capital serviczs, labor senices, 
and impor:s. Tiiese demands are based upon the total expendttures on each of the 
final demand components-personal cmsumprion. investment, 2nd sovernmen! 
purchases-Uken from the accompanying m a c r ~ e ~ o n o m i c  model together with ex?ofl  
demand. The !Ynal demand submodels in the Intxindustry l lodel s e n e  to 
disaggregate these totals to determine demand for the output of each supplying 
sector. 

The total value of domestic private investment, - from the macro-model. 
is allocated over the supriying sectors in fixed proportions. lot31 investment izcludes 
the value of consumers' purchases of durable goods. These durabks yield benefits in 
the form of a flow of servicos rendered to consumers ov2r future ye3rs acd Zr2 
treated as additions to the capital stock of the economy. This imputed service tlow 
is inciuded in consumption, exactly andogous to the conventional rrzatment of 
owneraccupied residentid structures in the National Income m d  Product Xccoun ts. 
Government purchases o i  goods and services are also ailccated in fixed propcrtions 
over the supplying sectors. The export components of t'inal demand are entered 3s 

exogenous variables. 

The investment and government final demand components are computed 
as 

SI, * Pi * I 
I, = PI, 
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SG, * (PCG * CG + PIG * IG + PLG * LG + PLE * LE) 
PG, Gi = i=1,13 

Where Ii and Gi 3re the r e d  expenditures on commodity ;; SI. -.x! SG, BE rh:: 
shares of commodiry i purcnasts in the total value of invesrmeir m d  gc.:e~. . i l z R t  

purchases; and PI, 2nd PG, arc the p r i c s  of commodirr i to i x e s t n e n r  ad. 
government purchases. T'ne remaining icms in these expressior,s are c!i2 ~ 3 ; :  2 of 
investment a rd  [?.e total vdiuc of governmwt purchases, both cf which 3;; tdx.? 
from the hlacioc :;nomic llodel. 

Personal consumption expenditure is directed towards S of rhe 10 
domestic producing sectors, as well as towards czpit?I servies ana imporis. There 
are no consumption pu:chws of crude oil or sas since these producr; mKst pass 
throug,!! the pe t ro lmn iefining sector or the 2"s uidities sector b;.fore they 1~x1 be 
consumcd. There are no consumption purchases of labor servrices since such 
purchases are classified as. part of the output of the serAces sector. !Jest imports 
into the U.S. are of a csmpetitive nature, i.?.,  ply are imported md :?Id in direci 
competition to domestic production: these imports 3re cia-.-,fied 3s irrr?orts ;?to LIL 
producing sectors and nor 3s imports direcrly into fin31 consurn?ticn. Some impoirs 
however, are of a noncompetitive nature, e.g., specding by h e r i c x  tourists in 
other countries, and these impons are chssified 3s 3 d i r x t  curchase by corxurners. 
The personal consumption sector contains 2 substantial stock of durable goods and 
these goods render senices over 3 period of time. The impui:d value cf rhes: 
serrices is included LS 3 purchase by consumers from c3pital services. 
Correspondingly, new purchases of consumer durables are included not in 
consumption but in investment, as they add to the capital goods stock. 

Tine allocation of personal consumption expenditure over the supFlyinz 
sectors is based on a submodel of consumer behavior. Tnis submodel incovorates 
constant own and cross price eiasticities of demand for the goods 3nd seMcts  
available to consumers. The implied behavior can be represented by qua r i cns  giving 
the quantity demazded of each type of product in terms of the prices f3cing ths 
household sector. These demand functions are of the form: 

SC, * PC * c 
xi 

1 ei ) * PC. 8 n PCj * 2 for i=1,13 
I J=1.13 

ci = ( 
jt 1 

where SC, is an expenditure share imsmeter, the e's are elxticity parameters. and Z 
is an awegat ion variable which ensures that total consumption expenditure across ai! 
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goods is equal to PC * C. The own price elasticity of demand for good i is ei, the 
elasticity of demand for good i with respect to the price of good j is e... 1' l%e 
present specific3tion of the consumer demand models uses a structrrre in wklch ihe 
cross price elasticities are assumed to be zero and the own price elasticities arc 
assumed to be unity except for peuoleuin (dasticity 0.6), cfectficity (elasti~cry 
0.85), and naturd gas (elasticity 0.9). In solving the consumption submodel, the 
value of PC * C is taken from the S1ac;oeconomic Model. ana :he PC, are bzssd 
on the output prices of the producing sectors and the prices of capital s e M c = s .  
labor services, D d  imports.=' T i e  values of the share parametzrs SCi are the 1971 
consumption expenditure snares 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 demaltd submodeis generate a matrix of find demands Ccr 
the output of each of the domestic producing seciors. These are thsn summed to 
derive the vector of tom1 red  find demand, Y .  

Yi = C, + I, + Gi + EX, 

5 .  Interindustry Transactions and Energy Flows 

The Inrerindustry Model has cow generated real fin31 dem3nds. 3 

complete set of input-output coefficients, and the outgut prices of t h e  dornesric 
producing sectors. Tne final demands md the input-output coeiiicienrs cogeth2r m i  
now be treated as a conventional inputautput sysrem and used to determke rhe 
gross sectorai 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 =e: 

10 

j* 1 
x, = c xij + Y; i = 1, 10 

where Xi is the gross output from sector i and Xji is the input from sector i 10 
sector j and Yi is real tinal demand for commodity i. The input-output coefficients 
are: 

"The solution of prices prior to the calculation of fmd demand makes use of the non-substitution theorem 
of Samuelson, See footnote 13 on page 37. 
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TABLE 9 

EXPEYDITURE SHARE P.AR\AlETERS FOR 
XINSU3€PTIOi\J, INVESTJIENT, X3D GOVERSMEhT PURCH-ASES 

Supplying Sector 

1. Agriculture, Non-fuel 
h.iining, Construction 

2. Manufacruxin3 

3. Transport~~tion 

4. Services 

5 .  Coal Mining 

6. Crude Petroleum 

7. Refined Petio!zum 

8. EIectricity 

9. Gas Utilities 

10. Crude Natural Gas 

11. Imports 

12. Capital Services 

13. ' ' Labor Services 
- 

Consump tior, 
W,) 

0.0 135 

0.1621 

0.0233 

0.581 1 

0.000 1 

0.0000 

0.0230 

0.01s 1 

0.0086 

0.0000 

0.0 162 

0.1565 

' 0.0000 

Share Panmeters For 
Invesrmefit 

0.3356 

0.5 165 

0.004 1 

0.04dO 

0.000 1 

0.0000 

0.0003 

0.0003 

0.0000 

0.0000 

0.00 12 

0.0000 

0.0000 

Goverrmen t 
(SGi) 

0.1992 

0.2287 

0.0 I64 

0.3232 

0.000 1 

0.0000 

0.0064 

0.0022 

0.0022 

0.0000 

0.02 17 

0.0000 

0.0000 
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so that 
IO 

j= 1 
Xi = X a.. LI Xj + Y, i = 1,lO 

In matrix notation, t h i s  system is: 

x = A x + Y  

This can be solved for the gross outputs: 

These are the gross ou?puts that enslire that exactly enoug!! is produced by esch 
sector to meet the r e i  final denands and the intermediate denands for its producr. 
In addition, there are balance equarions between the vdue of inpurs into 2zch 
scctor and the vaiue of its output: 

* X, = Z: p.. * .Yji + PIC, * Ki + PLi * Li + PR, * R. 1 i=1,10 
10 

pi j i 1  J' 

The transactions matrices c m  now be calculated. The constant dollar 
transactions are found from the input-output coefficients and the levels of t o ~ a l  
output for each sector. The constant doilar sales from sec:or i to secror j is: 

XIj = a.. 11 * Xj i=1,10 and K,L,R 

j= 1,lO. 

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

Pij = Fij * Pi i=1,10 and K,L,R 

j=l,lO. 

This gives the transactions price as 3 multiple of the average price of output from 
the sector. Tl:c multipliers Fij are exogenous variables that are unity in 1971 and 
reflect any sys~ematic  different: in the price of one type of sale from the awrage 
price of output from the sector. The value of transactions can now be found as the  
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product of the price arid quantity of each type of transaction. Thus, the c3rier.t 
dollar tr~i-sactions rn3tri.x is found as: 

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

j=l,lO. 

This information on intermediate salzs in the producing sectors, dong with the i%al 
demand vuiables already found, permits the entirz transactions matAx to bz 
constructed in both current and constant doUx terms. 

Fuel prices are p w  of the solution of the Interindustry biodsl, 
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 uric:: of 
each fuel is known relative to its price in the base year, the muldpficztion of t h e  
price indices by the actual base year doilar price gives the i m d m d  price in r e - n s  
of dollars per physical unit. Likwise, fuel outputs are simulated in terms of D3se 
year dollars. Sy multiplying fuel outputs by the number of pnysicd uniis of r i 2 1  
that could be purchased for one dollar in the base y e x ,  thc output of each fuel 
can be reexpressed in physical units-tons of coal, Sm-els of pe:ioleum. k i l o ~ s ~ ~ r ~  
hours of electriciry, 3nd cubic fezt o f  =“as, as weil as in terms of British Therind 
Units for each of those fuels, 

The interindustry transactions matrix also gives the constant d o h  
inputs of each fuel into each producing sector and each final demznd jzctor. These 
inputs are expressed in BTU’s per dollar in the base year. This gives a 6 by i l  
matrix of energy flows, i.?., input from each e n e r u  form h t o  each type of use. 
Finally, the energy tlows are expressed in terms of the Bureau or” Mines mer?  
accounting convention” by mapping the 13 use classification into rhe convenrionzi 
4 use system, the 4 energy uses beinz househoid and commerciai, industriai, 
transportation, and electrical generation. ’ 

‘‘On the nature of LLle Bureau of Mines energy accounrmz system, see for example, W.  G .  Ducrce Jr. m d  
Gepartment a i  the Intenor. ‘9Vasninrron. 3 C.. 
, US. Depmment of h e  !ntenor, Wjs;uncg-r_Jn, 

D.C., June 1976. 
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6. Equations of the Interindustry Mode1 

a. Production Behavior 

Price Possibility Frontiers: (i = 1, 10) 

Input-Output Coefficients: (j = 1, 10) 

P. 
= 1 * (aKj + 2 P K i j  lnPij) 

i = K  .L .E .M 'K j 
a~ j 

P. 
+ I: PMkj  lrlPkj) (a; + c p$j h P k j )  

(QM j k =  k = l ,  
K ,L ,E ,M 2,3,  

4 ,R 

a.. = I * 
'1 Pij for i=1,3,3,4,R. 

b. Find Demand Behavior 

Household Consumption Demand: (i = 1, 13) 

1 e. 
) * PC, ' * n Pcp * z SC, * PC * c ci = ( 

j = 1 , 1 3  
PCi j# i 
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Investment Demand: (i = 1, 13) 

SI, * PI * I 
PI, Ii = 

Government Purchases: (i = 1, 13) 

CG * CG + 2IG * IG A PLG * LG * PLE * LE) Gi = SG, * 
PG, 

C. Balance Equations 

Interindustry Balance: (i = I ,  10) 
10 

j= 1 
x, = z xij + Yi 

Value Balance: (j = I ,  IO) 
2 3  
I 2  

Pj * xj = 2 Pij * xij 
i= 1 

d. Identities 

Real Final Demand: (i = 1, 10) 

Yi = ci + Ii + Gi + EX, 
Interindustry Input: 

Xij = a.. * X. 
11 1 (i= 1,13; j= 1 , l O )  

Interindustry Prices: 
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Final Demand Prices: 

PC, = FCi * Pi 

PI, = FIi * Pi 

PG, = FGi * Pi 

Primary Lqput Demxd:  

(i= i , 1 3) 

(i= 1,13) 

(i= 1,13) 

10 

j= 1 
RD = X l l j  + C,, + I,, + G,, 

10 

j = l  
L~ = s ~ 1 3 ,  + c,, + I,, + G,, 

NOTE: For subscript definitions, refer to table 6. Subscript i iei'ers to sup?lyLrg 
sector i (for i=l,  ..., IO) while i = l l ,  13. 13 refers to input of capital semices, !zboi 
services, and imports, respecriveiy. Subscript j refers to purchases by producing 
&tor j (for j = l ,  ..., 10) and to purchases by consumers 6=11), investment ('j=!L), 
government 6=13), and exports CjZ1-F). 

a.. 
IJ 

ci 
Gi 

4 
KD 

LD 

Pi 

7. Variables in the Lnterindustry Model 

a. EndogenGus Variables 

Input-output coefficient; input of i into j. 

Red personal consumption of good i. 

Real government purchases of good i. 

Real investment dem'md for good i. 

Total real demand for capital services. 

Total real demand for hoot seMc:s. 

Price of output received by sector i. 
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Pij 

’E i 

PM i 

PG. 
1 

Xi 

Xi j 

Yi 

Fij 

FC i 

FG i 

SC, 

Price of good i to sector j. 

Price of energy input to sector i. 

Price of intermediate materials input tc secx: i 

Price of good i to consumers. 

Price of good i to gc- rement .  

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 red final demand for good i. 

b. Exogenous Variables 

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

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

Ratio of price of good i to investment purchasers to L!e 
producers price of good i. 

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

Price index of imporred goods and services. 

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

Share of commodity i yrchases in the tot31 vdue of 
commodity purchases. 
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C 

CG 

I 

IG 

LE 

LG 

PC 

PCG 

PI 

PIG 

PK 

PL 

PLE 

PLG 

2 

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

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

c. Variables from Macroeconomic >lode1 

Real personal consumption expenditure. 

Government purchases of consump tion goods 

Gross private domestic investment. 

Government purchases of investmect goods. 

nd 2s. 

Purchases of labor services by Sovernment enterprires. 

Purchases of labor services by general govenme2t. 

Price deflator for personal consumption expenditure. 

Pricz deflator for government purchases of consumption 
goods and services. 

Price deflator for goss private domestic investment. 

Price deflator for government purchases of investment sootis. 

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 senices. 

Aggregation variable for consumprion. 
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D. Integration of the .\lxroeconomic and Interhidussay Jfodels 

1. Introduction 

The next step in the devefopment of the model System is to integrate 
the Macroeconomic m d  Interinausxy bfodek so that 3 sifigle complete zqd 
consistent eqllLLibriun joiu tion n a y  be found. "3is model soluhon incorporztes the 
detailed analysis of ?roduc:ion at :he sectoral level, inc!uding pdce formation and 
the dete,minztion of k p u t - o u t y  t coeirTicier,is: the determination of fin31 den-lds 
and GXP output a g x g a t e s ;  G?e determination of t h e  suppiy of c2pit31 ana of h c o r  
and the  growth of these over time; and ensures consistency between factor demmds 
and factor supplies and between cutput demands and output supplies. In a 
theoretical sense, this intzgnted model corresponds to a WaIrasian d y n a m i ~ ,  Sensrzi 
equilibrium model of the economy, implemented on an operational basis." Ir! 3 

practical sense, this h,regated model crovldes the capability of tracing out the direct 
and indirect effec:s. in both pric:: and quanti?/ terns, and inciuairg dynznic  
effects, of changes affectkg the economic structure. This offers 3 very vaiur?blz tool 
for forecasting, policy analysis, m d  contingency analysis in thy economic field ii 
general and the energy field in particular. 

Integration of the 1Ciacro-xonomic and In terhdustry models requires 
that the information flows from one model to the other are inserted ana that m y  
areas of overiap are resolved. The principal information rlows from the 
Mscroeconomic 3fodel into the Interindustry Mo&! are: final demands by 
consumption, ir,vestms?t 3nd Sovernment purchases, md the suppiies of cauiral rind 
labor inputs. T ie  iiifomzcion Cowing in the reverse clircction is the derniud, by the 
producing sectors, for cagltal, labor and imported inputs, and the supplies and prices 
of output from the producing sectors. 

The two models, in stand-alone fom, have areas of overlap, and it is 
necessary to remove these overlaps or at  lcast to reconcile the two representations if 
consistency is to be achieved. The main area of overlap between the two mGde1s is 
in the characterization of production Secausz eacn has its own function re!stir,g 
factor inputs to production outputs-thz Macroeconomic Model has an agx:ar2 
production function, and the Interindustry SIodel has 10 sectoral price possibility 
frontiers. 7h.s overlap is resolved by removing the macroeconomic production 
function, and its implied factor.  demand equations. Tne detailed sectoral price 
frontiers, with their embodied information about all 10 intermediate inputs, 3 
primary inputs, and dl interdependcncies between inputs, is used as the production 
representation of the integrated model. 

L. Wdxas, Elements of Pure Economics, Trmhted by W. Jsffe. Homewood, Invin. 1954. 
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2. Design 

The economy cm be conceptualized as a circular flo?! in wlric!l t!x 
dechion-T&en are households. as owners of factors of ?ioductlon. and proti A C C Y i .  

flow, in its simpits1 for;. c s A  be rqresented as ir, figure 2. XJujzhclds .. CIJzciy 
labor services or capitzi t h :  :>At!/ oxvn diXct!y or L!Irc'@ the htXXeC:&?-> C' 

corporate and nonior?or2te business ins:itutions. These factor jemices xe purc3ased 
by producer; as inputs into production. Producerj then offer fkisned goods 2nd 
serzices which are purcks:! by househoidz dirzctly 2s cons?Imgcion cr h ~ r 2 S l y .  
through business insritutions, as investment (ancther indirect f o m  of i i d  d2rnL.d is 
government purchases). In the reverse direction to these real f l o ~ s ,  t h e  is z n  equd 
value of financial flows: outlays on final demand form producer;' recsiprs w7:ch 
are used to purchase inputs which then form factor income. To represext the 
economy in this equdibrium system, four ar,alytical components are requirzd: 

1. Demand for final output. 
2. Supply of factor input. 
3. Supply of find output. 
4. Demand for factor input. 

In addition, bdmce conditions are required to ensure consistency between t k s e  
components in the circular economic rlow. Tine household secfor of L I Z  
Macroeconomic Xodel simulates decisions on the consumptionsaving c h o i e  xhic5 
generates demand or ex?enditure on consumer goods 2nd services. Dzrnmd for 
saving, by the household sector 3s well as by zovernmenr and rest of world s?ctors, 
represents the demmd to transfer resources into the future and is equivalent to a 
demand for investment. Government purchases are introduced exosenously . These 
items together provide the required elenents of component ( l ) ,  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, Le., private domestic capitd formzticn net o i  
depreciation. Thus, the suppiy of inputs, or component (3, is generated by the 
Erlacroeconomic 4Iodel. (The production segment of the Sl~croeconomic liod:I, ih2: 
production possibility frontier and the i m p k d  'output supply and input cizrnmd 
equations, are not used in the integated model; this information is derived for the 
Interindustry Model.) 

The Interindustry Model provides the productim structure that yieids 
components (3) and (4): the supply of final output and the corresponding demand 
for factor inputs. The find demand totals are introduced into the Inteilndustry 
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Model where they are allocated over commodities to derive the required net output 
from ea& domcsric producing sector. ??lese outputs are refated to the producrion 
stmcture, regrsznt?d by the pric: possi'oility frontiers and associated input-outpu; 
coefficients. to t7nd the required inI;ut of factor services. 

f t  remains to brina these conponcnx h t o  ;quilibriun by introducing 
mxrket balance equations and quantity balance equations that ensure that dernmds 
are equal to supp!y n both output and input markets. TIIZse zqustiocs are prclvided 
by the bdance ec,aatior,s in :he two rnodds 1og':ther with a f~rther ser cf  
conditions ii7troJi;ced as palz of the mod21 integration. The result is ;1 dynzrnic, 
.equilibrium model of the economy, its stmcture, and its gowtk .  

The actual structure of the integration system is presented in figure 3. 
This relates the circular fiow structure of f igxe  I to the actual model components 
involved, and also sulnmarAes the price 3nd quzntit).' links in ;he irltegatioll. 1 . 2  
househoid sector and the balance equations for ccnsumption outpct. irlvzStrn221 
output, labor input, and capital input are used from the Xacroecononic !.lad?!. 
These equations, tncorporating lagged capital, lagged wedrh, input prices, and out?ut 
prices generace consumption and mvestment expenditures, and labor x id  c a p t d  
supply. The p i c e  ?ossibllir; frontiers from the InterinciusW 51ocei are used to soive 
for output pnces and then for the input-output coeificicnrs. based on the prkes of 
capital, labor, and imporrs. These output prices, tosether with final dzmmd 
expendittlres, are used, in the find demand alloc~tion sections of tine Inrerinaust.7*' 
Model, to solve for the vector of rea1 find demands. Tllcje. wlth the input-Qutput 
coefficients. genzrate the required input of c a p i d  ser;iccs, labor services, znd 
imports. Findly, dzn32ds Lid supplies of c3pitA and hbor  arz compared and. ii 
unequd, used 3s 3 basis for changing these fx:or prices, after w'hich the solution is 
repeated until the entire systzm is consistent. 

.. 

3. Solution of the Integrated System 

The approach is equivalent to the solution of the circular flow system 
just outlhed, but t!x need to achieve full consistenclr w i r h  this comglex ~ y j t e m  
requires, for comput3tiond trac~abiliw, the a d o p t ~ o n  of an iterauve solution 
procedure. %is itsrative procedure is. in essence, based on the priccs of capital 
services and labor services. An equilibrium ecor?omc system can only solve for 
relative prices so one price must, {herefore, be chosen 2s a numeraire. The p c c c  of 
capital seniies is used for this purpose so that PKD (Sfxroeconomic llodel) or P, 
(Interindustry Modz!) are set exozenously. PL, the price of labor seMces, is solved 
for, iteratively using the net demand for labor as the criterion functlon. 
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Taking PKD n3d PL 3s known, the Xicroeconomic hiodel is pccossed 
as follows to find aggregate final demand expenditure al-.1 a g ~ r e g ~ t e  factor supplies. 
The supply of lzbor is: 

PL * L = PL * LH - PL * u 

using the household demand for leisure equation. The value balance equation for the 
labor market 3 0 ves: 

Transfers to persons are given by: 

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

so that: 

Therefore, 

E L = - *  BL ( 4 6  * WL + ( 1 4 7 )  * PL * LH - C7 * EL 
1 -TL 

and 

E L = - *  BL (€6 * WL i (1€7) * PL * LH / (1 + C7 * 3 
1-TL 

This permits labor su?ply to be found from the previous equation fgr 
L. The Iabor market value balance equation then tillows the value of labor servicos 
available to  the private domestic sector to be found.: 

PLD * LD = pL * - PLE * LE - PLG * LG - PLR * LR 
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Also, the household sactor consumption demand equation pennits the value of 
consunp tion expenditure t9 be found: 

PC * C = C4 * WL + C5 * PL LE + C6 * EL 

This expenditure, with the value bahnce equition for ccnsumption zoods m a  
services, yie!ds the vdue of the required' o u t p t  of consumption soods to be 
cdcdated:  

The of capital seriices 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 vdue of output of investment goods. Findly, the 
value balance equation for iivestmcnt Soods is used to find the value of expenditure 
on gross private domestic investment: 

PI * I = (l+TI) * (PIS * IS) * PCI * CI - PIG * IG - PIR * Ii3 

At this point, the Macroeconomic hlodel has yielded the information required to 
interface with the Intenndustry Modei: 

supply and price of cagitd services (KD, PKD). 

e supply and price of labor services (L, PL). 

personal consumption expenditure (PC * C). 

private domestic investment (PI * I). 

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

In addition, the quantity of exports and the price of imports are exogenous. 
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The solution procedure now enters the interindustry Model which is 
summarized in figure 4. The following steps are importan..: 

1. The price possibility frontiers, in conjunction bvirh the pic;s of 
capital services, labor services, and imports, are used to compute the p r i c ~  of 
sectoral output. Tiese output prices then ailow the price indices for consurzption, 
investment, and government purchasa to be calculated. 

2. The price possibility frontir;, with the output prices just derived, 
are used to cdculate the input-output cgefiicients. 

3. The final demand allocation model, usins the output pnLes, 
allocate personal consumption expenditure, investment expenditure, and government 
purchases over the domestic producing sectors. These, together with export deniand, 
are summed to obtain the v x t o r  of total red  final demand. 

4. The balance equations for each sector's output are used, viith the 
r e d  final demands and the input-output coefficients, io r.;mputi: the gross out7ut 
required from each sector. This permits the inputs Lit0 each sector to be found, 
including the demands for imports, c s ~ i t a l  services, and labor services. 

5.  The demands for imports, capital services, and labor services by 
each of the producing sectors as well 3s by each of the fmal demmd secxors 3ie 

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 in tegntion 
conditions to derive the criterion function on which to base the ?rice of labor, PL. 
In the Macrceconomic Model, the national incoml: accountin% ick.ntity enscres t5st 
the value of primary inputs is equal to the value of f i a l  output. Tne 
Macroeconomic Model's final demands are inserted directly in to the Interindustry 
Model. In turn, the value balance property of the interindustry transactions a s c r e s  
that the gross value of input equals the goss value of o u t p t  and. therefore, :hst 
the value of primary input in the Slzcioeconomic Model is equal to the x l u e  of 
primary input in the Interindustry Model. Since the soiution procedure slso enforces 
equality between the value of net exports between the two models, this Liput 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-hmd side refers to  the Macroeconomic Model while :he 
right-harid side reisrs to the Interindustry Sfodei. Tne left-hzrld side is the value of 
capital ar.d hbor  s?i;ply, where the exogtnous icvei of unernpioymen: is d?d:~cr?d 
from L t o  obtain effective labor suppiy. The right-hand side is the value of demand 
for capital m d  labcr s?n.ices. Tile two sets of prices are e q u d  by definition, oniy 
the notation is ciffcrcCI, so: 

?- PL * LD 

Now, the critekon f u c t i o n  for the price of !abor is the net demand fcr Iz’cor 
scnices: 

f(PL) = LD - (L - Lu) 
The iteration proceeds until PL assumes a value that yields zero net demmd fo i  
labor services. A t  *& stage, 

LD = L - LU 
Tnerefore, using the above value balance eqxation, it must also be the c a e  that 

KD = K” 

i.e., the supply and demand for c2pital services are in baiance. Finallv, it can be 
noted th2t a balance of trade constraint is also added to the ir?rztion 
prccedure-red exports are adjusted until net exports are the sane  in szch mock!. 

This solution procedure is summarized in figure 5. The 4Iacroxonomic 
Modei, or that part of the model that is retained in the i n t e p t e d  syssem, azd the 
Interindustry Model are linked szquentially wirhin an overall iterative loop. T3is 
iterative approach to this solution renders the computation31 burden more 
manageable. Once the two modeis are consistent, i.?., once the c3re of the 
integated system is solved, various sets of output iniomaticn are ccmpured. Tncse 
include the macroeconomic asgregates, in boch current and consunt  doilars, a d  :he 
matrix of interindustry tr3nszctions, also in current and constant dollars. In aaairior,, 
the energy flows m these interindustry transactions are converted to physicd 
units-British Thermai Unirs, tons, barrels, cubic feet. and kilowatt hours-pernittixz 
energy prices and quantizies to be presented in terms of these physicd units. 
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